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i.

Abstract

"Since the publication of the work of Jehu and 

Charlesworth the distribution and significance of the 

glacial deposits of the Irish Sea have remained in a 

somewhat confused condition." So said Professor w.D. 

Evans in 1964. This thesis represents an attempt to 

remove the confusion from one small corner of the Irish 

Sea basin; it is concentrated largely in Horth Pembroke­ 

shire, and Rims to resolve some of the stratigraphio and 

chronological problems concerned with the Pleistocene 

deposits of the region.

There is a Ion? history of research into the glacia- 

tion of North Pembrokeshire. ^ost of the early work was 

undertaken in De-viiilnnd (the St. David's Peninsula), but 

in the ma.lor contributions of Jehu (1904) ond Charlesworth 

(1929) something was revealed of the Pleistocene history 

of Rorth Pembrokeshire as a whole. Subsequent <vork has 

been greatly influenced by these two authors, and there 

has been no detailed field stu<*y of the area since 

Ch^rlesworth. As a result, many controversies have arisen 

in recent years; these range from the purely stratigrajhie 

problems of the classic tripartite drift succession and 

the nature of the Upper Boulder-clay to the absolute age 

of the Pembrokeshire drifts. Again, there is doubt concern-



11.

ing the number of glaeiations represented in North 

Pembrokeshire; about the existence of the South ales 

End-moraine, the pro-glrcial lakes, and the so-called 

overflow channels of Charlesworth; and about the age 

snd origins of the coastal features of the county. These 

are among the problems that this thesis attempts to answer.

Some space Is devoted to a discussion of the methods 

end techniques used durirg the drift studies in North 

Pembrokeshire. The techniques include the interpretation 

of head deposits, using some of the criteria of such workers 

as Eylik and Bttdel; the field mapping of drifts; store- 

counts for the recognition of drift boundaries and the 

differentiation of drifts in composite exposures; the 

mechanical analyois of drift matrices in order to establish 

whether the different driftdhave diagnostic grain-size 

distributions; the measurement of preferred stone orienta­ 

tion in order to recognise soliflucted deposits and perhaps 

to establish sccurptely 1.he direction of ice-movement 

across Worth Pembrokeshire; and the analysis of pebble- 

roundness in order to recognise the mode of transport and 

deposition of certain drifts. A brief outline is giver, 

of the potential and problems of dating drifts on the basis 

of their derived aspemblages of marine mollusca, pnd of 

the uses and methods of radiocarbon dating of organic 

material in order to assess the absolute age of drifts.



iii.

Twelve of the most important coastal localities 

in West ''ales are analysed in detail. The localities 

in North Pembrokeshire are grouped under the brood 

categories of North Pembrokeshire coast, West Dewisland 

coast, and South £e\risland coast, while related sections 

from the coasts of South-west Pembrokeshire and South 

Cardiganshire are also examined. Drift stratigraphy
—/

is virtually identical in all these areas; although the 

tripartite drift succession of Lo"rer Moulder-clay, 

Intermediate Sands and Grovels, and Upper Boulder-clay 

is still accented by many workers, it is not supported 

by evidence in th« field. The term "Lovrer Boulder-clay" 

is unsatisfactory, for it includes drifts of several 

fades that are not always the strptigraphic equivalents 

of one another. There is no evidence from any oonstal 

section that sands ard gravels are over In in by a till of 

a later glaciation, p.nd nowhere are they "intermediate" 

between two tills. The Upper Boulder-clay is not .9 till 

pt all in most localities, although the term has been used 

in the past to describe some of the lend facies of the 

Irish Sea till; in general, the Jpper Poulder-clay is 

seen from detailed fabric analyses to be a rubble-drift 

of head, till, nnd sands and gravels soliflucted during 

or after the wastage of the last ice-sheet. It is always 

closely associated with the Irish Sea till.



iv.

There is no evidence from the coastal sections in 

support of CharLesworth's "South Wales End-moraine", and 

no trace of any large pro-glacial lakes. The sequence of 

deposits exposed ir the coastal drift cliffs is the same 

well to the south, and to the north, of the so-called 

Kewer Drift limit.

From the coastal studies it seems that there have been 

two elecistione of ?'est r/ales. These glaeietions are not 

the equivalents of the Older Drift and Newer Drift 

Glaciations of earlier authors. An Early Glaciation, which 

may have been powerful and prolonged, apparently had an 

ioa-gradient sloping down from the north-east; however t 

few traces of it remain apart fron the erratic boulders 

which rest upon the raised beach platforms of North Pembroke­ 

shire. After the Popoit Inter.*!acini, in which the raised 

beaches of the area were deposited, there occurred a 

Dewisland Glaoiation from the Irish Sea. The ice of this 

glaciation extended at least as far south as Milford Hnven, 

and deposited Irish Sea tills where it assaulted the coast 

find local land facies where it moved off the land. Fluvio- 

glacial deposits were laid down in some coastal localities 

during the waftage of this ice. During the first phase of 

the Dewisland Glaciation the Irish Sea ice failed to reach 

Horth 1 embrokeshire, and there is abundant evidence for a



prolonged period of fluctuating periglaclal climate. Prom 

the association of coastal features with the drifts it is 

suggested that the drov/ned valleys of 'v est v/ales, the 

configuration of the coastline, and the raised baach 

platforms of the area -.'ere all features of the landscape 

prior to the Early Glaoiation.

The 3harect9rictics of the drift covar ara examined in 

Western De<visiar.d ai;d in the Fishguard area in order to 

establish whether the coastal sections are truly representa­ 

tive of the complete drift succession. In Do"'ieland, after 

an examination of the drift characteristics, several 

quantitative techniques are employed to test the Lower 

Bouldar-clay/Upper Boulder-cley subdivision, pssuming, as a 

working hypothesis, that the moorland tills of the area are 

Lower Boulder-clays and the sandy tills elsewhere Jpper 

Boulder-clays. The findings confirm those for the coastal 

sections, and suggest that the curface drifts on the moors 

are simply remaziiA drifts which are no different from those 

on the rest of the land surface. Thore is but one till sheet 

in "^eatern Dewisland; it is thin and sandy, and has no 

"ideal" preferred stor^o orientation "vhich indicates the 

directior of ice-movamant across the sea. Although the Irish 

Sea ice was at least 600 ft. thick over De'visland, it appears 

to have baen relatively weak at the time of till deposition.
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In the Fishguard area there is hummocky topography of 

sands and grovels; this is dead-fce topography with inter­ 

spersed and interbedded patches of ablation till. As 

indicated in the coastal sections, there is no true Upper 

Boulder-clay in t he area, no trace of the South /ales End- 

moraine, and no trace of Glacial Lakes Manorowen, Gwaun, 

and Nevern. All the depositional features of North Pembroke­ 

shire, including the hummocky topography and the valley 

sandur remnants, are related to the wastage of tho extensive 

Pe^island Ice-sheet.

The meltw^ter channels of North Pembrokeshire are 

analysed in some detail in Part V of the thesis. A re- 

examination is made of Profecsor Charlesworth's hypothesis 

that the meltwater channels of the Gwaun-Jordanston system 

ore Newer Drift features cut by overflows from pro-glacial 

lakes. It is suggested that there are many inconsistencies 

in the hypothesis, nnd that there are difficulties in accept­ 

ing that lake overflowc, even in a highly complex sequence, 

could have been responsible for the cutting of the channels. 

On the other hand the channel system has characteristics 

which suggest 1hat it was cut predominantly by sub-slncial 

raeltwaters. In association with the Gwaun-Jordaneton chpnnel 

system there are several features which can be attributed to 

meltwnter flow marginally or sub-marginc?lly alongside down-
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wasting ice. These features provide support for the 

conclusions reached on the basis of depositional evidence 

concerning the mode of ice-wastage at the end of the Dewis- 

land Glaciation.

The orientation of the Gwaun-Jordanston channel-system 

is something of an anomaly. The sub-glacial melt'.vaters of 

the Devioland Glr;ciation should have flowed approximately 

parallel -vith the direction of maximum ice-surface gradient, 

i.3. towards the south-east. However, the channels are 

orientated for the most part to<-7ards the south-west, possibly 

indicating that they were out during the Early Glaciation 

when Welsh ice may have been dominant and the ice-eheet 

gradient sloping N.E.-S.W. There is other evidence in the 

Fiahguard area for the £arly Glaciation age of the channels, 

but the most convincing evidence comes from De\visland; here 

the deep coaet-"! meltwater channels (previously thought to 

be features of sub-aerial stream rejuvenation) support head 

beneath till of the To^island Glaci^tion. The channels can­ 

not therefore data from the Devisland Glaciation.

After R tentative reconstruction of the Pleistocene 

hiotory of I; est Wales on the basis of all the linas jf evidence 

pursued, the proposals made are considered in the wider 

context of the Irish Sea Basin as a whole. The drift strati­ 

graphies of South-East Ireland, Lleyn, Go^er, and the north
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coast of Devon nnd Cornwall are compared with that of 

Pembrokeshire. In epibe of minor differences of opinion 

between various authors, it seems that the drift strati­ 

graphy is consistent as far south as the bcilly Isles. The 

Irish Sea till is a good datum for correlation, and it 

seems that the chronology proposed for North Pembrokeshire 

may hold good for all areas except South-East Ireland and 

Lleyn, where later glacial fluctuations may be represented. 

The Dev.'islar;d tills are probably the equivalent in age of 

the Eastern General end Fremington tills*

Pleistocene sea-level movements in Pembrokeshire are 

considered briefly in the light of evidence from further 

afield. Little attention has been poid in the past to low 

Pliocene and Pleistocene sea-levels t for the scheme of a 

high regressive sea appears to have been widely accepted. 

Several of the findings from Pembrokeshire cortradiot recent 

viewpoints: the prolonged period of lo*" sea-level prior to 

the Early Glaciation, the great «re of tha co?3tline, and 

the separation of the periods of rock plstfo:m cutting and 

raised beach deposition by a full glacial stage appear to 

support the finding's of Orme rather th&n 7-eurer end Bowen.

In t) 3 firnl pprt of the thesis an attempt is made to 

establish an absolute ciironology for the Pleistocene of 'Vest 

Wales. Faunel analysis suggests that the shell content of
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Irish Sea till and out*.vash gravels is the same, indicating 

th?.t they are the product? of the same glaciation. The 

mollusc assemblages of the drifts may rleo be correlaxed 

with that of the '-Texford Manorial Gravels and jjome other 

Pleistocene shelly deposits. Some of the implication 

of the mixing of mollusc species in drift deposits are 

discussed, end it ia concluded that the shell assemblages 

in the Pembrokeshire drifts probably represent temperate to 

cold conditions, and are of Last Interglacial age or younger. 

The Dewisland Glaciation, which dredged up the shells from 

the floor of the Irish Sea, may therefore he the Last 

Glaciation.

This dating is confirmed by C14 dates for four organic 

samples from drift. Shell samples from outwash gravels yielded 

the d^toe

+ 1700 
37 t 960 -1400 years B.P.

+ 1515 
and 37,310 -1275 years B.P.

and samples from till yielded the dates

^> 36,300 years B.P. 

end c.40,000 years B.P.

The glacial drifts of Pembrokeshire were probably 

deposited within the last 38,000 years; it is probable that 

the Eastern General till of Ireland, and other tills as far



south as the Soilly Isles, are of the same age. Since the 

De-vis land Glsciatlon wps the Last GlociPtior of the Irish 

Sea Basin, it follows that neither the South '''ales End-moraine 

nor the Midland General - Clynnog Fawr moraine can be 

considered true terminal features; the letter feature may 

represent o local readvance during overall deglaciation.

By correlation with Europe t it is suggested that the 

dated shells were alive during the Middle WOTTI period of 

fluctuating interstadial climates, while the Dewisland 

Glnciption was the equivalent in time of the European Main 

warm Glpoiotion. There is no evidence in "/est ""ales to 

support the so-called Early Vttrm Glpciation of other areas 

in ^Vestorn Britain; during the Early wurra in Pembrokeshire 

there was intensive soiifluxion, perhaDP culminating in a 

local mountain glaciatlon at New Quay. By further correletion, 

the Poppit Interglscial is probably the equivalent of the 

North European iiemiar, while the Enrly Glgciation may be 

equated with the Continental Riso.

In the Midlands it has been proposedW some authors that 

the Main Irish Sea Glaciatlon was Earlv Worm, while in Ireland 

several workers have mentioned that the Eastern General 

Glnciotion was the equivalent of the Riss; it is suggested 

ttat neither of these datings is compatible with the evidence 

from Pembrokeshire, and that careful stratigraphio studies and

further C14 dating of Irish Sea drifts may resolve this 

difficulty.
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PREFACE

i'his study attempts to Tesolve some of the 

Piesistocene problems of Pembrokeshire, Detailed 

fieldwork has ue.n restricted to North Pembrokeshire, 

which holds a comprehensive Pleistocene record in 

many ways representative of the southern Irish 

Sea margins which lay within the theatre of action 

of the Irish Sea Ice-sheet (Pig. 1;.

The greater part of the thesis is devoted 

to a close strati graphic study of drifts, for- this 

is the only means by which the patterns of glac- 

iation can be dlsciphered in the area. However, 

drift distributions and associated landforms do 

not pass unnoticed, and it is hoped that the studies 

of drifts, when combined with the absolute dating 

of glacial events, may establish a reliable strat­ 

igraphy and Pleistocene chronology for rest Vales 

which may serve some useful purpose for extrapol­ 

ation to the Irish Sea Basin as a whole.



It is hoped that the text will be road only 

in close conjunction with the illustrations contained 

in Volume II.

Tables are numbered separately and are 

contained in Volume I. Figures, plates and appendices 

are contained in Volume II, which also contains five 

folded maps. One of these maps, (iuap 2} is an O.S. 

1'1 sheet which will be useful for locating sites 

mentioned in the text. Grid references are not 

given in the text, for wherever possible sketch-tnaps 

are used to indicate the positions of important 

localities. However, a list of grid references to 

critical sites is given in Appendix II. Appendix I

is a short list of some of the terras used in the 
text and their meanings.



PAST I

Chapter 1

The Physical Background

(A) Structure and Geology

(B) Landscape

(c) She erosion surfaces of Worth 

Pembroke shire 



Chapter 1

THjS. PHYSICAL BACKGROUND,

(A) Structure and geology*

Geologically, North Pembrokeshire is a complex area of 

Pre-Cambrien and Lower Palaeozoic rooks whose structure was 

determined for the most part during the Caledonian orogeny. 

The two major anticlines of ^e«t Wales are the Towy Anti­ 

cline and the Teifi Anticline (Pig. 2); extensions of t ; e 

latter may be traced into western Pembrokeshire as the St. 

David's Anticline and the Hayscastle Anticline (Pringle and 

George, 1948). In Central '' -'*> les the Teifi Anticline pitches 

from the south-west to the north-east, but in North Pembroke­ 

shire, where Armoric^n earth movements may have had some 

influence, the orientation f the main structural axes is 

in places east-west. In epite of the effects of the Armorloan 

earth movements, North Pembrokeshire is structurally quite 

distinct from South Pembrokeshire, where Armorican trends 

are dominant in the Upper Palaeozoic rocka (Pig. 2). The 

whole of the southern coastline of Cardigan Bay runs closely 

parallel to the main structural trends (Jones, 1912).

The structural complexities of the area, arising from 

its position in the zone of contact between Caledonian and 

Armorican trends, have still not been completely dieciphered 

(McQuillan, 1958). However, it is possible to recognise



two major structural regions, as proposed by Brown (1960). 

These regions are shown in Fig. 2. 'She western region, 

which is dominated by the St. David's ana Hayeoastle Anti­ 

clines, may be loosely termed Dewisland , while the eastern 

region ineorp rates the areas dominated by the intrusions 

of Prescelly and Pen Caer. To the east of these regions 

is the Teifi Anticline, while immediately to the south is 

the westward extension of the DoT̂ y Anticline.

Pe^wisland . In this region, described in detail by Cox et al
2(1930s) , there are, apart from the St. David's and Hays- 

castle Anticlines, major folds at Llanrhian and Aber-eaetle.

1. "De^island" is the ancient narae for the St. JDavld's 
Peninsula. It is named after Dewi Sant, the patron saint 
of ^alee, who established his ecclesiastical centre at 
Wienevia, now called St. David's,

2. Most of the geological studies in north Pembro Ire shire 
have been concentrated in the St. Tavld's Peninsula. A 
full list of papers -.vritten before 1930 may be found in 
Gox et al (1930a), and a list of later references appears 
in Pringle and George (1948). Apart froffl the references 
mentioned in this chapter some import cm t works on the 
geology of North Pembrokeshire are as follows: Cos (1 cj15); 
Oox and Thomas (19?4); Elsden (1905); the numerous <7orks 
of Hicks; Nicholas (1933); Thomas and Jones (1912). There 
are no Geological Survey "New Series" sheets of North 
Pembrokeshire, although a useful geological map hsis bean 
rintec! for Tale Port Field Centre. A copy of this map 

ap I) is folded into tha back of the thesis.



Strike faults are common throughout the area, and thrusting 

and folding often causes repetition of beds, while others 

may be cut out. Strata may dip at high angles; in places 

they stand vertically, while else-.?! ere over-folei ing can he 

seen. Baaio igneous material has flooded many ancient 

faulte, and Igneous masses further confuse the structural 

picture*

The most noticeable geological feature of Eewialand is 

the anticlinal exposure of Fro-Cambrian "Pebidian" volcanic 

rocks, which extends north-eastwarda from the southern end 

of Ramaey Sound for a distance of o. eight miles (Fig. 3). 

The rocks within the Pebidian group are tuffs of various 

colours, \srith greenish acid rocks, conglomerates, end halle- 

flinta (Green, 1911a). The anticline is flanked across an 

uneonformable contact by steeply-dipping Lower Cambrian 

rocks, which pass outwarde into Upper Cambrian and then 

Ordovician sedimenteries. Of these, the Lo-ver and Iv'iddle 

Cambrian sedimentaries are easily-recognisable on account 

of their bright green, purple, and red colouring. On the 

other hand it is often difficult for someone with an 

Inexperienced eye to distinguish the dull shales and mudotones

1. Halleflinta is a translucent volcanic rock with blue and 
green tints; its outcrops are of limited extent, and it is 
an excellent erratic indicator if found in drifts.



of the Upper Cambrian from the various series of the 

Ordovician. Pre-Cambrlan Timetian" Intrusive masses 

(usually of granophyre, diorite, or quartz-porphyry) are 

found within the area of Pebidian volcanics, while basic 

Ordovician intrusives are found within many of the other 

formations of the area.

The Uayecastle Anticline displays a very similar 

sequence of rock-types (Fig. 4), although there are larger 

outcrops of Pebidian extruaives then in the St. David's 

Anticline; conversely, the Hayecastle area appears to be 

almost devoid of Ordovioian intrusives ('"illietcs, 1934). 

_Pregcelly m5r.ig Pen Caer ^e.<?ion. In the ?reacelly and Pen 

Caer region, the structure is not well-known; however, the 

overall SBE-WSW structural trend can still be discerned, 

especially in the north-westward extension of the Hayscastle 

Anticline. Intrusive and extrusive igneous outcrops 

indicate the dominant strike trends of the soft Crdovician 

rocks (Fig. 5). Some of the complexities of the structure 

of the isolated upstanding mass of Kynydd Frescelly have 

been elaborated by ^.r. Evano (1945), while Cox (1930c) and 

Thomas and Thomas O95 f-") have examined the geological

1, '-ynydd Preeoelly is the IsrgeRt of the mountain masses 
which constitute the Preecelly fountains. The latter term, 
as used in this thesis, incorporates all three of the main 
mountain masses of North Pembrokeshire.



features of ±en Caer. There hare been few other studies 

of the upland areas of North Pembrokeshire.

Geologically, the region is made up largely of Lower 

Ordovician sedimentary rooke (Pringle and George, 1948). 

Both the sm^or folds of the Ordovician system in this area 

trend HE-SW, and expose shales, mudstones, ashes, sandstones, 

limestones, and some lavas of the Arenig, Llanvirn, and 

Llandeilo Series, Large intrusive masses, probably of 

Qrdovicinn age, occur in Pen Caer, and in the Preacally 

Mountains is an extensive series of tuffn, lavas, and 

dolerites which outcrop conformably with the strike of the 

sedimentary outcrops (Bvans, 1945).

Iliiaaa_ Tnlntu? nnrt + b^—°*rrf-1 Ba^r 1 rir., f | n t.h

Thus Korth Pembrokeshire ^ay easily be sab-divided on 

the basis of structure and gaology. In the west is a 

region of complex structurv and complex geological outcrops; 

it has been hallowed ground for geologists ever since the 

Investigations of Be la Heche, Geikie and Hicks almost a 

century ago. In the east is a region of lesser geological 

interest; it Is characterised by Ordovician sedimentary rocks 

and intrusive masses whose lithology and structure, being 

relatively uniform over a wide area, have failed to excite



detailed geological investigation.

Landscape*

In aareal extent, the major landscape regions of North 

Pembrokeshire are broadly similar to the structural regions* 

aa indicated on Pig« 6. However, at this point correlation 

must cease, for over most of -t embrokeehire erosive processes 

have beer, the dominant controls in landscape evolution. 

Only in isolated localities in lowland Pembrokeshire has 

planation been resisted, so that the major landscape features 

of the county are undoubtedly its erosion surfaces.

lewisland (A1), the region of greatest geological 

complexity, is the region of greatest topographic simplicity. 

It is considered by Brown (196G) to be the westernmost portion 

of the "ftorth Pembrokeshire and $orth Carmarthenshire" 

coastal plateau, one of a broad acne of coastal plateaux 

flanking th© Welsh Upland maseif. Topographically, it is 

related to the coastal plateaux of Lleyn and Anglesey in 

the north and to South Pembrokeshire, Gower, and the Vale of 

Glamorgan in the south and south-east.

As lor.g ago as 1188, Oiraldus Cambrefcsis described 

Dewisland as "situated in a most remote corner of land upon 

the Irish Ocean, the soil stony and barren, neither clothed 

with woods, distinguished by rivers, nor adorned by meadows,



ever exposed to the winds and tempests"? this description 

would not be out of place today, for the flat landscape is 

etlll wild and treelesst The south coast of Dewisland is 

diversified by deep channels euch as Kerry Vale and the

Solfach Valley, while inland there are extensive areae of

waterlogged moorland. Near the north coast the steep-sided
2 earns of Camllidi and Penbiri, their summits lees than

600 ft. above saa-level, assume the proportions of sizeable 

mountains as they stand sentinel above the plateau on low 

undulating ridges of Ordovioian intrusive rock (Plate 1). 

Other earns occur on ignaous outcrops in the coastal area 

to the west of £t, David's and in Pen Gaer (B1).

In the east the region of relative geological simplicity 

emerges as a region of ,-^reat topographic diversity. The 

land rises gently eastwards from the broad upper basin of 

the v/estern Cleddau through low foothills to aynydd Prescelly, 

a rounded and undulating mountain rid/re (C1). Other masses 

Of Mynyddcaregog (C2) and Preni-far/r (J3) have been separated 

from Kynydd Prescelly by deeply-cut channels. Further 

diversity is encountered in region A3, -vhere a complex

1. "The Itinerary through ^ales", translated by ^.C. 
Hoard; in ft'right, T. (ed.) 1363 "The historical works of 
Giraldus Cambronsis." London. P. 415.

2. "Carn" is Welsh for a rock or mountain.



network of ohanriele (which may be called the Gwaun- 

Jordaneton channel eyetem) has imparted strong relief to 

the landscape south of Flshguard (Plate 2). Other 

deeply-entrenched valleye run southwards from the Prescelly 

Mountains to the Eastern Cleddau river-systers. On the 

north coaet the isolated upland mass of Mynyddcaregog Is 

flanked by a narrow coastal plain (A4). The Afon Nevern 

drainage-basin (A5) is in its upper part a diatlnct land­ 

scape unit, although further north it is difficult to 

distinguish on a physical baaisi from the lo-wer section of 

tha broad Taifi basin (A6).

The mountain masses, v»hich are generally under 1500 

ft. high, ov?e their distinctive character more to exposure 

than to altitude. Wynydd Prescelly, a ridgo with an east- 

west extent of over ten miles, is a treeless and undulating 

bleak tcoorlrmfl of sparse graces, her- + her, gorse, end bog 

(Plate 3)» Its slopes are seldom eteep, and rock outcrops 

are rare; where rocky crags do appeer they are more fragile 

in apre^rnnce than the D&visletnd - Pen Goer cams, and are 

called true tors by Lintor. (1955). tfynyddcsrego^ and 

Preni-fa.7r ar^ of leeeer extent than I-iynydci Prescelly, but

1. In Pembrokeshire anything which remotely resembles a 
hill ie called a mountain. there a» rears to be no 
reason for discontinuing this practicei



are similar in all thair physical characteristics* Extending 

south-westwards from Mynydd Preacelly le the low

Treffgorna Ridge (B2)\ breached only by the Treffgarne 

Gorge and supporting a tongue of moorland which extends 

almost to the coast of St. Bride's Bay. Above thia ridge 

stand more rocky corrss, of vhich the moat spectacular are 

Maiden' e Castle and Poll Cam.

There are further contrasts between the two major land­ 

scape regions \vhen the drainage- pattern is considered. In 

Dow is land the drainage-pattern is simple; most of the small 

strearaa rise at altitudes beneath 300 ft. O.P. in broad 

inland depressions characterised by waterlogging and bog and 

moorland vegetation (Fig. ?)  and later plunge into the deep 

coastal channels in '.vhich they are clsarly misfit©. Examples 

are the TCiver Alan in Merry Vale, and the small stream in 

the Caerbwdy channel. In the St. I&vicMs are? the largest 

of these channels run southwards, anc'' drainage to the north 

coast is negligible. Further east, however, several channels 

run to the north coast between Aboreiddy and the Pen Caer 

peninsula .

The river-ay at en in the eastern landscape region, In 

contrast, is exceedingly complex. In the Gwaun-Jordanston

1. The effectiveness of this ridge as a physical divide is 
witnessed by its coincidence v?lth the Pembrokeshire Landsker, 
a cultural and linguistic divide which has persisted for 
almost a thousand years.
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channel-system (A3) all the streams appear to be misfits, 

and valley-bottom divides are common. The Gwaun 'Uver 

(which collects its tributaries from the southern flanks 

of Mynydcoaregog and the north-western slopes of Mynjfdd 

Prescelly) reaches the sea at Fishguard, and the Afon Severn 

drains a broad basin north of the irrescelly i»iountains 

before reaching the sea at Bewport. On the western flanks 

of the mountains the v.'aetern Cleddau river-oystem is dominant. 

The main stream rises at ienysgwena (near Mathry) and flo<va 

north-eastwards for about five miles before swinging south­ 

wards to collect the roost important etrear.cs of Mynydd 

Prose-ally. It leaves its upper basin and breaches the main 

watershed of the county through the deep Treffgarne Gorge 

(Fig. 6).

The coastline of Worth Pembrokeshire is one of high, 

rugged cliffs. Although there ai'e e^nay bays at Newgale, 

Whitesands, Aber-mawr, Abereiddy, i'Joodwick and Kewport, 

coastal inlets are generally rocky, with deep and sheltered 

anchorages as a legacy of post-glacial dro.vning. For example, 

Solve* Porth-clais, Porth-gein, and Aborcaetle are excellent 

small "ris" harbours which are beloved of lobeter fishermen

1. The term "valley-bottom divide", ^hlch is used frequently
in the thesis, indiesten the presence of a major water- 
pert ing on the floor of a through chant-el.
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and artists. Between these widely separated inlets the 

coastline ia rugged and spectacular (Steoro, 1946). Cliffs 

are commonly 150 ft. high, but rise to over 250 ft. at 

several localities in the north. At Pwllderi and Tinaa 

Haad cliffs are over 4QC ft, high, and they rise to over 

500 ft. at Poel-goch, north of Newport. Over long stretches 

of coast the cliffe maintain an approximately even height, 

since they truncate the extensive erosion surfaces shich 

give Worth Pembrokeshire its distinctive character (Plate 4)«

(0) The erosion Surfaces of . Worth Pembrokeshire.

There appears to be no clear agreement on the number of 

surfaces to be found in ftorth .Pembrokeshire. Korth (1929) 

recognised a surface sloping -^est^ards from 250 ft, Q.D. to 

150 ft. O.D. in Dewisland, while filler (1937) recognised 

higher surfaces at 600 ft. O.D. and 400 ft. O.D. From this 

threefold sub-division of surfaces Burton (1952) elaborated 

further, recognising levels at 490, 435, 390, 335, 295, 240, 

190, 140, 75, and 45 ft. O.I.

A dominant feature of most of the extensive literature on 

these features i© the conclusion that they are of marine origin.

1. Por the development of thought on tho eroeion surfaces of 
West Wales Gee Ramsay (U'46), I/eKenny Hughes (18P5), lavis 
(1909), Jones (1S-1D, Keeping (1P82), ?.nd Ss7?icki (1912). The 
lower surfaces of Korth ''/ales were studied by Pewey (1D1 p ) and 
Greenly (1919). For examinations of the lower surfaces of 
West Walee see Goskar and Truersan (1934), George (193P), and 
Brown (1S60). Jones (1951) oonsidorec1 that all the lower surface! 
were cut initially by Trlassie pediplanatlon.
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Further, it has been suggested in the recent literature 

that the surfaces, be they three or thirty In number, wore 

out during the Pliocene or Pleistocene perioce. The dating 

of the platform surfaces as Early Pleistocene derives In 

part from the fact that the eurfaces are unwarped (suggesting 

that they were not cut until after the mid-Tertiary earth 

movements), and in p*vrt from the interpretation of the Ped 

Crag beds found upon the SCO ft. bench in ^outfc-East England 

(King, 1955). It has been proposed tVet since .Red Crag 

times sea-level has fallen spasmodically from at least 600 

ft. O.r., '*ith transgressions coinciding ^ith ir^terglaeial 

stages and regressions coinciding with glaciations. According 

to Zeuner (1959) and Pairbridge (1962) each of the major 

transgressions attained a lesser altitud- than its immediate 

predecessor (Pig. 8). If these ideas are correct, then many 

of the erosional foot urea of FerabroVoahire beneath 600 ft. 

O.D. may be the products of a regressive sea arrl of river- 

patterns gra^af5 to it.

1. A Pleistocene age has been given to the eo-called marine
platforms 'by " ood (1058) in Cardiganshire; Crrae (1964a) in 
South-East Ireland; Kidson (1962) and Brunsden (1963) in 
levon; itablaton (1964) in North :(? alQS? rrisooll (1958) in the 
Vale of Glamorgan; and Bo#en (1965) in Central South Wales.
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A discussion of the uge f;r.ci origins of tha J«orth

re oronlon surfaeoa liec outside the scope of 

thin thonie. Thn fleyolopniont of thought on this topic 

haw olrenr'y bo«n oxanin-id by TJurton (1952) In the context 

of a detailed study of denudation chronology in lei&broke- 

shlre, *!nfl Bo-'en (19^5) har completed a study of the erosion 

surfaces end liri'soara evolution of Gertrtl Louth "ale*; 

both etudies are relevant to any exnr.iriation of the Pembroke­ 

shire landscape, for the- evolutionary history of aoBt of 

lowland South "alee muet have beor similar . Ko*'ever, at 

this Ptoge all thr,t noed be self1 concerning the i'err.brokeehire 

surf?cep> is that the concept of a r*j;r.3S8ive i leiotocone eea 

renders it Ircposrible to divorce a study of glaciation from 

s«OTe consideration of rsea-levol movements and landccai e 

dovolo^nment.

In PernbroVeshir'* gl.-nciation anpcnrs to Iir.va had little 

effect upon the eroelon surfaces? there are no diagnostic 

forns of plRCiol erosion. Even in the i'reecelly fountains 

there are no ohnmcteristlc ^lacinl iF.ndfortns npart from a 

doubtful cwm an<? cever-"! doubtful niva^ion holloas. Although 

the carrc of rewJcland m«y have be^r elifth-'ly modified by 

ice, ar-d although rpry of +he deep river-chonnele of North 

Pembrokeshire twy h.pve been eroded by slacinl meltwntere, it 

would not be unreasonable to assume that the forme of the
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mountains and lo : v plateaux of Uorth Pembrokeshire owe more 

to long-continued sub-aerial denudation than to glaciation.

On the other hand the effects of platform cutting can 

be ove.r-emphasised; ¥iller (19.37) and burton have called 

some of the drift-filled depressions of le^island platform 

fragments, whereas their surfaces .consist of recent glacial 

drifts. AgeIE, one cannot be certain of the extant to which 

gleeIPtion has removed ffiinor irregularities on the platform 

surfaces, while there is oven greater foubt concerning the 

Influence of glacistion upon the drainage pattern.

It is probably t.vue to ssy that in spite of the email- 

scale eroeionnl effects and the depositions! activity of the 

Pleistocene iC9-s^eets in Ho.rth PerabroVeshlro, no Tiajor land­ 

scape changes can be attributed to ths action of ico.



PART I

Chapter 2,

Past Investigations and Problems concerned 

with the Glaciations of Worth Pembrokeshire

(A) The History of Research

(B) Recent opinions and unanswered problems
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Chapter 2,

PAST IHYBSTIGATIOlfS AffE PROBLEMS CONQERKSP WITH 

THE GLACIATIOWS OF NORTH

The depositions! record of the Pleistocene ^lactations 

of North Pembrokeshire is poor. The drift cover ova-" most 

of the land surface is less than three feet thick, and thick 

deposits of till say occur inland only in Inaccessible 

waterlogged depressions. Even in ccsstol exposures, which 

occur for the most part at the nouths of Seemly-cut valleys, 

drift eeldcm attains a thidnnee" of trore than 30 ft. Only 

in scattered localities r<ear the north coeet pre drifts 

Been with a marked surface expression; in J^lelant"1 the 

drift liee s& a thin foatur :les© veneer upon the flat erosion 

surface.

Erratic boulders from beyond the shores of Pembrokeshire 

are common throughout the area; in r.'ost cases they have be. n 

built into the high banket? hedges or stone walls which 

dernarc to the stony fields. Here $r-d t^erta, wbere rock 

outcrops at the eurfaco, striations give a clue to the 

direction of former ice-movercerts.

The drifts of the area may be simply categorised as till, 

head, and outwaeh sard ard gravel. In ne.ny coaatal localities

1. Definitions of the more important terific used in this 
theeis may be found, arranged alphabetically, in the (Uossary 
(Appendix I).
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In found a stiff blue calcareous till which contains ehell 

fra^r-sente, end which has been recognised for over 300 years 

ap having been carried southwards from the floor of the 

Irish Sea. FOP many years thie till hae been celled the 

"Irish Res till". Inland, n stiff clay till is also 

encountered »t depth in the waterlogged moors. Sands and 

grnv« 1 e occur in Isolated retches, and in many localities 

is ft sn.ni'y end stony "rubble-drift" full of ansrular and 

rounded stones in a loose matrix? both these drifts are 

frequently seen to overlie t" e clay till.

At POTBR localities on the coast rock platforms varying 

in altitude fro* sea-level to 50 ft. O.T. supoort raised 

beach gravels; these features are often overlain by glacial 

drift, and their Importance has lon.£ been recognised in 

attempts to establish the chronology of the Pleistocene 

period if ^est "/ales.

In North Pembrokeshire several iaportant localities 

heve figures prominently in the literature. At Ogof Golchfa 

(Porthelais) is a drift succession of raised beach gravels, 

till snd he.qd resting ucon a fine rock platforTn; at ; hite- 

©ands is a comprehensive section -vhieh displays erratic 

pebbles, hear, till, and other drift deposits upon a rock 

platform; and at Iruideton and I'orthmelgan are thick exposures

1. Grid referercee to all the important localities 
mentioned in the thesis are given in Appendix II.
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of clay till. These and other important coastal axposures 

are located on Fig. 6.

For many years, correlations have been attempted 

between the Worth Ismbrokeshire drifts and those of Gowerj 

tbe reason for tiiie lies in the common occurrence of a wall- 

developed raised beach platform and a similar drift succession 

in each area. Correlations with the adjacent coastline of 

Cardiganshire have also been made at frequent intervale. 

In view of the proximity of the coastline of South-jSast 

Ireland it ie perhaps surprising to find that it has been 

mentioned infrequently for the purposes of comparison until 

recent years.

With these points in mind, a brief summary of previous 

work on the glaoiation of Korth Pembrokeohire, and a state­ 

ment of some of the more urgent problems ??hich need to he 

answered, are important preludes to thie thesis.

(.&) THE HISTORY. OP J?_£S3ABCH.

(1) A description of tiI1,in 1 6C} . The earliest descrip­ 

tion of the superfici'-.l deposits of Pembrokeshire was that 

of George Owen, a native of North Pembrokeshire who WSB 

renowned 250 years after hie death as the "patriarch of 

English geolegists". In an unpublished treatise on clay 

marl (1599) and in hie "Description of Fenbrokshire" (1603)
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he described vith great accuracy the calcareous blue 

clay till of the area. Referring to the till BB "Olaye

Marie", he

"This Tsrind of Marie is elided out of the 'Eartha 
where it is found in great quantitie and thought to 
be in rounde great h@apee and loropes of Srthe as 
bigg as round hills, and is of nature fatt tou^he 
»?nd clsnaye...(p.715. This marie is of oouler with 
vs most eoEuaonlie blwe anc in eome plsee redd.,.. 
It, is verie hare! to di^g by reason of the tou#hnesc f 
much like to waace, and the pickax or mattock beinge 
etroken into it, is hardlie drawne out agains, so 
fast is it hoinen; it is aleo vorie heavie as ledd." 
(p. 72-7V;.

"Also in the hp.rtc of the ^arle is founde diverse 
sortes of shells, of fishe, as Uogle shells, i'ueirell 
shells, and such like, eoir.o altogether rotten and 
some yet unrotted as also you ehall therein finde 
peaces of tyraber that ben he^en with edge tool®® & 
fire brardes, the one ende burned and diverse other. 
things -vhich hath ben before tyme veed, * this XX*2.® 
foote and more deepe in the Jarth in places that never 
hauo bon cifrer" "before, and over t'f-e v,»bich great oa^es 
are now gro.vir^ej and thie eeaver;1 or Qigh.t myles from 
the eep, eo thst it is verie probable that the earae 
came into these places at the tyme of the great and 
general! flood." (p. 71-7?).

Turning his attention to the origin of the marl, Owen 

was prompted by &1I his carefully collected evider.ce to 

accept the currert theory that the drift had beer; deposited 

cataBtrophically by the sea:

•"Ph© orinion of the Oountrie rxsople ^/here this Mnrle 
is founde is that it is the fattnes of the .^arthe 
gathered at Noes flood, when the Erthe was Covered 
withe the said flood a whole yeare, and the sur^ingo
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and toes Ing e of the said flood, the fattnee of the 
Bart he being elaraye & slymie of nature did gather 
together, and by rollings vpon the Earthe became round 
in forme, and when the flood departed from the face 
of the Barthe, the same was left drle in aondrie 
partes, which is nowe this Marie that Is found, and 
how the Comon people Cam to this opinion I knowe not 
but it is verye like to be true, for wheresoever the 
same is founde, it ie loppie (loose) and covered with 
sanda gravell and round© pebblestones eueh as you 
shall finde at the sea side verie plaine, appearing 
that the stones hath ben worne by the sea or some 
ewift river." (p. 71).

Owen noted the widespread, intermittent distribution of 

the till, andvpote furthers

"This T"arle is founds in Kernes and both Emlyns 
from lynas vpp to lenboyr in Carmarthen sheere, beinge 
about twertie myles in lengthe and fowre rayles in 
bredeth in most places to the sea syde, and out of 
this compass e I cannot heare thst the same ys founde: 
I think more for want of Industrie then otherwise..." 
(p.73).

Owen's work was ^uita outotanding for its accuracy, 

and hie description is such that one has no difficulty in 

recognizing his "claye marie" as the Irish Sea till which 

is found in both eastern Ireland and west Wales. He was 

correct in his observation that the till contains shell 

and wood fragments, and he also clearly recognised that it 

is everywhere characterized by a tough, compact clay matrix 

He even noticed the subtle colour difference between the 

calcareous un^eathered blue clay and the weathered
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and decalcified red clay which overliee it. Significantly, 

he recognized the till's most important etratigraphic 

relationship, namely, that it ie often overlain by water- 

deposited eands and gravels.

Jehu (1904), who quoted Owen's work at length in his 

classic paper on the glacial deposits of north .; embrokeshire, 

stated that hie 1599 pamphlet on the cley marl contained 

"perhaps the earliest attempt to give a full description of 

the boulder-clay"* Indeed, it may represent the earliest 

attempt to differentiate on a stratigraphies! basis between 

the "Txy.7er Till" and the "Kiddle Glacial Sends and Gravels" 

of Britain, the lower members of a tripartite glacial 

succession -.vhich has excitved the attention of British gao- 

logiete and gl&ciolo^ists for so many years. (John, 1964).

(2) Early Obeerv-tions* Between 1839 end 1916 information 

on the North Pembrokeshire drifts was slowly accumulated as 

the tempo of geological investigations in the area increased. 

Ihis information is scattered throughout the literature, 

usually in the form of one or two relevant sentences in 

lor.'ger geological articles. Keverthelees, the sum total of 

these observations remains Invaluable.

1. A copy of a short note on George Owen's description of 
till is bound into the back of the thesis as Appendix III.
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Murchison (1839) recorded the presence of much 

"detritus" artel gravel In Pembrokeshire, but the first 

epecific reference to erratics in North .Pembrokeshire 

appears to be that of Symonds in 1872. He noted the 

widespread occurrence of "trap" boulders in the St« David's 

area and invoked transport "over a slope of ice and snow 

which once reached from the Trap Hills of Precelly dovn 

to the sea" (p,53) in order to explain their distribution. 

In 188? the presence of gravel and flinte in Dewisland #as 

noted by ^cKenny Hughes* In 1885 Hicke had recorded 

striations and erratic in Pew Is land -shich indicated ice- 

movement from the north-vest, apparently becoming th-, first 

worker to ascribe a true glacial origin-to the drifts of 

the area. He went further, and stated in 1891 that the 

lowland parts of t'e county were covered to a great, depth 

by the ice of an Irish Sea glacier flowing from the north 

and northwest.

Proetwich (1892) was the first worker to describe 

the exposure at Ugof Golohfa (Forth Glais); his aoction 

included head but not till above the raised beach gravels. 

At SMtesar/de, however, he noted till and mentioned blown 

sands beneath new head. The relation of tho till to other 

deposits <TOS not s;ivon clearly, but the work of Prest'7ich 

probably represents the earliest attempt to differentiate
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the glacial drifts of Bawls land from those formed peri- 

glaoially.

After Preatwieh many workers turned their attention 

briefly to the glacial features* of Pembroke9hire. Copper 

Heed (1895) noted some of the topographic features of the 

Pishguard area, and in 1896 Howard and Small recorded 

evidence of ice-action around &tarloe0. Codrington (1898) 

postulated the erosion of certain drowned valleys of 

Milford Haven by land-ice from the Preseally Mountains, and 

suggested that till might be present on the floor of these 

valleys. In 19CO Tiddeman, although he worked in Go-ver 

only, showed th?3t till overlies raised beach gravels there   

a fact of importance for later work in Pembrokeshire. In 

1911 Green contributed further observations on the TTfhitesards 

sections and demonstrated some of the deposit ional eK^rac- 

teristicr of the St. I'avids area to the Geological Association 

(1911b), and Cox (1915) briefly considered the origin of 

the deep valleys of the ?«orth Pembrokeshire coast.

By 19C5 t'-e workers of tha Geological Survey rvore in 

the county, and rixop's "Oumrasriee of Progress" for 1905 e.nd 

1906 mention severs 1 vrlunble Touth Pembrokeshire localities.

1. This idea has received confirmation in recant, yenre as a 
result of industrial borings in Milford Haven and on the floor 
of the Daucleddy (Soil r-'echanioe Ltd., 195B).
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He suggested that on Caldey Island glacial materials 

overlie raised beach gravels, but admitted that his 

evidence was inconclusive. He noted the apparent 

similarity between the Pembrokeshire raised beach platform 

and the wpre-glacial" platform of the Cork district. The 

Geological Survey roemoirs (Strahan et a.I 19H and Gantrill 

et el 1916) contain much useful information on Pleistocene 

sites. The important Druidston section was discovered, 

and erratic trains from the Prescelly Mountains and the 

north and west ere recorded in the area east of Kaverfordwest, 

In the Milford Haven area, sections revealing plant remains 

in loamy clay above till and beneath sands and gravels 

prompted speculation on a possible climatic amelioration 

between two cold pharee. Organic remains in the lembroka- 

shire drifts are rare, and no subsequent stratigrsphioal 

work has attempted to investigate this suggestion.

At intervale throughout this period of snail-scale 

observations, attempts vere made to portray the maximum 

extent of the "Irish £ea Glacier", as it wae termed by 

Carvill ^ewis. (Jeikie (1594) clearly considered that the 

whole of Pembrokeshire was ice-covered, although his failure 

to note Hicks 1 evidence of striations led him to indicate 

ice-movement across the county from north-east towards south­ 

west . Nevertheless, hie line coincides very closely ;«ith
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that of Charlesxvorth (1957) showing the southern limit of 

older drifts (Pig, 9a). The "Edge of the Ice-sheet", ae 

portrayed by Carvill Lewie (1903) passed west to Ireland 

from tha Lleyn Peninsula, leaving Cardigan Bay supposedly 

ice-free. The presence of till in Dewisland was accounted 

for by a glacier extending westwards from Cardiganshire 

and the Prescelly Mountains, perhaps in support of uymonds* 

(1872) idea of an ioe-slope extending westwards to the sea 

(Fig. 9b). Carvill Lewis 1 limit for England appears to 

have been drawn on the basis of frash drift topography, and 

correlates very closely with the i-imestow (Newer Drift) limit 

as held today by Gharles^orth and Mitohell; in Pembrokeshire 

his "west-flowing glacier" even affects a compromise between 

the divergent views of these latter authors concerning the 

Newer Drift limit in the Irish Sea area, for it accounts for 

the presence of apparently fresh drift on the Horth Pembroke­ 

shire coast without invoking the presence of Irish .jea ice 

in the vicinity? (Fanny, 1964). Bonney's (1903) "extreme 

view as to the extension of 'he land-ice" was something of 

a compromise bet^ean uewis* line and tl'at of Geikie, while 

Wright's (1914) lino approximates rather more closely to 

that of Geikie. His map (p. 49) incorporated tho ice-flow 

directions suggested by Hicks, As early as 1914 bright was 

asking a distinction between the Older and ftewer drifts,
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and postulated tentatively that most of touth -ales was 

glaciated during the Last Slaoiatioiu (p. 76) 1

(3) Major Contributions. The works of Jehu (19C4)» Loach 

(1911), .'iliiame (1927) and Charleeworth (1929) have had 

the greatest influence upon contemporary opinions on the 

Pleistocene period in Pembrokeshire,

(a) Three centuries after Owen, Jehu (19C4) published 

his fine paper on "The glacial deposits of Northern Pembroke­ 

shire". To this day it remains the most skilful, ccrefully- 

etsted, and comprehensive analysis of the North Pembrokeshire 

drifts. He proposed for the area a "typical" tripartite 

succession of Lower Boulder-clay, Intermediate sands and 

gravels, and. Upper Boulder-clay and rubble-drift. He 

described in detail the characteristics of each of these 

drifts, and although he produced no map, he examined and 

recorded innumerable localities vbere exposure*? were to be 

found (Pip;« 10), Ke agreed with earlier workers tbp.t the 

Irish Sea glacier had over-ridden most of North Pembrokeshire, 

He stated that the direction of ice-movement was roughly 

NlfW-SSE, Ke reoo^nissed many erratic^ from Ailsa Grsig, 

Galloway, lforth-.^st Ireland, North V/alec, and the Lake

1. In the 1937 edition of hia work he changed his mind 
and accepted Charles-worth's Lost Hlaciation limit for the 
area, some 35 miles to t>o north.
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District, and dispelled the idea held by earlier workers 

that the erratics of Dewisland were derived from the 
Preecelly ^fountains. Like Owen (1603) he noted the 

presence of shells in the Lower Boulder-clay and in some 

of the sands «nc? gravels, and remarked on their absence 

frota the Upper Boulder-clay* He stated that there was a 
general thieveriin^ of the drifts from west to east, and 
concluded thst the glscietion in which the Lower Boulder- 

clay <vas laid down was of greater extent than any other. 
He considered th^t the sands and gravels -vere the fluvio- 

glacial products of a melting ice-sheet, and although he 
tentatively suggested a readvance of the ice in order to 
deposit th© Upper Boulder-da 1^ he was more inclined to con­ 
sider it a rubble deposit of frost-shattered bedrock, moraine, 

and Qutwash material "re-arranged, and in places sifted by 

the waters," (p, 87). With the exception of this last 

viewpoint, Jehu's theory of the glaoistion of Pembrokeshire 

is that accepted in outline at the present day.

(b) In 1911 uesch wrote an importnnt short paper which 

su^eeted a relationship betw en the raised beach sections 

of Sower and Pembrokeshire, At Ogof Golchfa, which has 

since become a classic locality, he showed that till arid 

head overlie the local representatives of tbe raised beach 

series. Although part of the Grower succession is not present
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at Ogof Golchfe, he had no hesitation In correlating It a 

platform and raised beach gravels with the Patella beach 

of Grower.

Thus by 1911 there had been sccunulatefi e large body 

of inforr&atlon, ^vhlch was not augmented substantially until 

a further sixteen years had passed. The Irish Sea Ice 

was accepted as tha raa^or agent in the glaciation of the 

area, and two distinct glaciations separated by en inter- 

glacial reriod had been postulated. Most of the critical 

Pleistocene sections v/ere already well recorded, snd Jehu's 

succession was firmly established. The deep rock channels 

of the north of the county were attracting attention. In 

outline and in many details the current viewpoint on the 

glaoiatlon of Pembrokeshire was already formulated.

(c) In 1927 '"11 liana worked in western Cardiganshire, 

and recorded & succession similar to that of Jehu (19C4). 

He proposed that the Upper Boulder-clay of Cardiganshire 

was deposited by local ice following son:e retreat of the 

irish i5ea ice which had laid dovn tho Lower Boulder-clay. 

He did cot consider that the "Intermediate" sands and gravels 

represented an interglacial period.

(d) The last major contribution v?as thr:t of Charles- 

worth (1929), who worked in the Flshguard area. He proposed 

two glaciations for North Pembrokeshire — an Older Drift
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glaclation which affected the whole of the county, and a 

Newer Erift glaciation which affected only the Pen Caer- 

Cardigan coastal area, impounding a complex series of 

pro-glacial lakes which cut deep "overflow channels" 

during the course of their drainage. He suggested that 

Tnsny of the sand and gravel patches of the area constituted 

remnants of the "South Wales End-moraine 11 ! dating from the 

last glaciation (Pig. 11). Charlesworth's work was of 

great value, for he was the first person to progress beyond 

the cautious description of the Worth Pembrokeshire drifts 

and suggest correlations of drift boundaries <vith those of 

Ireland, the Welsh borderland, and England. He was also 

the first pereon to venture an opinion on the origin of the 

Korth Pembrokeshire chsrmels,

(4) Me* Statements and Old Ideas. Between 1929 and 1950 

most of the studies of glaciation in Pembrokeshire appear to 

have been by-producte of geological investigations or of 

studies in adjacent areas; consequently a characteristic of 

the period was an acceptance of the overall drift strati­ 

graphy proposed by earlier workers.

In 1929 North repeated the established drift sequence 

of South Wales and proposed an interglacial origin for the 

raised beach; in 193C Cox recorded the exposure of shelly 

till at lorthmelgan, and found striations at 5CC ft. 0.1. on
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Penblri and Carnllldi. George (1932) established the 

complex nature of ths raised beach platforms and deposits 

in Gowar, and two year® later Leach worked on the Galdey 

Island raised beachas and suggested a marked fall of sea- 

level after the forrotion of the platform. This fall was 

considered to have coincided with a possible glaciatlon.

Griffiths (1939) studied the mineralogy of drifts in 

Carmarthenshire and !'est Glamorgan, ant? accepted Charles- 

worth's ideas on the glaciation of Horth Pembrokeshire. 

However, ha considered that Charlesworth'e lake-system was 

formed in Older Irift times. His thesis (194C) contained 

useful maps of erratic trains and inferred ice-directions 

over Jembroksshire (Pig* 12), and he suggested that there 

had once been a local ice-cap over Mynydd .^reBoelly. How­ 

ever, most of his work ^ae concentrated in the region to 

the east of Pembrokeshire, find hie statements do not seem 

entirely clear concerning the stratigraphy and distribution 

of drifts.

In 1940 Evans mapped the distribution of hesd ard till 

around the Prosoe   ly Mounts, trs In the context of -vider 

g2ologic?3l studies; he agreed with Griffiths that there had 

probably been a Praecelly ice-cap. M. Jones (1946) recon­ 

sidered the formtion of glstial laT^es in the Teifl valley, 

and tfhile he considered thot minor local lakes were forced
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at different stages of deglaciation, hie views did not 

differ greatly from those of Charlesworth ,

In 1948 Prin#le and (Jeorge (in the "South Wales" 

regional geology handbook) gave a concise aummary of the 

ideas accepted on the glaciation of South Wales at that 

time. This summary still appears in it 8 original form 

today, and ie accepted as authoritative by many people*

(B) BEC3HT Or.CTIOBE AKI UKAKSWJ-REE PROBLEMS,

"Since the publication of the work of Johu and Charles- 

worth the distribution and significance of the glacial 

deposits of the Irish Sea have remained in a somewhat 

confused condition".

(v?.E. Evans, 1964, P. 99).

"A ma^or divergence of opinion ......exists. Perhaps
»> 

the complexity of the -furm has not always been appreciated".

U.S. Sieaons, 1964, P. 14?),

(1) The Development ol Qpnt royersy. . while little work 

has been achieved since Jehu's critical analysis of the 

drift stratigraphy of Korth Pembroke shire, a great diver­ 

gence of opinion on the Pleistocene problems of 'Vest Wales 

has emerged during the last decade.

Charlesworth 'e glacial lake hypothesis has received 

recent heavy criticism. Bowen and Gregory (1965) consider
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that it contains many weaknesses, and have proposed a sub- 

glacial origin for the meltwater channels of North Pembroke­ 

shire as an alternative hypothesis. In an undergraduate 

thesis Joy (1963) found no evidence of pro-glacial lakes 

in the area, and also postulated a sub-glacial origin for 

the channels. On the other hand O.T, Jones (1964) produced 

evidence in support of Oharlesworth's glacial lake in the 

Teifi valley, and Evans (1964) in supporting the same hypo­ 

thesis suggested that a Prescelly ice-cap had assisted in 

the damming and supply of meltwaters to Glacial Lake Nevern 

(Fig. 11).

Several authors have expressed opinions on the age of 

the Pembrokeshire drifts and their relations with elsewhere. 

Gharlesworth (1929) and George (1932; 1933) considered that 

the Older Drift of Pembrokeshire is "Moueterian" in age and 

the Newer Drift "Magdalenian". In 1942 Bull considered 

that both these drifts were deposited in stages of a single 

prolonged Last Glaciation, which he correlated with the 

Wisconsin Glaciation of Worth America. In 1943 Arkell 

suggested that the Older Drift of South Wales is "Cornovian" 

in age (the equivalent of the East Anglian Gipping), while 

the Newer Drift is "Cymrian", but by 1946 he had altered 

his view and considered that both the drifts of Wales are 

of Wurm age. Zeuner (1959) considered that the raised beach 

platform of the area is of Last Interglacial (Monastirian)
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age, and while accepting the basic division of the "eat 

Wales drifts into an Older Drift and a Newer Drift, he 

followed Bull in the view that both drift deposits date 

from the Last G-laciation.

Qja the other hand Wirtz (1953) considered that the 

drifts of t'vo distinct glaoial period® are represented ia 

Weet Wales. He thought of the i-at el la beaoh platform and

its equivalents as Mindal/tliea, tfhile accepting the Older
ii 

Drift as Rise end the South Wales End-moraine as WUCTB.

Mitchell (196C) advanced the vie1* that '*«st Wales was covered 

by the Irish Sea glacier during both the Loweetoft (Mindel) 

end (ripping (Riss) glaciations, but not during the Last 

Glaciation. Like Wirtz, he considered that the Older Drift 

of West Wales is of Riss age; however, unlike '-Urtz he 

considered that the Patella, beach platform ms cut in pre- 

Mindel times, for, as ha reasoned, the erratics on the raised 

beach platform and beneath Hiss till must have been deposited 

in a glaciation earlier than the JRise, In 1961 Synge 

supported the scheme of Mitchell when correlating the South 

Wales drifts with the Eastern General drifts of Ireland and 

the Continental Kiss. In 1962 and 1963 Mitchell and aynge 

restated their views and used evidence from the iorth-clais 

and Aber-oawr eeoti us in North Peabrokeshire to aid their
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interpretations. However, Gharlesworth (1963) disagreed 

with their Midland General ice-limit (Fi«, 13), end 

insisted thet Irish Sea ice of the Last Glaciation reached 

the Worth Pembrokeshire coast, as suggested in his 1929 

paper.

Recently E.Q. Bowen (1S65) has re-examined the drift 

deposits of Central South "'eles and Gower, and hae followed 

Bull in the suggestion that the Older Prifts of the area 

are in f^ct of iSarly VUCTB age. He considers that during
H

the Main Wurm there occurred a more limited valley glseiation 

in South Wales, which he terras the "'.Veleh Readvaree". Like 

Charlesworth, he considers that the Irish i;ea ice of the 

Last Glaciation impinged upon the Korth Pembrokeshire coast.

Concerning the absolute age of the Newer Drifts of 

Britain, there have been several other relevant expressions 

of opinion during the last <5ocado. Godwin (196C) consid­ 

ered that the maximum advance of the British ice during the 

Last Glaciation occurred between 57,000 and 4? fOOC years a^o,
n

i.e. prior to the Main Wuma glsciation of Europe; thie dating 

is supported by Coope, Shotton nnd Strachan (1951) for the 

maximum advance of the Irieh Sea glacier. Likewise ?eake 

(1961) has suggested that the Welsh Readvance is Main Wurm 

in age, with the F.iain Irish Sea Glaciation possibly of -Sarly 

Wurm age. On the other hand Penny (1964) has argued that
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age, with the Welsh Readvanee and other events relegated to 
the status of minor retreat stages.

Thus there are many differences of opinion concerning 
the number of drift deposits represented in Pembrokeshire, 
their distributions, and their ages» Perhaps more than 
anything else, the multiplicity of viewpoints expressed on 
these topics points to the need for careful etratigraphic 
analysis and absolute dating of the drifte of North Pembroke­ 

shire .

(2) The Nature... of the Problems. In view of the major 

divergences of opinion mentioned above, there seem to be 

eeveral pertinent questions '/vhich may be poseds 

a) Is Jehu's tripartite drift division justified?
i) Is the "Lower Bouitiler-clay" one deposit? Jehu grouped 

coastal and inland clay tills together as "Lo^er 
Boulder-clay", while later workers (e.g. Mitcbell and 

Synge) hove noted a coastal distribution only for the 

calcareous Irish Sea till. It has not been established 

whether the tense "Lo^er Boulder-clay" and "Irish JSea 

till" are synonymous.
ii) Do the "Intermediate sands and gravels" exist, and do 

they represent an intergj.acial deposit? -Jehu and 

Williams were inclined to think not, but Griffiths
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and Pringle and George have accepter* that they lie 

strati^ranhically between Older Drift and Newer Drift. 

ill) What IP the nature of the "Upper Boulder-clay"?

Mitchell and Synge agree with Williams that it la a 

local welsh till. On the other hand Groom (personal 

communication) follows Jehu in considering it a mixed 

eollfluxion rubble which is not necessarily the 

representative of a local gleciation.

b) Does the "South Wales Knd-moraine 11 of Charlesworth really 

exist? It is accepted by 2euner and some later workers, 

tout its existence as a terminal or readvance feature has 

been doubted by Synge.

c) What is the age of the North Pembrokeshire drifts?

Charlestforth, Jones and Evans believe that the South Wales 

End-Moraine is the representative of the ^«wer Drift and 

the L-st Glaoiation. Synge and Mitchell consider all 

the Pembrokeshire drifts to be Older Drift, and categorise 

them with the stages of the Eastern General (Hiss) 

Glaciation of Iroland. Zeuner and lately Bowen incline 

to the idea that all the Pembrokeshire drifts are Newer 

Drift (WurmAf®iehsel) in age.

d) How old are the raised beach platforms of North ."esibroke- 

shire? 2euner considers thorn to be Last Irrfcerglacial in 

age; tfirtz considers them to be Great Interglacial In np-e;
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and ttitehell considers then to be pre-Klndel in ago.
e) What is the origin and age of the North Pembrokeshire 

melt-water channels? fh©y are considered to hove been 

cut as lake overflow channels by CVerlesworth, .Tones, 

and Evans, and as eub-glacir1 channels by Joy, Bowen, 

and Gregory. Griffiths considers there to have been 

cut during th« Older Drift glaciation, while the above- 

ffientioned authors think of them as featuree of a Newer 

Drift Glaciation.

Among the minor problems •vhich need investigation the four

most interesting appear to be»

f) The Trescelly Ice-cap". Griffiths and Evans believe in 

its existence, whereas ~-ingle and George (194-8) consider 

the ^rescelly fountains to have bean over-ridden "at 

least in greet part" by the Irish Sea Ica-aheetj they mike 

no sent ion of local ico in the mountains.

g) The directions of ice-movement in Pembrokeshire. From 

Griffiths' map of erratic distributions it seams that ice- 

strearas may have moved in different directions at different 

glacial stages (Pig. 12). It is not known how violent 

these swingo in movement were, and to 'vhat extent they 

were controlled, by topography or the location of the ice­ 

cap centres.

h) The reason for the negligible thickness of the drift cover
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in North Pembrokeshire and the ebeeree of topographic 

features in the drift over most of the county, 

i) The ©astern limit of the Irish Sea ice in 15<eet Wales. 

This has been mentioned by Griffiths, but more detailed 

work is needed.

(3) The Scope of the jgreeent study. The research work 

for this theeis was undertaken in the hope that some of the 

problems outlined above could be resolved. Detailed strati- 

graphic studies were undertaken, and several quantitative 

techniques were employed in an effort to propose which of 

the ideas expressed to date are most reliable. Radio­ 

carbon dating has been used to provide new r-hronolo^ical 

data of sufficient reliability for correlations ??ith other 

parts of Britain.

As a preliminary, a detailed description of the techniques 

used during the course of the study is giver? in Part II, 

The larger part of the thesis (Part III) ie devoted to close 

examinations of coastal sections; observations are made on 

drift stratigraphy, and also on specific points concerning 

the origins of drifts and associated topographic features. 

In addition, sorse suggestions are rwde on relative chronology 

in so far ae it can be discinhered frora COG eta 1 features arid 

the etratigranhic record. In Part IV this restricted study 

IB broadened to encompass the whole of Dewisiaod and the
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the area south of Fishguard, and detailed investigations 

are undertaken concerning specific problems of drift 

distributions and origina. Part V is devoted entirely 

to a study of tine meltwatar features of North Pembrokeshire t 

end suggestions are ssaae concerning tboir origins and age.

In Part VI attempts arc made to sum up the evidence 

collected and to describe the most important Pleistocene 

events which can be discerned in Korth Pembrokeshire. The 

drift stratigraphy of other areas in South-western Britain 

is examined in order to assess ho?/ far tho Pleistocene 

events of Pembrokeshire are typical of a wider area. In 

Part VII several independent lines of evidence concerning 

the aere of the drifts are persued before an absolute chrono­ 

logy ia suggested and correlations era made with other parts 

of Britain.

Within this broad framework it is hoped to suggest 

enswers to most of the questions outlined in the foregoing 

pages. Some of these ans-vere may subsequently be proved 

unreliable, but perhaps this thesis will contribute something 

towards the growth of interest in the many Pleistocene 

problems of George Owen's "little Courtte of Pembrokeeheere".
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METHODS A»D TECHNIQUES USES IH DRIFT INVESTIGATIONS 

IH KORTH P

This part of the thesis is devoted to the description 

of techniques used during the fieldwork in North Pembrokeshire, 

Pew of the techniques are new, for drift fabric analyses of 

various types have been essential components of geomorphological 

and geological research for many years. In some cases adap­ 

tations and simplifications of older techniques have been made 

to suit conditions in Pembrokeshire? ths reasons for these 

changes are discussed in the text. Fabric analysis has by 

no means been the raison d'etre of this work; no detailed 

studies of process have been made, and all the techniques 

employed have been intended only to assist the field inter­ 

pretation of drifts. Simplicity and rapidity have therefore 

been important characteristics of all the techniques employed; 

however, it is thought that the loss of accuracy resulting 

from the modifications of elaborate techniques has been 

negligible.

For each technique a brief outline of its earlier use is 

given, along with a discussion of its value. Detailed 

accounts are given of the field and laboratory methods employed. 

Where a new technique is developed a ehort note ie given on
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the results obtained.

In Chapter 3 the techniques of fabric analysis are 

diecusssd, while Chapter 4 ie <3 evoted to a short discussion 

of the usefulness of marine mollusca for absolute dating.



Chapter 3

FIJ2LD ANALYSIS OP SHIFTS,



Chapter 3 (A)

THE INTERPRET AIIQK OF HSAIi

"Although various periglaeial phenomena have been 
reported in Britain...... little work has been done
on their stratigraphy and climatic indications". 
"The close observation of periglaeial phenomena can 
give much information on environmental conditions, 
as has been shown by Professor Dyllk and hie school 
in Poland".

(R.a. West, 1963, P. 177)

In raany areas head deposits provide the only evidence 

available of poriglaclal climatic fluctuations during the 

Pleistocene period. Although the presence of till, raised 

beach gravels and other deposits in Pembrokeshire means that 

climatic changes can be disciphered with relative ease, the 

characteristics of head deposits are used in this thesis to 

provide supplementary dnta. on the nature and length of peri- 

glacial phases before arid after the last glaclation of the 

area. It is recognised that there have been several phases

1. The term "head 0 , which is no-* officially accepted by 
the Geological Survey, is preferred to older terms such as 
"rubble-drift" and "trail", and to more recent terms such 
as "congelifractate" (Bryan, 1946). "Head" is usecJ here 
to Incorporate all deposits 7?hich are composed largely of 
local bedrock materials and. which have been soliflucted 
under periglaeial conditions (see Dines et el, 1940).
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of head formation In Britain; in the same way I hope to 

suggest that there have been distinguishable periods of 

head formation in West Wales, with each generation displaying 

specific characteristics which may be related to specific 

stages in the Pleistocene history of the area.

There are innumerable descriptions of head deposits of 

various types in the British literature, and innumerable 

attempts to explain the origin of head. The ma;jor advances 

towards the interpretation of head as a periglacial soli- 

fluxion deposit appear to hava been made by Godwin-Austen 

(1851), »ood (1882), and Andersson (1906); an exhaustive 

summary of the rest of the early literature ie given in Dines 

etr._al (194C), I1 ha last-named paper contains a general 

survey of head characteristics and origins, and analyses the 

significance of head deposits in selected areas.

Head characteristics are immensely variable. Plates 

5, 6, and 7 illustrate the three most easily-distinguishable 

head types found in Pembrokeshire, namelys

1. Flaky gravelly haaci <vith fine pseudo-stratification

(Plate 5).

2. Moderately blocky head with pseudo-stratification

(Plate 6).

3. Coarse blocky head without pseudo-etratification

(Plate 7).
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Of these types, Type 1 is not widespread, being well- 

exposed only at Aber-mawr and Whitesande. Similarly, 

although Type 3 does occur in some localities around the 

Irish Sea (e.g. at Forth Feigwl in Lleyn and Gnrryvoe in 

South-Esst Ireland), it appears not to be common in Pem­ 

brokeshire. On the other hand moderately blocky heads 

similar to that shown in Plate 6 are widespread, and occur 

with some variable characteristics at virtually every 

coastal exposure of head in Horth Pembrokeshire.

In general, head may be distinguished from other 

deposits on the following grounds*

1» Its fragments are generally angular or sub-angular, 

unless its parent material contains rounded 

pebbles.

2. It is found on or at the base of gentle slopes. 

3» It consists entirely of material derived from

upslope in the immediate vicinity. 

4* Its constituent fragments tnay cover a regular 

size-range, and may be set in a silty or sandy 

matrix. This matrix may be derived from upslope 

parent material.

5, It often displays a rough "pseudo-stratification", 

which may be parallel with the surface slope.

1. Prom a distance a head deposit may appear to be well- 
stratified; this is generally an illusion, for upon close 
inspection true strata are seldom encountered.



6* Elongated fragments generally have their long

axes orientated in the direction of rraximum elope.

In view of this combination of characteristics it is 

usually possible to distinguish bead from till, hillwaeh, 

and fluvial and "ind-blown deposits; however, it should be 

borne in Bdnd that in soraa areas the products of temperate 

humid mass wasting are difficult to distinguish from head, 

and gr at difficulties of interpretation aaay be encountered 

where bedrock weathers into soft flakes of fine material, 

as in chalk (Iterney, 1963).

There have been few attempts to define the conditions 

under which head accumulates. It seems, however, that 

solifluxion is most effective where the following conditions 

are satisfied*

(a) Frequent freeze~thawrjiyoles, Dylik (1964) has 

stressed the importance of alternations across freezing-voint 

in a periglacial environment, but has also noted that 

oscillations belo ;' freezing-point are required for effective 

frost-eraeking of bedrock fragments. However, there appears 

to be some doubt about whether the frequency of cycles is a 

more Important control on frost-shattering than cycle 

amplitude. Tricart (1956) has suggested that a "Siberian" 

cycle regime (characterised by a steal 1 number of cycles of 

large amplitude, i.e. -30°C to +15°C) is most effective for
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shattering. Galloway (1958) has agreed with this, and 

considers that the amplitude of freeze-thaw cycles exper­ 

ienced by a locality ie as important as the actual number 

of cycles experienced* However» these views are disputed 

by Wiffian (1963)» who has conducted experiments on the rate 

and effectiveness of frost-shattering. He found that 

shattering was more rapid under an "Icelandic" cycle regime, 

characterised by numerous small cycles between -7°C and 

+6°C* Thus, in vle-j? of the contradictory nature of this 

evidence it may be as well to keep an open mind about the 

respective merits of cycle frequency and amplitude until 

further field and experimental data are available.

The work of Visher (1945) and Fraser (1959) is of great 

importance to this topic, for their maps of fre@sse-thaw 

frequencies in Worth America may reflect great differences 

in solifluxion potential. In the high latitudes of the 

Canadian Arctic, only nine or ten freeze-the:' cycles are 

experienced annually in some localities; passing southwards, 

the Hudson Bay area experiences c. 35 cycles, and the Great 

Lakes area over 60 cycles. The highest totals are recorded 

in the Rocky Mountains, with over 130 cycles per annum. It 

is possible that tho efficiency of eolifluxion is more 

closely related to the number of freeze-thaw cycles than to 

the mean annual temperature of a locality.
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(b) Adequate moisture. It is frequently stressed 

in the literature (e.g. Peltier, 1950; Patereon, 1940) 

that a great deal of moisture in the "active 11 layer is 

essential for effective solifluxion. ffiman (1963) found 

in his experiments that frost-shattering did not occur 

under any cycle regime without the preeence of adequate 

 moisture. Field observations have shown that in peri- 

glacial areas of low precipitation (i.e. under 6" per 

annum) eolifluxion may be negligible, in spite of abundant 

freeze-thaw cycles. An example is the FcMurdo Sound area 

of Antarctica; this contrasts greatly with the Marguerite 

Bay area of Graham Land, -vhere precipitation is c« 20" 

per annum, and where solifluxion feature© «re well-developed 

(Hoskins, 1963). Feltier (1250) suggested that a mean 

annual precipitation of 10" to 50" is zaost lively to favour 

active solifluxion, but this has been criticised by Praser 

(1959) on the grounds tb?t in Arctic regions total precip­ 

itation bears little relationship to the amount of ground- 

water available for fre.'ze-th#w| low evaporation and the 

impermeability of permafrost can render a precipitation of 

10" per annum adequate for rapid frost-shattering. The 

downs lope movement of meltwater frota pre-existing snow or 

ice-patohes may further contribute to the amount of water 

available.
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There may be reason to assume that more moisture 

ie required for the production of blocky head than for 

flaky head (Dylik, 1964), since email bedrock flakes may 

be moved downslope in a thin active layer with little 

surface run-off.

(c) The presence of permafrost. While naes-waeting 

and soil creep can proceed under a large variety of clisatic 

regimes (Leopold et el, 1964)$ it seems that a deep-frozen 

permafrost layer which is subject to surface melting is 

especially favourable for large-scale solifluxion ('villiams, 

1960). Head fragments migrate downslope within the melted 

"active" layer, which may vary in thickness from a few 

centimetres to several metres? migration is more effective 

upon a permafrost surface than on a surface of solid bedrock, 

and in favourable circumstances all bedrock above the perraa- 

tdrst level will be "shaved" off (Te Punga, 1957). Indeed, 

the presence of a shaved bedrock surface is considered by 

Cotton to be one of the diagnostic features of areas of 

periglacioL solifluxion. It should be noted in the context 

of this discussion that given an identical bedrock slope 

and a seasonal active layer only 3" thick, eolifluxion may 

be possible in a flaky head deposit, but not in a very 

blocky be^d,

(d) Negligible enow-cover. In view of tine "blanketing"



effect of a thick snow-cover, a permanently snow-covered 

landscape Is seldom underlain by effective permafrost 

(Annersten, 1964). Solifluxion may therefore be more 

effective in areas where annual precipitation is consider­ 

ably lovser than annual ablation, or where wind-action can 

keep eolifluxion alopee largely free of thick anow-banks.

(®) Suitable parent litholo^j. In general, rooks 

which are resistant to frecze-thaw (such as highly permeable 

or impermeable rocks) yield coarse head fragments, while 

weak rocks yield abundant fine material (Galloway, 1964). 

Amon# rocks which are sueceptible to freeze-thaw, Leopold 

et al (1964) list fina-grsined and moderately permeable 

rocks such as shales, slates, echiate, and some sardstor.ee, 

while Czeppe (1964) has emphasised the v riable weathering 

characteristics of different sandstone facies in Spitsbergen. 

It seems that lithology alone may be responsible for variable 

head formation in an area of v«riable rock-type but identical 

environmental conditions. If the head is derived frora 

earlier drift deposits such @s till or reieed beach pebbles 

(as at Ogof Golchfa rar,d Poppit, l^orth Pembroireshire), the 

processes of aolifluxion may be speeded up as a result of 

the ample e ,<pply of loose fragments.

(f) Ample bedrock elope. Solifluxion can proceed on 

slopes as low ae 1° (Galloway, 1958), but is likely to be
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more effective on slopes of 2° to 5° (Budel, 1960). 

Solifluxion may be rapid on slopes of 10°, but on steeper 

slopes It may be replaced by scree or talus formation; 

these deposits lose some head characteristics, and probably 

form much faster than head (Rapp, I960), On some elopes 

there le a gradation between head .and tolas. Jahn (1960) 

has noted that in Spitsbergen the solifluxion sone at the 

foot of frost-shattered cliffs lies beyond zones of soil- 

fluxion terraces and talus formation, each of which has a 

successively steeper gradient; he stated that the deposition 

of fines by surface meltwater is an important process in the 

solifluxion zone, where slopes are between 2° and 5°. Head 

of fine bedrock flakes may develop continuously on a low 

slope; under identical environmental conditions a blocky 

head probably needs a muoh steeper slope for its formation.

(g) Suitable haad jTtatrix.. Since the active layer 

may be highly mobile during the summer season, head fragments 

tend to move more easily if they are embedded in a super­ 

saturated matrix of fines (Galloway, 1938$ Pewe", 1964). 

The silt, sand, and gravel for this matrix may be derived 

from wind-blo-vn pertglacial deposits (Tylilc, 1960), from 

upslope fluvial or glacial deposits, or from shattered 

bedrock itself. "/iman's experiments in 1963 suggested 

that certain rock-types produced an ample supply of fines
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under f reez«-thaw , whereas others did not. Sven without 

the presence of fines, flsky head fragments may themselves 

act -38 a mobile mntrix.

jjliTainat ion of vertical frost-heave

In some areas, the periglacial climate is too severe for 

solifluxion; instead, if the mean annual air tenperature 

is below -6°C, it may favour ice-.vsdga cracking and frost- 

heaving (Pewe, 1S64). However, it ie possible that on 

elopes of c. 10° antf over vertical frost-heave movements 

may toe eliminated enc solifluxion maintained (Czudek, 1964). 

Head may accumulate on a steep hillside, therefore, while 

neighbouring low slopes may experience only the disturbance 

of existing deposits (laterson, 194C).

(i) Laqk of _ vegetation. 'here a vegetation cover 

is eble to establish itself on a eolifluxion slops it .vill 

naturally tend to bind head fragments together and arrest 

the rate of head formation (lines et al» 1940). Upslope 

vegetation >vill also Diminish the amount of fines available 

for incorporation in the head matrix; this vill also tend 

to slow down the sollfluxion process (lylik, 1964^.

(j) Maintenance of peri/?la,oinl conditions. "ead 

forms slowly, subjoct to the cone it ions listed above. Jahn 

(196C) found that head fragments in Spitz-bergen moved down 

a slope of 4° at a rate of only 3 cm. per annum; similarly
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Rudberg (1958) reported that the mean movement of 22 stones 

on a 5 solifluxion slope in Worth Sweden was only 3.5 cm. 

in one year and aa low as 0.9 cm. in another year. Ratbor 

higher rates of head movement have been recorded (up to 

2 ft. per annum in places; Leopold et al, 1964), and it is 

possible that the rate cf movement may be even faster in 

sowe unrecorded localities. In any case, it appears to 

be very much faster than soil creep and other gradual mass- 

movements.

The maximum rate of head formation is a much debated 

point, but thick accuraulat iotas of head possibly need many 

centuries in -?hich to form. It may be misleading, however, 

to eseume that estern Europe under > srigl^ciel conditions 

experienced the same ratee of head formation as preeent-day 

permafrost areas; the affects of lower latitude, more 

numerous freesa-thaw cycles, «rd greater precipitation 

under ar> oceanic regime may have facilitated more rapid
M

head formation. (Budel, 1960).

From the above summary of factors it may readily be 

appreciated why head characteristics vary enormously from

one locality to another. Kach head deposit displays its

1. Flint (1957) mentions one locality where a rate of 
13 cm. per day has beer, recorded; however, he does not 
mention the period of time over ^hich this rate ives 

maintained.



own unique features, and until detailed studies provide a 

key to the interpretation of specific heat! pro peri/ ies all 

conclusions drawn from the examination of individual head 

exposures muct be considered tentative* The difficulties 

are increased because in certain cases it aay be difficult 

to distinguish truo periglacial deposits from sec-iraeritary 

deposits formed under temperate or tropical humid conditions 

(Jahxi, 1964); Paterson (1S4C; has stressed thic difficulty 

after comparing Arctic solif lujcion deposits -with those of 

the Himalayan foot-nills which fora seasonally daring the 

monsoon, and Kernsy (1963) has shown that many of the chalk 

"coombo rock" deposits of couth-east ^n^iand may rot be 

true periglacial deposits,

Bearing in mind these difficulties, however, there are 

good grounds for assuming that some reliable inferences on 

past periglacial conditions may be drawn from careful studies 

of head. It is agreed t^at of all the factors <vhich control 

head formation, the climatic factors aro the most importsrt 

(Pinea et al t 1940), and '.vhile there nre iTwnonse dangers 

In the long-flietance correlation of hsa^s on the basis of 

their characteristics it is clear that differsrt head layers

1, Such properties may include size of fragments, character 
of matrix, Degree of pseudo-stratification, thickness of 
deposit, and preferred oriectation and plunge of elongated 
fragments.
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within one exposure may generally be related to climatic 

fluctuations. lylik (1964) lias emphasised that periglacial 

climates are 3ust as varied ae those of t^mp^rate lands, < 

and from the factors noted above it seems that head formed 

in one locality urxler moist, moderately cold periglacial 

conditions will be r-xther different from a later head formed 

under conditions of extrerue cold arsd aridity.

S'hilo it is true to ssy that more attention has been 

paid by periglacial specialists to the phenomena of frost- 

heaving and cracking than to aolifluxion, rauoh :*?ork has

been done in Poland and elsewhere in recant years to increase
M

knowledga of clirmtic controls on head formation. Budel

(1959; 1960) has suggested that there are two distinct types 

of solifluxion, nassly "periodic" and "episodic".

(a) "Periodic" solifluxion, -vhere there ie do R/n01ope 

aovemert in a rel^tivoly thin active layer every year; the 

result art henti 0hov»s ^ood pseudo-stratification, a rather 

even fragment Ri?e, p.r.r1 a close a^reftment between the ar.^le 

of plunge of incorporated fragments <vith the surface slope. 

This type of eolifluxion is widee 1 rear, and ie apparently 

favoured under oceanic periglacial climates.

(b) "JJpieodic" solifluxion is clisracteriBed by th© 

essentially intermittent tacveTsont of a deep active layer 

(up to 4 m. thick), giving rise to complex "cryotectonlc"
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structures. It occurs on shallow slopes of between 2° and 

4 , ant? in view of the rigorous conditions necessary for 

its formation it has & reotricted distribution. Heads 

laid do-vn by episodic eolifluxion occur largely in Central 

Europe.

Head deposits are apparently more coramon in v estern 

Europe than in Eastern Europe (Cteilleux, 196?) perhaps 

bearing witness to the importance of moisture and an oceanic 

regime for head formation. Galloway (1958) has proposed 

that a maritime tundra climate (as experienced by the west 

coast of Spitsbergen nrid bv South Greenland today) may have 

existed at low levels in Britain during the Pleistocene 

glacial maxima. The climate may have been characterised 

by moderate cold, with frequent freeze-thaw cycles of email 

amplitude, and plentiful moisture. There appears to be 

some doubt ©bout the type of head tfhich may be expected to 

d eve .'.op under such conditions. Galloway (1958) suggests 

tte.t there was rapid head accumulation of fine fragmette, 

while Dyli> (1£64) considers that there tnsy have been r?pid 

mass-movement, r.iving rice to poor peeudo-etratification 

and blocky head frag erts. Conversely there ic doubt about 

the type of head which would develop under s continental 

periglacial regime of greater aridity and infrequent freeze- 

thaw cycles of great amplitude* Galloway considers that
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larger head fra meats with lees fine material would result, 

while Eylik proposes that well-etratified thin layers of 

flaky head fragments would accumulate.

These two views are not compatible, but the views of 

Eylik appear to be supported by more field observations 

ard experimental data (Vinmn, 1963). He states that a 

head oharacterised by thin bedding and flaky fragments 

(Plate 5)» perhaps with inter bed ding of thin sheets of sand 

and silt, may have been deposited under very severe peri- 

glacial conditions with a thin active layer and little 

moisture. Each thin layer of flakes would represent one 

year's accumulations the permafrost level would rise with 

the rising surfsce of the head deposit, so that a large 

measure of protection is afforded to past accumulations. 

Often a thin-bedded and flaky heed deposit with fossil ice- 

wedges lies between blocky heeds with poor pseudo-stratifi­ 

cation (Fig. 14), such a sequence is interpreted by lylik 

as representing a cycle of head development, with the blocky 

heads at A and C representing the waxing and waning phases 

of periglaciation (cold, rather moist conditions) end with 

the climax (very cold and arid conditions) represented at 

B. In Poland moatfbEsil ice-vedges are apparently associated 

with horizons similar to that at B; the correlation of 

stage B with conditions of maximum cold therefore seems to
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be reasonable.

If the characteristics of a sequence of head deposits 

in one exposure cannot be related to lit ho logical differences 

in the upslope parent material, then several climatic 

inferences -stay be dra-sn. Weathering horizons in the head 

deposits can immediately be interpreted as the representatives 

of warmer phases, although some warm phases which may have 

occurred since the onset of periglscial conditions may not 

be represented in the head exposure. (Pig. 15)« Inter- 

bedding of blocky and flaky heads may record fluctuations 

in periglacial climates, and major unconformities in a head 

series may represent prolonged breaks in solifluxion. If 

erratic pebbles or blocke are present in one hesd horizon 

sbove a horieon which has no foreign material, then there 

may hnve been a break in periglaciation during which the 

erratics were introduced. If the bead is severely contorted 

or has fossil ice-"redges in it, then there is reason to 

susr-ect a deterioration in climate and a decrease in pre­ 

cipitation.

It is difficult to make suggestions about absolute 

chronology on the basis of head accumulations. It has 

been suggested above (Fi<?. 15) th^t traces of interstitial 

conditions may be completely removed by later eolifluxion; 

a certain thickness of head may have formed quickly in a
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relatively short time, or else over a period of many 

centuries -vith t-#o or aore phases of solifluxion separated 

by interstadial conditions. Again, the relative thickness 

of head layers may not be a reliable guide to a#e, since 

blocky heads any form more quickly than flaky heads with 

pseudo-stratification. Similarly, the thickness of a 

certain head layer beneath another may represent its total 

thickness, or else simply the remnant not removed by the 

subsequent phase of eolifluxion. ^ith fl^ky heads it may 

be reasonable to assume that each stratified layer re;res­ 

ents an annual cycle, ®s suggested in Piste 5; on the other 

tend each layer raay represent a chort phase of freoze-thaw, 

such as may occur in spring and autumn eac^ year, with the 

result that two or more layers mey be formed in o single 

year. In blocky bosdp there is often no clear indication 

of the thickness of the active l^yer, so that no conclusions 

can be cade regarding the number of depositions! cycles 

represented.

In spite of these difficulties there have been several 

attempts at the detailed chronological sseest inert of bead 

deposits. Mary pcpars have been written in relish, but 

more readily available ore the papers in French and English 

In the "Biuletyn Peryglecjalny". Tylik (1960) hss studied 

fine waste materials in Poland, and has proposed that



weathered layers in the flaky heade of Klemenoice and 

Parkoszowioe are of Mindel/Rise Interglacial age. lie 

also states that erratic pebbles in the lower head probably 

date from the Mindel glaeiation. Starkel (1960) has 

made a detailed study of blocky heads and interbedded 

deposits of fines in the Carpathians, and has been able 

to reconstruct a chronology which ie in accordance with 

other observations from Eastern Europe* Pacsi (1S64) lias 

related solifluxion and other periglacial phenomena of 

Hungary to the stages of the Pleistocene, and claims to 

have reconstructed a chronology on this basis back a© far
H

as the Guns glacietion. Czudek (1964) has made a study 

of head deposits in the Bohemian rnaeeif, relating them to 

variations in climate and the variable thickness of the 

actlvs layer.

In Western Europe van der Hamrnen (195?) has correlates

the ccversandc and other periglacial deposits of t' e
«t 

Ketherlsnds rvith the Pleriglacial stages of the ^'urrn, and

with Maarleveld (19^2) he has used the full sequence of 

deposits on the eastern fringe of the Velu,ve to reconstruct 

seven eta#es between the Last Interglacial and the end of 

the Younper Iryae.

Head studies in the British Isles have been mainly 

descrlptivei and knowledge has advanced little eince the
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speculations of Prestwich (1892) and earlier workers, 

except in the general recognition that solifluxion deposits 

are in fact of periglacial origin. Some indication of 

the possibilities of head interpretation was given during 

the meetings end symposia of the International Geographical 

Congress in 1964. At Exeter much discussion was centred 

on the interpretation of haarl on Partaoor and the Devon 

coast, anc; some participants emphasised the dangers in 

assigning thin weathered layers in head to full interglscials, 

as has been done in © tertotive reconstruction of events at 

some localities by Stephens (1964;. In ilaut An^lia doubt 

was expressed concerning the assignment of relatively thin 

head layer? to the whole of the v/eichselian sta^e in support 

of the dating of the underlying deposits ae Sanle; several 

participants? considered th^t such thin head layers could 

easily have forsed post-glaeisLly, perhaps during ^one III. 

In support of this, K'errey (1963) has demonstrated that 

thicknes; e& of up to four metres of eolifluxion denoeits 

may }iave accuaiulotef> on the south co^st. of England since 

the Aller/d. At frarryvoe, in South-Jast Ir jl.^nd , Professor 

X-ylik opened the door to future work on the interpretation 

of heads around the Irieh 5e-^ with his sur.^astion th^t blocky, 

flf=?ky, and contorted heads beneath till vere the represent­ 

atives of specific periglaoial phases preceding glaciatior.
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Horizons in ^hich pollen or floral remains are 

preserved (as noted by £reet'*ich, (1892) from exposures 

in ijouthsrn -nglana, and by Rudbarg (135S) from cweden) 

ara valuable aida to climatic interpretations, especially 

if pollen analysis or 014 dating of organic aatarials 

proves possible* However, few such horizons have been 

found in /astern Britain, and in their absence the ideas 

of Professor lylik may be used with advoKta^e in Pleisto­ 

cene stadias. Following sorr,;; of the ideas put forward 

"by the workers mentioned abova, I have attempted to draw 

simple conclusions on periglaciel climates on the basis 

of head interpretation in .-etnbrokeshira.
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Chapter 3 (B) 

TOE DRIFT..MA PS.

Field mapping in Worth Pembrokeshire hed to be under­ 

taken without accurate prior knowledge of either solid 

geology or drift distributions. As far ea is known f no 

other drift maps have been prepared by earlier authors for 

the areas studied in this thesis; indeed Jehu, when remarking 

on the rapid lateral transitions from one drift to another, 

was moved to state "Oving to the want of good exposures 

inland, it is generally impossible to tnark out the limits 

of the different kinds of superficial detritus" (P. 63). 

In view of the lack of Geological Survey "flow Series" 

sheets for the area, the Dale Port Geological top (Map 1) 

proved to be invaluable in the fialfl, and a<^ition?l infor­ 

mation on the gcjology of the St. David's area was obtained 

from a manuscript map kindly made available to ma by 

R, Leake.

T'.vo aress were mapped in detail at a scale of 6 M to one 
mile. In "fewisland, an area of c. 2.3 square ffilse "?as 
mapped on eight 0.8. 6" sheets during the early part of the 
study, ?.nd later an srea of c* 43 square miles '/as mapped 
in the .Aber-is^vr - Fiehsuard - rinse district on a further



seven 0.£. 6" sheets. The locations of the areas mapped 

in detail in the field are shown in Fig. 16. Erift 

boundaries were mapped in the field by frequent excavation 

and augering with a 3 ft. hand auger. The whole of the 

coastline on th® field sheets was examined in detail, and 

inland drainage reservoirs and drift exposures proved to 

be particularly useful for field interpretations. '.here 

possible, inforTOtion from farmers was used to supplement 

field observations.

IB Ee*island the pattern of drift distributions is 

simple. Jehu's tripartite drift subdivision (Upper boulder- 

cloy, Intermediate sands and gravels, and Lower boulder- 

clay) was used during the early part of the field^ork as a 

working hypothesis, but it soon appeared thst it was 

simpler to classify the major drift types of the area on a 

purely empirical basis as (a) Thin sandy am1 stony remanid 

drift, and (b) Sieved tills located on the inland moors 

(i?ig. ?)• Furthermore, sands and gravels were found to be 

virtually absent from the area. Accordingly a simple 

scheme of drifts was adopted for tne drift map of Pewisland:

1. 3?he numbers of the sheets used -sere as follows: 
I'ewislaKf", ?U;s« 1 I? B.J^., S.'.'., and S.iil.; XT K.'W. and o« '.; 
XX N.E. and K.W.; XXI N. :-7. Piehsruard area, Nos. V S.? m ; 
IX H.'V., M.iS., S.-v. t and S.ii.; X. F.-1'. and 3.'-,'/.



(a) Thin eandy and stony remani* drifts. 

(to) Gleyad stony tills, 

(o) Thin head.

(d) 31o^n sonda.

(e) Hiver alluvium.

(f) Bedrock exposures.

In tha Fiahi-Tusrf! area (Fig. 16) field napping \vae under­ 

taken ic association with a re-examination of the meltwetor 

ch«uirols of the Grcaun-JordsriBton system, end tha Couth 'Valaa 

End-moraine of Charlesworth. In this? are« sands and gravele 

are frequently encountered, HKd the occurrence of steep slopes, 

gentle we.tarlo/rsed fiarreesiorjG, anc complex ch^.nrale in the 

Prescelly foothills: hs.a give?;, rifee to o great variety of 

drift foils subject to varying degrees of alteration by eoli- 

fluxion «r)d ,c-;leying. The drift cote^oriee used for the 6" 

field rasp in this £<ree were as followei

(e) Thin sntidy ar*d stony rerani<* drifts.

(b) P.rift~soil with much ssnd and gravel.

(c) Drift-soil with much head.

(d) Gleyed Btony tills.

(e) Gleyed drift-eoil with cardc &nd gravels.

(f) Heed.

(g) Ssrde and gravels. 

(b.) iUver alluviurc.
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(i) Peat.

(;}) Bedrock exposures.

3esides these areas mapped in detail in the field, 

the northern part of the Pen Jaer peninsula and the Gwaun 

Channel district were mapped in less detail on seven O.S. 

6" sheets. The drift cover in these areas was plotted

with the aid of vertical aerial photographs at a scale of
  >

1:9,800' with field checks made at frequent intervale.

Gome photographs at a scsle of 1:30,000 were also used.

The drifts of ponaa other small areas on the Korth Pembroke­ 

shire coast vere also plotted in the field at a 6" scale, 

while some field mapping st a scale of 2-jk" to one mile was 

undertaken in .scattered localities in the rreseelly Tv-our;tains, 

On the north-east flanks of .'fiynydd Frescelly the spasmodic 

drift cover has been napped bv W.D. EYans; the area studied 

by him ia indicated in i'i^* 16.

In view of the simple drift pattern of Pewisland , the 

field sheets were easily reduced to a 2, " scale; the 

resultant msp is discussed later in the thesis. The complex

1. Th© numbers of thpse eheets ware T\r l!.v. and C'.'"7 ., ar.d 
S,ii.| '/III i<.£.; A K,i). and £.£ ; XI H,y t and N,E.

2. Through the kindneee of the .t eirforokeshire County 
Planning Officer, Kr. J.A. Price, a complete cover for 
North Pembrokeshire '*'as inade available to me.
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drift distributions plotted on the 6" sheets for the 

Fishgusrd area have been simplified prd reproduced at a 

scale of one inch to one mile? this sw»p is analysed In 

Chapter 9»

The drift maps whioh have been pret^red are subject 

to varying degrees of error according to the intensity of 

the field survey* However, wh«=>n they are ueed in conjunc­ 

tion with the reliability diagram it ie hoped that they 

mey serve as a useful basis for future detailed *?ork in 

North

1. A set of 24" sheets showin,rt the thrift distributions 
of the aroas stun led ••sii'l be deposited in the Pembrokeshire 
County Library.
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Chapter 3 (C)

gJQHE-OOUHTS -FOR THa..aiSOOO»:CPIOH .0?..SHIFT BOUNDARIES 

AM; THK JDIPFiilHaHmglOB OF DRIFTS.

The direction of ice-movement across North Pembroke­ 

shire from north-west to south-east //as established on 

the basis of erratic indicators nnd striations by Hicks 

(1885) and later confirmed by detailed analysis of erratics 

by Jehu (1904) and Griffiths (1940) (Pi*. 12). Accordingly 

I undertook no further analysis of large erratics. However, 

I hoped that stone-counts from drift localities might aid 

the recognition of drift boundaries ar,d accurately indicate 

directions of ice-mcvsrcent, Further, it 7/es hoped that 

stone-counts from adjacent exposures of "Upper Bouldar-clay" 

and "Lower Boulder-clay" ini«ht reveal differences in et.one- 

contert and consequently indicpte the source and mode of 

formation cf these deposits. Also, it was hoped that 

thie technique n»i.p-ht thro// lii?,ht on the chsracteristics of 

the drift cover ard consequently en the strength of the 

transporting ice-streaks.

1) Horizontal differentiation of drifts.

Miltbere (19C9) examined pebble indicators at numerous 

drift localities in Lenmark in an attempt to distinguish the 

drifts of different glaciatione arid the directions of ice-
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movement. He collected only those pebbles which could 

be used as good indicators, ana produced effective maps 

showing important geological outcrops and the percentage 

frequency of indicators in the surrounding drifts. He 

portrayed the percentage frequency by rneans? of colour 

tinting, and used a broad two-fold sub-division of rock- 

types for generalisations concerning drift distribution. 

Madsen (1928) used a more complex trethod of drift sub­ 

division based on both stone-content gpd stone-types in 

drifts, with a coefficient figure eal.culpt.ed for each 

locality. Lundquist (19^?) used proportional circles to 

represent the peroertage frequency of certsir rock-types 

in till. More recently Holmes (19??) undertook pebtale- 

counts at many localities in west-central Ne^ York State, 

U.S.A., where glacier flow ^as believed to h-<nve been screes 

the etrike of the bedrock outcrops. He drew interesting 

conclusions regarding the distance of transport, and 

produced isopleth maps on the basis of points plotted with 

the percentage of stones of © specific type. Arderson 

(1955) carried out Gtone-counts at random grid points on 

the Marseilles till eheet of north-east Illinois, U.S.A., 

and again represented pebbles of a certair rock-type as a 

percentage of the individual SRTnple. ^atisto (1961) used 

proportional oirclee to indicate the percentage of certain
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rock-types at individual localities, «nd used "drift- 

sectors" on his mapra to portray the range of sources from 

which euch rock-types could have been derived.

In Forth Pembrokeshire, and! particularly in western 

De-ffisland, stone-counting techniques have proved to be of 

greet value during drift analyeie. In the S 1 . David's 

area five rir>ple roclr-typee were selected on the basis of 

the geological imp (Fig. 3) as s preliminary to field

5) Ordovician Intrusive rocks s gabbree, dolerites etc. 

4) Ordovici-^n Peflimefltsriesj scales, mudstones, grits,

sarc'storjee, ashee. 

3) Cainbrian eer'imentaries: sand ft ores, shales,

mudetonee etc. 

2) hre-earabrian (.1 ebidiori) extras ives: bed e ad lavas,

gritty tuffs etc. 

1) Pre-cnsbrien (Diwetism) intrusives: granophyre,

quartz-porphyry etc.

The coarse-grained to medium-drained dark -coloured 

intrusive reel?? of Cfste«rory (5) were generally easy to 

recognise, as were the hard gritty li^tht-co loured intrusives 

of category (1). ''-he Pra-Oambrian extrusive rocks (2) are 

commonly soft flak/ greenish and pinkish taffa, while vivid 

tints of green, red and purple characterise some of the



sandstone and shale facies of category (3). The Ordovician 

sedimentary rocks are generally soft grey, brown and buff 

shales and sandstones in the St. David's area, but In 

certain cases they are difficult to distinguish from certain 

facies of the Cambrian sedimentaries.

Some reliance was placed upon the geological sketch-map 

during the investigation of drift boundaries, and although 

certain unexplained anomalies occurred during the field-work 

the relationship between sample stone-counts and geological 

outcrops was usually logical. In the field very few erratic 

pebbles from beyond the shores of Eewisland were encountered; 

consequently any erratics which, did occur- were disregarded. 

In spite of this rejection of 1£ or 2% of pebbles, it is 

not thought that there is a serious error in the representation 

of drift composition at the plotted points. 

Field sampli....j techniques. In all, I undertook 35 stone- 

counts in the St. David's area. Of these, eleven counts 

v/ere made at the intersection points of a superimposed random 

grid, and ten counts were iaade at random points <hich were 

also used for the collection of samples for sieving analysis. 

(Fig. 17). In two cases (Numbers 6 and 1?)» where the 

intersection points lay respectively on a bedrock exposure

1. For example, the predominance of Pre-Cambrian extrusive 
pebbles in drift at point 20, where the bedrock is supposedly 
of Cambrian sedimentaries.
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and on blown sand, the points were moved southwards along 

the grid parallel to the nearest drift-covered area* In 

two caaee counts were not made at grid intersection oints 

because counts had already been undertaken in the immediate 

neighbourhood (Numbers 11 and 23). Fourteen further 

counts were undertaken at convenient coastal and Inland 

exposures. Grid references, place-names, and stone- 

counting details are #iven in Appendix IV.

From convenient exposures, ©r-d from Bamplini?~pointe 

used for other tests, stones were teken from e depth of 18"- 

24", but samples from random grid points were taken from 

one square foot at or ;just beneath the surface. Tests 

indicated that the surfsee stones at P locality are no 

lees representative of the drift cover than stonea taken 

from a depth of 18 N-24" (Fig. 18). For some samples I 

recorded the percentage of striated stones, although for 

surface satapiee great care had to be exercised in view of 

the undoubted effects of ploughing and harrowing.

The percentage of a particular etone-type M one 

locality varies ececrding to the stone-size category bein^r 

investigated; for example, the percertage of Urdovician 

intrusive pebbles at many localities decreases noticeably 

frora upper to lowar size-categories. However, stone and 

boulder clearance from cultivrted fields renders unreliable 

emy stone-count on stones over 6 M diameter. Since most
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pebbles in the drift cover fall into a size-category of 

c. -|-" - 2" diameter each field sample consisted of 50 

stones in this range.

Presentation of data. The results of this investigation 

of horizontal differences in drift composition are 

presented in Chapter 8. A map of divided circles for 

sampling localities has been constructed to indicate the 

total pebble composition of drift at each point, and other 

maps have been constructed following the principles of 

the authors mentioned above. The percentages of individual 

stone-types in till are portrayed by proportional circles, 

and their relationship vvith parent outcrops is shown. The 

complexity of the geological outcrops and tbe small size of 

the area studied has made it impossible to construct effective 

isopleth maps; however, such maps could possibly be con­ 

structed for the area east of fct. Bride's Bay, using purple 

Cambrian sandstone or Ordovician igneous pebbles as 

indicators.

2) Vertical differentiation of drifts in complex exposures.

In England Slmpson (1960) has analysed the vertical 

distribution of erratics in an attempt to differentiate

1. A field test at O^of Golchfa indicated that samples 
of 50 stones can yield a representative picture of the 
pebble-content of" drift (Pig. 19, Nota 3).



the Upper Boulder-clay, Middle sands mid gravels, and 

Lower 'Boulder-clay of the ?lanobester area. Pebbles in 

individual samples were grouped into 15 simple categories 

and histograms constructed to compare the distribution 

of enratiee in different deposits.

A niicilar technique was uced in this study charing the 

exgroinstion of most of the critical drift sections in North 

Pembrokeshire. At each locality the first sarcple was taken 

from one square foot of the face of a distinct stratigraphic 

horizon. The first 50 stones of size £n - 2" were collected 

and grouped into 15 simple categories determined on the 

basis of the firet 15 distinctive etone-typee encountered 

(e.g. coarse-grained igneous pebbles, black mud stone 

pebblos, red sandstone pebblas, etc.) The number of stones 

in each category was then plotted RS a percentage on a 

simple his to'-mm. Stones from subsequent drift samples 

from the expoeure "?ere grouped into the same 15 categories 

ar»d slso plotted on histo^rans (Fi^. 19)« Therefore each 

important exposure is represented by n series of somp«»ra- 

tlve histograms ^rhlch way reveal similarities or differences 

in the etone-content of it3 component drifts. ^t, ia 

emphasised thgt einca the 15 stone-type categories differ 

for each locality, no horisort-:! comrarieons can be made; 

the simpler stone-counts described in the earlier part of 

this section serve thie purpose.



73

Chapter 3 (S) 

ANALYSIS OP SUFEH?IClAL DEPOSITS.

For many yeare mechanical analysis has been 

as a useful technique for the identification and differen­ 

tiation of drifts. For example, blown sands are known to 

have a very charaot eristic grain-size distribution (Stuart, 

1924 }, while Boswell (1916) was able to distinguish between 

certain briekearths in East Anglia on the basis of mechan­ 

ical analysis. Krumbein (1936) has illustrated the 

differences in grain-size composition between beach gravels 

and sands, glacial till, and inland clay samples, and many 

authors have used the technique to differentiate between 

tills of various types and outwaeh sands and gravels. A 

comprehensive summary of the early literature and the uses 

and methods of mechanical analysis is given in Krumbein and 

Pettijohn (1938).

In North Pembrokeshire mechanical analysis was under­ 

taken as part of this study for three main reasons s

(a) To determine whether there is sny difference in 

the grain-size distributions of the gleyed drift 

eoile (the so-called "Lower Boulder-clay") and

1. See, for example, Lundquist (1933) » Hopp© (1963). 
Horberg and Potter (1935), Flint (1Q57), and Andrews (1963).
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the stony sandy soils (the so-called "Upper

Boulder-clay") of Dewisland.

To assist in the interpretation of the various

deposits exposed in the coastal drift cliffs

of the area, 

and (c) To assist in the interpretation and mapping of

the complex drift deposits of the Fishguard area. 

Collection of Samples. In Dewisland I followed the 

definitions of Jehu and took the areas of Lower Boulder-clay, 

as a working hypothesis, to coincide with the drift-filled 

Depressions plotted on Fig. 7. For the purpose of this 

exercise the rest of western Dewisland (with the exception 

of rock outcrops and exposures of heac? or blo'vn sand) was 

taken to be the area of "Upper Boulder-clay". 'Vhen field 

mapping in the area had been completed, a rectangular grid 

was superimposed upon the 6" ^ield map and the grid lines 

numbered. With the aid of a set of random tables (Gregory, 

1963), twenty random f*riti references were obtained and 

plotted on the map (Fig. 20) so that ten points fell on 

each of the major drift areas.

At each plotted locality a hole about 18" square was 

dug and a sample of c. 2000 gms taken from beneath the A 

horizon, at a depth of 18" - 24". Although Krumbein and 

PettiJohn (1939) have notefl that different drainage and
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leaching conditions can lead to significant changes in the 

phjraioal properties of drifts from eite to site, it eeer.ed 

that sampling from a constant depth would provide euffioient 

data for a comparative analysis.

In the Fishguard area spot samples were collected 

from good exposures or from the drift cover where I hoped 

that sampling would aid the inter? retat.ion of drifts. The 

analytical evidence from these lampl s in not used for 

generaliaations concerning the characteristics of certain 

types of deposit; however, within strict limits the evidence 

10 uaad for the interpretation of a deposit at a specific 

point. For example, the spot sampling technique has been 

used in order to determine whether a "yellov clay" at Rhoe- 

y-Cle/fyrrn, near Fishguard, is gleyed and weathered outwash 

material or glacial till.

At Aber-mowr, Druidston, and other coastal localities 

where drifts are exposed in steep cliff sections, I collected 

spot samples from the different stratigraohic horizons in 

the face In order to ^ic their interpretation. Apain, the 

results obtained are used within strict limit?j however,

1» Spot samples are isolated samples collected from 
particular points in a drift exposure. Thoy are not to 
be confused vith "compound" or "channel" samples, aa 
defined in Kruabein and Pettijohn (1938), pp. 16 - 19.
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analysis of severnl tpot samples from the drift-cliff at 

Aber-oawr revealed consistent grain-size distributions, 

and suggested that the results based on tho spot sampling 

technique are probably reliable (Pig. 21).

The field samples were analysed at the School of 

Geography and the Department of Geology and Mineralogy in 

Oxford, anr1 the Geography Department at Swansea University. 

At each place the apparatus differed slightly, but this 

is not thought to have seriously affected the results. 

There are innumerable methods of mechanical analysis, many 

of them involving complex and prolonged laboratory proced­ 

ures; in this study I h-?ve folloved cloeely the method of 

dry sieving described by Krumbein and PettiJohn, and t^e 

method of pipette analysis for the smaller grain-sizes in 

each test sample.

Pre.aratiori of Camples for Ann lysis*

Drying. Those samples which vere slightly moist were dried 

out In a warm room after preliminary disagpregation. Samples 

-.vhich were collected in a wet state, however, ^ere dried 

thoroughly in china containers in an oven at 10C°C. Sand

1, 'Vet sieving, '.vhich nay be a more satisfact ry technique 
in that it minimises the risk of breaking fragments during 
disaggregntion, was not undertaken because of lack of 
facilities.
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and gravel samples needed no preliminary disegregation, 

but it vas found that fine-grained tills could only be 

oven-dried quickly if they had been subjected to prolonged 

disaggregstion b'forehand.

Sample splitting* Once dried, each complete field sample 

of c. 2COO grne WHS d iseggregnted further and passed through 

a B.S. No. 5 sieve until all stores over 4 mm. were removed. 

The remaining sample A-as then passed through a Jones sample 

splitter until a tost sample of Just over 500 pine was 

obtained. "rhere no sample splitter was available, simple 

hand-quartering was undertaken.

Lisaggregatlon^ of toot samples* The test samples were shaken 

for a preliminary period of five minutes, an<^ each sieve load 

subjected to disaggregation with rubber pestle or vooden 

rolling-pin. At all stRgee particles vera examined under a 

binocular microscope to ensure complete disa-?gregqtion. For 

loosely-consolidated samples of aand and gravel a rubber 

peetle was generally found Batisfnctor7; however, the pestle 

was inadequate for the disaggregntion of f ine-srr.ined plastic 

tills, and a rolling-pin had to be used instead. As soon 

as it became clear thnt individual particles in the 2 mm - 

imm fraction were bein°: broken, or that comppction was 

replacing dlsaggregntlon, the prooesr, was stopped. As a 

consequence, some a^^resrptes remained at the onset of
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analysis of some samples. However, it *ae considered 

that they ,vere compensated for approximately by the 

breakage of rock fragments, eo that the error in the 

plotted grain-size dietribution may have been small. In 

a few cases (sandy loam and plastic till samples) the 

impossibility of complete disaggregation with the facil­ 

ities available may mean that there are larger errors in 

the plotted curves. Once disaggregation vas completed, 

ae nearly as possible, the test sample was mixed and 

veighed to exactly 5CC gms.

Choice of Grade ocale. A set of six sieves wae used during 

mechanical analysis. These sieves (to British Standard 

specification) vera ohocen to coincide closely vith the 

lo-ver grace limits of 'Vent vorth 's (1^22) categories. The 

table below fives the xeeh sizes used and their relation to 

the WantAorth scale:

?'eoh Ko. Mesh Flze Gnde limitc (''>'entworth) Name

Granule 1
(Gravel) 

Vary course 
ssnd 

Conrae sand

Medium sand 

Fine sane' 

Very fine aand

1. The tenr "gravel", as used oy SosweLl (1916) is 
preferred to "granule".

B.3. No.

Wo.

No.

No.
No.

No.

8

16

}0

60

1?C

240

2.06 m*.

1 .OC mj.

.500 mm.

.251 3OT •

.124 mm.

.064 3ia.

4 -

2 -

1 -

i -
} -
* -1

2

1

*

X

*
1

\T

mm .

mo.

tnni •

mn.

mm.

«*.
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After sieving the amount of material resting on any 

one nesh coincided with one of Went-.vorth'e categories. 

Sieve analysis. The 5CO gm. test sample was usually 

shaken for a period of ten minutes in the set of sieves 

on an automatic shaking machine. However, teat cases 

suggested that a five-minute period was long enough for 

most outwaeh aande and gravels, but that fifteen minutes 

was necessary for fine-drained tllle. (Pi*;. 22)

At the end of 15 minutes' shaking of fine-drained till 

samples, it was found that a small amount of fines had 

still not paeeed through the lio. ?40 mesh, but in viow of 

the large size of the test sample (50C frtne), the percer.tage 

error remaining woe considered to be negligible. 

Pipette Analysis of I'ineg.

The material 'vhich pa seed through the No. ?40 mesh (i.e,

the silt .qrr1 clay fractions) was subjected, in the case of
•? 

1R test Fanpleo, to pipette analysis. " T^or those samples

which produced few finep, the whole fines fraction was used;

1. Wentworth (1 C ?7) concluded that a five- or ten-minute 
period is usually sufficient.

2. Krumbein and lettijohn (P. 136) recomrend that^-r W& 
may be conveniently usod as the upper li.idt of sedimentution 
analysis end the lower llm.t of sieving ans lysis.
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but in most cnsee the fines fraction was reduced to c. 5C 

gcia by careful qunrterin?. Kach anrlyele vas undertaken 

in a controlled temperature room nt 20°C with apparatus, 

dispersing agent and water which had been previously stored 

in this room. Thus conditions were as constant as could 

reasonably be achieved.

Por each sample the weighed fines -vere poured into a 

litre -reasurln^ cylinder. 40 ml. of 2?' ?odium hexumeta- 

phosphate solution wno added to aid dispersion of fragments, 

and the mixture was then made up to 1000 ml. with de-ionized 

wnt«r. Before eech pipette sample was taken the whole 

suspension was thoroughly stirred with a etirrlnr rot* . A 

stopwatch wae used to ensure that pipette snraples vere 

-"Ithdrawn at the correct time irtervnls, ne below:

rismeter of grains. Perth of ssarlir.?. Time.

1/32 (.C312}am. 10 cm. 1 win. 56 sees

1/64 (.0156) nrn. 10 cm. 7 min. 44 sees

1/128 (£07?) mm. 10 cm. 31 rains.

1/256 (.0039) mir- 1C cm. 2 fcre. 3 mine.

It was considered that In the tinae ovsiiable and for 

the accuracy required, four readings per sample were 

sufficient .

pipette sample of suspersion was transferred to a
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50 cc. banker and dried till evaporated in an oven at 10C°C. 
The residue j.n each hooker was then weighed to 3 decimal 

place? on an analytical balance and the reeuits computed 

ae outlined by Krumbein and PettiJohn on K 168.

Graphic preeertation of data.

The weighte of material reetin/r on each sieve after 

mechanical analysis an^ in eac>" of the prade-cnte-'oriee 

computed from pipo^te analyses were converted to percen­ 

tages of the total test sample, and then to cumulative 

percartager.

A cumulative curve for each test sample ^as then 

plotted on £ra;.h paper having a lognrithric ecale on the 

horizontal exis and on arithmetic scale on the vertical 

axis. The advantage of this paper is that the grade-size 

limits chosen can be plotted at e:u«>l intervals elonr the 

horizontal axis, while a frequency scale from G - 100?' crn 

be plotted on the arithmetic axis.

On samples vhere only sieve analysis was carried out, 

the cumulative curve covers the range 2 mm -^ mm., but 

where pipette analysis of the fines fraction was undertaken 

a complete cumulative curve (covering the size rar.ge 2 mir. 

- p4v- mm.) was constructed. The "break" in the curve «?t 

the Tvrnn!. point in most of these composite curves is the 

result of the change of process from sieving to sedimentation
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analysis.

For further analysis data were plotted on triangular 

graph paper. For those samples which did not undergo 

pipette analysis the sieved fractions vere grouped into 

three categories, namely*

1. Gravol am1 coarse sand (4 mia. - i mm.)

2. Medium and fine sand (^ mm. --. £ mm.)

3. Fines - silt an^ clay (unde^-y nrm.)

On each triangular sraph, each apex represerts 100#

of one of these categories, so that each sample, when

subdivided into the t l ree categories, may be plotted as a

single point.

For those samples vhich c*id undergo pipette analysis,

the three categories ueed on the graph were as follows*

1. Sand (2 mm. -^ arm.)

2. Silt (1 mm. - 1 mm.)(1
1

3. Clay (under 1 mcp.)
256

For these sprnplee, direct comparison of sediments '*ith 

the categories of Lakin and Shaw (in ?:ruicbein and i-ett ijohn, 

P. 203) was possible (Tig. 23).



83

Chapter 3 (2)

THE PRKFK^IiJ) ORIENTATION OF, FF.3BLES IK 
D.IFT,

For many years preferred orientation diagrams have 
been used to assist in the interpretation of drift deposits. 
In areas which have a thick cover of till * network of 
diegraaa ehovirw: the preferred orientation of till pebbles 
car. be used, subject to critical analysis f for the deter­ 
mination cf ice-movement directions. Accordingly I have 
unoertnken detailed drift-febric studies in Tewislnnd, and 
42 preferred orientation diagra s have been prepared in an 
attempt to determine the get.esis of the drifts of the area.

.ichter (1936) confirmed earlier beliefs that moat 
stones contained in till have their Ion/? axes parallel to 
the direction of ice-flow. Holmes (1941) added <het some 
•tones (depending on their size and shape) oan be orier.tnted 
transverse to the directior. of ice-flow, ard showed that 
the ffloet "ideal" orientation diagrams are obtained in 
lodgement till in areas of low relief vhere eolifluxion and 
cryoturbation have not disturbed the initial till fabric. 

In d rural ire, for example, both Hoppe (195D and V/ri^ht (1957) 
have demonstrated t.tot stone orientation reliably follows 

the direction of ice-movement and the axis of the drumlin
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. Again, Hoppe (1953) h*s produced "i^eal" 

orientation digrams for ground morsine adjacent to 

active Icelandic glaoiera (Pip;. 243).

However, it hao been revealtd on many occasions t>:gt 

the long-axis orientation of pebbles reed not always 

parallel the direction of regional ice-movement. Galloway 

(1956) found that stones in engl^cinl aoralne in i.yngsd^len, 

North i^orway, had their long axes parallel to ice-~ovement, 

but that Rtonee in latenl moraine vere orientated trans­ 

verse *o the rid^e crest (lig. 24U). In terxinal moraine 

etonee ^ere orientated parallel vrith the crest. Portmann 

(1960) added to these findings by stating thet ci-avassing 

could induce orientcticn of en^Lacial stones perpendicular 

to the crev*8?e. Hopre (1^52) shoved th.-?t in regions of 

hummock,y moraine preferred orientations -^re rarely "ideal", 

but are usually transverse to individual morainic crests and. 

parallel to the direct'.on of maximuTn surface slope, (fl*,. 

24C). Dumped dead-ice ablation or englacial moraine may 

field fabrics .vhich are completely chaotic (fig. ?4A) t and 

in 1953 Hoppe concluded thnt diagrams from parallel morninic 

ridges, shear-plane moraines, ar.d crevasse fillin^e are 

liKely to be unreliable.

It seems, on the b-^sis of this «vir*«rce, that Inter­ 

pretations based on fabric diagrams of several types may



lesd to erroneous conclusions concerning the direction 
of regional ice-roremert.

It is irport^rt that poet-deposition*?! modification 
of till should be recognise* as such, for it le often 
considerable. Rudberg (196?) has shown that eollfluxion 
c^r: be severe in the surface Layers of a till sheet, and 
suggests that ever, at q depth of several feet the till 
fabric rcay have been disturbed. '*atson (1964) hat 
described masses of till on the Cardiganshire coast vhich 
are conplately soliflucted. Lunrt^uist (1949) and Harrison 
(1957b) have established criteria for tha recognition of 
head and solifluctod till on the bseie of orientation 
diagrams; prefer.-ori oriartation of pebbles is ^ererally 
parallel with the mnxirnura surface elope or else -vith the 
elope of the underlying badrock.
gleH Ar.alygle Technique. .'/adcll (1'J36) and JCrumbein 

(1939) hsve ovolved complex methode for the m-jrkin.-' and 

colleotion of pebbles from th« till face ;-md for amlysict 

In the laborntory. T.qrlfftron (19 5;?) and Harrieon (1957n,b)

o^ded further refinement by cut tin?7 blocks of till in 

field -no extracting pebbles from tho re-orieritatod 

block in the Ir.borntory. Harrieon'a method requires about 

elx houTH per sample. In contrast, nipple field ann lysis, 

in whioh pe^blea sre extracted from the till face and
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orientated by means of a hand-held compass-, has been 

employed by IVlacClintock (195 fj) in Canada, and oat and 

Tonner OS56) and Norrie (1962) in England. i'ac'Jlintock 

considers thnt the lose of accuracy in his field Hnalysis 

ie negligible, BO for rapid field meaeuremerte the refine­ 

ments of American workers seem unnecessary.

In Tawisland I undertook preferred orientation studies 

at the random grid points used also for stone-counts. 

Visual selection of suitable sites, *P used by 'Veet and 

lonner (H'SS), was thought uneuitaole in iembrokerhire 

because of the scorcity of flot areas of thick till; it 

eeemen that random eircplin/e; might yield n truer indication 

of the processes responsible for the format ion of the drift 

cover. In addition, sarcple studiee were also mar*e inland 

where good exT-osured were available, and on the coast at 

all criticnl drift sections.

At inland sites, pits c. 1 ft. square were dust to a 

depth of 2' 6" and the orientation of the first 50 undis­ 

turbed stores of size 1" - 3" from the bot'om of the pit 

•vae recorded. Orler.tations *ere obt.nitied by loosening 

each pebble until its long-axis orientation vas visible 

for measurement with n hand-held prismatxc compass. Frost- 

heaving ar.6 rootlet Disturbance may have been ef'ective at 

this depth, but it was often founu that deeper holes

1. Holmes (1>41) stated th*t 5C stones from till are suffic­ 
ient to deterraire statisticnlly tha direction of ic«-movement,
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encountered the shattered bod-rock zono; a standard 

sampling depth of 2* 6" wis therefore adopted. On 

coastal eectione one square foot of the drift f "? was 

cleaned end the orientation of the first 50 undisturbed 

etonee recorded.

In t*lp study I measured t^e orientation of rod- 

ehpped pebblee orly, and rejected p.ll pebbles whose long- 

nxee were difficu\t to estimate visually. Har~ison 

(1957b) hae phown thnt dice- and blpde-ehaped pebbles 

yield a more reliable preferred oriertetlon, but other 

writers (e.«. Norrle, 196?) hare found rod -shaped pebbles 

quite reliable; furthermore, thoy are eaey to recognise In 

the field and facilitate the rapid recorr'lrm of orientation.

Orier.tatiore *ere read in the direction of long-axis dip, 

end were recorded to the nearest 5°. They -ere then 

plotted on a duplicated form (Pi*. ?5) ^hich enabled rapid 

assessment of the preferred oriertation nrd dip to be made. 

Before each field measurement -ins trade, t v-e eet l

direction of maxi-nuni surface slope IBS recorded as a 30°

sector, here called the "Sludffe Sector". Prore each 

completed form, therefore, it vas -juloklv Q-rarcr.t whether 

the deposit had been subjected to solifluxior since depos­ 

ition. For plotting on the oriertntion diagram, stones 

were grouped into 10° categories and the percentage in
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each category plotted on each Bide of the diagram. The
•>r»0JO sector with the ?reateat percentage of pebbles was 

then plotted as the "dominant 30° sector", which effectively 

ehcwa the do^inpnt dip direction of pebbles in the drift 

febric. In many studies (e.£. -est end Jonner, 1956; 

Norris, 196?; Stevene, 1959) orientation diagrams have not 

shown either the dominant dip direction or the sludge 

sector; however, both sector* are portrayed on *11 the 

diagrams in this study (Tig. 26).

Some workers (e.g. Harrieon, 1957a; Baumont, personal 

communication, 196^} have used the Chi-square t st to assess 

mean stone orientation and the "strength" of the v'iasram. 

However, Clalloway (1958) and Watson (1964; have used a 30° 

sector to illustrate satisfactorily the strengtf of diagrams; 

follo^in» t.he simple method of these authors, the strength 

of diagrams in this study is expressed ee the percentage 

of peb^loe in the dominant 30° sector.

A note on the use of preferred orientation diagrams 

for the recognition of head.

It her been noted in Chapter 3 (A) that heed deposits 

are generally charocterieed by etronp; preferred orientation 

maxima in the direction of maximum surface slope. oteon
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(1964) found thflt in Morfn Bychon he oould distinguish 

certain eollfluxion deposits on the basis of the percen­ 

tage of pebbles orientated in the dominart 3C° p*»otor; 

for example, he found thr.t true head generally hed 85^ 

to 7V£ of it3 pebbles in the dominant 30° sector, rhila 

eoliflucted till hod only 6C# to 757 in the sector and 

a blue head 44?'- to 60? .

Prom a collection of preferred oriertation diagrams 

it is quickly apparent that them are several dirtlnct 

diagram types (Fig. 27), «B noted by Holmes in 1941. With 

this in mind some examination of head diagrams was made in 

Pembrokeshire to assess whether there ie * "typicnl" head 

diagram. in Fipj. 28 preferred oriertntion disgrsme for 

twelve head dercsite ",nd three soliflucted till deposits 

have their oriertations standardised for comparison. The 

strength of the diagrams varie? consinernbly; for examtle. 

sample I' has only 28-' of pebbles orientated in the dominant 

3C° sector, compared with 56^ in sarrple C.

Holmes (1 C 41) attempted to construct a "coraposite" 

orientation din,«ram for till from ten individual diagrair.s, 

and found that the resultant diagram was of rrent use for 

defining certain cv-aractorlstic.? of till rio^rams. Accord­ 

ingly, I attempted to construct a Pin-liar composite diagram 

from fifteen individual diagrarns for head.
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The mean preferred orientation din/?ram on Fig. 28 
proved to have 37.8# of its pebbles in the dominar.t 30° 
rector; it is rino chrracterisod by itr leek of & strong 
treneveree element and the presence of several minor 
oblique realcs. It is an inconclusive diagram, however, 
and nothing new has emerged from its construction. From 
the field dlar.rarofi it appears possible thnt oblique peaks 
may be more characteristic than transverse peaks in head 
diagrams, although the range of diagram types is very .vide. 
Until head studies have progressed considerably, and a 
detailed statistical study is made of t'~o variable factors 
in head formation, it vould be dangerous to clsim that 
diagrams of a certain type in Pembrokeshire sre characteristic 
of head. In the futuro it may be possible to relate 
diagram type to such factors as aspect, type of periglacial 
climatic regime, md an^le of elope.
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Chapter 3 (?)

THE ANALYSIS OF PEBBLE-HOUHDKSSS.

It hae long beer, recognised that the degree of round- 

nees of detrital particlee IB dependent to a large extent 

upon their mode of transport; for example, beach pebbles 

are generally well-rounded, river pebbles tend to be 

moderately rounded, and head fragments are almost invariably 
angular.

In any deposit, however, there is a certain range of 

variation in the roundr.esa of particles, and it '*ould be 

unusual to find no angular fragments on a beach or no 

rounded fragments in head. Clearly, the mode of transport 

is not the only factor which influences the degree of 

roundness. tome of the important factors vhich affect 

pebble-roundress are as follows:

(1) Hock Type. The resistance of pebbles of a certain 

rock-type to erosion during transport varies according to 

the mode of transport. For example, limestone pebbles may 

bo resirtant to roundin* in a glacier, whereas Trioart (1959) 

has emphasised thet they are rather susceptible to diminution

1. Pebble-roundresp ie quite distinct from pebble-sphericity. 
"Roundress" is concerned vith the degree of sharpness on the 
corners anf* edges of a pebble, "hile sphericity is concerned 
•vith the degree of approximation to a s^ere. For a further 
discussion of terminology see '.>.c?ell, 193?.
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In a fluvlatlle environment, i.e. where chemical action 

aay be an essential attribute of the transporting agency. 

Tricart and Schaeffer (195C) have said that chalk seldom 

forms pebbles except under arid or semi-arid conditions.

Again, if ^ebbles of quartzite and micaceous tand- 

atone are transported by ice from adjacent outcrops and 

deposited in moraine two miles away, it may be found that 

the quartzite pebble is still angular, while the micaceous 

sandstone pebble may be rounded. The resistance of quart­ 

zite pebbles in a fluvistile environment has been emphasised 

by Kuenen (1^58).

A factor which is closely associated with rock type is 

rook structure, which can have a significant effect upon 

rounding (Krumbein and PettiJohn, 1938). For example, in 

Pembrokeshire shale fragments frequently break do-n into 

flattened pebbles under transport; breakage alow small 

bed<?in?-pl«r; ea ie eo frequent that an angularity ie imparted 

to the pebble which counteracts the roundir.g process.

It ie unsatisfactory to assign the resistance of pebnles 

to rook "hardness", since rocks which are "hard" and 

resistant to abrasion in one environment may prove to be 

susceptible to abrasion in another.

(?) Form of the original fragrant.. Pebbles »hich are trans­ 

ported and eroded under any agancyr owe their degree of round-
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ness In part to their original shape *hen removed from the 

bedrock. Thie principle may be well illustrated from 

Haytor in Devon, where the granites -feather sub-aerially 

in different ways; the coaree-grained granite produces 

rounded "core-stones", whereas angular blocks are derived 

from the fine-grained granite at the base of the tor. 

Clearly, if these blocks are incorporated Into eolifluxlon 

depositc they vill display rnther different original forms.

One oarnot be sure that pebble-roundress ae discerned 

in the field is not an "inherited" characteristic, for the 

pebble may have been transported and deposited several times 

by different agencies (Tricort and tchaeffer, 195C). 

Pluvio-glncial pebbles may o!ve & large proportion of their 

rounding to the action of ice, and Tricart (1959) has 

stressed that even river pebbles are difficult to analyse 

in view of the fact that they mny have been rounded and 

deposited initially under a very different climatic regime 

than that prevailing at present. In North Pembrokeshire, 

if secondary deposition is not recognised as such it could 

lead to grave misinterpretations . Near St. David's viell- 

rounded and spherical pebbles of reddish quartz mny be 

found in glacial deposits; these owe their form not to 

glacial eroeion but to erosion prior to their initial 

deposition in the Cambrian basal con 'lomernte of the area.
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(3) Slse of particle* Although the influence of etone- 

size on the efficiency of round ing is doubted by some, 

in the field it is often noticeable that in one deposit 

there is a close correlation between size and roundreee. 

In morainle debris in KAIdaIon, North ( «et Iceland, large 

boulders of basalt are often well-rounded, -vhile smaller 

basalt stones may retain their angularity. A similar 

relationship bet-veen size and roun^ness has beer noticed 

in moraines in t'-e Cairngorm Vountaine of Scotland by 

£.£. Sugden (personal communication) t and by Godard (1961) 

in Morvern.

Tricart (1959) has shown from the limestone Caussee 

of Prance that different rock-types attain their optimum 

resistance to erosion in a certnin environment in different 

size-ranges; vhile limestone pebbles of 1 - 4 cm. survive 

best, quartz tends to survive most effectively in the eilt 

range. Godnrd (1961) has also shown from Scotland that 

granite pebbles «*re generally smaller than granidiorite 

pebbles in moraine. Thus there appenrs to be a close 

interplay between rock type and particle size.

(4) Iietar.ce of Transport. The marked angularity of head 

fragments in in part a reflection of the negligible distance 

they have travelled, for they may move no more thnn ten 

yards from the bedrock outcrop before coining to rest. In
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contrast beach pebbles cay h*ve been moved thousands of 

miles on a beach by the constant attentions of wares ond 

tides. Thus the distance of transport is closely 

associated with the rrooese involved.

However, there uro often gradations in roundress 

within one extensive deposit. Holmes (I960) has shown 

that in a till sheet in Control Ne* York pebbles from one 

outcrop decrease markedly in angularity with distance from 

the outcrop. Galloway (1 cj56} noted that the evolution 

of pebble roundnesc in an area of glacial outvash bears 

a direct relationship to distance from the glacier snout; 

he considored t v>nt this relationship is so constant that 

roundness analyses on terrace materi.nl can enable estioiations 

to be made of the position of the ice-front at the time of 

terrace formation.

(5) V-arisbilit . of Process-. There is a temptation to 

assume that such phrases as "transport by ice" imply a 

relative uniformity of process. However, if H pebble is 

transported within a racrttinic DMSP it may retain its 

initial ar.rularity for many miles during transport (Tricnrt 

and Schaeffer, 1950); alternatively, if part of the journey 

is spent at the base of the glacier or in a sub-glacial 

stream, the pebble may be rounded iuickly. Similarly 

Tricart and Schaeffer have sho :vn that there is a great



variability In hydrodynamic conditions in a tenpar*>te 
fluvial environment, making generalisations about fluvial 
processes extremely difficult.
(6) /'VRllability of fines. Trioart and Schaeffer hove 
suggested that in an environment where there ie an abur.darce 
of fine arterial, particles *ill tend to be abraded and 
rounded at a faster rate than in environments where fines 
are lacking.

(7) Clitnfitic Conditioner. In eome environments "external" 
climatic factors mny influence pebble rouridr.ess. For 
example, in a periglncial fluvial deposit pebolee vrhich are 
exposed above voter during periods of seasonal low flow may 
be shattered by frost processes.

Prom the above sumrpry it may be suggested that a 
sample of pebbles from one deposit mpy display 9 lnr*e 
range of roundr.ees and shape characteristics. So great 
can this rarge of variation be th*t Ore ory (1915) «as 
led to deny th<*t reliable criteria for distinguishing 
different deroMts could ever be established. Certainly, 
many authors may have over-emphasised the reliability of 
roundrese analyser, ".rd 1'olmes (106C) has riven a earning 
in showing that a long-held viev on the "typical" 7edge- 
form of glacial pebbles is incorrect; in reality, it may be 
that ovoid and roundad rebbles are the end-products of
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ftlaclal transport.

'ffhile one must have some reservations, a great deal 
of work has shown that roundress is related most closely 
to the transportation process , and many writers have 
concluded that statistical studies of pebble-roundress 
should indicate clearly whether pebbles have beer trans­ 
ported by vater, ice, periglacial solifluxion, vave-action, 
or other processes (e.s. Trioart and Schaeffer, 195C). For 
example, Alimen (1958) has showr that r«liuvinl pebbles in 
the Sahara are not ae well-rounded as fluvial pebbles in 
humid areas, and Cailleux (1945) noted thnt beach pebbles 
show a greater do^ree of roundrese than fluvial pebbles. 
Holmes (1941) has illustrated the differences in foundress 
between glacial pebbles end river pebbles, and 1'ricart and 
Schaeffer, In the context of a study of m.sny types of 
deposit, hfive ehovn that the degree of angularity or pebbles 
from a periglacial alluvial environment is hipher than on 
fluvial pebbles. Prom these and many other examples In 
the literature it oppenrs that rouncr.esp analysis of 
pebbles can be a reliable method for distinguishing between 

deposit?.

1. For a sunrr.ary of vor'- prior to 1938 see Krurcbein and 
; ; ettijohxi (1l;3f'){ Inter refe^er.ces ire siven in -\eichelt (1961)
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Method of Ana lyeio.

Many attempts have been made to express the round r.ees 

of pebbles in meaningful terrr.a, for such qualitative 

expresf ions as "angular" and "well-rounded" are vague. 

Wentworth (1919t 1922«, 1922b) may have been the first 

worker to develop a quantitative system of shape analysis, 

which incorporated studies of roundriess end flatness. After 

further studies on roundness by, for example, Laaar (1927), 

Pentlend (1927), Cox (1927) and Tester (1931), "adell (1932) 

added refinement by differentiating between "shape" and 

"roundness" of pebbles , and deviein." a simple quantitative 

method of measurement. After 'adeLl there have been nwny 

works on roundress analysis, the most videly-aooerted scheme 

being that of Cailleux (194S 19*7).

According to the method of Cailleux, simple measurements 

of the dimensions of a pebble can ensble three indices to be 

calculated: "les indices d'emoussee, d'apl^tisserrent, et de 

dissymetrie". If all three indices are calculated for a 

sample of pebbles from a deposit, it is possible to describe 

accurately in quantitative terra the charac*erietic& of the 

pebbles pr.d to evaluate their history. Wany workers in

1. The degree of roundrese is here considered ae synonymous 
with the degree of smoothness or qbrasior or the "indice 
d'emoussee" of Cailieux.
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Europe have used the method with success , but since it 

involve? the accurate measuretcert of pebble axes and 

curvatures it ir often too complex for rapid field sampling.

In 1961 I^eichelt t-ug^eeted that the roundr.ese of 

pebbles could be dtt-rrined visually by comparison .vith a 

eet of four major etancerde. Similar visual analysis had 

been employed by Trowbridge ate ^ortisore (H25), and 

"clashes of roundrees" had beer: usec in -vcrk by Kruebein 

(1941), Flumley (194c), end lettijolir. (1S49). However, 

Feic^-elt cor8i<?ered that four major rour.dreec catcgoriea 

(ae in Fig. 2S) 7/ere eufficient for field analyeie, in 

contrast to the five categories previouely ured. He 

I reposed that pebblee froir. any sample from a deposit coulc 

be grouped quickly into the four categories and a histogram 

coretructed which voulc indicate the mode of transport of 

the pebbles.

Reichelt realised th&t the cojor -vetiknees in this zethod 

of round: etr analypie 7*a£ its eub. ectlvitj, but in e series 

of statistical taste he found thet th.e grouping of pebbles 

differed little froc one porson to aricther; furthermore, the

1. Amon/7 recflrt -,»orks see Bo.ye (196C), who gives a good 
eumr.ary of the method and itB ap{;liC3tions; also Tric f-.rt 
(1059), Galloway (1056), Cailleux (19 rt->) arc /.limer. (IC-^-8).
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average error which a; peared in the course of analysis 

only ^ 2£, ar<j thus negligible. In a detailed comparison 

of his method with that of Cailleux he found that there wae 

a very oloee agreement, and th^t his simple categories were 

olosely related to groups of categories plotted from the 

"ir.dice d'emouasee". The total error in .leiohelt'e method 

(made up of the subjective error, the error from counting 

only a email sample of pebbles, and the error derived from 

differences in gravel composition) is proved to be less than 

+. 5*.

Since the publication of Reichelt's work the method has 

been used by :..agerud (1963) to distinguibh batveen moralnlc 

and fluvio-glaclal material in the ludbrandsdal, Norway, and 

by Sollid (1^64) to identify flavio-glaoial material which 

was incorporated in moraine. Trice U964) has aleo used 

a siaple four-.old aoheoie of roundnesa for atone-counts to 

distinguioh bet/fear, till and outwaoh gravels .at the Gneement 

Glacier*, Alaska.

The inadequacy of the method for distinguishing clearly 

between fluvlo-^lsoial and fluvial dapositfl was admitted 

by Reichelt, and hae been emphasised by tho inconclusive 

nature of histogram? constructed from stone-counts on the 

ut^per terrscso of tho Thnoes (Vies S. Soot*-, personal 

oommunloation). However, this doficiency appears to be
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inherent even In the other methods of roundr.ess analysis, 

and Professor Cnllleux has said thnt he considers t^e 

Reiohelt method quite reliable (personal eommurioatlon, 
1964).

The Field Method.

Roundneee analyses were undertaken in North lembrolre- 

shire using the oimple method of Reiohelt. Samples of 50 

pebbles were collected from one square foot on the face of 

drift exposures or from inland pits one foot square ar.d 

c. 2 ft. deep. The pebbles courted -vere generally in the 

size-range f" - 2", and incorp rated the first 50 pebbles 

encountered, regardless of rock-type. Once collected, the 

pebbles were compared visually with the categories in 

Heichelt's diagram (Fig. 29 / and grouped into theae cate­ 

gories.

The A*e are undoubted dangers in usinr samples consisting 

of many rock-ty v;es for roundross analysis, f-r fev of the 

factors which can influence roundnass vill be eliminated. 

?7owerer, if samples consisting entirely of one rock-type

1. Tricnrt «?nd Jchqeffer (1^50) used sarrple? of 150 
pebbles, and cons : dered this number too email for accurate 
work. Reic^elt, ho-vever, su^feete th«?t the error in 
50 pebbles is email (not praater than j^ 5;0 •
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were to be used in Pembrokeshire, several difficulties 

would be encountered!

(a) It is often difficult to find 50 pebbles of a pre­ 

determined rock-type at each sampling-site. If only 

the commonest pebbles at each site were to be used, 

they would often prove to be angular bedrock fra.^ments 

which would reveal nothing of the mode of transport 

of the bulk of the drift.

(b) Holmes and Galloway have suggested that rounding of

pebbles increases with distance from the rock outcrop; 

it follows that if pebbles ere taken of one rock-type 

only in ar extensive till-sheet, the resultant histo­ 

grams may be ohnracteristic of till close to the rock- 

source, but characteristic of a fluvial deposit twenty 

miles down-glacier.

(c) It is not always easy to distinguish pebbles from a

specific outcrop. For example, if one decides to use 

only Ordovician igneous pebbles for roundress analyses 

In Pembrokeshire, one may be analysing pebbles from 

•widely-separated outcrops.

Since most drift deposit? contnin assemblages of pebbles

1. There appears to be some disagreement on this point, for 
Tricart and hc v aeffer (195C) and Reichelt (1961) have found 
that "optimum roundness values" are attained quickly in any 
environment, *nd are approximately maintained regardlesr of 
the distance of transport.
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from different sources and which hare been transported 

for varying distances and varying lengths of time, it 

eeetre that a more representative picture of overall round - 

neee characteristics will be gained if entirely random 

samples of 5C pebbles are analysed. In the results 

obtained there will inevitably be variations which may be 

related to the characteristics of the dominant rook-type 

and to other factors, but as Tricart and Schaeffer proposed, 

the overs 11 roundrase characteristics of a sample are 

determined above oil by the transporting process, so that 

the variation will remain within narrow limits.

The Use of Criteria.

The histograms constructed by Reichelt on the basis of 

his round ness analyses are eho-vn on Fig. }C. It can be 

seen that there is a major distinction bet-veen the diagram- 

types for solifluxion material (A) and river-pebbles (j'l), 

while the dingrains for till (B and C) are themselves char­ 

acteristic. From information in .rice (1964) t-o mean 

histograms have been constructed for till arr' out'.vasr gravel 

deposits near the Casement Glacier, AleeVa (Fig. 31); both 

histograms bear n close resemblance to the related diagra-ns 

Of Reichelt.

Before basing detailed field interpretations upon 

histograms constructed by the Heichelt method1 , I undertook



104

an extensive programme of field sampling in order to 

construct diagram "types" for North Pembrokeshire, and to 

teet the reliability of counts which included different 

pebble-types. Twenty samples were analysed from out- 

crope of head, twenty from non-calcareous till, and twenty 

from fluvio-glacial outwaeh. Ten further stone-counts 

were made on exposures of calcareous till, which is 

encountered lose frequently In the field. From these 

samples (listed in Appendix 71) "mean" histograms for North 

Pembrokeshire were constructed (?ig. 3?). Each histogram 

is based upon the average percentage of pebbles in each 

roundness category, although the highest and lowest percen­ 

tages recorded for individual samples are also plotted. 

The histograms for head, till and out-rash gravels nre rather 

similar to those of Reichelt, and they compare well -'ith 

the histograms for Jasemer.t Glacier.

The major characteristics of each histogram appear to 

be as follows:

1. Head* V-ost of the pebblee (5S.3#) are angular, *hile 

thera are only 3>' in the rounded categories. None of 

Reichelt'e samples had leap than 7C^ angular pebbles, but 

the correlation of the diagrams is still close. The rather 

high number of pebbles in the eub-anprulnr category in 

Pembrokeshire (38.7/O is in part the result of the lack
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of resistance of the Ordorioian shale pebbles which made 

up the bulk of many samples; the relatively high percentage 

of rounded peboles (up to 16£ in one sample) derives from 

the fact that most of the head deposits of North Pembroke­ 

shire oontain some erratics.

2» Tilly The two histograms for till are characterised 

by a peak in the sub-angular category, with moderate percen­ 

tages in both the angular and rounded categories* Both 

histograms have some well-rounded pebbles. T ! ese charac­ 

teristics appear to accord well with the conclusions of 

Tricart and Schaeffer concerning mornine. The calcareous 

till histogram (C) has a higher percentage (?9£ agaJnst 

18.5!; ) of rounded pebbles than the non-calcareous till, 

and e correspondingly lover percertage (16.5# against 2790 

of angular pebbles; these features may be diagnostic, but 

in view of the smaller number of samples on vhich the 

calcareous till histogram is based, they oust be used *vith 

caution.
3. Out^aeh Sards and Gravels. The histogram is charac­ 

terised by rather low percentages of angular and well-rounded 

pebbles, with an approximate equality of the percerta^es in 

the sub-angular and roundad categories. The percentage 

of angular pebbles is higher than th.'jt in the other diagrams 

for out^ash, but may be explained by the ease "»ith which
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 hale fragments In the Pembrokeshire out«aeh appear to 

have been broken in traneport.

On the beBis of these histograms it may be concluded 

that the Reichelt method of roundress analysis appears to 

be useful for drift deposits in Pembrokeshire, «nd there 

is a reasonable chance that the diagrams produced from 

individual drift horizons may be diagnostic, to come extent, 

of the node of transport and deposition. In srite of the 

errors involved in analysing the roundness of pebbles of 

different rook-types in each sample, the reeults of the 

experiment in histogram construction are satisfactory. Many 

histograms are analysed in the course of this thesis, ar.d 

are generally compared with the mean histograms for North 

Pembrokeshire, rather than with those of neichelt.



PART II

Chapter 4.

The use of Varine Vollueca in Drift Interpretation.

A. Paunel ana lysis of derived rorrine tnollueca

in out',»aeh and till.

B. Rafio-csrbon dating of Organic Material 

Drifts.
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Charter 4 (A),

FAMUL AK A LYSIS OF DCTIYET T-!ARn^ MOLLUSC A IN OUT/ASH

AMI TIL!..

"... a faunal assemblage is not .julte the sane as a 
fossil population. A variety of causes operate 
which may result in the addition of exotic elements 
to en existing population. The result may be 
confusing."

A.E.M. Hairn, introduotior to Chapter 12, 
"Palaeontology and Climate", in "1-roblems 
in Palaeontology", 1964. P. 581.

The potential of fossil marine mollusc faunas of 

Pleistocene age for the recognition and tentative dating 

of raised marine and other deposits in Britain has long 

been known. In eet "/ales the subdivision of the Patella 

and flerltoides benches by T.K. George (1932) was a much- 

discussed vork, but in spite of the development of the study 

of marine mollusca in the context of ileistocene studies 

by D.F.Y. 3aden-Po-?ell, this line of research has been sadly 

neglected in recent years C'-est, 1963). It is <?iv3n only 

pass ins reference in both Zeuner (1955) and Charleeworth 

(1957); a surprising fact in view of the relative ease with 

which marine molluscs can be identified in comparison vith 

freshwater and land taollusca (Sparks, 1961) and foraminifera 

( Funnel 1, 1961).

1. So called after the dominant shell constituents of the 
beaches.
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It is now considered possible to recognise faunae 

at representative of certain interglacial phases on the 

basis of the altitude at which the fceeile are discovered 

(Z«un«r, 1959 f P. 307), end the number of extinct, "warm" 

and "cold" species represented (Baden-Powell, 1955). 

Under certain conditions, the faunal community of a raised 

beach deposit may be expressed as a "climatic equivalent" 

of a present-day community elsewhere (Baden-Po'tell, 1927), 

although care must be taken that the fauna does represent 

one community (Chatwin, in George, 1932). There is a 

danger that a so-called "community" in a raised beach may 

consist of easily-transported valves thrown up by vave- 

action, or else of valves re-deposited by solifluxion or 

stream-action (tu«den ard John, 1S65); in none of these 

c&eee would one be Justified in calling a raised beach 

fauna a corcmunity. Craig (1564) has etreased thnt even in 

a comparatively undisturbed marine environment, and 

esnecially in eetuarine conditions, there may be large-scale 

mixing of valves after the death of the inhabitant, animals; 

a preserved foscil fauna, therefore, may be made up of 

valves from several different communities, unless it cen 

be proved that all the valves are in situ. Critical strati­ 

graphy has to be employed to ir.dic-.te the reliability of all 

conclusions (Beden-rowell, 1926).
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Even greater difficulties are experienced in the 

interpretation of faunae four.d in till or glaoial

1) Glacial deposits cannot contain faunae truly 

representative of preceding interglacial conditions. 

Any shell assemblage in a pro-glacial araa will tend 

to contain mixed wara and cold species as a result of 

deteriorating marine conditions as the glacier advanced 

(Pig. 33)» but in glacial deposits a further complication 

results from the fact that a glacier advancing over an 

old sea-floor (as in the Irish Sea Basin) is capable 

of mixing faunas dredged up from innumerable localities 

with different depth, salinity, temperature, ard 

bottom conditions. A derived shell assemblage in 

till or out-vash, therefore,may include faunas originating 

in localities hundreds of milee apart end differing 

in nge by many thousands of years .

2) Gravel remnants at a particular altitude with a 

particular fauns could be mistakenly fitted into a 

preconceived systen. of sea-levels and fauras. For 

example, the 'exford Lianurial gravels vore thought by 

Bnden-Fowell (1S55) on the basis of their feuna to 

be marine beds equivalent in ago with the Tyrrhenian

1, For a discussion of the factors influencing the 
distribution of ^resert-day shell communities in a typical 
•ub-erctic environment see Ockelmann, 1958.
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beds of the Mediterranean; it nov seems pospible that 

the graveln are glacial outwash (Kitchell, 1962) with 

a mixed fauna of derived shells, including some drag 

fossilB (MoMUan, 1964).

3) The frequency of a certain mollusc species in a 

glacial deposit may represent not so much its abundance 

in immediate interglacinl times as its resistance to 

comminution during transport in the glacier. The-efore
cV.

fragile shells such as Fortlandia 4rtiC9 -vhich may not 

ae represented in a shell assemblage may have been

abundant in the interglacial sen. On the other hand
1 

strong, compact gastaropods such as Nucell^ £apillus

and Littorinn fcittorea may roca in unbroken after 

prolonged glacier transport.

In spite of these difficulties faunal r.nalyeis may 

yield valuable results if nsperablageo are conri<?ored strictly 

in tre oortaxt, of critical etrat igraphic otudieo. Oreat 

errors con be maoe, for example, if a torrnce of ^Vnclnl 

out-vash is mistakenly interpreted as n raised boach. The 

abserce of extirct ececies in an aenejr.bl-aga may be tentatively 

accepted as an indication of the dacosit'e rocent a^e; and 

in FeTbroVeshire the presence of "want" spacies in a derived 

asaemblage in glaci-'l daposite probably indicntep t^nt 

interglaclfll -^arrn conditions extended into Cardigan Bay at
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•one time preceding glacinticn.

^Ith these pointe IP mind collections of shell 

have been made from till arc5 glscifll outwaeh wherever 

possible, eo tVat some attempt could be aiade to establish 

the age of the drift on the ba?ie of a derived fnuna dating 

from the preceding interglaclal period or erlode. Shell 

identifications have been rtade with the very kind ndvice 

and help of Kr. D.?.'•'-. Bnden-Fo-.-ell. For ehells which 

occur in F.^TbroVeehire Tatars at the pressnt day the Brecific 

nainea rp.coionierc'ed by Beosindale find Barrett (1957) rre ueed. 

For other species the opacific nsntee ueed ere those of 

Winclrvcrth (1S32-3). Jope (1960) has eetinpted percentages 

for Bjieciee fcund Ir different horir-ore at Ringneill Quay, 

Irelar.r1 , an<2 Jehu (19C4) recorcsd species as "r^re", 

"abundant", or H coirtron" in sands and grevele at r'Rnorowen. 

However, in view of the dangers of making such eetimptea 

in till and outwash, analysis in this thesis has beer, bnsed 

solely n the record of e.ecies for a locality, and not 

upon estimates of relative abundnnce.
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Chapter 4(3).

R.AriO-CA.-;BOK PATLNG u? ORGANIC VATli'KlAL FftOM 

DRIFT?.

The dating of late-glacial and post-glacial averts by 

the C method has no.v received "idespread acceptance. It 

has been used for the construction of nbsolute chronologies 

In, for example, Worth America (Flint and Deevey, 1951; 

Broecker, Ewing and Heezen, 196C), the British lales 

(Godwin, 1060), and Denmark aw' the Netherlands (Andersen 

et al. 196t; fcafpijin, 1961). It has helped to elucidate 

post-glacial movements of sea-level (Godwin, 3ugfate and 

Willis, 1958; lowing and I-onc, 1961), and has added accuracy 

in the context of wider-scale investi«ations of chronology 

by Emiliani (1955) and Kulp (1961). There is o useful short

summary of C da^es for Surope by Flint (1957), and British
14 chronologies are su^-ested on the bssis of C dates by Coope,

Shotton and L'trachan (1961) one 'est (1^63). Sispons (1964)
14 summarises the C dates for the "v'eichselian period in

Britain, and emphasises the apparent complexity of the 

chronolory.

The radio-cnrbon dating svsten was develoy'd by '".P. 

Libby in the United States, urinp; the assumption that all 

living organisms contain a minute equilibrium concentration
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of C , a radioactive isotope of carbon. This Isotope 

is formed In the atnorrhere by the action of costic-ray 

produced neutrons on atmospheric nltroran; until the 

1850'e It «*i?r>er>re to have maintained a roughly constant 

level in the biosphere. Its rate of production being 

balanced by Itp r«te of radioactive decay (Callov, 1962). 

It appears that the equilibrlun concertrotion of J ie 

maintained even in orpanistpe living In an environment 

slightly deficient in C f for example in the eec. Libby 

colculpted th?t C etomc decay ft such a rote that their 

concertratlor ir. orraricnr IP reduced by hplf every 5568 *_ 

30 yeere; consequently he thought it poeeiblc to r-eaeure 

tho repidu' -.l activity in c'ead organises end calculate the 

tirae which has elnpeed eirce death. lixhaustivo tests on 

organic objects of knovn age vere carried out, and the 

coinciderce of enmple dates with the curv > calculnted for 

the half-life of C 14 proved the reliability of tho method 

(uibby, 1961).

since 195C the method has beer refined considerably,
14and a large number of C dating laboratories pre in opera­ 

tion throughout the world. At present there is a practical 

limit of 4C,COC to 5C.OOC renrs for the r.ethoS, although 

counting systems nay shortly be devised which can date events
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back to 100,000 B.P. (Oeschger, 1963). 1 Already a method 

of ieotopic enrichment has been devised at Groningen to 

date events bock to 70,000 fl.F. (Baring et &L. 1958). 

Bating results from each laboratory are reported annually 

in the Kadioc'irbon Suppleaert published by the Ar.erioan 

Journal of science,

Lhort outlinoe of the radiocarbon dating method are 

given by Kulp (1S63) and Callo* (1$62), ar.c1 the standard 

exhaustive work on the subject ie thnt of Libby (1935). 

Ferguseon (1955) and de Vries and Barendsen (1953) have 

given technical accounts of the method. Ault (1964) gives 

a shorter account of the tochniques involved in the  re- 

treatment of ear.plee, the -.easurexent of residual C in 

the laboratory, ind the calculation of sample age. Johnson

(1955) hne contributed a general coneiderption of the
14 significance of C deting.

There appear to be four basic assumptions on which the 

C method of age determination depends:

1. thqt the rote of C formation in the attr.oephere 

is constarit,

2. that the rste of mixing of C in the biosphere

1. If it proves possible to oxter.c tho potasriun-argon 
dating technique into the Larly Pleietocere and to about 
50,000 3.1-'., ther. absolute dating techniques will span the 
whole of the Pleistocene period.



115

Is rapid relative to the rate of decay,

3. that on the death of an organism no further C14 

is «d'"ed,

4. thftt the C present in a dead organism decays at

a Vnown and const-art rste (Kulp, 1963).

Theee assumptions have bean proved approximately valid by 

the reliability of sost of the datec obtained so far, but 

Rome serious dating onomcliee have Jed to much diecuseion 

on th«» effect;- of sample contamination. It is known that 

C atoms of ^rerter or Lecser age than the sample may find 

their wp.y into t^e sample after itr, death. "Old" C 14 

may occasionally find ite wy.y into a e«?mple, p,ivin« it. an

ape in exceed of its correct e^e; but more frequently

"new" G * derived from percolating ground-water or hurnic 

acid iray give the sample too young an a^re (Gor: *in «»rd 

, 1959). lUrthor contamination may result from

ieotopic exchange of the "dead" C with environmental J , 

or from ieotopic frectionation since < eccy (wlson and 

Broecker, 195P).

While these sources of error are recognised, it is 

exceedingly difficult to identify samples which are contam­ 

inated. Careful collecting and washing car. eliminate 

possible eourcas of contamination, and pre-trefltment of the 

test satcx>le to eliminate possibly contaminated fractions
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is now accepted practice in dating laboratories. Charcoal, 

in spite of its tendency to absorb htunic noide, is considered 

to be the beet dating material; wood nnd peat have aleo 

proved reliable. In those materials poerlbl<: onrbonate 

contamination ccn be removed with ease* anr their chenical 

composition allows fractions (oellulooe and lignin) to be 

isolated. Further, their non-ionio nature excludes the 

possibility of chemical exchange of c -rbon atoms 7it,h their 

environment. On the other hand it is often difficult to 

remove modern rootlets from these materials, so thnt contam­ 

ination leading to a falsely younj? age determination is still 

possible (G^llo-v, 1Q62).

Shell hns proved to be the moat practicnble dating 

material from the x'eobrokeshire drlfto, and it nill be worth­ 

while to consider a little more fully itn susceptibility to 

contamination. t'ince chell is composed of c->lclur; carbon­ 

ate, it ie lijble to be exchnn^ed with bicnrhonoto c^r-ied 

in ground-wnter. This "/ill usually "»sult in an a-"0 detar- 

mination ./hich ic falsely youn."1 , unlesp the f? round --vat or 

has assimilated dead carbon. A detailed r.tufly of the 

probloraa of O 1 ^ da*in^ of shells haa been made by Olseon 

and Blake (1961). It apt ears tVr>t »he spme perc-T.tqpe 

contnirination vith "moclern" carbon '••ill -ffeot n very old 

sample much roore th^r a yourper one. On e eomple
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yaars old a 1" contamination with modern carbon would 

lead to an a -parent age of 37*000 yoare (OLeon and Broecker, 

1958), while a aa;.iple ?2,OOC yeare old would yield an 

apparent age of 21,GuO years if contaminated with 1* 

modern carbon (Oleson acd Blake, 1961). ^ven a contamination 

of 0.1* can lead to an apparent age of 51,000 years for a 

sample which is in reality 57,000 years old. On tha other 

hand oontmnination with dead carbon leads to smaller errors, 

and 1(# contamination will lead to an error of only 800 

years in samples of all ages. For a dote to be in error 

by 5,OCC ye«rs the sample would have to ba contaminated 

•with about 50f> dead carbon (Olaaon and Blaka, 1961).

Accepted Laboratory procedure is now able to minimise 

the effects of contamination in shell samolee. After 

initial scrnoin* and cleaning, tha outer p< rta ( thoee most 

likely to be contaminated by ground-water) are removed by 

l*achin/7 in hydrochloric acid. The inner part of the 

shell? is ( ivided into two fractions which are separated 

by further le«ichin^; an a«;e determination is carried out 

on each fraction. If the ngee of the fractions ogree 

within small limitn of error it o^n be assumed that the 

cores of the ehelle have not been contaminated .

The preser.ca of pitting on shell surfaces iLay be an 

r of contamination (Olsson nni! Blake, 1961), end
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thin shells will be more liable to contamination than 

thick ones. Kulp (1963) emphasises that samples with 

ages in excess of four half-lives (23,CGC years) should 

be subject tc ^uestion until the nbeer.ce of contamination 

has been demonstrated , although appreciable contamination 

^ several per cer.t ) of buried samples appears to be the 

exception and not the rule (Olsfon er^d Broecker, 195fl). 

Furthermore?, Libby (1955) stated th^t "shells *hich appear 

well preserved physically have a goo-' ch~nce of bsing 

authentic." (p. 44), ar.ri large numbers of dates b*ck to 

3'5,CCO Q.i . froa shells in Arctic raised beaches and till 

ayjpear to bo quite reliable (Blake, 1961; 1^64).

Four samples of organic nuateri.-.l from ^laci»iL deposits 

in lerbrokeehire hsve been submitted for C dating. Two 

samples of shells from glacial outwaoh and one wood sample 

from till, have been dated at the national ihysical Labora­ 

tory, ard one shell saa^ie from till dnted at Isotopes Inc.; 

the dating methodc used at these laboratories are outlined 

by C'.llow (1962), Callow, Baker rind Pritchard (1^63;, and 

Ault (1564). i-or each age determination the C 4 half-life

used vae 5,569 ^ 40 years, although new work Indicates th 

a value about 5,73C ^ 40 years should now be used (Godwin, 

1 fj62/. The reliability of the dates obtained is discussed 

in Chapter 15, when they are ueed in & tentative attempt to



reconstruct an absolute chronology for some of the Late 

Pleistocene everts in 'Vest To
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PART III

THE IKTSRPRyJTATIOH AMI CORRELATION OF SELECTED 

COASTAL SECTIONS,

In thie part of the theeie the most uetful coastal 

drift sections in North Pembrokeshire and Adjacent areas 

are annlystd In 0otne detail. The exposures examined are 

located on Pig, 34. The s+rmtlgraphy of the larger 

exposures Is described, and attempts are made to ansver 

specific stratiflraphic problems with the aid of some of 

the techniques described In Part II. Smaller and less 

clearly-exposed sections (e.g. Pen Dpl-aderyn and Parrog) 

are described In leep detail, but for every exposure an 

attempt Is made to establish the sequence of events por­ 

trayed through the drift stratigraphy.

In Chapter 5, three groups of exposures are examined:

(a) The North I enbro'^eshire const,

(b) The vest coast of lewisland,

and (o) The south coast of De^islond.

At the end of each group an attempt is mode to summarise 

the drift succession end sequence of everts apparently 

represented on that particular etretch of const.

In Chapter 6 t'*o groups of sections ore described from 

beyond the confines of North Pe!rbro veshirei
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(a) The coast of South-west Pembrokeshire, 

and (b) The coast of southern Cardiganshire. 

This has beer done In order to esteblieh whether there 

is any major difference In drift stratigraphy between 

Horth Pembrokeshire end adjoining areas. Hot least, 

comparison with areas well within end well beyond the 

zone of Charles-orth'a "South '"alee End-moraine" may 

establish whether there are any features of drift strati­ 

graphy to support the hypothesis.

In Chapter 7 an attempt is made to answer some of the 

questions posed at the beginning of the thesis, and the 

evidence presented in Chapters 5 and 6 is brought together 

and used for the construction of a correlation table of 

discernible Pleistocene events in 'Vest "/ales.

Note.

In the following chapters many coastal exposures are 

described with the help of sketched sections. The symbols 

used In these sketches have been standardised, and a key 

to their interpretation is given in Fig. 35. For conven­ 

ience, this key Is folded into the thesis in such a way 

that It onn be opened and consulted alongside individual 

sketched sections.
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Coastal Sections in North iambrokeehire



Chapter 5 (A)

The North Coast of Pembrokeshire,

A1. The drift succession exposed in the cliffs

at Aber-mawr.

A2. Features on Pen Deudroeth Head lend, Aber-raa*r. 

A3. The drift exposures in the Afon Severn estuary,

Summary of Conclusions.
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Chapter 5 (A1)

THE DRIFT SUCCESSION EXPOSED IK TITS CLIFFS AT 

ABKR-BAVH.

The Northern Drift Cliff (Tig. 36).
OB the north side of Aber-aawr beach, where the path 

fleaoende fro» the cliff-top, a complex and valuable eeotion 
IB clearly diaplayed (Pig. 37). The drift cliff ie aome 
40 ft high at its northern end, falling towards the south- 
weat to c. 5 ft in height where the footpath reaches the 
beach. The *;K>ole expoaure is being actively eroded and 
undercut by the aea, ao th-.t the face is alwaya freah; 
consequently the boundaries between individual horizons are 
clearly displayed. The aection has been mentioned in the 
literature by Jehu (1904) and Synge (1963). After numerous 
examinations of the section, the following succession has 

been recognisedi
Bedrock. At the northern end of the drift cliff the contact 
betwean bedrock and the overlying drift deposits is revealed. 
Bedrock consists of thin beds of Upper Cambrian Lingula Flags, 
which dip northwards. They are folded and contorted and 
are overlain by maseive quartzites, possibly of the Ordovlcian 
Arenig aaries (Cox, 1930). Although the contact with the 
overlying drift is generally sharp and the flip of the rock
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surface regular, there is eviderce In plncec that the 

beds hove been rhattered and bent downhill by head movement. 

The bedrock surface appears to h«ve be^n eroded end 

smoothed prior to the formation of the lowest hoad . Some 

of the smoothed slabs are scratcbed, but the freshness 

of these scratches appears to indicate thst they have been 

formed by loose angular blocks which have slipped do vnslope 

as a result of present-da7 processes.

1. The Lowest Shnle Head. This deposit, which attains a 

maximum visible thickness of c. 9 ft, is a well-stratified 

head with some frost-heave structures, cone letin# largely 

of small flakes of Upper Cambrian grey s uale derived from 

the bedrock outcrop. In the fliky matrix are some angular 

slabs up to 6" in diameter, and the vhole deposit displays 

good pseudo-stratif ic'ition. There are some errntice in 

the hend (namely small pieces of Cretaceous flint, rounded 

pebbles of vein quartz, and some pebbles of igneous rock), 

but it is gerernlly characterised by a high proportion of 

local material and p virtual ebser.ce of rounded fr^^ente.

The bed< in/? in this head is clearly truncated by an 

erosional and *eatKerin« contact. (Plate 9*). The upper 

6" of the veathored horizon is R buff-reddish stained head 

in a sticky and silty "iatrix of smqll flikee. Beneath this, 

6" of olive-p;reen head passes down to n b^nd of bri/rht
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orange-staining 4" - 8 H thick. The main ptratigra-hic 
break nnpenre to occur at the base of the *?reen bond, which 
becomes a 2" vedge of bright grey clay at the lowest pert 
of the exposure. This is poscibly a washing deposit 
derived from the weathered layer rbove.
2. The Lower Biocky Kead. Above the ^veat> ering break ia 
another layer of stratified heac3 , >/hich attains a maximum 
thicknesr, of c. 5 ft. It is a biocky deposit -vith 
disordered pseudo-stratification. It coneieto largely of 
mixed shale snd quartzite fra^mer.ts, but hns a much hipher 
proportion of foreign rourdec1 pebbles thnr the lowest heed.
3. The Flaky Orgve^lp. The lower biocky hend grades upwards 
into 12 ft. of fLaky gravels which dip at o. 8° towards the
south-west. The deposit rakes up the bulk of the drift-

A 
cliff at its northern end (llote 99) t vhere it is belnc;

actively eroded by the ser at the back of the storm-berch. 
The travels ire eor.ewhat disturbed near their base, w'^ere 
they contain much angular bloody mnteri^l, but upwnrde this 
mnteri^l disar r enrs as pseuc'o-strat.ificatior becomes well- 
marked. The bulk of the gravel consists of pruml^r IOCR! 
ehale flakes, but t>ere are grent numberr of srrnll .veil- 
rounded forei/?r. peboles present. Moet pebbles nnr1 sV:Rle 
frsgmnritf are under V dipmeter, although some etnbedr'ed 

quartzite stones nre over 6" in diPTeter (Flpte ?).
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Occasional bands consisting almost exclusively of shale 

flakes are present, and some layers hare a much higher 

proportion of foreign pebbles than others.

At the top of the horizon is a distinct ire band of 

flaky gravel 12" thick where the fragments are of unusually 

uniform size; hardly any ptonee in tMe layer are over * H 

diameter, and most fire i" - £"• It may be this layer, 

and perhaps the henda above ycd below it, which Jehu (1^04) 

described ap ehowing "some tendency to a rough kind of 

bedrin^, end ...... full of email flakec and little stones,

•ore or leee pebbly." (P. 75). George's (1S33) Hate xv, 

photo 3» shows a deposit from Kilboidy which may le similar, 

anc! another such deposit is described by Synge (1964) from 

Forth f'eig*!, Lleyn. In Pembrokeshire fl'^ky bedded gravels 

have also been seen at .est L'aie and Whiteeanr" I.orth. 

4. The riddle Blocky Jlend^ Through a somewhat irregular 

Junction tMe flaky gravels grade upwards into c. 5 ft. of 

blocky head. Above the flaky gravels the deposit consists 

of chaotically-arranged sub-angular slabs of local quertzite 

up to 12" in diameter embedc'eci in a rich sandy and shaly 

matrix. The J-esd displays #ood pseudo-stratification, or.d 

ite stones project in spectacular faehion from the cliff- 

face. Towards tre centre of the d rift-cliff inter-bedded 

patches of blocky ehale head ap ; err, and one continuous
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layer of thie heed Is a^in orerlain by quartzltlc head. 

(Fig» 38). The southernmost exposure of thie head 

oonslste of chaotically-slumped angular massee of quartzlte 

IB a matrix of shale flakes. In places the matrix la 

clearly-stratified. Foreign rounded pebbles are again 
frequent In thip deposit.

5. The VRaslvQ Purple Irioh ^ea Till. Overlying the 

heads is c. 8 ft. of massive till containing numerous 

fragments of marine mollusca p.rd carbonized wood. The till 

contains very few stones, although there are occasional 

well-rounded and striated pebbles up to 4" in diameter. It 

is tennceous nrd plastic, &lthough there are occasional thin 

lenses of sard nr.d irregularly-bedded bands of silt; a 

concert ration of t^ese thin beds in the upper pnrt of tV;e 

till erroeure gives It e foliated appearance. The till 

ie hlphly onlc^reoue, although its uj-per surface le decal­ 

cified and -veatherefl to B rich red colour to a depth of 1 ?" • 

1«°"; the lower 9" of the till is weathered (presumably ns 

a reeult. of ^round-wnter percolating upwards from the per­ 

meable head belo*} but is not properly decelcif iec:, ard 

still contains rhell fragnr-crte. Similar DC sal .veatJ ering 

of Irirh Sea Till is scan at Garryvoc- in Ireland. In

1, An Irish L»ea Till with similar characteristics Is seen 
at Texford Fwrbour, Ireland.
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places the basal weathered Uyer IB cemented by iron-pan. 

Among the erratic* In thie till I hare found man/ pebbles 

from Ailsa Craig, while Jehu recorded pebbles of Galloway 

granite, iicottish Uilurian grits, florro-vdale volcanlcs, 

and Antric quartz-porphyry.

Excavation revealed that the contact between the 

weathered till «mrt the overlying deposits is sharp. In 

contrast, the contact between the lower surface of the till 

and the underlying heart is confuasd; the basal layer of the 

till contain? a noticeably higher proportion of shale frag­ 

ments th*n the till above, and some email blocks of local 

quartzlte ore found in the till c. 24" above the junction 

with head. Inter-bedding and contortion of the deposits 

indientea that nom« hea*1 material was caught up and incor­ 

porated in the till during deposition, am" there are "drag" 

features in the head -which also bear witness to ice-movement 

(.-late 10).

The bedding in the underlying deposits is truncated 

by the till, reinforcing the imprescion that acme erosion 

of the underlying he«d was achieved by the Irish v--ea Ice. 

(Fig. 3P).

6. gluvlQ-fllaeiql sonds and gravels. The purple till is 

overlain in the routhern port of the section by rich red-brown 

sards and gravele, *hich a+tain a maximum thickness of c. 15
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ft. In places there «ra zones of well-rounded foreign 

boulders up to 2 ft. in diameter. Lenses of gravels are 

common, and there are frequent signs of stratification. 

£evernl contorted slump features majr be observed t with 

uninterrupted stratification above and below them. (Hate 11). 

On n minute scale eiiallstr contortions and sone "flow " 

features may bo observed within sand layers, as if the 

sards *oro doposit3d in a super-saturated state under 

preenuro from above. There are many small iron-pans in 

the sords and grovels, pot?ibly reflecting a fluctuating 

water-teble during and after deposition.

The contortions in these fluvio-glaci^l deposits and 

the sud'en ard chaotic juxterositior of fine silts, boulder 

bedo, gravels, and sands givee the in.;.res8ion that they wore 

laid do m as ice-contnct deposits. This impression is 

strengthened "or the recant exposure of discontinuous patches 

of ?eathered Irich ^ea Till .vithin the sands and gravels 

(Pig. 39). The till is ftony and gravelly and is severaly- 

gleyed, although in places it is still slightly calcareous. 

It contains no ehell or wood fra^n.ar.ts.

7. The Upper 'bubble-drift. Capping the cliff-tops to the 

north and overlying the purpla till in the northern part of 

the sect.ion is a deposit of «hat may best be called rubble- 

drift. For the most part it consists of angular fragments
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of local quartzite in a Bf-.ndy and gravelly mr.trix, although 

in places outwaeh sande and gravele seem to be interceded. 

Jehu (1904) called it "a rubbly clay, full of boulders of 

all sizes, most of -hich arc angular or sub-ar^ular, and 

derived fron rocke in t ; e locality". («. 75). He did not 

differor.tiate between the purple Irish ..ea till and the 

ruboly deposit nbove, and considered the vhole to be "Up;er 

3oulder-clay". -»-tu nmxiaum thickness is c. 7 ft; it is 

everywhere very u*ony, -and ie chalky brovn to rich red in 

colour. It ie now'ore clearly stratified, but stones 

project do-vnslope from the drift fece ue in the lower hendp. 

Juoet of the Ptones in the ruboie-drift are ar./ulcr or eub- 

an^ulnr local ^rdovici-^n ^uartzittc or L'helcc , usually loss 

than 12" in i iaceter. hourded ar.d striatec, foroi.-'r errntics 

arc occasionally foui.d, and largo boul< re up to 4 ft. in 

diameter occur near the ba&e of the deposit, resting on 'vbnt 

may be a glaci illy-ecoothed rock emrface. ihe deposit is 

strikingly cimil&r to n so-Celled upper loc r-l *ill »t 

Garryvoe in Irelard end to a thick bloc', y hcod ?.t ;led ^ock, 

in Co. lublin (itephene and ^yr.ge, 1S'-r/. 

8. The : andy Lo.-=!&.. Cai>pin.y the drift cliff and nlro c^r: ' 

local rubbly material filon> the c^ast to the north ie a 

fine eandy loam .vhich may be up to 2 ft. thick. It ie 

generally less stony than the rubble-drift below, although
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In places it eontnlne eiml! rounded foreign pebbles. Its 

colour rrnden fror rich red? near the surface to chalky 

brown ^uet abore the Junction with underlying material. 

Abore the sards and £rarelo In t*e southern pert of the 

drift cliff the contact ie particularly sharp, «nd t>e 

presence of occi»9ion?,l bands of "1ft? concert rate" pebbles 

pur^ests thot some erosion of the unr'erlyinjr depopite took 

place before deposition. In pl^ce? the loam has the 

colour nr.d texture of blo-vn anr<fl , but for the most part 

it ip similar to the loan csp-lrr, virtually all the clifftop 

drift deposit* of Sorth Pembrokeshire. A similar deposit 

has been described froa the flower by George (1933) and from 

Pale Bey by Groom ('956).

The Southern 1'rift Cliff.

At the southerr side of the bay a smaller *nd simpler 

drift section Is exposed. (Fig. 40). At its southern end 

the section is c. 2C ft. high, nn<1 although oorae slumping 

obscures part of the f *oa it in being actively erodec by 

the sen. Storras ea"^ in 1965 exnoaer? till in thiP section 

for the first tine since 1961.

The section in January 1965 *ao as follows: 

Bedrock. Steeply-dipping Upper Cambrion stales are 

shattered by praoer t-dny /feathering, «nc! the downward movemert 

of looeered slabs has resulted in scratches on eolid bedrock
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beneath. There are no eroded surfaces of demonstrably 

pre-drift age, although ae in the Northern Irift Cliff 

the rock exposure appears to be part of an old marine 
cliff on the ralley-side.

1. I>0">er £hale Head. The lower head is derived from the 

denuded shale bedrock cliff. The orientation of flattened 

angular blocks is parallel wit h the surface, and the great 

majority of fragments are 3" - 6" in diameter. Occasional 
elabe of ehal.e attain a diameter of 18". There are no 

large foreign stones in the hear1 , although some small pebbles 

of rein quartz, grey sandstone, Cretaceous flint and igneous 

rock are encour.tered. The deposit is c. 8 ft thici, and 

appears to grade up-.vards without a break to the upper head 

close to the bedrock contact. The head appears to be 

homogenous, and it bears no si^n of a weathering break.

2. Decalcified till. Above the lo-ver head is a small 

-.vedge of rich red decslcifiec till. It ie grevelly in 

places, but ie marked by an ebeence of lar^e erratics. It 

contains a few rounded and striated erratic pebbles, but 

apparently no shell or vood fragments. It has been severely 

weathered, and its apreararce is similar to that of the 

patches of decalcified Irish tea till o^on--; the sards and 

gravels in the northern drift cliff. It is still slightly 

calcareous, so it appears to bo a true Irish i-; ea till.
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3« Fluvlo-gloclal sands and gravels. The till is over­ 

lain by fine reddish sands which attain a maximum thickness 

of c. 6 ft. They are badly contorted, and in places are 

Interbedded -?ith the weathered till. In the uprer part 

of the eection they are intercalated with head, and this 

phenomenon is observed on a smaller scale at the base of 

the section. The irrerrular bedding of sard end travel 

layers and the ^ppe^rance of Blimp features in places (ilate 

12) suggests that theee outwash materials were deposited in 

an ice-contact environment.

4. The Upper Shale Head. This hend consists predominantly 

of small shele slabs displaying a pseudo-stratification 

parallel with the surface. At the base of the head is 

c. 5 ft of fine flaky head, and t^ere nre slight traces of 

a discontinuity between it and the rather more blocky head 

above, which is c. 4 ft thick. However, this discontinuity 

IB not obvious enough to permit a subdivision of the head 
into two horizons. At the base of the heod a small fosril 

ice-vet fte c. 2 ft. deep passes from head into the sards 

ber.eath.

5. Sandy loam. Above the blocky hr.ad ie c. 1P" of rich 

foxy-red sandy and silt.y material. In Ite upper part it 

has become a soil layer, -vith much humus, but beneath it 

has similar characteristics to the surface deposit on the 

northern drift cliff.
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Interpretation of the Deposits.

The bedrock surface on »hioh the lowest head rests 

does not appear to here b«er glaciated, although its slope 

is regular enough +o permit the assumption that it is an 

eroeionsl surface. Examination of vertical aerial photo- 

graphs revealed th*t the steep bedrock slope of the coast­ 

line is continued beneath the drift cover towards the south­ 

east, *here it eventually emerges as the valley-side. (Pig. 

36). This Indicates that the rock surface was perhaps 

initially port of a valley-wall; it follows that the preeert 

form of the Aber-mawr valley was established before tf.e 

Irirh tea glaciation of the area and even before the form­ 

ation of the lovest hesds. In view of its width, steep 

sides, and negligible citchmert arer , it is tempting to 

attribute the cutting of the valley to melt-water during an 

earlier glgciation.

The loveet suite of he«*d deposits (horizona 1-4) 

presents a great problem in inter: retetion, for the Included 

heads di^er greatly in character. In part, this is due 

to the particular bedrock stratum bein^ attacked periglociolly 

during he*»d formation; as a rule in this exposure, head 

derived fro* shale bedrock is finer ard more flaky than 

head derived from the quartzite outcrop higher up the cliff.
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It le clear, however, that llthology cannot wholly explain 

the differences between heads, for ehale fragments vary 

In size from one shale head to another, and In the strati­ 

fied flaky gravels very few ehale flakes attain a diameter 

of 3".

The lowest ehale head oontaine some erratic pebbles; 

they are often rounded, eo before head deposition comrerced 

fluvial, fluvio-glacial, or marine grpvels must have been 

available for solifluxion on the old volley-side. The 

presence of Cretaceous flint among theoe pebbles strongly 

sur~este that the grovels contained glacial erratic?, for 

flint pebbles could not heva occurred Inland (i.e. upstream 

from this coaetgl area) if water had been the eole agent 

of deposition. It is tentatively suggested, therefore, 

that a ^lacirtlon pre-dated the formetion of the lowest head} 

from the evidence available it would be reasonable to assume 

that this glaciation Introduced the erratics and deepened 

the Aber-mavr vnlley.

The lovest shale head appears to have been laid do-vn 

during either a late or early stage of a sever? cold period, 

or at the maximum of o period of moderate cold. The reason 

for this speculation lies in the moderetely blocky apreerarce 

of the head and the presence of plight frost-heave futures 

for o. 3 ft beneath the weathered horizon; this vould Imply
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that the climate during head deposition was only moderately 

severe (vith much moisture available for freeze-thaw 

shattering of bedrock), and that the active layer above 

permafrost at the end of this phase may have been at 

least 3 ft. thick.

The truncation of the pseudo-beddin? in the lowest 

head and the preset.ce of an undoubted weathered layer 

implies a break in head deposition at this point. Ho 

impression can be gained of the length of time represented 

by this break, for it is not kriown how much weathered 

material hne been removed by later solifluxion. Conversely, 

the thickree? of the weathered layer (over 12" at the base 

of the wedge) may not be representative of the weathered 

layer in situ, but may contain much veathered material 

sludgec" from upslope. The severity of the rotting in this 

layer may indicate the onset of full interglaclal conditions, 

but in view of ito limited thickness it may be more reasonable 

to surest thut it .vae formed in an interetac'ial period.

The lower blocky hea< , above the .veathering break, is 

a mixed and rather chaotic deposit which seems to indicate 

formation in a milder period of periglecisl activity than

1. Eylik, 1964 (in a discussion on head deposits, J.G.C. 
Symposium S7a, -xeter) cons AC ored th--,t rether blocl^ heods 
with poor pseudo-bedding may be deposited during rather 
molet, moderately eevere cold conditions.
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the lowest head. The disordered nature of the bodding 
and the Inclusion of blocks end flakes of fill sizes 

implies rapid rcnee-movernent, one? it is possible that the 

head developed in relatively fe» years. Clizratic 

condition? mny h«ve been mild enough to permit a deep 

active layer, perhaps with "episodic" aolifluxior (Budel, 

1959). This hend contains a higher proportion of foreign 

pebbles than that beneat ; thie may perhepp be erpleired 

by the increased svr liability of tfravele on the flatter 
ground above the eteej valley-side.

The heac< ^rarep upwards into the fleky grsvale, perhaps 
indicptinff a phase of vexing cold. I he grain-eiiie curve 

for the flfaky gravele is strikingly similar to curves for 

the rubble-drift arid outwash, zateriale in the area (Pig. 

41). However, fabric analysis revealed that the denosit 

beare much closer affinities to head than to till or out-

•vaah (Fig. 42) t confirming *:hct it is lithologically prd 

etrsti/jraphically part of the suite of hef.d deposits. 

According to the suggestions of irofeosor lylik, the fl^ky 

head may represent very sevare ar.d rutler dry peri^lacial 

condltionr--; each thin layer of flake*? possibly represents 

«n anrunl cvcla, with the permafrost surface --ithin a few 

inches of the grounci surface at nil tinen. The maximum 

of this cold ph,^ce, which may have lasted for ncny centuries,

•ay be represented by the layer of very fine flakee at the
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top of the deposit.

The presence of ^usrtzite blocks and }2r o f smell 

arr«tio pebbles in th& flaky gravels may be nccountod for 

by the occasional loosening of blocks from upslopa quart- 

zite outcrops, and the Incorporation of erratic gravels 

from extensive gravel patches on the upper parts f the 

valloy~sido.

I'he middle blocky head which overlies the flaky 

gravels is a chaotic and variable dfioosit which may indicate 

a rather rapid amelioration of climate after the cold 

maximum im'iCPted below. Many of the characteristics of 

this head (for example, the ir.terdigit°.tion of sh«le and 

qunrtzito hondo, the occasional occurrence of erusional 

contacts, and the slumped arnea ranee of quartzite masses) 

are indicative of rapid .\aes-movemai:t. The role of surfnce 

washing is witnessed by finely-strotifiart silty layers in 

the upper rnrt of the deposit.

Irinh i-ea till d.lrectly ovorlie? thin hesd, and evic1 -nee 

already citsd (c.f. Ki^. 3fl) indio^tee that +,he ice rearon- 

eible for its deposition achieved some erosion of under­ 

lying head. And yet '/hy is thia head eeemin^ly represen­ 

tative of a phase of waning cold. If the till ie truly 

the culmination of the suite of head dopopits beneath, it 

should theoretic lly overlie tho topmost 12" layer of flaky
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gravels. Ye+ the flnky gravels grade into .?hat is 

possibly a leas severe periglacial deposit, which .vould 

seem an unconvincing herald of glsoiPtion. It is 

possible, therefore, that the deposits of a further period 

of waxing cold have been entirely removed by the ice, 

leaving till in contact -vith the middle blocky head.

The origin of the overlying deposit «?s e glacial 

till is confirmed by fabric analyses (Figs. 41 and 4?), 

although the preferred orientation of pebbles in the till 

ie poraew'nt erratic (Fig. 43). Ths content of marine 

mollusc fragments and Scottish erratic? indicates tV?at 

the till woe deposited by ioe which moved onshore from 

the floor of Cardigan 3ey. The vood fragments in the till 

were possibly dreoged up by the ice from an interstadial 

or interglaoinl forept *hicfc had grown on the floor of 

Cardigan Bay at a time of lower sea-level; or alternatively 

from banks of driftwood along offshore interetadial rbore- 

lines. The comminuted and rounded nature of t*~e vood 

fragments, and the presence of bark, precludes any posr ib- 

ility that they are poet-glad* 1 root frag^erts.

1. Jver-rirOen vood fragments are conunon in the "'isconoin 
tills of the United rtntee (Flint am* Teevey, 1951)t and 
an inter-glacial forest covered by glacial gravels i_ known 
in North wales (George, 1912).
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Since the till IB weathered only to a depth of 12" - 

18", 1* IB probably of reoert age. It contrasts greatly, 

for example, with the deeply-weathered Eastern General till 

at Brockonaffh, Northern Ireland (-weathered and decalcified 

to a depth of 12 ft; E.A. Colhoun, personal communication), 

and with the Illlnolan till of the United States (Flint, 

1957).

Prom the fabric analyses of the sands and gravels 

abovQ the till ( -irs. 41 and 44) t»"ere is little doubt 

that they are the product of the eaire ice-sheet. This 

Impression is strengthened by the presence of ice-contact 

features and Included lenses of till, as described above.

The rubble-drift into which these out-wash deposits 

grade laterally present? an important problem. It has 

been mentioned above thot it may be interpreted either as 

a "local till" or rs e eolifluxion deposit. MitcVell 

(1962) correlator the "angular rubbly non-calcareous 

boulrter-clay" at Forth Clais (Ogof Golchfa) with the 

Fercoec? till nnd a so-called upper till »t ^anoro*en; and 

Synge (personal communication) coneiders the Aber-mn-vr

1. Prom other evidence in North Pembrokeshire Griffiths 
(1 {j4C) came to a similar conclusion re^arr in^ the close 
relationship of the "Lower Boulc'e --clay" arc- the "'. idrle 
Sands and Gravels".
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rubble-drift to b* the equivalent of these. He ou#*eete 

that 7elsh erratics In the drift were transported alon/o; 

the flank? of the Irish Sea flaoier between it and the 

hills. Stone-count* and rourdneee analyses, however, 

eeetn to indicate that the drift ie a blocky head consisting 

of angular bedrock fragments pnd incorporating outwash 

gravels qnd perhaps till (Pit?. 44). This ie supported 

by the dovn-slore orientation of drift rebblee. (Pi*. 43). 

Froffi the evidence available there is no justification here 

for propoeinp ° ee^orote fldvaroe of local '-'eleh ioe (ee 

proposed bv Mitcbell 196C for the upper rubble drift ->t 

Penooed and M<?"7 QUPT) in order to deposit the rubble-drift. 

Neither does it ^pre^r to be «n oblation till, for the 

qunrtzite bloo>s of -thich it Ie cowpoeed are essentially 

derived from upslope In t>e immediate vicinity; unless the 

ioe-sorfnce l^y bereath an altitude of 40 ft. 0.1, there 

could be no j»ravit~tiongl Rllnrinflr of frost-shattered blocks 

onto the ioe surface.

The etrati.^raphic position of the rubble-drift *>t the 

junction betwopn bedrock and Irleh Sea till ^ivee a further 

clue to its origin. Syn^e (1964) h»s stated with reference 

to the Ardmore Foint-Carnoore roint s^eet of astern 

Cereral till th-?t -vherever it "abuts against one or other 

of the rock hille or rid^ee, it is buried ber.eath Q fnn or
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sloping terrace of eolifluxion debris. ?or example, at 

Belly/soiiie, on the north aide of ' icklow Head, over 6 ft. 

of "rubble-drift" - a mixture of eoliflucted till and 

head - overlies the weathered surface of the Eastern

General till." U. 78). This eituation api*are to
th'-t

exactly mntch/at Aber-mawr, All the ovidenoe, therefore, 

supports Jehu's contention that the upper boulder-clay 

is partly n deposit formed oy "ordinary weathering pro- 

cescee".

The blown sar.dp and eilts capping the drift cliff 

must post-date tho erosional pe iod res onsible for the 

removal of r>ny drift which once plugged the centre of the 

valley, for they car the -vhole drift section from the cliff- 

top in t'.e north do-tn to storm-be'ich levol in the eouth. 

The present valley stream rioes less than 1* miles away 

at an altitude of under 200 ft. O.L; it is a misfit today 

and it saoms unlikely that even in a vetter climatic ph.'»se 

it 'vould have been powerful enough to remove nil the drift 

from the valley-floor. If stagnsrt ice fiLleo the floor 

of the valley during de^lacintion it is possible that the 

Bands and gravels in tho drift cliffe were laid do-«m on 

its flanks; alternatively power - ul melt-w-tor stream-flow 

during deglociation could account for the present lack of 

visible drift in tho centre of tho valley.



Table I A tentative reconstruction of events at 

Aber-raawr.

Events. 

Soil development and till

leaching 

Sandy loam 

Rubble-drift/Kead 

Sands and gravels 

Irish Sea Till 

Middle Blocky Head 

Top 12" of flaky gravels 

Flaky gravels 

Lower Blocky Head 

Weathered layer 

Lowest head

Aber-mawr Valley 

Erratics

Climnte. 

Wanner

Cold and dry? 

Mode ately cold 

Deglaciation 

Glacintion 

Moderately cold 

tfery severe cold 

Severe cold 

Moderately cold 

Warmer 

Cold

Glaciation ?
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The southern drift ollff nay be correlated with the 

northern section as shown In Fig. 45. There ie no ?reat 

variation In head characteristics in the southern section, 

but it seems on rtratigraphlc grounds that its upper *ead 

must correlate with the rubble-drift in the north, simil­ 

arly, the rather blocky nature of the lowest shale head In 

the routh makes correlation possible ^ith the middle blocky 

head of the north. The lower members of the hend suite 

may be represented in that part of the section covered by 

the present--day storm-beach.

Pro* « consideration of the deposits at Aber-mawr, it 

seems possible to propose a sequence of everts for the 

area, as laid out in Table I. It is hoped that the exam­ 

inations of subsequent major exposures and evidei ce from 

less important inland sites may supplement and perhaps 

indicate the reliability of this su^eoted chronology.
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Chapter 5 (A2). 

FEATURES OH TEH PEUDRA£TH HEADLAflr. ABER-MA^R.

On the small headland of Pen JJeudraeth, between Aber- 
nawr and Aber-baoh, 8 - 1C ft. of rubble-drift rests upon 
a shattered rock platform (Fig. 36). The drift is a 
continuation of that capping the Aber-mawr North section, 
and its examination reveals much concerning the nature of 
the rubble-drift. Further evider.ee concerning the relative 
age of the rock platforms and deeply-entrerched valleys of 
Pembrokeshire may be seen on the ^eadlsnd. 
Bedrock. Bedrock on Pen Deudraeth is of Ordovician quart- 
sites and sandy shalee of the Arenig series, dipping north­ 
wards towards Aber-bach (Cox, 1930c). On the outer pert 
of the headland is a sill of intrusive dolerite, possibly 
also of Ordovician age. In places, the quartzites and 
shales appear to hove been smoothed (Plate 13), and above 
this smoothed area "tvo bedrock slabs, which may or may not 
be in situ, have polished and striated surfaces. fcany 
small striations trend towards 122° and U8°, although 
deeper grooves trend to-vards 173°. The smaller grooves 
apparently pre-date those trending due south.

On the outer part of the henoland a dissected rock 
platform over 5C yds. in length is capped by rubble-drift.
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The platform has a oteep seaward slope of 11°, although 

its upper part slopes at only 5°; its altitude lies between 

18 and 27 ft. O.D. At an altitude of c. 20 ft. O.I1 , on 

the main part of the platform are several deep hollows 

which may owe their existonoe in part to gouging. The 

southern edge of the platform appears to be truncated by 

a low cliff which may be « continuation of the olc1 vsliey- 

eide of the ;.ber-mawr valley; unfortunately n large part 

of the platform is still covered with drift, so this 

impression is difficult to substantiate. 

1. Basal deposits. Lying directly on the rock surface 

on the outer port of the exposure is e rotten pnd weathered 

layer of fine bedrock fragments and eilt (Fig. 46). The 

silt is discontinuous, but ie occasionally present as e 

stoneless layer 3" - 6" thick. Above *his layer is c. 2 ft. 

of fine flaky bedrock bead which has *>ood traces of pseudo- 

stratificp.tion; 'her viewed from the outer part of the rock 

platform this etrptification appenre to be horizontal. 

?. 31ocky rub;Ue-drift. The struti^raphic relation.°hip 

of this drift with the basal deposits ie not clear, for it 

ie seen to rest directly on bedrock near the Aber-mawr tforth 

drift-cliff. It consists of angular Blocks of quartzite 

and shale between 3" and 1*6" in diarr.eter. The matrix is 

loose ord gravelly, ngain consisting largely of bedrock
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frograerte. The drift is 4 - 5 ft. thick above the quart- 
zite slabs (Flate 13), but e few yards to the west ite 

upper part consists of an "openwork" deposit of quartzite 
blocks without a matrix (Fig. 46). '.bove the rock plat­ 

form the relationship between the blocky rubble-drift and 

the bedrock is well-displayed, for above the dolerite sill 

most of the blocks in the drift are of c'olerite. 

3. Compact rubble-drift, vith erratic?. Lying directly 
upon the striated bedrock slabs and elsewhere upor blocky 

rubble-drift is c. 3 ft. of drift ^ith a sr.ndy and silty 

compact matrix. In places patches of clny up to 9" long 
nr.d ? n thicv are interbedded with the drift. There are 
many erratic pebbles in this layer, *»lthou.?h most blocks 
are ijjain of angular ^uartzite. Some orrntios retain 

striations, although many ap-^enr to be rot-en. There is 

one distinct layar of ^otton i?neou« erratics c. 1?" thick. 
This drift is non-c-lop.reous.

The distinctions between this d~ift o.nd the blocVy 

rubble-drift nre not p.lvays clepr, especially on the 50-yard 

frontage of drift on the outer p^rt of t>e rock pintform. 

Here the drift exposure is oft»r over 1C' ft. hi,^h; errstloe 

apr-ear to be ccnttered throughout the de.osi f. t plthou«rh 

shattered bedrock maseeo are COKTOP. Often there ^re 

traces of frost-heaving and pseu^o-Ftratification.
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4. Sandy loam. Capping the whole of the drift-cliff 

is up to 5 ft. of sandy loam. In places it incorporates 

patches of rich sand and gravel, and well-rounded erratic 

pebbles are common. At its base there is a ^ood eros- 

ional break, overlain by a "lag concentrate" of well- 

rounded pebbles. South of Aber-bach there are excellent 

traces of stratification in the dqporlt, and interbedded 

bands of flaky head are common alon« the whole length of 

the exposure.

Interpretation.

The rode platfonr nsay be ir. ancient raised beach 

platform, in epite of its rather steep slope; if eo, it 

may repreeert a sea-level as high ns 27 ft. O.I. The 

platform correlates *ell in altitude with other raised 

beach platforms at G*rof Golchfa and Pen Tnl-aderyn, ar^ is 

likewise shattered and dissected. The preeer.ce of strio- 

tione on t v e plfltform and re-worked till in the drift 

expos ~re indicste that the cutting of the platform pre­ 

dated the last glaciation of the iren. It ic nlso possible 

that it pro-doted the cutting of the Aber-mavr vnlley.

The reason for thit conjecture liec in the fact tbnt 

the present cliff-line at the southern edge of the platform 

•ppeors to be a continuation of the old valley-side (Fig. 36);
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It has smoothed rock surfaces on its upper part, indicnting 

that it may not be a product of post-glacial marine erosion. 

The raised beach platform appears to be truncated by this 

cliff-line, so that the cutting of the valley wall nay have 

post-dated the erosion of the platform. At the moment 

this seems to be a logioal suggestion, although it is 

possible that the thick drift cover masks on extension of 

the platform into the ralley itself. Until the processes 

of erosion hnve removed a little more drift from the cliff- 

top, the 4ueotion will have to remain unanswered .

At first sight, the continuation of the rubble-drift 

of Pen leudraeth southwards to the upper part of the drift- 

cliff at Aber-mawr North seems to indicate that the whole 

of the deposit post-dates the last Irieh L>ea glaciation. 

Furthermore, the presence of etriations on some of the 

bedrock elabs beneath this drift could be interpreted as 

further evidence of an "upper boulder-clsy" placiation 

(WitcheLl, 1962). Hovever, the presence of flaky gravel?, 

silts, end a possible weathered horizon at the base of the 

deposits invitep correlation *ith the lover head deposits 

at Aber-mawr Worth. A similar corre'ation may be suggested 

between the blocky rubble drift (overlain by compact 

rubble-drift .vith erratice) and the middle blocky hea(- at 

Aber-mawr (overlain by till). The compact rubble-drift
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hare nwy therefore be the equivalent of the calcareous 

till, in view of its content of etrinted erratic? and 

lenses of clny. It IB possible that the bulk of the 

rubble-drift above this horizon consists of a eoliflucted 

thin layer of till mixed with masses of sard «nd gravel, 

local head, and shattered bedroclr. The hi*h decree of 

angularity on bedrock blocks in the drift and their 

apparor.t downslope orientation leaves a str-onr imoresBion 

that they have been deposited -primarily or secondarily in 

heaci; the upslore gradient of B° (and in places 1C 0 ) is 

ample for larfre-Ecale solifluxlon.

The sharpness of the contact between the sar.dv loam 

one; the unr'prlyir;* rubble-drift is probably of little 

significance; it may be no more than a eurfnce eroded by 

slope-washing procesres towards the erd of the periglaciel 

phase responsible for the deposition of the rubble-drift. 

The well-rourrted pebbles at the base of the sar^'y loam 

present a problem, for thev look auppicicuply like beach 

pebbles. They may have bper re-derx)pited qfter ircor- 

poration ir, pl^cial drift; they may hnve reached the cliff- 

top in the hards of hurmn beings, to be buried bereath 

recent hill-wash; or th°y nay rcpresftnt n hi h relative



Table II .

Events.

A Tentative reconstruction of events at 

Pen Deudraeth.

Sandy loam/head fragments 

Compact rubble-drift 

Clay lenses and striations 

"Openwork" rubble-drift 

Blocky rubble-drift 

Flaky head 

Weathered layer ? 

Silt etc.

Aber-mawr Valley

Rock platform

Climate. 

Cold and dry ? 

Moderately cold 

Glaciation

Moderately cold

Severe cold 

Warmer ? 

Cold ?

Glaciation

bea-level 18-2? ft. O.D, 

Warn
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poet-glacial eea-lerel. 1

After an investigation of the features nt 1 en 

Deudraeth it Is eue^.ested that the "rubble-drift" ie a 

composite deposit containing pebbles laid dovn before, 

during, and after the last Irish Sea glaciation of the 

area. It is basically a solifluxion deposit; there is 

no orldenoe that it was laid down by ice as a true till 

after the deposition of the calcareous till, as suggested 

by Kitchell and Synge for other sections.

The sequence of events apparently represented at Pen 

reudraeth is portrayed in Table II.

1. A "Post-Older Drift" platform at c. r>C ft. C.T. in 
Cower was tentatively attributed to oarine action by 
Ge0rge (1932).
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Chapter 3 (A3). 

THS DRIFT EXPOSURES IW TT!E AFOfl HEYEfr7 EST'J/l TY.

(A) South Side (Tarro/P.
Along the south sido of the estuary of the Afon 

Nevern is a discontinuous ard rather poor drift exposure} 

nevertheless, its details are 'forth record in/?, for it 

thro-vs lisht upon several stratigraphic ond chronological 

problems. The drift cover is never more than 6 ft. thick, 

and rests upon remnants of a rook platform. The general­ 

ised succession seems to be that recorded in Fig. 47.

Bedrock an<? rock platform^ For a distance of about half 

a mile email sections of a rock platform are preserved 

alon? the Parrot front, cut acrose thin-bedded Ordovician 

shales and mudetones. In places, the *eak shnles have 

been bent ove towards 3CO° - 310° by solifluxion. The 

plptform surface V3ries from c.5 to 1C ft. .!. in the 

east to 18 - 20 ft. O.I. near the lifeboat station; reransr.ts 

are so discontinuous, however, th?t it cannot be said sith 

any certainty that, they represert one platform, or that the 

feature riees In altitude westwards.

On the 8!n?ll point west of t^e lifeboat station polished 

slabs of bedrock are seen between 14 arri 26 ft. O.P. (Plate 

14). The huramocky plab? on this surface still retain
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tholr polished nr>pearanoe, although they are often badly 

weathered are covered with lichen. It IB etlll possible 

to distinguish faint groores and strietions trending to 

between 113° and 173°« with the moot common direction 

apparently 160°. These strlations are distinguishable 

from Joint planes and fractures.

1   Hounded pebblee. On the lover parts of the platform 

at the eastern end of th» exposure well-rounded pebbles 

may sometir.es be seen in an earthy and sandy matrix. There 

are few exposurer of these pebbles, however, and in view of 

the large nmount of nwde-up ground in the vicinity (houses 

hove been built vithin a few y-rds of the platform edge) 

it is not cortoir that these pebbles ere in situ.

2. Contorted lower head. No thick and continuous hend is 

seen in the section, although in Traeth-y-Bettws a layer 

of contorted hend fragments may be seen above shattered 

bedrock. The head fragments are in part incorporated in 

the oY"?rlyirg ^mvelly till. In severs^ sit-^s thin head 

with well-rounded erratics rests directly upon bedrock; at 

one site 18" of flaky eh«*le head has a sandy matrix vith 

ellt bands «r,d well-rounded pebbles and pieces of Cretaceous 

flint.

3. Gravally reddish till. In patches this till is up to 

2' 6" thick. Its loser art hns a high proportion of head
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fragments, but upwards the proportion of rounded atones 

In a gravelly matrix increases. The till is non-calcareous 

and contains no shell fragments. Fere and there a higher 

proportion of .voll-rouneed pebbles and boulders gives the 

deposit the ap{:eararce of f luvrio-glacial outwp.eh. Thus 

in appearance it is similar to some of the lo*er gravelly 

decalcified till rr^ssee at Aber-me*r.

Above the till there are isolated cesses of red non- 

calcereoue clay rhich ar-i up to 2 ft. thick. The clay 

contains no laminations or oedding featiires, but is 

occasionally Travelly f with rounded and sub-engular pebbles 

up to one inch in diameter. Among the erratic; in the 

clay are rounded pebbles of medium-^r^ined igneous rock 

and Cretaceous flint. The clay resembles the highest 

decalcified till moss in the O'-twash srrnvels ot Aber-raawr. 

4. i?oad ard ear.dy loam. The section is capped with up 

to 2 ft. of aant'y reddish loam with interspersed layers 

of fine flaky shale head. In places made-up ground is 

aired vith the de-.osit, and it contains some derived 

Patella frn^raerts. These frasrments mny hrve been carried 

by birds or human beingo; such are frequently found in 

sandy loam on the high cliffs of St. Bride's 3ay. In 

places the flaky upper head cuts out the till deposits and 

rests directly upon the older flaky head and the rock platform.
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(B) North Side ( ovport Sands),

To the north of the estuary, where bedrock outcrops 

beneath the sard-dunee, there are traces of a shattered 

bedrock platform and eolifluxion deposits which appear 

to correlate with those at iarrog.

The bedrock at this locality consists of steeply- 

dipping faulted and folded black shales *hich are soft 

and easily-shattered; it is understandable that elight 

traces of a rock platform nt c. 11 ft. 0.1. have been 

virtually destroyed by froet-ehatter ing.

The maximum thickneos of the periglaoial deposits in 

the vicinity is o. fi ft, in a wedge of head on the beach 

close to the car-park. The lovest deposit iB a thin 

contorted head of shale flakes lyiru$ directly obove 

shattered bedrock. On the lo"? cliff this head ie c. 18" 

thick, but it thickens oouthvarde to attain a maximum 

thickness in places of c. 3 ft. A stony reddish till 

occurs in one or t.vo smell pntc: as above the eliat'.ered 

rock platform; it is never more than 1?" thick, but cor.tp.ins 

erratics of <*11 ehai.es ai.d sizes in a matrix of si It ard 

clay. Lome of the erratics are up to 12" in diameter, 

and the rock-types represented include coarse sandstones, 

Greteoeous flints, und igneous rocko . The upt.-er part of 

the till is Bolifluoted, ar.f : contains head flakes and ler.ses
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Of silt artf Band. Where ro till IB seen in pectlon there 

is generally an Indistinct br*ak between head without 

erratics below, and he*d with erratic? above. In the 

head »edge near the o«r-p«rV tl-ere i? no true till, but 

instead there is a variable hend deposit vith leneee of 

silt and gnvel intorbedded with layers of etony erratics 

and flaky heat'. Thlc upper head ie up to 4 ft. thic'/,and 

is overlain by up to 4 ft. of blown sands.

Interpretation.

The platform remnants on either side of the estuary 

are at similar altitudes, and probably correlate. However 

it ie unlikely thnt ell the remnants belong to one raiced 

beach platform, for the large height range of the feature 

(5 - 26 ft. 0.1.) may preclude an origin untfer one pt-aee 

of marine erocion.

It is valic! to note at this point that the pletforme 

ere out inside tho mouth of the eetuary; the confipuration 

of this coqst must therefore hare been determined before 

the platforms v»ere cut. This incic?.tes th>t the Afon 

Severn must have cut its broad estuary before sen-level 

rose and fluctuated «t the tima of platfora cutting. A 

reconstruction of the cross-profile of tho eatuary reveals 

that the valley-f'.oor is probably gr- c'ed to a sea-level at 

least 75 ft. lover thnn at present (rig. 48). It may be
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related In time to the deeply submerged rock floors of 

Wllford Haven (Codrlngton, 189?), the Hirer Tawe (Jonee, 

1942), and other v*l!eys in south-west England (McParlane, 

1955). It Is Interesting that the reconstructed lon*- 

profile of the Telfl »l*o Indicates « *ea-l?vel at least 

75 ft. lover thin at present (Alien, 1960).

The Incorporation of raised be?»ch pebbles In t»-e 

lower head IP rot at all unueunl. T^ere le ar intimate 

association of he?d «n<? reised beach grsvele et 0»of 

Golohfg, Whites^nds, and el sewhere in v embrokeshire, aa 

at Pencil KocV In Daron ard C*rryvoe in South-Sast Ireiend. 

A phase of rolifluxlon must have followed the formation of 

the raised beacf ; the contcrtione in the head may indicate 

thnt follovintf solifloxion the climate became more severe, 

 vith cryoturb-ition predominant.

Striations and probable polishing of bedrock slabs 

indicate that ice moved onshore towards 160°. In view 

of the similarity of the till with thst nt Aber-mwr there 

is ,<?ood reason to surpose that ths ica was Irish ben ice. 

There is no true calc-ireous till in the section, but this 

is not surprising in vie* of the limited thickness of 

drift and subsequent susceptibility to Leaching and decal- 

oification. The red clay above tha till is not laminated, 

§o it does not appear to be a lacustrine or basal -
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: It. Both gravelly till and reel olay a&penr to be 

deposit? -iSBOoiated with the last glaciotion of 

the areaf ^ there nd beon a later rlaciation there 

would surely be traces of It In this northern cooetal 

locality. In view o^ thie it sepne safest to aeeune 

that the wept^ered 9rr6rr*rc* of tha smoothed rock elabe 

ie simply the result of Ion*' erpoeure to a'.'b-aerial 

weathering.

?he poeitlor. of th« ^rift expoourcr in the i : evern 

estuary irjvit.ce p brief ex«")inQtion of Charleirwort' *s (1 f '?9) 

hypothesis of f;ej»er Trlft t»laci<»l lakes. Accor'Sin^ to 

hie map (Fif» 11 )» ? fo-oplled! Lake f-evern war dsm ed up 

in thie eetuory for o long period during ico-retrest, -'ith 

a lake-level ^^llin.T from over 3CC ft, O.L. to near present 

sea-level. If moltwater hn-" been entering thie Ir-ke from 

a wasting ioe-front in the vicinit.y of I'arrog and also 

from inlanr5 neltva*er st rears, then et least r-ome stratified 

eards and ,c:r?velc or l^ke claye should bs presert above the 

till. There art; no such deposits, strongly su^pesting 

thst 8 larf.e Iske die1 not exist ir, thic locality at the 

close of the last ^leoiation.

The ice-£: tr9':ro of thie inet glsciotion was pe/'hape 

reln+ivsly /e^.k, for it did not entirely remove the raised 

beach gravelt or the thin flaky he< d from the platform



Table III. A Tentative reconstruction of events at

Parrog and Newport Sands (Afon Keverp 

Estuary).

Events .

Decalcification of till 

Sandy loam/head 

Gravelly Till 

Striations on platform 

Lower Head

Raised beach pebbles?

Erratics

Raised beach platforms

Erosion of Afon Severn 

Valley and Drowning of 

Estuary

Climate, 

Temperate ? 

Cold and Dry.

Glaciation 

Mouerate cold ?

Sea-level 13 ft. O.D, 

warmer

Glaciation ?

Sea-level 5-26 ft. O.D. ? 

'-.'armer

oea-level below O.D. ? 

Temperate ?
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surface, and itself left only thin till depoeite. 

Following the depreciation of the area, further per*- 

glncinl notion nppep.re to be re-reeerted by the head 

with erratioe north of the C8tuary t and the eandy loam 

and Interbedtfed head at Parrog.

IB Table III tont«tive S'o^fTeetiono ore made concerring 

the sequence of everts at Parrog and Newport -ande»
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Chapter 5 (*)•

sur I;Y OF CONCLUSION'.

The Factions at £ber-»«vr, Pen leudraeth, and the 

Afon I^overn estuary are representative of coastal exposures 

lying to the nor4 h of the "South ^elee End-moraine". If 

the er.d-moraine ie a true terminal feature of the last 

Irish Sea Ico-sheet, the sections should bear some features 

 vhich are not found further south in tho area of "Older 

Drift" In iembrokeehire.

1. Stratigraphy*

An attempted correlation b«t-veen tha sections described 

is nade In Flf. 49. The best datum for use in this corre­ 

lation appears to be the calcareous Irieh Sen till, .'hich 

is present (in vsryin^ states of preservation) at Aber- 

mawr North -me! Couth and in the Afon Severn estunry. It 

may be argued that the thin gravelly red till at Parrog and 

Newport Sands ie neither thick enough nor pl^ptio enough to 

be called en Irieh Sea till; however, it cnr hardly be 

anything olse, for itc strati.-zraphic position betveen two 

hende ie sir^ilpr to thot of the cnlc-^reoup till at Aber- 

ma-.vr, r»nd there is obundnnt evidence f rthcr cost thnt the 

Irish Sea ice impinged upon the -vholc northern coastline 

of Pembrokeshire.
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Once this till is established ae a dntum, the upper 

head with erratics in the Afon Severn ectuary can eofely 

be correlated with the rubole-drift at Aber-mawr North, 

the upper shale he..d at Aber-mawr £ uth, end the compact 

rubble-drift -vith erratics at Pen Teudraeth. Again, the 

overlying sandy loama and blovn sands at each locality can 

be correlated. Ice-contact fluvio-glacial sands and 

grarelc lie abore the till only at Aber-ma^vr North and 

South. However, there are slight traces of outvash above 

the till at i«rro£, and it J.s suggested that the upper 

Bolifluxion deposits at Pen leudraeth and the Afon Neverr, 

sections contain pebbles possibly derived from old outwash.

Correlation of the deposits beneath the ^rish Gea till 

becomes more difficult, for the complexity of the lower 

head suite at Aber-mawr North is matched nowhere else. It 

seems plausible, however, to relate the midcle blocky heed 

at Aber-raavr North -?ith the lower ehale hend at the t-outh 

of the bay and the blocky rubble-drift qt Ten Teudraeth; all 

three hends are apparently indicative of moe'erntely cold 

and moist pori-'laciTl conri^ions. The ptrfttified flaky 

grovels at /,ber-on*r North may exist beneath the preeent- 

day storm-beach at Aber-mawr -outh, and they peem to be 

related to the fine flnky bedrock ead on Fen Teudraeth. 

The weathered horizon nt Aber-mawr North may be related in
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time to the rottod lny«r of silt and bedrock fra^erts 
at I en Doudraeth.

The raised beach pebbles at i-arrog hnve no correla­ 

tives in the other sections analysed, but the similarity 

of the drift successions lying above the raised b>.»ch 

platforms at Ten Leudraeth, Parrog, and Newport Sande is 

well-marked, suggesting that the history of drift deposition 

at each locality hac been broadly eiuiilar.

2. Variable drift thickness.

While the drift successions of the five sections 

correspond, some comr.ert on the variable thickness of 

deposits may be rnndc. For example, the section at J<ewport 

Secdo (which is seldom over 4 ft. thick) dicplays a very 

similar four-fold drift division of lead - till - head 

•*ith erraticc - blo\vn sands as Aber-ma-vr iNorth (vhero the 

drift io at least 4C ft. thick). At Aber-ma,vr the complex 

lo'ver head series, which is ovor ?C ft. thick, uppeors to 

correlate with the lowest heei1 at jarrotf, «'ich is every­ 

where lees than 18 M thick. This cifcorepancy is poesibly 

due to a great difference in "solifluxion potentiTl" from 

one locality to another; at Aber-mawr the steep rock walls 

of the old valley 'A-ore particularly favourable sites for 

eolifluxion, vhile at Parrog the gentle surface slope (less 

than 4°) above the rection and tho lack of a marked break
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Of elope for c. 200 yq-ds inl^irl may hove precluded 

solifluxion. The ne*llsible thickness of till at Parrog 

does not present a great problem, for the locality lay 
directly in the pnth of the advincinflr ice; in such local­ 
ities in Pembrokeshire till seldom apreirs to hare been 

deposited thickly. On the other hand localities in the 
lee of headlands or in volleye running transverse to the 
direction of ice-movexert are oft3n filled Tilth thick till. 
Aber-ma*r North vas one such locality.

3. The node of deposit ion of eome drifts.

In the foregoing studies several points have been made 

concerning the mode of depoeitior of some of the exposed 
drifts. These pointr may be euciarised as follows:

(a) In vio-v of the limited thickness of the calcareous 

Irieh Sea till ir<? its stratigra^hic position above 
relatively unrieturbec head deposits «tt all the locol- 

itiee studied on this ooset, it may be aufrpected that 

the ice-stream vas rather weak nnd the glacietion 

perhape chort-iivec*.

(b) The ir.terbedding of fluvio-glacial sards and ^ravele 
and till nmesee nt Aber-ma^r indic^tefi th°t stagnant 

ice -vae probably present while theee deposits were 

laid dovn. It seeras reasonable to propose that on a
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email scale, at least, loo-wastage In the area -vae 

by disintegration of Ice-masses in oltu. rather than 

by the retreat of a steep loe-sheet f.-soe, as envisaged 

by Charler.vorth (1929).

(c) The nature of the "Upr-e- Bouldor-clay" or rubble-drift 

is revealed from eviderce *>t Aber-aawr North and Pen 

Peudr^eth. There is reason to suppose that it is n 

mixed and variable sollfluxlon deposit which has Incor­ 

porated haad fragments nnd remnants of outwaah gravels 

and till. There is no reason to suppose that it is 

the deposit of a ^eleh Reac'vanoc.

(d) At this point it may be torth noting that there is no 

evidence in the ooastnl sections of the Afon ' evern 

estuary in favour of a "Lake r-evern", as postulated 

by Charleuworth. There appear to be no lacustrine 

deposits in the sections studied.

4. Sviderce for cllttitio fluctuations.

In the nn^lyria of the drift sections eevenl suggestions 

have bean Tnda concerning c lira tic f l'jct';-itior,3.

The climate daring the fornintion of the raised beach 

at itirrog was probably comewhat warmer thin thrit of today t

1* Charleeworth's hypothesis of glacial lakes will be 
examined ic dstail in Chapter 1C.
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for unless thero IB tectonic or ieoatstio interference 

a high sea-level is poecibly a reflection of high inter- 

glacial temperatures (?«est, 1963). Therefore the raised 

beach ;n*y ba a representative of an lnterglaoi.il period.

Following the formation of the miser1 beach, three 

Ttoin climatic phr-aae appear to be represented at Aber-mawn

(a) n Ion,- periglnci-.l phace, itself divisible Into 

a period of waxin" cole*, a period of severe 

awximuai cole1 , <*nd a period of waning oolO. This 

may be called the "!*ain perislacial phnse".

(b) a gl.TCiol phase of licit 3d strength.

(c) a shorter perijlacial ptase of rnod^rate intensity.

The evidence from the other sections suggests an 

identical eeiuer.ce, r»nrt although there is little strati- 

graphic evidence from the Afon Nevern estuary for the 

climatic fluctuations in the mt;ir pariglacinl phnse, the 

thin contorted head doee seem to indicate a period of 

moderate cold (eolifluxion) follo-ved by severe cold (frost- 

heaving) •
The weathered horizon above the lowest head r»t /.ber- 

mawr North invites some s eculatior. The phase may hove 

been a short interruption of peri/glacis 1 conditions, snd 

nay thue have coincided with a rother lower se-n-lovel thnn 

•t present. It is tomptin^ to eu-^-est t ot the vood frag-
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in the till above were derived from a foreet vhioh 

was growing to the north of the preeent coast-line at 

thie time| tho treee would certainly not have grown there 

during a cold periglacial phaee, or at the peak of an 

interglftcial stage* when eea-level may hftve been too high, 

un the other hand the wood nay have been derived from a 

submerged foreet dating from the beginning or end of an 

earlier interglaoial.

5. Table of Correlation and Interpretation.

The points mp.^e rbove, concerning the correlation 

of sections and the inter rotation of sea-levels and 

climatic changes, are suninarised in diagrammatic form in 

Table IV. In this table ro attempt is made to represent 

the relative thickness of Ptratigrovhic horizons, or the 

length of time .vhioh elapsed during any particular 

depositional phnee. The earliest events traceable are 

plotted at tt.e bottom of the diagram, tnd the most recent 

at the top; the inoct westerly locality is plotted on the 

left, snc tho moet easterly on the right.

1. There ie a e»taTierped forest in '•her-mq-'r Boy today; 
it prcbnbly dntes from the eubmer^ed forest period of the 
present interfrlaclfil, vhen een-level WOP lo-*er thnn at 
present. There is no reason why similar forests P 
not hove ^ro^r in thin locality in the enrl" parts of 
previous interglacials.
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It is realised that certain pnrte of the table 

(especially the interpretations of sea-level; ere directly 

contradictory to some of the theories widely accepted in 

the literature. ilo-vevar, in a ntudy of this type it is 

preferable to interpret sea-level and climatic fluctuations 

purely in the light of field evider.ce, without refererce 

to a preconceived scheme of everts. Later in the thesis, 

when a Pleistocene chronology for Pembrokeshire hae been 

proposed, it *ill be worthwhile to assess the relationship 

of this chronology /<ith other schemes.

The lines of reasoning behind the interpretations are 

simple. The drift deposits are correlated ae in Pi/?. 49, 

and the interpretations nro surctimrieen from the text; 

however, the lower hal*" of the diagram may need some explan­ 

ation.

(a) The LrQJeed. Jfe^ch platforms... As surpept*»d in the section 

on the Afon NeveT eetMT.y, t>o variations in altitude of 

the rock plfttfcme mey irply th^t they were cut nt different 

tl^ee by a fluctuating pep-level. There is no evidence to 

surest thrt »11 th» pletfo'^-cvt-tir.^ *»PP nchieved In one 

Irter^lrcial; tbe proceep inry have eprnre.^ sever*?! irte-*-

gl.icifils.
The reised beacu r>»bhi«o ».oe-fi r r. or the platform at

Parrog may have been deposited by the int-rglacial eea vhicK
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cut the platform. However, the presence of errotics in 

the beach invitos ooma speculation. If, os seers likely, 

they »ere introduced by a <* lactation *hich prs-d-^ted the 

deposition of the beaoh pebbles, t*o popslblllties amorce:

(a) This ^arly glacistion pre-doted t»-e cutting of 

the platform, so that «ny erratior on the plat­ 

form nuet be.- derived frotr older glaeifl deposits.

(b) The e^rly glsciation intervened bet-jeen the 

cutting of the platform srd the deposition of 

the raised beech.

Some difficulty it- ercountered ir case (a), for it requires 

erratics to have been preserved ,-it th* r*»ifed beach site 

throu/ihou* 2 pro longer* period of pi»t form-cutting *hich 

may have lactod for r*».ry thour?prda of yeere. TIio secord 

case, therefore, apiear- to hsve itor«? to comber f, it, for 

glacial deposits actually resting upon a pre-existing 

plntforra (as at (^vbert and Ogof Golohfa tod?iy) will provide 

abundant erratics for incorporation -n the raised beach, .If 

sea-level happens to rise to the old platform-level. On 

this basic the postulated early glnciation ir plnced terta- 

tively between the cutting of the rained beach plntform and 

the de^opition of the raised beach.

This is suyported by the fact t.} ~t the Pen leudraeth 

platform is apparently truncated by the wall of the Aber-



oa<vr valley. There is some evidence thwt the valley may 
hnve beer cut during: the glacietion which introduced the 
lowest erratics at ,ber-mawr. If this glaciation was the 
"e.-irly glaciation", ac euggeeted in the table, ther> it 
follo.vo thst the platform must have been cut even earlier. 
In view of the doubt concerning the ncture of the Pen 
Deudraeth platform enc' its position, it may be beat at 
present to treat the above augfTeation -vlth caution until 
it ia aupported or oontradioted by other evidence from 
elsewhere.

(b) The Afon Severn Valley, "'fie Afon iNavern valley 
definitely pra-dat-ef the Parro/r rock platforms, ^nd appeara 
to heve beon graced sub-perinlly to a aea-level ^t least 
75 ft. lower th«?r. at p^flent.. The gentle, open slopes of 
the valley eifles <?o rot eeem to indicate erooion by glocial 
neltwat.ere (M°te 15). A prolor^ec1 perior of sub-aerial 
river-erosion, hoover, prepu^pbly require? r.n inter- 
glnci-'l ]^erlo<?; °t puoh r tiir<=, »&e\vrtr? relative stability 
of the lan^-ne?, pee-level fheulfl theoretlo^llr be high. 
It may be beet to ssruice thrt ths vallsy ic in ancient 
feature 'hich pre-?ntcc the eetablish.T.ont of the present 
const-line and the cuttin" of the raised beach platforms; 
It if therefore pine?-* r* *h" ^~c. of *hs t-ble, prior to 

two glacl«tione.
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The /?o of the

The relative age of the North PerftroVeohire coaetal 
drift? IB rolntivoly Dimple to determine. Clearly the 
cnlcpreoue till tauct dste from the last glnclation of the 
area, «hlla the erratics in the raised bench *nd head 
deposits ngy dote from or earlier glaclation or glaciatione. 
There appenrp to be rood evidence that nn Ir^er/'l qcial 
period intervened bRt^e«n the lf?8t t-vo gleciatior.s. Al­ 
ready it flermn r-jftfionoblc to ouppoee that the last glecla- 
tion of North Pftnbrol'^shire m?;/ be eynonyTnouo vlth the 
"Last Glr.ciotlon" of Britrin, for the tills ere leached 
to no grent derth nrd hpr»r deroeitp nbova them are thin. 
If tho "Ltst Glpcirtlon" is rej-reeerted in the sections 
by the upper heac1 only, the licited thickrees of this head 
must £ive riee to socie niacivings. However, ft this 
stage pny r4ttempt at absolute d=itin^ will be unwiae, and 
some oonfupion over terminology may be preventer1 if the

of Percbrokephire ore enpirned local r.o.rtiee. 

Perhape the ^laciation «hieh introduced the erratlce may be

1. In Irvil;^.d Ir. i-'«rrii.^tcn (19^'y proj'csed local 
for the glacial stogee of Co. w icklo-? which h«ve subpe- 

iiieoc vvic'ely-accapted anc' correLr.tec' • ith glacial 
eleewHert-.
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culled si*ply the "EARLY RLACJATIOH" 1 , while the last 

Irish Sea Relation of North Pembrokeshire may be called 

the "DEWISLAHt QUOTATION", ueinr Aber-mawr -se « eample 

locality. These wares are not proposed out of any 

desire to increase the multiplicity of terms already 

existing for glacial nta^rep in Britain, but baonuse «t 

the moment the use o* IOCT! t<»rn>8 mny minimise the risks 

of ma\lnft rash correlations before reliable criteria have 

been established.

There apt>«ar to be no deposits in the area which pre­ 

date the Early Glaolation. All that can be said concerning 

the age of the raised beach (Sepooitp is thst they were 

laid do<vn botweon the t^c glaointlona. °n the other hand 

all the h««d in the sections nay be related to the wtixin^ 

and waning phases of tha Dewisland Glaciation.

The eu^^estione uiade above concerning the correlation* 

inter retstion, and a^e rolntionebips of the drifts and 

other coast*I features of North ^enbrokoshiro must be very 

tentative at this et.agej how over, thoy appear rotonable 

in the li«ht o* the field •vidariCv;. TJ-.e sequence of 

events proposed iii Table IV may be used ae a *orkiag hypo- 

thesis during the examinations of other coasts1 sections in

w«l*s, in the following pages of the thesis.

1. D.Q. flowen (1965) has used the term "Early Glaciation' 
for the glaelation which introduced the erratics to the 
Cower raised beaches.
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Charter 5 (B1). 

THE DRIFT Ei-lrOSJRES AT HIT^SAMIS.

In ^hitesond Bny , the most vesterly sandy bny in 

Dewisland, t-ro Ion,? expoaurer revepl important strati- 

graphic erider-ce concerning the Pleistocene period in 

Pembrokeshire. Two t)«3or drift cliffs, one to the north 

and the other to the south of *he car-park, are close to 

H.W.K., and are kept fresh by wave-nttack. The two 

exposures were separated originally by streara-erosion, 

and the picture ip further complicnted by the presence of 

mnde-up ground in the car-park. Since the exposures are 

not strictly ooirr^rable, it ie difficult to tie then to­ 

gether 8trati«raphioally.

The eectlon -vas first rrentionsd by Prest^ioh (1P9?)t 

who noticed th-nt eouth of the ccr--«rv there is an exposure 

of raised beach 3rd blown ear.d sealed ber.eat v head. In 

1904 Jehu risited tho exposuree, ard in his pa:er t v ere 

are llluetrationr of the sections at the north «md south 

ends of the beach. There is till to the north of the 

streau and head to the eouth; he included both drifts in

1. hitesand bay stretches from ~t . ^avid's He>cl to loint 
St. John, at the northern erd of Parr.s«y Sound. The local 
term " .hiteaar.ds" is used for the main sandy beach in the bay.
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his overall cnte^ory of "upper boulder-clay and rubbly-drlft", 

Green (1911a) gave a section from the south side of the bay 

as followss

5) Blown sand.

4) Head.

3) Lenticles of blown aond.

2) Boulder-clay with varied erratics.

1) Layer of rreet boulders.

Cleaved Cambrian rock.

Since the investigations of :?reen, only Cox (1930)

appears to h/*ve mede more than a passing reference to the

driftr qt hiteesinde.

(A) The Northern I-rift-Cliff,

At the northern end of the beach, ^here the coast 

curves towards Trwynhwrdflyn her>dl»»r<*, there Is a drift 

•XDOSure c. 4C yards lon«?. The moximum thickness of the 

drift Is c. 15 ft. where It is seen In contact with bedrock; 

the section decreases in altitude to c. 4 ft. at its 

southern end. The stratification of the cliff is shown 

In Pig. 50.

Bedrock. Bedrock at this point is of vertically-dipping 

tandy shales and thin h^rd sardrtone bnnde of the Lin^ula 

Flags (Upper Cambrian). Humnocky ,ind otrinted bedrock 

shales nay be se»m (Jehu, 19C4) and the greater part of
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th« rook surface above the reach of storm-braves Is polished 

by loe. The beet striated slabs may be found 'vithln 4 ft. 

of the corner-pole (Plate 16A). Jehu noted that the stria- 

tlone commonly Indicate ioe-movenert from the north-west; 

in <?ener«l, this IP true, although otri^tions may be found 

on the slabs trerdin? nt all orientations betveen 100° and 

160°. There is cone evidence of an older set of striations 

trending 180° - 23<"°, with the most cosrr.on direction c. 223°. 

These mny rerresert local swings in ice-movement in sym­ 

pathy with bedrock and coastal configuration before the 

ice-stream became dominant in its movement towards c. 133°. 

Near the corner-pole the rock purfaoe has the appearar.ce

of a rook platform c. 14 ft. O.I1 . t although it ie not as 

convincing ae the platform mentioned by Cox et al (1030b) 

from eouth of the car-park. On the "col" of Trwynhwrddyn 

headland there are trncee of a much-shattered platform st 

14 - 17 ft. O.r. Further platform remnants are founc1 at 

c. 14 ft. O.P. vest of the stack in P»vlluo£ b^y, **nd there 

are elight remnants of * higher platform on the cliffs 

around the bay at c. 25 ft. O.T.; however, all tbeee 

remnants -re intimntely associated with Joint-plnnes in 

the bedrock, eo they may be unreliable Inrticntors of pnst 

sea-levels.
Between the corner-pole and Trwynhwrdryn headland there
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are no traces of a rock platforu, but above n loir cliff of 

Pteeply-dirplnc soft shslea the strata are seen to be 

"over- folded", with rook fragments carried towards 145°. 

This could be a rolifluxlorj effect, but the direction of 

the "folding" seeme to indicate r«ther the Influence of 

over-rid inr, ice. Thip Impreesion ie reinforced by over- 

folding on the olifftops pbcve Craig y Creigwyr In a 

direction c. 90° different froar the rludge sector. A 

similar distortion of bedrock beneath Midland General till, 

and attributed to ice-movement, is seen at Sutton, Oo. 

Dublin (Stephens and Synge,

1. L.o'.'eot Shale r !eqd. In the mnin drift oection (Pig. 5C) 

a thin wedge of well-strptif led head is aeer. overlying the 

polished bedrock and underlying cnlo^recue ohelly till. 

The herd is up to 3 ft. thick, arc io n gravelly deposit 

consisting largely of small fiokee of bedrock shale but 

inoorpo rating some foreign pebbles. Jt ie non-calcareous, 

and display? ^ode vite pseado-strutif ia-ition. The -.vodge 

occupies the sane stratigraphic position as the trill of 

bedrock fragments beyond the "over-folded" shale beds, nnd 

JJL*-'!^11 itliltt'ii* mi u*'i-in in the clifft- 5C yprde to the north 

angular contorted hco.d is eeon in bedrock hollows (Pig. 51). 

In other pl-?cep alro, H gravelly ; ••jod-like deposit Is found 

lying on the rock platform bereeth till.
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It nay be significant that clearing of the overlying 
head and washing of the polished rock surf nee In the Train 
drift exposure ravelled that etrlntlonfl pass beneath the 

head (PlPte 16B). This situation le mnteMd *t Hin^tbella, 
IB Southern Irelard, where strlatlone and jflactsted channels 
on a "pre-gla?l»l" raised beach platform are seen to pees 
bereeth a supposed '-

2. The Calcareous Shelly Till. A wedge of calcareous 
shelly till up to 4 ft. thick overlies the head above the 
lowest bedrock exposure In the nort'-ern drift-cliff (Fig* 
50). The till IB generally blue-^rey ir colour, although 
at Its upper and lo-f r mnrgine a few irohec are c'ecelcified 
rnd coloured red. •'•'he till is crocked pr:r frcctureci; it 
appears to be fienile, CMC ei,^r.e of layering are seen here 
and there. The till mrtrix in etony -jrd gravelly, ace" its 
upper margin frac'ec through a stony dec^ Icified Inyer up 
to 2 ft. t.hic v into tl:c overlying rubble-drift. Ae Rt 
Aber-fflswr, the cnlcnreoue till does not form an unbroken 
horizon. It IF tercinnted t-bove the upper part of the 
"head" wedge &nC replaced by e*or.y non-en lo-.roouo till in 

contact -ith bedrock.

3. Upper : .u'^ble-drift . This rubbl«-drift ottains a 

fflaxinum thickness of o. 1? ft. It ie sandy ond gravelly,
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arid 10 full of locally-derired angular atones nnd rounded 

erratic*. On the northern port of the nnin section 

there are traces of interbedded sands an<5 gravels. Stones 

ere generally undir 12" in di«neter, although some igneoua 
striated boulders up to 3 ft. In dinr.eter protrude from 

the face of the cliff. The angular boulderc which aske 

up the fltorro-bench at the base of the section are largely 

derived from the rubble-drift. "here the cliff is c. 8 ft. 

6" high a boulder over 6 ft. loner, recte upon the storm- 

beech; itr upper fo.ce ie covered -?ith etriationo, and it 
hap clearly fallen froa the drift above. In the southern 

part of the main drift section the proportion of bedrock 

fragments seers to increase, find pseudo-stratification 

gives the impreeeion of soli fluxion.

Rear the corner-post the rubble-drift attains a thick­ 

ness of c. 10 ft., and Rnsuraas a more variable nature (?lg» 

51). In a antpll 0ul 1 v lies a w^dfije of severely-contorted 

hend, overl-'ln bv n reddish gravelly deposit •fhich contains 

striated etones; the reddish deposit is nor-celcnreous and 

contains msny fl c:ky bodrock fra<?met!te, but it aT>ne*rs to be 

related to the c=.lc°reous till in the main drift-cliff. 

Above this deposit is * leyer of larg*^ i/5n«?ous boulders up 

to 3 ft. thick, which is in turn overlain by a stony head 

with striated erratics, and then blown



176

4. Tha Blo?n Sard. The whole drift exposure ie capped 
by a deposit of blown sand which at'nins a thickness of 
3 ft. in placae. Here and thero it is aevorely-Fleyed, 
and it hae been .v^athered and disturbed by soil-forming 
proceed es. It ie non-cs-nenteo, -one ie similnr t.o the 
Bands in the stabilizer! sar>d-dur.e& south of the c:>r-park. 
Its surfaca is completely vegctrted today. At its br>se 
there is occasionally • "l*z corcertrate" of large angular 
and rounded boulders arc! pebbles*.

(B) Trwynh-ffTddjp Promontory*
At the bsse of the Trwynhwrddyr Ironontory, where the 

psth descends front the cliff-top to th« rock platform, 7 - 
12 ft. of drift if? exceed. Seen from the north side, the 
d ;poeit conpieto largely of email flekee of bedrock in a 
rich brown sandy matrix. Jehu (19C4) eaid of the locality 
"....the drift Phowe o rourh sort of stratification, and 
hee much sandy anc pebbly material intermingled -with the 
boulder-clay", (i . 75). On closer examination, this 
etr.'tification is seen to be restricted to one horizon, 
which makes up the greater part of the exposure (Fig. 52). 
Above nnd balov the eandy and gravelly deposit there are 
core variable drifts, as indicated in the sketch section.

Seen from the south, the drift requerco on the proraon- 
tory is oomewhat simpler, and the lowest contorted head ie
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cot exposed. Instead, up to 5 ft. of stony ?nd gravelly 

non-caLcareoue till IB seen to lie directly upcn the 

broken platform surface of eoft shales. The till iteelf 

contains a few bands of fine sand, but IB overlnin by o. 

3 ft. of reddish sands ond flaky gravels.

(C) .'hitesands .cuth.

To the south of the broad, jpen "•'hitesands Vnlley 

there is a long exposure of head deposits lylnff nbove a 

raised beaoh. 3inoe freotwich mentioned this section in 

1892, it has been -.yell-known to gerarations of geologists 

for the erratic boulders roetin? in the raised beach and 

on a shattered rock platform (Greer, 1911a). The drift 

succession over the greater part of the drift-cliff arrears 

to be th«3t euwested in ui«?. 53A.

BedrocV. A few ynrde to the eouth of the oar-park bedrock 

emerges through tha pebble-beach} its s.'^ttarod surface 

steadily rises in altitude eastwards until it is exposed 

as a hi^h cliff near the steps at t v:«» soutVerr er.d of t»-e 

section. Upper Caibrian soft ehalee nrd sar^stonee are

••en to dip otea'ly to-tnrde the north; however, the 

exposures are frequently trucpte<* by *r ur^ulRtln*; rook 

platforu surface which is generally ^ 1C ft. O.r. This

•urfwce ie bc^!.v-shattered, ard orly vhere t>--e drift-cover 

has recently been removed are freeh slabs esen. Slabs
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are occasionally polished, apparently by ice-action, nnd 
etriatione ado weight to this view. c'trietions are poorly 
preserved, but several may be ri«cert?ed trerdin# to 
between 115° find 190°. The clearest strlation trends 
to 135°. and etri»tione on ft large erratic block ~hich 
appears to be in eitu trer.d towards 128°. On one rook slab, 
just above H.W.M., there is a series of deep gouges 
apparently unrelated to the cleavage of the shale bedrock; 
it ia possible that theae features, like the etriations, 
are legacies of giaciatioc.

1. frar/fe round** d boulders* Reetlnp on the rock-platform 
and embedded in the banal depositr of the drift-cliff are 
large nuirbere of well-rounded l.^naoue bouldere. These 
bouldere a?\y be up to 3 ft. in diareter, although aost are 
under 12" in dlamete- . Mnny of the boulders are of coarse­ 
grained igneous rocv similar to th->t of the St. Payid's 
Head - Carnllidi Intrusions (risd*»r, 19^5) t although they 
ehoT much vnriotior in /rrain-sl^e. One or two of th« 
large boulders -vhlch ap^er.r to hnve been over-r.'n by ice 
are striated, but I hove not eean ctrintlons on the boulders 
and pebbles which are securely en»b*»d< ed at th* bone of the 
«rlft-«lif*.
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2« Basal Deposits. The lowest drift deposit et '*hite- 

sando oouth is a thin heavily-rtained layer of head and 

rnised beach material set in a sandy matrix (Plate 17A). 

It is exposed in several short sections, in each of which 

it rests directly upon the rook platform. Generally, 

there is a lo'ver layer of bedrock fragments, beach boulders, 

and iron-stained sand beneath a layer of disturbed head 

•*ith rounded pebbles, which is stained by manganese oxide. 

The combined thickres»e of these two layers is seldom more 

than 9"» In place? boulders and head fragments are 

cemented to the platform by iron and manganese oxides. 

There do not appear to oe any traces of raised beach in 

situ.

It is interesting that these basal deposits lie in 

exactly the stratigranhic position of Green's "boulder-clay 

with varier errntics" - i.e. spparer tiy e bove tfe large 

boulders and beneath blo^n sand and head. I have found 

no till at ^hltesonds South, and it is possible that the 

boulder clay of Greon vas in fact the bseal suite of deposits; 

however, it le quite possible that till was exposed in the 

locality in 1911, but has since been removed by vave-attack.

3. Stained sard. At the south err. end of the exposure 

(Fig. 53B) n wedge of octree red-staired sard lies above 

the basal deposits and bereath shale head, as firoired by
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Preetwioh in 1892. He interpreted this deposit as a 

blown sand, as did Green (1911a). It contains blooka 

of ahale bedrock from the old cliff-line, and aleo some 

lenses of fine shale head. It attains a maxima* thick­ 

ness of c. 8 ft. In view of the fact that it is stained, 

it may be related closely in age to the severely-stained 

deposits below.

4. Flaky shale bead. Overlying the stained sand at the 

southern end of the section and elsewhere resting upon the 

basal depoeits or directly on the rock platform is a fine 

flaky head of chale fragments (1-late 17B). Jehu (1904) 

called this deposit a 8Ri;dy and earthy rubbly-drift which 

is "choke-full of scisll flekes of slaty and other rocks, 

which have a rude kind of arrangement , especially towarde 

the lo.v^r jart". U . 75). limbedded in the head are 

rounded panoios find angular erratic blocks, so that compari­ 

son is invited vith the lo*er flaky gravels at Aber-ma^r 

North. The shaie fragments in the he»d are seldom more 

than 2" in diameter, although they appear to be somewhat 

larger Just nbove tho basal deposits. The heHi' hee a 

maximum thicktiese of c. 1C ft., although slumps of biovn 

sand over the upper part of the drift exposure soay mask 

a somewhat greater thicknete.
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5. Sandrock. On the main part of the southern drift 
oliff the head is overlain by up to 6" of eandrock. In 
places it has resisted erosion and protrudes from the 
drift-ffloe above the head, and here and there blocks 

have broken off and elumfed dovn the drlft-fooe. The 
deposit thickens inland and near the caravan-park sand- 
rock outcrops through the blown ennd in places,

6. Blown liar.ds. The southern drift-cliff ie capped with 
a, variable thickness of blo*n sand, which passes inland for 
almost a mile at the .Burrows. The sanc's riie to an sitit- 
ude of c. 2GO ft. near Jam Croes-vriifl. The undulating 
surface of the dur.es is now largely vegetated, although 
there are a few email blo?-outs close to the coast. It 
ie interesting that Green O911aJ recorded a hard-pan, 
"marking the site of an old marsh", at a height of 14C ft. 
on both sides of the .-'hitesande Valley; unfortunately he 
did not state whether this hard-pan occurred in or bereath 

the blown eande. It is possible that this hard-pen cay 
have been simply a higher exposure of saudrock.

1. This deposit., strictly termed an "aeoll^n o«lc«ror?ite", 
is prooably a cemented clown sand. It io conuuonly found 
In association »lth heart deposits on the North const of 
Devon (Stephens,
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Correlations!.

There ere difficulties in correlatinr the sections 
which lie to the north and south of the CT-park, but 
thlc is attempted in Fig. 54.

The three sections to the north of the valley are 
themselves difficult to correlate. The blovn sand is 
an ea?ily-recogn;zsble deposit which has a characteristic 
grain-eize curve (Fig. 55); it occurs above all four 
sections, and so car: be correlated with ease. Similarly 
the upper heads at Trwynh-vrddyn and the gully eeem to 
correlate with the upper rubble-drift in the northern 
drift-cliff. The line of boulders above the gully ie a 
c unterpart of the boulder-bed above the ca_careoue till 
at Porthmeltfon, and is probably a glacial deposit related 
to a decalcified Irish Sea till beraatl. This redd eh 
till could conceivably be a much older depooit, but it is 
Iter than 5 ft. thick and its complete decalcific«tion may 
be attributed to its particularly moist situation; the 
gully appears to collect much of the sub-surface drainage 
of the clifftop, for even in dry weather it may be seen 
streaming with water. The low r head in the gully appears 
to correlate eatiefactorily with the lo-ver shele head in 
the main cliff.

Th« glacial deposits at Trwynhwrddyn are more difficult
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to correlate, for two till masses appear to be represented 

there Uig. 52). The upper till mass could be interpreted 

as the equivalent of the Irieh sea till, with the lo*er 

mass of greater age. This appears to be supported by 

the fact that the loA-er till mass is very thin (not over 

9" thick), and appears to be leee atony than the upper 

mass. Hovever, if the lover mass does represent an ear­ 

lier glaciation, it should be separated from the upper 

till by head or other sub-aerial c-epoeits from a succeeding 

warmer phare; this is not the case, for the s*am?y end 

gravelly drift between the till masses is beet interpreted 

as a at*ined outwaeh deposit, incorporating till and older 

head fragtner.ts. Furthermore, it is not necessary to as9i*jn 

the tille to different glaciatione, for they are weathered 

In very similar fashion, their erratic contort ie similar, 

and they are not separated by a vestherinu front or eroa- 

ional break. It is logical to assume +,hst the tills, and 

the eancy out.vaeh between them, sro the proruct of one 

glaciation, and therofore correlate vith the Irifh Lea till. 

If this correlation is correct then it io best to corre­ 

late the lowest head at Trwynhwrtfdyn vith the lowest heads 

in the gully and in the m*ir drift-cliff.

Correlations PCTOSP the volley fron 'VhiteBards Worth 

to WhiteeandB ; outh are more difficult, for there ie no till
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in the southern sections to use es a datum. The only 

pafe correlation appears to be at the top of the sections, 

where blown sand ir a common horizon. Be-eatl the blown 

sards, however, re.^1 problems are encountered for it is 

difficult to cay whether the flaky hesid ot '"hitesande 

South is the en.uiva.lert o* *he upper rubble-drift in the 

northern 6 rift-cliff. It it is, why is it overlain by 

sandrock, and why is it not underlain by till?

The fl?ky hesd at "'hitesar.ds South sprearr to be a 

close equivalent of the flaky gravelr et . ' v"=?r-maTr Worth, 

which lie bereath the Irish Sea till; but if it is corre­ 

lated accordingly .vith the lower head at the eiir. northern 

drift-cliff ona has to explain the apparent abser oe of a 

euite of jplscisl deposits from ^bove the ' - ead. It is 

unlikely that the s.^ndrook ir, the o-iuivalert of the Irish 

Sea till lese than 3CC yards to +ha north! On the 

contrary th« eandrock is a thin deposit, vhich may represent 

a previous generation of blo.vn sand o~ else simply a 

"fossil" water-table.

Perhaps the problorr. vill be solved by referring to 

Green (1911a), who record.id till from beneath the lowest 

sand lens at "'hit-ssondc South; if *.h<? Irirh Se-i till is 

wedored out in thir position .In tho F trati.^rn.ohic oolumn 

the flaky head with erratics must be the correlative of
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the upper rubble-drift (Fig. 54). The presence of 

annular erratics in the head support this int -pretntion.

TVo sand itself ia difficult to interpret. Since 

it ia interbedded *it v: hsad fragments it lo logical to 
suggest that it accumul->ted oub-aerially undor cold, 

arid peri^l^ciaL conditions - i.e. ia n blo-m sand. How- 

tver, if it ia related to a destroyed till deposit, it 
could be interpreted in pqrt as

Interprets tiorr .

The lowest head at hiteaarde Uorth (Pig. 56 No. C) 

is a difficult deposit to Interpret. Itn ori ntation 

diagram has the dominant 30° sector within 1C° of the 

sludge sector, apparently juetifyin<? ite interpretation 

as head; hov^ver, t u ere gre only 3<>X of ?+ 0 res ^n the 

dominant 30° sector, and th* diacrcm is urucual in that 

it has a atrong trnnpverse peek. Furthermore, stone- 

counte frotr. the vedge of head in the rorf-srr drift-cliff 

rovealed th°t 3f;r of atones in the drift -ra strinted, 

while only 76, of the stoner are derivad from the immediate 

upslope area (Fig. 57). *hereas the r.ear. clissreji for 

North i-ernbrokeshire heads has 58? of an^ulir stcr.eE, this

1. For comparison *ith other head diagrams, see Pig. 2P.
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<5«poeit ha* only it?' in the crtesory, BU? *eetin<r thst 

the Btcnes h^vc brsn ;:breded durlr.p tranFvort. There 

are 6,' of rounded pebbles in the deposit, most of ^hich 
sre erratics.

When it is borr.e ir. mind that stricter1 bedrock 
appear? to pfise beneath this h*nd, there do ee^tc to be 
grourdr for evr^eotirf that It lc er old heed re-deposited 
by ice (pcrh«pe RP * bap»l till Irrcr). Or the other 
han<?, if the errrticr wer« ir^.roducpd Irto the heed 
durit" trrrrport pt the br>se of r flecier, it could 

furely rot hnve retrlre*' It? preferred ortrrtptlor. 
{'tratl-rcrhic?lly, the herd Jr the Pr;u1rp.lPrt of the 

Ic.ver heed BUi-*e -^Ith errrtioe et /.bcr-rw^r, and the 

rceslMlity nurt be borne ir rlrd t^nt the hend ie ip 

t-itu. If thlc ie ro, then the errpticfl enc3 th.o bedrock 
ctrie.tionc mriy dcte from the Early Glccifitior.

TV.o fiolr1 intcrrr t»tion of the Irish Sea till ip 
confirmed by fnbric rr^lyrer. Prom ?ir,» r>: * this till 
ie seen to heve € PorreThnt ehollo^er (rr?in-8ize curve 
tfcisr the A ber-e?-r Irirh fea till (ree Fi". 41), but it 

ic cowpnreble to the curve for cclcrrecus till from nearby 
Porthrcelgen *rd s^pe^rs to be einply n cravelly fncies of 
the till. Ite curve ir> reverthelece ;uite distinct froa» 

that of the rubble-tfrlft , a-hich hp.s only 21.1^ fir.ee



187

compared with 32.9#in the calcareous till.

Although the exposure of calcareous till ie smell, 
three preferred orierlftt.cn coutte were undertaken at 

thi9o epot Bitec. i^ach count yiol<?«d o very different 

result dig. i>8), /.ith only no. (3) cieplayin*-: any eort 

of affinity with the direction of icc-moveoor.t ae indic­ 

ated ay 3tri«tion*. However, even thie ciiegrai: ht»t its 

dominant 3C° sectoz dipping down-glacier, anc the diagram 

appe/irs to have been Influenced in part by colifluxion. 

In diagram (2) there i£ a clote relationship between the 

dominant 3^° sector cnc the sludge bectoz-, while diagram 

(1) has a cominsrt 3C° aectir which ie &pparantl> related 

to neither tlie eluo^e-sectoi nor the- direction of ice- 

movL:..cnt. This great variation in prelerred oriertr.tione 

within one small exposure must be dut in pnrt to local 

sludging anci clucping during deposition; this sludging 

may have cecr. controlled in part by the un^crlyin^ bed- 

rook surface, and in part, by the configuration o<" read-ice 

maaces boueath the till. l'J.er-3 ie no eviuer.ce t!.-.t the 

till lias been 'plastorec" (i.'oliet, 1141}.

I he up^er j-ubble-crift at -hit«s^i:.r.£ North is a 

highly variable copoeit. From the curnulr.tivi- cur/e in

5>'j it will be aeer. thnt i* ir cocpnri.ble in p,rain-

couposition vith tlie Aber-mawr rubole-drift, with a
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coarser matrix th n the Irish Sea till. However, it 

gr&dee gradually upverde from thie till, and t^e boulder- 

beds and sand 9nd gravel lenses within the drift indicate 
that in part it consists of undisturbed out'-vash and till 

aasree. However, stone-counte revealad that it contains 
almost ae many sub-angular fragments (76v) ae ths lower 

head, while the percentage of bedrock fragments is some­ 

what higher than in the Irish -ea till (Fig. 57). Again, 
the preferred ori?ntation ciagra — ir. Fig. S6,bssed upon 

readings taken from t"»o sites at the baee of the rubble- 

drift exposure, apparently indicate that soiifluxion has 

been an active de: oritionral proceee at least 8 ft. beneath 
the grouna surf-ice. 1'hese figures rainforce the impression 
tha\- the deposit is partly a solifluxion drift.

There is little tfoubt that the flnky head nt ''hite- 

aards i»outh is a true eollf Luxion deposit, for its pre­ 

ferred orientation disrram hae 34/ of stones in the dominant 

30° sector; furthermore, thie rector ip only 2C° removed 

frora the estimated slu(^(?e sector (Fip. 56j .

Re la t i ve C hr or.o 1 v?j .

The most recent .^laciel deposit .st '.'hitosarc's aeerre to 

be the calcareous Irish v.ea till, vhich has resisted complete 

deoalcif io'ition and may therefore ae assignee to the

Glaciotion. The upper rubble-drift at hitessnds
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North and the flaky head at 'VhitesTrds South apparently 

represent a prolonged period of eolifluxlon after the 

retreat of tho loo - a conclusion supported by the thick­ 

ness of upper rubble-drift at Abe --mawr and Porth«el*an. 

On the other hand something of a problem ie presented by 

the negligible thickness of lower head at ^hites^nds, in 

contrast to the tfreat thickness which h-as accumulated at 

Aber-mavr. Perhaps this discrepancy car. be accounted 

for in part by the lower "solifluxion potent iel" of the 

'^'hitesarcc sitee.

It appears moat raaeonnble to eu*v?eet that the erratic 

pebbles ir the lowor he?d and perhaps the rounded erratics 

on the rock platform eouth of the car-park vere introduced 

into the area during the £arly Glaci^tion. This glacia- 

tion may have beer responsibls for some of tho strintions 

at ".'bitecarde North. i-'olloving this glsoiation there was 

G prolonged period of bead doucoi^ion on the platform, 

and later etill a phriGe of solifluxicn.

The et.airir^? of these beech and head deposits n^y h^.ve 

occurred in a subsequent period vhen tV:o wpter-table vas 

high in the v^llG.y, or in ir intarstao'ial ph.&sa of weathering 

such as th-. t r-3: j*eocir 4.cd at Aber-mawr Kortl-;. Tha sards 

beneath the fl'.ky head at hitoear.cs Louth, &nd the sonds 

on Trwynhwrdc'yn Promontory bet.vear the t vo till lenses,



Table V . A tentative reconstruction of events at 

Whitesands.

Events.

Blown sands 

Flaky Head 

Rubble-drift 

Sand and gravel in 

rubble-drift 

Irish Sea Till 

Blown sand ~] 

Lower Head J 

Raised Beach

Erratic boulders

Platform-cutting 

Establishment of coast

Climate. 

Arid, cold ? 

Moderate to severe 

cold.

Deglaciation 

Glaciation 

Moderate cold ?

Sea-level 8-10 ft. O.D.? 

Warm?

Glaciation ?

Sea-level 8-10 ft. O.D.? 

Warm-tomperate

Cutting of ^hitesands Valley Temperate ?
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are also stained by iron end manganese oxirtes. It ie 

difficult to decide whether all the staining in tho area 

occurred at the same time; if so, then tho etained sands 

and lo^er till lens at Tr.Tynhwrddyn must have been in 

situ *hile the beach and head deposits were being stained. 

In other tord- , the lower deposits at Trwynh*rdciyn may 

date from the iarly Glooiation. The implications of thie 

could be iTnnorter.t, for the rock platform on the promontory, 

on which the deposits rest, must tnan pro-date the Early 

Glaciation.

However unreliable this speculation, it ie pu^estod 

in Tpble V that the plfl.tform-cjtt.ir.*: phase occurred before 

the Karly Glsciation. The other euc^estione nnde above 

are also sunwarlsed in the table.
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Chapter 5 (B2). 

TH£ PORTHMKLSAH CHAUBKL AJfE DRIPT-CLIPP.

At the veetern end of the small valley of rorthmel^an, 
Just east of St. I'arid'e head, c. 20 ft. of drift la exposed 
In a drift cliff and in a stream cutting ?here a small 
stream descends to the beaoh. The clearest part of the 
exposure lies Just to the east of a small waterfall. The 
locality is mentioned in the literature by Green (1911) and 
Cox et al. (1930). Jehu noted the preeer.ce of strletione 
at lorthmelgan, but did not record the drift section. 
Several examinations of the site have revealed the drift 
succession sv o-7n in Pig. 59 •

Green O911b) noticed that the drift at Porthmelgan 
fills the deep valley which rune south-.7est.9ard from Porth 
Uwoh (Plate 18). The stream in this valley at the presort 
day is a misfit, floving upon the drift fill. Near the 
drift exposure t' o vnlley has a deeply-cut form, vith its 
floor belo-/ sea-level (Jox, 1930a). It is cut across the 
St. David'e headlnnd, and has a humped long-profile, with 
a col at c. 180 ft. 0.1. In cross-profile the drift is 
seen partly to fill a dee}.- chnnrel incised into an earlier, 
gently slopirr vplley-floor. (Hate 19). 
Bedrock. Ordovicinn shales of the Arenig series are exposed
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at the northern end of the section beneath the drift 

oover (Cox et al« 193C), and again to the south of the 
Porthmelgan stream. Just abore the beach in thla vicin­ 

ity are several smoothed and striated bedrock slabs. 

Three jrerde beyond the end of the pebble beach and ;Just 

above H.W.M. sloping and eroded shale slabs reveal etria- 
tions trending towards 12C° and 16C°. One of the 

etriations takes the form of a series of orescentic gouges 
strung together for a length of 7". On the next smoothed 
slab to the west etriations are seen trending between 140° 

and 190°| and one deep gouge swings through 80° till it 
trends towards 230°, parallel with the vertical face of 
the slab above. Apparent ohntter-mnrks (Harris, 1943) 

and other series of small pits In the eroded rook surface 

also appear to be the result of glacial gou^in^, for, like 

the striations, they are unrelated to the bedding or 

fractures of the ehale bedrock. Some etriations trend 

In sympathy with the bedrock configuration, but the overall 
trend appears to ref ect ice-movement towards 160 ; this 

agrees well vith the direction of ice-movement inferred l?y 

Jehu (1904) from ptriations near the stream. The pres-
o o

ervation of strintions e* slabs only 4 ft. above the sandy 

beach and within easy reach of storm waves Is something of 

a problem; it is possible thnt until recently the slobs in
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question -were burled beneath beach sand.

1. Lowest ?*ead. Directly above bedrock, although poorly- 

exposed in the section, le a thin head of enmilar ehale 

fragments which ore generally 2" - 6" in diameter. The 

head displays some pseudo-stratification, although since 

it is near the stream it is wet and poeeibly subject to 

SOBS present-day sludging; the stratification cannot with 

certainty be called an initial characteristic of the head. 

The contact with underlying bedrock is not clearly seer, 

/n initial examination of the head sup/^ested that it contains 

no erratics; an intended more thorough search for erratics 

in April 1965 was frustrated because the head was nowhere 

to be seer. J.ven extensive excavation failed tc reveal 

any satisfactory exposure.

2. Lamirnted silt. Juet south of the stream a "'edge of 

calcareous grey and buff-/rrey laminated eilt ove-lies the 

lowest head or a smooth bedrock surf-ce (Plnte ?0). The 

silt is generally clear, although it contnins o few thin 

gravelly layers nrd sowe ^end froswento rear it? base. 

So~e bedrock shole frccrcerte occur in the upper part of 

the silt. The layer is up to 4 ft. thick, and displays 

minute traces of current-beddinf, which may indicate R water- 

deposited origin. There are no ehell fragments in the silt.

3. Purple calcareous till. Up to 15 ft. of shelly cal­ 

careous Irish ~ea till overliet: the laminated silts. It
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is relatively stoneless, although striated erratic pebbles 
and boulders over 2 ft. in dinaeter are stuck in the 
compact plnstio nwtrix. Anon^ the erratics are boulders 
from Scotland and Antrim (Cox, 1930), vein qunrtz, Cret­ 
aceous flint, course-grained igneoue rooks, and srey 
shales. The till is ofton fissile, and irregular veins 
of silt and clay are common (Plate 21). There is little 
appearance of deo^lclficetion at the bnse of thin till, 
although it is «.?eat' ered and decalcified in ite upper 
part to a depth of c. 5 ft. Near the stream several 
huge igneous errntics are observed in the till. One, 
which has a diameter of c. 1C ft., has beon -vashed out 
of the till »nd has been frost-shattered into several 
distinct "slices" since exposure.

Possibly related to ths exhumed boulders near the 
stream ie o distinct layer of large sub-angular Igneous 
boulders which are interbedded "»ith the till? the layer 
is c* 4 ft. thick, and dips southwards across the drift 
exposure. The mntrlx of this boulder-bed is still strongly 
calcareous, but is more snn<?y and gravelly tK-n in the 
purple till above pnd below. The layer hee a grey-brown 
colour, but <?oep not appear to be pep^rated by an erosions! 
or weathering break from the celcnraous till either sbove 

or below. It seems thnt it is essentially a part of the
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single euite of glacial deposits.

4. Rubble-drift. Above the onloareoue till lies up to 

5 ft. of rubble-drift which consists in part of decal­ 

cified lo-ver till and in part of soliflucted and sludged 

deposits. It contains several easily-idontified patches 

of stratified shnle head from the valley-side above; this 

characteristic is seen both in the main drift cliff and 

in a small exposure on the olifftop south of the stream. 

Rounded and striated igneous Btones 6" to 9" in diameter 

•re found alongside angular ehsle fragments in a gravelly 

<and stony matrix. The drift is coloured chnlky brown, 

although .vhere it outcrops at the surface it is weathered 

dark brown to a de^th of 12". Auger in* above the drift- 

cliff revealed thnt the rubble-drift is in places severely 

gleyed, with a hi#h silt contert, although it is everywhere 

non-calcp.reous and non-shelly.

5. Upper head. Probably related to the lenses of bead 

in the rabble-drift, but generally lying near the top of 

the section is c. 2 ft. of ptrptified local head consisting 

of annular shele flakes and err^tlce in o eilty matrix. 

It is clearly derived from the volley-side above, which 

elopes 9t over 20° in plpces. T'oet of the frngmente In 

this head are 3" to 1?" in diameter, snd are stratified 

approximately parallel to the slope.
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6« fcandy loam. At the top of the section le a sandy 
loan up to 2 ft. thick. It contains few etonee apart 
from some incorporated head flsV-ee. The upper few 
inches of the deposit are weathered to a eoil.

Interpretation.

Cox (1930a) eu.^ested that the deep velleye in this 
area are graded to sea-level; presumably he considered 
them to have a sub-aerial origin. Hegarding the formation 
of the Porthmelgan channel, ho.vevor, it is difficult to 
imagine sufficient wnter ever having been nvpil.oble for 
its cutting by normal fluvial processeB. The humped 
bedrock profile, the steepness of the chnnnel cit'es, and 
the fact that it is cut aoroso the head! land all suggest 
that the valley has a f luvio-glacial origin (Sisaone, 1961). 
The fact that head vhich predates the Porthmelgan till is 
found on the floor of the channel indicates that it must 
have been cut curing on earlier glnciotion.

If the channel is oub-glaciul, ae is ou^^eeted by its 
form and relntionfl -vith the surrounding topo^ra^hy, then 
it *ould be ('ifficult to associate it vith ice moving 
8outh-ea«tj»ard (as is ir.ci looted by ntriatione of the last

1. A fuller consideration of the diagnostic features
of sub-glecial oh'inr.els is #iven in Chapter 10.
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glaciation). Sollid (1964) p.nd other workers hare 
shown that sub-glacial melt.vater flow is controlled 
above all by the ice-grar'ient; if this is eo, then Ice- 
directed drainage eapocinted with the last glftciation 
ehould have been orientated towards the south or south- 
Mat, It may tentatively be suggested at this Btage, 
therefore, that the Ice-gradient of the early glaciation 
rose towards the north-eaet. It is worth bearing the 
possibility in Kind in later discussion that the two 
glaciatione vhich appaar to be represented at Porthaelgan 
may have originated in different source-areas.

The earliest represertative of the drift suite at 
Porthmelgan is the lower head, which is moderately blocky 
and which may hove been deposited under rather cold end 
moist periglacial conditions (Tyllk, 1964). Its original 
thickness cannot be eetimated, for vhile it has not been 
contorted by over-rising ice, head fragoents are found in 
the base of the till} at least some erosion of the head 
must therefore hr.ve be^n achiever1 by the over-.-idin^ ice. 
There is no evidence ir this section of striated bedrock 

passing beneath the lowest head.
The laminated silts, in vie* of their calcareous nature, 

gravelly layers, and gradation upwards into calcareous till, 
appear to be part of the glacial deposits. The preset c«



198

of bedding-structures suggests that they ?ere laid do»n 

at the bese of the ice beforo large-scale deposit ion of 

the till, perhaps aa n result of basal washing of fines 

(Carruthers, 1939; 1948). The ailte do not appear to 
be a sub-aerial stream-deposit or hill-vaah; they *re too 

com?* 0 * an(J stonelesn, and are ^uita different in character 

from such deposits in the -Trea today.

The till ap-enrs to be a true Irish Sea till in view 

of its calcareous matrix, shell content, and grain-size 

distribution (Fig. 55). The striations in the area sugg­ 

est that the ice must hove passed over the high ridge of 

St. Davids Head (over 20C ft. O.I.) before depositing the 

till. hile it appears from the preferred orientation 

of till pebbles th«t the ice *hich deposited it may have 

moved from the eouth-^est (Pig. 60A), it is difficult to 
imagine an ice-gredient which would tare permitted ice- 

movement in this direction. Pur'' herr.ore, ice moving up 
the Forthmelgan vnlley would surely hsve left striations 

on the exposed bedrock slabs above the beach; in contrast, 

the etriatione, and the erratic content of the till, 

indicates ice-movement during thin glaciation from the north­ 

west.
The transverse nature of the oriertntion diagram seeme 

to indionte that "plastering" was not the process respon­ 
sible for the deposition of the till. The presence of
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near-vertical veins of silt and clay (Plpte 21) and 

eand and gravel patches mn.y inCicr:te thnt the till was 

laid down at the time of deglnciption toy the slow nielting- 

out of the be sal glacier zones, with associated faulting 

and slumping of local till traeres (fla-rison, lC57b;.

The concentration of lirge sub-fin~ular ignoous 

bouldere in n broad layer within the till preoents a 

slight problem of interpretation, for mort of then 

are derived from the ri£?e of L't. Dovid's Head to the 

north. However, they do not appear to have been soli- 

Tluctefl from the vnlley elope, for the bedrock ber.eath 

the greater pert of this clopo is Or^ovicinn shale, frag­ 

ments of ^hlch ore rere In the dapcBit. The lec>. of a 

i»ea*hepin«: contact or erosion?! bre-'k in association with 

the layer, *nd Itr cslcnr ouc nwt -ix, strongly suggest 

that it is part o r the till suits. It seems plausible 

t^nt th« layer o-res its existence to pn unueuftlly inten­ 

sive phf'Se of glacial erorion on the ric'ge to the north, 

while for some reason the ice carrying the upper and lower 

till layers achieved relatively little local erosion. 

Perhaps the idiosyncrasies 01* Kherr-plara formation could 

account for this.

The fabric characteristics of the rabble-drift are 

eeen en the basis of fabric analysis to be markedly
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different from those of the calcareous till beneatv. 

The preferred orientation diagram for the drift (Fig. 

603) displays a rery strong peak, with itE dominant 30° 

sector closely coinciding with the sludge sector. The 

eanple wan taVen c. 7 ft. beneath the clifftop, so it 

seeme that the rubble-drift has been solifluctert at least 

to this depth since deposition. This is supported by 

the presence of ir.terbedded shale head. Roundress analy­ 

ses on pebbles from the calcareous till and the rubble- 

drift (Fig. 61) rovea.ed that they have rather similar 

histograiaa, all approximating to the Worth .Pembrokeshire 

mean diagram for moraine. However, the lo-ver proportion 

of rounded pebbles in the rubule-drift (24; compared with 

329S 26£, and 30£ for the oalcoreous till samples) is 

consistent with its higher proportion of upslope bedrock 

fragments (6G> ae agninst 34, in the calcareous till). 

Stone-counts ro/ealed a much higher percentage of erratic 

pebbles in the calcareous till, and a greater variety of 

etone-types. Farther tasta on samples from t he t"o 

drifts revealed t^iot tiie calcareous till contains 48^ 

striated pebbles cor.parad vith only 36, in the rubble-drift.

From the convergence of evider.ca, therefore, it 

appears that the rubble-drift at i-orthaielgan has been 

subjected to considerable local sludging since, and perhaps



Tpble VI . A tentative reconstruction of everts at

Porthmelgan.

Evert e . Cllmpte.

Surface soil Temperate

Ssnc>.7 lor>m Cold ard arid ?

Upper Head Moderately cold

Rubble-drift Degleciation

Calcerecue Till ")
> Glaciation

Lair.inatoc! £

Lowest head Moderately cold 

Valley eroeion Glacietion ?
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during, deposition. This sludging was effective to 

at least a depth of 7 ft. beneath the ground surface. 

In spite of downsiope movement it still retains most of 

the characteristics of a till. There is, however, no 

evidence to surest that it was laid dovn by a different 

ice-sheet than that responsible for the calcareous till, 

for the deposits grade into one another.

The stratified head a bove the rubble-drift probably 

represents a short phase of moderately severe periglacial 

nolifluxicn, followed by a phase of wind-action and hill 

•vashir-g, probably still unoer periglacisl conditions. 

(Eylik, 1964).

Fro& an interpretation of the deposits at Porthmelgan 

the sequence of events shov»n in Table VI may be represerted.
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Chapter 5 (B3).

THE HEAD DEPOSITS AT PEK DAL-AJERYN.

At Pen Dal-aderyn, on the south-western extremity of 
Dewisland and overlooking Ramsey Sound, a rock platform is 
capped with complex head deposits. These deposits are 
exposed in a much-eroded state at the base of a small 
peninsula, but are most easily examined in a small drift 
cliff c. 30 yds. long and 10 - 12 ft. high (Plate 22A). 
The locality has not previously been mentioned in the 

literature.

The Rock Platform. The rock platform has a total length 
of c. 50 yds, and a maximum visible width of c. 15 yds. 
Its northern part may be much wider, but the covering of 
head makes estimation of its total width impossible. The 
southern part of the platform consists of a broken rock 
surface at an altitude of c. 34 - 37 ft. O.D. The surface 
is cut across fine-grained soft gritty Pre-Ca-brian tuffs 
(probably of the Ramsey Sound (Pebidian) series), and is 
deeply weathered and pitted as a result of long exposure 
(Cox et al. 1930a). I^any loose fragments and angular 
boulders of bedrock lie on the platform surface and in 
recently-exploited rock clefts (Plate 223). The whole 
surface is well-covered with lichen, and grasses are est-
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ablished on the northern end of the platform.

The platform falls in altitude to c. 29 ft. O.E. 

on a col in the vicinity of spectacular pillars of 

blooky head (Plate 22A). On this col the platform 

is narrow and dissected, but northwards it becomes a 

distinct feature c. 10 yds. wide and rising to an altit­ 

ude of c. 36 ft. O.D. at its northern end. Beneath the 

drift cliff its broken surface slopes seawards at c. 4°, 

although looee blocks and debris from the drift-cliff face 

cover the slope.

Pine silts and gravelly materials lie In the hollows 

on the northern part of the platform. However, gravel 

particles are angular, and there is no evidence to suggest 

that they are raised beach gravels. It seems more likely 

that all loose fragments on the rock platform are derived 

from the drift cliff or from sub-aerial weathering of the 

surface itself.

The Head Deposits. The head deposits exposed in the drift 

cliff consist largely of angular blocks and flakes of 

purple, green and buff Pre-Cambrian tuffs derived from 

upslope. Certain horizons are recognised in the drift- 

cliff, ae indicated in Fig. 62.

1) Blocky green-buff head. This head is c. 12" thick at 

its maximum, and is only observed at the base of the head
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pillars. It consists largely of soft sub-angular blocks 

of green-buff tuffs c. 3" - 6 M in diameter. Some blocks 

attain a diameter of 12". The matrix is sandy and red- 

brown in colour, and some erratics are found at the base 

of the head Just above the contact with the rock platform.

2) Lowest head with many erratics. This head is found 

in a 12" layer between the blocky green-buff head and the 

purple blocky head at the base of the head pillars. It 

contains many small greenish bedrock blocks, and is dis­ 

tinguishable on the basis of its high content of erratic 

pebbles in a matrix of gravelly and silty mud. The 

erratic pebbles are up to 3" in diameter, and are often 

striated and rounded.

3) Itirple blocky head. This is a massive head up to 

5 ft. thick which is found throughout the length of the 

exposure. It is most chaotic in the head pillars, where 

particles vary from large angular blocks up to 4 ft. 

diameter to gravelly particles i" in diameter (Plate 23). 

There is no sorting in the deposit, and little pseudo- 

stratification, f'.ost of the blocks in the pillars are of 

red, purple, blue or green tuffs in a bro'^n sandy matrix; 

northwards most of the blocks are of purple tuff, possibly 

reflecting a gradation to a more uniform upslope outcrop.
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There is a notable absence of erratics in this head, and 

only one piece of Cretaceous flint has been found to 

date. Some blocks are sub-angular, although this appears 

to be the result of sub-aerial weathering. One large 

angular boulder of bedrock appears to have one faceted 

surface (Plate 23). Slight grooves on this surface do 

not have the appearance of striations and appear to have 

resulted from the weathering of joint systems. However, 

one or two deeper grooves trending to 145° are visible, and 

these may have originated as glacial gouges.

In the southernmost part of the drift cliff the top 

of this layer is seen to be weathered to a depth of c. 6". 

This weathered layer is discontinuous, however, and it is 

difficult to estimate its significance.

4) Buff blocky head with erratics. This layer is seen 

along the drift cliff overlying the purple blocky head. 

The Junction is irregular but gradual, enr! there is no 

appearance of truncation. The constituent blocks of the 

head are of coarse buff tuff with chlorite and quartz 

crystals, and although the fragments are soft and rather 

rotten, there is no reason to suppose that the head is a 

weathering product of the head below. Rounded and stria­ 

ted erratic pebbles are common, and sandstones and quart- 

aites, Cretaceous flints, rounded red quartz pebbles from
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the Cambrian basal conglomerate, blue Pre-Cambrian halle- 

flinta, and ooarse-grained igneous rocks have been found. 

Some erratics up to 2 ft. in diameter are clearly striated. 

This layer appears to have two slight and discontinuous 

weathering zones, neither of which is more t^an 3" deep.

5) Purple-green blocky head. This is an ur.veathered 

rather blocky angular head up to 4 ft. thick. Like the 

purple blocky head it consists of soft flaky tuffs, but 

its fragments are smaller (with few flakes over 6" diameter) 

and its pseudo-stratification better. There are few 

erratics in this head.

6) Purple-buff finer head. This layer consists largely 

of purple-green soft tuffs, and is distinguishable on the 

basis of Its colour and hiffh erratic content from the head 

beneath. It is 3 ft. thick in places, and most of its 

fragments are between 2 ft. and 3" in diameter. It has 

a buff-brown sandy matrix. Fragments are much-disturbed 

by frost, and a good fossil ice-'vedge passes from the base 

of this head into the purple-preen head beneath.

7) Sandy loam. A typical sandy loam caps the drift clif, 

being c. 12" thick and with few stonee except bedrock flakes 

It IB similar to the sandy loam at Porthmelgan.
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Interpretation*

The rock platform at Pen Dal-aderyn appears to be 

of marine-cut origin, in epite of its lack of raised 

beach gravels. In its characteristics it is similar 

to the rook platforms at Trwynhwrddyn (14 - 17 ft. O.E.). 

over 2i milee to the north-east, end at Ogof Golchfa 

(15 - 35 ft. O.I1 .) 1i miles to the east. Like these 

platforms, it has a similarly shattered and lichen-coverad 

surface. Vhile it differs somewhat in altitude, this 

may be accounted for in part by its exposed position which 

may have resulted in higher platform cutting initially 

and greater erosion during recent times. In the absence 

of other evidence, it is reasonable to assume that the 

Pen Dal-aderyn raised beach platform is possibly of approx­ 

imately the sane age as others in the area.

The heads are difficult to interpret, for the sub­ 

divisions are baser? simply upon differences of block size 

anc* colour. The colour an<? rock-type of individual layers 

probably reflect? the lithologycf the upslope bedrock 

outcrop at any stage of head formation, although the inter- 

bedding of buff and purple layers is something of a problem,

1. Stephens (1 f. 57) points out that rock platforms on 
headlands can be correlated with lower platforms in more 
oheltfired positions.
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It IB difficult to explain the high erratic content of 

the buff head layers; upslope bedrock exposures cannot 

be seen, eo it is not known whether the buff exposures 

could hare coincided with patches of till at one time. 

Thle may suggest thnt the purple heads are of eoliflucted 

bedrock fragments, while the buff heads bear more of the 

characteristics of solifluctod till. Against this may 

be cited the fact that the erratic content is still low 

even in those heads characterised by erratics.

A glaciation prior to the head development is 

indicated by the presence of erratic striated pebbles 

even in the lowest head. In this sense the situation 

is similar to that at Aber-mawr. But the lack of till 

in the Pen Eal-aderyn section means that the head cannot 

safely be claimed to pre-date the most recent Irish Sea 

Glaciation. Thus it is possible thati

1. Some of the head pre-dates and some post-dates 

this glaciation.

2. All the head pre-dates the last ^laciatior.

3. All the head post-dates the l-?st glaciation.

The first of these possibilities is rendered unlikely 

by the lack of a real veathering break or eroeional 

truncation in the section. The depositional process
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appears to have been relatively continuous, for the 

3light weathered zones in layers 3) and 4) could have 

been formed during very short climatic oscillations 

lasting Just a few seasons.

There are great difficulties to be answered if the 

second possibility above is considered. Relatively 

unweathered Irish Sea till occurs at an altitude of c. 40 

ft. O.D. at Druidston on the eastern shore of St. Bride's 

Bay, implying that the ico of the las'; Irieh £.ea glacia- 

tion reached that point. Evidence of erratics (Cantrill, 

1916) and striations (Hicks, 1891) indicates that the ice 

which deposited the Druidston till probably passed over 

the western part of Dewisland, so it would seem unlikely 

that Pen Eal-aderyn could have escaped glaciation. If 

the heads pre-d.'ite this glaci^tion, why is there no 

evidence of till ^bove them?

It therefore seems more likely that the hear? deposits 

at Pen Dal-aderyn post-elate the most recent Irish Sea 

glaoiation of Dewisland, and are the equivalent of the 

thick upper heads at Abe~-mawr and "/hitesandrs.

The conditions under which the Pen Dal-aderyn heads 

were laid down seem to have been only moderately severe. 

Ther-s are no fine f 1- Icy gravels in the section -vhich might 

represent conditions of extreme cold and high permafrost
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lerele (Dylik, 1964). On the other hand the blocky 

nature of most of the head may have resulted in part 

from the rook lithology and in part from effective and 

rapid froet-shattering in a moist, cold periglacial 

environment. In spite of the relative rarity of erra­ 

tics in the purple blocky head (Piste 23), its chaotic 

and unsorted nature ie reminiscent of certain ablation 

moraines in East Greenland; so it may tentatively be 

suggested that some of the lower heads were laid down 

either on wasting glacier ice which filled Ramsey Sound, 

or in an immediately pro-glacial environment. Above 

the chaotic head the appearance of pseudo-stratification 

may indicate slower head formation under slightly colder 

conditions, culminating in a very cold phase of ice--/edge 

cracking at the end of phase 5). U'ewe, 1964). During 

phase 6) there may have beon a return to less cold condit­ 

ions, followed by intense frost disturbance to a depth 

of c. 2 ft.

Thus the possibility emerger that this suite of head 

deposits represents a post-glacial period of fluctuating 

climate. The moderately severe nature of this climate 

appears to correlate with the climatic conditions suggested 

for the formation of the Aber-mawr and "'hitesands upper 

heads. Initial rapid mass-wasting ;?t Ten Dal-aderyn was



Table V**. A Tentative reconstruction of events at

Pen Dal-aderyn*

Events. Climate*

Sandy lo*m Cold and dry?

Frost disturbance Severe cold ? 

Purple-buff finer head Cold and moist

Ice-wedge cracking severe cold

Purple-green blocky head Cold and moist

Weathering horizons ? farmer phases ?

Lo-vest blocky heads Cold and moist

Erratics Glaciation

Raised beach platform ~ea-level 34-37 ft. O.D. ?

V/arm
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followed by a phase of lees moist and rather colder 

climate, Interrupted by short weathering phases. An 

eventual deterioration to very cold climatic conditions 

was followed by a later amelioration (Table VII).

The Pen Dal-aderyn heads possibly correlate '.vith 

only the post-glacial part of the sequence at Aber-mawr.
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Chapter 3 (B). 

SUTTAW OP CONCLUSIONS.

Although the sections at Porthmelgan, Whiteeands and 

Pen Dal-aderyn all lie to the south of the "South Wales 

End-moraine", at Porthmelgan end "/hitesands North are 

drift successions which are comparable to those of the 

North Pembrokeshire coast. As at Aber-mawr and the Afon 

Nevern Estuary, there is evidence of ~»n Early Glaciation 

which achieved some meltwater erosion and introduced 

erratics into the area. Following a period of raised 

beach deposition and then a periglacial phase, a glaciation 

occurred from the Irish £ea; all the stratigraphic evidence 

suggests that t^.e Dewisland Glaciation, which was respon­ 

sible for the deposition of the calcareous till at Aber- 

mawr, was also responsiole for the deposition of the tills 

at Porthmelgan and 'hitesands. 

1. Stratigraphy.

In Fig. 63 an attempt is made to correlate the sections 

from the west coast of Tewisland. The calcareous tills 

at Porthmelgan and v/hitesands North are easily correlated, 

as are the upper rubble-drifts at both localities. The 

boulder-bed and the laminated silts at Porthmelgan apyear 

to be related to the calcareous till, and it seems that the 

lower shale heads at each locality are of similar age.
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The difficulties of correlating the drifts to the 

south of Whiteeande stream arise from the fact that no 

calcareous till is seen there; however, there appears 

to be .good reason for assuming thgt the beach deposits 

and lo-vest head at Whitesands South may be older than 

the Irish Sea till, while the flaky shale head with 

erratics may be the equivalent of the rubble-drifts to 

the north of the stream. Again, it has been argued 

that the whole suite of head deposits at Pen Dal-aderyn 

post-dates the Eewisland Glaciation, although the absence 

of calcareous till from the rock platform remains something 

of a problem. However, when it is considered that there 

is no calcareous till on the similarly exposed headland 

of Pen Deudraeth (Chapter 5A), while it is found at Aber- 

mawr North less than 40 yards away, it may not be unreas­ 

onable to attribute the lack of till to Pen Dal-aderyn's 

unfavourable site. Indeed, the till exposures at Porth- 

melgan and 'Vhitesande i>orth are both in particularly 

favourable sites in the lee of rock-masses which lay across 

the path of the advancing Irish Sea ice. 

2. The Mode of Deposition of Some Drifts.

Some of the main points made in the preceding pages 

concerning drift deposition may be summarised as follows:
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(a) The lowast head at TChitesands North appears to be 

in situ, although it contains erratics and is seen to 

overlie striated bedrock.

(b) Pebbles in the calcareous Irish Sea till do not show 

a strong preferred orientation which accords with bedrock 

striations, and it is probable that the till was subjected 

to local slumping and sludging during or shortly after 

deposition. The calcareous tills at "'hitesands and 

Porthmelgan are coarser than the equivalent till st Aber- 

mawr, and the boulder-bed at Porthmelgan indicates that 

the till i?? by no rceans homogenour; in places there is 

considerable variation in till lithology.

(c) The upper rubble-drifts at lorthmelgan and '.Vhitesands 

North are not thought to be till? d?ting from a later 

glaciation than that which deposited the calcareous till. 

There is much evidence to suggest that the drift is a 

mixture of till, outwash sand and gravel, and solifluxion 

debris. The proposal that the drift is no younrer thnn 

the Irish 5ea till is supported by the fact that the two 

are intimately associated; calcareous till and stony 

rubble-drift occur at both Porthmelgan and .-hitesands 

North, while neither deposit is found at "'hitesands South 

or Pen B;>l-aderyn. If the rubble-drift is an independent 

glacial deposit there is no reason -vhy its coastal die-
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tribution should be identic*! to that of the calcareous 

till. The evidence suf*ests that the Dewislanci Glacia- 

tion was the last glaciation of the area, 

(d) The sandrock bereath the recent blown sends is a thin 

layer which may represent no more than B "fossil" water- 

table. It is not comparable stratigraphically with the 

thick sandrock deposits of North Pevon (Stephens, 1964). 

3. The Valleys of Vhitesand Bay.

The valley at "hitesands appears to be an ancient 

feature cut sub-aerially and graded to beneath present 

sea-level. Today it is drift-filled and supports a small, 

misfit stream. It has a raised beach platform cut across 

its southern flank, so the valley itself must have been 

in existence before the perio^- of platform-cutting and 

before the establishment of the present coast. It nust 

also predate the postulated Early Glaciation (which intro­ 

duced the beach erratics) and all the other events which 

are represented in the drift sections.

The Porthmelger Channel, which is also filled with 

drift, appears to pre-dnte both the Dewisland glacietion 

and a sub-aerial periglacial phase which receded it. It 

is suggested that the channel may be a sub-glacial feature; 

it is certainly unlikely to have been cut sub-eerially. 

Tentatively, it may be dated to the £arly Glaciation.



216

4. Evidence for Climatic fluctuations.

The raised beach platforms at Pen Lal-aderyn and 

Whiteaands South are unlikely to have been cut during the 

same marine stillstand, for their respective lowest 

altitudes differ by 26 ft. At both platform-cutting 

phases, however, the climate may have been warmer than 

that of today, as reflected by the higher sea-levels. 

Again, the climate may have been .varm during the depos­ 

ition of the raised beaoh, although the association of 

head vvith the stained beach deposits may indicate that 

periglacial conditions immediately preceded or post-dated 

the raised beach period.

The lowest head is thin in all the drift localities 

on this coast; it provides no clues to periglacial climatic 

fluctuations such as are represented at Aber-ma*r.

Following the Dewisland Glaciation there appears to 

have been another period of solifluxion. i'rom the blocky 

rubble-drifts around ''hitesand Bay little information can 

be gained concerning this period, but at i'en Lnl-aderyn a 

comprehensive record is preserved. The periglacial climate 

appears to have been only moderately severe, for blocky 

heads predominate; however, there appears to have been at 

least one short weat!ering break, followed some time later 

by a severe periglacial phase represented by flaky head
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and fossil ice-wedges. The flaky head at Whitesands 

South appears to correlate -.vith the Pen Dal-aderyn head 

series, and yet its flaky nature may indicate prolonged 

conditions of climatic severity; in this case, therefore, 

stretigraphic and lithological correlations are in 

conflict, and it mny be advisable to remain cautious on 

the climate of this periglacial phase.

Following the deposition of the upper heads, there is 

evidence from all the sections for hillwashing and some 

wind-action, with subsequent climatic amelioration. 

5. Older Irift or Kewer Drift'.

The coastal exposures considered in the foregoing 

pages all lie to the south of 'Jharlesworth's "South Wales 

End-moraine" and yet the drift stratigraphy is no different 

from that of coastal sections to the nort) of the moraine. 

Even at this stage of the thesis there are grounds for 

suggesting that the end-moraine is not a terminal feature 

of a Newer Drift glaciation. If the Irish Sea till is 

the product of the Newer Drift ice, then the glaciation 

was inoi'e extensive than Charleswo"th envis^ed ; on the 

other hand, if the till is the product of Oldsr Drift ice, 

then no later ice-sheet appears to h- ve over-ridden the 

Pembrokeshire coast.
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The stratigraphlc correlations arid suggested Inter­ 

pretations for the coastal sections in 'Vest Dewisland are 

summarised in Table VIII.



Chapter 5 (C)

The south coast of Dewieland

C1. The Ogof Golchfa raised beach and

associated deposits. 

C2. The drift sections at Caerbwdy.

Summary of Conclusions.
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/, Chapter 5 (01).

; THE OGOF GOLCHFA (PORTH-CLAIS) RAISED BEACH AND

ASSOCIATED DEPOSITS.

Between Porth-clais harbour and Ogof Golchfa, a cave 

some 300 yards to the west, there is a small headland on 

which is preserved an excellent drift section. The 

section is preserved on an extensive raised beach platform, 

and has been described by Prestwich (1892) and Leach (1911). 

It is mentioned more recently by Synge (1963) and Mitchell 

(1962).

Beneath a degraded cliff-line at the base of the head­ 

land a vegetated terrace of drift some 50 yards wide elopes 

seawards at c. 2°. It is in the small cliff on the sea­ 

ward edge of this terrace that the drift succession to be 

described is visible (Plate 24A). Many visits to the 

locality between i^62 and 1965^have confirmed the presence 

of the section shown in Fig. 64.

1. The Raised Beach Platform. The well-displayed rock 

platform of Ogof Golchfa extends for c. 40 yards on the 

headland, and is only partly covered with superficial 

deposits. It appears to extend landwards for c. 40 yards 

beneath a drift cover to the base of a degraded cliff-line. 

Leach (1911) placed the altitude of the platform at 15-20 

ft. A.H.W.M.; but in places it is as much as 30 ft. A.H.W.M.
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(c. 35 ft. O.D.). The main body of the platform ie 

never less than 25 ft. O.D., although in the cove to 

the west there are traces of a platform at c. 15 ft. O.D. 

This lower platform is inaccessible, but seems to support 

a sequence of deposits similar to that on the higher 

platform remnants.

The greater part of the platform is cut across a 

fine-grained dolerite sill (Cox et al. 1930b) bounded 

by near-vertical strata of greenish Lower Cambrian shales 

and sandstones. Parts of the sill have resisted erosion 

to form slight ridges running across the platform. The 

seaward margin of the platform is much-dissected, and 

even parts of the inner platform surface are breaking up 

rapidly. Loose angular blocks of bedrock litter the 

surface, and as at Fen Dal-aderyn the surface is well- 

colonised by lichen. In places ice-smoothed surfaces 

are preserved, with innumerable striations up to 9" long. 

On the stacks to the east of the platform there are traces 

of deep glacial grooves 2" wide and trending almost due 

south, but good striations on the platform indicate a 

general ice-movement direction towards 125°. There are 

signs of ice-movement betveen 90° and 14C°, and more local 

swings in direction towards 80°, 33°, and 25° are indicated
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Boulders on the Rock Platform. 'Leach (1911) noted the 

presence of large, well-worn and ovoid boulders on the 

rock platform and sometimes embedded in beaoh shingle. 

Most of the boulders on the higher part of the platform 

are angular blocks of local Cambrian sandstone, shale, 

or igneous rock, which could easily hare been derived 

from the platform itself or from the degraded cliff-line. 

Other smaller boulders (up to 2 ft. in diameter) of purple 

Cambrian sandstone, red shale, and Cambrian basal conglo­ 

merate, are all well-rounded, and could quite easily have 

been derived from a buried storm-beach at the back of the 

platform. They are not far-travelled, and are typical 

components of other storm-beaches in the area such as 

Caerfai and (Jaerbwdy. The only accessible boulder foreign 

to the area is the huge diabase boulder which projects 

from the drift cVff (Leach, 1911). It lies on till, 

and although weathering has removed any striations it was 

probably deposited by glacier ice.

On the lower and inaccessible part of the platform 

several large boulders lie on the rock platform or are 

embedded in raised beach deposits. These boulders are 

rounded and some are foreign, but in view of their inacc­ 

essibility it has not been possible to decide whether they 

could have fallen from the till above, or whether they
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oould be "normal" storm-beach boulders (Plate 25). 

1» The Raised Beach Shingle. The raised beach materials 

attain a maximum thickness of c. 3 ft. on the inaccessible 

western part of the platform. There are few traces of 

gravels on the main platform surface, although one small 

exposure may be seen beneath a large boulder just to the 

west of the vegetated "col". Here pebbles were found to 

be well-rounded and generally less than 3" in diameter.

Most pebbles were derived from local red Cambrian shales
of 

and purple sandstones, and other pebbles «F grey Cambrian

shale, vein quartz, local white Dimetian granophyre, 

Cretaceous flint, and other Eewisland ao$ igneous rocks 

were discovered. ^ In low depressions on the eastern part

aof the platform^gravelly and silty naterialjmay be 

mixture of raised beach shingle and flaky fragments washed 

from the till exposure above ^Plate 24B).

Leach noted the presence of concreted raised beach 

shingle on the platform, sometimes cementing erratic 

boulders to the rock surface. In spita of e prolonged 

examination of the deposits, I have not found any cemented 

shingle; all the shingle exposed is sandy, loose, and 

friable. It is possible that eome of the cemented patches 

seen by Leach have since been removed by storm-waves. 

2. Lower Head of Be-'Ch Pebbles. Above the raised beach
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shingle in the western part of the exposure lies up to 

8 ft. of well-stratified head. Stones in this head are 

generally 6" - 12" in diameter, and are almost always 

well-rounded. The stone-types represented in the head 

are identical to those in the raised beach deposits below, 

and are set in a red-brown sandy matrix. While some of 

the pebbles have a somewhat angular and flaggy appearance, 

and some appear to have been derived from purple sandstone 

outcrops on the degraded cliff-line, a clear impression 

is gained that the head consists almost entirely of frag­ 

ments from a now-invisible "pre-glacial" storm-beach at 

the back of the platform. Leach mentioned that raised 

beach deposits were 10 ft. thick on the v?estern part of 

the platform, and it is clear that this figure includes 

the 8 ft. of soliflucted beach material (Plate 25). 

Soliflucted beach material is known in Islay, -Vest Scotland 

(McCann, 1964), >-rid from localities in Devon and iiastern 

Ireland«

3. Non-Calcareous Local Till. The lower head is over­ 

lain by up to 8 ft. of red-brown non-calcareous till. It 

attains its maximum thickness in the western and eastern 

parts of the exposure, and near the vegetated col it 

appears to have cut its way through the lo-.vsr head (Cox 

et al. 1930b). The till is generally stony, and has a
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sandy and gravelly unetratified matrix. It has a high 

content of angular pebbles of local purple and red 

Cambrian sedimentary rocks, and although there is a 

larger variety of striated foreign stones than in the 

underlying beach deposits the erratic types are rather 

similar. Many angular blocks in the till are over 12" 

in diameter, and some boulders are over 2 ft. in diameter. 

In the eastern part of the section there are few stones 

over 6" in diameter in the till. At this point the till 

outcrops at the surface, and is weathered to a depth of 

2' 6". In places the 0111 rests directly on the striated/**

raised beach platform.

4. Upper Local Head. This was not mentioned by Leach, 

although Mitchell (1962) and Synge (1963) mention its 

presence. It is well-exposed only in one locality, along­ 

side the small footpath which descends from the drift 

terrace above Ogof Golchfa cave. The head is no more than 

2 ft. thick, and is a distinct and colcurful layer as a 

result of its high concentration of Cumbrian purple sand­ 

stone and shale fragments (Plate 26). Most of the frag­ 

ments in this head are probably derived from uphill bedrock 

outcrops and from the underlying till.

5. Sandy Loam. This deposit, which is up to 2' 6 H thick, 

covers the greater part of the terrace. It is of yellow
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to red-brown colour, and is often silty and stonelese. 

It does, however, contain bands of flaky bedrock frag­ 

ments and pebbles derived from till. It may therefore 

have been deposited in part vhile solifluxion was still 

active. It has a "honeycomb" appearance similar to that 

of sandy loams at Aber-mawr and in the Gower Peninsula 

(George, 1933).

Interpretet ion.

Preferred orientation studies reveal that the field 

interpretation of the Upper and Lower Heads is probably 

correct. The Lower Head (Pig. 65-1) yields a very strong 

downslope peak, although not in the direction expected. 

The difference of 90° between the centre of the sludge 

sector and the certre of the dominant 30° sector indicates 

that the slope which controlled the solifluxion of the 

Lower Head was rather different from the present surface 

slope. Nevertheless, the solifluxion characteristics of 

the deposit are such that it seems improbable that the 

deposit is an undisturbed storm-beach. The Upper Head 

(Fig. 65-2) does not have a strong peak, but is neverthe­ 

less clearly soliflucted.

Prom the diagrams in Fig. 65 it seems that only Nos. 

3 and 5 have "ideal" forms for basal till, i.e. with most
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pebbles dipping up-glacier. The loose friable till 

matrix and the disturbed nature of the till at sampling-site 

3, however, indicate that the sample may simply represent 

a looal depositional sludge direction. In the case of 

diagram 5, 32# of the pebbles dip up-slope and up-glacier, 

but again the matrix bears no appearance of true plaster­ 

ing, even though the sample was taken from 6 ft. beneath 

the till surface. diagram 6 has a moderately strong 

preferred orientation, and diagram 4 is less strong; but 

both appear to have been sludged. The former sample, 

taken from 6 ft. beneath the surface, has most stones 

dipping northwards, but ten yards to the west, at site 4, 

most stones are dipping towards 120° at a depth of 8 ft. 

beneath the surface. Thus four diagrams from within one 

small till exposure reveal three quite distinct sludging 

directions; perhaps significantly the only close coin­ 

cidence of estimated sludge sector and dominant 3C sector 

occurred in the deepest sample. The impression is gained 

from this evidence that the till was not deposited or over­ 

ridden by a powerful ice-stream, but was possibly deposited 

in a dead-ice environment with local sludging directions 

dependent upon downwasting masses of dead-ice. Alter­ 

natively the till may have been laid down sub-glacially 

by a rather decadent ice-stream. The till does not appear
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to hare been completely aoliflucted since deposition.

Roundness analyses and stone-counts undertaken on 

spot samples further reinforce field impressions (Fig. 66). 

The raised beach shingle is found to hare 90;' rounded and 

well-rounded pebbles, a far higher percentage than has 

been found in any other drift deposit of North Pembroke­ 

shire. It contains a good spread of stone-types, with 

very little bedrock derived from the immediate vicinity. 

The Lower Head had a smaller range of stone-types and a 

higher percentage of bedrock pebbles, but its storm-beach 

origin is indicated strongly in the roundnesa analysis 

histogram. This histogram is markedly different from 

the North Fembrokeshire mean diagram for head deposits, BO 

that tha rounding of pebbles must have been achieved 

before the onset of periglacial conditions (Fig. 66-1). 

The Upper Head is a typical periglacial deposit, with a 

high percentage of sub-angular bedrock fragments; and the 

till, although it has fewer well-rounded and rounded 

pebbles than might be expected, leaves little doubt as to 

its origin.

The sandy surface loam at Ogof Golchfa may be classi­ 

fied tentatively as a windblown deposit laid down under 

waning periglacial conditions, although the presence of 

isolated head and till fragments in it may suggest that
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it has been subjected to later slopa-washing and re- 

deposition under cold conditions (Czudek, 1964).

The altitude of the rock platform at Ogof Golchfa 

invites correlation with the platform at Pen Eal-aderyn, 

H miles to the west, and with other small platform 

remnants at Ogof Henllys and west of Ogof Lle-sugn. 

Leach (1911) and Mitchell (1962) have correlated the 

platform with the Go-ver raised beach platform.

Much discussion has centred upon the so-called 

"drifted erratics" which rest upon the platform. Leach 

considered that they may have been dropped by drifting 

ice-floes before and during the deposition of the beach. 

This seems unlikely, howover, for if one assumes that the 

immediately pre-glacial land-mass in this area was rela­ 

tively stable, it would be difficult to envisage a sea- 

level at +30 ft. O.D. when conditions were cold enough 

to permit ice-rafting of boulders. While the presence 

of large erratics older than the raised beach pebbles 

remains unproven, it is true that the shingle itself does 

contain foreign pebbles. These foreign pebbles are all 

well-rounded, and! can hardly all have been drifted in on 

ice-floes; they appear to have been in the nrea prior to 

the deposition of the raised beach. It therefore seems
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reasonable to accept Mitchell's (1962) view that these 

erratics may be derived from older glacial deposits. In 

Ylew of the suggestions made in the earlier part of this 

chapter, these deposits -sere probably laid do'vn during 

the Early Glaciation.

Thus it seems that two glaciations are represented 

in the Ogof Golchfa section. The later of these is simply 

fixed by its stratigraphy, but it is difficult to decide 

at this locality, as at '.vhitesands and the Afon I.evern 

Estuary, whether the first glaciation occurred before or 

after the cutting of the raised beach platform. It must 

certainly have occurred before the deposition of the raised 

beach shingle and buried storm-beach. In the absence 

of ether evidence it may be best at this stage to follow 

the earlier suggestion that the raised beach platform and 

deposits are not contemporaneous, and that the Early 

Glaciation intervened between platform-cutting and beach 

deposition.

The length of time represented by the Lo">°r Head is 

impossible to estimate without further evidence, for it is 

derived not from shattered bedrock outcrops but from 

easily-sludged pebbles of the raised beach. Thus it may 

have formed more quickly than °n equivalent thickness of 

bedrock head under identical climatic conditions. From



Table IX t A tentative reconstruction of events at

Ogof Golohfa.

Events. Climate.

Soil formation Temperate

Sandy losm/Head Cole!, arid ?

Upper Head Moderately cold

Non-calcareous till Glaciation

Lower Head Moderately cold

Raised beach C Sea-level 15-30 ft. O.D.?

	(.

Erratics Glaciation

Raised beach platform (~ Sea-level 15-35 ft. O.D.?

Warm 

Establishment of coast Temperate ?

I"
I W£
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the rather blocky appearance of the head, it seems that 

the climate may have been moderately cold <^nd rather 

moist. The Upper Head is thin but egein blocky, and 

may have been formed under similar conditions.

The lack of calcereous Irish Sea till at Ogof 

Golchfa ha_ been ascribed by syn^e (personal communication, 

1962) to the deflection offshore of Irish Sea ice by 

local Welsh ice .vhlch was movir.<' along the North Pembroke­ 

shire coast. This would seem unreasonable, for Irish 

See till is probably present on Trefeidden Moor, less 

than one mile to the north-weet (Jehu, 1904). Irish Sea 

till appears to be absent from ell the localities on the 

South Per/island coast, and it seems probable that the 

essentially local characteristics of the Cgof Golchfa 

till may reflect more the weakness of the ice-stream 

than its source. The striations on the platform and 

the evidence of preferred stone orientations cited above 

tend to support this hypothesis.

The complete drift succession ?nd sequenc- of events 

at Ogof Golchfa arpesrs to be that suggested in Table U.
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Chapter 5 (02). 

THE DRIFT SECTIONS AT CAEHBV/DY.

Important evidence concerning the nature of the 

"Upper "Boulder-clay" or rubble-drift may be found In 

good sections in the Caerbwdy valley. This volley, 

which has a deeply-entrenched cross-section for the lower 

900 yards of its course, carries a small stream which 

drains the Towrog and Waun Vachelich moorlands towards 

the south const of Dewisland. In places, the valley 

sides are broken by rocky outcrcpe of Cambrian basal 

conglomerate, from vhich innumerable large blocks have 

slipped downslope. Downstream from Pont Clegyr conspic­ 

uous mounds of Pre-Cambrian (Pebidian) halleflinta stand 

above the valley-floor. Head is exposed ebove old quarry- 

cuttings on the upper parts of the eastern valley side, 

and near the bungalows there are good exposures of thin 

till, sand, and gravel with interbedded head. The main 

cliff section has been mentioned by Jehu (1904) as a 

locality for "Upper Boulder-clay".

The Stream Cutting.

In the lower part of the valley a recent slump on the 

stream bank has revealed sands and gravels underlying a 

stony rubble-drift (Fig. 67). The gravels at the base
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of the exposure are fine and irregularly bedded; they 

are non-caloarsous, and conaist of roundod pebblea less 

than i" In diameter. Theae pebblaa are of roudstones, 

ehalec, rod and purple Cambrian sandetones, rein quartz, 
buff local sandstonen, and helleflint-? derived from up- 

valley outcrops. The sands are also stratified <and 

non-calcareous; they contain very fo-,v pebblec ind hare 

no interbedded gravels. They -re red-brovn in colour, 

possibly as a result of iren-staining.

The rubble-drift above the eerd and gravel is bright 

brown in colour, ?.rd if full of a variety of local arid 

foreign stone-types. There is no sorting accordln-' to 

eize, ur.c soce of the larger etonep attain c diaaieter of 

18". The matrix IB non-oeicorcoue conpact eanc! end 

gravel. At the southern er<? of the cutting there are 

traces of interbedcJed sands sr.d croVQ lc iw ^^ e rubble- 

drift. The upper pert of the drift &rp«aro to be soli- 

flucted, and containe patchee of esrdy loom and ctratifiod 

local sandstone head.
Other smell exposures roveal that a rircil^r till uwy 

blanket much of the floor snd sides of the volley. Kear 

the buu alo-.'c; one cutting reve&le thst at ler-st 3 ft. of 

gravelly till is overlain by 6" to 9" of fire asrd , which 

is in turn overlain by 3" of outwaeh gravel, 12" of flaky



233

head, and up to 9" of sandy loam. In the area of the 

halleflinta outcrops on the valley-floor innumerable 

angular and roundod erratics litter the ground surface, 

and some of the mounds on the valley floor may consist 

of drift.

The Main o)rift Cliff.

At the mouth of the v-l'ey the stream reaches the 

sea through a breach in a broad berricr of outwash and till 

capped by local purple sandstone head (Fig. 68A). The 

lower part of tnie drift cliff is obscured by slumped 

material, but a recent cutting on its flank reveals the 

deposits clearly.

1. Stratified sands ard gravels. On the flank of the 

drift cliff well-stratif iec" sands end gravels are seen to 

underlie, and in part interr'igitate .vlth, stony non- 

calcareous till (Fig. 66B). The bedding of these sands 

and gravels is highly irregular, ir. both angle ard direc­ 

tion of dip; their upper margin Is 3' 6" higher at the 

southern end of the expopure than at the northern end. 

The deposits vary from fine sards to coarse gravels con­ 

taining large rounded erratic pebbles. The most inter­ 

esting feature of the exposure ie a 6" band of cemented 

gravels which is stained black by manganese oxide. The 

band consists of well-rounded pebbles i" to 3" in dianfter,
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with hardly any mctrix of finer gravel or sand; this 

latter characteristic is unique in the exposure. Beneath 

this band there is at least a further 1?" of moderately- 

stained gravel, with irregular bedding. The /vhole band 

is truncated at its northern end by a slump of reddish 

upper gravels (Plate 27). The stained layer appears to 

be s local feature, for it is not seen 10 ft. to the 

north in the same exposure; nor is there any sign of 

staining in stratified outwash at a lower level 10 yards 

further south.

2. Stony non-calc^reoue till. Overlying the outwash 

sands and gravels, and in places interbedded with them, 

Is c. 1C ft. cf stony brown till -vhich ie similar in all 

its characteristics to that exposed in the stream-cutting 

70 yards to the ncrth. Most of the stores in the till 

are under 6" in diameter, but it contains nwny striated 

boulders up to 3 ft. In diameter (Plate ?R.A). The matrix 

of the till is sandy and gravelly, and is foxy-red in 

colour. Jshu (19C4) noted "pockets of rather fine sand" 

in the till. In places on the cliff-face the top 3' 6" 

of this till apre^rs to be soliflucted; this layer is 

narked by a fissile ^yipesrgnoe, traces of stratification, 

and a higher proportior of purple Cambrian sandstone 

fragments than in the drift below.
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3. Purple sandstone head. Above a somewhat irregular 

Junction with the till lies a purple local head, consis­ 

ting largely of angular fragments of Cambrian sandstone 

and shale (Plate 28B). These fragments are generally 

flattened, and vary in diameter from £" to over 12". It 

dose, however, contain some rounded foreicn pebbles and 

boulders. It displays a moderate pseudo-stratification. 

It attains a maximum thickness -f c. 5 ft.

4. Sandy loam. At the top of the section is 3" to 6" 

of sandy reddish loam and ir.terbedced head flakes. It 

is much thinner than in many of the North Pembrokeshire 

drift sections, and in places does not appear at all on 

the clifrtop.

Interpretation*,

The form of the Caerbwdy Valley is similar to that of 

Kerry Vale, the Porth-y-rhaw valley and the Solfach valley. 

Its steeply-incised lower portion conrot ,vith confidence 

be attributed to pre-glacial rejuvenation at e time of 

lower sea-level (Cox, 193C); the present stream is a 

misfit, and even in pre-glacial times it is difficult to 

envisage a runofi from the limited loviand catchment area 

capable of cutting the valley. Therefore the valley may 

tentatively be attributed to the action of glacial melt- 

waters.
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There is some evidence concerning the age of the 

valley. The drift deposit which blocks the vcliey- 

mouth must poet-date the cutting of the valley, although 

it is possible that valley-cutting and drift deposition 

could have occurred during the same glaciation. Against 

this some evidence may bo quoted from the valley-elope 

c. 40 yards south of the drift-cliff; here, over 3 ft. 

of blocky and flaky angular head underlies c. 12" of 

soliflucted till (Fig. 69). If the valley was cut by 

the gleciation which deposited the till, then heed could 

not be precerved on ite flnnks. It may be proposed on 

this basic that the valley is the same age as the channels 

at Aber-mawr and Forth-melgan.

The irregularity of the bedding in the sands and 

gravels indicates thc.t they are probably of fluvio- 

glacial origin. They are intcrbedded with the till, and 

the fact that they occur at markedly different altitudes 

even within the same exposure appears to invalidate the 

hypothesis that they represent a valley sandur later 

buried beneath soliflucted till or till of a later glacia­ 

tion. It seems, also, that the sar/de and gravels have 

not been solifluctecS; their bedding str^ctorer remain 

intact. Neither do they ep.pear to have been laid down 

under "normal" fluvial conditions, for the percentage of
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rounded pebbles appears to be too low (Reichelt, 1961); 

indeed, the stone roundr.ese histograms (Fig. 70) are 

closer to the North Pembrokeshire mean diagram for till 

than to that for fluvio-glacial outwaeh.

The msnganese-staired band represents a problem, for 

it could be interpreted aa & leathered layer. Detailed 

comparison of the band with the gravels above, however, 

reveals that their rounf'nesa characteristics and stone- 

content are very similar (Fig. 7C). The stained band 

has a slightly higher percentage of local pebbles, and

perhaps aa ? consequence of this, als a higher percentage "•i-..
of sub-angular pebbles. Howevar, the similarity of the 

two deposits is "/ell-marked, and it appears reasonable to 

postulate that the manganese-staining was achieved by a 

temporary local water-table (perhaps controlled by the 

permafrost level) during or just after gravel deposition. 

The truncation of the stained band by a slump-fault (Plate 

27) may also bear vitness to the approximate contemporaneity 

of all the gravels in the section.

The most unusual feature of the Caerbwdy sections is 

that outwash s^nds and gravels underlie till, -hereas at

1. Similar stainin" is Vno-vn in Scandinavian eekers
(^/adell, 1936) anr> in Ireland ir. out"fsh sane1 and gravel
beneath ablation till (E.A. Colhoun, personal communication)
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DruldBton and other coastal sections outwash 

deposits overlie the till to which they are related. To 

the casual observer, therefore, it may be tempting to 

ascribe th* till to a later glaciation. Indeed, the 

outwarsh and till could be interpreted as the upper two 

merbers of the classic tripartite glacial succession in 

the aree (Jehu, 1904; Griffiths, 1940).

Investigation of the till -fabric reveals that this 

hypothesis has little foundation in fact. The till '.vas 

deposited by ice tnovinp- toward? the south and couth-east; 

this is indicated by its erratic content, which includes 

belieflinta fragments from the north ^nd boulders of St. 

David's Head ^abbro (Jehu, 1904). The histogram*in Fi^. 

71 for the banal tills pnd clifftop till at Oerbwdy 

revenl that there is an apparent increase in stone angularity 

as one passes upwards. &ven so, the clifftop till has 

as many rounded stones as one of t^e bedded outwash samples 

in Pip. 70, so the two deposits may have marked affinities. 

The b^sal till samples h«ve 56'^ and 58>i rounded and sub- 

rounded stone? (higher percentages th-^n for the outwash 

gravel samples), so it appears not to be * true till, and 

the possibility nust be considered thnt the deposit has 

been eeveroly washed and mixed with out-vash Tnaterial during 

deposition. It ^oea not con^irt of over-ridcen outwash,
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for there Is no eroslonal break or change of matrix 

between the deposits. The clifftop till hss e atone 

roundness histogram similar to that for the North Pembroke­ 

shire mean histogram, and it aler hns a greater spread of 

stone-types than either of the basal till samples; it may 

not have been subjected to such severe washing and inter­ 

mixing with outwash as the till below.

The impression that the till and underlying fluvio- 

glacial deposits are related is reinforced by an expmina- 

tion of the preferred orientation diagrams for four till 

earnple? (Fig* 72). Only diagram 3 hss a strong preferred 

orientation, and the dominant 30~ sector differs markedly 

for each dia^rqm. Piagrar. 1 (a sample from only 2 ft. 

beneath the ground surface) appears to hqve a preferred 

orientation in sympathy with the sludge sector; the other 

diagrams reveal that the bulk of the till has probably 

been neither "plastered" by moving ice nor sludged sub- 

aerially under valley-side control. The lack of strength 

and discordant directions of sludging in the till could 

be attributed to intense periglacial disturbance which 

has destroyed the origin*1 till fabric since deposition. 

There is some evidence of disturbance nenr the top of the 

cliff, but it ie unlikely that sny periglacial active layer 

could have extended through 2w ft. of drift to the basal
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till, which is no less chaotic in its preferred orientation 

than the till above.

In view of the combination of fabric characteristics, 

it appears reasonable to propose that most of the Caerbwdy 

till vas deposited by sludging and slumping on dead-ice 

masses during deposition (Holasen, 1963), or by sub-glacial 

flowage of saturated till (Koppe, 1952). The deposition 

of en-glacial till »nd ablation till by slumping upon dead- 

ice is common around all the glacier snouts which I saw in 

East Greenland in 1962, and Flint (1929) proposed a similar 

mechanism for drift deposition during the melting of the 

last North American ice-sheet. It is reasonable to propose 

similar conditions of wastage at the close of the glaciation 

which deposited the Caerbwdy till.

The field interpretation of the purple head at Caerbwdy 

is apparently confirmed by the roundrese analysis and stone- 

count histograms (Fig. 71) and by the preferred orientation 

diagrams (Fig. 72, Kos. 1 end 2). The fact that neither 

dominant 30° sector coincides -*ith the sludge sector is of 

little importance, for both diagrams display moderate 

strength and a reasonable preferred orientation for head. 

The moderately blocky nature of the head may indicate that 

it was formed during a phase of moderately cold and oceanic 

perlglacial conditions (Dylik, 1964); conditions must



Table X . A tentative reconstruction of events at

Caerbwdy*

Events. Climate.

Soil formation Temperate

Sandy loam/head Cold, arid ?

Purple head Moderately cold

Non-calcareous till "> C Deglaciation

Fluvio-glacial outwash J 1 Glaciation

Contorted head") fVery severe cold 

Flaky head (on valley-side I bevere cold

Blocky head J ^Moderate cold

Caerbwdy Valley Glaciation
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certainly have been leee eevere than those responsible 

for the flaky and contorted heads beneath the glacial 

deposits on the cliff to the south (Fig. 69).

In spite of the limited thickness of the sandy loam, 

it appears to be the equivalent of the deposits at Aber- 

mawr, Porth-melgan and elsewhere, for it is interbedded 

with head. It may be in part a temperate deposit, but 

it seems likely that its lower layers at least were laid 

down under conditions of alternating wind-action, hill- 

wasl-ing, and solifluxion.

It appears from the foregoing evidence that, the bulk 

of the deposits at Caerbwdy niay d-ote from the same glaciation, 

with the sands and gravels laid dovn sub-glacinliy bv melt- 

waters using a pre-existing Caerbwdy valley, and with the 

overlying till laid down by slumping and sludging in a 

dead-ice environment. The till does not appear to have 

been re-sorted since deposition, for in the F tream-cutting 

interbedded sand and gravel layers remain in situ. Post­ 

glacial periglacial activity has been responsible only 

for some disturbance of the upper till layers, and the 

deposition of the purple heod and sandy loam.

The apparent sequence of events represented at Caer­ 

bwdy is set out in Table X. It is still possible that 

head and perhaps more till may be preserved beneath the 

deposits described.
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Chapter 5 (C).

SUMMARY OF CONCLUSIONS.

The most Important fact to emerge from the studies at 

Ogof Golchfa and Caerbwcy is the apparent absence of Irish 

Sea till from the south coast of Dewisland. However, 

non-calcareous till is represented at both sections, and 

it is clearly of importance to establish whether or not 

this till is the equivalent of the Irish Sea till of the 

Dewisland Glaciation. 

1. Stratigraphy.

As indicated in Pig. 73, the lateral correlation of 

the drifts at Ogof Golchfa and Caerbwdy appears Pimple. 

The non-calcareous local till may be used as a datum at 

each locality, for in both the main exposures it is a 

gravelly and sandy deposit full of striated stones. Passing 

downwards from the ground surface there is an identical 

sequence overlying the till at both localities: namely 

sandy loam with head pebbles and then upper head vith 

erratics. Thus there are good grounds for correlation.

1. This is confirmed by examination of the whole of the 
nine-mile coastal stretch between Pen Dal-aderyn and Cwm- 
mawr. The only till found on this coast is stony gravelly 
till like that at Gc -of Golchfa and Caerbwdy.
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Beneath the local till correlation is not so simple. 

At Caerbwdy a suite of fluvio-glacial sands and gravels 

of unknown thickness lies at the base of the drift-cliff, 

while at Ogof Golchfa a raised beach and thick lower head 

of raised beach pebbles rest upon a rock platform. How­ 

ever, some correlation is afforded when the Ogof Golchfa 

section is compared with the Caerbwdy clifftop section, 

where a thin head is seen to underlie glacial deposits. 

A solifluxion phase prior to the glaciation appears to be 

represented by this head and by the Ogof Golchfa lower 

head.

As far as can be determined from the present exposure, 

there is no raised beach deposit or rock platform at Caer­ 

bwdy. Both these features of the Ogof Golchfa section 

are therefore assumed to pre-date the lowest deposit at 

Caerbwdy.

2. The Mode of Deposition of some Drifts.

(a) The fieldwork at these tvo localities involved the

detailed examination of the nature of the non-calcar­ 

eous till. From the work at Ogof Golchfa it was 

suggested that the till is a variable deposit which 

In places was subjected to local sludging during or 

shortly after deposition; only occasionally does this
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sludging appear to have been controlled by the under­ 

lying bedrock elope. A similar conclusion has been 

gained from fabric analyses of the Caerbwdy till, 

which bears sipjns of having been deposited under 

very moist conditions in association with fluvio- 

glacial material. There is good evidence that, the 

tills are largely in situ, and are not soliflucted 

remanie drifts derived from older Irish Sea till 

deposits.

It is tempting to relate the non-calcareous till 

to the rubble-drifts at Aber-mawr and Porthmelgan. 

However, its stratigraph-ic position is not comparable, 

and it does not have the solifluxion characteristics 

Of the rubble-drifts.

(b) The lover sands and gravels at Caerbwdy are thought to 

be fluvio-glacial deposits intimately associated with 

the non-calcareous till. They are not considered to 

be "intermediate sards and gravels" lying between two 

tills.

(c) The lower head at Ogof Golchfa consists largely of

raised beach pebbles. Its strati^raphic counterpart 

is the thin head on the Caerbwdy clifftop, illustrating 

in an extreme way the variable characteristics of 

head deposits which may have accumulated under iden­ 

tical climatic conditions.
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(d) The raised beach at Ogof Golchfa appears to have been 

initially a thick deposit upon an extensive raised 

beach platform. The raised beach which rests in situ 

on the outer part of the platform ia sandy and gravelly 

with sTnall pebbles, while beneath the degraded cliff- 

line there appears to have been a storm-beach of 

large pebbles and boulders (vhich has since bsan 

destroyed by solifluxion to form the loner head). 

These thick beach deposits must have been deposited 

during a prolonged still-stand of sea-level possibly 

as high as 30 ft. O.D.

3. The Age of the Deposits.

Stratigraphically, the sections at Ogof Golchfa and 

Caerbwdy are comparable with the sections at Aber-mawr. 

The non-calcareous till lies above a thick lower head (the 

"main" head) and beneath a thinner upper '-ead; the calcar­ 

eous Irish Sea till elsewhere lies in an exactly equivalent 

position. The Irish Sea till has been dated to the Dewis- 

land Glaciation, so there is good evidence for suggesting 

that the non-calcareous till of the ^outh Dewisland coast 

is the same age.

As indicated in Chapter 5 (A) there are grounds for 

assigning the lower head on this coastal stretch to a
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prolonged period of fluctuating periglacial conditions 

which preceded the Dewisland Glaciation.

The raised beach appears to have been deposited by 

a high interglacial sea prior to the onset of cold 

conditions, as suggested in Table XI. As mentioned in 

the discussion of the Afon Nevern sections, the erratics 

in the raised beach were probably introduced by the Early 

Glaciation prior to the formation of the raised beach, 

but there is no means of telling whether the glaciation 

preceded or followed the cutting of the platform. In the 

table it is again tentatively suggested that the Early 

Glaciation followed the cutting of the platform, although 

this suggestion may have to be revised when evidence from 

a wide area is brought together in Chapter 7.

It is reasonable to assume that the Caerbwdy channel 

was cut by glacial meltwaters prior to the accumulation of 

the lower (main) head. Like the raised beach erratics, 

it seems to be a legacy from the Early Glacistion.

Some comment may be made here concerning the age of 

the coastline of South Dewisland. In Chapter 5 (A) it 

was noted that the Afon Nevern valley is an ancient feature, 

for raised beach platforms are found on the sides of its 

drowned estuary. The same may be said of the cliffs at 

Ogof Golchfa; the raised beach platform must post-date 

the establishment of the high cliffs, which may have been
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cut when sea-level was at present O.D. or lower. If 

the coastline was established after the Early Glaciation, 

it would be most surprising to find large erratics from 

this glaciation still in the vicinity. It seems more 

reasonable to suggest that the Early Glaciation followed 

the establishment of the coastline, as suggested in the 

table.

Overall, the sequence of events proposed in Table XI 

bears many similarities with the table for events in North 

Pembrokeshire, in spite of the absence of Irish tea till.



PART III

The Interpretation and Correlation of selected 

coastal sections.

Chapter 6.

Related sections elsewhere in West V.'ales.



Chaptar 6 (A)

The ooast of South-west Pembrokeshire,

A1. The drift section at Druidston Haven 

A2. The sections at West Angle Bay

Summary of Conclusions.
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Chapter 6 (A1).

THE DhlFT SECTION AT DRUIDSTON HAVEN.

At Druidston Haven, on the west-facing coast of St. 

Bride's Bay a drift cliff c. 60 yards long and up to 80 

ft. high is exposed at the mouth of a pre-glacial or inter- 

glacial valley (Cantrill, 1916). Above the storm-beach 

in the haven erosional processes are degrading the cliff 

rapidly, so that the face is kept clean; examination of 

the stratigraphy is therefore relatively simple. Further 

erosion has been achieved by two small streams which join 

to enter the sea at the southern end of the section (Plate 

29). The section has been mentioned in the literature by 

Cantrill (1916), Davies (1939), and Griffiths (1940). The 

latter author used the locality as a type exposure for 

Pembrokeshire, 'vith supposed sands and gravels of Older 

Drift age overlyin,* typical "Lower Boulder-clay" of the 

same glaciation. The full section qnpears to be somewhat 

more complex than this, as indicated in Pip. 74. 

Druidston Valley. The form of the bedrock on the north 

and south sir'es of the valley, and a marked "step" running 

inland from the drift cliff, indicate that the drift plugs 

an old valley, as recognised by G-ntrill. It is difficult 

to follow the direction of this valley for any distance
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inland, for the drift fill masks the break of slope less 

than 400 yards to the east. The present streams which 

hare cut through the drift flow upon bedrock close to the 

old valley-side; it is probable that the valley floor 

beneath the drift cliff lies just below sea-level. 

Bedrock. The bedrock at Druidston is complex, and the 

bay is a well-known geological locality. The valley is 

cut entirely in a horst of Ordovician shales of the Bala 

series (McQuillan, 19*8); on the clifftop to the north 

sandstones of the Carboniferous Coal Measures are exposed, 

while sandstones and shales of the Millstone Grit outcrop 

on the clifftop to the south. An erosion surface is cut 

across shales on the low clifftop sout!- of the stream, and 

a much lower rock platform is seen at the northern end of 

the section. The latter platforr. lies c. 1C yards to the 

west of the point at which shattered bedrock is seen in 

cor.tact with calcareous till; its highest point lies at 

c. 1fi ft. O.I1 ., and it is 1C yirds long and up to 2 yards 

wide. It is h r gher and quite distinct fror. the present- 

day wave-cut plntform .vhich is exposed benenth the boulder- 

beach. At this point bedrock is badly-Jointed and faulted, 

and the platform clearly coincides with a bedding-plane. 

It has a fresh appearance, anr1 i? not overlain by any deposits, 

BO it is not possible to decide whether it pre-dates or post-
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dates the deposition of the drift at Druidston; however, 

it must clearly post-date the phase of valley-cutting. 

At this point it may be worth noting that the higher 

platform on the south side of the haven appears to have 

been cut into the old valley-wall, although since it ie 

covered with drift it is difficult to see how extensive 

the platform is.

1. Lower Head and possible Beach deposits. At the base 

of the section there is c. 6 ft. of blocky quartzite head. 

Most of the blocks in this head are 3" - 12" in diameter, 

and pseudo-stratification is well-preserved. The head 

matrix is sandy and gravelly, and the whole deposit appears 

to be iron-stained. The sub-angular shape of the blocks 

and the soft friable character of their exposed surfaces 

gives the impression that the head is somewhat weathered. 

At times a patch of this head is observed beneath the storT>- 

beach (Fig. 74), suggesting that it may cover the whole 

floor of the old valley.

Rounded erratic pebbles may be found thr-ou^hout the 

head deposit. In the patch of head exposed in the storm- 

beach parts of the matrix consist entirely of small rounded 

flakes of shale and erratic pebbles, and in places this 

matrix ie severely stained by iron oxide and manganese 

oxide. Streaks of stained gravel and sand appear to be
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interbedded with the head, and there is some indication 

that the gravels underlie the head. The gravels are 

similar to the raised beach gravels at Ogof Golchfa and 

West Angle.

2. Calcareous Irish Sea till. Overlying the head is up 

to 50 ft. of purple calcareous- till. It is generally 

compact and massive, although in places gravelly and 

sandy patches are visible. The till is full of small .x 

broken fragments of marine molluscs, and pieces of carbon­ 

ized wood have also been found. In places the till has 

a high percentage of bedrock flakes, but in general it 

contains a large variety of erratics: Cantrill (1916) 

recorded boulders of hornblende-porphyry from the Southern 

Uplands, and other erratics of grit, shale, and sandstone. 

There are many pebbles of Cambrian purple sandstone and 

red shale in the till, and rounded pebbles of Ailsa Craig 

riebeckite and Cretaceous flint ar-3 easily found. tfany 

pebbles and boulders are clearly striated, and some of the 

boulders attain a diameter of over 6 ft. The till has 

occasional traces of laminations.

The till occurs close to the surface at the southern 

end of the section, ".'here it is decalcified and severely 

gleyed to a depth of 4' 6". The decalcified till has a 

bright red-buff colour and a macamore profile (Gardiner 

and Ryan, 1964), vith a mottled appearance and gleyingV
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extending down cracks in the decalcified till to a depth 

of 6 ft. Severe gleying is restricted to the upper 2' 6" - 

3' of the till. At the base of the till ie a decalcified 

reddish layer 2" thick, directly above a sharp contact 

witv^ the underlying heac1 .

3. Rubble-drift. Overlying the till is a variable stony 

and sandy rubble-drift. It varies in thickness from c. 12" 

neer the southern end of the cliff to over 20 ft. near the 

northern end of the section (Fig. 74). In the south it 

is a thin stony and gravelly layer lying above severely- 

gleyed purple till; thin l^yer h^a intorbodded silt bands 

in places, and has many other traces of foliation. In 

places large masses of sub-angular pebbles appear to have 

been arched and heaved by cryoturbation. The drift 

contains erratic pebbles derived frcsr the Carrbrian and 

Ordovician outcrops of the St. David's Peninsula and else­ 

where, although there ap^e^rs to be a slightly higher 

content of quartzite bedrock than in the underlying cal­ 

careous till. The matrix of "he drift is gravelly and 

sandy, and concentrated btony layers are interspersed 

throughout its thickness. There are many rounded pebbles, 

and undoubted patches of sand and gravel appear near the 

base of the depot:i^. from one patch of stratified fine 

gravel and foxy-red send a large mass has clumped down the 

cliff-face (Fig. 74). At the contact between the rubble-
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drift end calcareous till there appears to be an occasional 

erosional break, marked by the truncation of laminations 

in the calcareous till and a concentroted line of angular 

boulders at the base of the rubble-drift.

Close to the valley-side stratified outwash gravels 

consisting largely of local shnle fragments lie above an 

erosional contact with the calcareous till; there are 

several masses of this flaky gravel in the rubble-drift 

above.

4. Sandy loam. Along the whole of the clifftop is c. 12" 

of sandy loam. At its base there is occasionally a stony 

layer, and small shale flakes and erratic pebbles gre 

interspersed throughout the deposit.

Interpretation.

As recognised at Forthmelgan and Aber-mawr, the 

presence of blocky quartzite head at the base of the 

deposits means that the Druidston valley must pre-date 

the glaciation responsible for the calcareous Irish bea 

till. If the gravels in the lower part of the head 

deposit are the remnants of a raised beach, then the valley 

must also pre-date a period of high sea-level and raised 

beach deposition. The broad, steep-sided form of the
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valley appears to be inconsistent with the limited 

size of the catchment area, but since so much of the 

valley is masked wit 1 drift it is not possible to esti­ 

mate whether it could be a meltwater channel of an earlier 

glaci^tion.

The significance of the weathered appegrance of the 

lower head is difficult to assess. The ^uartzite blocks 

may be friable and stained largely as a result of their 

lithology, with chemical weathering of bedrock acting 

contemporaneously vith solifluxion processes urder a peri- 

glacial environment; Czeppe (1964) has shown from Spits­ 

bergen that such a combination of processes is possible. 

However, the quartzite blocks in the Aber-mswr head are 

not weatherer;, co perhaps the quartzite at Druidston was 

severely weathered xre-glacially or during a warm inter- 

glacinl period preceding eolifluxion. The preferred 

orientation diogram (I'lg. 75* ii for this her.t3 ic r-ot very 

strong, and the dominant 3C° sector coes not coincide with 

the sludge sector on top of the drift cliff. However, 

there is no reason to doubt that it io a solifluxion 

deposit, with its preferred orientation controlled by 

underlying deposits or bedrock.

The thickness and characteristics of the calcareous 

till indicate that it must have been deposited by an Irish
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Sea ice-sheet moving from the north-west across the floor 

of St. Bride's Bay. Griffiths (1940) noted that the 

till In this area derives much of its character from 

the Coal Measures over which its parent ice passed, but 

nevertheless it bears enough features in common with the 

Abet mawr and Whitesande tills tu be considered a corre­ 

lative. The depth of dccalcifieation at the southern 

end of the drift cliff is somewhat deeper than at Aber- 

mawr and V.'hitesands. But at both these Ir.tter localities 

the till is only seen beneath a thickness of later deposits, 

which have afforded some degree of protection to the 

upper till surface. Beneath the rubble-drift at Truid- 

eton the calcareous till is weathered only to a depth of 

24", suggesting that it is the sa^e ago nn the calcareous 

tills on the North Pembrokeshire coast. The Dewislnnd 

Glaciation must therefore have extended at least ao fir 

south as Druidston.

The stone orientation of the till ir most unusual 

(Fig. 75E), for according to the accepter1 methods of 

diagram interpretation ('Vest and Tonrer, 1956) it indicates 

ice-movement from the north-east. This is apparently 

discounted by the presence of large number? of St. Tovid'a 

erratics in the till; furthermore nny ice moving from the
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north-eaet in this locality could not have picked up the 

shelly sea-floor deposits which constitute the bulk of 

the till. It aeeico possible th.?t the character of the 

orientation diagram may be the result of local sludging 

during till deposition.

From mechanical analysis of the matrix of the cal­ 

careous till (Fig. 76) it appears that it becomes coarser 

and stonier upwards. The sample from the base of the 

drift cliff yielded 32.1^ fines, while two further 

samples from the calcareous till just beneath itc Junction 

with the rubnls-drift yield3d identical cumulative curves 

and only 12',' fines. This change in facies towards the 

top of an Irish Sea till exposure is also seen -at New 

Quay (see Chapter 6 (B2)), and may simply result from the 

fact that ;.he upper layers of the moving ice may have 

eroded bedrock fragments from the cliff tops, -.vhile the 

lO'.ver layers may have carried nothing but sea-floor 

debris and some erratics.

The rubble-drift ut Druidston i.: unuemlly variable 

in that it cont'-ins boulder-bods, stratified sands and 

gravels, decalcified till mnsces, flaky gravels,and a 

coarse rubble with erratics in a sandy and gravelly matrix, 

Furthermore, this is the only section in 1'enbrokeshire
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which I have seen where a clear (if discontinuous) 

erosionai contact separates rubble-drift from under­ 

lying calcareous till. The possibility must be con­ 

sidered, therefore, that the rubble-drift at this 

locality represerts a later glaciation than the Dewis- 

land Glaciation.

Apart from the fact that no trace of a later glacia­ 

tion has been recorded elsewhere in Pembrokeshire, several 

features militate against this theory. The rubble-drift 

and underlying till have a very similar erratic content, 

and there is a good etratifljraphic c-ose to be made for 

the fact that the rubble-drift is simply the culmination 

of the upwards increase in stonin^ss observed in the 

calcareous till.

There is a higher proportion of upelope bedrock in 

the rubble-drift, and the stratified fluvio-glacial 

deposits ar>penr to be located in a elig t channel cut 

into the calcareous till; on the flunks of this channel 

are the erosionai contacts, lined above by concentrated 

layers of angular boulders and pebbles. These features 

are perhaps best accounted for by postulating a phase 

of stream erosion and deposition during de^laciation, 

accompanied by the local ' «" Rhine of till surfaces and the 

deposition of stony (ablation?) moraine in a dead-ice



Table XIT. A tentative reconstruction of events at 

Druidston^

Events.

Soil development 

Sandy loam 

Frost-heaving? 

Flaky Gravels ''j 

Rubble-drift / 

Calcareous till 

Lowest head 

Raised beach gravels? 

(Doubtful rock platform) J

Climate. 

Temperate 

Cold, arid 

Severe cold ? 

f Cold

Deglaciation 

Glaciation 

Moderately cold

Sea-level 5-10 ft. O.D,

Valley-cutting Glaciation ?
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environment. All these processes are common in present- 

day dead-ice environment?;, as beyond the snout of Ivar 

Baardeon's Gletscher in Epst Greenland. Concentrated 

atony layers further south near the top of the drift- 

cliff mey perhaps be accounted for by a washing out of 

fines (Flint, 1957). There arc a few patches of soli- 

fluxion gravel In the drift, suggesting that solifluxion 

may have been active on the emerging valley-sides while 

ice-masses -?ere still present above the calcareous till. 

The Dreferred orientation diagram for the rubble-drift 

(Pig. 75C) is strong, and appears to have been controlled 

by a local slumping direction perhaps during de^laciation. 

The preferred orientation has no relationship with the 

presort surface slope of 6° towards the south.

The heavine of story layers close to the surface may 

have occurred during a period of aevore periglacial con­ 

ditions follo-vin/j deglacintion; thi? phane may have been 

related to the cold, arid period vhich wes possibly 

responsible for the deposition of the SFLdy loan: above.

The sequence of events represented r-t JDruideton is 

illustrated in Table XII.

1. This process is not u..likely; & pro-glacial gorge 
eroded in till and nt precent filled in part^-vith slump 
material is stri^ir..7ly* figured by Doyc (193!) from 
Gregory Valley, East Greenland.
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Chapter 6 (A2). 

THE SECTIONS AT "EST ANGLE BAY.

In West AiL?le Bay, at the western extremity of the 

Castlemartin Peninsula and south of Milford Haven, may be 

found possibly the most useful drift exposure in South 

Pembrokeshire. Interesting head deposits and till oocur 

In the cores to the north of the main beach, while at the 

head of the bay is a complex series of deposits which is 

unlike anything found to date In North Pembrokeshire. The 

drift succession in the old brick-pit at the back of the 

beach was described by Dixon (in Cantrill et al, 1916), 

and the locality has been mentioned by Leach (1933). As 

far as can be ascertained, there have been no more recent 

references to the ;'est Angle drifts.

West Angle Bay has been cut in a synclinal exposure 

of Carboniferous limestone and limestone shales (Pig. 77), 

flanked to the north and south by Middle and Upper Devonian 

sandstones and conglomerates (Cantrill et al, 1916). In 

the vicinity of the coves the limestone and limestone shales 

are severely and spectacularly folded and faulted. In the 

 ain bay the beach is sandy, and no bedrock is seen at the 

base of the drift section.
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A. The Main Bay.

South of the footpath onto the beach is an excellent 

exposure c. 150 yards long and 5-12 ft. in height (Pig. 78). 

A small pebble-beaoh marks the base of the section, but 

the presence of raised beach pebbles close to present 

H.W.M. may indicate that bedrock of lower limestone shales 

is not far below. Dixon has recorded an uneven platform 

out across lower limestone shales c. 13 ft. A.H.W.M. (c. 19 

ft. O.D.) at the southern end of the bay.

1. Raised beach. A raised beach deposit at least 18" 

thick passes downwards from c. 2 ft. A.H.W.M. It consists 

of well-rounded and severely iron-stained pebbles in a rich 

sandy and gravelly matrix. Most of the pebbles are under 

9" in diameter. Devonian red sandstones and marls make 

up the bulk of the deposit, although there are also erratic 

pebbles. These erratics are difficult, to identify, for 

they are severely stained and in many cases badly weathered.

2. Stiff Grey clay. A thin band of clay (c. 4" thick) 

overlies the raised beach in places, and is occasionally 

interbedded with raised beach pebbles.

3. Pebbles in organic sand and gilt. Overlying the stiff 

grey clay, and in places interbedded with clay and the 

raised beach deposits below, is a va-iable deposit of 

rounded and sub-angular pebbles set in a matrix of whitish
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sand and eilt. On a small scale the matrix bears traces 

of laminations, but perhaps its most important character­ 

istic is the presence of lenses of organic silt and wood 

fragments. In addition, there are a few shell fragments. 

The pebbles in this horizon are not clearly stratified, 

but appear to have been subjected to frost-disturbance. 

Many of the pebbles are clearly derived from the raised 

beach, but the angularity of some fragments may indicate 

the incorporation of head. The deposit has a maximum 

thickness of c. 24". It is possible that Dixon considered 

this deposit to be a till.

4. White sane! and silt. Passing upwards from horizon 3 

the pebbles become less prominent until c. 12" of fine 

white sand and silt remains. The layer contains several 

bright iron-stained bands.

5. Bright grey silt. This deposit lies above the lowest 

sharp junction in the exposure. It is c. 2 ft. thick, and 

consists of bright grey silt with interbeddet? clay bands 

and white silty bands. It is quite stoneless, and 

contains specks of organic matter and wood fragments 

throughout.

6. Dark grey clay. The silt graces upwards into c. 4 ft. 

of a darker grey clay which is still stoneless and charac­ 

terised by small patches of organic matter. Towards the
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top of the deposit there are a few thin gravelly layers 

and bands of iron-staining. The upper 3 ft. of this 

layer are mottled bright yellow, probably as a result 

of weathering aided by water percolation down rootlets 

from the surface.

7. Rich red sand and gravel. This deposit is variable 

in thickness and character. Just to the north of the 

exposure described above, it appears to have been deposited 

in a hollow cut through the silts and clays; it extends 

from the ground surface down to the raised beach, with 

a maximum thickness of 12 ft. In places, the deposit 

is made up of coarse gravel of Devonian sandstone and marl 

fragments, but greenish and greyish silts are interbedded, 

as are irregular bands of fine dark red gravel. Some 

patches of clay are seen in the drift, and the frequency 

of silt and clay lenses increases sharply towards the 

margin of the gravels with the adjoining silts and clays 

(Pig. 78). To the north of the contact the gravels 

assume some of the characteristics of till, vith small 

unsorted angular, sub-angular and rourded stones in a 

matrix of fine gravel. However, stones arc seldom over 

3" in diameter.

8. Rich red sandy loam. Capping the drift-cliff and 

clearly post-dating both the truncated silts and clays and
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the red flaky gravels is a bright red sandy and silty 

loam containing some foreign fragments. It ie c. 12" 

thick, and its upper layers have been modified by soil- 

forming processes.

B. The Coves to the North.

In the first, second and third north coves there 

are frequent exposures of decomposed bedrock and soli- 

flucted deposits, -which differ in character according to 

the bedrock fpcies. The complete drift sequence is seen 

in no one locality, but the pucceseion e.ppeers to be 

simple, and may be reconstructed ae follows: 

1. Decomposed bedrock and head* Ir. coves two and three 

there are good exposures of decomposed limestone shales. 

In places the gradation between solid rock and its buff 

sandy and silty weathering products is seen; in general, 

the soft shales appear to have weathered completely into 

rich foxy-red sane!, while thin sandstone beds have 

remained largely un-veathered. The weathering-product 

is up to 25 ft. thick in the third north cove, where it 

is always stoneless and sometimes iron-stained. Decom­ 

posed bedrock is not so much in evidence on the northern

1. So named in Fig. 4 of "The Country around Milford", 
Cantrill et al. 1916.



264

side of this cove, nor on the headland between the coves. 

Again, the southern part of the second north cove has no 

rotten bedrock. Thus the rotten bedrock appears to 

coincide only with very soft limestone shales, which 

are flanked by tougher limestones and calcareous shales.

In places the decomposed bedrock appears to have 

been soliflucted periglacially, for sandstone and shale 

flakes with characteristic pseudo-stratification are 

embedded in the weathering products. On top of a narrow 

anticlinal ridge between coves two and three the decom­ 

posed shales and shattered sandstone bands have been 

over-folded towards the south in spectacular fashion 

(Fig. 79A). It is difficult to determine whether the 

over-folding is an initial tectonic feature, but the 

manner in which decomposed bedrock is interbedded with 

head fragments suggests that the over-fold is either 

the result of downhill solifluxion before the cove was 

eroded by the sea, or else of ice-movement across the 

anticline.

2. Possible raised beach remnants. No raised beach 

deposits are seen in the coves beneath head deposits, but 

a pocket of raised beach shingle is recorded by Cantrill 

et al (1916) from a cleft in the cliffs opposite Thorn
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Island, and other cemented shelly deposits nay be seen 

in small patches Just above H.W.M. in clefts between 

the third and fourth north coves. Since these patches 

rest upon highly calcareous limestones and limestone 

shales, some of them could have been cemented in recent 

years, but the possibility remains that they are the 

equivalent in age of the raised beach of the main bay.

3. Red Gravelly Till. The "pipe" of drift figured on 

the map of West Angle in Cantrill et al (1916) is perhaps 

the stiff till referred to by Leach (1933). The till 

is apparently non-calcareous, and consists of a great 

variety of erratic pebbles (including Cretaceous flints) 

set in a compact red clay and gravel matrix. Many 

pebbles are striated, and stone roundness is variable. 

Some of the blocks in the till are up to 12" Diameter, 

but on lithological grounds it is clearly related to the 

flaky red gravel exposed in the Main Bay. It rests upon 

decomposed shales, and in places is interdigitated with 

the weathered material; indeed, some isolated patches of 

till are embedded within the weathered products. The 

maximum thickness of the lens of till is c. 13 ft. (Fig. 793)

4. Flaky local head. Above the red till is 2-3 ft. of 

flaky local shale head mixed with patches of decomposed 

bedrock and a few gravelly layers possibly derived from
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the till. At the northern end of cove two this head 

grades downwards into the decomposed bedrock. In the 

third oove c. 3 ft. of buff flaky shale head with erratics 

overlies decomposed bedrock; the erratics include rounded 

pebbles of red sandstone, vein quartz, and other buff 

sandstones up to 2" in diameter. It is characterised 

by good pseudo-stratification and a matrix of buff silt. 

In the vicinity of the first cove there are good head 

exposures up to 10 ft. thick; some of these head deposits 

contain erratic pebbles. The presence of erratics in 

these heads indicates that, in part at least, they post­ 

date the red gravelly till.

5. Sandy loam. Above the head deposits there is generally 

a layer c. 12" thick of sandy loam and head flakes. It 

is similar to the clifftop loams of North Pembrokeshire, 

and although it differs somewhat from the rich red loam 

in the Main Bay, it appears to be its stratigraphic equi­ 

valent.

Interpretnt ion.

Unfortunately I did not examine the West Anrle exposures 

until April, 196*5, and did not have time to undertake 

detailed fabric analyses. However, there is abundant 

evidence to suggest that the site may be of great import­ 

ance, for the organic silts and clays in the Main Bay



267

appear from stratigraphio evidence to pre-date the Intro­ 

duction of the red till. Therefore they may be of inter- 

glacial or Inter-stadial age. This interpretation differs 

from that of Dixon, who considered that a till lay beneath 

the organic deposits but not above; accordingly the 

deposits could be poet-glacial. A tentative correlation 

of the West Angle exposures is made in Fig. 80.

In view of the location of the raised beach platform 

at the south end of the bay and raised beach gravels close 

to the present-day storm-beach it is safe to assume that 

the coastline in the vicinity of Weet Angle had attained 

Its present configuration prior to the introduction of the 

till and possibly prior to the introduction of the erratic 

pebbles in the raised beach. Similarly the drift-filled 

Angle Valley appears to be an ancient feature which nay 

at one time have been flooded by the sea. It is difficult 

to determine whether the deep rotting phnse responsible 

for the decomposition of the limestone shales in coves two 

and three occurred before or after the establishment of the 

present coast-line. The climate was possibly warmer and 

more humid than at the present day and may therefore have 

been in interglacial or pre-glacial times. Linton (1964) 

has suggested that deep rotting in Ireland could have 

occurred during the Last Interglacial, but the coincidence
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of the coves with the decomposed shale outcrops at West 

Angle may indicate that here the rotting occurred somewhat 

earlier.

The earliest deposit in the main drift-cliff appears 

to be the raised beach, although deep excavation at the 

base of the cliff may reveal even earlier deposits beneath 

the beach pebbles. The altitude of this beach, Just 

above present H.W.M., is much lower than the raised beach 

at Ogof Golchfa, and the platform at Pen Itel-aderyn, but 

it is comparable in altitude with the raised beaches at 

Whitesands South, West Dale and Poppit, each of which have 

beach remnant? only a few feet above H.w.M. In South 

Pembrokeshire raised beach deposits are reco^ed just 

above H.'Y.M. at Freshwater ^est (Dixon, 1921), and some 

of the Gover raised beach deposits (as, for example, in 

Caswell Bay) occur close to H.'V.M. (George, 1932; Bowen, 

1965). The iron-staining of the b->ach is not an unusual 

featura, for it also occurs in raised beach deposits at 

Poppit and '7hitesands South. Again, as at other localities, 

the presence of erratics in the beach shingle indicates 

that it probably post-d-^tod the Early Glaciation.

The preserce of angular debris and raised beach 

pebbles in the layer above the raised beach suggests that 

the beach was subjected to solifluxion at some stage
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following deposition. The deposit is apparently frost- 

heaved, and may thus have experienced a rather severe 

periglacial climate for a while. This is by no means 

unique, for soliflucted and disturbed raised beach 

deposits are common in South Wales, for example, at Ogof 

Golchfn, Poppit and in Oower (Bowen, 1965). However, 

the presence of organic material and laminated silts in 

this deposit may indicate that warmer conditions inter­ 

vened between the formation of the raised beach and the 

solifluxion of the pebbles* It is not clear whether 

this is the deposit which Mxon termed a boulder-clay; 

if so, there are some grounds for disagreeing with his 

interpretation. On the other hand it is possible that 

the section has changed greatly since 1916, and it must 

be borne in mind that a till may yet be discovered near 

the base of the section.

The deposits above the raised beach deserve closer 

examination than I have undertaken, but some suggestions 

regarding their origin may be recorded here. The suite 

of organic silts and clays arpears to be the equivalent 

of a euite recorded from the old brick-pit b7 lixon:

8) Ansular stony loam, possibly head - ^ ft.

7) Sand with rounded flake? from Lower Limestone 

Shales (with erratics?) - 4 ft.
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6) Well-bedded gravel arid sand, rounded pebbles 

and some Igneous rocke and flint - ? ft.

5) Buff laminated loam, passing laterally into

Lower Limestone shale debris (with erratics?) - 5 ft.

4) Park blue loamy clay and plant fragments and some 

large pieces of vood - 5 ft.

3) Irregular loam, buff sand and fine gravel - 3 ft.

3) Grey clay or loam - H ft.

1) Clean buff sand - 1 ft.

This interesting record of 24i ft. of sediments con­ 

firms that the clays and silts (or "loams") underlie the 

gravelly drift .vith erratics, and indicates that the suite 

of deposits may extend eastwards for some distance, perhaps 

filling the "pre-glacial" valley connecting West Angle and 

Angle Bays. The surface at the southern end of the brick- 

pit lies at c. 40 ft. O.D., so the brick-pit record possibly 

does not extend dovn to zones 1, 2, and 3 of the cliff- 

face. In any case, tixon'e layer (2) may represent the 

base of the silty suite in the brick-pit, for the "clean 

buff sand" may be rotted limestone shale, and thus corre­ 

late with the decomposed debris in the coves to the north.

Plant-growth was apparently possible for periods 

during the deposition of the lower silts and clays, for
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wood fragments and organic matter are common, especially 

in zones 4 and 5.

The suite of silts and clays .vas probably deposited 

in still water, for each layer has an approximately 

regular grain-size, and laminations nre characteristic. 1 

If the deposits are river-laic! then the lack of sands and 

gravels suggests that woter-movement was slow and the 

environment estuarine. Although the silts -and clays are 

non-calcareous they were possibly deposited in the sea, 

for it is difficult to envisage lacustrine cone-it ions in 

this coastal locality unlace there v.-cs a large storm-beach 

across the mouth of the bay. Another problem concerns 

the gradation up.vards from silto into clp.ys, matched by 

a decrease in organic material. The most plausible inter­ 

pretation of this phenomenon is thnt it is the record of 

a transgression, vi^.jh the lo.v ?r silts deposited in shallow 

water in which plant remains (and perhaps living plants) 

were abundant, and the clayc above r3present ing deeper- 

water deposition. The environment throughout this trans­ 

gression may hnve been periglacinl, f° r Bixon h.r< s recorded 

buff laminated loam p-'sning laterally into bedrock debris;

1. It is relevant to note that Uixon (P. 163) considered 
that "the horizontally laminated loarao ^ind sands represent 
comparatively still-water deposits".
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howerer, at present It is not at all certain that this 

debris ie hend, and only cpreful analysis of the deposits 

and their organic content can indicate reliably what the 

climate was like at this time.

The red gravelly till mass in the second cove is 

closely relnted on lithological grounds to the flaky red 

gravels found in irregular masses in the main drift-cliff, 

and also to the bedded sand and gravel with errntics 

recorded by Dixon from the brick-pit. In West An^le 

valley the glacial drift bears more of the characteristics 

of out'.vash than of true till. Dixon has recorded qn 

erratic from the St. David's district in the glacial 

deposits, and ice-movement from the north is further 

witnessed by the over-folded shales shown in Fi-*. 79A. 

The till and fluvio-glacial deposits were probably laid 

down by an Irinh Sea Glacier which moved across the whole 

of "'estorn Pembrokeshire; as noted by Griffiths (1940) 

the Old Red Sandstone outcrops to the north of Itfilford 

Haven are responsibla for the colouring of thin distinctive 

till facies.

The "; e8t An^le till, like other till deposits in 

Pembrokeshire, was «pp?rently laid down by a relatively 

weak iae-streotn. ''asses of ^l^cial deposits are embedded 

in the decomposed shale in cove t.vo and in the silts in
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the main drift-cliff, and in each case the older deposits 

are severely contorted and in places incorporated in the 

till. However, the decomposed shale is a remarkably soft 

and rotten deposit -.vhich -.7ould surely hove been removed 

entirely by a powerful ice-stream; ogain, the decomposed 

bands which have been overfolded by ice-ection must surely 

have been removed completely by 9 strong ice-stream, for 

they ere in a vulnerable position.

The age of the till is difficult to estimate. Al­ 

though it is apparently nor-c?lcoreous, it is neither badly 

weathered nor buried by a rreat thickness of peri^lacial 

deposits. The head *'ith erra+ics to the north of the main 

beach indicates:, however, that perigls.ciol conditions did 

prevail for perhaps o short period after the deposition of 

the till. The bright snndy lonm capping the main drift 

cliff may be in port a --ind-blown deposit and in part 

glacial outwash, but it appears to be related to the cliff- 

top sandy loams of North Pembrokeshire. Thus from the 

stratigraphy of the exposures at '"est Angle it arrears 

entirely reasonable to propose that, the gravelly till v?as 

deposited during the re-vis lane1 Glaciation.

Conclusion.

At West Angle the'-e arpears to be a more complete irter- 

glacial - glacial sequence of deposits than anywhere else



Table XI3J. A tentative reconstruction of events at

West Angle Bay.

Events. Climate. 

Sandy loam Arid - cold. 

Upper Head Moderately cold 

Sandy red gravels Deglaciation 

Red Till Glaciation 

Grey clay
Transgression 

White organic silt) rVarm

Head fragments ? Cold ?

Raised beach gravels [^Sea-level c 11 ft. O.D.?

{Warm ?

Erratics Glaciation ?

Rock platform C Sea-level 19 ft. O.D.?

\Warm? 

Establishment of coast Temperate ?

West Angle Valley Temperate ?

Bedrock rotting Warm ?
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in Pembrokeshire (Table XIII). Prom a cursory examination 

of the site in April, 1965 it seems that the formation of 

the raised beach near present H.W.M. was followed by a 

phase of sub-aerial solifluxion and then by a marine 

transgression. It is possible that a glaciation inter­ 

vened between the two earlier phases. Later there was 

renewed solifluxion and a 'veak gleciation (the De^lsland 

Glaciation) from the north. After deglaciation there was 

a further short periglacial phase. Perhaps thie suggested 

sequence of events may serve as a frarce-vork during future 

more detailed analysis of this valuable site.
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Chapter 6 (A).

IUMI,:ARY OF CONCLUSIONS.

Prom the fine exposures at Druidston and West An^le 

it appears that the late Pleistocene history of South-west 

Pembrokeshire has been very similar to that of North 

Pembrokeshire. 

1. Stratigraphy.

At Druidston the Irish Sea till serves as an ideal 

datum for correlation with areas to the north, but it does 

not correlate lithologically with the red gravelly till 

and the red gravels at West Angle (Pig. 81). At West 

Angle the gravelly till is overlain by only a thin shale 

head, whereas at Druidston there is a thick rubble-drift 

above the till; this difference can hardly mean that the 

till at '.Vest Angle was deposited more recently than that 

at Druidston, for 'Vest Angle is some nine miles further 

south. Therefore it seems reasonable to propose that the 

two tills are the same age but of differing facies; while 

the Druidston till consists largely of blue-grey mud 

dredged from the floor of St. Bride's Bay, the till at 

West Angle is a local red sandstone f^ctes which, if it 

was ever calc-rreous, has been completely decalcified.
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As suggested in Fig. 81, the upper head at West 

Angle correlates with the rubble-drift at Druidston. 

At the base of the succession the stained gravels at 

Druidston aay represent a raised beach which correlates 

with the raised beach at 'Vest Angle, for both deposits 

are stained by iron oxide and manganese oxide, and both 

occur close to H.W.M.

Ho-vever, the organic silts and clays at West Angle 

are something of an anomaly, for they lie between a lower 

head and the gravelly till; there is no comparable suite 

of deposits anywhere on the North Pembrokeshire coast. 

If the other stratigraphic correlations are reliable it 

seems that the silts are wedged out at Druidston, perhaps 

because conditions there were not favourable enough for 

silt deposition. 

2. The Mode of deposition of some drifts.

(a) The rotted limestone shales at 'Vest Angle appear 

to be largely in situ, having been deeply-weathered during 

a prolonged interglacial or preglacial period when the 

climate may have been warmer thon at present. flight 

traces of stratification in tho rotted debris suggest 

that there may have been some solifluxion prior to the 

arrival of the ice which deposited the red gravelly till.

(b) The organic silts were probably deposited during
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a marine transgression after the deposition of the raised 

beach and prior to the last Irish Sea glaciation. From 

the beach deposits at Ogof Golchfa, it seems that sea- 

lerel during the intergLacial prior to this glaciation 

may have risen to at least 30 ft. O.D.; the deposits at 

West Angle may therefore have been laid down in still 

water conditions during the waxing phase of this inter- 

glacial. This must mean that the raised beach gravels 

at West Angle date from an early stage of the interglacial, 

while those at Ogof Golchfa may date from its peak. This 

evidence is important, for it suggests that the raised 

beach deposits of 7/est Wales are not necessarily contem­ 

poraneous, but may have formed at different altitudes at 

different stages of the same interglacial. In exposed 

coastal areas, where, the transgression ('id not lead to a 

narked retreat of the coastline, the beach deposits are 

generally pebbly, however, in sheltered localities such as 

West Angle, vhere the old valley was available for sub­ 

mergence, still water deposits are found with a record of 

increasing depth. Perhaps other similar deposits may be 

discovered just above H.".M. within Milford Haven in 

sheltered localities such as the Pembroke River, Cosheston 

Pill, and the Carew and Cresswell Rivers.
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(o) The significance of the apparent layer of head 

above the raised beach pebbles at West Angle is difficult 

to assess; it may indicate that following the deposition 

of the beach there was a fall of sea-level and a phase of 

periglacial action, followed later by a rapid transgression. 

Since the evidence of this phase of periglaciation is so 

scanty it would be unwise at this stage to speculate on 

either the length of time represented or the severity of 

the climate.

(d) The Irish Sea till at Druidston was not "plastered" 

by moving ice, but was possibly deposited during deglaciation 

when slumping and sludging of till masses in a dead-ice 

environment was prevalent. The till becomes stonier and 

its matrix coarser towards the top of the drift cliff, as 

the proportion of local rock-fragments increases.

(e) The rubble-drift at Druidston, as at other local­ 

ities in North Pembrokeshire, does not appear to be a 

true "Upper Boulde"-clay". It consists in part of out- 

wash sands and gravels, in part of washed till, and in part 

of soliflucted bedrock fragments and till.

(f) There is much evidence to sur^est that the till 

at Druidston and " r est An^le dntes from the Dewisland 

Olaciation. Thus it appears that coastal seniors c. 20 

miles south of Charlesworth's "South Wales End-moraine"
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are very similar to sections to the north of the feature. 

The impression is reinforced that the end-moraine is not 

a terminal feature of a major glaciation. 

3. Table of Correlations.

Most of the reasoning behind the correlation table 

(Table XIY) has been given in the text. As in other 

localities, the assumption is made that glaciations are 

accompanied by low relative sea-levels and interglacials 

by warmer climates and high sea-levels.

The juxtaposition at West Angle of the grey clay 

(probably indicative of a high sea-level and deep-water 

conditions) and the red gravels (glacial deposits probably 

laid down at a time of very low sea-level) is unusual, 

for at most other localities in Pembrokeshire there are 

records of a falling sea-level after the peak of the 

interglacial transgression. These records are generally 

preserved as solifluxion deposits indicative of an increas­ 

ingly cold climate. A periglacial phase must surely have 

occurred bet-veen the t.vo events mentioned for "est Angle, 

and indeed at Druidston there does seem to hsve been a 

prolonged periglacial phase immediately prior to the 

Dewisland Glaciation. In the table, therefore, the lower 

head at Druidston is not correlated with that at 'Vest Angle, 

which appears to be a somewhat earlier deposit.
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Towards the base of the table the Early Glaciation is 

placed later in the sequence of events than the platform- 

cutting phase, for the reasons adduced in earlier sections. 

The coastline appears to have been estaolished after the 

cutting of the Angle Valley, for cliffs extend into a 

coastal embayment which has clearly formed as a result 

of the drowning of the valley. There is no good eviderce 

for the relative age of the phase of bedrock rotting at 

West Angle; as argued in the text, the rotting period 

appears to have been prolonged, and in the table a compro­ 

mise suggestion is made that some of the rotting may have 

been interglacial and some preglacial.

Although there are some unique deposits at Vest Angle, 

the drift succession of the coast of South-Test Pembroke­ 

shire can be related -/ith confidence to the successions 

further north.
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Chapter 6 (B1).

THE DRIFT SECTIONS IN THE TEIFI ESTUARY.

(A) East Side (Gwbert) (Fig. 82).

At Gwbert, on the eastern side of the Teifi estuary, 

a long exposure of calcareous Irish See till is being 

eroded by the sea. Cliffs c. 60 ft. high consist 

largely of till in the southern part of the section, while 

further north the till and other deposits are seen to lie 

on a well-preserved rock platform (Fig. 83). The section 

has been briefly described by Williams (1927), Synge (1963), 

and Stephens (1964), and erratic indicators from the Owbert 

area have been mentioned by Jehu (1904) and Hope Macdonald 

(1961). Jehu reoo: ded smoothed and striated bedrock 

beneath drift, but did not record the presence of the rock 

platform. Several examinetions of the section have led 

to the recognition of the succession shown in Fig. 83. 

Bedrock and the rock platform. Bedrock in this locality 

is lower Ordovician thin-bedded shale, with steeply-dip; ing 

strata and many different joint-direct ior.a. In places the 

bedrock surface is badly weathered ond shattered, but most 

exposures have beer, eroded an<* smoothed. The westernmost 

portion of the bedrock exposure is a fit's rock platform
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with its outer edge eloping from c. 14 ft. O.D. in the 

north at 2° down to 6 ft. O.L. in the south. The plat­ 

form ie o. 50 yds. long and has a maximum visible width 

of 6 yards. Above a sl.arp break of slope at the back 

of the platform is a further bedrock exposure which 

appears to be part of the old marine cliff (Plate 30A), 

and which is capped with thick drift. In places the 

drift rests upon the rock platform itself. The northern 

end of the platform grades into an undulating bedrock 

surface which slopes towards the north at 35° (Plate 30B), 

and which is covered with striations. These striations 

generally trend to yards 132°, although they are found 

throughout a range of c. 40°. Striations are again common 

on the exposed part of the rock platform, where they trend 

to between 163° and 183°  At the southern end of the 

platform some of the striations are £" deep and over 12" 

long, and deep gouges are seen here and there. In the 

small gully to the south of the platform smoothed and 

striated slabs of bedrock are again seen, and another 

frequent phenomenon is shattered bedrock -vhich has been 

"overfolded" (presumably by ice-movement) towards the 

south. These overfolds are overlain by till.

No raised beach gravels have been observed on the 

rock platform, but it is littered with numerous striated
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and rounded erratic boulders. Particularly noticeable 

are two large boulders, of medium-grained igneous rock 

and black sandstone, which are covered with striations. 

They have clearly been left on the rock platform after 

the removal of part of the till cover.

1. Lo-veet Head. Lying at the back of the rock platform 

is a layer of shale hea^ which varies in thickness from 6" 

to 3 ft. It consists of shale fragments which are gen­ 

erally under 6 H in diameter, but it also contains rounded 

pebbles of quartzite and Cretaceous flint. Some of the 

erratics in the head are striated. The matrix is sandy 

and gravelly, and in spite of some pseudo-stratification 

the head is often disturbed. It is seen in several good 

exposures against the old rock cliff, and also in patches 

on the platform. The head is slightly calc.-reous, possibly 

as a result of the passage of carbonate-loaded ground- 

waters percolating downwards from the till above. As at 

Whitesands Nort v , this head appears to overlie some of 

the striations on the rock platform.

2. Laminated silte. Overlying the head at the base of 

the olc rock-cliff is up to 24" of dull brownish-red lamin­ 

ated silt (Plate 31). It is clean, sticky, and stoneless,

1. A problematical head also overlies a striated rock 
platform at Ringabella, Southern Ireland.
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although in places It appears to be interbedded with the 

head. The laminations dip steeply down towards the rock 

platform. The bottom i" of the deposit is coloured a 

richer red and is non-calcareous; the rest of the deposit 

reacts slightly to dilute HC1. In places the silt is 

overlain by recent sludged slope deposits, but where full 

sections are oeen it appears to grade upwards into the 

overlying till.

3. Purple calcareous till. Above the silty band on the 

platform is c. 8 ft. of purple calcareous till. In places 

it is stony and gravelly, with clear traces of incorporated 

patches of head. For the most part, however, it is 

compact and relatively stoneless, with many small shell 

fragments as at Aber-mawr. It contains many erratic pebbles 

which are well-striated and derived from northern sources 

such as Galloway, the Isle of Man, and North-east Ireland 

(Jehu, 1904; 'lacDonald, 1961). The upper 2 ft. of this 

exposure are decalcified.

South of the rock platform the purple till is seen to 

be at least 60 ft. thick, and it extends almost from top 

to bottom of a degraded drift cliff c. 175 yards long. The 

base o.f the cliff lies belov H.W.M., and it is being 

actively-eroded by wave-attack; during the winter of 1964 -
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1965 the cliff retreated at least 15 ft. 1 Many rounded 

and striated boulders and pebbles have been eroded from 

the cliff and lie on the fore-shore. The lower 30 ft. 

of this cliff is steep and clearly-exposed, although 

higher up it is masked in places by large slump features 

and vegetation. Large contortions and apparent push- 

structures are visible in the till, although it is never 

clear to what extent these are due to recent slumping. 

These may be the frost-disturbance features mentioned by 

Synge (1963). The till is occasionally well-stratified, 

and thin bands of gravel are frequently interbedded. High 

on the cliff-face lenses of fine red sands and gravels 

appear in the till, which contains many different fades. 

There are distinct facies of clay-like, silty, gravelly, 

and stony tills. Everywhere the till bears traces of 

foliation, folding and faulting. The stratification within 

the till mass is highly irregular, with bedding directions 

different for each distinct till facies.

1. Other evidence or rapid cliff retreat may be seen in 
the fact that no rock platform was visible when Jehu 
visited Gwbert in 1904 or when vertical aerial photographs 
(1130,000; 106G/DY/37; Nos 6057 and 6058) were taken in 
1944. The platform must have emerged from bereath the 
till cover within the last 20 years.
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At Gwbert the till is completely decalcified to a 

depth of 2 - 3 ft. beneath the surface, and is weathered 

to its usual rich ye Ho1" -foxy-red colour to a depth of 

6 - 8 ft. This weathered layer displays a typical 

"macamore" soil profile as a result of severe gleyin°;. 

4. Stratified sands and gravels. Above the rock plat­ 

form up to 8 ft. of well-stratified sands and gravels are 

interbedded with till in the lower part of the drift cliff. 

The gravels are slightly calcareous, but are weathered to 

a depth of c. 4 ft. at their upper margin. In appearance 

they seem to be fluvio-glacial outwash, for thoir suite of 

erratics is the same as that of the till; further, there is 

no discontinuity between the gravel and gravelly calcareous 

till beneath. As in the laminated silts below the lowest 

head, the stratification in the gravel dips down towards 

the rock platform. At the southern end of the platform 

stratified gravel is seen to overlie silt bands and then 

shelly calcareous gravels which contain till lenses. Here 

calcareous till with boulders and more Tilt Isnses is seen 

to overlie and underlie the stratified gravel, so there 

is little doubt that it is closely associated vith the till. 

About 30 yards south of the rock platform the long gravelly 

horizon disappears from the till.
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At the southern end of the drift cliff, near the 
point at 'vhioh the blown sand? of To-vyn ^nrren descend 
to the level of the beach, a sharp contact i<- seen 
between an irregular till surface and overlying sande 
and silts, which are up to 12 ft. thick. The sands 
are irregularly-bedded; they are stained red by iron 
oxide throughout, and black by manganese oxide in inter­ 
mittent bands. The upper part of the exposure of eand 
is well-stratifiod, but lo-vcr down traceo of current- 

bedding are often obliterated by severe slump-features 
and contortions. At the junction between this outwash 
sand and tha overlying blo"/n sand th2re is a 3" crust of 
stained sandrock.

5. Upper Head. In patches on the clifftop there is a 
thin gravelly head of greenish sandstone, probably derived

m upslope bedrock outcrops. It has a laaximun thick­ 
ness of c. 3 ft, anf< containc many rounded and sub-angular 
erratics, including pebbles of Crstuceous flint. Part of 
its bulk clearly consists of soliflucted calcareous till.
6. Blo-n sands. Capping the drift-cliff alon.s the 
whole of its length is c. 6 ft. of stoneless grey-buff 
sand. In places the sand has cluapod do-vn onto the cliff- 
face, so that in places it appears to be interbedded with
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the till. To the south and east the sands are piled 

up into the large dunes of the Towyn Warren, so there 

can be little doubt of their wind-blown origin. At the 

southern extremity of the till exposure the stratification 

in the sands is surprisingly regular, giving rise to some 

speculation that they owe their origin in part to fluvio- 

glacial deposition.

Interpretation.

The rock platform at Gwbert appears to be a raised 

beach platform, for its altitude accords with that of 

raised beach platforms at '.'hitesande and Ogof Golchfa; 

the bedrock slope at the back of the platform appears to 

be an old cliff-line. As at other localities in Pembroke­ 

shire, the platform pre-dates the lower head and the purple 

till. As at Parrog in the Afon Nevern estuary, a further 

clue to the age of the platform can be gained from the 

fact that it is cut within the estuary on the old valley- 

side of tho Teifi (Plate 32). The estuary must therefore 

have been in existence before the stage of raised beach 

platform erosion. The old Teifi valley is graded to at 

least -75 ft. O.I. (Alien, 1960).

The lower head appears to be the direct equivalent of 

the lower heads at lortnmelgan and hitesands, for at each
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locality it lies between bedrock and purple calcareoue 

till. Furthermore, at Porthmelgan laminated silt over- 

li«e the head, and at Whitesands striations appear to 

pass beneath it; each situation is matched at Gwbert. 

The presence of striatione beneath head is difficult to 

explain, for if the head is in situ, then the striations 

must clearly pre-date its formation and the deposition of 

the calcareous till above. Some striations, therefore, 

may date from an earlier glaciation. Two significant 

facts appear to contradict this theory: namely (a) the 

contorted and disturbed nature of the head, and (b) its 

slightly calcareous matrix. When it is also noted that 

patches of head are visible in the overlying till there 

appear to be reasonable grounds for suspecting that the 

head may have been moved for a short distance in the basal 

ice-layers, striating the bedrock surface before being 

redeposited as a basal till layer. This explanation 

seems rather tortuous, and only detailed fabric analysis 

of the head can indicate whether or not it is reliable. 

Prom Independent evidence a similar origin has been proposed 

for the striations beneath the lowest head at "'hitesands 

North.

As at Porthmelgan the laminated silts above the head 

appear to be associated with the overlying till, for they
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grade upwards into it with some interbedding. Furthermore, 

if the underlying head has been contorted and moved by ice 

then the silts are unlikely to have had a eubaerial origin. 

While the silts may be part of a suite of glacial deposits, 

their compact and stoneless nature appears to preclude 

an origin as a true till; it is possible that they are the 

result of basal washing of fines, 'vith deposition beneath 

the ice before the deposition of the morainic mass (Carru- 

thers, 1939; 1948). A similar process has been observed 

beneath the Kaldalon Glacier, north-west Iceland.

The erratic content and shelly nature of the purple 

till indicates that it is probably a true Irish Sea till 

(Williams, 1927), and that the striations were cut by ice 

moving southwards up the Teifi estuary. There is no 

evidence in this section for ice moving northwards from a 

Teifi glacier. The presence of interbedcied lenses of 

sands and gravels may indicate that the conditions of till 

deposition were rather moist, probably at a time of ice- 

wastage when englacial streams wore active in the basal 

ports of the ice. Examples of this irocess on a large 

scale may be seen beneath the snout of the Schuchert 

Gletscher and the Lang/?letscher, East Greenland.

Regarding the age of the G-vbert till, it may be 

significant to note that both Charlesworth (1929) and
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Griffiths (1940) consider that the Irish Sea ice of the 

Newer Drift glaciation over-rode this locality. The 

youthful age of the till may be attested by its slight 

degree of weathering and decalcification; and yet the 

degree of decalcification is no less than that at Aber- 

ma-.vr, Whitesands, or Druidston, which are well to the 

south of the postulated Newer Drift limit. On this line 

of chronological evidence it may be tentatively suggested 

that the calcareous Irish Sea tills of western Pembroke­ 

shire are the same age as that at Gwberti i.e. d-ateable 

to the Dewislsnd Glaciation.

There is no evidence at Gwbert of Cha^esworth'e "Lake 

Teifi", for the stratified sands and gravsls and out-vash 

lenses are best interpreted as products of ice-waet?ge in 

a sub-aerial, sub-glacial, and pro-glaci-l environment, 

rather than a lacustrine environment.. SJnce the col in 

the Cippir channel lies at an altitude of 325 ft. (Joy, 

1963), the channel could not have been ar. overflow route

1. Synge (1963) or.o Stephens (1964) consider that the till 
at this locality is of Eastern General (supposedly Jtiss) 
age; deep leacV in/* snd frcst cisturbatoe is cited by Synge 
ae evidence in support of this dating. As indicated above, 
leaching is rather shallow and no traces of undoubted 
frost-disturbance have been seon in the till.
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unless a lake level above that altitude existed in the 

Telfi estuary. Such a lake must surely have left 

lacustrine deposits of some sort at the top of the 

Gwbert section. The existence of Lake Teifi at this 

point is subject to considerable doubt.

The upper head at Gwbert is rather thin and has 

narked pseudo-stratification. It seems, therefore, 

that it may have accumulated under moderately severe 

periglacial conditions which did not last for very long.

The deposition of the blown sands may well have 

been rather recent, for the dunes above the drift-cliff 

are still only sparsely-vegetated, and blow-outs are still 

being actively formed, especially in the vicinity of the 

caravan site south of the drift cliff.

(B) The Drift Exposures at Poppit.

At Foppit, on the western side of the Teifi estuary, 

there occurs posribly the best-preee ved raised beach 

deposit In West Wales (Plate 33A). The drifts which lie 

above the beach pebbles permit correlation with the section 

at Gwbert, and enable a comprehensive picture of Pleisto­ 

cene events in the Teifi estuary to be reconstructed. 

The locality has not found its way into the literature; 

although it is easily accessible, neither Jehu (1904) nor 

Williama (1927) seem to have visited the site, perhaps
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because it lies on the "no-man's-land" near the Pembroke­ 

shire-Card iganshire boundary!

(A) Poppit East.

About 150 yards to the north-west of the car-park 

there is a drift-cliff c. 15 ft. high. Bedrock at the 

locality is revealed on an uneven rock platform cut 

across thin-bedded soft flaky shales with some interbedced 

sandstones. These rocks are part of the Silurian Llan- 

dovery Series (Pringle & George, 1948). At the base of 

the cliff, excavation reveals the presence of varied 

beach pebbles resting upon the platform just above H.w.M. 

The pebbles are well-rounded and generally under 3" in 

diameter, and are set in a sandy, iron-stained matrix. 

In places the pebbles pass laterally into reddish strati­ 

fied sands and silts or fine 'vhite sand up to 7 ft. thick; 

both these deposits rest directly on the rock platform. 

The raised beach deposits are seldom over 2'6" thick.

In places the beach gravels are overlain by up to 3 

ft. of stony red non-calcareous clay. This clay contains 

a large variety of angular to veil-rounded erratic pebbles, 

some of -.vhich are striated. Although there are slight 

traces of laminations and some thin silt bands in the clay, 

it appears to be a decalcified Irish Sea till.
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The thickest deposit in the exposure is a blocky 

head of bedrock fragments and erratics. It is of more 

rariable composition than many of the heads of Pembroke­ 

shire, and appears to contain masses of sand and gravel, 

which are especially noticeable c. 10 yards from the 

southern end of the section. Elsewhere angular bedrock 

blocks up to 9 M in diameter are set in a matrix of fine 

gravel, and some stratified sands and silts are inter- 

bedded. Some layers cont-iin angular blocks up to 18" 

in diameter. In places there are indications of a dis­ 

continuous break between a reddish blocky head in the 

lower part of the cliff and a darker brown head above. 

Towards the northern end of the section the head is seen 

to have cut through the underlying deposits, for it lies 

directly on the bedrock platform.

(B) Poppit u'est.

Prom the small point north of the car-park to Cei-Bach 

Jetty belo.v Penrhyn Castle there is an excellent drift 

exposure.

Everywhere the drift lies upon a raised beach platform 

which is cut across a variety of steeply-dipping folded 

and shattered flaky black muclstonee, soft grey shales, 

and interbedded grey and buff sandstones. The platform 

has a general altitude of 8 - 11 ft. O.E., and correlates
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very clearly with the Gwbert rock platform which can be 

seen lees than a mile away across the Teifi estuary (Fig. 

82). The raised beach platform ie probably the moat 

extensive in Pembrokeshire, for it can be followed along 

the ooaat for almost 1000 yards. In places it has been 

dissected by a later phase of marine erosion, and at its 

seaward edge there is often an undercut ledge which appears 

to have resulted from present-day wave-action. No etria- 

tions were discovered upon the platform; this may be due 

in part to the softness of the bedrock, which has facil­ 

itated considerable recent weathering of the upper surface.

On the rock platform is a long exposure of raised 

beach pebbles which is masked at intervals by slumping on 

the cliff-face. The beach is up to 5 ft. thick, and is 

characterised by a great deal of lateral variation in the 

size of pebbles and the nature of the beach matrix. Occas­ 

ionally exposures are gravelly with few pebbles, but for 

the most part the beach consists of pebbles 2" - 6" in 

diameter set in a sandy and gravelly matrix which is 

cemented with iron and manganese oxide (Plate 33<). In 

places the beach consists entirely of boulders over 2 ft. 

in diameter. i-ear the boathouse at the western end of 

the bay IB a fine exposure of a raised beach over 5 ft. 

thick resting upon a planed bedrock surface (Plate 34);
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pebbles on thie beach are oft-o over 12" in dianeter, 

end are set In a sandy matrix. AB far as could be dc-ter- 

ained, all thn pebbles in the raised beech ar of local 
origin (sandstones, aha lea, and vein quartz pebbles), 
although the poselbillt mupt be borne in mind that some 
undiscovered erratics may be present.

Abore the raised beach there are occasional fine 
gravelly layers, but rererally the beach ie directly over­ 
lain by a thick blooky head. In places this head is no 
•ore than ? ft. thick, but at its thickest, near Cei-3ach, 
it ie up to 20 ft. thick. There are a few small erratic 
pebbles at the head, but it is marie up for the most part 
of local sandstone nrd shale fra/?ceirta set in a eandy 

matrix. Near its base, the head contains many raised 
beach pebbles nm? at the eastern end of the exposure, where 

the drift cliffs nro less thnn 15 ft. high, solifloxion 
appears to hove removed oil traceo of raised beach gravels. 
Thie mixed head with raised beach pebbles may be up to 
4 ft. thie' . In the upper part of the main heac, lenses 
of Bor.ds and gravels appear to be interberided.

Directly overlying the head everywhere in the small 

bay is a purple shelly Irish tea till. Near Poppit the 

till is lesr than 5 ft. thick, and ir. places is com letely 
deoalcifiedj to the west, howcsver, the till increases in
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thickness and io seen everywhere to be hi.rhly calcareous. 
The outcrop of till ie inaccessible where it overlies 
c. 20 ft. of hea<*, but from the shore below it ie seen 
to be at leact 7 ft. thick. At ite bsse the till is 
rather gravelly, pnd it appears to contain interbedded 
grnvel layers.

In a brief examination of the exposure it did not 
prove pospible to search for head above the till; there 
does not appear to be nny upper head near the point, but 
it may o-our in tho «?oat t where bedrock is near at hand 
and where slopes are eteerer.

Interpretation.

In view of the very close aeeocin* ion of rock platform 
and raised beach deposits at ioppit, there arc />ood grounds 
for believing that the platform is marine-cut. On the 
bosis of altitude and position it correlates with the 
platform at Gwbert and likewise indicates thst the Teifi 
estuary was in existence before the pint fore-cut tin/? period.

The Irish --ea till is a p:ood datum for correlation 
across the estuary, but bereath the till there sre some 
fltr^ti^raphic differences. For example, raised beoch 
gravelo have not been fjund to date ct Gwbcrt, ?;hile they 
are thick and coherent at Poppit. This is hard to explain, 
but the greater exposure of the Gvbert platform may have



298

resulted in scouring by storm-vaves rather than beach 

deposition; however, it is etill pospible th?t raised 

beach pebbles may be exposed on the rock platform at 

Gwbert after further cliff erosion.

In any case the Poppit evidence indicates strongly 

that a prolonged period of be.^eh deposition and sea- 

level stability preceded the deposition of the lowest 

head in the Teifi estuary. The fine white sand assoc­ 

iated -vith the raised beach gravels at Poppit East may 

be a blown sand deposit similar to that beneath the 

lowest head at V/hiteaands South.

There is a great discrepancy in the thickness of this 

lower head at Poppit and Gwbert; at the former locality 

it raries from 2 ft. to 20 ft. in thickness, while at 

Gwbert it is never more than 3 ft. thick. This may be 

due in p-rt to ice-erosion of the head at Gwbert, but it 

is more lively that differences in "~olifluxion potential" 

are responsible; the variation in the thickness of the 

lower head from 2 ft. to ?0 ft. at Parrog is in itself a 

warning to those who would make rash conclusions concerning 

the time-span of a periglacial phnse sicply on the basis 

of head thickness! (See Chapter 3A).

As at Gwbert, the characteristics of the lower head 

appear to indicate moderately cold periglacial conditions
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for an unknown length of time. The appearance of Bandy 

lenses in the upper part of the head at the western end 

of the bey is interesting; these may be hill-washing 

products, or else may represent fluvio-glacial outwash 

incorporated in the head at the base of the Irieh Sea 

Glacier. Unfortunately, the sandy lenses are inaccessible, 

so it was not possible to discover whether or not the head 

around them is in situ.

There do not appear to be widespread outwash deposits 

above the till at Poppit, although the mixed solifluxion 

deposit eit Poppit East does contain the remnants of such 

outv/ash. If, as seems very likely, the red clay vith 

stones at Poppit East is the equivalent of the Irish Sea 

till to the '.vest, then the head with erratics and out-.vash 

masses above it must indicate that there was a phase of 

solifluxion shortly after the wasting of the ice-sheet. 

This confirms the impression gained at G-.vbert. The appar­ 

ent presence of a second upper head nt Poppit iiast is 

unusual. it may be of little significance, indicating a 

change in tho lithology of the material subject to soli- 

fluxion; however, the possibility must be borne in mind 

that there was a climatic break between the deposition of 

the heads.

As at Gwbert, the till does not appear to be severely



Table XV. A tentative reconstruction of ovonta in 

the Teifi Cstuary.

gvents,

Leaching of till 

Blovn sands 

Upper Head (2) 1 

Upper Head (1) J 

Sands and Gravels 

Red clay .vith erratics 

Irish ^ea Till 

Basal laminated silt 

Lowest Head 

Raised Beach Gravels - Poppit

i

Raised Beach Platform

Gutting of Teifi Valley

Climnt?. 

Temperate 

Colder, dry ?

Moderately cold

Teglaciation

Glaciation

Moderately cold 

'Sea-level 3-11 ft. O.D.

Vi arm ?

Sea-level 3-14 ft. O.D. 

Warm ?

Sea-level -75 ft. O.D.? 

Temperate ?
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weathered or decalcified; it may reasonably be assigned to 

the Dewislanfl Glaciation. Again, as at G-wbert there is 

no evidence in favour of Charlesworth's Lake Teifi.

The sections on either side of the Teifi estuary
A. 

are clearly complimentary, and correlations can be made

with safety. The sequence of events represented in the 

area may be suggested as in Table XV.
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Chapter 6 (B2).

THE DRIFT SECTIONS IN NEW QUAY AND LITTLE 

QUAY BAYS, CARPIGANSHIRE.

In New Quay and Little Quay bays, and on Llanina 

Point which separates them, there are many fine exposures 

of glacial and periglacial deposits which are typical of 

the south Cardiganshire coast (Fig. 84). The drift 

succession was described in some detail by Yilliams (1927); 

more recently Mitchell (1962) has attempted an interpre­ 

tation of the deposits at New Quay and has correlated 

them with deposits elsewhere around the ^rish Sea. The 

locality is also mentioned by Mitchell (1960), Synge (1961, 

1963) and in Stephens (1964); these workers have proposed 

that at New Quay a true shelly calcareous Irish Sea till 

occurs between two local tills dating from the Riss-Saale 

glaciation.

(A) New Quay Bay (Vest).

Near the lifeboat station bedrock is exposed beneath 

the drift cover. It consists of soft grey and black mud- 

stones of the Llandovery Series (Silurian) which are 

severely folded, faulted, and contorted. There are inter- 

bedded strata of soft sandstones, for the most part dipping 

towards 272° at 20° - 30°. Southwards from the lifeboat
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station the upper bedrock surface falls in altitude 

until it disappears beneath the beach; this surface is 

irregular, but in places it appears to have been eroded 

and parts of it may represent a rock platform.

1. Haised beach gravels (?). Although I found no 

raised beach gravels on the platform, they have been 

recorded by Synge (1963) lying immediately beneath head 

to the south of the lifeboat station where a small stream 

descends the drift cliff. Mitchell (1962) gives the grid 

reference to the locality as 390598. Mrs. E. './atson 

(personal communication) considers that the pebbles in 

this deposit are of doubtful origin, for they cannot be 

proved to underlie the deposits on the drift cliff.

2. Shattered bedrock and head. In places the upper 4 ft. 

of the bedrock surface is shattered and contorted, appar­ 

ently as a result of periglacial processes. The shale 

fragments in this layer are generally under 2" in diameter, 

although frsgirents from sandstone bands may be 4" in dia­ 

meter. This cryoturbated layer passes upwards into c. 2 

ft. of shale head with moderate pseudo-stratification. The 

matrix is sandy and gravelly, and there are thin interbedded 

silt bands which were possibly laid down as a result of 

hillwash processes. Where the head consists largely of 

sandstone fragments a good downslope orientation of these 

fragments can be seen.
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3. Lower Chalky-grey Rubble-drift. Lying directly upon 

bedrock near the lifeboat station and upon head further 

south is a stony and gravelly rubble-drift between 10 and 

50 ft. thick. It varies in colour from rich purple to 

dull grey and rich grey-brown. The stones in this deposit 

are generally 3" - 6" in diameter, but may be up to 18 H in 

diameter, and are often sub-angular and striated. Local 

sandstones and shales make up the bulk of the deposit, 

although there are erratic pebbles of dark grey sandstone, 

feld spathie sandstones, and quartzites. NO Cretaceous 

flint pebbles or igneous erratics were found. In places 

the matrix of the drift contains much clay and silt, but 

it is everywhere non-calcareous and contains no shell frag­ 

ments.

The junction between this drift and the underlying head 

is generally sharp, but in places there is a gradation 

upwards from head into c. 4 ft. of stratified layers in the 

base of the rubble-drift: this is best seen c. 20 yards 

west of the point at which the bedrock surface disappears 

beneath the beach. The drift contains some distinct clay 

bands and other bands which are packed with stones; irreg­ 

ular gravelly and sandy patches occur here and there. 

There is an irregular contact in the drift c. 10 - 15 ft. 

above the beach in the vicinity of the deepest gullies,
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although the fabric characteristics above and below this 

contact appear to be the same.

As one passes eastwards towards the Afon Halen stream 

contorted gravelly layers may be seen in the drift, and 

there are slump features apparently similar to those at 

Aber-muwr. On the top of the cliff at the western end 

of the bay the rubble-drift is weathered and gleyed to a 

depth of c. 7 ft., the upper 2 ft. being most severely ^.. 

gleyed.

It Is not clear whether Williams considered this 

deposit as "Upper boulder-blay" or "Lower boulder-clay", 

but Mitchell (1962) considers it a true till, and has named 

it the "New Quay Boulder-clay".

(B) New wuay Bay (Lost).

1. Calcareous Irish Sea till. To the east of the Afon 

Halen stream and appearing for the first tiiie at beach 

level near the old ruined jetty there is a long exposure 

of Irish Sea till. It is difficult to d :termine whether 

this till overlies the lower rubble-drift or passes 

laterally into it, for no comple'a succession con be observed 

in the bay. Patches of fine clrv" in the upper 5 - 6 ft. 

of the drift cliff near the lifeboat station may be the 

representatives of the Irish Sea till, and Mitchell (1962) 

and Synge (1963) appear to be in no doubt that it post-dates
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the rubble-drift. Mrs. E. Watson, who has examined the 

section on many occasions, is likewise certain that the 

Irish Sea till overlies the rubble-drift, for in wet 

weather masses of it may be seen slipping down the rub'ole- 

drift face.

Whatever the relative age of this drift, it has all 

the characteristics of an Irish £ea till: a calcareous, 

sticky matrix of silt and clay, a chocolate brown-grey 

colour, many shell fragments, and relatively few erratic 

pebbles. The proportion of far-travelled erratics to local 

rock-types appears to be higher than in the rubble-drift, 

and rounded and striated pebbles of black mudstone end 

Cretaceous flint are common. The till attains a maximum 

visible thickness of c. 50 ft., but exposures are rendered 

rather complex by the presence of large-scale slumr features 

which mask the true character of the till face. At the 

clifftop c. 8 ft. of till is severely-gleyed, and complete 

decalcification has extended to a cepth of c. 6 ft. Some 

of the decalcified till from the clifftop (-with included 

peaty bands) has slumped down to presert high-water mark; 

Indeed, one cannot be certain that any of the exposures are 

in situ.

As at Druidston, the upper part of the till exposure 

has a high proportion of local stones and boulders in a
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gravelly matrix; however, the rnptrix is still calcareous, 

and there is no evidence from the mo in exposures of till 

to suggest that it is overlain by a second local till, as 

suggested by Mitcheil and Synge. Prom the sections in 

New Quay Bay, all that can be said is thet there is a 

chnngc of frcies in the Irish Sea till towards the top of 

the cliff.

This till is the "lower Boulder-clay" of Williams; 

Mitcheil (1962) has correlated it with other tills around 

the Irish Sea, and has named it the Fremington Boulder-clay, 

2. Stony outwash Deposit* Immediately to the west of the 

mouth of the Afon Llethi stream the calcareous till is 

replaced at the surface in the cliff sections by a stony 

deposit of local and foreign stones. From a distance the 

deposit looks li'o the rubble-drift at Pen Deudraeth and 

Aber-nwwr. The stones are up to 9" in diameter (although 

generally under 6") and are sub-angular and rounded; 

angular and striated stones are rare. In places the 

matrix is entirely of course gravel, and although the 

deposit is often disturbed there ore frequent traces of 

stratification in many direction-. The Junction between 

the etony drift and the underlying calcareous till is often 

sharp but irregular, and in one locality c. 5 ft. of 

stratified fine sand separates them. In places the gravels
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consist of small well-rounded pebbles which are stained

by Iron and manganese oxides. Occasionally, the deposit

contains patches of decalcified till. The uppermost

6 ft. of the gravel are severely-gleyed. In view of

its characteristics this drift appears to have accumulated

in a rather different manner from the rubble-drifts at

Aber-mawr and elsewhere. Perhaps the deposit is best

termed a stony outwash.

3» Sllty loam. On the surface of the stony outwash gravels

there are a few patches of silty loam, although such patches

are very rare above the till cliffs further east. In some

cases the silt appears to be interbedded with the outwash

gravels. It appears to have had a similar origin to the

sandy and silty loams of Pembrokeshire.

(C) Llanina Point.

On the point to the east of the Afon Llethi stream 

mouth is a small section .vhich provides a valuable clue 

to the nature of the glacial deposits in the area. The 

section is c. 15 ft. high and is terminated on ite eastern 

flank by an old valley-side (Fig. 85). This is probably 

the locality noted by Williams where so-called Upper 

Boulder-clay and Lower Boulder-clay are separated by 

Intermediate sands and gravels.
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1  Irish Sea till. At the base of the section up to 

8 ft. of calcareous grey clay till is exposed. It contains 

striated sandstone boulders and other erratics up to 2 ft. 

in diameter, but for the most part it appears to contain 

few pebbles. It is contorted in places, and the contact 

with overlying sands is characterised by much interdigitation, 

with lenses of sand included in the till. This till must 

be the Lower Boulder-clay of Williams.

2. Sands and silts. The sands and silts overlying the till 

attain a maximum thickness of c. 7 ft. They are generally 

well-stratified, but also contain patches of till and 

gravelly and stony lenses. One of these lenses is of 

coarse gravel which appears to have been subjected to 

slumping. In the upper part of the deposit there is one 

distinct band of silt (2a) which is 9" thick; it is lamin­ 

ated and is severely contorted in plnces. 

B. Bedded sands. The sands and silts ^rade upwards into 

a distinctive lene of medium-prained p~ev sand which has a 

maximum thickness of c. 4 ft. It is atoneless, and again 

is capped by 6" - 9" of grey laminated silt. 

4. Decalcified till. This till, which is c. ? ft. thick, 

is rather stonier than that below the sand.?, and is completely 

decalcified; however, there is no reason to cuppose that it 

IB anything but a detached mass of Irish Sea till. Again,
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its stony nature matches the stony Irish Lep till further 

to the west on top of the drift cliffs. It is not under­ 

lain by an erosions 1 contact or a weathering horizon of 

any sort, so it is best considered as part of the suite 

of outWsh deposits.

5. Coarse gravel. The till is overlain by c. 5 ft. of 

coarse stratified torrential out-.vash gravel vh;ch io full 

of rounded and sub-angular local and erratic stones. This 

may be the "Upper boulder-clay" of VriLliams (there ie no 

true till above it in this section), for it closely resem­ 

bles the stony deposit to the -.vest of the stream which 

V. illiams eeerced to consider e till.

6. bar.oy loom. The section IP capped by c. 1?" of sandy 

loam with a few included pebbler from the gravel beneath.

(E) Little Quay

In this bay, the coastal stretch bet'.veen Llanina Point 

and Mount Pleasant reveals some interesting features which 

are not seen further .vest. Immediately to the vest of the 

footpath in a badly-slum ed exposure c. 2oO yards long and 

varying in height from 1C ft. to 5C ft.

1. Calcareous tilL*. At H.W.M. is a relatively stoneless 

grey calcareous Irish hea till at least 5 ft. thick. The 

till contains well-rounded ar.ri sub-angular striated erratics 

of black mudstone, and a few shell fragments.
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2. Laminated silts. At least 15 ft. of bright grey 

laminated silt appears to overlie the till. It is stone- 

less, non-calcareous, and non-shelly. In places there 

are irregular interbedded masses of sand and till, which 

are indistinguishable from the eilts when viewed from a 

distance. The laminations are approximately horizontal, 

although they are buckled and faulted In piece . The 

silts are exposed for over 100 yards in the cliff-face, 

and for much of this distance they are homogenous and 

undisturbed. In view of their interbodding and colour 

similarities, the elite and the underlying calcareous till 

appear to be intimately associated. This interpretation 

differs from that of Mitchell (1962), \vho has placed the 

calcareous till above the elite and hee correlated the 

latter with the eo-called New Quay (local Welsh) boulder- 

clay.

3. Upper variable Rubble-drift. Above the laminated silts 

is a variable deposit of local out^aeh gravel with stony 

till masses. In places it has cut through the laminated 

silts and lies in direct contact with the calcareous till. 

Some of the sand layers at the base of the deposit are 

severely contorted, ard appear to have beer rubject to 

slumping during or shortly gfter deposition. The slump 

features are distinguishable from the features associated
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with recent slipping on the cliff-face, and closely 

resemble some of the features in the uppermost drift 

deposit at Druidston. In places higher up the cliff 

the rubble-drift is stony and chaotically-bedded; it 

bears none of the fluvio-glaciol characteristics of the 

outwash deposits to the west, and lower down the cliff 

exposure. Stones in the drift are sub-an£><ler and 

angular, and many ere ; triated; most appear to be locally- 

derived. Near the top of the cliff, c. 45 ft. O.D., 

stony gravels are interbedded with a complex series of 

blocky layers, lenses of black cemented e- nd, masses of 

decalcified till, and layers of sands, gravels and lamin­ 

ated silts. The Thole suite of deposits ie distinguish­ 

able from the laminrted silts enc1. calcareous till below, 

partly on account of its rich red-brown colour. This 

drift certainly Inys more claim to the terrc "Up^er Boulder- 

clay" then cc any of the drifts further -*eet in i e-.v Quay 

Bay.

Interpretation.

Unfortunately I did not have time to carry out detailed 

fabric analyses on the New Quay drifts. However, from 

the stratigraphic evidence recorded above some suggestions 

can b« made concerning the origins and relationships of 

1h« drifts. In Fig. 86 composite profiles from the four
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most important oliff sections are compared. Only at 

New Quay West do drift deposits rest directly upon bed­ 

rock, so it is perhaps safe to assume that th« rubble- 

drift at that locality is the oldest deposit in the area 

(with the possible exception of the doubtful raised beach).

If the eroded bedrock remnants reoresent a raised 

beach platform at 12 - 22 ft. O.D., anH if th= rounded 

pebbles recorded by Syn^e are true raised beach deposits, 

then correlation is invited with the raised beach series 

of Pembrokeshire and Gower. It is a little unusual for 

West Wales to find severe frost-shattering of the platform 

surface, but this can be explained by the incoherent bed­ 

rock lithology of folded and faulted soft shales. There 

is a comparable frost-shattered rook platform at. Newtown 

in South-east Ireland.

The head above bedrock is thin and the size of the 

frostflakes appears to vary according to the parent material; 

for example, head fragments derived from greywacke bands 

are several times larger than those derived from soft 

shales. If all the head is preserved at the present day, 

then it probably represents a relatively short phase of 

solifluxion. Hovever, near the life-boat station it 

grades upwards into the rou/rhly-stratified basal layers of 

the lower rubble-drift, and the possibility must be con­ 

sidered that the thickness of bedrock head by no means
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represents the full periglacial phase.

The nature of the lower rubble-drift or "New Quay 

boulder-clay" presents a problem, for the stratification 

in its lower layers and itc high proportion of local rock- 

typee may mean that the deposit is a mixture of soliflucted 

till and heed. Such deposits are apparently common on 

the North Cardiganshire coast (£. Watson, ptrtonal commun­ 

ication, 1964), and it must be borne in mind that the 

western end of New Quay i3sy .voulc have been a favourable 

locality for solifluxion in view of itb aspect and the steep 

bedrock slop-? to the west. "hile the deposit does bear 

ff?ny of the characteristics of a true till, the apparent 

stratification of its lo-er layer? needs to be c-arefully 

examined. Mrs. E. ''.ataon considers the deposit to be a 

"solifluxion till", for its constituent stones are every­ 

where orientated parallel .vith the slope. The :r*ratic 

pebbles are considered to have beon derived from older 

glacial deposits, r>lthou/*h the apparent lack of Irish iSea 

erratics in the drift m<:y indicate th-t ths destroyed till 

may have been the product of local ,Velsh ice. The slump 

features in the drift near the Afon Haler st.reprn look like

ice-contact fe?tures; however, they could equally well have
H 

formed under conditions of "episodic" colifluxion (Budel,

1960), or as a result of unusually rapid melting of the
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active layer for a few Reasons. Thus there appears to 

be much evidence tc suggest thnt the rubble-drift IB a 

solifluxion deposit; while there may be masses of older 

till in the deposit, Kitcheil's assumption that it ie 

simply a local n'elsh till in situ sesrcs unproven.

From the sections examined in the vicinit.' of New 

^viiiy there eee;uB to be no evidence for the presence of 

"intermediate sards ^nd gravels", for -vhile outwesh 

deposits at Ne- Quay Kast and Llanina Point are seen to 

overlie calcareous till, they are not seen to underlie 

an unequivocable upper till.

The so-called upper till or "lencoed boulder-clay" 

of ITitchell anc ^ynge is a highly variable deposit. 

Kitch'-ll has noted tKst t.he coarse gravel above the cal­ 

careous till nepr the mouth of the Afon Llethi stream at 

New Quay East is not in fact an upper till, ao proposed 

by iJLiains. It is a torrential outwash deposit full of 

pebbles which ajpear f o have been derived from inland local­ 

ities. This impression is strengthened by the form of 

the Afon Llethi ar.d Afcn ^ido valleys, '"hich appear to have 

carried vast quant it ier of melt-rater towards the coast 

during deglaciation. Ir ar. ervironmert of wast in/" ice 

and intermittent pro-flaciel lakee gt Little ^uay Bay, the 

meltwater from the south could nave been responsible for
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the Introduction of the sands, gravels, and masses of 

local stones which constitute the upper rubble-drift. 

The incorporated masses of decalcified till and lenses 

of silts bear similar witness to the process of mass ioe- 

wasting in the locality; such features are common in 

present-day pro-glacial environments in the Schuchert 

Valley, East Greenland, and elsewhere (see, for example, 

Hartshorne, 1961; Price, 1964). All the exposures of 

the upper rubble-drift leave one unconvinced that it is 

a readvance till of any sort, for the characteristics of 

the deposit surest that it was laid down in a dead-ice 

environment where melt-water from wasting ice and from 

the upland valleys was the major agent of deposition.

This interpretation hae to be qualified somewhat by 

an examination of the stratigraphic position of the rubble- 

drift, for it apparently overlies the laminated silts. 

If, as seems possible, these silts are lacustrine deposits, 

then it is difficult to explain the presence of apparent 

dead-ice features and till masses above them without 

postulating a readvance, perhaps of local ice. Perhaps 

the silts -.vere laid down in contact with glacier ice at 

an early stage of deglaciation when melting was on a small 

 cale only, and were buried bereath more local dead-ice 

deposits during a later phase of rapid melting, when
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slumping nnd sludging were prsv-Uont. Alternatively 

the relationships of these deposits may be explained 

far more simply. The eiltp may have been derived from 

calcareous till by recent rain-washing (Krs. E. Watson, 

personal cocTr.unicetion), and may not paee beneath the 

upper rubbla-drift at all. '"idespread slumping on the 

cliff face may be responsible for the discovery of thick 

sandy rubble-drift above the silts. This explanation is 

not entirely convincing, for the silts ar? thick and 

continuous along 1CC yards of co^st; recent rain-washing 

of calcareous till h.?s produced no laminated silts else­ 

where in 'Vest 'V?les, and tbers is no reason why the process 

should have been particularly effective at Li u ile Quay.

Both the explanations nbove are some-.vhat unvieldy, 

although from a glaciological point of view they seem more 

satisfactory 'han the interpretation of the rubble-drift 

as a local "Pencoed boulder-clay". Perhaps it -.vould be 

wiser not to prouooe any explanation of this dead-ice 

environment too strongly, for, as Flint (1057) has notec1 , 

in an ice-wasting environment "anything can happen, and it 

usually does." (P. Ho). ''here oresent-aay slumping has 

confused the picture even furthe-", ere may be Justified in 

believing ar.ythir.g is possible I

The lack of an upper head (which is so characteristic
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of the Pembrokeshire sections) at liew Quay is not sur­ 

prising, for many of the cliff-exposures occur over 500 

yards from the nearest bedrock slope. The slope of the 

drift surface is oft.-n negligible (although in places, 

ae at Llanina Point and west of Mount Pleasant, there 

are steep-sided drift hummocks), and even where the ground- 

surface slopes at more thsn 3° solifLuxion of the drift 

deposits is not apparent except in isolated patches. 

Only accurate preferred stone-orientation counts in the 

drifts can determine the extent of post-glacial solifluxion 

at this locality.

Concerning the age of the deposits at Ne.v Quay there 

is little convincing evidence. Mitchell, Jjynge, and 

Stephens consider that at iNew Quay there are three tills 

which are the equivalents of the inniskerry, ilastern 

General, and Brittas tills of Eastern Irelanc (r'arrington, 

1942; 1944). These tills they equate with phases of the 

Riss/Saale ^laciation (Stephens, 1964). .hatever the 

age of the deposits, there is a close correlation with 

the Pembrokeshire succession, and it appears reasonable 

that at least part of the lower rubole-drift with erratics 

correlates with +he lower head suite with erratics at 

Aber-mawr, with the overlying Irish £5ea till deposited 

during the Dewisland glaciation.



Table XVI.

Everts. 

Soil

Sandy loam 

Rubble-drift

A tentative reconstruction of events at

New Quay, Llanina Point, and Little Quay Bay.

Climate. 

Temperate 

Cold, dry

Sands and gravels 

Ice-contact drifts [ 

Laminated silts J 

Irish Sea Till 

Lo.ver Rubble-drift 

Local "New Quay" Till 

Lowest head

Frost-shattered bedrock 

(Doubtful Raised Beach ?) 

(Doubtful Rock Platform?)

Moderately Cold 

Deglaciation

Glaciation 

Moderately cold 

Glaciation

Moderately cold.

Sea-level 13-18 ft. O.D.? 

Warm?

Establishment of coast Temperate
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The suggestions made in this section are of limited 

value only in view of the lack of detailed fabric analyses, 

but the investigation has beer, of some use in that it has 

revealed a close correspondence between the drift succession 

and thfit of Pembrokeshire, The existence of the upper 

till as a representative of a local Welsh reacivance may be 

doubted. Furthermore, the status of the laminated silts 

and lower rubble-drift must be open to question until 

more detailed field evidence is available.

From the foregoing paragraphs, it appears that the 

sequence of events suggested in Table XVI may have occurred 

at New Quay.
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Chapter 6 (B). 

SUMMARY OF CONCLUSIONS.

Prom the evidence of the sections in the Teifl estuary 

and at New Quay it seems that the Late Pleistocene history 

of South Cardiganshire has been very similar to that of 

North Pembrokeshire. Although at New Quay the coastal 

area has probably lain within the sphere of influence of 

Welsh Ice, this fact appears to have made little difference 

to the recent drift stratigraphy; the Irish Sea ice of the 

Dewisland glaciation appears to have been dominant in both 

South Cardiganshire and North Pembrokeshire. 

1. Stratigraphy.

The sections examined are correlated in tentative 

fashion in Fig. 87. As in the coastal exposures analysed 

in Chapt?r 5, the Irish ^ea till can be used as a satis­ 

factory datum. The only locality .vhere it does not appear 

as a fresh deposit is Poppit East; however, at this locality 

there are good lithological grounds for considering t*e red 

clay -/ith erratics as a decalcified Irish XQB. till.

The earliest Pleistocene deposit in this coastal stretch 

is the thick raisod beach nt Poppit; the platform upon which 

it rests mny be correlated *ith the Gwbert platform and 

perhaps with the doubtful platform at New Quay West. Both
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platform and raised beach pebbles indicate the presence 

of a probable interglacial sea-level at c. 8 - 11 ft. O.I). 

or higher. In view of the apparent lack of erratics in 

the Poppit raised beach there are no grounds here for 

postulating separate interglacial stares for the cutting 

of the platform and the deposition of the raised beach.

The Irish Sea till is a suitable datum for correlation. 

The till itself is seer to be of variable thickness from 

section to section, but it appears to thicker from west to 

east; the till at G'vbert and Ne^ Quay is thicker than at 

any point on the North Pembrokeshire coast, and is only 

matched in Pembrokeshire at Pruidston. Ther" is ,<?ood reason 

to believe that the Irish Sea ice -vhich implr-?* upon the 

coast it New Quay was no less powerful than that vhich over­ 

ran the North Pembrokeshire coast. As in North Pembroke­ 

shire, the till h^s been derived from the floor of Cardigan 

Bay. In view of the similarities of weathering and decal- 

cification between the Cardiganshire Irish ' ea till and 

that of North Pembrokeshire, it i? safe to assume that it 

dates from the Bewisland <?laelation.

Above the Irish Sea till correlation i? relatively 

simple. There are out-vash sands and grovels at Gwbert, 

New Quay East, and Llanina Point, although at the latter 

two localities the outwash may not be related entirely to
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the Irish Sea till. In Little Quay Bay and Poppit East 

there is evidence that sands and gravels have been 

affected by later colifluxion; the upj.er heads in the 

other sections in the Teifi estuary may also be related 

to this late phase of solifluxion. 

2. A "New Quay Glaciation"?

In spit a of the similarities of the lower rubble- 

drift at New Quay and the thick lower head at Poppit West, 

thera is one important difference between the deposits: 

namely that the New Quay drift appears to be a ooliflucted 

till, ^hile the Poppit head is basically a bedrock deposit 

containing few erratics. There are good grcuv.ds for 

assuming that prior to a long phase of solifluxion there 

was a coherent till deposit at New Quey ".'est but no such 

deposit at Poppit.

Inevitably, one must wonder vhether this early till 

wae the product of the Early Glaciation which has been 

proposed for North i-eabrokeshire. Tl ere are certainly 

several points in favour of this vie-.1 :

(a) The early till at Lew Quay appears to hpve bean entirely 

a local till. This surest? t'r.at Veleh ice was dominant 

durin-? its deposition; in contrast, the dominant force 

of the re-vislard Glaciation, even as far east as New 

Quay, was the Irish Sea ice-sheet. It has been
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8u/»*«98ted quite independently earlier in the thesis 

that the ice of the E arly Glacintion came from the 

north-east; re-y probably, it vould h.nve beer Welsh 

ice.

(b) At present, there is no reaecr in North Pembrokeshire 

for postulating more t' an one Early Glaciation to 

explain the coastal melt-water channels anfl the 

presence of erratics in raised beach anr" lower head 

deposits. It seems unnatural an-? unnecessary to 

invoke a "unique" ,-< la elation for the New Ouav till.

(c) It is possible that the soliflucted New nuay till 

rests upon a rock platform with beach deposits. If 

this is so, the till itself may h^ve beer deposited 

after the cutting of the platform. It has been 

argued in Chapter 5 (A) thnt the erratics at Parrog 

may have been introduced by a £laciation which post­ 

dated the platform-cutting eta^e.

On the other hand the correlation of the New Quay 

glacistion with the Early Glacip.tior of Pembrokeshire does 

involve one major difficulty, namely the apparent presence 

of thick local till prior to the m^in soli^luxion phase at 

New Quay, while nothirs but scattered erratics dating from

1. On the basis of t\e orientation of meItwater channels 
See Chapter 5 (B).
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this glaciation have been found in Pembrokeshire. No 

"early drift" has been founc! to date in North Pembroke­ 

shire, apparently indicating that, if it ever existed, 

it has been removed by a long period of denudation 

prior to the Lewisland Glaciation. Anc yet tie New 

Quay rubble-drift seems to have been derived, in part 

at least, from a till deposit .vhich contained freshly- 

striited pebbles.

In view of this fact it ie possible that "he till 

was deposited during a local Welsh Glaciation (as sugg­ 

ested by Mitchell in 1962), immediately prior to the 

eolifluxion phase in which it was re-sorted. It is 

tempting to correlate this local glaciation with the 

severe periglacial phase recorded in the Aoer-mawr North 

drift-cliff, which was also succeeded by a less severe 

phase of solifluxion and then by a glaciation from the 

Irirh £ea. 

3. The mode of deposition of some drifts.

The important suggestions made in tne sections on the 

Teifi estuary and the ttew Quay area concernia^ the origins 

of drifts may be summarised as follows:

(a) The Irish Sea till, while retaining itc characteristic 

purple colour and calcareous matrix, is seen as a 

rather variable deposit. At vj.voert it is seen to be
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candy and gravolly In places, with extensive lenses 

of interbedded outv/ash, while at Little Quay Bay it 

is closaly aasociated with laminated silts. Further­ 

more, the till itself is seen to be laminated at 

Pop.it East. As at '/hitesands and other localities, 

the impression is gained that it was deposited under 

conditions of ice-wastage, vith large amounts of melt- 

water and perhaps even auall pro-glacial laV-ss affeoting 

till characteristics.

(b) The upper head at Poppit East and the upper rubole- 

drifts at 'New vluay confirm t e impression gained in 

North Pembrokeshire that the deposits above the Irish 

Sea till are not true tills, but mixed solifiuxion 

rubbles containing masses of outwash, decalcified till, 

and head fragments.

(c) There1 i? no evidence on the iiouth Cardiganshire coast 

in support of the "intermediate sanes and gravels". 

True, sands anc gravels do overlie Irish -aa till, but 

in the sections examined there ij no youngor till over­ 

lying outwash deposits.

(d) The sections at Gvoort and Popuit aifort1 AO support

for Charlesworth's "Juaiie ieifi". ^hero are no deposits 

at either locality wnich could oo interpreted as lacus­ 

trine in origin. It ,vould be tortuous in the extreme
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to propose thnt the laminations in tho Irish 3es till are 

indicative of tho presence of a lake, for till charac­ 

teristics are TV. Intained throughout the deposit. 

4. Table of Correlations.

In Table XVII stratisjraphic correlations arc made on 

a similar besis to the correlations in fore^oin/z sections. 

Apart fron the soliflucted till at New Quay u'est, there 

appears to be nothing new In t uc Table; it in comparable 

in many vmys to the tables for North ^nmbro^eshire.

The major problem encountered in the compilation of 

this table concerned the placing of th<? T-'ev Quny "local 

till". Tentativel/, 't in su-vectec5 th^t it. -vac deposited 

after tho deposition of the reiaed beach -inc. the- lower 

head, and conteTr.porsneoJely vith thu n&ir. head deposits 

f'orther vest.



PART III

Chapter 7.

Some Conclusiona based upon the Interpretation 

of Cosstal Sections.
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Chapter 7.

SOME CONCLUSIONS BASED UPON THE INTERPRETATION 

OF COASTAL SECTIONS.

From the evidonce, correlations and interpretations 

in the Last t'.vo chapters an attempt can now be made to 

answer some of the questions which ,vore posed at the 

beginning of this thesis. 

1. Is Jehu's Tripartite drift division correct?

(a) Is the "Lower Boulder-clay" one deposit? Jehu O9C4) 

described exposures of Lo.ver Boulder-clay throughout North 

Pembrokeshire, and considered th«t it thickens from vest 

to east. However, he did not distinguish clearly between 

the calcareous shelly Irish Sea tJll and other heavy clay 

tills inland; furthermore, as noticed by Griffiths (194C), 

he classified some exposures of Irish Sea till as "Upper

Boulder-clay".

The present investigation indicates that the Irish 

Sea till has a .vide coastal distribution. It is found in 

localities alon^ much of the coastline from i*ew ^uay to 

Wooltack loint, at the southern end of it. Bride's Bay. 

It is best preserved where Irish Sea ice moved onshore from

1. South of Druidston I have found Irish Sea till at Broad 
Haven and Little Haven, and JUss Gillian Lass has discov­ 
ered it on Nab Head (personal communication, 1964).
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the floor of Cardigan Bay or St. Bride's Bay, and where 

deposition took place in the lee of upstanding topographic 

features transverse to the direction of ice-movement. 

Porthmelgan (behind the igneous ridge of St. David's 

Headland), Whitesands North (behind the low ridge of 

Trwynhwrddyn Promontory), and Druidston (in a deep valley 

bordered to the north by a high cliff-line) may be quoted 

as examples.

Calcareous till is not preserved /vhere the ice moved 

off the land, as on the south coast of Dew is land and at 

West Angle Bay; in such localities the equivalent of the 

Irish Sea till is a "land facies" which is non-calcareous, 

non-shelly, and far stonier than the true calcareous till. 

The land facies at Caerbwdy and Opof Golchfa may be thoupht, 

upon superficial examination, to be the equivalents of the 

rubble-drifts of the north and west coast of irerabrok^shire; 

however, it is suggested that the tills are litholo^ically 

unrelated to the rubble-drifts and are strat ifrraihically 

the equivalents of the Irish 6ea till of the Dewisland 

Glaciation. 1

1. The stratigr->phic position of t'e lanct facies of t 1 e 
Dewisland till is shown in many clifftop sections. Some 
of the more important sections are described briefly in 
Appendix VII and located on Map 3.
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Griffiths (194C) stated that there is an "absence 
of the typical lower boulder-clay from the St. David's 
Peninsula" (P. 36), but that it is replaced by a "St. 
David's Drift" (Fig. 88). However, the occurrence of 
purple shelly calcareous till within the area of "St. 
David's drift" at Aber-mawr, Porthmelgan and Whitesands 
Indicates that no such generalisation can be made.

On the other hand there is some Justification for 
suggesting that the Irish Sea till is itself subject to 
much lithological variation. At New Quay, Gwbert and 
Aber-mawr the till is plastic and relatively stoneless; 
it owes little to the characteristics of the underlying 
bedrock. The till at Druidston contains innumerable 
small flakes of Coal Measures shale, while that at 'Vhite- 
sands North is a gravelly deposit with many Cambrian shale 
fragments. At Porthmelgan the till incorporates a coarse 
"boulder-bed", while interbedded sands and gravels are 
seen at Gwbert and associated larnimted silts at Little 
Quay. At New Quay and Druidston there is a gradual 
increase in the coarseness of the till matrix from the 
base of the exposure to the top. In view of all these 
variations it may be said that the only constant charac­ 
teristics of t-e Irish Sea till in the coastal exposures 
of West Wales arei (a) a dark blue-grey to purple colour,
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(b) a highly calcareous matrix, and (c) a content of 

Marine mollusc fragments.

The term "Lower Boulder-clay" must be considered 

unsatisfactory for the following reasons :

(a) It has been used loosely to describe Irish Sea 

tills of several facies and also non-calcareous 

inland tills which may not be their stratigraphic 

equivalents.

(b) As used by Jehu, the term excluded the land facies 

which is the stratigraphic equivalent of the 

Irish Sea till.

(c) The term carries with it the implication that 

there is an "Upper Boulder-clay" above; it is 

suggested that there is no such deposit. 

Perhaps it vould be safar to include the Irish Sea 

tills and the local tills at Ogof Golchfa, Caerbvdy, and 

West Angle under the broad heading of "tills of the De-.vis- 

land Glaciation".

(b) Do the "Intermediate I'ar.ds and gravels" exist, and do 

they represent an ir.terglacial deposit? Jehu noticed 

that in many parts of North Pembrokeshire sands- and gravels 

are found on the surface; however, he considered that the 

sands and gravels are often overlain by "Upper Boulder- 

clay and rubbly-drift", and he equated the outwash deposits
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with the "intermediate sands and gravels" found elsewhere 

in England and Wales. He was, however, not entirely 

convinced by his own correlation, and warned "it is not 

safe to assume that the Sands and Gravels always represent 

any definite horizon in the glacial series" (F. 82).

In none of the coastal sections examined have sands 

and gravels been observed between two different tills. 

At Caerbwdy outwash gravels are found beneath non-calcareous 

till, but there is much evidence to suggest that they are 

intimately associated with this till, and that they may have 

been deposited in a dead-ice environment. At Gwbert 

lenses of sand and gravel over 40 yards long are inter- 

bedded with the Irish Sea till; there is no evidence to 

suggest that the till above the gravels is any younger than 

that below. At Aber-mawr and New Quay sands and gravels 

are clearly seen to rest upon the Irish Sea till, and at 

all the localities where thick calcareous till is preserved 

outwash materials are incorporated into the rubble-drift.

V.hile the sands and gravels of the coastal sections 

appear to be associated with deglaciation it cannot be said 

from the evidence that they represent a full interglacial, 

for glacial conditions did not return to North Pembrokeshire 

after they were deposited. However, there does seem to 

hare been a later return to severe periglacial conditions
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for a time.

Thus there is no evidence that the sands and gravels 

are "intermediate" between two tills; all that can be 

said concerning their etratigraphic position is that 

they generally overlie tills which were deposited during 

the Dewisland Glaciation.

(c) What is the nature of the "Upper Boulder-clay"? 

While Jehu considered the rubble-drift to be a mixture 

of morainic material, sands and gravels, and bedrock 

fragments, Mitchell (1962) and Synge (1963) consider it 

a local upper till (Plate 35).

The coastal exposures of rubble-drift examined in 

West Wales provide some support for Jehu concerning the 

nature of the deposit. At Little wuay, Aber-ma.vr, 

Porthmelgan, ''/hitesards and Druidston it is especially 

well shown as a variable rubble of head fragments, soli- 

flucted till, end sands and gravels. The stone orien­ 

tation analyses vhich have been undertaken strongly 

suggest that the drift has been soliflucted to a consid­ 

erable depth beneath the surface. The high proportion 

of bedrock fragments in the drift, and the occasional 

discovery of striated erratic?, cannot be taken as criteria 

for the recognition of a "locol till".

It is worth noting that the rubble-drift ir always 

associated with calcareous till. No rubble-drift has
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been recognized above the land fades of the Dewieland 

tilli and instead the tills at Ogof Golchfa and Gaerbwdy 

are overlain by a thin head. If the rubble-drift is a 

local till deposited after the retreat of the Irish Sea 

ice, why is it not represerted at Ogof Golchfa and 

Caerbwdy in some form? The coastal distribution of the 

deposit indicates that it is the same age as the Dewisland 

tills.

Griffiths (194C) suggested that the "Upper Boulder- 

clay" occurs only within the "South Wales End-moraine", 

and is matched elsewhere by a soliflucted rubble. No 

evidence has been found in support of this contention; no 

"unique" deposits have be n found on the north coast which 

can be related to & Newer Drift readvance.

2. Ioes the "South Wales £nd-moraine" of Charlesworth 

really exist?

Prom the coastal sections one cannot say that there 

is no such feature inland. But it has beer su^^ested that 

drift stratigraphy is virtually identical in all the 

coastal sections of -est Wales; ti'ere are anomalous 

deposits, but they represent no more than minor variations 

on a single theme.

If there was a separate glaciation as far south as 

the South Wales End-moraine one would expect to find a
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record of It in the coastal sections; there should be a 

fresh till to the north of the mornine, perhaps matched by 

periglacial deposits to the south. As suggested above, 

there are no such deposits, and the till of the Dewisland 

Glaciation ( the last glaciation of Pembrokeshire) extends 

at least as far south as v/est Angle. The South Wales 

End-moraine must therefore be open to some doubt.

In association vith this point, it may be said that 

there are no traces of Glacial Lake Teifi and Glacial Lake 

Nevern (Fig. 11) in coastal localities; lake deposits of 

some sort should occur in the Afon Nevern and Teifi 

estuaries if the lakes ever existed, but in neither area 

have such depositr beer, recorded.

3. What IP the Age of the Horth Pembrokeshire; drifts?

If there is no South Wales 2nd-moraine, then all the 

till of the Dewisland Glaciation must be either Older Drift 

or Newer Drift in age. The stratigraphy of the coastal 

sections indicates that head above the Dev/island till is 

seldom more than two feet thick, while the calcareous till 

itself is seldom decalcified to a greater depth thrn 3 ft. 

At Aber-ma-.vr the till is in placec decalcified to a de^th 

of only 12", and the greatest depth of complete decsl- 

cification recorded -vas 6 ft. at New Quay (Plate 36). From 

this evidence it is suggested tentatively that the De-vis-
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land till may be categorized under the general term 

"Newer Drift".

If the raised beach gravels of West v/ales are of 

Last Interglacial age, as suggested by Zeuner (1'^59) and 

Bowen (1965), then tho Dewisland till must have been 

deposited during the Last Glaciation. However, at 

this stage no reliable evidence has been presented 

concerning the absolute age of the drifts; all that can 

be eaid is that two glaciatione are represented in 

Pembrokeshire, which may or may not coincide with the 

"Older Drift" and "Newor Drift" glaciations elsewhere.

4. How old are the raised beach platforms and raised 

beaches of North Pembrokeshire?

Ho decisive answer has been found to this question, 

but there do seera to be grounds for proposing that the 

platforms are older than the Early Glaciation and are 

thus separated by a full glacial stage from the deposition 

of the raised beach gravels. If the platforms pre-date 

two glaciations (the Early Glaciation and the Dewisland 

Glacintion) then it follows that they cannot have >een 

cut in the Last Interglacial, as sug -ested by Zeuner.

Admittedly the evidence for this tentative dating 

is scanty: at Pen Peudraeth a raised beach platform 

appears to have been truncated by the cutting of the
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Aber-mawr valley in the Early Glaoiation, and it has been 

argued that erratics from the Early Glaciation are more 

likely to be preserved on the rock platforms if the 

platforms were already in existence when the glaciation 

occurred. Again, it has been shown that at 'vhitesands 

North and Gwbert stristions pass beneath the lovest head, 

and may thus date from an Early Glaciation. The stained 

till on the platform at Trwynhwrddyn could conceivably 

be an "Early till".

While the raised beach gravels may be much younger 

than the rock platforms on which they rest, there is 

evidence that the gravels in different localities and 

different altitudes may themselves have been deposited 

during different marine stillst^nds. It has been suggested 

that the raised beaches at '.Vest Angle and V.'hitesands oouth 

may have been deposited prior to a marine transgression 

while the high beach ^t O^of Golchfa may date from the 

Jeak of an inter/glacial transgression. The stratgraphic 

evidence set out in the last two chapters su^ests that 

the raised beaches were all deposited during the same inter- 

glacial stage. tor simplicity it may be '.vorth.vhile to 

assign the term "POPPIT IM'ERGLACIAL" to this stage, usins; 

as a type locality the fine raised beach exposure at Poppit.
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5t What is the origin and age of the North Pembrokeshire 

melt.vater channels?

At this stage no detailed study of the deep coastal 

ralleys of Pembrokeshire has been undertaken, but it is 

suggested that the channels at Oaerbwdy, Aber-mawr, Druid- 

ston, and i orthmelgan could have been cut by glacial melt- 
water. The "through valley" at Porthmelgan may be a 

sub-glacial feature. All of these channels were cut 

before the lewisland Glaciation, for they all experienced 

periglacial conditions and solifluxion prior to the arrival 

of the last Irish Sea ice-sheet. Thus it is worth bearing 

in mind that at least some of the channels of North Pem­ 

brokeshire may be melt-water features dating from the Early 

Glaciation; this conflicts with the generally-accepted 

view that the larger channels of North Pembrokeshire are 

of Newer Drift age.

Some other observations^

(a) There is much evidence to indicate that the larger 

valleys of the area .vere cut prior to the establishment 

of the coast and the cutting of the raised bead' platforms. 

This is illustrated at 'Vhiteear.ds, "Vest Angle, the Afon 

Uevern estuary ano the Teifi eotuary, where marine clifs 

and raised beach platforms are found within the sides of 

the old drowned valleys. From the -.vide, open forms of
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these valleys it seems that they were cut sub-aerially.

(b) It is tentatively surgested that the ice of the 

Early Glacirtion may have mcvnd acrosr North Ternbroke- 

shire from the north-east towards the south-west. This 

idee is based upon the oricrtetiot of the Porthmelgan 

chnnrel, whic!- ic difficult to explain as a legacy of an 

ice-sheet moving from the ncrth-.vest towards the south­ 

east (The direction of movement of tl.e last Irish Sea 

ice-sheet).

(c) After the deposition of the rcised beaches there was a 

prolonged period of solifluxion which is represented by 

the thick lo-r er headr at Aber-mnwr, Foppit, and Ogof 

Golchfa and by thinner headi> elsewhere. At Aber-mawr the 

climatic fluctuations5 are excellently recorded, with the 

major phases as follows!

3) Moderate Gold

2) Severe Cold

1) Moderate Cold

It is tempting to correlate the period of severe cold 

with the local "New Quay" Glaciation further to the east.

(d) The Dewisland Glaciation appears to have been rela­ 

tively weak and perhaps short-lived. In general, it 

altered the coastal area of North Pembrokeshire hardly at 

all; all the valleys pre-date the glaciation, and little 

erosion was achieved on the coast itself. Rock platforms
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were polished and striated, but older hear1 deposits and 

beach pebbles remained in situ in spite of the over­ 

riding ice. Febric analyses on the calcareous till 

indicate that it 'vas seldom deposited by "plastering"; 

rather, individual till masses aj pe^r to h*ve been subject 

to slumping and sludging upon dead ice during or shortly 

after deposition. The ice probpbly -wasted by stagnation 

rather than retreat, for ice-contact features are seen in 

outwash sands and gravels at Aber-nwwr and G-.vbert f and at 

Ogof Golchfq and C«?erbwdy the^e is good evidence of the 

"dumping" of till masses in a moist environment of ice- 

wastage.

(e) Among the horizons discovered there are several 

anomalies which seem to occur in isolation. At Aber- 

mawr there is a weathering horizon in the lower blocky 

head which is recorded from no'vhere else; at "/hiteeands 

is a unique deposit of sandrock which overlies the most 

recent head; at Pen Lal-aderyn there nre fnint trace? of 

a weathering horizon in a suite of pppsrently post-glacial 

heads; and at Little Quay there are laminated silts (which 

appear to be lacustrine) in association with the Irish Sea 

till. I^one of these horizons contradict the interpre­ 

tations from elsewhere on the coast of '.: est Vales, and for 

the time being they may be considered as representatives
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of phases which may be unique to one locality, or else 

(as in the case of the weathering horizons) as possible 

indicators of widespread climatic fluctuations of which 

all traces have been removed elsewhere.

From the coastal sections of ?'est v/ales much strati- 

graphic evidence has been accumulated. On the basis of 

the interpretations of this evidence in Chapters 5 and 6, 

it has been possible to correlate the events recorded 

at each group of coastal sections, as set out in Table 

XVIII. The complete sequence of events can oe inter­ 

preted from no single group of sections, for inevitably 

there are strati^rauhic gaps here end there. However, 

these gaps are surprisingly few in number, and all the 

major Pleistocene events which ere discernible are widely 

represented. The Pleistocene record at the base of the 

table is scanty, *nc it is probable tMt the events por­ 

trayed occurred over a sp-in of rorny thousands of years. 

The erratics d9tir<r frorn the Early Glocintior »re vide- 

sr-read, but, th« f«ct tlmt no undoubted Early Glaciation 

tills have been discovered on the coasl of '" e st VTales 

suggests that the Poppit Intersl-'cinl may have been 

prolonged enough to destroy them completely in the coastal
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zone.

The moet important conclusion to be drawn from this 

table ie that coherent drift deposits: of only one majcr 

glaciation - the Dewialanc Glaciation - are represented. 

This glaciation may be subdivided into ar early, prolonged 

zoperiflacial phase, a glacial phase, and a third phase in 

which deglaciation ard renewed eolifluxior occurred. 

Thle three-fold subdivision may be open to criticism,

^ for the three phases represented in the drifts may have

Thbeen quite unrelated in time. Forever, the table attempts

Peto present the evidence in its simplest form; since there

whare no 'vi^esfreac? weathering horizons or unequivocnble
ThInterrlncinl deposits to justify the separation. of the

phases, it. seems reasonable at this stage of the thesis

eto grou.p them together. 

to present the evidence in its simplest form; since there

sre no  videsfreac' weathering horizons or unequivocnble 

Interrlncinl deposits to justify the separation of the 

phases, it seems reasonable at this stage of the thesis 

to group them together.
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PART IV.

THE DISTRIBUTION OF THE NORTH PEMBROKESHIRE

DRIFTS.

This thesis would be open to severe criticism if it 

concentrated entirely on the analysis of coastal sections 

and failed to examine the extent to which the coastal 

drifts are representative of those inland. Accordingly 

the next two chapters are devoted to a brief analysis of 

the characteristics of the inland drift cover.

In Chapter 8 the major drift categories of V/estern 

Dewisland are examined, and the classic tripartite drift 

succession is subjected to close scrutiny; and in Chapter 

9 some of the drift features of the Fishguard area are 

discussed. In both chapters some space is devoted to 

the question of the so-called "Upper Boulder-clay", and 

in Chapter 9 Charlesworth's hypothesis of the South Wales 

End-moraine and its associated lakes is examined.



Chapter 8.

The Inland Drifts of Dewieland

(A) Field i'Yidence

(B) Quantitative investigations of 

the classic "tripartite" drift 

succession

(C) Other Inventigations in Dewisland
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Chapter 8. 

THE IBLAND DRIFTS OF DHVISLAND.

(A) Field Evidence.

There are few good inland exposures in Eewisland, but 

the evidence available lends support to the conclusions 

baser upon the coastal sections. The drift map (Map 3) 

shows a simple drift distribution, with gleyed tills in 

the waterlogged depressions and sandy and stony remanie 

drifts elsewhere. Inland of Whitesand Bay there is a 

1 erge area of blo-vn sand; in the north, Carnllidi,Carn 

Trelwyd, and Penbiri are upstanding rock masses with 

"aprons" of head and slumped block?, and separated by 

patches of sandy and stony till; anr; in the west there is 

an area where earns intrude through a mixed mantle of 

stony till and head. These are the only major interrup­ 

tions in the overall sirrple pattern.

It is important at this point, th-^t some discussion 

should be undertaken of the more characteristic features 

of the area.

1. The inland drift-f i Ued depressions. For the most 

part, the depressions of Dowrog Common, Trefelly and 

Trefeiddan Moors, and the other moors of the area are 

flat and featureless with waterlogged floors and moorland
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regetation (Plate 1). Th« surface drift in these 

depressions is severely gleyed, and on a soil auger 

appears to have a sticky and plastic matrix, with a high 

clay content.

One of the most urgent questions which needs to be 

answered is whether or not there is calcareous Irish Sea 

till at depth on these moors. Unfortunately, the only 

exposures on the moors today are the drainage-reservoirs 

which have been opened during the past few years (Plate 

37). Generally, the till exposed in the sides of these 

reservoirs is grey-blue in colour, with many local stone- 

types and erratic pebbles set in a sticky plastic matrix. 

Occasionally massive blue non-calcnreous clay is seen, 

but there are also sand and gravel patches interbedded 

with the till. The surface layers of the till are gen­ 

erally weathered to a buff or bright bro.vn colour to a 

depth of c. 5 ft. 1

Frequent augering and excavation throughout the moor­ 

land area of Dewisland confirmed the impressions gained 

at the drainage reservoirs, aid no-vhere was calcareous 

Irish bea till encountered. Severely-gleyed stony tills

1. The reservoirs are located on Map 3. Brief notes on 
the drifts exposed at each locality are civen in Appendix 
VIII.
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predominate over the -srhole moorland area, although the 

till matrices vary from stiff clay to friable sands and 

gravels. Large igneous erratics are commonly scattered 

over the whole of the moorland area.

At many localities on the flanks of the moors there 

are sharp breaks of slope between the moorland and the 

higher cultivated areas of stony sandy loams. For example, 

on the north side of Trefelly Moor is a steep face up to 

6 ft. high Rnd accent UP tec1 by spring-sapping on the gleyed 

moorland, -vhile othe^ marked breaks of slope occur on the 

flanks of Treleddyd-Fawr Moor and on the south side of 

Tre-tio Common. Augering in these areas shows that up 

to 8 M of sandy loam overlies gleyed purple-blue till. The 

significance of this fact is difficult to assess; it may 

indicate that the sandy looms are stratigraphically younger 

than the gleyed tills, but it ir Just as likely to have 

resulted from slight sludging of loamy soil onto the lower 

gleyed areas on the moorland margins.

In vie-.1 of the undoubted effects of agriculture in the 

area, it is also difficult to decide whether the areas of 

gleyed till are purely natural p-enomera. The margin 

between sandy loam end gleyed till is generally sharp, but 

this margin frequently coincides with a hedge or wall. 

One cannot help wondering whether the field boundaries
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were established to coincide with the margins of the well- 

drained areas, or whether such areas have become well- 

drained simply because of food agricultural practice I 

In view of this suggestion it is worth bearing in mind 

that the moorland tills may be lithologically identical 

with those of well-drained areas in Dewisland; their 

gleyed and waterlogged appearance, which led Jehu to dis- 

tlnruish them as "Lower Boulder-clays" may be no more than 

the results of poor surface drainage.

In spite of this there is good reason to assume that 

calcareous Irish Sea till may be present at depth in the 

moorland areas. While or Treleddyd-fawr Voor and on the 

eastern side of Dowrog Common bedrock is seer to outcrop 

on the moorland surface from time to time, the impression 

is gained from most of the moorlands that bedrock lies far 

beneath the surface. borne of the drainage reservoirs 

indicate e minimum depth of non-calcareous till in tl e 

order of 10-15 feet, and farmers in the Trefeiddan Moor 

area have told me that the deep cloy pite on the moor once 

extended down to at least 30 ft., at -vhich depth the clay 

was blue and relatively stoneless. George Owen (1603) t 

whoee observations on the "Cla.ye iv.arle" seem to be reliable 

in every respect, was in no doubt thst the marie with 

shells and wood fragments occured "seaven or ei^ht myles 

from the sea". Until a programme of deep boring can be
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undertaken on the moorland areas, tho question of the 

Inland extent of calcareous Irish Sea till must remain 

sub judice.

2. Sands and Gravels. Glacial outwash materials appear 

to be virtually absent from 'Vestern Dewisland. Nowhere 

In the area examined was an extensive cover of sand or 

gravel encountered, although it was often difficult to 

distinguish between sandy and gravelly surface soils and 

remanie till deposits with a high content of bedrock frag­ 

ments. For example, in the area between '.Vhit church ard 

Waun Vachelich, which was greatly disturbed as n result 

of wartime airfield construction, there are traces of 

gravelly soils full of well-roundec erratic pebbles; these 

soils could be outwash remnants.

There are some small patches of possible outwaeh in 

the area of stony sancy tills; tho outwaeh nt Caerbwdy has 

already been mentioned, and at Clepyr Boia st leant 12 ft. 

of fine sand was encountered in 1962 bei<eath sludged soil. 

There appear to be sandy and gravelly Isyers in the till 

at Treleddyd-fawr reservoir, and P patch of ferruginous 

sand (which may cimply be weathered bedrock) occurs on the 

green at ''h:tchurch.

It is interesting that patches of sand and gravel appear
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to be more common on the moorland areas (Map 3). In 

part, the fact may be explained by the lack of agriculture 

on the moore; it may well be that similar email patches 

of outwaeh occurred throughout the whole of Tewieland 

upon deglaciation, but have since been removed by constant 

ploughing. Near the drainage-reservoir at Treleddyn-isaf, 

and again on the patch of mocrland near Upper Treginnis, 

sandy and stony hummocks up to 6 ft . high stand above the 

general level of the gleyed drift surface. To the north 

of Dworog Pool there are a few gravelly patches on the 

waterlogged surface, snd at Waun Cgerfarcbell , just to the 

west of the cottages, there is an area of pits and ridges 

of fine ferruginous sand end rounded pebbles which passes 

laterally into gleyed till. Other slight mounds of sand 

and gravel may be seen on the patch of moorland at Caerfai, 

while there is a broad area of hummocks ar.d hollows on the 

western side of bpite Moor.

Some of these features undoubtedly ove their form to 

spring sapping or human excavation, but it ie probable that 

many of the hummocks are dero~itiongl features vhich may 

have been formed upon

3. Story and sandy drifts. The greater part of Dewisland 

is covered by a veneer of stony remanie' drift which seldom
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appears to be more than 3 ft. thick (Map 3). At one 

time large erratics littered the -/hole land surface, but 

most of these have long since been built into hedges snd 

walls, and only the smaller stones may still be found in 

the fields. Among the erratics -vhich may be found are 

frequent pebbles of Cretaceous flint, faceted pebbles of 

Carboniferous limestone, and a great variety of igneous 

rocks derived, for the most part, from the St. David's 

Head - Penbiri igneous intrusion?). Many erratics from 

the area are listed by Jehu (1904). On the west aide 

of Cperbwdy Bay there are several large dumpe of erratic 

boulders from the fields; some are over 6 ft. in diameter, 

and many are well-striated. StriatPd and polished erratic 

pebbles may also be seen in the fields near Caer-farchell, 

in the Porthlys,"i area, and to the east of Carnllidi. 

All the evidence of erratic movement that I have seen tends 

to support Jehu, Hickr and Griffiths in their conclusion 

that the ice moved from the north-vest.

There are few exposures of unaltered till in the area, 

but at Porth-clais roadside, Castell roadside, and above a 

small quarry at Emlyoh (Plate 38) there are exposures of 

eilty and stony tillr with erratic pebblen. At each 

locality the till i3 weathered to a depth of c. 1?"; however, 

the tills remain coherent, and it is possible that coherent
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non-calcareous tills may cover much of the DewIsland land- 

surface, in spite of the effects of agriculture. The 

youthful appearance of the exposed tills is supported by 

the discovery of fre?^ strlations on many boulders and 

pebbles in the fields, and fresh limestone erratics '.vith 

faceted faces are frequently encountered. It is reasonable 

to propose th^t the tills, in spit° of their lack of 

surface expression, d°te from the Tewisl^nd Glaciation. 

They appear to be relstod to the stony non-celcnreous land 

facies of the Dewislpnd till nt Qp-of Golchfn rnd Caerbwdy.

4. Ho.v thick was the ice? Kicks, Cox, end Gre.--.-n recorded 

striations at over 5CO ft. O.i. on Jart.lioi, ei.ti it has 

been proposed on several occasions tfat the rnonscnock has 

a roche moutonnee form. In spite of a long search on the 

rock I have found no unooubtcd striations, while the impres­ 

sion is gained that post-glacinl '.veatherin^ hue been severe; 

many quartz veins stand out -£" on the exposed surfaces, and 

it is possible th/rt 11 the striations have beer, destroyed. 

Also, the roche moutonnee form of OarnllicU is open to some 

doubt; from certain viewpoints the steepest rock face 

appears to be that facing up-p;Lacier. However, more con­ 

vincing evidence that the rock has been glaciated occurs 

Just to the west of tho summit, where smoothed slabs may be
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•een; further polished slabs are found at an altitude of 

orer 400 ft. on the north-east -Plank of the rock.

Other evidence of glnciotion is found in the form 

of superficial deposits. Most convincing are patches 

of till with striated erratic pebbles at an altitude of 

425 - 450 ft. 0.1. abovo the quarry at Penbiri (Plate 39). 

Here eoliflucted till and he^d seem to lie in hollows in 

the shattered bedrock surface.

On Carnllidi rounded erratic pebbles of noft grey 

ahale, Cretaceouc flint, fine-grnined igneous rocks and 

grey sandstones occur on the northern side of the rook up 

to the sumit at 595 ft.

In view of the fresh striated pebbles <?nd coherent 

till nt Penbiri it see^.s likoly that t^e rook --vr-s over­ 

ridden during t-ie Dew island Glaciation. The erratic 

pebblos and ice-polished slabs on Carnllidi reinforce this 

impression, anc1 indicnto th-t the ice of this gl?tciation 

must have had an upper Rurface it least 600 ft. ^bove 

present sea-level.

Conclusions. Thus from the evidence of superficial deposits 

in vestern Dewisland , the following suggestions may be made: 

1. The surface till in drift-filled depressions is non- 

calcareous and severely-gleyed. It may be underlain in
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places by calcareous Irish Sea till, and may be the 

Btratigraphic equivalent of the rubble-drift? of the 

coastal sections.

2. Out-.vash sands and gravels are rare in the ar«a, but 

some slight hunnnocl's preserved on the moorlands may be 

dead-ice features.

3. The featureless remenie drifts of Eewisland contain 

fresh striated erratics, and in places coherent tills are 

exposed* The drift c?r be attributed to the lewisland 

Glaciation.

4. There is little doubt that the ice of the Dewisland 

Glaciation over-rode the monaclnoclrs of the north coast.

(B) Quantitative investigations of the classic "tri artite" 

drift succession.

Several lines of research have been employed in order 

to test the working hypothesis mentioned earlier in the 

thesis: na&ely that gleyed inland tills are stratigray^hically 

"Lower Boulder-clays", and the stony sandy tills "Upper 

Boulder-claye". In this area the lack of sands and grnvels 

has made it virtually impossible to contribute anything 

reliable on their stratigraphic position; all that can be 

said on the evider.ce from lev/island is that they overlie 

gleyed tills and are sometimes irrterbedc'ed -.vith them.
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Teats of the Lower Boulder-clay - Upper Boulder-clay 

subdivision.

It was tentatively suggested in the last section that 

the only difference between the Lo-.ver Boulder-olay and the 

Upper Boulder-clay is that the former occurs in waterlogged 

depressions. Mechanical analyses of the deposits, and 

roundness analyses of drift pebbles were used in order to 

test the reliability of thie field observation, 

(a) Roundness analyses. At 28 localities rourdr.ess 

analysis of peobles from the two drift categories was 

undertaken. 1'he results of thie investigation arc illus­ 

trated in Fig. 89. It will be seer that both the Upper 

Boulder-clay histograms (A and B) and the Lower Moulder- 

clay histogram (C) approximate closely to the mean histo­ 

gram for non-calcareous till in North Pembrokeshire. All 

three histograms have a peak in the sub-angular c-^tep-ory 

at c. 507i', and all three have a higher percentnffe of 

angular than either rounded or well-rounded pebbles. On 

this basis there is no foundation for differentiating 

between the Lower Boulder-clay and the Upper Boulder-clay.

1. The sanpler uned for the construction of tho Upper 
Boulder-clay histogram are Nos. 3-8, 10, 11, 13» 14, 18, 
19, and 2C in A jer-iix VI (3). For tie Lo-.-or Boulder-clay 
histogram, Nos.'l, 2, 9t 15, 16 and 17 from Appendix VI 
(B) were uoec1 , au; ^ sample frorr r.hoc-y-'Jlogj/x-i'. Uo. 1b in 

. 1C5). For histogram A see Appendix IX.
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Mechanical Analyses. Mechanical analysis was under­ 

taken on ten random samples from the Lower Boulder-clay and 

eight from the Upper Boulder-clay. These random samples 

are located on Fig. 20 and listed in Appendix X (A and B), 

and the cumulative curves showing grain-size distribution 

are plotted in Pigs. 90 and 91. Further cumulative curves 

for samples in the two drift catogoriee are plotted in Figs. 

92 and 93. In Fig. 94 the extreme range of curves for 

each set of random samples is plotted, and in Fig. 95 an 

indication is given of the extreme range of curves for all 

the stratified samples listed.

From an ex^minption of these r'i^grams it will be seen 

that there is a large degree of overlap between the carves, 

although some of the curves for Lower Boulder-clay have a 

more marked concavity and a higher percentage of particles 

smaller thon 0.25 wo* Neverthelese, the curves for Lower 

Boulder-cl'-y cove^ a wide range on the graphs: the percen­ 

tage of fines varies from 45;v to 9.9^. Somewhat unexpect­ 

edly, the curves for Upper Boulder-clay cover a smaller 

range and fall completely within the range of the Lower 

Bonldcr-clay curves; the highest percentage of fines for 

Unper Boulder-clay is 34.8^, and the lovest 12.07-. Thus 

from this evidence it could not he said that there is any 

Important difference bet-veen the grain-size dietributione
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of the two drift categories.

As a further test for differences between the Upper 

and Lower Boulder-clays, the grain-sizes for 28 samples 

(15 Lower Boulder-clay and 13 Upper Boulder-clay) were 

grouped into three categories and plotted on triangular 

diagrams (Fig. 96). Again, the overlap between the 

categories is emphasised. The Lower Boulder-clay samples 

are clustered about a point with approximately 50$ medium 

and fine eand, 20# gravel and coarse sand, and 30# fines. 

The Upper Boulder-clay samples, in spite of a wayward 

sample with over 60^ gravel and coarse sand, are clustered 

about a point with approximately 5C$ medium and fine sand, 

30J& gravel and course send, and 2Cr? fines.

\Vhen the inland samples are compared with samples from 

the coastal Irish Sea tills of the area arid with sands and 

gravels from further east, several inportant facts emerge. 

In Pig. 97 the cumulative curves for five samplos of plastic 

calcareous till are plotted. These samples have a rela­ 

tively small range of variation, vith lo--v percentages of 

gravel and coarse sand; the highest finec percentage is 

37.4# and the lowest 28.9$. v/hile it cannot be pretended

1. These samples are listed in Appendix X (C).



355

that all the coastal calcareous tills have similarly high 

percentages of fines , it does appear that the plastic 

calcareous tills display less variation than either of 

the drift categories inland. This is illustrated when 

the calcareous till samples are plotted, together with a 

sample from Cahore Point, Irelcnd, and with five other 

samples from Aber-mawr, on a triangular diagram alongside 

the inland till samples (Fig. 98). The samples occupy 

a unique position, clustered about a point with 60$ 

medium and fine sard, 30# fines, and only 1C# gravel and 

coarse sand.

Also plotted on Fig. 98 ie the field covered by 11
p samples of cutwash sand and gravel ; these ramples have

a much wider range of variation than either the Tipper 

Boulder-clay or the I.o\"er Boulder-clay, but by visual 

comparison on the diagram it could be said thr.t the Upper 

Boulder-clay field has more in corcnon with the field for 

•ands and grevele, while the Lower Boulder-clay field has 

uore in coiraon with the field for celcpreour till.

1. For example, at Druidston a calcareous till sample 
frcm near the top of the cliff yielded only 12.0?' fines.

2. These samples ere listed in Appendix X (3?).
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The eardy and gravelly rature of many of the till 

samples is further brought out when the curves for the 

inland tills (Figs. 90 - 93) are compared with the curves 

for the 11 sand and gravel samples (Fig. 99). These latter 

curves are characterised by several stages of convexity 

or else by shallow concavity. Similar curve? are char­ 

acteristic of most of the inland till srmples, although 

the convexity is seldom as strong as in the exceptional 

samples for Scleddau and Ford. In general, it seems that 

the Upper and Lower Boulder-clays have closer affinities 

with the curves for sand end gr?vel then with those for 

calcareous till.

On the b« sis of the above evidence it. may be suggested 

that the grain-size distributions of the Upper Boulder-clay 

and the Lower Bouldpr-clny are remarkably similar, although 

the Lover Boulder-clay sample? display e Plightly greater 

range of variation. while +he coaetal calcareous till 

samples yield cumulative curves rather similar to some of 

those for gleyed inland tills, they are characterised by 

very low percentages of gravel and coarse sand, and appear 

to be distinct from the irland samples analysed. Thus 

the inland tills ar probably not decalcified Irish Sea 

tills; like the tills at Osof GoiVr-fa anci Gaerbwdy they 

are land fades of the Dew is land till which may contain a



357

high proportion of outwash materials. Gl eying is the 

sole process responsible for the apparent differences 

between the Lower Boulder-clays and the Upper 'oulder- 

claye; lithologically the two drifts are seen to be one.

(C) Other investigations in Dewialand . 

Stone counts. The map of divided circles for Western 

Dewieland (Map 4) rereals that the stone-content of the 

gleyed tills on the moorlands is no different from that 

of tills on adjacent areas of well-drained land.

The stone-content of all the till samples is more 

closely related to the underlying bedrock than to any 

other factor. This is well brought out in Figs. 100 and 

101, where proportional circles indicate the percentage of 

certain rock-types at the 35 sampling-points. On sedi­

mentary bedrock up to 9('# of sedimentary pebbles was 

recorded in the drift cover, whereas in the centre of 

western Dew is land the highest percertage recorded was 

at Ffordd Caerfai 3nd Treleddyd-fav.-r. Higher percertages 

(68£ at Vhitesends I^orth and 44f at Trefeiddan) occur Just 

to the south enc5 east of the sedimertary outcrops, confir­ 

ming the overall southward to south-eastward carriage of

1. Stone-counting details are givsn ir- Appendix IV.
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drift by the Irish Sea ice-eheet. This direction of 

 orement is ag~in confirmed in Fig. 101, where the 

percentage of Ordovician intrusive pebbles in eaoh 

locality is seen to be high (between 50> and 26# in the 

western part of tho region) just to the south of the 

outcrops, with smaller percentages further south. Except 

for the anomalously high percentage of igneous pebbles 

at Caerfai, the greater part of Vestern Lewisland has 

few ^rdovician igneous pebbles in the size-range counted.

Although a couth..arc! to south-eastward ice-morement 

Js indicated, the ferorr.tage of indicator pebblee at 

localities southards from the outcrops does not decrease 

steadily, no that it .vouli' be unv.-ite to construct iso-

pleth Traps for the area. The spam^dic concfr.tration of
A

erratic indicators at various localities does not appear 

to have been cor>t.rolle<5 by topography; it eppesrs, there­ 

fore, that some localised ice-streams-vithin the ice-sbeet 

Bay have picked up erratics ard transported them more 

effectively th-an others. One may be j stifled in pro­ 

posing that ico-moveraent was h.paoodic and localisad over 

Western Lev/island.

Another conclusion which may be dra-vr. from the maps 

of erratic distribution is tliat the till over the whole 

ar«a is essentially composed of local rock-types. As



359

mentioned earlier in the thesis, the percentage of 

erratic pebbles encountered in the collection of field 

samples was seldom greater than £ '. It is difficult 

to explain this fact satisfactorily, although it has 

been proposed that the Irish Sea ice which ovor-rode 

Western Dewisland may have been relatively weak, at 

least in its basal layers; underlying head and beach 

deposits were not severely eroded.

However, it has also been proposed that the till 

deposited in the constal sections -/as not "plastored", 

but let do-/n in a dead-ice environment. In so far as 

the till cover is, in most localities, a vestige of the 

last plwse o^ slaciation "hen "the ice-stream must have 

lost much of itn original strength, the local natur? of 

the till need cause no sneculation.

Preferred orientation an-^lyses. From the orientation dia­ 

grams on rjn.p 4, it '.ill be seen that the surface layers of 

till in "/entern L'ewisland arc generally disturbed anc , on 

the steeper slopes near the const, often soliflucted. 

The lo-v strengths of diagrams for inland sites are notice­ 

able; at Trefeiddan -est, for example, there nre only 24$ 

of pebbles in the dominant 30° softer, -vhile there are only

1. L'ata concerning sampling-sites are given in Appendix 
XI.
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at Clegyr. At Treswni Voor the figure is ?8#, and 

at Croes Philip 26%. The strong preferred oriertation 

of the second sample at Emlych is unusual (with 46^ In 

the dominant 30° sector), but it =pr>ear.° to have been 

influenced by a local slope on the undulating bedrock 

surface beneath (Fl^te 38).

The orientation diagram? for the coast.pl tills at 

Opof Golchfa and Caerbwdy have been discussed earlier; of 

the other twelve plotted diagrams on Map 4, only the 

samples for Caerfai and Porthlysgi show anything like an 

"ideal" preferred orientation, (I.e. with pebble long- 

axes parallel with thp direction of ioe-raovement and 

dipping up-glacier). All seven of the diagrams from 

inland sampling-localities appear to reflect disturbance 

since deposition or else deposition in a "chaotic" state, 

vrhile the majority of the diagrams from coastal sites 

clearly show sludging during deposition or post-depositional 

solifltrxion.

This investigation of preferred stone orientation 

reveals nothing of the direction of ice-movement,and 

indicates that in 'Veetern Dew is land the drift cover may 

initially have been devoid of a distinguishable fabric, 

or else may have been subjected to considerable post­ 

glacial cryoturbation or solifluxion.
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Conclusions.

The result:- of the quantitative investigations under­ 

taken in Western Dew island may be summed up as follows:

1. houndness analyses on pebbles from the Upper and 

Lower Boulder-clays revealed very similar histograms, 

suggesting thit there may be no lithological difference 

between the deposits.

2. The grain-size distribution of the sandv stony drifts 

and the gleyed moorland tills are so similar that any 

Upper Boulder-cltiy/uower Boulder-clay subdivision seems 

unjustified.

3. The plastic calcareous Irish Sea tills of the coastal 

areas have a characteristic grain-size distribution which 

may be diagnostic.

4. The drift cover over the whole area is essentially 

local in character. Although store-counts confirm the 

general southward to south-enctwarc* transport cf erratic?, 

drift coir.porition at moft locr.litiec closely reflects the

bedrock geolory-

5. Stcne-courtc confirm earlier ruffer.tions tJ-rt, at 

least at the tire of till deposition, ice-movement over 

Western Dewisland was relatively weak.

6. The network- of preferred orier.tetion diagrams con­ 

structed for the area does not reveal the direction of
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ice-movement. Virtually every eprnple appear0 to bave 

been influenced by depositionel sludging or poet- 

depositional polifluxion and
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Chapter 9. 

DRIFT FEATURES IN THE FISHQUARI AREA*

In Chapter 7 it was suggested on the baeie of 

coastal exposures that there is no Upper Boulder-clay 

in North Pembrokeshire and no evidence in support of 

the South Wales End-moraine. In the Fishguard area 

(Pig. 102) lies much of the critical inland evidence 

concerning the End-moraine, and the hypothesis cannot 

be discussed satisfactorily until the field evidence 

from inland has been examined.

(A) The Vestern Region.

At the base of the Pen Caer Peninsula, between Aber- 

mawr in the vest and Scleddau in the east and extending 

as far south as 4ba Mathry Road, is an area of undulating 

landscape vhich rises above 40C ft. only in isolated 

localities. It is an area where the landscape has been 

greatly modified by glaciation; thick deposits of till, 

sand, and gravel mask the pre-^lacial topography, and in 

places river valleys are filled with drift. The land­ 

scape contrasts greatly with that of "/eetern Dewislgnd.

There are no comprehensive sections in the area; 

one has to depend to a large extent upon Jehu'e descrip­ 

tions of sites, which were made when deep borings and
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railway construction were in progress. Some idea of 

the drift stratigraphy of the area may be gained from 

the following records by Jehu:

(a) Trebrython Farm.

5 ft. of earthy clay.

5 ft. of yellowish clay, with rock fragments. 

10 ft. of a somewhat tough greyish-blue clay. 

Slate rock.

(b) Cnwc Sandy railway cutting.

7 ft. of stiff yellowish-brown clay with

fragments of slate-rock.

10 ft. of fine yellow sand with ehell-fragments. 

18 ft. of stiff dark-blue boulder-clay with

shell-fragments. 

5 ft. of gravel. 

Rock.

From these sections and many other localities in the 
area (see Fig. 10) Jehu's belief in the tripartite drift 
succession was confirmed. At Cnwc Sandy, his example 
par excellence, he considered there was a definite thick 
Upper Boulder-clay separated by sands and gravels from 

Lower Boulder-clay.
1. The drift-filled depressions. As in Dewisland, there 
are several moorland areas in which "Lower Boulder-clay"
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Is exposed. Jehu mentioned exposures at Pyffryn, Drim, 

on Tre-groes Moor, and at Clyn Pach (St. Nicholas), while 

gleyed tills may also be found on Waun Ddu Moor, Rhos-y- 

Clegvrn, and on the other moorland areas of Pen Caer.

The surface deposits on these moorlands appear, 

from frequent augering, to be even more variable than 

the gleyed tills of Dewisland. On Tre-groes Moor, for 

example, there ore red and yellow stony clays free of 

•ottling, rich red gleyed sands, and mottled buff-blue 

clays. On Rhos-y-Clegyrn Moor there are mottled yellow 

clays and foxy-red gleyed sands, and on Clyn Bach Moor 

gleyed reddish gravel rests above darker clay. On Waun 

Ldu Moor severe! old cl=>y-pitr reveal tenaceous blue 

mottled clay, while a similar blue clay, mixed 'vith patches 

of sand, is encountered half a mile to the vest on Waun 

Fawr Moor. Spot samples from Rhos-y-Clegyrn and Waun 

Ddu foora yielded cumulative ^rain-size c rves with a 

marked break at the 0.5 mm - 0.25 mm grade (Fig. 92); both 

samples yielded rather hign percentages of fines (29»5# at 

Waun Ddu and 41.4^ at Rhos-y-Clegyrn) and both curves are 

eimilar to those for sticky cla.y tills from Dewisland. 

It may be su^rested thnt the surface deposits on these 

moors are often true tills.

Yet in spite of tha surface variations on the moors
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there is reaeon to suspect the presence of Irish Sea till 

at depth as in Pewisland. Indeed, Jehu's "stiff dark-blue 

boulder-clay with shell fragments" at Cnwc Sandy and Clyn 

Bach, and the tough clay at Trebrython, must surely be 

calcareous tills. The last-named locality is over 3 

miles inland from the coast in the direction of estimated 

ice-movement, and there is every reason to assume that in 

the favourable localities of Tre-<=;roes and Rhos-y-Clegyra 

Moors, Irish Sea till murt be present at depth.

2. The Sands and Gravels, and the Question of the "South 

Wales End-moraine". The most conspicuous superficial 

deposits in the area are the fluvio-glacial sands and 

gravels which mark much of the land surface. In Fig. 103 

the drift deposits of the Manorowen area have been simpli­ 

fied and plotted from the 6" field map; the sand and gravel 

deposits are exceedingly complex, and it was not without 

good reason that Jehu said "It would be almost impossible 

to map them, as their occurrence is so irregular and patchy! 

they are apt to die out laterally in a sudden way, passing 

into clay or rubbly-rtrift". (P. 69). The gradations from 

one type of deposit to another are so subtle that the 

drift boundaries plotted are bomewhat arbitrary and the 

drift categories employed are inevitably guilty of over-
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simplification.

However, the map serves to illustrate the relation­ 

ships of the main sand and gravel area (between Manorowen 

and Cnwc Sandy) with the surrounding deposits. In the 

centre of the area there are several email topographic 

features which owe their origin directly to fluvio-glacial 

deposition. South of Nanoro.ven two broad ridges trend 

towards the north-east, separated by a series of associated 

hollows. One of these, close to the point at which the 

Cnwc Sandy road branches from the St. David's - Goodwick 

road, appears to be a closed depression. Between Cnwc 

Sandy and Clyn there are further depressions, one of .vhich 

is almost closed.

Other mounds of sard and gravel are found to the west 

of the tfanoro-ver. area between Tre-llyr-y-Coed and Tre-llys-y- 

Cnwc, and to the north of Garngilfach between Caer-lem and 

North Pole. On Rhos-jt-Clegyrn Koor there are hummocks of 

sand and gravel standing above the gleyed surf-ace of the 

moor (Fig. 104). South of Tre-ll.ys-draw there ere sandy 

hummocks with four closed depresrions which look like kettles; 

however, it would be dangerous to interpret these as initial 

glacial features, for the farmer .ho owns the hummocky field 

says that these hollows hnve deepened appreciably within 

his lifetime as a result of sub-surface spring sapping and
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subsidence. On the hillside to the north-west of 

Olanthool there are sandy and gravelly hummocks.

It should be emphasised that from the point of view 

of scale, the fluvio-glacial features in this area do 

not bear comparison with those of some other glaciated 

areas in Britain. The ridges and hummocks are seldom 

more than 20-30 ft. high and the hollows seldom more 

than 10 ft. deep. The flanks of the features seldom 

elope at more than 20°.

The nature of the fluvio-glacial material in the 

area is variable, and is often difficult to discern due 

to lack of good exposures. Unfortunately the Manorowen 

sandpit (where Jehu recorded 12 ft. of sands, silts and 

shelly gravels) is now overgrown, and the old exposure 

obscured by sixty years of slumping; ho-vever, in tfanor 

churchyard stony and gravelly till is seen, passing north­ 

wards into foxy-red sands and gravels .vith sub-angular 

erratics. In the overgrown sTtfpit on the roadside north 

of Clyn dark sandy and stony loam is seen to overlie foxy- 

red sard, while one hundred yards to the west at least four 

feet of fine reddish sand is found at the surf-ce. On the 

roadside at Tre-llys-draw an exposure reveals coarse 

torrential out.vash vith large igneous boulders, but fine 

bedded sands occur at Cnwc Sandy (Jehu, 1904) and Tre-llys.
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The observed variations In out-^ash texture are 

confirmed by mechanical analyses; from Fig. 99 it can 

be seen that eome of the outwash deposits in the area 

consist predominantly of conrse sand and gravel, while 

other deposits consist largely of fine and medium sands. 

Of the samples analysed, only those at Jordanston Halt 

and Wolfscastle had more than 25?' of fines, while at 

Tre-llys the fines percentage was as low as 1.5? and at 

Ford .9£» There appears to be little doubt, however, 

that most of the deposits recognized as outwash in the 

field have grain-size distributeonr very different from 

the associated tills.

The impression is gained from many localities within 

the area plotted on Fig. 103 that stony yellowish tills 

frequently overlie, or are intorbedded with, the sands 

and gravels. This is a feature whici. is not encountered 

in De-.visland, and which must prorcpt some examination cf 

the question of the Uppe Boulder-clay. Inde d, as 

mentioned in Chapter 7, Griffiths (1^-40),and fcitchell 

(1962) appear to have accepted ths presence of an Upper 

Boulder-clay in the Kanoroven orep.

Unfortunately I did not have time to carry out a 

detailed programme of fabric analysis in the area, but it 

it worth noting that the yellow till, where it does occur,
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Is generally thin and sandy. In addition, its distrib­ 

ution is essentially intermittent, and over the greater 

part of the sand and gravel aroa in Fig. 103 there is no 

surface till. If the till was deposited during a local 

Welsh glaoirtion, as envisaged by Mitchell, one would 

perhaps expect a more continuous till cover; furthermore, 

over-riding ice would surely have destroyed many of the 

sand ard gravel mounds in the area. It ie therefore 

posrible that the till masses in the area are patches of 

ablation till laid down in a dead-ice environment at the 

same time as the sand and gravel masses. Such inter- 

digitation of fluvio-glacial deposits n.nd till is comcon 

in areas where ice-sheet and glacier wastage is observed 

today, as in .East Greer.land (Hartshorn, 1961), North-vest 

Iceland (John and bugden, 1962) and Alaska (Price, 1964). 

The interpretation of the sands and gravels as dead- 

ioe features is supported when their distribution is 

examined. They are scattered haphazardly over the whole 

landscape of len Gaer ard the JVianorowen area (Fig. 1C2); 

in waterlogged' depressions they ore severely gleyed, while 

elsewhere they are banked on hillsides in a fresh state

1. The 7 ft. of yellowiPh-bro-.vn till above sand in the 
Cnwc Sandy railway cutting may be an exceptional thic'-ress, 
although I founo at least 4 ft. of stony yellow clay in 
the fields near Brwynant.
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or mixed with soliflucted head and till. Around Manorowen 

Hill there is a mantle of stony and sandy till, v»hile 

sands and gravels lie for the most part beneath 300 ft. 

O.D. in the valley of the Goodwick Brook.

A further clue to the relationship between topography 

and fluvio-glacial deposits is seen in the vicinity of 

Rhos-y-Glegyrn Moor (Pif. 104). Here the upstanding 

rock masses of Cam Llys and Uoel-ddu are devoid of fluvio- 

glacial deposits and are flanked by a thick apron of head 

which extends do^.vn to an altitude of c. 360 ft. O.D.; at 

about this altitude the feather-edge of the head can be 

seen to overlie sandy tills and outwash deposits. On 

Rhos-y-Olegyrn ''oor the till is severely gleyed, but 

careful field examination revealed that lithologicallv it 

is no different from the non-gleyed tills to the south of 

Clegyrn Par^i. The sand and gravel hummocks on the moor 

undoubtedly overlie the gleyed till; the field inter­ 

pretation of both deposits is supported by stone-counts 

(Pig. 105), although the stone-type histograms indicate 

that the fluvio-glacial deposits incorporate a greater 

range of stone-types. Thus the drifts in this aree 

indicate the presence of gleyed tills -vithsand and graval 

patches in the depressions, s=»ndy tills on the surrounding 

slopes, and drift-free areas around the upstanding rock 

masses. Stratigraphically the send and gravel hummocks
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and eome of the head deposits are younger than the gleyed 
tills and the stony sandy tills \vhich cover the greater 
part of the landscape. In this area there is no evidence 
of an Upper Boulder-clay; as in the coastal sections at 
Aber-maffr till, deposition appears to have been follo-.ved 
by a phase of out/vash deposition and restricted solifluxion.

Again, there is no evidence of an Upper Boulder-clay at 
Tre-llys,(less than a mile to the east of Aber-mawr), where 
a gravel-pit has been cut into thick outwash banked ngainst 
the aide of Tre-llys Hill. ./ell-bedded gravels, sands 
and silts lie directly above striated bedrock in the pit, 
and lenses of shelly outwash occur within 4 ft. of the 
ground surface U; late 4CA). Slump features are common 
in the lower part of the pit (Plate 4GB), .vhere contorted 
gravels are also seen beneath coarse torrential outwash. 
In places small patches of till are interbedded with the 
gravels, but nowhere in the pit is till seen abcve the 
fluvio-glacial deposits. From the structures in the pit 
a strong impression is gained that the deposits were laid 
dovn in temporary water-bodies impounded against masses 

of dead ice.
Thus throughout this -.vestern area there is no evidence 

which conclusively indicstes that there was a separate ice- 

advar.ce to deposit the Jpper Boulder-clay. On the other
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hand there ie much evidence to suggest that the till is 
spasmodically distributed and essentially a part of a 
complex suite of dead-ice deposits. At Tre-llys, Rhos-y- 
Clegyrn and elsewhere there is evidence of ice-stagnation 
in situ, with the corns and higher hills deglaciated at 
an early stage, and with strips of ice remaining longest 
in the moorland depressions and river-valleys. Hummocks 
of sand and gravel are generally best-devetfed in local­ 
ities where ice was in contact with hillsides (as <at 
Glanthool, Tre-llys and Caer-lem) or in the lowest avail­ 
able localities (as nt ^anororen and Rhcs-y-Clegyrn). This 
pattern of dead-ice deposition ie by ro means unusual, for 
the late persistence of ice bodies in the mnjor drainage 
depressions during degl«ciation has been established for 
example by Strain (1^56) and Holmsen (19G3) in Central 
Norway, and by Flint OS2C) in Central Nor'!- America.

The evidence quoted above provides ro purport for 
Charles'.vorth'!.; hypothesis of a retreating ice-margin in the 
vicinity. There are no linear features ir the Manorowen 
area, and certainly none in the proposed position of the 
"South Wales £n< -moraine" (Fig. 102) a mile or t-vo to 
the south. It has been suggested in Chapters 5 and 6 that 
there ir, no evidence in coastal sections for Glacial Lakes 
Nevern and Teifi, and it has emerged from this study that
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there Is no evidence of Glacial Lake Manorowen, "/hose 

postulated margins are shown in Fig. 102. There are 

no shoreline traces or lacustrine or deltaic deposits 

which might indicate the presence of an extensive 

glacial lake in the area.

(B) Fluvio-glaciol depotits in the Eastern Region.

The evidence analysed in the early part of this 

chapter has been unrelated to the Gwaun-Jordaneton channel- 

system, which is the predominant landscape feature to the 

south of Fishguard (Fig. 1C2). This channel-system is 

analysed in Chapter 10, but at the moment it may be useful 

to interpret briefly the associated superficial deposits.

The deposits over the greater part of the region are 

stony and sandy remanie drifts related lithclogically to 

those of L'ewisland (Map 3) anr1 the Kanorowet, area (Fig. 

103). In some areas there are severely ^leyed tills; at 

Rhos Isaf (Unas) there is c. 15 ft. of calcareous till 

(Jehu, 1904); and in the upland areas there is a great 

deal of angular bedrock debris in the intermittent drift 

cover. Unfortunately considerations of space preclude 

any detailed examination of these deposits, although they 

have been mapped in the field. In this section only the 

fluvio-glacial deposits of the area are examined.
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1  Depocitional evidence of wasting Ice. Hummocks 

of sand and gravel occur infrequently in association with 

the meltwater channels (Fig. 102). Above the Gwaun 

Channel, for example, there are few hummocks but extensive 

thin spreads of sand and gravel up to an altitude of c. 800 

ft. O.D.; there are other extensive spreads alongside 

the Dinas-Nevport road, especially west of Pont Felin- 

wem-dew, and in the Afon Mevern basin in t e vicinity of 

Temple Bar.

However, hummocky patches of fine foxy-red sand occur 

up to an altitude of 825 ft. O.D. near Brynhyfryd, above 

the Dinas Cliff, and in the small area examined in detail 

around the inta -e of the Gwaun Channel there are abundant 

fluvio-glacial deposits with a marked topographic express­ 

ion. Mounds of fine sand and gravel are especially common 

around Caersalem Chapel and Constantinople. Further to 

the east there are hummocky sands and gravels in a hill top 

site at Pen Creigiau Cemmaes (where they were considered to 

be pert of the oouth Wales iind-moraine by Charlesworth), 

and an extensive Trea of sands and gravels nt Bancy.varren 

near Cardigan (Fig. 106). At the latter site some of the 

hummocks are over 100 ft. hi.^h, and on examination of their

1. A good exposure of sands and gravels intc-rbedded "»ith 
head may be seen in the sand-pit near Party-bach.
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bedding-structures indicates that they are probably 

original depoeitional forme. In north-east Pembroke­ 

shire near Monington, there are broad rirlge? of gravel, 

and in the sarce re/rion work by K.J. Gregory and D.Q. Bowen 

has revealed the presence of eekers and other depositional 

features.

I have found no convincing evidence to the east of 

the Gwaun Valley in support of Charlesworth's G acial 

lake hypothesis. Although observations are restricted 

to some extent by scarcity of ^ood exposures, no clear 

deltaic bedding features hsve been seen to date in these 

deposits, so that they do not appear to have been laid 

down as lacustrine deltas. 7/.P. Evanc (1964) noted 

varved clays in the area east of the Brynberian Gorge, 

but I found only stony clyy tills in the locality; and 

while lacustrine deposits are assumed by Alien (196C) to 

be preeent in the Teifi valley, his evidence ie not well 

documented concerning 4,heir cxtcr.t. There are no shore­ 

line traces in any of the areas invertignted, and the 

sand and grave.1 , masses do not coincide -.vith postulated 

lake levels. It seems t'^-t the doubt c-st upon the exis­ 

tence of Glacial Lakes Nevern and Teifi in Chapter 7 is 

reinforced considerably when evidence from inland is 

examined.



377

As In the Wsnorowen aren, it arpeprs tnoet reasonable 

to interpret all these features ae characteristic of ice- 

wastage in situ, with fluvio-glacial ennd arc) gravel 

laid down around maeses of wasting ice.

2. Deposits within the channels. Sands and gravels are 

seldom discernible -within the walls of the channels shown 

in Fig. 10?. For the most part these chenrels are flat- 

floored, but infills of alluvium and (in tho case of 

Esgyrn Bottom) thick peat generally make it difficult to 

decide whether the vsl'eys hold fossil snndur deposits. 

However, at several localities deposits hove been 

discovered. On the floor of the Gwaun Channel there are

terraces of coarse outwash, pnc? sands r>nd gravels are
o 

known to be <*t least 30 ft. deep (Joy, 19G3).

1. P.y. Syn^e (ir. Mitchell, 196?) surges n. that the 
Bancy.varren hummocks nre the dissected remnarts of an 
outwpsh plain. In view of their hill top site, like 
that of the Pen Creigiau Gemmaes gravels, this suggestion 
is difficult to nccept.

2. A possible extenrion of the G'vp>;n Channel between 
Parc-y-"orfa and the coast is filled vith out-vash gravel. 
At the mouth of this channel, c. 80 ft. of ptretified 
gravels are exposed in the cliffs at P"ll Betty.
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At Scleddau patches of torrential outwaeh gravel with 

large boulders rest in bedrock hollows (Fig. 107), and 

an extensive fan of outwash has been found at the outlet 

df the Escalven North Channel (Kap 5). Within the walls 

of the Jordanston channel, at Jordanston Halt, 15-20 ft. 

of coarse torrential outwash is exposed in en abandoned 

railway cutting; the outwash, *hich is in places covered 

by a black shale head, appears to extend along both sides 

of the valley in isolated strips. Similar strips of 

sandy outwash may be discerned elon« the sides of the 

Panty-coch channel, the Maildy channel, and the Caetle 

morris channel, which carries the Western Cleddau river 

(Map 5).

All these strips, which have since been dissected by 

post-glacial erosion, culminate in a «?reat mssr of outwash 

in the vicinity of I'.athry Road -/here the Afon Cleddau and 

Western Cleddau rivers meet (Fig. 108). A Inrge part 

of the area between Y Garn, Llangv/arren, and Rhosdenny is 

covered with thick fluvio-rlacial grrvels, "/hich are 

best exposed in the 1/athry Road gravel-pit.

In this pit fine current-bedewed sands and gravels are 

Been to be at least 35 feet thick; the lowest deposits 

exposed are gently-dipping sands, silts and fine gravels, 

overlain by up to 5 ft. of gravels with well-marked foreset
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bedding (Plate 41) and 5 ft. of structureless torrential 

outwash. In the flooded part of the pit large erratic 

boulders are encountered at a depth of 10-15 ft.; these 

boulders could be derived from a basal till, and there 

appear to be other patches of till on an inlier of bluish 

siliceous bedrock in the centre o.f the pit. The impres­ 

sion that the lower gravels in the pit contain moraine is 

apparently strengthened by the 8tone-counts analysed in 

Fig. 109. The silt and sand bands in the lower part of 

the pit dip at 1° to 3° towards the north-west, while the 

steeply-dipping foresot beds above dip in the same direction, 

The direction of stream-flow thus indicated is something 

of an anomaly, for it is directly In opposition to the 

present direction of flow of the '"estern Cledclau (Pig. 108). 

Perhaps this may be explained by proposing that the gravel- 

pit exposes but one flank of an extensive tfeita laid down 

in a temporary lake during deglaciation by a powerful Afon 

Cleddau. Certainly, the direction of bedding in the pit 

indicates that the "estern Cleddau carrot have been the 

dominant stream at this time. Only careful levelling of 

the terrace remnants in this area of complex stream 

diversions can elucidate the late-glacial directions of 

stream-flow, and the possibility must be borne in mind 

that the major drainage route at this time may have been 

northwards and westwards via the Castle-Morris Channel and
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th« Llambed Gap to the sea at Aber-mawr (Map 5).

The history of events represented at Mathry Road 

is relatively simple. Following the deposition of till 

on the floor of the valley, the ice wanted in situ; this 

is Indicated by the presence of hummocky dead-ice topo­ 

graphy to the east of Mathry Hoad station. A pro-glacial 

lake was dammed in the vicinity of the Afon Cleddau - 

Western Cleddau confluence and outwash material was carried 

into this lake by powerful meltwater streams, of which the 

dominant member appears to have been the Afon Cleddau. 

The sequence of deposits in the Tv'athry Road gravel-pit 

indicates that a sandur plain advanced well into this 

lake before it vtae drained; and extensive sandur plains 

were built up in all the main valleys of the area as ice- 

wastage proceeded.

The evidence cited above su^^ests strongly that during 

ice-wpstage in North Pembrokeshire some of th-? meltwater 

channels of the G-vnun-Jordnrston system wore used by sub- 

aerial braided streams which built >. extensive sandur
+

plains.' These streams appear to have originated in dead-

1. Further evidence of extensive oandurs may be seen at 
the northern end of Treffgarne Gorge, where terraces of 
outwash are preserved at Ford. tJouth of the Gorge there 
are extensive outwash plains in the valley of the Western 
Cleddau at least as far south as Haverford^est.
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ice masses in the Manorowen area and perhaps in the 

Yicinity of the deep channels to the east. These 

features are easily distinguished from the hummocky dead- 

ice topography of areas outside the channel margins.

(C) The Age of the Deposits.

The Dewisland Glaciation was probably responsible for 

the deposition of all the drifts described in the fore­ 

going pages. This is indicated by the shallow depth of 

weathering at moot localities, the negligible decelcif- 

ication of the shelly gravels at Tre-llys, and th* occas­ 

ional presence of head layers above th«. fluvio-glacial 

deposits. The occurrence of the ehort periglacial phase 

after the Dewisland Glaciation ie further attested by the 

presence of fossil ice-wedgee at tfathry Head (Hate 42) 

which ^ere possibly formed at the aame tint ae the .vedges 

at Aber-mawr South and Pen Del-ederyn. As fer as c*r be 

ascertained, the sequence of events related to the Dewis­ 

land Gleciation in this area was ao follows:

5) Sandy IOST.S deposited on surface.

4) Periglacial phase - ice-wcd^e cracking and

solifluxion.

3) Valley sandurs - large-scale melt .vater .flow. 

2) Deglaciation - wastage of dead-ice masses in situ,
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1) Extensive Glaciation - ice-movement probably)
j Dewis- from the north and north-west (striatione } land
) Glaoia- at Tre-llye, /.ber-mawr, and Parrog). ) tion.

(D) The significance of hummocky topography.

One of the major problems concerning the North Pem­ 
brokeshire drifts ie the great contrast between the drift 
depocitE of Dewisland and the Fishgusrd aree; in Dewisland 
fluvio-glacial deposits appe t?r to be virtually absent 
except for a few small hummocks, while nesr Mshgusrd 
there ie a vast eiLourit cf outwash material, often with 
well-marked hummocky tomography. It v.ar partly because 
of this distinction that Char! esv'orth proposed a l^ewer 
Drift advance for the Mshgusrc yrea but not for ectern 
Dewisland. Again, as Jehu noted in 19C4, the drifts 
thicken appreciably f;om west to east.

It has be n suggested in the foregoing pages that there 
was no Newer Drift advance; how then does one explain the 
distinction? The presence of the G-.-nun-Jordnnston system 
of channels ie by no means the only factor responsible for 

the preserce of thick fluvio-glacial deposits near Fish- 
guard, for it has been shown that the de-osits of fianorov/en 

and Pen Caer are -uite urrolated to these channels.

Perhaps the ice was somewhat thicker in the Fishguard
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area, .vhere possible supplies from the .rrescelly Mountains 

ard Central Wales may have augmented Iribh See ice; but 

against this idea there is the evidence of Irish tea till 

on the coast and striations which indicate ice-movement 

from the north end north-vest, suggestin/r that the Irish 

Sea ice of the lev-island Glaciation was dominant throughout 

the whole of North Pembrokeshire ard met little resistance 

from Welsh ice. In supnort of this, Griffiths (1940) hae 

found traces of Irish Sep drift at Cryznmych, at the head 

of the Afon Severn valley, ^nd *>t Pentre-cwrt, 16 miles 

inland in the Teifi Basin (Fig. 88).

It. is like 1.v, therefore, that the underlying surface 

topography has had an importnnt effect on the characteristics 

of the drift cover; it can be no coincidence that the 

hummocky fluvio-glacial drifts ara only founri in Pembroke- 

shi^e where the pre-glacinl relief was moderately or 

severely dissected, with upstatidin«; c-^rns and hills and 

deep pre-glacial valleys. Perhaps this strongly differen­ 

tiated topography was responsible for severe crevassin^ of 

the ica-sheet, to be exploited during ice-wastage by melt- 

water streams. Perhaps in a dead-ice environment fluvio- 

glacial material '.vas derived largely from hill slopes 

covered with moraine. And perhaps, as a result of the 

differentiated sub-glTCial topography, shearing within the



loe-sheet was responsible for the carriage of moraine 

within the ice-maes rathar than at its base, with 

subsequent ice-wastage accompanied by the re-deposition 

of en-glaoial material as outwash.

In each of these cases there .vould have been more 

effective fluvio-glacial deposition in the Fishguard 

area than on the flat erosion surface of ""estern Dewis- 

land. However, until the mechanics of dea-'-ice deposition 

are understood more fully, it may be .vise to accept ?JIr. 

Penny's warning (1964) that "the formation of 'huramooky 

topography' by glaciers is capricious" (P. 3 P 8) and to 

leave the problem sub .ludioe.

(E) Conclusions,

1. Prom this brief study it appears that the deaa-ice 

deposits are spasuiodically-dist "ibuted. In no sense 

oould they be claimed to represent an end-moraine, for 

the line proposed by -Jharles.vorth coincides .vith singularly 

few fluvio-glacial hununocks; nost of the hummocks occur 

to the north of t!io line, but some are found south of it. 

There is a l^ck of evidet.ce for Glacinl i.akes Severn and 

Gwaun, and the ":: 'outh ";*les End-mo mine", the corner-stone 

of the glacial lake hypothesis, does not exist.

2. The fluvio-glacial deposits in the Fishguard area may 

b« categorized under the broad heading of hunmocky dead-ice
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topography ard v^lley-sandurs.

3. The "Lower Boulder-clay"in the drift-filled 

depressions is a true till -vhich is possibly underlain 

by calcareous Irish Sea till.

4. The yellow "Upper Boulder-clays" in the area are in 

part aolifluxion deposits and in part masses of ablation 

till laid down at the time of ice-wastage.

5. All the drifts in the area may be related to the 

Dewisland Glaoiation. There was no separate ice-advance 

to deposit the so-called "Upper Boulder-olny".



FAST V.

SOME OBSEKVAT10MS ON THU KELTWATEP. CHANNELS OF 

NORTH PEMBROKESHIRE.

The next two chapters constitute something of a 

digression from the developing theme of drift distrib­ 

utions. However, no stu^y of the glaciation of North 

POTnbrokeshire could omit an analysis of the spectacular 

series of melt--/ater channels made famous by Professor 

Charlesworth in 19?^, and in the following pages some 

attempt is made to re-assess their origins and age.

The emphasis of Doth chapters rests upon the analysis 

of morphological features, which provide much additional 

evidence of the course of glaciation in the county. The 

chapters are eosentially complimentary; in the Gwaun- 

Jordanston area lies most of the evidence for the origin 

of the channels, while in De-vialand lies most of the 

evidence for th :ir age.



Chapter 10,

The Owaun-Jordanston System

of Chgnnels
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Chapter 10. 

THE G'VATIN - JORDAN STON SYSTEM OF CHANNELS.

The Gwaun - Jordanston system of channels, on the 

north- vest err. flunks of the PrescelLy fountains, has 

long been recognised as a legacy of glaciation. The 

present-day streams of the <*rea flow for tv.e most part 

in steep-sided and flat-floored rock channels *hich form 

an interconnected system. I/ost of these channels appear 

to ^ave been cut through "pre-glacial" cols , end at the

present day few of the channels are used for the 

of their length by one stream; watersheds occur on the 

flat floors of the valleys, as in the Gwmonnen and Nant-y- 

bugail channels and £sgyrn Bottom. The nain watershed 

between streams flowing south to the Treffgarne 'Jorge and 

those flowing to the North .t-ecorokeshire coast descends 

abruptly from an altitude of 1096 ft. J.LX . on frynydd 

Cilciffeth to c. 390 ft. O.i. on the floor of i<rmt-y- 

Bugail channel in a distance of one mile (. : ap5).

The Pattern of Channels.

Mar 5 sho'.vs the G'vaun-Jordanaton chanral-system and 

its relationship -vith t^e surround ir.s; relief. The largest

1. "Ire-glacial" in this section means prior to the 
earliest glaciation of which there is evidence in the area.
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channel ij? that of the Gwaun, which is over ei^ht miles 

long and which passes between the hill masses of Caraingli 

and Mynydd Prescelly to connect the drainage basins south 

of Newport and Fiahguard Says. The Gwaun channel (Plate 

43) is joinec on its northern flank only by the discordant 

Cwmonnsn channel, vhich runs south-east-.vards from the 

scalloped cliff overlooking the village of Einas. On 

its south side the 3-.vaun joins the Griney channel, Esgyrn 

Bottom (Plate 2), and the Nant-y-bugail channel, all within 

the space of 1; miles. The former two enamels join to 

run into the Scleddau channel and are also connected by 

the Llanwern Channel. Further south the spectacular Nant- 

y-bugail channel (Fig.102), which in places is over 250 ft. 

deep, sweeps nouthvards and then westwards for over five 

miles before joining the Afon Cieddau valley at .tewbridge.

In adcition to these channels there is a small iso­ 

lated system (the Sscal'.v-jn channel-system) .vhich originates 

on the hillsido near Gelli and joins the Scledc->u channel 

through three distributaries. several of the small 

channels in this oyster ^-rc couplet:ly dry, although minute 

streams flow on tho floor? of ths larger ch-:nrelr;. Other 

channels isolated from the (Jwaun-Jordsnfiton group today, 

but similar in form, arn the sm.tli char.nels .south of Drim 

and the Cwm Dewi Channel (noted by Jehu) which all but
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isolates Dlnas Island. In addition, slight "col" 

depressions sometimes connect channei.8, as in Llanetinan 

Parish between the Nant-y-bugail channel end the channels 

to the north, end between Scleddau ard Jordanston. The 

only large stream in the area which does not flow in a 

deeply-cut valley is Good?;ick Brook, which drains Waun 

Ddu and RhoB-y-clegyrn i-oors. Some of the small trib­ 

utary valleys *hich hang above the uwaun and Nent-y-bugail 

channels also have shallow cross-sections,

Pre-glacial Relief.

It is apparent .from the dimensions and relationships 

of the channels in this area that *hey aru not the products 

of sub-aerial fluvial erosion, ard tr.cro ic nroc^ evidence 

Nvhich indicrtes that glacial celtv.-ater hp? probably been 

the major a^f-nt in their forrmt ior. A re construction of 

possible pre-gleci?1 relief (Pic. 110; tee been r^de from 

the C.S. 2f." and 1" sheets (Cl ; 93 sr:d 13? respectively). 

In most coses channrl pides are cut irto older valley- 

elopes and cols, eo th?t pre-glaci^l relief has been recon­ 

structed by the simple extension of truncated contour-lines. 

The drainage-pattern in Fig. 11C is a complex one, and 

several anomalies appear; for instance, there is evidence 

of an almost enclosed b->sin north of r-scalwen, and there



390

are severe 1 poesibl~ outlets for *>re-glacial streams in 

the Newbrldge - Jordanston - Castle Morris area. Thick 

drift in the pre-glacial valleys makes reconstruction of 

the topography almost Impossible in these areas without 

deep borings, for there may have been "a complicated 

series of river-captures" prior to the first glaciation 

(Cox, 193C).

Some attempt nt a reconstruction of ore-glacial events 

has beer, made by Burton (195?). His chronology of drainage 

evolution is based upon the adjustment of drainage to a 

regressive sea-leval, falling spasmodic'-ll.'' f ora 490 ft. 

O.T. to present sea-level, °,nd he cons^dere that glacia­ 

tion occurred in the area while nea-level l-,-.y between 295 

ft. O.I/, and 240 ft. O.D. There; is, however, no field 

evidence in support of this hypothesis. As early as 19C4 

Jehu had recognised that the main valleys of the area pre­ 

dated the "Lower Bouldor-clay" glaciation; many of these 

valleys are graded to below present sea-level, ind could 

not have been cut if sea-level had fallen to only 240 ft. 

O.D. when glaciation occurred. Evidence from the estuar­ 

ies of the Afon Severn and Teifi (Ch-pt^rs 5 and 6) has 

shown that the larger valleys of the area were probably graded 

to a sea-level lower tbnn at presert even before the 

earlier of the two glaciations traceable in Pembrokeshire;
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furthermore, head beneath till in all the coastal 

valleys indicates that prolonged sub-aerial conditions 

prevailed prior to the Dewieland Glaciation. There is 

no eviderce from the Irish Sea or elsewhere of a sea- 

level above 240 ft. O.I. during glaciation; on the 

contrary, field evidence from glaciated lands all round 

the North Atlantic indicates that sea-levels were as low 

as -390 ft. at the peak of the Last Glscietion 1 , and 

possibly almost as low during earlier glaciations(see, 

for example, Farrington, 1945; lonn, Farrand, and Ewing, 

1962; Fairbridge, 1962). Consequently Burton's field 

evidence, and his conclusions, seem unconvincir.g.

The Origin of the Channels.

(a) Charles'A'orth's Hypothesis of Glacial LaRes. v hile 

bearing in a.ind tint complex river-captures may have 

contributed to the development of a drainage-pattern on 

the lirec of th.?t shown in Fig. 11C, it appears that the 

enamels have been cut, for the most part, across pre­ 

existing cols. This fact was recognised by Charlesworth, 

and fron it -rew his hypothesis of V:e melt.vater lakes of

1. Other high relative oea-levels during the Late 
Pleistocene have been sup;rested for other pnrtc of Britain 
(e.g. by Ancerson, 1939); they are possibly the result of 
isostatic depression.
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North Pembrokeshire.

Charlefjworth proposed that the Irish Sea ice of 

Newer Drift times advanced across the North Pembrokeshire 

Coast but terminated at the line of the "South Wales End- 

moraine" and impounded a series of pro-glacial lakes in 

the existing valleys of the area. Charleaworth's map 

(hie Pig. XX) of the development of these lakes was 

complex in the extreme, but in Fig. 111 an attempt is made 

to elucidate the various stages which he envisaged. At 

the maximum stage of ice-extension, Lake Teifi (the 

largest lake in the seriee) overflowed westwards through 

the Pont-gareg chanrel at rn altitude of 450 ft. O.D. into 

Lake Nevern. Thie lake had an initial surface altitude 

of 380 ft. O.T., and flo-.ved over a pre-existing col at 

this altitude into the Gvaun Valley, which itself supported 

a lower lake. Prom the latter the earliest outlet was 

considered to hove been the l.ant-y-bugail channel. As 

the ice-front retreated and the level of Lake Gwaun fell, 

subsequent overflows used cols further north to cut the 

Escalwen channels, Esgyrn Bottom, and the- Llanwern and 

Criney channels. Further falls in the level of Lake Gwaun 

led to the cutting of ths G\vaun channel by meltwater. All 

the overflows were thought to grade into the Jordanston 

channel, which itself drained a small Lake Manorowen
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southwards into the Western Cleddau System. At this

stage (Diagram B in Fig. 111) Lake Neverr. was considered

to have been drained by an ice-marginal stream along the

Dinas cliff and into the Cwmonnen channel. A similar

Gtream is considered to have drained Lake Moylgrove (at a higher

altitude) during the subsequent stage. During the last

stage (Stage II of Charlesworth) Lake Nevern was drained

westwards through the Cwm Dewi channel. As a result of

the changes induced by the overflows of the Last Glaoiation,

the drainage of the Gwaun-oordanston area retained its new

southward orientation, so explaining the apparent anomaly

of streams originating letr than a mile from the North

Pembrokeshire coast, breaching the main watershed of the

county through the Treffgarne Gorge, and reaching the sea

at Kilford haven.

Several subsequent vorxers have supporter* Charles- 

worth's hypothesis of glacifil lake overflows. In 194C 

W.D. LYans proposed that much of the supply of water for 

Lake Kevern may have originated as snow-melt from the 

Prescelly l.ountsir.s. Griffiths (1 (..4C) accepted the 

existence of glacial lakes and overflows related to the 

maximum of the Irish sea ice. Ho-.1 ever, in view of the 

existence of higher channels and gaps south of the Teifi 

he reasoned that the lakes which overspilled through these
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channels could not have been Impounded by Newer Drift 

Irish Sea ice terminating on the North Pembrokeshire and 

Cardiganshire coast; he proposed, therefore, that the 

lakes must have been impounded by ice at a higher level, 

which must have bean of "Older Drift" age. In 1946 M. 

Jones followed the lake hypothesis in his reconstruction 

of the Teifi drainage, although he realised that lake 

evolution and channel cutting may have been far more 

complex than Charleeworth envisaged. The hypothesis 

received widespread recognition as a result of its 

inclusion in the South Wales Regional Geology Handbook 

(Pringle and George, 194P). It has been re-stated by 

Charlesworth (1963 and personal communication, 1963) and 

in slightly altered form by O.T. Jor.er (1964 and personal 

comimr.icption, 1964), who cites as evidence for glacial 

lakes the current-bedded sends at Banc-y-wnrren and 

possible lake-marginal features rear Fentrecwrt. Like 

Griffith?, he considers that the highest chcnrols south 

of the Teifi are part of the overflow channel series and 

of the same age as those at lower altitudes. Erosion of 

most o r the gorges in the Teifi valley is considered to 

have taken place after the drainirg of the glacial lake. 

W.D. Evans (1964) supports this idea, relating the cutting

of gorges to periodic flood-waters flowing westwards and 

northwards from inland ice after the disappearance of the
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Irish Sea ice.

The Inconsistencies of the Hypothesis. The glacial 
lake hypothesis appears to contain several inconsistencies, 

as noted by Joy (1963) and Bowen (1964). In the first 
place, the highest outlet of Lake Taifi was considered 
to be the Font-gareg channel at an altitude of 450 ft. 

O.D. However, other high col channels at Blaenffoe (intake 
at 560 ft. C.D.) and 6rymmych (intake at 720 ft. O.D.) are 

very similar in form to the Gwaun and Criney channels (Fig. 
112). Both are cut through pre-glacial coLe, and both 
appear to have been formed b a similar process. Their 
presence was apparently d ^regarded b" Charleswor" h, for 
with glacial lakes in mind their gradients indicate "over­ 
spill" in the wron« direction, i.e. from west to east; 
but both channels certainly carried a far greater volume 
of melt.vater than the ront-gare,? channel.

Lakes Uevern and Gwaun were considered to h-jve had 
successively low.r water-levels than Lnke Teifi, and yet 
Lake Gwaun supposedly overflowed the pre-gLacial Nr>nt-y- 

bugail col; this would have been impossible, for the 

original col must have had an altitude of c. 650 ft. O.D. 

(Pig. 113). A similar problem is concernad with the 

outlet of Lake Severn via the Gwaun Valley. "York from
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cross-profiles (Burton, 1952; Joy, 1963) has indicated 

that the watershed of the pre-glaac.ial Gwaun-Clydach area 

was at ar. altitude of c. 6CC ft. O.T., so any lake which 

uaed the col ae an outlet must have had a higher initial 

surfac-3 level. If ]>ke Severn had a eurf?ce cltitude 

of 600 ft. O.D., it vould sl^oet certainly hsve used the 

Lower Blaenffos col a e an outlet (at 560 ft. O.L.). In 

Charlesworth's vie;> the maximum surface level of Lake 

Nevern was c. 3BC ft. O.T., which is lower th°n the present 

divide on the floor of the Kant-y-bu^ail cbsnrel. If 

the lake levels postulated by Charlee-vcrth are correct, 

Lake Severn could nev ,r have had an outlet into the Gwaun 

channel, ard the vater? of L?ke Gwaun could never have 

escaped via l^ant-y-bufPil ch-innel. In the same way the 

pre-glpcial Cwmorrer col HPF been reconstructed at c. 375 

ft. O.I.; if the surface of I^ko Nevern fell to this 

altitude there seems no reason 'hy it should rot. have 

continued to use the lo'.ver Gw,?uri Valley, where a meltwater 

route was already established.

From the reconstruction of pre-glr-cial relief (Fig. 

11C) it appears that the Esgyrn, Llanwirn, ard Criney

1. Burton (195?) recorded tre altitude of the ^ant-y- 
bugail divide as 3CC .t. O.B. In fact the divide is 
shown on the O.S. 2f" map at c. }85 ft.. O.T., about 10 
feet higher than the Gwaun-Clydach divide.
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cols may have been successively lower than one another, 

at altitudes of 32C ft., 31C ft., and 290 ft. J.L. But 

when the channels through these cols are considered further 

inconsistencies ap;esr. Charlesworth's earliest Eegyrn 

Bottom channel appears to coincide -with the courses of the 

Escolwen East and Ponty Phillip channels; subsequent 

channels on his Fig. DC apparently coincide with Escalwen 

Vest chanrel, Esgyrn Bottom proper, -and the Criney channel. 

(No mention is trade of the Llar.vern channel). The Escalwen 

channel-syetem originates in shallow lateral depressions at 

an altitude of 525 ft. O.D. on the hillside above Gelli; 

none of the channels in the system could have been used as 

an overflow routo by a Gv/aun Lpke ,vith a maximum surface 

altitude of under 3?0 ft. C.I., arc since the channels are 

not. cut into . re-^lpcial cole there could have been no 

overflow at t.hic point ever, from a lake with a surface 

altitude above 5?5 ft. C.I.

The forego ing analysis of Charlesworth's hypothesis 

has done no more than suggest that his proposed saquence 

of events must be considered doubtful. The possibility 

remains that the channels in the system could have been cut 

by lake overflows at higher levels than envisaged by 

Charlesworth (Professor O.T. Jones, perror.al corrnunication), 

or impounded in different localities and for less prolonged
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periods by a more irregulsr wasting ice-margin. There 

is no doubt that large pro-glacial lakes car form between 

ice ard land during deglsciation. There has been a 

recent tendercy to minimise the iroportance of pro-glacial 

lakee, but they nre comroor in areas of present-day ice- 

W3stage, although generally of limited extent and duration. 

A large leke, drained over deeply-cut rock spillways, is 

impounded by the Rypefjord Glacier in East Greenland, and 

Okko (1955) and Thorarinsson (1939) frequently mention 

such features in Iceland. Okko figures a magnificent 

rock spillway draining a marginal lake. Other lakee 

damned by an ice-cap uc-rgin are the Conn, Bieler, and 

Generator Lakes around the Parries ice-cap, Baffin (Ward,

1952).

Much of the evidence for Lste-Pleistocene pro-glacial 

lakes is indisputable. Convincing evidercc for ice- 

dammed laVes over 6C miles lorn* and 4-> miler •ic'e has been 

presented by Ivso (1 r*6C) for part of labrador-Ungava; these 

lakee are considered to hf-ve beer dammed against ice-free 

mountain slopes by wasting inland-ice in the lowlands, 

and they were apparently drained over sub-aeriol spillways. 

Traces of other drained lakes have been found north of 

the Barnes ice-car, Baffin (Ives, 1962)f and in Britain 

there is good field evidence for pro-glacial lakes up to
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H miles Ions during the deglaciation of the Cairngorms 

(Sugden, 1965) and for the extensive Edderacres Lake in 

Co. Durham (Smith, 1965). Also, the sub-aerial dr inage 

of pro-glacial lakes was an important element in the 

theories of Mannerfelt, (1945); the process has been 

mentioned by Liest/1 (1955), Gillberg (1956), and others 

in Scandinavia.

Thus there appears to be no reason why a sequence 

of events somewhat similar to that proposed by Charlesworth 

should not have occurred in the Gwaun-Jordanston area, if 

the field evidence so indicates.

(c) A further problem. iield and theoretical evidence, 

however, throws doubt upon the existence of any large pro- 

glacial lakes during de^laciation. In the last chapter 

it was pointed out that all the hummocks of sand and gravel 

in the Fishguard area are best interpreted os dead-ice 

features; there is no evidence for the Louth "/eles End- 

moraire, for a retreating ice-front, or for the pro-glacial 

lakes. Joy (1963) has pointed out further problems 

concerning the mechanism by ,vhich glacial lakes cut down­ 

wards through their spillways.

A reconstruction of the pre-glacial relief reveals that 

the humped bedrock divide on the floor of the Gwaun channel 

(at Llannerch) is in apiroximat ly the same position as the
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pre-glacial col; the small Gwaun and Clydach streams 

flow upon deep drift fills westward and eastward of 

this rock o-ivide, indicating that it probably does not 

owe its existence to recent stream erosion. It is 

difficult to see ho-v the position of the divide could 

be maintained under sub-aerial meltwater overflo.v, for 

a sequence of events as indicated in Fig. 114 would be 

expected to occur (after Peel, 1949). Furthermore, a 

glacial overflow channel must have a continuous gradient 

downwards from its intake point; such gradients are 

selcom present in the Gwaun-Jordnnston system of channels.

Another interesting point is that the Gwaun channel 

maintains its gorge-like form for one mile to the east 

of the preoent divide (Plate 43). If» as would be 

expected, the divide at all times marked the maximum vest- 

ward extension of Lake Nevern in tMe vicinity, there 

could be no mechanism for cutting a deep channel further 

east beneath the surface of the Iske. The only possible 

mechanism could be a reversal of overflow from Lake Gwaun 

ipto Lake i-evarn, as suggested for other areas by XenCall 

(1902); this is considered too unlikely an occurrence to 

be acceptable (Peel, 1956; Sissons, 1961).

"Humped" long profiles exist in most of the channels 

of tha area, arid in several cases it is demonstrable that
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these profiles are not the result of poet-glacial drainage 

modification. The spectacular Nant-y-busail channel 

flows upon a drift fill in places, but its humped long 

profile is too prominent a feature to have been achieved 

by recent headward erosion ( Fi/°;. 115). The humped 

profile of the Llanwern channel is cut in a rock floor, 

but seems to have resulted largely from the downcutting 

of Esgyrr. Bottom and the truncation of an earlier Llanworn   

Esgyrn long profile. The valley-bottom divides on Esgyrn 

Bottom and the floors of t' e Scleddau and C\rm Dewi channels 

are today on deep drift infills; it is not knovm at present 

how the positions of these divides are related to the rock 

floors of the chwnrels. The humped long profile of the 

Cwmonnen channel does not owe its origin to recent headward 

erosion (Joy, 1963); in general, itr floor f^lls towards 

the north-east (i.e. in a direction opposite to that of a 

possible overflow chnnrel draining lake Nevern.)

(d) The Alternative Hypothesis. Charlesworth's Lake 

hypothesis appears to be unproven in the Gwaun-Jordanston 

area, in view of the lack of supporting field eviderce and 

its inherent inconsistencies. Sub-glacial and marginal 

neltwater drainage may therefore be largely responsible 

for the features investigated above. The exploitation of 

cola by sub-glacial meltwaters has been discussed in some
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detail by Sisgons (1960), and "col channels" have been 

described by Mannerfelt (1945), by Derbyshire (1961) 

In the Cheviots, and by Gregory (1962) in Eskd<ale, York­ 

shire; the resulting channels are similar in cross-section 

to those in Figs. 112 at,d 113, and are often characterized 

by humped long profiles (Sissons, 196C). Valleys like 

the Llanwern channel "hanging" --bove the floor of £sgyrn 

Bottom are noted by Soons (196C) in Xlnrosshire, -/here 

glacial meltwater channels were astocisted *ith wasting 

ice. Perhaps the closest analogy can be dra-vn when the 

complete integrated pattern of channels in the G,vaun- 

Jordanston area is considered. The system displays most 

of the diagnostic characteristicr of meltwater channels 

as noted by Derbyshire (195?), and looks remarkably similar 

to chanrel systems shown by Kannerfelt (1S45) and by Hoppe 

(1950; 1957) for regions in Sweden vhere meltwater from 

downwasting ice has cut rook channels marginally and sub- 

glacial 'y. Again, there are marked" similarities with 

several integrated channel series figured by Sissons (1961) 

from Scotland .

1. lerbyshire (1961) has proposed the term "sub-glacial 
channel systems" for such systems.
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Several features in the area suggest that the greater 

part of the channel system may have been cut sub-glacially. 

The humped long-profiler of the channels bear witness to 

the capacity of sub-glacial meltwater for erodin   bedrock 

powerfully when flowinr uphill for short distances under 

hydrostatic prescure. (Sissons, 1961).

In the Gwaun channel there are several small arcuate 

channels vhich have been cut across rock spurs on the 

channel sido. Tvo of these features, at Parc-y-dyffryn 

and Allt Penge^rin Isaf, have been examined by Joy (1963), 

and she concludes that in each case a rock knoll standing 

above the valley-floor is backed by a small humped channel. 

At Allt Fengegin Isaf (Plate 44) there appear to be two 

such features associated with a steep chute descending the 

valley-side. At Cronllwyn a rock spur at the intake of 

Esgyrn Bottom has been crossed by another humped channel 

running NE - S"'. Other shallow channels cross 9 low spur 

beneath the main wall of the Gwaun channel Just east of 

Criney Bridge, and other eroeional scallops occur on the 

valley side at Ililkiffeth 'Vood, Coed ?en-yr-allt-ddu, and 

around Garn.

Similar features occur elsewhere in the area. A 

spectacular arcuate channel occurs on the northern flank 

of the Blaenffos channel, and a dry channel is cut across
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a spur high on the southern valley-side near Castellan 

Farm. On the face of the Einas Cliff three small arcuate 

channels have been cut across pre-glacial rock spurs. 

The largest and most spectacular of these, Cwn-mawr 

(Plate 45), has a humped long profile which is truncated 

at its western erd. The Bryn-nivl charge! is a less 

distinct feature, but at Castell a channel appears to 

have cut across a larger spur to isolate an upstanding 

rock knob on the platform surface b low. On the cliff 

above Newcastle is s smaller rock knob which appears to be 

related in form to the Bryn-niwl ch-inrel. 

.?   Arcuate clnnnels such as these cannot have been 

formed sub-aeriplly by water from lake overflows; neithor 

does it seen that they can have been formed marginally 

or as n result of do-.vncutting supraglacial streams, as 

suggested by Sissons (1961) for other areas. Tho combin­ 

ation of humped lon^-profile and arcuate plan must surely 

mean that they formed sub-glacially.

Therefore, on the basis of the major characteristics 

of the ^'.vnun-Jordanston channel system, and from analogy 

with other related systems, it appears most reasonable to

1. Charlesworth appears to hnve ervisaged marginal drainage 
towards t^e Cwmonnen channel along the face of the Dinas 
Cliff.
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propose that sub-glacial meltwaters were largely respon­ 

sible for its formation.

Other meltwatcr features.

However, some of the smaller meltwater features in 

the area provide valuable clues to the course of glaciation 

and deglaciation in the Fishguard area. "/hile the weight 

of evidence in the area suggests that the larger channels 

and arcuate features were cut sub-glacially, there is 

also abundant evidence of a do^nwastinp ice-margin.

Marginal channels as described by Mannerfelt (1945) 

are rare in this area, as they are in some other glaciated 

upland areas of Britain (rerbyabirs, 1961). Hovever, a 

series of degraded terraces high on the flanks of Mynydd 

Carningli and on Foeldrygarn may be ice-marginal features. 

On the northern flank of Mynydd Oarningli nt an altitude 

of c. 925 ft. O.I', is an undulating depositional terrace 

c. 200 yards Ion/?;; belov this terrace blocky solifluxion 

features appear to be less well-cavaloped thar above. 

Lo*er terraces on the northern flank of the hill are of a 

less distinct character. ^ the south side of Garningli 

five main terraces above PC-0 ft. O.T. dip do vn at between 

2° and 4° towarcr the Gvaun valley. All these terraces 

are covered with blocky scree. The lo^er tvo terraces are 

both over 20 yards wide, and one is over 200 yards long.
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The variable directions of dip of these terraces suggest 

that they are not of structural origin; they cppear to 

reflect the positions of a falling ice-margin, perhaps 

with marginal meltwater florin.? south-vestwarde towards 

the Swaun Valley. Other degraded marginal benches occur 

on the northern slopes of Mynydd irescelly at Bane Llwydlos, 

beneath Foelfeddau, and beneath Mynydd-bnch and Carnbica. 

Small marginal channels may be seen on the face of the 

Tinas Cliff, at an altitude of c. 390 ft. C.I. <above 

Castell.

There is some evidence for sub-glacial chutes and 

sub-marginal enamels in the area (Mannerfelt, 1945; 

Sisaons, 1961). At Ty-canol several spur-end channels 

plunge steeply from intakes at c. 53C ft. C.I. north­ 

westward towards Constantinople, -and there are other 

notches in the hillside to the .vent. These features 

cannot have formed sub-aerial.ly in their spur-end position, 

and today they are quite dry; it is possible that they 

may hsve originated as sub-glacial chutes. Many deep 

chutes fall steeply down the flanks of the Gwaun channel. 

Several of these may have been cut post-glacially by small 

streams descending the steep chanr.nl-side, but C-vm-du, 

C-.vm Kanr, .'and Coed Sychpant ;-re especially noticeable 

features which are unlikely to have forced post-glacially
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in vie'.- of the limited size of the streams which use 
them; they may have originated as sub-glacial chutes. 
If this was the case, than deaci-ice may have filled the 
Gwaun channel at a late stage of deglaciatior.

The Escalwen channel-system (Fig. 116) bears the 
characteristic^ of a marginal, sub-marginal, and sub- 
glaciel drainage system (Joy, 1963). The slight depres­ 
sions around Gelli are occasionally one-sided, and since 
they run alon^ or obliquely to the contours they cannot 
ha.ve been cut by noriml stream erosion. hear Pant-y- 
wrach these small channels plunge through two intakes 
into the Escalwen East channel, which runs obliquely 
do-vn the end of the spur towards Escalwen (Plate 46). 
Small outlets le?ve this deep chanrel at altitudes of 380 
ft. and }GC ft. O.P., and at the foot of the spur it 
bifurcates into the 1'anty Philip Channel and the EscaTven 
?/est channel. Meltv/ater flow appears to have been less 
continuous in the Escalwen North channel, for it is a 
shallo'v feature unlike the others in form. It is likely 
that the Escalwen features were formed in an environment 
of downwasting ice, with marginal meltveter (which cut 
the Gelli channels) pascing through a short sub-rmrp;inal 
ph?ee ?t Part-y-wrach before achieving full sub-glacial 

erosion in the deeper channels of the system (Plate 47).
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Similar channel-systems of composite origin are commonly 
described in the literature, e.g. by Sissons (1961) and 
Hoppe (1957).

The small channels around Trim (Fig. 103) also 
appear to have been cut by sub-glacial meltwaters at a 
relatively late stage in deglaciation, for they are not 
related to the main channel-system of the area. They 
are best explained by a sub-glacial diversion of melt- 
waters while downwasting ice filled the lower part of 
Good.vick Valley, and it arrears that they must have been 
cut by meltwaters flowing northwards. The features at 
Escalwen and Trim, together with the pocsible low-level 
marginal features on the Dinas Cliff and the sub-glacial 
chutes of the Gwaun valley, may therefore be approximately 
contemporaneous, post-dating b' a short while the inte­ 
grated sub-glacial channel-system of the area.

The Age of the ?leltwater Channels.
It was an essential part of Charlesworth's hypothesis 

that the Gwaun-Jordanston meltwater chnnrels were formed 
during the Last Glaciation. This dating is apparently 
accepted today by O.T. Jonec, -'.I. Svans, K.J. Gregory, 
and D.Q. Bowen. The lone voice of dissention has been 
that of Griffiths (194C), who considered that the channels 
were cut during the Older Irift Glaciation.
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In Chapter 7 it was tentatively suggested that the 

ice of the lewisland Glaciation achieved little erosion 

and little deposition in Lewisland. It may therefore 

have been relatively thin and inactive, even at the time 

of its maximum extension. Within the limits of its 

ability it appears to have assaulted the coast of north 

and west Pembrokeshire and southern Cardiganshire from 

the north and north-vest, leaving as witness striated 

bedrock slabs and calcareous Irish Sea till. As inferred 

by earlier workers, the surface of this ice-sheet must 

have sloped do.vn towards the south-east.

In contrast the meltwater channels a parcntly suggest 

the presence of a powerful ice-mass which moved towards 

the south-'vest. It has already been suggested in Chapter 

5 that the Porthmelgan meltwater channel pre-dates the 

Dewisland Glaciation; the same is apparently true of all 

the other steep-sided valleys studied in association .vith 

the coastal sections. Similarly, there is some depositional 

evidence concerning the age of the G-.vaun-Jordanston channels. 

Overall, there appears to be little drift in the channel* 

system, and to dat: no true till has been found; but at 

the Joroanston channel intake calcareous shelly till has 

been recorded by Jehu (1904), and thick drift on Rhos-y- 

clegyrn moor blocks the northern end of the Maildy channel.



410

Most significant, however, is the record of at least 

15 ft. of shelly till at Rhoa leaf, Dinas (Jehu, 1904). 

This till lies on the floor of the major channel draining 

towards Cwmonnen; it is weathered to a depth of only 24", 

so there is little doubt that it is a representative of 

the Dewisland Glaciation. The channel must pre-date the 

deposition of the till, and unless this till was laid 

down completely by ablation the possibility must be con­ 

sidered that the Cwmonnen channel, and possibly the other 

channels of the system, date from the Early Glaciation.

This evidence is inconclusive, but it appears to be 

supported by the oriet.tation of the channels (Map 5). 

Recent work in Scandinavia and elsewhere suggests that 

sub-glacial drainage is "directed" more accurately by the 

ice-gradient than by the sub-glacial topography; conse­ 

quently, in areas where the ice-sheet summit does not 

coincide with the pre-glacial dreinage-divide, ice- 

directed drainage breaches this divide in the early stages 

of deglaciation (^ollid, 1964). If, as is indicated by 

erratic transport and stri=.tions, the ice-gradient at the 

peak of the Lev/island Glaciation sloped down towards the 

south-east, one would also expect ice-direoted sub-glacial 

drainage to follov an approximate south-eastward course. 

Only the Panty-coch, Jordanston, and Lower Gwaun (Fishguard)
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channels have n marked south to south-wastward component, 

and most of the channels appear initially to have carried 

meltwaters toward the south-west. If these channels 

were cut beneath active ice moving towards the south-east , 

then the Gwaun channel for the lower and middle parts of 

its course must have carried meltwater under hydrostatic 

pressure in the same direction, only for this meltwater to 

be forced, at tirces, to flow to-vards the north-Test in 

Hant-y-bugain and Esgyrn channels. Alternatively the 

Gwaun channel must have carried water directly against the 

ice-gradient in order to supply the Nant-y-bugail, Esgyrn, 

and Criney intakes. Neither possibility is attractive, 

for although the role of topography in directing sub- 

glacial drainage has been stressed (Gjessing, i960), it 

generally plays a less significant part than ice-gradient 

(Sollid, 1961, 1964; Tr^mberg, 1964).

A more reasonable explanation of the orientation of 

the channal-s.ystem is that it was controlled by an ice- 

gradient sloping down towards the west or south-west; 

beneath such a gradient it would 03 juite possible for most

1. Derbyshire (1S/S1) considers that active ice has to be 
present at depth in order t.o control the lower lovel of 
sub-glacial meltwater erosion in ice-sheets; similarly 
channels cut across cols in the Cairngorm yourtnins appear 
to have been directed bv active ice (D.E. Sugden, personal 
communication).
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of the channels to be cut and used contemporaneously. 

Such an ice-graoient would account for the presence of 

marginal channels dipping towards the south-west on the 

eastern spurs of the Korth Pembrokeshire upland masses 

(Carnlngli and Foeldrygarn), and also for the fact that 

the Escalwen East channel continues into the Panty 

Ihillip channel, rather than crossing the low spur to the 

south. It. would also explain the north-westward orien­ 

tation of the sub-marginal channel on Ty-canol spur; the 

channel would probably not have followed this orientation 

if there had been an ice-gradient towards the south-east. 

The dating of the channel-system to th Early Olaciation 

appears, therefore, to provide reasonable ansvvers to 

several questions.

Possible stages of channel development. It is possible 

that the dating of the channels as Early Glaciation features 

may be afforded some support when the stages of channel 

development have be-^n elucidated. In vie-.v of the presence 

of sub-glacial and marginal features within the channel 

system, it can be said with some certainty that there have 

been at least two stages of channel development;; namely 

a stage when sub-glscial meltwaters were flowing at some 

depth beneath the ice-surface, and a stage when meltwaters 

may have been flowing along the margins of downwasting ice
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within the channels, or even subaerielly upon the ch/innel

floorp.

A third stage mny be discerned in the evidence of 
"channels within channels"; these are particularly notice­ 

able in the Llanychaer - Criney district, vhere old valley 

floors appear to han^ above the present channel walls. 

The Cwmonnen Channel Joins the Gwaun Channel discordantly, 

and it has been mentioned thst the Llenwern Channel is 

truncated at its eastern end. The humped channels at 

Criney Bridge ere truncated by steep valley-sides. Thus 

there 'vas probably a second stage of subglacial erosion 

prior to the phase of marginal flow.

It i? difficult to determine when these stages of 

erosion occurred, but it ie quite possible that they did 

not all occur within the same glaciation. The later 

stages of incision may hav.:- o >curretf within the Dewisland 

Glaciation, 'vith sub-glacial meltweters using a pre­ 

existing chanrel system dating from the Early Glaciation; 

indeed, it if possible thot some of the channel sections 

which are orientated ft.".'. - c.-. coulr1 have formed entirely 

during the Eevisland Glaciation.

However, ?s with all the ideas put forward in the 

course of this chapter, this must be considered a tentative 

suggestion only. The dating of the channels to the Early 

Glaciation can only be finally determined if head or
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orgsr.ic deposits ore found in situ within the wells of 

the channels beneath till or outwesh gravels of the Dewis- 

land Gl?ciation.

Conclusions.

The major suggestions which may be made on the basis 

of this chapter are as follows!

1. The widely-accepted glacial lake hypothesis of Charles- 

worth contains many inconsistencies, and is not supported 

by evidence in the field.

2. There appears to ba much in favou'- of a eub-glacial 

origin for the major channels of the integrated Gwaun- 

Jordanston system.

3. Some minor erosional features in the aree appear to 

be related to the margins of a do*nwasting ice-mass; this 

supports the depositions! evidence quoted in the last chapter.

4. There have probrhly been at least three phases of 

channel formation; the two earlier phases were eub-glacial, 

and the most recent probably marginal.

5. The anomalous orientation of the channels may indicate 

that the channels were cut initially during the Early 

Glaciation.
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Chapter 11

The Meltw.g.ter Channels 

of Dewisland.
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Chapter 11. 

THE MELT'VATER CHANNELS OF IE"/ISLAHE.

The deep river-channels of Dewislnnd have generally 

been considered of sub-aerial origin, owing their incised 

forms to pre-glacial rejuvenation (Cox, 1930; Daviee, 1939; 

Burton, 1952). However, there are indications that these 

valleys may hava been cut by sub-glacial raeltwater during 

the glaciations of the area.

The distribution of deep chanr.ele is shown in tig. 117. 

For the most part they are concentrated on the south coast 

of Dewisland, although eight deeply-cut channels run north­ 

wards and north-westwards towards Cardigan Bay in the 

coastal stretch between Abereiddy and Pen Caer. The larger 

channels are Kerry Vale, the Solfach and St. Elvis valleys, 

and the Abereiddy and Aber-mawr valleys. They are very 

similar to one another in form (although of variable depth), 

and an examination of cross-profiles shows that they have 

n&rlced differences from the only shallow volleys of the area, 

at ".'hiteeando 1 end Bathesland "-eter (Fi£. 118); the larger 

channels are similar in form to the rreltr/ater channels of 

the Gwaun-Jordanston iyetem, aid in soir.e cases appear to be

1. As noted earlier, Green (1911) proposed that the V/hite- 
sards Valley was cut pre-glacially by the River Alan before 
it was diverted into Merry Vale.
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incised into older valley-floors.

The smaller valleys of the peninsula, which are again 

Bteep-aided and flat-floored, are at Porthmelgan, Porth- 

gain, Trevine, Aber-castle, Pwllstrodur, and Aber-bach on 

the north coast, and at Caerbwdy and Porth-y-Rhaw on the 

south coast. Between Solva and Newgale there are deeply- 

cut "cvras" on the coast at Porthmynawydd, Cwm-bach and 

Cwm-mawr, and dry channels at St. Justinian, Carneddgwion, 

P*ll Crochan, and around Morfa. There are distinct one­ 

sided benches at Csrreg-yr-afr and Penclegyr on the north 

coast, and the cols between Camllidi and Carn Treliwyd 

appear to have been deepened by water-action.

On the north coast Barry Island end Wynydd Morfa are 

almost isolated from the mainland by channels, as noted by 

Jehu in 1904; in each case it is possible to walk from coast 

to coast without moving off the floors of the drift-filled 

channels (Fig. 119).

The Origin of the Channels.

From a careful examination of U.S. 2-£" maps, it appears 

unlikely that the valleys have betn cut by simple pre-glacial 

rejuvenation. No t-/o streams appear to have had the same 

base-level. The Sulfach and Merry Vale channels a^oc fall 

to well below present sea-level, and at Caerbwdy the stream,

1. "Cwm" is here used in its Welsh sense as a steep valley- 
head (Stamp, 1961).
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although entering the sea accordantly, drops steeply in 

the lower part of its course. The smaller streams In 

the OWES, and in small channels such as the Trevine 

channel, are left "hanging" above present sea-level, to 

which they descend through email waterfalls. It is 

difficult to explain away these discordant and variable 

characteristics as the result of various stages of rejuv­ 

enation. Nor, it seercs, c?<ri variable cliff retreat be 

used as an explanation, for it has beer suggested earlier 

that since the catting of the mouths of the major valleys 

of the Teifi and Afon Severn, cliff retreat has been negli­ 

gible.

Similarly, tho long profiles of the streams provide no 

reliable indications of rejuvenation, for they flow upon 

drift floors in treir lower (channel) sections, and on thick 

drift covers in wide, shallow valleys further upstream. 

The Solfach river ('hich would probably be called the example

par excellence of stream rejuvenation in Dewisland ) and 

the Caerb.vdy stream are found upon examination to have 

strongly convex long-profiles which bear no evidence of 

knick-points. Although the possibility of rejuvenation

1. Burton OS'52) has traced the pre-/* lacial development of 
the Solfach river, which he considered to have flowed to 
the sea at CaerbAdy at an early stage. He suggested that 
the deep channel section was cut by a vigorous consequent 
stream which beheaded the older stream.
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cannot be ruled out on thie basis (Jparks, 1960), there

•re other features «?hloh give the atrong impression thot 

the glueiatione of ta^lbland may have had considerable 

influence on the drainrgo-pattern ae wo see it today. 

Indeed, it .vould be unnatural if the taeltwjters of the 

two gIsolations of Pembrokeshire <Jit! not leave their 

imprint upon the landscape.

^hile the rejuvenation hypotheeie iu apparently hin­ 

dered by a Lfick of favourable evidence, there i» abundant 

evidence for lar/re-ccel« rceltweter erosion. The shallow 

channel at i*t. Justinian cute acrcee a small peninsula and 

has a humped lon^-profilo; it bears no siffn of ever having 

carried a suo-oerial strean. The sane rany be caid of the 

dry channels at .-vll Jrochan anc> around Morfa. The least 

tortuoua explar'ution of these features is the* they ^ere 

out by glaciwl aeit\v tar; in the case of the St. Justinian 

channel there i» flood evidor.oo in the humped lon^-profile 

that it may hava beon eroded sub-;»laoinllv.

The one-ni<?5(* channels on tha notth oooat are fresh 

in anpe-arar.ca, an<? t>^t near Fenclegyr has a hump near its 

weeterr. aid. It is urlikely that -»hoy car. be the rotnnerts 

cf ancient rlver-vml 1 eys '-hicV ^"VR hprf th^ir pen^srd slopes 

removed by cliff retrnrt; PS rotor! ^grlier, cliff retreat

•ppears to hove be-n r.HRli,-:. »le in this Rrea since "pre-
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glacial" timen, and in any case it is unlikely that pre- 

glacial or post-glacial streams would have flowed parallel 

to the contours and the coast-line. There is a strong 

likelihood that the features were cut marginally or sub- 

marginally by glacial raeltwater flowing along the coast, 

possibly when stagnant or weakly-active ice filled the 

offshore coastal area, leaving the Penbiri-Carnllidi area 

ice-free.

The deep "cwms" of the south coast carry minute streams, 

and it is difficult to imagine that they have been formed 

entirely by headward aprin^-sapping. Porthmynawyd and 

Cwm-raawr valleys are sizeable features, the latter being 

200 ft. deep and yet less than half a mile in length (Plate 

46). Both Cwm-bach nnd Gwm-mavr have two intake points, 

one of which is completely dry. In view of the mcrked 

similarities of these "cwras" (and other smaller ones near 

Caerbwdy and O'of Lle-sugn) to the deep sub-glacial chutes 

of the G.vaun Vr-lley, a nimilar origin may be proposed. It 

is net certain, however, that they were cut by melt-vater 

entering dead ice from streams on the deglaciated coastal 

platform; although there are slight traces of old melt- 

water courses inland from the "c-vm" heads they do not 

appear to bs extensive enough to have carried the large 

amounts of water needed for the cutting of the channels.
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Therefore they may have been cut at the point where either 

the wasting ice-surface or a sub-glacial meltwater stream 

crossed the old coastal cliffs during deglaciation.

It has been suggested in Chapter 5 that Porthmelgan 

and Aber-mawr channels were cut by glacial meltwater, and 

field evidence indicates that the other large channels of 

the area may have been cut in e similar way. In the 

Solfach valley (Plate 4S), there are deeply-cut intake 

points at Carn-y-frnn and two spectacular chutes at Llain- 

ganuna. Near Kiddle I. ill there are dry scallops on the 

hillside above the chan/el, and a srrall rock knob lies on 

the valley floor at the point where the tributary stream 

from New England enters the chanrel. A deep chute at 

Trecad'vgan is not graded properly to the floor of the 

channel; instead it appears to enter the valley at the 

same height as a series of rock steps on the eastern valley- 

side (Plate 49B). Using th same criteria as in the 

section on the Gwaun-Jordaneton char.nelr, it eeens likely 

that the Golfech channel and its neighbour to the east of 

the Grihin were cut by sub-glacial meltv/ator. There have 

probably been at least four stages in the valley's develop­ 

ment :
1. Wormal river-valley, perhaps grader to a sea- 

level above present O.D.
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2. Initial sub-glacial cutting of the channel. The 

floor of this stage is represented by the rock 

benches.

3. Further downcutting to present level (b/ later 

glacial meltweters?)

4. present-day modification of the channel by the 

Solfach river.

The first two of these stages are clearly illustrated 

in the cross-profile in i'ig. 118, while the second two 

stages become apparent upon field examination of the valley,

Perhaps the most convincing evidence for the sub- 

glacial origin of these channels may be seen in i..erry Vale 

at the point where the road from i>t. David's enters the 

channel. Here a massive rock knob constituting an old 

valley-spur su ports a complex arcuate channel which has 

two outlets (Plate 50). The long profile of the channel 

is humped, and its intake and outlet points hang up to 25 

ft. above the present valley floor. i'he channel has a 

maximum depth of c. 2C ft. From its characteristics this 

channel (and very probably '* erry Vale itself) appears to 

have been cut by sub-glacial meltwater in several stages.

1. Greer. (1911), hnvir^ noted the stfien-sirted nature of 
Merry Vale channel, proposed that it .vas cut b/ glacial 
meltwaters over-florin^ from an ice-dammed lake to the 
north of St. .David's.
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While the possibility must not be dismissed that some 

of the deep chanrels in the area owe their form to pre- 

glacial rejuvenation, there appears to be abundant evidence 

that the mnjor chanrels have been used, and probably cut, 

by sub-glacial meltwaters.

Channel Orientation.

An interesting correlation between the Dewisland 

channels and those of the Gwaun-Jordanaton system can be 

made when the distribution and orientation of the channels 

is considered in some detail. In the analysis of rorth- 

meigan channel it vas noted that its orientation is difficult 

to reconcile with an ice-gradient falling towards the south­ 

east (as was apparently the case during the Dewisland 

Glaciation), and similar problems arise with most of the 

other channels of Dewisland. From Fi<?. 117 it will be seen 

that the channels have a strong westerly component in their 

orientation; in general, the channels of the south coast 

appear to have carried meltwatcr towards the south-west, 

and those of the north coast towards the north-west. This 

divergent pattern is difficult to explain as the product 

of one glaciation, for beneath a large ice-sheet, ice- 

directed drainage should display a reasonably consistent 

orientation (3olLid, 1964;.

It is probable that some of the features of the pattern
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are the result of geological and topographical control. 

Por example, the Porthmelgan channel is cut along the 

outcrop of Arenig shales between the basic intrusions 

of Carnllidi and St. David's Head, while the Abereiddy 

channel is cut through Upper Ordovician shales and bounded 

by igneous masses. Of the streams flowing to the south 

coast, the middle section of the Solfach Valley between 

Rhosgranog Uchaf and Carn-y-fran is cut along a faulted 

zone, for the most part coinciding with the outcrop of 

Lower and Middle Cambrian rocks (Cox, 193C). Again, the 

deepest channel section of I/erry Vale is possibly related 

to a fault system (Green, 1911), although recent field 

mapping suggests that its lower course is cut perpendicul­ 

arly across all the zones of -.veakness in the area (ft. Leake, 

personal communication). Also, the Trevine, Pwllstrodur, 

and Aber-bach channels may owe the strong westerly compon­ 

ent in their orientation to the influence of geology and 

structure.

On the other hand the Caerbwdy channel appears to be 

unrelated to structural weaknesses, as does the lower 

section of the Solfach channel, which is cut apparently 

at random through a series of basic igneous intrusions 

(Cox, 1930). Similarly the two Porthgain channels and the 

Aber-castle and Aber-mawr channels have been cut almost 

perpendicularly across the strike of the Ordovician rocks
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of the area. It appears, therefore, that while the 

orientation of channels has been influenced by bedrock 

structure in many localities, some channels appear to owe 

their orientation to other factors.

The major influences upon channel orientation were 

probably the "pre-glacial" surface topography, and the 

slope of the ice-sheet surface. Of these, the latter 

factor is held to be the most important for deep channels 

cut by ice-directed drainage beneath active ice (6ollid, 

1961). And yet the divergent pattern of channels in 

De-visland remains an anomaly, which can perhaps be explained 

by resort to one of four tentative hypotheses:

(a) If the channel gradients and orientations accurately 

reflect the direction of meltwater flow beneath an 

ice-cap, then the surface contours of the ice-cap 

must have been approximately as rho.vn in Fig. 117. 

However, the depth of the larger channels is compara­ 

ble to those of the Gwaun - Jordanston system, and 

suggests the presence of a large ice-sheet which must 

have had its source well beyond the shores of Pem- 

brotehire; an ice-sheet "spur" over Pembrokeshire would 

be improbable under these conditions, even though such 

a feature was suggested by Carvill Lewie in 19031

(b) If all the channels are contemporaneous, they were
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perhaps cut beneath an ice-sheet with a surface 

gradient falling approximately south-.vestwards. 

The orientation of the south coast channels suggests 

that they carried ice-directed meltwaters approx­ 

imately to?/ards the south-west, i.e. in the same 

direction as the major channels of the Gwaun - 

Jord^nston system. Some evidence therefore appears 

to support the eu^ffention made in the last chapter 

that the ice-gradient during the Early Glacintion 

sloped do'vn towards the south-west.

And yet vhen the north coast evidence is consid­ 

ered major difficulties are encountered, for the 

channels between Abereiddy and Ab?r-ma'-vr run north­ 

wards, northwestwards, and westwards (Fig. 119). It 

is possible thot these channels vere cut by meltwater 

flowing uphill alonp pre-existing river-valleys from 

the lo-." ground in Cardigan Bay onto the Deri island 

platform surfaces. Prolonged uphill flow at least 

from present sea-level to c. 200 ft. O.D. is theor­ 

etically possible if the meltwater is subject to 

sufficient hydrostatic pressure. Tteny of the tunnel- 

valleys of Denmark must have bo_>n cut by meltwater 

flowing uphill from the Baltic Basin (Schou, 1949), 

and the procass has been amply demonstrated from 

present-day glaciers (Okko, 1955; Thorarinsson, 1939).
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However, if the channels around Mynydd Morfa 

and Barry Island were out contemporaneously by water 

flowing uphill, then the southern ende of the channels 

in Fig. 119 must havo been areas of convergence; if 

hydrostatic pressure had been maintained in this area, 

a great concentration of raeltwater would have been 

expected to cut even deeper channels to the south. 

There are no traces of such channels to the south of 

the "island" systems, so it is possible that at an 

altitude of c. 150 ft. O.D. hydrostatic pressure 

dropped abrupt'y, perhaps as the streams emerged from 

the ice-front or flowed into less coherent ice. 

(c) The channels may have been cut at several differant 

stages of one glaciation, or during different glacia- 

tions. It is possible that the east-west channels 

of the pattern (notably the Abereiddy, Pwllstrodur, 

and Aber-bach channels) i<my have been cut beneath an ice- 

gradient falling towards the west, while the Aber-mawr 

and Perth-gain channels were cut at a different time 

beneath an ice-gradient falling towards the south. A 

difficulty in this interpretation is that none of 

the channels in the syetem are damonstrably of younger 

age than the o^^ers; if there have been t-.vo phases of 

cutting then some of the channel floors should be
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truncated, as has bean noted at several localities 

In the Gwaun-Jordanston system. Perhaps future 

work will reveal that such truncations do exist 

beneath drift covers.

(d) The possibility must be considered that some of the 

channels which are devoid of the suggested diagnostic 

features of sub-glacial channels may be original sub- 

perial valleys, or else old valleys which have been 

deepened sub-aerially by meIt-waters flowing from 

dead-ice masses in Dewisland aro the Piehguard crea. 

'"hile there are undoubted difficulties in interpreting 

the channels of Dewislanr' as sub-glacial features, there are 

far greater difficulties to be overcome if they are accepted 

as sub-aerial valleye of rejuvenation. The channels on the 

north coast ore very difficult to interpret, and until 

further work hae been done on the characte -istics of these 

channels, and the mechanics of sub-glacial meltwr.ter erosion 

in particular, it -vill be ae well at the moment to keep an 

open mine1 cone rning their mode of formation. "hile the 

attempted explanations on the fcrcgoir-g pages mny appear 

tortuous in the extreme, they may at le«s>t serve some use 

as working hypotheses durinr futur^ investigations.
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The ege of the Channels.

Finally, a brief examination may be wade of the hypo­ 

thesis that most of the channels of West Wales were cut 

during the Last Glaciation (Cherleaworth, 1929; Bowen, 

1964).

Fortunptely, in Dewieland the meltwater channels are 

terminated by the present coast-line, so that there is 

ample opportunity to examine the drifts on the channel 

floors. In Part III of the thesis, head beneath till was 

described in the channels at Porth-mel^an, Gaerb-vdy, Aber- 

mawr, an<3 Cwm-mnwr; there is also head beneath soliflucted 

till at Porthraynawyd ?»nd Trevine, and there is a good 

thickness of undisturbad till on tho floor of the Abereiddy 

channel. A^ su^eated earlier, thero must have been a 

prolonged period of sub-serial solifl ;xion between the 

cutting of th.o channels and the ds-osition of the till. 

At Eruideton nrd Gvr-mawr there is eoT.e evidence that 

raised beach gravels lis on the rock floors of channels 

at their seaward ends; while this evidence needs confirma­ 

tion it may indicate that some of the channels, at least, 

were cut prior to the Poppit IntergLacial period of high

eea-level.

The till in all the chp.rrels appears to have been 

deposited during the Dewisland Glaciation, while the raised
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teach gravels were deposited somewhat earlier. Thue 

there appears to be abundant evidence that the meltwater 

channels of Eewieland were out, at the latest, during 

the Early Glaciation. If, as seems likely, the channels 

of the Gwaun-Jordanston system are no younger than those 

of Dewisland, then the views of Bowen and Gregory (1965) 

concerning the age of the channels must be open to doubt.

Conclusions to Part \T.

1. The nost important fact to emerge from the study of 

aeltwater channels in North Pembrokeshire is that moat of 

them appear to have been out by sub-glacial meltwaters 

rather than by glacial lake overflows. In Dewisland and 

the Grwaun-Jordanston aren several anomalous features have 

been encountered in association with the channels; these 

features are perhaps best explained by postulating several 

stages of channel formation.

2. ^hile the evidence of channel orientation in not 

conclusive, it nevertheless su^ests th.it most of the sub- 

glr-cial erosion was achieved oeneath an ice-sheet sloping 

down towards the south-west. It hao been indicated in 

the foregoing pages that no evidence has been found which 

conflicts with this idea on a region"! scale, although as 

yet it is not supported by evidence of erratic indicators.



430

The small channel-systems at 3arry Island, Mynydd Morfa 

and Prim are anomalous, and deserve much closer investi­ 

gation than I have been able to undertake.

3« The channels appear to have been cut almost entirely 

during the Early Glaciation or p. lac lotions. This is 

suggested by the presence of head deposits beneath till 

of the Dewisland Giaciation on the floors of some channels. 

The ice of the Dewislanrf ^Isolation, as suggested earlier 

in the thesis, appears to have moved onshore from the 

north and north-west, in a direction which does not satis­ 

factorily explain tr.* orientation of the meltwater channels. 

While the marginal benches on the north coast and smaller 

features such as the St.. Juotinipn Channel may date from 

the Ee-vislanf Glaciation, the melt-.vaters of this ice-sheet 

did little mor? than clean out accumulated head and till 

deposits from oldar channels.



431

PART VI.

THE PLEISTOCENE EVENTS Of PET£BROKESHIRE IN 

A 'YIEEK CONTEXT.

Now that the various lines of evidence concerning 

the Pleistocene events of Pembrokeshire have been examined, 

Chapter 12 is dovotod to a brief resume" of the discernible 

Pleistocene history.

In Chapter 13 some attempt is made to establish 

whether the drift stratigraphy and sequenca of events 

suggested for North -/ambrokesMro may v/ith confidence be 

applied to othe.' areas around the Irish Sea ard Bristol 

Channel. The drift successions of certain areas, as 

far a;3 they are kno'.vn, are >;aken largely from the liter­ 

ature, and are correlated on purely slmti^raphic prin­ 

ciples. Ko reference is triede to any scheme of absolute 

chronology, although an attempt, is made +,o establish the 

relative ages of the drifts discus:;ed.

Pleistocene sea-level movements in ' ertern Britain 

have apparently received little attention from geomor- 

phologiets. Earlier in the thesis a scheme of sea-levels 

was proposed for iembrokeshire; in Chpptor 14 this scheme 

is considered in the context cf evidence from elsewhere, 

and in the light of some recent views on the topic.



Chapter 12.

Glaciation and Deglaciation
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Chapter 12.

GLACIATION AM) DEGLACIATIOK.

In the foregoing chapters the major glacial drifts 

and topographic featurec of North Pembrokeshire have been 

examined; at thie point, before attempting correlations 

with other areas around the Irish Sea, it will be worth 

summarising briefly the evidence presented for the sequence 

of glaciation and deglaciation in the area studied in 

detail.

The earliest event represented in the sections .vas a 

prolonged phase of warn: interglacial or pre-glacial climate 

which rotted the bedrock at Vest Angle and possibly Iruid- 

ston. Perhaps in part contemporaneously and in part later, 

there was a long period of eub-aerial valley ero?ion, in 

which the mature drainage basins of th? Afon ii'evenj the 

Teifi, and the Eaucleddau -vere eroded. i5ea-level at this 

time appears to have been relatively low, for the rock 

floors of ail the large valleys are graded to a sea-level 

well below present 0.x). The coastline at this period must 

have been some distance seaward of the present coast.

After this long phase sea-level appears to have risen 

to naar its present level, perhaps d'lring several large- 

scale oscillations. ?he lower parts of the old valleys
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were drowned, and the approximate outlines of the present 

coast were established. Cliffe were cut within the walls 

of the drovned river-valleys, and high cliffs establi­ 

shed ever in the resistant igneous rocks of the North 

Pembrokeshire coast. Again, this phase appears to nave 

been prolonged. After an unknown length of time had 

elapsed, sea-level rose above present O.D. «nd perhaps 

oscillated through a range of at least 50 ft.; during 

stillstanus platforms were cut at many altitudes between 

3 and 50 ft. O.D.

The next »>vent to occur was the £arly Glaciation, 

for which records are unfortunately scanty. However, it 

does 8'>em that it -vas a glaciation of some strength, for 

it entirely removed any pre-existing periglacial or beach 

deposits from coastal localities. During the wastage 

of the ice of the .Early Glaciation all the major inelt- 

water cham.els of North Pembrokeshire were cut, and the 

presence of channels in the i'resceily i<:curtains indicates 

that the ice may have been several thousand feet thick at 

the neximum. The orientation oi the channels apparently 

indicates th=tt during this glaciation the ice-gradient 

eloped from rorth-eaBt towards south-west; Welsh ice may 

therefore have been dominant, with the effects of Irish 

Sea ice reduced to negligible proportions. At this time
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it is reasonable to suggest that sea-level was low.

The Poppit Interglacial, which followed the Early 

&laciation, appears to have been prolonged, for in the 

coastal areas it removed completely any till which may 

have remained after the glaciation. There was a complex 

series of sea-level movements; at v/est Angle there are 

fine silts and clays which possibly record an early trans­ 

gression, while storm-beach deposits and gravelly beaches 

accumulated nt altitudes up to 30 ft. O.P. Ho.vever, no 

single stillstand appears to have been prolonged, for no 

demonstrably fresh raised beach platforms were cut. In 

the early part of the intcrglacinl there may have been at 

least one phase of solifluxion, and there "/as certainly 

solifluxion v.'ith the deterioration of climate which marked 

the approach of the Dewislsnd Glociation.

During the early phase of the Dswislnnd glacial period 

there v/as no land-ice in the coastal areas of North Pem­ 

brokeshire. L'es-level appears to have been low, and under 

moderately severe peri^lacifel climatic cone it ions steep 

slopes .vere mantled v/ith thick head deposits. The head 

incorporated pre-existing beach deposits, river gravels, and 

till wherever these were available. At least one warmer 

phase interrupted the solifluxion process, and a weathering 

horizon developed at Aber-mawr; however, sea-level remained
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low, end it IP possible that the offshore forest which 

was later destroyed by ice-action established itself 

far out in Aber-mawi* Bay at this tima. After this 

slight amelioration periglacial conditions returned, 

and eolifluxion was rapid for a while. However, the 

climate became increasingly cold and arid, and head depos­ 

its assumed the characteristics of flaky gravels at Aber- 

mawr. At the peak of this period of ra-nximum cold there 

may have boon corrie-glaciation in the Prescelly Mountains 

and a sizeable ice-crip over Central '"aler; local Welsh 

ice reached the coa?+ as far vost ao Ne-v Quay, but there 

are no tracer, of this glreiation in the Teifi Estuary.

A/rain 'f here was a clir\atic rir.el iora* ion, but, this time 

the clirrto rid not becore -arp erourb for v.-eatherin^;. 

Instead there wae a reneved phr.se of rolifluxion under a 

moderately cold and moist perif 1--.cir-1 climatic regime. 

This j-hare -'a? 7roloiped er.oufh fcr the re-deposition of 

the local glacial deposits at Kev Ouay, *r.d caused the 

accumulation of blocky he^dr further .vest.

Durinc: Phase II of the Pe-vislnnd Cl? ci^ition Irish Sea 

ice over-rode the -vhole of :1?eetern Pembrokeshire and exterded 

at least as far south as West Anelo. The glaci^tion does 

not ar^ear to hnve been a po-verful one, however, for it 

achieved little destruction of existing deposits, and
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meltwaters achieved only limited erosion within the 

Gwmun-Jordanston channel-system. Irish Sea tills 

were deposited in coastal localities and perhaps in 

inland depressions, and local tills laid down where the 

ice moved off the land. Upon ice-wastage dead-ice 

masses remained longest in inland depressions and deep 

valleys, and large expanses of ice-contact outwash gravels 

were deposited in the Fishguard area. Considerable melt- 

water streams utilised the old meltwater channels of 

North Pembrokeshire, in some cases sweepir.f them clear of 

existirif, deposits arid in other cases laying dov/n extensive 

valley eandure.

Following degltciation there ves rer,ev;t>c! eolifluxion 

for a while, leading, to the accur.uLatior. of thin bedrock 

headp and rather thicker rubble-tfrifte where fluvio- 

glacial and glacial deposit? were available. The peri- 

glacial clir.ete during this phuse arreorc to have been 

only moderately severe, and it was irterruptod by at 

least one short pht-se of .veal hering. To-.varr's the close 

of the periglecial phnse wind-action ray have been powerful, 

and sandy lostr.e were derosj'ted over most of *-he land-surface. 

Offshore forests because established anc later drowned as 

the climate became warrsr and ees-level rose to its present 

level.
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The reliability of this oequence of events raay be 

questioned, for it is based largely on what remains of 

the stratigraphic record; in spite of evidence for the 

weakneos of tho Ecwialrsnd. Olaciation, it is not Irno'.vn 

just hov/ much of the record was rdmoveci by ice. '"hile 

bearing in mine! thnt part? of this brief history of glacia- 

tion end dcglaciation may have to be revised, it may serve 

as a useful basic for an examination of the stratigraphy 

of other drifts around the Irish i.'ea; it will be interesting 

to see how typical thic tentative hirtory ie cf e wider 

area.



PART VI

Chapter 13.

Correlations with other regions around 

the Irish Sea.

1 • South-Kp.pt Ireland

2. The Lleyn Peninsula

3. The Gcwer Peninsula

4. The foorth Const of Cornwall and

Devon* 

Summary and Conclusions
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Chapter 13.

CORRELATIONS "'ITn OTITKP H^fllONS AROUFD THE 

IRISH SEA.

In this chapter brief correlations of the drift 

sequence in i-embrokeehire are made .vith related areas 

around bt. George's Channel tFig. 12C). These areas are:

1. south-East Ireland.

2. Lleyn Peninsula.

3. Gower Peninsula.

4. The North coast of Cornwall anci Devon.

It is emphasised that the correlations are based 

entirely on published literature, although I have been 

able to visit South-East Ireland, Oower and North Devon 

briefly. v/here there is a n.a;jor disagreement concerning 

the drift stratigraphy of an area, some discussion is 

undertaken; otherwise the conclusions of recent authors 

are accepted. No chronological correlations are made 

at this point, in view of the dangers involved. Neither 

is any discussion of interglacial sitec undertaken, for 

such sites are seldom represerted in coastal sections, 

and they are best mentioned in the final chapter, on 

Pleistocene chronology.

The task of correlating the drifts has been greatly
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simplified by the work of G.P. Mitchell, P.M. Synge, 

and N. Stephens, who have already correlated many of 

the sections around the Irish Sea; much of this chapter 

is based upon their conclusions.
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1. SOUTH-EAST lit EL AH r.

(a) Rock Platform.

On the coast of South-East Ireland 1 the earliest 

feature closely associated with the Pleistocene drifts 

is the rock platform described by Wright and Muff (19C4). 

Its altitude is generally between 14 and 25 ft. I.O.D. 2 

although altitudes of 30 ft. I.O.D. are recorded. Plat­ 

form remnants are generally highest on the headlands (.e.g. 

at Ardmore Point and Clogga Head) and lowest in bay-heads; 

there does not appear to be any appreciable tilt in the 

level of the platform. The platform may be up to 300 ft. 

in width (Stephens, 1957), but it is masked by overlying 

drifts along much of the coast of Eastern Ireland. "Vhere 

it does outcrop it is seen as a well-planed surface developed 

across a variety of rock-types. The platform has been 

widely accepted as a marine-cut feature of great antiquity; 

It has been termed "pre-glacial" by Wri^ht and Muff (1904), 

but Mitchell and other authors have considered it of inter- 

glacial age. It has been named the 'Courtmacsherry shore- 

platform' by Mitchell (196C), after one of the type-local­ 

ities of "/right and Muff on the south const of Ireland (Pig. 

121).

1. For convenience, defined as the area on the Ordnarce 
Survey of Ireland 1i250,000 sheet (2nd edition), No. 4. 
(Ireland-South-east).
2. Irish Ordnance Datum; this datum is c. 8 ft. below 
English O.L.
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Erratics.

Erratic pebbles derived from inland outcrops are 

found on the rock platform in places and incorporated in 

orerlying deposits. The erratics are of limited size, 

and apparently include no Scottish rocks (Synge, 1961); 

in any case foreign erratics are not known from beach 

deposits west of Courtmacaherry (Mitchell, 1960). The 

erratics were considered to have been introduced by ice­ 

floes by Wright and Muff, although Mitchell (1960) feels 

that they are the remnants of destroyed glacial deposits. 

He has termed the erratics the "Courtmacsherry erratics".

(c) Raised beach.

Resting upon the rock platform in many localities is 

a deposit of beach gravel. The pebbles on the beach are 

generally local, but in places erratics are incorporated. 

No shells have been found in the beach deposits (Synge 

and Stephens, 1960). In places beach sands are incor­ 

porated (Watts, 1959)» and possible blown sands overlie 

the beach at V/ood Village. At Howe's Strand in Court­ 

macsherry Bay sandrock and beach pebbles are seen upon a 

channelled rock platform, while at Garryvoe and Ballycotton 

Bay raised beach remnants are occasionally seen cemented to 

the platform (Fig. 122). Further good exposures of the 

raised beach may be seen at Wood Village (where it is
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cemented by iron and manganese oxides, as at Poppit), 

and at Kilmore Quay (where it is occasionally cryotur- 

bated). It is possible that hend lies beneath beach 

pebbles at Wood Village and Cahore Point; however, it 

is difficult to establish whether the deposits are in 

£ltu, so It may not be safe to assume that a periglacial 

phase intervened between the cutting of the platform and 

the deposition of the beach.

The intermittent distribution of the beach deposits 

is attributed by Mitchell (1960) to destruction by 'wave- 

action es sea-level fell following a transgression which 

submerged the beach. The beach is named by Mitchell the 

"Courtmacsherrv Beach".

(d) Solifluxion Deposits.

Above the beach in many localities is a suite of head 

deposits up to 30 ft. thick (Synge, 1961). In places 

the head is interbedded with beach deposits (as at Howe's 

Strand), and it appears to have formed shortly after the 

deposition of the beach. The head io of variable com­ 

position, and intorbedded flaky and blocky heads cnn be 

seen at Garryvoe, where some exposures of cryoturbated 

head can also be seen (Fig. 122). It is possible that 

a green clay-like deposit at Nemestown, Kilmore Quay, is 

a severely weathered and gleyed solifluxion deposit
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associated with the lover "main" head.

(e) Lowest (Enniskerr.y-ClogPa) Till,

The oldest till deposit in South-East Ireland appears 

to be the Cloggs till (Fig. 123) which was deposited by an 

ice-sheet flowing towards the Irish Sen from the vest 

(Farrington, 1S54). This ice-sheet probably had its 

source in the v/icklow Hills and Leinster Mountains, for 
its drifts are only found between Dublin and Cahore Point 

(Synge, 1964b), and granites and schists from the mountain 
chain are the major erratic constituents (Martin, 1955)* 

This till is thought to be the equivalent of the iSnniskerry 

granite drift in the "icklow Mountains described by 

Farrington in 1944.

According to ^ynge (I964b) the Clogga till is not seen 

to overlie interglacial beach gravels; on the contrary, he 

considers that beach deposits lie above the till, mentioning 

as evidence a bed of rounded pebbles >vith head above a thin 

Clogga till at Cahore Point, and a thin gravel horizon 

bet.veen Clogga till and overlying deposits ?t Seabank Point. 

Stratigrpphically, therefore, the Clogga till should perhaps 

be placed beneath the raised beach gravels. However, the 

"Clogga till" at Cahor,' .'oint is not entirely convincing, 

and the gravel horizon at Seabank Point may be outwash;
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for the moment It may be best to accept the suggestion 

of Farrlngton (1957) that the Enniskerry-Clogga Glacia- 

tion was but an early local phase of the succeeding 

Eastern General Glaciatlon.

(f) Eastern General Tills.

At Seabank Point, the Clogga till is clearly seen to 

underlie a calcareous and relatively stoneless chocolate- 

coloured Irish Sea till. This till is found as an exten­ 

sive sheet along the east coast of Ireland south of Wicklow 

Head, and was named the "Eastern General Till" by Farring- 

ton (1944). Between Wicklow Head and Kilmore the till is 

found at the surface, but further north it is overlain by 

later drifts (Fig. 123). The calcareous till is again 

seen on the coast between Dungarvan and Power Head, and in 

Ballycotton Bay is an excellent section which shows that 

it is overlain by later glacial deposits. In the east of 

County 'Vexford the Irish Sea till gives rise to heavy 

gleyed surface soils with a typical "Macamore" profile 

(Gardiner and Ryan, 1964); gleying and decalcif ication of 

the till Is seen to extend to a depth of c. 10 ft. in 

places. The till is termed the "Ballycroneen till" by 

Mitohell (1960).
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(g) Sands and Gravels*

Synge (1964) has emphasised that the Eastern General 
till contains masses of shelly sands and gravels, and 

there are further outwash deposits above the till. At 

Garryvoe, the sands and gravels are related to the Eastern 

General till, and are overlain by a local till (Farrington, 

1954). Similarly Cole and Hallissy (1914) have recorded 

the position of the "Wexford manorial gravels" as lying 

between a calcareous Irish Sea till and a stony loam; 

Mitchell (1962) considers this stony deposit to be another 

local till.

(h) Bannow-Brittas Local Tills.

The local tills which overlie Eastern General till 

and outwash g-avels are the cause of some disagreement.

In the Leinster Mountains Parrington (1942; 1944) has 
recognised a local gravel deposit overlying Eastern General 
till and underlying a later till; the gravels are related 
to a "Brittas Mountain Glaciation" which is thought to have 
advanced as the Eastern General ice in the Irish Sea stag­ 

nated (Fig. 123). The gravels consist largely of granite 

pebbles and limestone and other erratics derived from 

older deposits of Eastern General till, and the best 

exposure is at Passaroe, between Enniskerry and Bray where



446

a large fluvio-glaciel delta is seen at an altitude of 

360 ft. O.E. (Farrington, 1957).

On the south coast of Ireland other local drifts are 

seen to overlie Eastern General till, as at Kilmore Quay 

and Garryvoe (Fig. 122). However, it is not certain 

whether these drifts represent a later glaoiation or 

aimply a western ice-stream from the Irish Lowlands which 

was contemporaneous with that of the Iriah Sea. The ice 

which deposited the local till on the coast between Kilmore 

Quay and Dungarvan is related by Mitchell (1957) to a 

"Munster General Glaciation"; the ice of this glaciation 

is considered to have been most effective upon the decline 

of the Irish Sea ice, when it was able to over-ride Eastern 

General till deposits. Munster General ica extended to 

the south coast of V/exford at the time of the Brittas
  ' ! 

advance, while ice from an independent Cork-Kerry ice-cap
.;?

in the vest pushed eastwards at least as far as Youghal 

Bay (Farrington, 1954). This glaoiation from the west 

was teraed the "Garryvoe fountain Glaciation" by Mitchell

(1960).

An alternative interpretation of the sandy till of 

southern Ireland is given by Synge (I964b), who calls it 

the "Bannow till"; he considers that it is no younger than 

the Eastern General till, having been deposited by a
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contemporaneous Inland ice-stream. He states that it 

is misleading to correlate the Bannow till with the 

Brittas till, for the latter was deposited some time 

Inter, and was restricted to the immediate vicinity of 

the Wicklow Hills.

Thus there appears to be some disagreement concerning 

the relationships of the southern Ireland drifts, although 

all authors agree that the -vhole suite of Eastern General 

till, sands and gravels and local till belong to the same 

glaciation. On the basis of the sections at Garryvoe 

and elae'-here the following stratigraphic succession seems 

reasonable)

Local till (Bannow-Brittas) )
) 

Outwash sands and gravels ) phases of ziastern

Eastern General Till ) General GLaciatioh.
) 

Enniskerry-Clogga Till) )

(i) Midland General Till.

The deposits of t'.is glaciation are less extensive than 

those of the Eastern General Glaciation and are bounded by 

an end-moraine complex which passes from Tipperary to the 

northern end of the ''icklo.v Hills qnd thence offshore at 

Wicklow Head (Fig. 124). The ice is thought to have crossed 

the coast again from the Irish Sea to the north of V/exford
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(Synge and Stephens, 196C). The glaciation is thought to 

have originated entirely within the shores of Ireland, 

although its ice-streams may have been influenced by 

Irish Sea ice to the east. The drifts of the Midland 

General Gluciation are generally sandy and stony, 'vith a 

high proportion of limestone pebbles; the matrix is lighter 

in colour than that of the Eastern General till, and is 

devoid of shells, except where older Irish bea drifts 

have been over-ridcen (Farrington, 1949). The drifts 

usually display a hummocky topography and within the end- 

moraine lies a complex of drumlins, eskers and kames (Fig. 

124).

Before this ice-sheet attained its maximum extension 

there may have been a Ions; phnee of solifluxion, for upper 

head and cryoturbation features are found above Eastern 

General till mainly to the south of the Midland General 

limit. Stone-polygons in Mayo and Cork ar«e thought "to 

date from this early perion of the Midland General Glacia- 

tiori. (t.ynge and Stephens, 1960).

As in the Eastern General Glacintion, a local mountain 

glaciatioi: preceded the arrival of t.ho general ice; this 

glaciation has been traced to the Leinstor mountains by 

Farrington (194?; 1944), 'ho has named it the "Athdown 

Mountain Glaciation". This glaciation had a final short
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period of expansion during the stagnation of the Midland 

General ice-sheet, and left moraines and outwash gravels 

in the main valleys of the mountains (Parrington, 1949). 

The complete sequence of deposits related to the Midland 

General Glaciation appears to be as followsi

Outwash gravels and sands. )

Athdown Mountain drift. )

Midland General till. ) Phases of Midland

Earlier Athdo-m Mountain drift. ) General Glaciation.

Upper Head. )

On parts of the east coast, where Brittas till does not 

occur, Midland General till IP seen to be separated from the 

underlying; Eastern Generrl till by outwssh sands end /ravels, 

The Shankhill cliff, near Dublin, may »e citer1 as an example, 

In other places, ?.s ?t Bottle Ouay, Sutton (Stephens and 

Synge, 1958), Mid lane' General till lies directly upon the 

surface of the Eastern General till.

Sandy loams.

Capping many drift-cliffs of south-east Ireland, and 

also found inland above fluvio-glacial deposits, is a
w.VU 

deposit of dark santy loam astociateo^head fragments and

the recert soil horizon. Ir- various localities it may 

represent windblown fines (as above the Ballyduff esker,



Table XIX. A Tentative Drift Stratigraphy for South- 

East Ireland (baaed upon Synge and Mitohell)

(k) Sandy loams Solifluxion earth (Mitchell) 

(j) Outwash sands and gravels

'Athdown Mountain drift "1
Midland General till I Tipperary-Athdown

(i) \ Early Athdown Mountain
drift 

(^ Upper Head

fGarryvoe Mt. Glao.
(h) Bsnnow—Brittas / •• ^ n •* \» t vuiuiv xx« 0.0 \Mujaster General

Moraines(Mitohell)

(g) Sands and Gravels. Wexford Outwash Gravel (Mitchell)

CBallycroneen Till ")
(f) Eastern General J J (Mitchell) 

and Bannow tills [Munster General Glac.J

(Raised beach ?) (Synge) 

(e) Enniskerry - Clogga till 

(d) Lower Head

(Blown Sands ]
(c) < > Courtmacsherry Beach (Mitchell)

[Raised Beach J

(b) Erratics Courtmacsherry Erratics (Mitchell)

(a) Rock platform Courtmacsherry Shore-platform
(Mitchell)
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Tullamore), hillwash, or weathered drift. It is des­ 

cribed in detail by Stephens and Synge (195P) from Sutton.

Thus it may be seon that the Pleistocene stratigraphy 

of the coast of oouth-East Ireland is complex and by no 

meane adequately disciphered. Drift correlations are 

difficult even within this coastal area, for there may be 

some difference in drift stratigraphy between upland and 

coastal areas anc areas to the north and south of the 

Midland General end-moraine. Hovever, correlations have 

been attempted by Mitchell (1960) end by Synge (1963), and 

it ie largely upon thAse tables that the tentative recon­ 

struction in Toble XIX is based.
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2. THE LLEYN PENINSULA.

(a) Rock platform.

The ancient rock platform of the Lleyn Peninsula was 
mentioned by Jehu (>909) and Latley (1936), and was exam­ 
ined in detail by "hitto'.v (196C). On the western coast 
of the Peninsula between Nevin and Bnrdsey Island a rock 
platform occurs at an altitude of c. 20 - 25 ft. O.I>. In 
many localities it is cut across steeply-dipping and con- 
tort4d strata, but its width is masked in most cases by a 
thick drift cover. In places old sea-stacks are preserved 
on the platform, as at Ynys G-.vylan and /Iberdaron, and Forth 
Dinlleyn ("'hit+.o-?, 196C). As in south-east Ireland, the 
platform rises in altitud? on the headlands. The platform 
is called "the Pre-drift raised bench platform" by '.Vhittow, 
and was probably cut at a time of irterglacial or pre- 
glacial high sea-level.

(b) Raised Beach.

Jehu (1909) suggested that there are raised beach 
deposits in iortli oer, although hittow (196C) found no 
trace of these daposits. Syn^e (I964a) has described 
"ferruginous, bedded sands and gravels resting on rounded 
beach material" above a pohcible rock platform at renrhyn 
Bodeilas, and on the north side of .Forth Oer sand rock a*
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local beaoh gravels again occur on a rock platform (Pig. 

125). Synge considers that these deposits underlie 

head or glacial drifts, so they appear to be the strati- 

graphic equivalents of the raised beach gravels of south­ 

east Ireland.

(c) Head deposits.

At several sections in Lleyn lower head deposits have 

been described by Synge (I964a). At Penrhyn Bodeilas and 

Forth Oer heads of angular stones overlie raised beach 

deposits and underlie Irish oea till; at the former local­ 

ity angular granite boulders are set in a matrix of lamina­ 

ted clay. Other exposures of blocky head beneath Irish 

Sea till occur at Forth Simdde and Llech Lydnn. The 

thickest lower head deposit described by Synge is at Forth 

Neig"/l, where it is up to 25 ft. thick. At its base the 

head is made up of angular blocks, while above are fine- 

bedded materials; a similar succession of head deposits 

has bren noted at Aber-mawr and at Garryvoe in Southern 

Ireland. Synge does not recorc the presence of erratics 

in this head; however, it must represent a prolonged peri- 

glacial phase later than the formation of the raised beach 

and prior to the deposition of the Irish Sea till.
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(fl) Soliflucted till.

At two localities Synge has described a e*roag non- 

calcareous till which appears to have been solifluoted. 

In each case 'the deposit appears to underlie Irish Sea 

till. At Llech Lydan the drift is rather sandy, and has 
clear bedding downelope; at Porth Neigwl is a till-like 

deposit of striated stones in a matrix of non-calcareous 

clay. Downelope bedding is visible, and individual stone* 
have a preferred orientation downslope. Both deposits 

appear to represent old tills which have been soliflucted 

sub-aerially prior to the deposition of the Irish Sea till, 

and their characteristics invite correlation with the Lower 

Rubble-drift at New Quay West. Synge is inclined to inter­ 

pret these deposits as the represertativee of an early 

local glaciatior of unkmown extent.

(e) Gravelly Drift.

At Perth Oer an<? Perrhyn Bodeilas a variable deposit 

of gravelly drift lies benest! the Irish Sea till; at the 

former locality gravelly drift, with a matrix of purple 

clay, srd bedded silts snc1 gravel? arn seen, tfhile at the 

latter locality thero appear to be horizontal beds of sand 

and gravel beneath the calcr.reous till.

The relationship of these patches of drift to the 

overlying till is not certain, and Synge does not commit
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himself on the question of whether they are glacial out- 

wash or interglacial deposits. From his correlation, 

It seems that he considers the patches to be related to 

an early Welsh Glaciation. Whatever their origin, they 

may correlate with the sandy-gravelly lenses beneath 

Irish Sea till at Poppit West (see Chapter 6).

(F) Calcareous Irish C-ea till.

As in south-east Ireland, this till appears to be the 

most common deposit in the coastal sections. It is seen 

at Dinas Dinlleu, near Clynno^ rawr, and nt Trevor and 

Llech Lydan bene.-'th thick overlying drifts. At Penrhyn 

Bodeilas and Forth Oer the till in represented at the top 

of coastal sections, and it iu exposed elsewhere on the 

south-west coast of ^leyn beneath a variety of outwash and 

head deposits (£yr>fe, 1964*). The till ie generally 

hi£hly-c^lc"reous, relatively stoneless, and purple in 

colour. It contains shell fre^merts, and nt Forth Simdde 

contains interbedded sands and gravels. At Porth Colraon 

a calcareous till exposure is described where the upper 

section Is a stony fsciee with local stones, the middle 

section is a band of grpvel, and the lower section ie a 

lees stony purple till; these changes of facies may be 

similar to those seen at Lruidston and New Quay.
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The till, the "Lower Boulder-clay" of Jehu (1904), is 

thought to have been deposited by an Irish Sea ice-sheet 

which moved along the Lleyn Peninsula towards the south­ 

west (Synge, 1964a). This interpretation is supported 

by striatione, although Smith and George (1948) and 

Charlesworth ("i9!/7) have shown ice-movement towards the 

south and south-east.

The ice mqy have coalesced with Welsh ice on the south 

coast of the 1'eninsula (Fig. 125) for at Perth Neigwl the 

calcareous till appears to pass laterally into a stony 

local till. A similar local till is seen at Criccieth. 

Synge (1964e) considers that the maximum extension of the 

Welsh ice occurred prior to the main Irish Sea Glaciation.

(g) Later Welsh Till.

At Llech Lydon a gravelly drift ?/ith loc=il stones over­ 

lies the Irish Sea till. Syn,?e has related this drift to 

a late readvance of local v/elsh ice -.'hic^ was less extensive 

than the earlier a<?v roe. The evidence for thi? hypothesis 

appears rather scarty, hovever, and .iptley (1936) has 

mentioned evicerce of erratic ire5 ic- tors and east-west 

etriations for a Iste movement of "'elsh ice as fsr west as 

St. Tudwal's jeninsula, implying a rather extensive glacia- 

tion. In this he differed from J^bu (I909) f who had 

proposed that a sporadic "Upper 3oulder-clay" was deposited
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by an ice-sheet which "followed the same course as that 

which produced the Lower Bouldsr-clay". (P. 52).

Whether or not the "Upper Boulder-clay" glaciation 

was of limited or widespread extent, all three authors 

appear to consider that it followed the main Irish Sea 

glaciation after but a ehort interval of time, without 

the intervention of an interglacial.

(h) Sands end Gravels.

On most of the coastal sections described by Synge, 

sande and gravels appear ebove the Irirh Tea til . At 

Trwyn-y-Tal 16 - 20 ft. of l?min?ted clpys and eilts are 

interbedded with sands and gravels, and rest upon coarse 

gravel '"it,h striated atones. Near forth Nefyn silts and 

sande -with shell frn/^ents rest upon P related Irish Sea 

till, and at Forth Neigwl varved clay and shelly gravels 

rest upon the till. At Llanbedrog 5C ft. of sands, gravels, 

and laminated silts arc? seen, nrd extensive terraces of 

outwash occur inlar-d at Traian and in the St. Tudwal's 

Peninsula-Pwllheli district (Katley, 1936). laminated 

sands are also exposed at Llanen^an, near the eastern side 

of Forth Neigwl. From his study of the outwash decosits 

of southern Lleyn, Mat ley proposed that they .vere laid 

down in a meltwater lake whose surface fell from 250 ft. 

O.L.; the major stillstand of the surface level was thought
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to be mt 50 ft. O.D., at which altitude extensive terraces 

are preferred. The Bands and gravels are capped by other 
glacial driftB in places, and from this fact emerged Jehu'a 

(1909) interpretation of the outwash as "intermediate 

BandB and gravels".

(i) Upper till and head.

Unlike the earlier authors, Synge has proposed that 

there is a major ice-limit in the Clynnog Fawr - Brynkir 

district (Fig. 125). This limit is thought to mark the 

southernmost extension of an Irish £ea ice-sheet separated 

in time from the earlier ice-sheet by a full interglacial. 

Sands and gravels, silt and slightly calcareous gravelly 

till at Clynnog Pawr are assigned to the late glaciation, 

as is a gravelly till with outwash at Dinas Dinlleu. To 

the south of the limit the equivalents of this late till 

are upper head deposits, as at Forth Keigwl, Forth Nefyn 

and near Trevor. The corries on Yr Hifl and scree deposits 

around some of the other earns of the area are ?lso attri­ 

buted to this pro-glacial phase of periglaciel notion.

The limit itself (which was noted as a major glacial 

limit by Carvill Lewis in 19C3) is marked by a line of 

sand and gravel hummocks and other outwash features $ other 

mounds are found to the north, but there are none to the 

south, where the drift cover appears denuded and the
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landscape IB featureless except for meltwater channels 

and cam maseee (Synge, 1964a). Against this favourable 

evidence it may be argued that apparently undisturbed outwash 

gravels occur well to the south of the limit, while at the 

type-locality of Clynnog Fawr, within the limit, silts 

and gravels are froet-heaved to a depth of seven feet; 

the possibility must be considered that the deposits south 

of the Brynkir-Clynnog Fawr moraine are no older than those 

to the north.

(j) Poet-Glacial raised beach.

Although Synge has remarked upon the absence of a post­ 

glacial raised beach in North Wales, such a beach was des­ 

cribed four years earlier by '/hittow (1960) from Forth 

Neigwl. A cemented beach conglomerate with loc?l and 

erratic pebbles and marine and terrestrial raollusca was 

discovered c. 3 ft. A.II .'V .11., and was thought to have 

"formed as a beach et the foot of a boulder-clay cliff in 

post-glacial times" (I. 37). If thie d-.-posit i? the 

oorrelatiesi of the post-glacial beach in Ireland, then it 

follows that it must have been deposited during a post­ 

glacial marine transgresoion.

As in south-oast Ireland, the precise stratigraphy of 

the coastal sections is open to some doubt; however in



Table g. A Tentative Drift Stratigraphy for Lleyn

(based largely upon Synge)

(j) Post-glacial raised beach

(1) Upper Till and head

(h) Sands and gravels

(g) Later v«'elsh till Upper Boulder-clay (Jehu)

fMain Irish Sea tun 

(f) Calcareous Irish Sea till

[Early local till

Lower 
Boulder- 
clay 
(Jehu)

(e) Gravelly drift 

(d) Soliflucted till

/Tine flaky head

(c) Lower Head

Coarse head

(b)
Sandrook

/Raised beach 

(a) Rock platform Pre-drift raised beach 
platform (Whittow)
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Table XX an attempt is made to sunminriae the stratigraphy 

as recorded by Synge (I964a), with slight emendations from 

the other worker*-- mentioned above.
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3. TH£ COW EH PEN IK bU LA,

(a) "Patella" Beach Platform.

Tiddeman (1900) and George (1932) recorded rock plat­ 
forms at many localities on the south coaot of Oower. 
Generally, the platform re rmants occur at altitudes of 
20 - 25 ft. O.E.; they are well-planed across Carboniferous 
limestone and are often backed by high cliffs (Plate 51)  
Frequently they aro covered with superficial deposits. In 
places the platform remnants are indistinguishable from the 
platform of the present beach, although some platform 
remnanto (as in Three Cliffs Bay and Shirecombe) are some­ 
what above 25 ft. O.D. Sadon-Po./ell (1927, 1928) consid­ 
ered th«t there were at least two ancient beaches In Gower, 
and in 1965 Bowen records no lern than six shoreline traces 
at altitudes of 55 ft., U ft., 33 ft., ?? ft., 16 ft., and 
5 ft. 0.2. Bower's lover shorelines are considered to 
have been cut during the last gloci.nl j:erioO in the Gower; 
if he is correct, the Patalia beach platform of George is 
a composite feature cut in several stages.

(b) Erratics.
George considered that the cutting of the rock platform 

and the deposition of the overlying Patella Beach occurred 
during a cold phase of high sea-level, for he considered
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that erratics in the bench must have been rafted onto the 

platform by ico-floer;. Although Tiddeman (190C) recorded 

no erratics on the platform, George (193?) recorded up to 
40^ of erratic material in some of the beach deposits; 
among the erratics were Old Ked bandstone pebbles and 

abundant Coal . ;easures sandstor.es, quartz grits, conglo­ 

merates, Cretaceous flints and igneous rocks. L'e consid­ 
ered that ice muat have been present to the north in order 
to account for these deposits, but die not propose that 

the ice actually over-rode Gower. Bowen (1965) considers 
that +he erratics are derived from elacial deposit? which 
were in the area prior to the cutting of the rock platform, 
while toitchell (1 (j6C) has sup.^ested that the erratics were 
introduced into the area during a glaciation which post­ 
dated the cutting of the beach platform.

(c) Potcllf Beaoh.

The rrised bepch was described by Tidr'err.an &8 M a mass 
of well-rounded pebble? of limeptore". It has many fpcies, 

In Cas^ell Br>y e we l-cementec* ehelly beach \"ith rounded 

and angulrr jebble? in 5 s?ndy mrtrix is seen up to 30 ft. 
O.D. (Plato 5?); or. .:ono headl- r.cV r.nr1 hirhor plrtform 

remnants the beach takes the &i t -e'-rniice of a storm-beach 

(George, 1932); and often the bench in a fine cemented
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shingle (Bowen, 196'). Thirteen specie? of marine 

mollusca have been recorded from the beach, although 

Patella epp. and Littorina spp. ere mopt frequently found. 

Chatwin (in George, 1932) considered that the species have 

a range so wide that they could not be used for deductions 

concerning the clircetic conditions under which the beach 

war deposited.

The Neritoidee beach, which George considered to be 

separated from the Patella beach by a head deposit, is 

thought to be best preserved in the vicinity of kinchin 

Hole. Here the two beach deposits are separated by an 

"ossiferous breccia" ^hich is indicative of a rather warm 

climatic phase "of not inconsiderable dimensions" (George, 

193?, P. 3CC). The Neritoides beach -vas thought to have
<i.»jl/W-<^A£v*o«-

been deposited during ? »ufrjiB«iuv immediately following 

the breccia phase.

There me.y be some rsason for 3e*?3ratin? tho Neritoides 

beach stratigraphieslly from the Patella beach, but Eowen 

(1965) has expressed doubts about George's interpretation 

an^ has interpreted the fteri+.oideg sar.d as an aeolian 

deposit. fince both supposed beach deposits frll rvithin 

th.9 bro.^d span of a "raised beach period" it may be rafest 

for the time beins to assume t^-^t they ^re both of approx­ 

imately similar age. However, th* possibility must be
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borne in mind that head deposition was aeeociated in som» 

way with the beach, for possible head fragments are found 

beneath beach pebbles at some localities in south-east 

Ireland and North Devon; George's assertion that there 

are two beaches -vhich pre-d-^te the Gower till must be 

borne in mind.

(d) Blown Sands.

As recognized by Tiddeman (1900), the beach is over­ 

lain by foxy-red deposits of blown sand which are firmly 

cemented. This sand is seen, for example, in Caswoll 

Bay, kinchin Hole, and in localities between Heatherslade 

and Hunts Bay. i'r.e eai.d is up to 12 ft. thick, and 

contains a warm fauna of land mollusca which caused George 

(193^) to associate it ciosely vith the Keritoides beach. 

The upper part of the sand deposit is interbedded -vith a 

cemented head of lineetone blocks, end is sometimes directly 

ove.-luin b.« till. At Heath err lade there is some evidence 

of frost-heaving in the sar.a (Bowen, 1965) and like the 

raised beech it sometinee contains erratic pebbles.

Ball (1S6C) has described a relic soil near 'Vorm's 

Head in the saire rtr^ti^raphic poeition HE the blo'.vn eanos. 

He describes it as a "bright rod sandy cley loem" (P. 497) 

which io similar to terra rossa and related limestone soils
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from warmer areas. The loam, which is up to 18" thick, 

is thought to be an interglacial deposit indicative of a

climate rather similar to that of today, but vith warmer•* 
Bumpers. Other exposures of this red loam are mentioned

by Bo-ven (1965).

* 
(e) Lovter Head*

George (1933) recorded a head of angular limestone 

fragments from many localities overlying raised beach 

gravels and eandy loams. Occasionally this head is cemented, 

and Bowen (1965) has sho^n t.^st it is occesicnally made up 

of eoliflucted raised beach pobbles, as at Ggof Crolchfa in 

Dewisland. Other faciee of the head consist of angular 

limestone blocks with derived erratics and eoliflucted 

foxy-rod sards. George OT33) did not al-vays distinguish 

cleerly between the head end overlying glacial deposits, 

and considered that, in view of the intercalation of drift 

and head in places, both deroeits rhould be assigned to the 

glacial stsre. On the other hand Eowen (1 C,65) has assigned 

the head to a short periglscial sta^e prior to glaciation.

There is some doubt about the importance of the lower 

head in the Go'.ver. Kail (196C) recorris thick lover head 

baneath till ne-?r "/orra's ^er.f t ar.d no h^gd above the till; 

similarly George records head beneath till, but not above,
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at Rothers 3ker and Hunts Bay, while ' ' 'irtz (1953) mentions 

lower head beneath till, but no upper head, at Port Jiynon. 

At the east eide of Oaswell Bny 4-6 ft. of lo-/er head of 

limestone fragments is overlain by sandy till. Elsewhere, 

head is intercalated with till or, as at Rhosaili, found 

both above and below till. Bo-sen (1965) considers that 

an upper head, above the local till, i<- the more significant 

periglaoial deposit, but gives little evidence in support 

of this claim. ?or the moment it may be beat to accept 

the suggestion of the officers of the Geological Survey 

(1907) that the lower "head" is the periglacial deposit of 

most widespread occurrence.

(f) Gravelly TUT.

The till in the Gower Peninsula is a sandy and gravelly 

deposit containing /elsh erratic? from the north and typical 

"Irish bea" err?. ( ics. George (1933) has shovn fiat the 

till is by no mears a uniform deposit; at hunts flay alone 

he describes threa fades of glacinl drift. "Glacial 

breccias" consisting of angular limestone fragments with 

abundant errstic?i ^.re contrasted vith lirrestone-free glacial 

gravels ard rou-'hlv-stratif led loa^s vith lenses of erratic 

pebM.es. A glaciol gravel witii r^r.y erratics in described 

from Eastern Slade, and also from Kilboidy, Rhossili and
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elsewhore. Bowen (1965) has re-oxsmined many of the 

exposures in the Gower, and has conduced that much of 

the till is soliflucted. As examples he cites the till 

at Rhoseili, 2?stern Slade, Brandy Cove and Snaple Point, 

and it seems that the till at these exposures mey corre­ 

late with the soliflucted gravelly till with head flakes 

at '.vest Dele Bpy (Groom, 1956).

Strahan (1507) and George (H',3) considered that the 

glacial drift -was derived from two contemporaneous ice- 

strearrc, one of .vhich moved southwards and south-westwards 

from a northernly so-rce, and the other  .'fh.ich moved east­ 

wards alone; the Bristol Channel. Griffiths (1939) 

discerned two tills at ..nnglanc! Bay and proposed that Irish 

Saa ice iii. ingeu upon the Gower coast, but Bowen (1965) 

prefers to assign all the drift in Go'ver to a *elsh Glacia- 

tion .vhici^ in places Incorporated older Irinh Sea erratics.

Concerning the environment at the tims of drift depos­ 

ition, George considered that the ice wna thin end patchy 

and glaciation intermittent; on Lhn other h«nd Bov/en con­ 

siders that the glnciation (his "?'ain 'Velsh Glaciation") 

was a pronuct of powerful ' elsh ice.

(g) Upper head.

As mentioned aoove, fee he^d above the glacial c posits 

is connidered by Bowen to oe the "i«ain Head"; above this he



Table XXI. A suggested stratigraphy for the Drift

Deposite of Gower (after George and Bowen)

(h) Sandy loam - hillwashea

'Head

(g) Upper Head > Bowen

f Upper Head
1 
Clays

(
Head 

Soliflucted till 

(f) Gravelly till

(e) Lower Head (Five facies - Bowen) 

(d) Blown sands - Interglaclal soil (Ball)

f Her it o ides Beach ~\ 

(c) Patella Beach ^ Head \ George

1^ Patella Beach ) 

(b) Erratics

fLate Monastirian

(a) Patella Beach platform N \ Bowen

[Main Monastirian
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places a further, "Upper" head which is separated by a sandy 

clay. This clay is thought to represent a short climatic 

amelioration in pariglacial conditions, but since it may 

not be widespread stratigraphically, it is perhaps beet to 

group the soliflucted tills, the uncemer.ted upper head, 

and the clays together at this point.

(h) 5>rdy lonrr.

George noted the occurrerce of ar upper loaif up to 10 ft, 

thick above her.d and glacial deposits. It sonetimes grades 

down into glacial deposits, imlicptinr fr-t t^ore was no 

greet intervnl between the deposition of the two layers. 

George .vas not inclined to i.-ro-ose a wind-blown origin for 

the loam, *n^ it is preeumnbly the "hill-'?a&h" of Bowen.

^s in nouth-eest Ireland and the Lleyn Peninsula, there 

are differences of opinion concerrinr the precise strati­ 

graphy of the Go'vcr drifts. W0 -Gver, an attempt is made 

in T?ble XT I to repch a corarromirp between the opinions of 

George end Bov/en.



468

4. THE NORTH COAST OF CORN"/ALL AND DEVON.

St. Erth-Hele-Ellerslie deposits.

In 1960 Mitchell suggested that some deposita of the 

South-West Peninsula are of Lower Pleistocene age, pre­ 

dating the cutting of the raised beach platform. At 

St. Erth there are beds which contain a rich marine fauna 

(Kendall and Bell, 1886j Held, 1890); they lie at an 

altitude of c. 100 ft. O.D. and were thought by Mitchell 

(1960) to represent a sea-level at c. 200 ft. O.D. At 

Hele, near Barnstaple, and et Ellerslie there are gravels 

at 185 ft. O.D. and 125 ft. O.D. respectively, which 

apparently represent aggradation to a high sea-level 

(Mitchell, 196C). These deposits are correlated with 

grarels at c. 150 ft. in the Scilly Isles, which are 

thought to have been deposited by river aggradation at a 

time when the islands were perhaps Joined to the mainland.

In spite of the conclusions of earlier workers (e.g. 

Barrow, 19C6) concerning the great age of these deposits, 

the recent discovery by Dr. Mitchell of Irish Sea till in 

the Scilly Isles 1 confirms a su- ;*estion by Hinch (1918) 

that the Irish Sea Glacier at one time extended at least

1. Dr. Mitchell exhibited his findings at the annual 
field meeting of the Quaternary Field Study Group at 
Durham, April, 1965.
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as far south as latitude 50° N; the posribility must be 

borne in mind that the glacier may have attained altit­ 

udes well above 200 ft. O.D. along the north coast of 

the peninsula, and that the gravel deposits mentioned 

above could be related in some 'vay to the Pleistocene 

glaclations. Indeed, Stephens (1964) has related the 

Hele and Ellerslie deposits to the wasting phase of the 

ice which laid do-vn the till at nearby Fremington. 

Perhaps a re-examination of the St. Erth beds will indi­ 

cate that at least in the upper layers, the ancient fauna 

is derived, like the Crag fauna of the outwash gravels at 

Wexford (i'cVillan, 1964).

(a) Rock Platform.

Many workers have recorded rock platforms on the north 

coast of "evon and Corr.wall. Green (1943) records a 

platform 5 - 10 ft. A.H.'V.M. near New Quay and a higher 

platform c. 3C ft. A .H. "/.?'. on Pentire Point East. Fen- 

gelly (186?) recorded a rock platform around Barnstaple, 

and Arkell (1943) recorded one at 15 - 20 ft. O.D. in the 

Camel Jstoary. Stephens (1964) has noted the presence 

of platforms as high as 45 ft. O.D. at Middleborough and 

Pencil Hock (Plate 53). The notch at the back of the 

platform at Middleborough is at 50 ft. O.T., while at Percil 

Hock beach deposits are found up to 60 ft. O.D. The
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platform has been termed the "Fremington shore-platform" 

by Mitchell (196C), after the extensive platform beneath 

raised beach gravels and clay at that locality. It may 

be misleading, however, to assume that all the rock plat­ 

forms in this area are contemporaneous. Stephens considers 

that there may be two rock platforms at 1 encil Hock, and as 

Messrs. Kennard and Kirkaldy (in discussion on Green, 1943) 

warned, the platforms span such a height range that they 

may be of very different ages.

(b) Erratics.

The erratics which occur on the rock platform at Trebeth- 

eriok Point and elsewhere wore attributed by Arkell (1943) 

and earlier workers to rafting by ice-floes at the close 

of a glacial phase. Tsylor (1956) has recorded many 

erratic boulders upon the platforms near Croyde and Saunton 

(Plate 54) .vhile the best-known err-, tic in the oouth-west

Peninsula is possibly the 50-ton block of garnetiferous
n 

microline gneiss at rorthlevel (Flett, am". Hill, 1912;

Kitchell, 196C). Eewey (1910) has noted that several of

1. In discussion at I.G.C. Symposium 57a at Exeter, 1964.

~. In South Cornwall, South Devon, and Brittany "there 
are t-vo raised platforms, quite distinctly ten feet a. art 
and separated by a prominent notch*'. (A.R. Orme, personal 
communication, 1965).
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the boulders near Saunton are best matched with certain 

West Scottish rocks. Stephens (1964) argues that the 

erratics are restricted to a narrow coastal zone below 

30 ft. O.D., and were probably rafted by ice-floesj 

Mitchell, on the other hand, considers that the erratics 

(which he terms the "Porthleve* erratics") are derived 

from destroyed glacial deposits.

(c) The raised beach series.

At many localities along this coast raised beach 

shingle with erratics and sandrock are seen to rest upon 

the rock platform. The raised beach often contains frag­ 

ments of biytilus and Patella., In Bloody Basin (Saunton), 

o. 6 ft. of beach pebbles are seen interbedded with sand- 

rock layers, while at irencil itock the beach deposits appear 

to be separated from the Sandrock by a blocky head. This 

head is occasionally seen to underlie beach deposits 

(Stephens, 1964).

At Trebetherick ioint there is an absence of shells in 

the raised beach; to the north of the point the beach 

pebbles have the characteristic? of a storm-beach, nhile 

south of the point the beach deposits are fine bedc'ed sands 

and gravels (Arkell, 1943). Mitchell (I960) figures thick 

raised beach deposits at Fremington beneath later till, 

and Stephens (1964) records that the beach is disturbed
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to a depth of 8 ft. by cryoturbation.

The eandrock deposits at Trebetherick and Saunton 

(Plate 55), which attain a thickness of c. 40 ft. in 

places, were considered by Arkell to be concreted wind­ 

blown sands, although the interbeoding of the lower layers 

with raised beach may indicate that there is a lower 

facies of beach sand.

(d) Main Head.

A thick blocky head overlies the sandrock and raised 

beach platform in many localities. It consists of 

angular blocks of all sizes set in P sandy matrix; it 

generally displays good pseudo-bedding, although in places 

there are signs of frost-disturbance. At Saunton Down 

and Baggy Point the head has slurped into an "apron" 

around the higher ground inland, and its even upper 

surface appears to represent a rrarine eroeion surface 

(Arber, 196C). However, Stephens (1961) has argued that 

there is no evidence c^ marine plant;'.ion in North Devon 

since the deposition of the main head. The Main Head 

at rrebetherick eppeare not to have been deposited until 

the eandrock surface had been eroded ard weathered, 

although at Saunton the lower part of the main head is 

clearly interbedced with the sandrock. Arkell recorded 

"some fairly large pebbles of quarts and other rocks as
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In the Boulder Gravel" (P. 145) in the Main Head at 

Trebetherick; it ie not certain whether this statement 

implies the presence of erratics, as in the lower heads 

at Aber-mawr. Stephens has recorded no erratic pebbles 

from the main head in North Devon, although Carboniferous 

limestone fragments are recorded from its surface.

(e) Irish Sea Till.

Kaw (1864) recognized a calcareous shelly Irish Sea 

till at ?remington and North Devon. The till overlies 

a variable thickness of stoneless lake clays and in 1964 

another stony layer was found beneath the lacustrine deposits, 

suggesting that the whole expanse of c. ?5 ft. of clay 

is part of a glacial suite. The Fremington till was said 

by De-.vey (1948) to be at least 78 ft. thick, and ie 

weathered to a depth of 6 - 10 ft. (Plate 56).

On the north shore of Croyde Bay, at Midcileborough, 

Stephens (1964) has recorded decalcified till which is 

lithologicnlly almost identical with that at Fremington. 

Dewey (1S13) has described a weathered clay with striated 

erratics in the cliff sections west of Fremington Quay, 

and erratics have been found at Crock Point at 150 - 200 

ft. O.D. and in Braunton Great Field. Marginal drainage 

channels have been described between I^ynton and Uartland 

Quay by Stephens, who considers that at one time Irish Sea
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ice attained an altitude of c. 60C ft. on the const.
Further aouth, Dr. Mitchell'a diecovery of Irieh 

Sea till in the 3cilly Islaa must lend to a raoonaid-
•ration of Serrov'e (19C6 record of e+riated erratics 
at altitudea of over 1CO ft. O.B. on the ielonda, whioh 
were accepted by Arkell as being indies tive of a huge 
packing of ice-floea *itb erratics. In rle* of this 
evidence it nay well be that Arkell 'a problematical 
"boulder-gravel" of errati.cc and the "pebbly clay with
•rratioe" at TrebetherioV any be glRClal dapoaits; hla 
Interpretation of the bed ^aa largely condition by the 
aarumption that North Cornwall vraa not gl^olRted, and he 
hi»eelf realised thot the "5C-foot aea-level" which he 
inrolced to explnln ita otratlficntior war founded upon 
little real evidence. Purthermorv , the bed liee in 
exactly the aarae stratigraphic position re tho till of 
North reron t i.o. above rnJpec' be8c^ wrd eordrock, «nd 
beneath later h'll -»apb erd aollfluxl-n <»<?brie.

It vvould rrobnbly not be too rndiC"! to ruj?^ect that 
there mry h«ve been t^o ^Icciptionp of North Tevon gnd 
Cornwall, «nd 4 hrt the " ProwInpton" flicintion w>y be 
represerted int'Tirittortly in the drift Btrnt'grru'hy of 
the whole coTt between Lynton nn<* tho f-oilly Tf?lep.
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(f) Qutwash Deposits.

A sand layer recorded by Stephens (1964) from above 

the Middleborough till may be outwaeh related to the till, 

and it has been noted above that the Hele-:'llerslie gravels 

and the Trebetherick boulder-bed may be out-.vaah deposits.

(g) Upper Head. At Premington the till is overlain by 

up to 5 ft. of blocky head and solifluxion earth, and an 

upper head separated from the main head by sandy layers ie 

also described from Midrtleborou^h and elsewhere by Stephens 

(1964). The upper head at Mid^leborou^h is disturbed by 

fossil ice-wedges to e depth of c. 3 ft. At Trebetherick 

the upper head is seldom over 1 ft. thick, and consists 

largely of mr.terial soliflucted from the underlying boulder 

gravel (Arkell, 1943). The head deposits on the floors of 

some of the cosstnl mqr^innl channels of North Devon may 

correlate with the upper head.

(h) islown sands, hill wash etc.

Above the upper head at many localities on the fjorth 

coast of Devon and Cornwall is a suite of variable deposits, 

At Saunton and Trebetherick there are thick "Holocer.e" 

blown sands (Arkell, 1943), while elsewhere there are 

sandy hill washes associated with the modern soil horizon.

In spite of the doubtful stratigraphic position of 

the gravel deposits at St. Erth, Hele-Ellerelie, and



Table XXII. A Tentative Drift Stratigraphy for

North Devon and Cornwall 

(after Stephens and Mitchell)

(h) Blow sands and hillwash 

(g) Upper Head

f Hele-Ellerslie sand and gravel 

(f) Outwash <

Trebetherick boulder-grarel (Arkell)?

(e) Irish Sea till Premington boulder-clay (Mitchell) 

(d) Main head

Sand rock

(c) Raised beach series <
Fremington 

Beach pebbles ) Beach
(Mitchell) 

Old head ?

(b) Erratics Porthleven erratics (Mitchell)

(a) Rock platform Premington shore-platform
(Mitchell)
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Trebetherick Point, the overall drift stratigraphy appears 

to bt closely related to that of glaciated areas around 

the Irish Sea. A tentative summary of the stratigraphy 

ia made in Table XXII, after Mitohell (1960), and 

Stephens (1961; 1964).

Summary and Conclusions.

The etratigraphic successions suf^eeted for each of 

the four regions are compared in Table XXIII.

There is a very close agreement in the lower half of 

the table. In all regions rock platforms are overlain 

by erratics and raised beach pebbles, and in many localities 

blown sands, which are sometime? cemented, ere associated 

with the raised beach. This sequence su/2;/?ests that each 

region experienced at least one long phase of platform- 

cutting prior to an Early (Jlaciption. The arguments used 

by George (193?), Arkell (1943), Stephens (1964) and others 

to explain the preserce of the errr'ics in the raised beach 

by ice-rafting are unconvincing, for much modern work has 

shown that if conditions v/ere cold enough for ice-rafting 

twre to occur in the Bristol Chanrel, sea-level would 

certainly bo much lower thrn it preesnt (Fsirbridge, 1962). 

It appeer^ most roaoonable to follow the suggestion of 

Mitchell (196L-) tK?.t the errntics are derived from the 

destroyed glacial deposits of an Early Olaciation.
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The strength of the Early Glaciation is attested 

by the size of the sub-glacial channels cut in Pembroke­ 

shire during its wastage, and it is posrible that it 

left thick till deposits over a wide area. bo coherent 

till dating from this glaciation appears to have been 

found, and it may be reasonable to assume that the 

succeeding interglacial stage, during which the raised 

beach was deposited, was prolonged enough to destroy all 

but the more resistant erratics. Further evidence in 

favour of the correlation of all these beach deposits is 

the intermittent association of head fragments, and the 

fact that pebbles are often solidly cemented with calcite 

or severely stained with iron and manganese oxides. If, 

as Ball suggests, the red loam above the beach «t "'orm's 

Head is an inter-glacial soil, then the severe staining 

of the beach and the thick accumulation of blown sands, 

as at Bloody Basin, may have taken place at this time.

The Lower ("main") Head in each region is a thick 

deposit which sometimes reveals a gradation from blocky 

head at the b^ee to finer hend above. The tentative 

conclusions reached in Pembrokeshire concerning q peri- 

glaciil climate of increasing severity pt, this time may 

therefore be npplicnble to the other regions cround the 

Irish Sea. The status of the lower head in Gower is
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open to question, but 3 wen (1965) screes that it repra- 
•ente a periglaoinl pirns* prior to ,«>lBci:tion, »s appears 
to havo been the case elsewhere. In Eastern Ireland 
and the -loyn /cnineulo, as at i*ew Ouay, the etrati- 
graphic counterpart of the thiok lover head an-«ar« to 
be a dual depotit of bad rook heart and eolifluoted till.

The Boliflucted till invitee some speculation. There 
ap e r rr to be no trace of it in lembrokeahire, -"o<ver, or 
Deron and Cornell. Furthermore, in Ireland it <"oee not 
appear to be present in coastal seotione to the aouth of 
Oahore ioint. It can be no coincidance that the three 
regions in -thioh the eoliflucted till doec? occur lie vithin 
the ephare of influence of upland nreas. In Ireland Tr. 
Farrington hae demoretratod the role of the high ~oineter 
Chain (-»ith many penke over 20CC ft. 0.7.) in the initiation 
of the JtoniB-rerrr, xirittaa, end Ath^otr "ount'Jin Glaciatiots, 
and there le /?ood reapon to ^rrume th^t theeo placlfitiona 
were rantci ed in the mountain of Cer.trrl ^alee nnd onow- 
dor.ia. It »ould not ba unranponrbld to propoeo thnt the 
OOBBtP of l-c^.bro' eshire, Gowor and levon ftrid Cornwall 
were too f^r romoved frots the nwjor c-irtres of oo^u-ulation 
at thie time to exroriercc full-/?laclil con<Utione.

The local tills >:t Wo-.- '.'twy, Llftch uyfiin, rorth Neig?i, 
and feabnnk loint are severely eollflucted, and apparently
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indicate that after their deposition there was • prolonged 

period of ao1ifluxion prior to the arrival of the Irish 

8e* too. Synge (1964b) places a full interglaoisl 

between the local glaclation <md the Eastern General 

Glaoietion, but this interpretation ie based upon doubt­ 

ful evidence of a high tea-level at Cahore ^olntf several 

of the particitHuts on the I.G.C. Field Study Toir which 

visited the aite in 1964 expressed doubt pbout the presence 

of a till beneath the pebbly gravel, and wondered whether 

the gr*val itself rai^ht be outwash. ^>ntil more decisive 

evidence ia availfible f it may be beot to apsuws th-it the 

looal Clogsa ^laelgtion -v^« BO ar'Hted fron the Irish See, 

fllacintion by R perislaclnl phmio, with all three episodes 

falling -sithir the tlme-Brp.n of ona m«,.1or «rlnci i ~ts»£e. 

Indeed, thie hyriotheais s.preprs to be supported by the 

foot that no •."^atharin/r '"orJwor lntnrv?noa bot^oen the 

ttvo tills at New Oury or ir Il^yr*. ^urtherrBoro, the 

head deponitp «t Ahpr-mflwr revepl n three-fold subdivision 

of block,/ hcar»/flnV.7 hoadAloftlrv ho*d benenth the Ir^.sh 

Sea till. n'hi3 sequonoe hop fllT-?ad» been Interpreted 

tentatively as indicating. t?;o TOod«r3t'jly- col^ periglaclal 

phases ae -ar*to^ by a pheee of extrere cold; it Is tempting 

to correlnti t 1 e ph^.Fe of »Tti-er,9 rold wi^-h the local 

glaciation rt New Quay, only thirty-five mllee away. If
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this correlation is correct, than the blocky head at 

Aber-mawr may have accumulated under less severe conditions 

while the freshly-deposited till at Kev? Quay was being 

soliflucted.

Above the lower head and soliflucted till, the Irish 

Sea till appears to be a good datum for correlation. In 

North Pembrokeshire and North Levon, Irish bea ice carrying 

sea-floor drift impinged upon the coast; in both cases 

calcareous till directly overl.ies the lo'ver head, and is 

itself overlain by sards and gravels and upper head or 

rubble-drift. The gravelly till in Go'*er lies in the 

same strati*?raphic position, bat correlates more closely 

on lithological grounds with the stony non-cal.cnreoue tills 

at Ogof Golchfa at Caerbwdy on the south coast.   . " "De-visland. 

In both Gower and South De."is!ano" the till is a "Innd 

facie?", although in the former case it e pears to have 

been deposited largely by Welsh ice.

Synge (''963), Stephens (1964) and Mitchell (1960; 1962) 

neve had no hesitation in correlating the calcareous Irish 

Sea tills of Pembrokeshire, Lleyn, Gower anfl Devon vith 

the Eastern General till of Ireland. It seoras entirely 

reasonable from a strati^raohio stand-point, to propose 

that the.y "'ere oil derositer5 f>.t J h? tl m e of tho Dewisland 

Glaciation. Thus the full correlation up to the peak
^_

of the Dewisland/Eastern General glacial stage may be as
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S.E. Ireland * Lleyn New Quay N. Pembs.

Irish bea till 

Solifluxion 

Local Glaciation 

Solifluxion

Irish Sea till 

Solifluxion 

Local Glaciation 

Solifluxion

Irish Sea till 

Blocky head. 

Pine head 

Blocky head

Sandrock 

Raised Beach Raised beach ?

Blown sand 

Raised beach

It is realised that the evidence for this correlation 

is by no means conclusive. However, some light may be 

throvn upon its reliability as a working hypothesis when 

the stratigraphy of tho Lower Heads of Tevon, Gower and 

Southern Ireland are examined in more detail, and when 

Mr. and VTS. £. Watson complete their studies of the 

important sections on the east coast of Cardigan Bay.

Above the Irish Sea till, it is again possible to 

examine PGinbrokeshire, Gower, and North Devon on the one 

hand, and South-East Ireland and Lleyn on the other.

(a) In the southern group of regions outwash deposits 

of limited thickness overlie the Irish Sea till in places; 

else-vhere the gravelly local facies of the till itself
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appears to hare been deposited under condition* ice- 

wastage. In association with the outwash, or lying 

directly upon the till deposits, is generally an upper 

head or rubble-drift. The upper head is generally of 

limited thickness, although the till itself Is often 

soliflucted.

(b) In the northern regions, and at Kew Quay, the 

deposits above the Irish Sea till are more complex. On 

the south copst of Ireland some drift-cliffs ere capped 

by Bnnno^-Brittap loc-°l tills, and further north tills 

of a locol mour.tpir ^l^cistion arc associated '.\ith the 

Midland Gereral till (Farrington, 1949). In Lleyn there 

is /TOO'' evidence for a "'Velsh readvance" et least as far 

west flt St. Tudwnl's Peninsula, anc1 Synp;e (1964e) 'is 

eu^ested th^.t tv»e e -uivclent of the Mid lard General ice-
f-A^if

limit ie to he "ound in the Glynno-: iBf-'Rrynkir nrea. 

At New Qu*y, nlthon^h th^r'? seems to "b? no coherent local 

till qbove the Irl--h Ssa till, there IF undoubtedly a 

great deol of local ci'tmsh ir.qt^^i" 1, p^rhap? suggesting 

th.nt a loc^l ico-ir.nn r -ns not far off during de.^lacirtion.

As noted e^rlie- in tho *hesi.?, Jehu (19:.4; 1909) 

h-?s not b-^^n t u e only person to equate the upper rubble- 

drift of North Pembrokeshire with the uppermost deposits 

in Lleyn; Synge (1963) has described the upper rubble-drift
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at Aber-mawr as a local till, and Mitchell (1962) has 

assumed that the rubble-drift at Manorowen correlates 

with the Ogof Grolchfa till. The deposits at all three 

localities are thought by these authors to correlate 

with the Brittas till. It has been suggested after 

fabric analysis that the upper rubble-drift in North 

Pembrokeshire is but a solifluxion deposit, while a 

similar origin was proposed for some of the Bannow-Brittas 

tills of Douth-East Ireland by participants of the I.G.C. 

Field Study Tour in 1964. The possibility must be borne 

in mind that some of the so-cnlled upper tills of South- 

East Ireland and Lleyn may be aolifluxion deposits.

In spite of this, however, there appears to be much 

convincing evidence th^t in the northern coastrl ireas of 

Ft. George 1 ? Cornel there may have been glacial fluctua­ 

tions which ar^ not recorded in either North Pembrokeshire, 

Go-.-'er, or North Devon and Cornwall. South of the Midland 

General - Clynnos Fa-vr limit, peri^lacisl conditions pre- 

viled r'uring the Midland Gereral nnd its associated 

glaciqtions, ?o t>at he-tc1 , rubble-drifts and soliflucted 

till oro the only drifts which formed aft^r the stagnation 

of the l~ish L'ea ico.

^hethor or not the Midland General drift represents 

a completely fresh glaciation^there is a great deal of
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stratigraphic evidence to surest a synchroneity of 

events around the southern Irish Sea Basin between the 

deposition of the raised beach and the Dewieland Glacia- 

tion. It appears that a chronology for North Pembroke­ 

shire will aleo be a chronology for the greater part of 

the drift cuccesrion in South-East Ireland and Lleyn, 

and probably for the -"hole rucceesion in Gower and the 

north coast of Eevon and Cornwall.



PART VI

Chapter H.

Some observations on relative movements

of lancl and sea.

1. The drowned valleys of West 'Vales 

and the age of the coostline.

2. The marine-cut platforms and raised 

beaches.

3. The "Post-Older Drift" Platform.
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Chapter 14«

SOME OBSERVATIONS ON RELATIVE MOVEMENTS OF 

LAND AND SEA.

"...it is probable that Middle and Upper 
Pleistocene times were characterized by complex 
eustatic oscillations ranging from 150 feet above 
to at least 150 feet below sea-level. ... 
Considerable evidence ..... suggests that the 
25 foot strand line was cut principally during the 
Hoxnian (Holstein) Interglacial or possibly earlier, 
on a coast which had been blocked out initially 
during local preglacial times."

A.R. Orme, in Brunsden et al, 1964

A great body of recent literature has indicated that 

there is a close relationship botween glaciation and sea- 

level movements; in view of this fact it will be worthwhile 

at this point to make some comment upon the wider signif­ 

icance of the sea-level movements suggested for Pembroke­ 

shire. The sea-level movements discernible from the 

coastal sections and the major topographic features of the 

area are as follows:

Events. Sea-level movements. 

10) Present coastal erosion Sea-level at O.D.

9) Submerged forest -60 ft. O.D. ?

8) Periglacial phase Low; rising

7) Dewisland Glaciotion Very low

6) Long periglacial phase Low - falling.
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Events. Sea-level movementa. 

5) Raised beaches - Poppit Fluctuating - High; O.D. to c. 30

IntergLacial. ft. O.D. ? 

4) Early Glaciation Very low ?

3) borne raised beach platforms ? Fluctuating - up to 50 ft. 

Establishment of approx. O.D. ? 

present coastline. Sea approx. at O.r. ? 

2) Buried channels Very low; at least - 200 '.

ft. O.D.; fluctuating ?

1) Old coast-line - tp Lower than at present ? 

seaward ?

»«- «_
These movements can be accomodated with easj* in the <-j-

liberal scheme quoted at the head of this chapter, but 

the table contains several features which contradict 

recent viewpoints.

Many of the views expressed in the recent literature 

appear to have their roots in the work of Professor Zeuner 

(1959). He considered that there was a spasmodic fall 

of sea-level throughout t^e Pleistocene, interrupted only 

by glacio-eustatic oscillations which w ;re characterised 

by low sea-levels during glaciations and high sea-levels 

during interglacial stages. In Britain the 6CO-ft. stage 

was assigned to the Calabrian, tbo 300-ft. stage to the 

Sicilian, and the 20C-ft. stage tc the "ilazzian.

1. For an explanation of these terms see Zeuner (1959, P. 301)
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The lower stages are summarised below from tables on Pp.

307 and 368 of Zeuner (1959)1

Stage. Sea-level. Thames events. 

Tyrrhenian +32m. Great Interglacial 

Penultimate Glaciation -200m. (?) (Taplow Bench)

Main Monastirian +I8m. ")
> Last Interglacial 

Late Konastirian +7.5m. J

Last Glaciation (1) -1COm. (First buried channel) 

Epi-Monastirian +3m« First Interstadial 

Last Glacintion (2) -7Cm. (Second buried channel) 

Last Glaciation (2/3) -1Cm. (Ponders End Agpradation) 

^Last Glaciation (3) -30 m. (Third buried channel)

From the above it vill be seen that low sea-levels (i.e. 

more than a few metres belo.v O.D.) are thought to have 

occurred only during the Penultimate Glaciation and various 

stages of the Last Glaciation. Fairbridge (1962) has 

further elaborated these views, and from the evidence of 

shorelines in many stable parts of the world he has suggested 

glacio-custstic oscillations and an overall sea-level fall 

during the Pleistocene as shown in Fig. 8.

Notwithstanding the severe criticisms which Profesror 

Zeuner's book received , two authors (B.'V. Burton and D.Q.

1. "Ce livre eut e'te un bon Livre, jaa^is en 1940. II ne 
tient aucun compte de tout ce .iui a ete de'couvert au cours 
des vin^t derri^ros annees. Or, c'est pendant ce temps 
que nous avons le plus appris sur le Quaternaire......."
Review of "The Pleistocene Period" in Rev. Ge'omorph. Dyn. 
XI, P. 30 (1960).
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Bowen) have carried out detailed analyses of the low-level 

erosion surfaces of South "/ales within the scheme of Zeuner. 

In 1952 Burton proposed that in Pembrokeshire there was 

an intimate relationship between glaciation and marine 

plat-Porm-cutting, and suggested that the latter part of 

Pleistocene glacial times was contemporaneous with the 

295-ft. and 24-ft. marine stages. Bowen (1965), in a 

etudy of Central L.outh Wales, reconstructs 29 Pleistocene 

shorelines beneath 720 ft. O.I>., all of which he relates 

to transgressions and regrescions in interglacial and 

glacial stages. Like Zeuner, he considers that in general 

the highest shorelines are the oldest features and the 

lowest shorelines the youngest, indicating that each trans­ 

gression attained n lesser altitude thar its immediate 

predecessor. Thus both Burton and Bowen consider the low- 

level erosion surfaces to be essentially recent features 

related directly or indirectly to the Pleistocene glpciations; 

neither author talks of low interglacial or pre-glacial 

sea-levels which mi^ht have influenced the course of land­ 

scape evolution.

On the other hand Orme (1962; 1964 a, b) has su^eeeted 

th^t the strandlines of Southern Britain are not necessarily 

all related to the Ir-st Interglacial (I.'onastirian); he 

suggests that the coastline may have been established prior
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to both the Last Glaciation nnd the Penultimate Glaciation 

of Zeuner, and it follows that the Lower and Middle Pleis­ 

tocene may have experienced prolonged stages of low sea- 

level.

This latter viewpoint differs greatly from that of 

Zeuner and Pairbridge; however, it is supported fully by 

the field evidence in South Devon and South-East Ireland, 

and the evidence in Part III of this thesis affords further 

support from Pembrokeshire.

1. The Drowned Valleys of 'Vest Wales and the age of the 

Coastline.

The drowned valleys of Western Britain have long been 

the cause of morphological speculation. With the Bristol 

Channel or the Severn Estuary as the examples par excellence 

(North, 1929), drowned charnels occur in Lout hem and 

Eastern Ireland, in North and South ''-'alee and in the South- 

West Peninsula in abundance. Almost every major river 

has bereath its estuary a rock channel graced to a sea- 

level well belo'v that of the present day.

In 1938 "-'ills proposed that the buried channel of the 

Severn was not excavated till after the Little Welsh Glacia­ 

tion (Xidson, 1964), and as indicated in the last table 

Zeuner considered th-^t the Thames channels were cut in
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three phases during the Last Glaciation.

Both these datings, when taken alongside the work 

of Wooldridge (1950), appear to have had much influence 

on contemporary thought concerning buried channels. For 

example, Kidson (1964) proposes that the Tawe channel was 

cut after the Last Glaciation, while Hawkins (1962) has 

suggested that the buried channel of the Bristol Avon was 

eroded during the first or second phase of the Last Glacia­ 

tion. In 196C Orme proposed that the over-deepening of 

the drowned estuaries of South Devon occurred after the 

24 ft. strandline had been cut and "followed a withdrawal 

of the sea during Late Glacial times" (P. 128). He dated 

the strandline to a late stage of the Last Interglacial, 

implying that the buried channels were not cut until the 

Last Glaciation. Closer to Pembrokeshire, Alien (1960) 

has dated the cutting of the deep Teifi channel to an early 

stage of the Last Glaciation, -"hile Bowen (1965) gives a 

similar age to the loughor and Ta-ve channels.

The publications of the London I.G.C. (1964) provide 

a pointer to contemporary thought on the a,<?e of the buried 

channels. In "The British IsLes M , Linton (Chapter 7, 

P. 113) talks of "a spasmodically-fallinp, eustatically- 

controlled base-level" during the Tertiary, and Sissons 

(Chapter 8) sup-<?e8ts that this overall sea-level regression 

was continued during the Pleistocene period, although
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admitting that some of the drowned valleys may have been 

excavated prior to "the last major eustatic lowering of 

ocean level". On a more local scale, in "field Studies 

in the British Isles", Peel (Chapter 5) states that the 

buried channels of the Bristol Channel area were cut 

during "the final low-vater phase" of the Pleistocene, 

and Gresswell (Chapter 1?) suggests that the drowned 

estuaries of Cardigan Bay were cut during "the more recent 

cold period" or the "early and late stages of each inter- 

glacial". Th-<s in a considerable body of recent litera­ 

ture there appear to be few references to low sea-levels 

during the Tertiary and Quaternary eras. Those low sea- 

levels which are accepted are related to either full- 

glacial conditions or to the waxing and waning phases of 

glacial stages.

However, there is some evidence for ancient low sea- 

levels which were apparently not related to local glacia- 

tions. For many years it has been accepted that such 

"rias" ae Plymouth Sound and Cork Harbour were formed by 

tha flooding of the lower parts of mature river-systems; 

these couiu not have been cut either by glacial melt'vaters 

or by increased river-flow in a short periglacial phase 

at the commencement or end of a glaciation.

This impression is amply confirmed when field evidence 

from within the drowned estuaries is examined. In South-
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East Ireland "/right and Muff (19C4) noted that raised 

beach platforms are found within the estuaries of the 

larger river-valleys. Similarly Arkell (1943) recorded 

the presence of rook platforms in the Camel Estuary, 

Carrick floads and Palmouth Harbour, while Orme (1960) 

has shown that they occur in the mouths of the Dart and 

Kingsbridge Estuaries, V/embury Bay, and Plymouth Sound. 

Other ancient marine-cut platforms are known .vithin the 

estuary of the deep oevern Channel (Donovan, 1962). 

Clearly, all these estuaries must have been drowned prior 

to the cutting of the- raised beach platforms.

In Pembrokeshire and Cardiganshire there is more 

evidence for the age and origins of the drowned valleys. 

The significant natur?! harbour of Milford Taven has long 

been recognized as a ria, as distinct from e glaciated 

trough or meltwater channel (see discussion in Codrington, 

1898). This is supported by its graded long-profile, 

its gentle cross-profile, and the accordant nature of its 

drowned tributary valleys (Plate 57); overall, it has the 

appearance of a nature valley-system prided to a eea-level 

at least 10C ft. lower than at present , and drowned by a

1. At Burton, ten miles from the mouth of Milford Haven a 
rock floor at -7S ft- K.T. has been proved (Soil Mechanics, 
1958). It is likely that more recent investigations near 
the mouth of the 'iaven in association "/ith the construction 
of oil tanker terminals have revealed even deeper rock floors
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subsequent relative rise In flea-level (Burton, 1952; 

Davies, 1939). The valley may well have been deepened 

and modified in places by the action of meltwater during 

both the Early and Dewieland Glaciations,for recent 

borings have revealed steep bedrock slopes in places, 

overlain by thicknesses of fluvio-glacial sands and gravels 

(Soil Mechanics, 1958). However, there Is no indication 

that either glaciation has substantially altered the 

coastal configuration of the Haven. Like Cork Harbour 

and Plymouth Sound, and like the Teifi and Afon Nevern 

estuaries, Kilford Haven appears to have been drowned 

before the establishment of t\e coast and before the 

cutting of the rock platforms and the deposition ofraised 

beaches (See Chapter 6).

While it would be misleading to assume that all the 

buried channels of Britain, or indeed of ^est 'Vales, have 

formed in a similar '<vay, it is -vorth noting that Charles- 

worth (1957), in summarising much of the evidence of buried 

river-valleys in the British leles, stated "Since they 

preceded the infraglacial beach, as shown in South Ireland 

and in South Wales, subaerial rivers probably eroded then 

during a protracted period when the land was somewhat 

higher...." (P. 1254). Again, O.T. Jones (1942) and 

North (1929) were in no doubt concerning the probable pre-
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glacial age of the drowned estuaries of the Bristol 

Channel region.

From t,he evidence presented above it is reasonable 

to support Charlesworth's su^estion that the drowned 

ralleys are of essentially sub-aerial origin. They were 

cut in a prolonged period prior to the Poppit Interglacial, 

and probably prior to the Early Glaciation. Bowen's 

assertion that the valleys were cut after the Patella 

beach platform and immediately prior to the Main Welsh 

Glaciation of Sower, does not appear to be supported by 

the field evidence.

There are further differences of opinion concerning 

the age of the coastline of V/estern Britain.

O.T. Jones (1930) has suggested that the Bristol 

Channel basin is an ancient feature which has been in 

existence since the time of t iocene earth-movements, while 

Mitchell (1960) has stated that prior to the "Lowestoft 

Glaciation" the Iriah bea "was essentially the sea we know 

today" (i . 31b). Support for this assertion has come 

from Orrne (1962) who sur^ests that "the present coastline 

was largely blocked out by eroeion during "pre-glacial" 

(Cromerian) times and subsequently trimmed uuring later 

interglacials". ('£'. 282). Again, in 1964 Orme repeated 

that the coastline of South Devon had approximately its



495

present configuration in "local provincial times".

In contrast D.Q. Sowon (1965) has denied Mitchell'e 

assertion, and appears to consider the coaetline of 

Gower as a product of the Fatella beach interglacial. 

This dating derives from Zeurer's suggestion that sea- 

levels prior to the Last, Interglacial wore above that of 

the present day (see Chapter I), so that earlier coastal 

eones are preserved well above present sea-level.

As George (1932) noted in Gower, the present-day 

coastline appears to have be ;n established before the 

catting of the Patella beach platform, for platform rem­ 

nants are founc in ir.*ny minute inlet? and even on the 

exposed isolated rocks of '"orm's Head. The glaciation 

of Gower modified the coastline hardly at all, and post­ 

glacial changes h^ve been negligible. In 1 embrokeshire 

the preservation of raised beach platforms even on exposed 

headlands (as =»t Per. Dal-aderyn) supports these obser­ 

vations, and attests to the great age of the coast.

The relationships of meltwnter channels and coaetline, 

as indicated ir Chapter 11, provide valuable clues con­ 

cerning the relative ages of features. It has been 

suggested tl^t t!ie channels of Dew is land were cut in the 

Early Glaciation, rnd <vhile none of them are graded to a 

specific sea-level they do ^isrlay a certain degree of
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accordance -vith the present coastal configuration; their 

mouths generally coincide with bays or inlets in the coast, 

and they are ofter incised into older river-raneys. In 

addition, the Aber-mawr channel appears to have been cut 

later than the rock platform on Pen Deudraeth, so th-at 

in this vicinity even the details of coastal configuration 

may be olde than the Early Glnciation. The broad out­ 

lines of the coast, and in places the details of config­ 

uration, appear to have been established before the Early 

Glaciation.

However, the apparent truncation of some of the roelt- 

water channels by marine erosion (as et Cwm-raawr and 

Trevine), and the presence of marine cliffs -vithin the 

walls of the channels at Caerbwdy, Porth-y-Rhaw, Solva 

(Plate 58), Porth-clais, Aber-ma:vr, rcnd elsewhere suggests 

that there has been at least some marine erosion on the 

coastline since the cutting of the meltwater channels.

On the basis of this evidence it may tent.-r-tively be 

suggested that the coastline attained approximately its 

present for-n before the Early Glaciation, and was further 

trimmed in the Toppit Interglacial.

2. The Marine-cut platforms and raised benches.

The precise dating of the raised beach platforms of 

the Irish Sea is again the source of disagreement. Most
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commonly the beaches hove been dsted eimply by stating 

that they are older than the drifts which rest upon them. 
For example, since the work of Charleeworth (1929) it 
has been widely accepted that "Older Drift" rests upon 
the rock platform in Pembrokeshire; the platform must, 
therefore, be pro-Older Drift in sge (see George, 193?; 
'.vri-'ht, 1937; Arkell, 1943). The^e have been many 
complex arguments concerning the a><re of this Old^r Drift, 
but Zeuner (1959) has dated the raised beach platform as 
Monastirian (Last Interglacial) on the basis of its 
altitude; according to his scheme, all the drift deposits 
above the platform must therefore dste from the Last 

Glaciation.

In Chapter 7 it was suggested thnt the rock platforms 
around the coast are not necessarily the same age as the 
beach dsnosits resting upon th°ro. Amon* raen.y others, 

George (1932), Wrieht (1937), Zeuner (1959) and Bowen (1965) 
have tended to assume that the platforms ar* not notably 
older th.°n the raised beaches, i.e. they -vere cut in the 
same interglacinl stage. In favour of this ide? must be 
cited the notico^ble "freshness" of the rock platforme in 
many localities (Arke ", 1943). However, as Orrae (1962) 
has notsd, "a shore-zone shaped during nn earlier still- 

stand may be triiruned anew and its original deposits replaced
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by or incorporated .vithin fresh b'cach debris during 

subsequent atilletands near the eame Level". (F. 281). 

The doposits renting upon a platform muet post-date the 

cutting of the platform by an unknown amount.

rowever, there is some evidence for the age of the 

platforms. it was argued in Chapter 5 (A) that erre.tics 

resting upon a platform are not likely to have been intro­ 

duced until after the cutting of the platform. In Pem­ 

brokeshire, Gower, and Southeast Ireland this argument 

is not entirely convincin/- in view of the limited size of 

the erratics, which could conceivably have be n soliflucted 

or carried by storm-vvaves from pre-exlrting glacial deposits 

onto a fsesh rock platform, ae implied by Bowen; however, 

the huge erratic at Freshwater Gut (i late 54) and other 

large erratics on the rock platforras of the South-West 

reninaula cor harrly have been »r.oved by stonn-'vaves or 

soliflucted from the old cliff-line, anc they appear to 

have beon carried into place by ice of the .^arly Glaciation 

after the platform? ./ere cut (T'itchell, 196C).

In support of this hypothesis may be viuo^ed the head 

deposits beneath and intermingled ./ith some raised oeaches 

In L'outh-i)ast. Ireland and North Devon, vhich have caused 

Farrington and Stephens (1C64) to insert a period of 

solifluxion between the Cutting of the platform and the 

deposition of the beaci.c^. Again, it Is tentatively
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suggested from Pen Deudraeth in North Pembrokeshire that 

an ancient coastal rock platform pre-dates a meltwater 

channel of the Early Glaciation. Thus there appear to 

be several lines of evidence suggesting that the rock 

platforms may be ancient features which pre-date two 

major glaciations.

There is a strong temptation to group all the coastal 

rock platforms of -Astern Britain into one early inter- 

glacial. However, in Gower the platforms occur at 

altitudes between present sea-level and 55 ft. O.D., and 

Bow en has discerned six independent platform series; in 

Eastern Ireland platform remnarts are found at all heights 

between 33 ft. and 13 ft. I.O.I. In the South-West Penin­ 

sula Green (1943) has recorded platforms from 15 ft. O.D. 

to 75 ft. O.I., and Stephens (1964) notes beach remnants 

up to 60 ft. 0.1. at Pencil Hock. 'Vhile part of this 

range of variation can oe accounted for by differential 

tidal ranges (oteers, in Green, 1943), a net part by the 

fact that platform remnants rise in altitude from bay- 

heads to headland? (Fartin, 1955; Stephens, 1957) a 

vertical difference in altitude of at least 65 ft. between 

the highest and lowest platforms must surely indicate 

several phases of platform-cutting during several still- 

stands.



Table XXIV. Rock platform remnants on the 

North Pembrokeshire coast, and 

to the south.

Approximate Authority Site Beach

1. Gwbert

2. Poppit

3. Parrog

U. Tewport Jands

5. Pen Deudraeth

6. Trwpnhwrrdyn

7. hitcsands South

8. ^orthcadno

9. r'en Dal-aderyn

10. Ogof Henllys

11. Ogof Lle-sugn

12. Ogof Golchfa

13. est Angle 

1lu ..ilford Haven

15. Freshwater ,est

16. anorbier

17. Caldey Island

18. Grassholm Island

K.B. Mtitudes are approximate only. easured to li.S.L, 
by \bncy Level. Ijot sui-veyed accurately.

altitude above 
IJ.S.L.

11* -

3 -

5 -

11
18 -

11* -

uth 8 -

39 -

n 3U -
15 -

25
15 -

19
6 -

at 6 -
25 -

19 -

and 1*0 -

16 ft

11

26

?7

17

10

1*1*

37

35

35
Dixon

10 Dixon

26 Dixon

30 Dixon

27 Leach

50 Dixon

Deposits

Estuary

* -f
« .

n _

Headland

rromontory -

Bayhead +

Outer coast -

Headland

Outer coast -
M it _

« n ^

Estuary +

+

flay he ad *
« ^.

Island +

Island
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In Pembrokeshire there is a similar range of platform 

altitudes, aa shown in Table XXIV. The highest platform 

remnant is at c. 44 ft. O.D. at Porthcadno, end the lowest 

at Poppit, at c. 3 ft. O.P. There are no major differ­ 

ences in the altitudes of the remnants in coastal areas 

from Cardigan Bay to the Bristol Channel, although the 

higher platforms (above 25 ft. O.D.) are generally located 

on exposed coasts and the lower platforms (below 10 ft. O.D.) 

are located In bayheads or river eetuaries. The platform 

pt 40 - 50 ft. O.D. on Crrassholm Islprd (about 20 miles to 

the south-west of Kamsey Sound) is found, understandably, 

in the most exposed locality. Ir no one coastal locality 

is a "staircase" of beach platfonrs observed, although in 

places (as in the Afon Nevern estuary) individual platform 

remnants are found over a height range cf over 20 ft.

The high platform remmnte in Pembrokeshire (at Pen 

Dal-aderyn, Porthcadno, and Ogof Golchfa) appear to be more 

degraded th^n those at lo'ver altitudes, and they may be 

some-vh.it older; ho-ever, the rapid weathering or these 

pletforms me/ be a function of exposure rather than age, 

eo it voulc1 be unvise to base any conclusions on this criterion, 

What can be said is thot ever, the lo vest platforms support 

the typicol Pembrokeshire drift succession; the whole suite 

of platform rerrnar.ts may therefore pre-date the 3arly 

Glaciation. The platforms may have been cut interglacially



501

or pre-glacially by a series of marine stillstands at 

different levels.

The Neritoides beach of George (193?) was ooneidered 

to have forned some time after the Patella beach, and 

Charlesworth (1957) places a full glacial stage between 

them. On the other hand Bowf»n (1965) has denied that 

there was any lapse between the deposition -f the two 

beaches. No evidence has be^n found in Nor*h Pembroke­ 

shire to suggest that any of the raised beach deposits 

are much younger than any of the others.

The post-glacial Heatherelade beach of the Gower 

(George, 1932) may correlate with the post-glacial raised 

beach of Lleyn ('.Maittow, 196C) and the post-glacial beach 

of Eastern Ireland (Stephens, 1957). Again, no beach 

remnants which can be correlated with these beachee have 

been found in North Pembrokeshire, although the status of 

certain cemented beach fragments at West Angle Bay deserves 

closer investigation.

3 . The "iost-Clder £rift Plat for"".

For many ye.-; re there has bean speculation concerning a 

high sea-level after the "Older Trift" flaciation of Gower 

and Somewhere. In 1932 Jeorge remarked upon a gently- 

sloping terrace cut across variable drift dcporits between 

Oxwich Point and Eastern Slade, and in Overton Mere and
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Rhossili Bay in Gower; the terrace generally elopes 
shorewards from c. 50 ft. O.I?., but at Oxwich Point it 
is belo.v this level and in Khoesili Bay it is higher. 
R.O. Jones (1931) has noted a 50 foot terrace feature 
in the Tawe valley and has related it to the Gower terrace. 
Again, Arkell (15-.3) has related his "Trebetherick boulder- 
gravel" to the 50 foot sea-level at which the Gower terrace, 
the Portland raised beach, and other features, were thought 
to have forced. In 1936 Matley proposed that a "50 foot 
terrace" of sand, gravel and laminated silts, in southern 
Lleyn, may have oeon forced in a marine embayment partly 
dammed by ice.

iflore recently Davies (1^5^) has described gently- 
sloping surfaces developed on till in ^outh-£ast Ireland; 
these surfaces extend up to 100-130 ft. O.L. and are ter­ 
minated at 50 - 30 ft. O.I-. by tne present-day cliff-line. 
Arber (1960) hae suggested that there are two surfaces in 
North Devon which are cut across head deposits; the higher 
surface, at 150 - 100 ft. O.D., is named the "$ele Surface", 
while tne lo-ver surface;, at c. 5C ft. U.D., is na'ied the 
"Groyde Surface". Both surfaces are thought by Arber to 
have been cut by high eea-levels in an interglacial stage.

In Weet '.Vales there also appears to be some evidence 
for puat-glacial coastal platforms. At Aberayron there is
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an extensive drift terrace with its upper edgo at o. 100 

ft. O.D., and a similar feature may be seen beneath an 

ancient cliff-line at New Quay V/est. At Druidston the 

sharp break of slope between the old valley-aide and the 

drift-fill deserves mention, and on tho north shore of 

Milford Haven, at bullock Bridge, there is an extensive 

gravel terrace vhich falls seacards at £° - 1° from 100 

ft. to c. 60 ft. O.D.

The theory that these features in Eastern Britain owe 

their origin to marine erosion under a high-level inter- 

glacial or post-glaoi^l oea hao received heavy criticism. 

In 1961 Ptephenn stated that the lo-v-level "surfaces" of 

North Devon do not owe their origin to marine erosion, 

but simply to the processes of solifluxion; and in 1965 

Botven came to the same conclusion concerning the "post- 

Older Drift" platforms of Cower. Like Stephens, he found 

no trace of  vave-trimming  'and no deposits which could be 

assigned a marine origin, and decided thnt the terraces 

were formed by the solifluxion of head and other deposits 

from the base of high cliffs of the coast or else from 

coastal valleys. These finding for the Gower are supported 

by M. BrirVes (personal communication, 1965). Similarly, 

there fi'openr to be no marine deposits on the drift terraces 

at New Quay or Druidston.
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However, the lack of marine deposits In a coastal 

area does not necessarily preclude the presence of a 

high relative sea-level. Stephens (1963) has described 

late-glacial shorelines in North-East Ireland which hare 

no associated beach deposits, and in Kjove Land, East 

Greenland, marine features at an altitude of 440 ft. are 

no more than slight gravel terraces or washing-limits 

(Sugden and John, 1965). In the East Greenland Fjords 

and in the South Shetland Islands the present-day shore 

is seldom maried by "marine" deposits.

There appears to be no good reason -.vhy marine-cut 

features should not be found on the drift cover of the 

coasts of ".'estern Britain. It has been sur^ented that the 

ice of the rowisland/Saatorn Geraral Glaciation may have 

extended as fir south as the Scilly Isles; if this was 

the case the ice in St. George'c channel '/ould probably 

have been several thousand feot thick, and may have achieved 

considerable isostatic depression of the land-surface. In 

spite of +.he world-vide eustatic lowaring of sea-level at 

such a time (Farrin^ton, 1945; Fairbridge, 1961), isostatic 

depression of the surface of the Irish Sea Basin could have 

been greater. Upon deglaciation, as in other glaciated 

lands, there could have be^n a marine transgression of 

50-100 ft.
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Th« conjectural zero isobase of Stephens (1963) in 

the Irish Sea area passes from Dublin to the southern Lak« 

District. However, the pattern of isostatic dtformation 

of the coastal areas ia by no means fully disciphered, 

and the possibility should be borne in minr' that there 

oould have been a high relative sea-level in Wales at the 

close of the Dew is land/East err. General Glaciation. At 

the moment, the cases for and against are unproven.

Summary*

In this chapter it ie suggested thmt there i3 much 

evidence around the shores of £t. George's Channel and 

the Bristol Channel in support of the scheme of sea-level 

movements proposed for remorokeshire. The present coast­ 

lines of the area were probaoly established p.fter a pro­ 

longed period of sub-aerial denudation -vith a sea-level 

much lower than at present. The submerged channels of 

Pembrokeshire, and perhaps elsewhere-, vere subr.erged before 

the Early Glaciation.. Ihe covstlinee ar?d the raised 

beach platforms probably pre-crte t.vo ^laciotidns, while

1. For example, I.E. Smith has Discovered a drift terrace 
at 98 ft. O.D. near liartlepool;;; it supports p--nch.es of 
shelly ^r^vel, prd although it is well to the south of the 
50 ft. isobase of ;..oviuB (TJ42), it may prove to be a 
•narine-cut
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the raised beach deposit? may <?ate from the Poppit 

Intcrglacial.

In many respects this echerre of events differs from 

tha j of Zeuner and Bower..
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PART VII. 

THE (K.ACIAL CHRONOLOGY OF "V r!ST ".ALKS.

In this final part of the thesis an absolute chrono­ 

logy is reconstructed for the late stages of the Pleistocene 

period in "'est '.va les. Faunal analyses are marie of derived 

shells in till and cutwash, and the clues thus obtained to 

the relative and absolute ages of the drifts are follo-ved 

Up with C14 dating of organic materials. After an exam­ 

ination of the Late Fleistocere chronology of Northern 

Europe, an attempt is nip.de to date the main Pleistocere 

evarts which have occurred in Pembrokeshire.

Much has been said if. the foregoing pagee concerning 

the strati ̂ raphic relationships of the De>j island till; 

this till appe^rr to correlate ">/ith the Eastern General 

till of Ireland and tVe Irinh oea tills of Lleyn, North 

Devon, and posnibly even the Scilly Isle.?. However, there 

is ff;reat disagreement concerning: the age of the De'.visland/ 

Eastern General Glaciation; Vltchell, Synge and Stephens 

consider i + to be the evuivslent of the Continental Riss/ 

Sa.^lo, -^hile Bc-.vor arf1 ?erny foll.r-' Zeune^ in considering
M A-it the equivalent of the Continertel T"urm/^eichael.

On a relative scalp, the Eewisland til 1 arrears to be 
fresh. What-ver its age, it must be older than the Midland
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General - Clynrog Ta..'r tillc, and younger than the 

Quay till and the Mnin Heads of the Irish tiea. Older 

still than the I.'ain Heads are the Poppit Interglacial and 

the Early Glaci^tion. In Chapter 15 it is submitted 

that there is reliable evid2r.ce for rlac A ng the Dewisland 

Gl^ciation within the last 38,COG years, and in t.he 

Conclusion some of the implications of this dating are 

rter.tionecl.



Chapter 15.

The Evidence for a Recent G la elation

A. Faunal analysis of derived marine 

mollusc* in glpcial deposits

B. Hr?di o-carbon dating of slacial 

deposits.



509

Chapter 15 * 

THE EVIDENCE FOR A RECENT GLACIATION.

(A) PAUKAL ANALYSIS OF DERIVED MARINE MOLLUSCA IN GLACIAL 

DEPOSITS.

Shells from Outwash Gravels.

Shell fragments were collected from glacial outwaeh 
gravels at two important localities in the hope that some 
idea could be gained of their relative ages. One of 
these localities (Tre-llys) is in the area of hummocky 
gravels supposed by Charlesworth (1929) to be part of the 
South Wales End-moraine; the other (Mullock Bridge) is 
well to the south of this limit, in the area of so-called 
Older Drift (Griffiths, 1939). If the shelly gravels 
at Mullock Bridge and Tre-llys are the representatives 
of the Older Drift and i'ewer Drift glaciation respectively, 
then they may be expected to display some faunal differ­ 
ences, as have been recognized between the Corton Beds 
and March Gravels of East Anglia (Baden-Fowell, 1955).

(a) Mullock Bridge.
At Mullock Bridge, just north of the mouth of Milford 

Haven, a large gravel-pit has been cut into a terrace of 
fluvio-glacial out""ash material, which has a maximum 
surface altitude of 100 ft. O.D. In the sides of the pit
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at least 25 ft. of current-bedded basal sands are visible; 

these sands appear to have been deposited deltaically, in 

the sea or in a pro-glacial lake. The sands are over­ 

lain by, and interbedded with, fine shelly gravels, which 

are in turn overlain by coarse torrential outwash. In 

parts of the gravel-pit unleached shelly gravels are seen 

within 3 ft. of the terrace surface. The northern part 

of the terrace surface has a patchy covering of stony and 

gravelly till, beneath which the shelly gravels are severely 

contorted. Shell fragments were collected from shelly 

gravel layers throughout the pit, but care was taken that 

none .vere taken from the decalcified and weathered horizons 

close to the terrace surface.

Buccinum undatum L. Astarte sulcata (da Costa) 

Littorina littoralis (L) Cardium edule L.
n

Littorina littorea (L) Chlamys islandica (Muller)

Lora nobilis (Muller) Arctica islandica (L)

Nassarius spp. Macoma balthica (L)

Nucella lapillus Mytilus edulis L.

Ocenebra erinacea (L) Ostrea edulis L.

Patella vulgata L. Pecten maximus L. 

Trivia monacha (da Costa) Venus verrucosa L.

Trophonopsis clathratus (L)
M

Trophon truncatus (Strom) 
Turritella communis Risso
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Tre-llys.

The shell fragments In this sample were collected 

from the contorted shelly gravels at an altitude of 2CO ft. 

O.D. in Tre-llys gravel pit 1 (See Chapter 9). The species 

recorded are as followsi

Buccinum undatum L. Aloidis gibba (Ollvi) 

Littorina spp. Anemia sp. 

Littorina Neritoides Arctioa islandica (L) 

Nucella lapillus (L) Astarte elliptica (Brown) 

Slpho jeffreysianus (Fischer)Astarte monta^ui (Dillwyn) 

Trophonopsis clathratu* (L) ? Astarte sulcata (da Costa)
H

Trophon truncatus (Strom) Cardium edule L. 

Turritella communis flisso Glycymeris glycymeris (L)

Mpooma balthica (L)

Mya arenaria L.? 

Dentalium sp. Mytilus edulis L.

Nuculana ep.

Pecten maximus L.

Venus verrucosa L.

Examination of the mollusca from these two localities 

reveals that most of the species represented are common in

1. Some of these gravels are seen in Plate 40A.
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Pembrokeshire waters today; there are no extinct species 

in either collection. The most abundant species at 

Kullock Bridge appeared to be Mytilus edulis and Turritella 

communis, followed by Littorina littorea and flue el la 

lapillus, each of which prefer a temperate environment 

similar to that of today (Barrett an Yonge, 1964). On 

the other hand cold indicators (not found in the area today) 

such as Trophonopsis clathratus, Trophon trunccttue, Lora

! and Chlamys island ica are represented, giving the

collection a rather northern aspect. It is unlikely that 

the Mullock Bridge collection represents a single fauna, 

however, for the slightly warmer species Ocenebra erinacea 

would not have ^rown alongside the Arctic species mentioned 

above; furthermore Lit'corina ilttorea (which cannot live 

where there is much sea-ice) is found in the gravels along­ 

side Trophor.opsis clathr-.tus, which thrives in such an 

environment.

The list of mollusca for Tre-llys is a 1 tost identical 

to that for Kullock Bridge. Again, most of the species 

in the gravel are found in the area today. However, at 

Tre-llye there appe- r to be few fragments of Mytilus, but 

many of Astarte spo am' Venus spp, vhich may mean that 

the bulk of the shells were derived from a rather colder 

environment. Northern species such as Astarte elliptica
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and Astarte moptngui are represented with the Trophone, 

and the cold genera of Sipho and Nuculana have been found 

at Tre-llys but not at Mullock Bridge. On the other hand 

the cold indicator Chleaye islandica was found at Mullock 

Bridge but not at Tre-llys. It seems that the gravels 

at both localities contain a similar mixture of species 

representing temperate and rather cold climatic conditions.

The mixing of faunas in Pleistocene deposits in Britain 

has been considered in some detail by Baden-Powell (1955). 

He has proposed thpt prior to the Last Glaciation a 

steeper temperature gradient existed around the British 

Isles, allowing "warm" and "cold" mollusca to live in close 

proximity. There is, howrve-, no clear independent 

evidence to support this idea (Manley, 1951, 1953), and 

it seems unlikely that the North Atlantic Drift could have 

altered its course greatly during Pleistocene Intsrglacial 

stages 'vithout some major tectonic or climatic upheaval, 

neither of which is recorded (Flint, 195?}. Even at the 

peak of the Last Glaciation (when the greatest interference 

with climate in the North Atlantic might have been expected), 

surface isotherms to the west of Britain are thought to 

have followed approximately their present course (Klute, 1951)

1 This hypothesis has received recent support from 
Boulton and Worsley (1965) in an unpublished study of the 
marine mollusc species found in outwash sands in Cheshire.
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although It has been suggested by Pair-bridge (1964) that 

the climatic belts of the Northern Hemisphere may have 

migrated southwards by 2,000 - 3,000 km. Furthermore, 

analysis of deep-sea cores (Emiliani, 1955),and inter- 

glacial pollens (West, 1955; Zagwijn, 1961) do not indi­ 

cate that past interglacial atmospheric circulations were 

rery different from that of today. Dr. H.H. Lamb 

(personal communication, 1965) has said, concerning the 

squeezing together of isotherms in interglacials, "I am 

quite sure that the opposite is true of the interglacials, 

when there must have been a much smaller overall temperature 

gradient from equator to pole than either now or in the 

ice ages... .Generally speaking, much less is kno-vn about 

the interglacials and warm epochs of geological time than 

about the ice ages or our present climate, but at least 

it is sure that ^here was a smaller difference of temperature 

between low and high latitudes."

Evidence from present-day Arctic waters indicates 

that there is a sensitive response on the part of marine 

mollusc communities to changes in water-temperature, depth,
c

and salinity. For example, rortlandia artica is an 

accurate indicator of peculiar ecological conditions often 

associated .vith the proximity of glacier ice in East 

Greenland (Jensen, 1905? fhorson, 1933); it is found in
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raised beach zones A and D, which coincided with the late- 
glacial extension of the inland-ice and the Zone III 
recdvance respectively (Sugden and John, 1965), and again 
at the present day in Scoreeby Sund, indicating a recent 
climatic deterioration. Goversely Hytilus edulis thrives 
best in the littoral zones of temperate seaQ and is not 
found today in those parts of East Greenland inhabited 
by Portlandia. In Spitzbergen Peyling-Hanseen and Olsaon 
(1959) have shown by C14 dating that raised beach shell- 
communities accurately reflect clinntic conditions?; for 
example, beaches formed under Arctic conditions between 
c. 12,OCO and 10,300 B.P. contain no "temperate" species , 
while such species had arrived in lar/re numbers by the 
time the "Post-glacial Temperate" raised beaches (10,300 - 
9,400 B.P.) were being formed. This evidence sug~ests 
that the immigration and emigration of nerine mollusc 
communities in response to the movement of an ice-front 
can be a rapid process, while there is little evidence 
that a prolonged "mixing" of communities occurs. Even 
if the Mullock Bridge and Tre-llys raollusca were in undoub­ 

ted marine deposits, which they arc not, there appears to 
be no reason why they sV-ould be considered the constituents

1. For example, .Vytilus edulis, Littorina saxatilis and 
BUG c inum undatum.
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of one community, and thus of the same age (Dr. G.Y. 

Craig, personal communication).

Two possibilities remcin concerning the provenance 

of the ehell assemblages:

(A) that only some of the shells represented were native 

to the coastnl -vnters of Pembrokeshire, -7ith the cold- 

water species transported froa further north, ard 

(fl) that all the shells livec in the vicinity, but at 

different times and depths ae climatic conditions deter­ 

iorated prior to glaciation. It is possible that a 

sequence of everts occurred as illustrated in Fig. 33. 

Whatever the mechanism by -vhich the faunas were mixed, it 

appears most reasonable to asnune that the mollusc species 

represented at Mullock Bridge and Tre-llys may v nve lived 

in widely serarrted localities and nay span an ago range 

of sever?. 1 thousands of years.

In Table XXY the s ecier recorded for bullock Bridge 

are compared with those found in the Pole ore« ot the 

present day (Baerindnle and Bnrrett, 1957), 'ith the 

I»'arorov»er out-*»sh drpositr (Jehu, 19C4), jr.d with the 

Wexford outwash gravels (McFillan, 19C4). The rollusca 

at Vanorowen were cor.eicereri by Jch<u to re: resent a ran^e 

of climater PiTril«»r to th«t postulated for the other 

Pembrokeshire gravel pits. In addition to some of the
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species recorded in the table, he found the following 
at yanoro-vent

I«ora rufa (Yont.) Aetarte borealis, Gray

Lora turricula (N'ont.) Area laotoa. L.

Ration clause, Brod. * Sow.? Cardlum islandicua, Chem. ?

Puncturolla noachina, L. l^ya truncatn, L.

Sipho gracille (d* Coeta) Nuculana pernula (Kull)

Spieula nolifle (L)

Vonue cnslna, L.

Tapee decuseatua, L. ?

Modiolue modiolue (L) ?

Thtre are no peculij-ritier about the V-anorowen 

mollueca, and it eeems th«it Olycyaeris gl.yo.y^eriBt Actarte 

eulcata. Artica ielandics. %nd the "cold" srecies Trojoh- 

onopais clathratus were the most comnon sr.ecies, along­ 

side Turrit el In com^unia anu Buccinu.Tn undqtum. The 

common species from latnbro'taehire out-vnsh are aleo recorded 

by • iiliome (1';27) from shelly outvaeh grorels in Cardigan­ 

shire, and by George (1933) from glacial deposits at

Rhoscili Bay, Gower.
2 '"hen the - eTnbroKeshire outwash mollueca are compared

1. The e eciee collected by Jehu fere identified by t<!r. 
Henry oods.

2. A comrlete liet of the derived marine molLusca found 
to date in glpci«l deposits in Percbrokeshire is given in 
Appendix XII.



Table XXV. A Comparison of the ..'.ullock Bridge shall 

assemblage with assemblages elsewhere*

I«iullock Bridge Present-day uanorowen icxford 
Species (to .tollusca at species (i.ic 
date) JJale (Bassin- (Jehu)

dale and Barrett)

Patella vulgata x - x
Littorlna littoralis x - x
Littorina llttorea x x
1 ucclla lapillus x - x
Ocenebra erinacea x x x
Kassarius spp. x x x
Buccinum undaturn x x x
Lora nobilis - - x 
Trophonopsis clath-

ratus - xx
T. truncatus - - x
Turritclla comr.iunis x x x
Trivia monacha x x
Lytilus edulis x x x
.tecten maximus x - x
Ostrea edulis x - x
Chlainys islandica - x
Astartc sulcata x x x
Cardium edule x - x
Arctica islandica x x x
Venus verrucosa - - x
wacoraa oalthica x x x

x _ Recorded at a locality 

- = Not recorded
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with those from other localities around the Irish Sea, 

a marked similarity is obeenred. Vest of the recognized 

abundant species of British glacial deposits are repres­ 

ented (I.eaverson, 1955 )* iitflcfitin/? that the presence of 

cold species in i-embrokeehire is not at oil unuuual. The 

fauna of the bhaw Cross outwash eande in Cheshire is 

apparently very similar to that of the reirbrokeehire out- 

waeh (Boulton and 'torsley, 1965). Furthermore, an 

examination of Table XXV reveals that tV;ere sre preat 

similarities between the lerobrokeshire rnollueca and those 

of the exford grnvels, which are also considered to be 

glacia ly-derived (. itc 1 tsll, 1962). Only one of the 

species which I have fount in ^ecbro'^eehire outwash (namely 

Litt o r ine nerit o ides) has not been recorded for exfore ; 

conversely r ome l.qte Pleistocene and C.'rag shells found 

in v< exford have not ye*, been c iscoverec in lombrokeshire 

(iicWillan, 1964>. In '•'•' exford I'i.pho spp. and Trophon spp. 

appear to be more abundant than in i ombre keshire, although 

they are well rep^eeerted at Tre-llyo. Taken as a vhole, 

the .exfore! mollusca appear to have a more anrked northern 

aspect, and t?~e w.ullock Bridge mollusca a more marked 

temperate aspect, thon those of Tre-ilys. Benring in 

mind the dar.gere of attsmpting climatic ind ecological 

cotiparisons on the basis of preserved itolluec valves in
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glacial out-vaeh (eee Chapter 4 a.), it may be tentatively 

augpeeted that the 'mullock Bridge moliuecaa are of of 

slightly more temperate origin than other Irish S«a out- 

wash TnolluRca found to date, with increasingly cold faunae 

repreeer.ted through Tre-llys to "'oxford. This a-peare 

a reasonable theory, for in an interglaclal or inter- 

atadial stage in the Irish Sea and 'eetorn Britain there 

should be a northwards decrease in teraparrte narine forms 

at any tine. This ia shown by the preeent-day restriction 

of certain wara-vator species to the south and south­ 

western shores of i3ritnin (Barrett and Yonge, 1964), *hile 

Baden-Powell (1955) has noted thyt during the L- st Ir.t-ir- 

glacial warm a; eciee w. ro lacking in the Monaatirian Clyde 

Bede, while warm forms were common in equivalent bede 

further south.

There may be eome danger in correlating the "'exford 

Grpvele, -vhich contain Crag mollusca, with the rembro'-'e- 

ahire and Cardigenchire Gravels, which do not. Baden- 

Powell (1955) hns correlnted the exforcl feuna with the 

Tyrrhenian stage, vhile euperficiel examination seems to 

Indicate th^t the Pembrokeshire fauna correlates more 

closely with the lortLand raised beach and the Kelaey Hill 

beds and v nrch Gravele, considered to be of !/>onnetirl«»n age. 

If this fnunal dating is correct, then the w exford gravels
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could conceivably have been deposited during an earlier 
glflclation than th<jt raeponeiblo for the d^pocition of 
the Pembrokeshire outvaeh. However, .*11 the field evidence 
suggests that the 'Vexford fauna in derived (JUtchell, 

196?), and the Crag speclae at "exford may hive been 
flred^ed by the ndv*ncin£ Ice from fosnlllf^roue doroBite 
in the Clyde nroa (XeSlllnn 1964). The Crag spaoiec 
thereforw rary h^ive been re-depoelted like t)r> Jaraaeic 
foenils in the '."arch gr?>velo (Bador-Po-vell, 19M) and eom« 

well-preRe."Vod comle found at Tre-llys. There seems to 
be no fsunal, raorpholorical, or stratigraphic reaoon for 
«8?ualn/» that the oxford ^rf>vel0 nre -iry older than those 
of ^eet "Vftles (frR. N.P. VcMillar, per?onal oor.T.uriontion, 
1965). fltchvll (196C) hae already correlated the ^exford 
outwash gr^vele 'vith those o^ Cflrdigon; it seems, therefore, 
that they may also correlate with those of reabro^eshire.

Regarding? the oge of these outwash depopitp, Yitchell 
(196C) hn3 related them to the retreat of tho Prrnnin/Pton 
(supposedly Rise/Saal«) Irish oea Ice-eheet. If t.hi? ie 
correct, then the shells dredged up by this lce-*heet muet 
indeed be of Tyrrhenian *ge, as eu^^eeted by Bad.en-Io^ell 
for <exford. Otrer evidence, ho-.-ever, ap-ec-rs to ccrtra- 
dict thie dating. In derived material, the presence of 

extinct Crag species can be of no significance unleer they
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are proved to be contemporaneous -vith "modeT" B-oolee, 

and Crag erecios aoy yet bo found In Pembrokeshire out- 

wnph. Whe*»-ftr or rot Crag species are four*, there 

appear to be firmer ground & for regarding the I-embroke- 

ehlre f^unna *e the correlatives of the T.'arch and feleey 

Hill gr»velR, which wy ,«lso be r*lr>clol out'vaph (for an 

alternative viow see Baden-Fowell , 1934). AIL the 

TurrltellP frp.pweivte found at rullocX Bridge nnd Tre-llye 

to date hov<» beer iderti 'iec* gs Tu r r 1 1 e 1 la comtRur 1 e : it 

therefore eeepe likely th=>t they ?re of late Pleistocene 

e«e (Baden-Powell, 1°.S5). Ir.deed, the pr<»rerce of wary 

presert-day Pembrokeshire Bieoies in the ^ravele irvltea 

aoire Bneculntion that the faunae may hpve lived no enrlier 

than the f^et Inte-*?l«»cial . ^his speculation ie supported 

by the ne^liaiible amount, of decnlcif ication in shelly 

gravels (et both Mullock Bridge ond Tre-llys eholly gravels 

are foun^ in permeable depositr vithin four feet of the 

ourfncoj.

Lerived ? he lie frora cnlcgreoug ti.Ll.

In viev of the -avparer.t recent age of the rhslly out

1. The ol<"«?r forT.r, T. trlc.qrirrtn (Brocchl r>rfi T. Flip- 
recens ;.or.teroeeto have not beer, found in exforci or 
r'e^bro'-erhire; T . r-1 l^r^f^r^ r^otr De -xpected in deposits 
doting from earlier ^lacletions .
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wmeh gravels of iembro1<eshire and Cardiganshire* I have 

attempted eome identification of inarirc mollusc frag­ 

ments from Irish . ea till in order to ^oesss the nge 

relationship of this till with the gravele. Shell frng- 

o.ents were collected from Irieh Sea till of the lewisland 

Glee is lion at LruJdoton ar.d Aber-mawr* Most of the 

fragmentB >/ero baoly comminuted and smoothec5 , so that 

identification wae often difficult; else, their rarity in 

the Bfiseive, compact till marc the collection of large 

Damplee inpocrible.

(a) Druidgton.

Shell fra/ments «oro collected from the face of the 

drift clif-T or picked up from the drift surface vhere 

fragments had bean washed from the till ay rainwater. 

Some modern mollueca aro found near the base of the cliff 

within the influonce of storm-waves, and some ralves hnve 

been carried up the cliff-face by sea-birda. However, 

these intruders were easily recognized , and the list 

below is believed to oort^in orly derived species.

Buccinuin undntum I.. Arctica ep.

Nucelln lapilluB (L) Aetarte borealie, Grey

Trophonoppis clet.hr^tue (i.) Aetarte mont«^ul (lill^yn)
n

Trophon trui catua (Strom) Carc'ium edule L.
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Turritella common i« Ri«*o

Bentaliun ap.

Olycymerie glyoymtriB (L)

ISaooma »p.

Macoma ballthioa (L)

Mya epp.

Huoulana ep.

Oetrea sp»

Peoten metxlnus L. ?

Vsnue epp.

Several of those speolas have been recorded for Druideton 

bjr Cantrill ('916), and his List also includes Astarte 

eulcata (da Ooeta) and .•iytilus odulis (L). Hie liet 

confirms the preeonco of Trophons in the till.

(t) Ab-jr-rria.tr sr.-'1 othe: Icoalities.

S^ell frn -merte found in the Abar-ma?r till represent 

the follv»ving species: Astarte aontegui, Aoter*e eulcata, 

Der.tfllium sp. t ^ ecten sp., snd >-yo arerirria. '-Villiams 

(1927) haB ^lt?o recorded Astqrto elliptica ?nd Arctica 

ielardic.p. from calcr.roouc Irirh . ea till on the south 

Cardi^er.Fl-ire cc*flt. ?o-e of these species are neutioned 

by Je^u ('9CA) for vnrioun H Ix)wer I'oulder-cloy" localities, 

but in addition he found ?'y til us sp. in the Cardigan clny- 

pit, ami Oerdium islamUoun Chem.?, ^odiolue aiodiolus (L)? f



Venue cpsira L. in the Manorowen railway-cutting. 1

*'tratiKr«*phic evid.-nce h&s eho*n thst the calcareous 

till at all these localities is d' teabU to the Eewi&land 

Olscintior, BO nil the species recorded frot the till nwy 
be examined together. All of ther»e species are oomnon 

in the outwash darosite, which hare p sinilar mixture of 

Trophons Qlonrsidc warmer epeciec such p.s Mytilue edulie. 
The strorcj impress ion ie gained that the saw* fauna IB 
represer>t.ed in both till find glacial outwach in '-eet

thero is poori reason to euppoce thot both depoeite

legacies of the Lewislnnd

Prom the examination of the derived raarin« raollucca 

of the embro'reshire out-.tash grovels and Irieh ~.ea till, 

the following 8ur.>restions rrwy be madei

(A) The presence ir. the glacial depoeite of eoeoies which 

mi<?ht be fourd in coastal waters today indicates that 

temperate waters and pos- ibly interfile? 1*1 conditions 

extended into the Irish -ea at some time preceding 

the <T laci.Ttion which dredged up the shells.

1. Jehu also r'our.c: shellir from inlr-rd Irinh fen till 
locfi?.i*iep ot : 'iP^0 «r:d St. Nicholas. I hnre found 
Astprte sulc" lg. t Pn t e lie y uUt? t a , and J'>:« t o 1 IB int o.-r er. in 
J'e/'V-oyR on the surf-ice alongside hhe drainage rasarvoir 
on Treleddyd-fawr r'Oor: IT, in likely that these shells 
have boon cnried by sea-birds which frequent the reservoir
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(B) Prow faunal evidence it seenr that the outwash and 

till may hsve been deposited during the saiue glacia- 

tion. Earlier atratl/q-aphic evidence has suggested 

that this glaciation was the Dowisland OLaoiation.

(C) The available faunal evidence suggests that the

shell fragments in the deposit* are probably no older 

thpn the Laet Interglaoinl period, and »y date from the 

early pert of the Last Olaoistior. The Pewicland 

GLaciation vhioh dredged up these shelle aay there-
Nfore have occyrred during the Wurm.

(D) The faunal 6iffer3ncec bet.veen the .v.ollusc collections 
from Mullock Bridge and Tre-llys are negligible, 
iRdicrjtin;- that the glacial gravele of tho eo-called 
South ''-alee Br.d-ooraine ar<D probably no younger than 
thor?e much further south in Persbrokeshire.

(E) Faunal eviflerce Dfforda no support for the theory that 
both Oltf^r Irift and Nc-.-er rrift dopo&its are to be 
found in Pembrokeshire.
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Chapter 15. 

RADIO-CARBON PATIRG OF GLACIAL DETOSITS.

Four organic samples from glacial deposits in Pem­ 

brokeshire have be--n dated by the r?,'dio-oarbon method 

and confirms the impressions gained from etratigraphie 

studies and faunal analysis that the Dewieland Glaciation 

was the last glaciatlon of ".eat Wales.

1• Samples from fluvio-^loci^l outvash.

Mullock Bridge. A sample of c. 4CO gms. of marine mollusc 

fragments -vas collected from the gravel-pit descrioed 

briefly in the earlier part of this chapter. In view of 

the prolonged search necessary to obtain a sample of 400 

gme. of shells, every .toll-preserved fragment encountered 

was collected, regardless of speciec. The shells ^7ere 

collected from gravelly horizons throughout the pit, and 

were ke:t in a polythene bag; the sample was not «1 loved 

to come int.o contact ?/ith other organic materials prior 

to C 1 * d^tirxz. AC age determination on thie sample 

by the fiationol thysioal Laboratory yielded the result

37,96C * ]J££ years B.i . (H.r.L. 8C) 1

1. A copy of W.J.". Report *;o. C 66 (27th /-uguet, 1Q64) 
on this npe determination is included in Appendix XIII.
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Tre-llya. From the shelly gravels in Tre-llye lit, near 

Aber-mawr, a sample of duet over 300 gms, was collected. 

Only solid .veil-preserved fragmor.ts were collected, 

although the fragments were generally more finely com-in- 

uted and more friable than those at Mullock Bridge. Again 

the sample was carefully handled and kept in a polythene 

bag until dating could bo undertaken. The samplo waa 

dated by the G 4 ma '.hod at the i.ational Physical laboratory 

aa

37,310 * ]| years B.P. (N.P.L. - 97) 1

It is thought, that both age determinations are entirely 

reliable. Shells "»ere not collected from leached and 

•-feathered layerr in either pit, on<? the state of preser­ 

vation of most frngrcents wae ^oot*; few shells vere bnc?ly 

pitted by the action of percolating ground -vaters. P.H. 

values vere taken in both pits pt varying depths to investi­ 

gate the possibility thpt percolnting ground-waters may 

have contnmin^.ted the shelly travels. At Tre-llys aar.rles 

from the gravels nbove the ehelly bnrde yielded r.!T . values 

of 4.6 and 6.C, indicating thot groundwnters are probably 

not alkaline arc- that "ne'.v" calcium carbonate has probnbly

1. A copy of Report C. 73 (Uth April, 1S65) is Included 
in Appendix XIII.
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not affected the shell fragments. Re«dln*B at t-'ullook 

Bridge from above the shelly gmvels ir various parts 

of the pit yielded valuer of 6.6, 6.4, 6.4, 6.4, a: d 

6.6. In contrast the shelly gravels yielded values 

of 8.4 nd 8.1. Again there s«ens to be little likeli­ 

hood that there are contamlnatod ground-waters in the 
pit.

Laboratory pra-tremtaent included the rejection of 

apparently weathered shell fra«r«entB and the removal by 

leaching of the outer third of the ehella in each teat 

eaenle. The mid' le ard inner thirds of oaoh sample were 

dated separately, with almoet identical results, apparently 

confirming that there has been negligible eontavination•

The i*~pl 'cntione of the mixture o r ool^ and temperate 

species In each aavpie hare been discussed earlier in 

this chapter, and it nmet be borne in mind that both d^tee 

are mean d"tes obtained from camples incorporating mollusoa 

which may vary greatly in a^e and prorenance. It is 

posoible thnt mony shells older than c. 3?tOCC yeers B., . 

are mixed with rhells ^hich lived after that date.

Since both camples -/er* taken from glaelai out wash 

deposits «hich ore intimntely assoointed with i/atahse of 

non-ceJcareous till, it IB clear that ths sholl frarrfier.ts 

must have beec dref'ped up from their living-positions on
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the floor of the Irish Sea, or from pre-existin" bench 

deposits, by a major glaoiation. The very presence of 

shells in the outwaeh at Mullock Bridge means that tht 

ioe must have moved from the north or north-vest; this 

is alco attested by the presence of erratics from the 

St. David's district in the Mullock Bridge pit. There 

can be little doubt that the ice-sheet responsible for 

the deposition of the gravels at Mullock Bridge an'' Tre- 

llye was a true Irish tea ice-sheet. This Ice-sheet 

muet hpve over-ridden 'extern Porcbrokeehire within th« 

last 38,OOC years, and if many of the shells in the samples 

are younfer then 38,000 years B.P., it follows that the 

last .^lactation of the aree must hpve occurred even more 

recently.

This d"!tJn* contradicts eeveml previously-published 

opinions c ncerr.in/? the ^ge relationship of driftr and the 

Irish Cea. As not^d in Chrpter 2, Kitchell (I960) and 

Synge (1964) have surest ed thot the Midland General - 

Olynnog Fnvr moraine is the end-moraine of the Lr»et Glacia- 

tion in the Irish Lea; alternatively Charlesworth (1029; 

1957) has placet the Last Glaciation limit et the South 

Wales End-moraine, 7hile "*irtz (1953) has flso su/v?eeted 

a limit in the Teifi Baein. i^ecently Bowen (1S'65) has 

suggested that the last major glaciation of "est -'
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occurred before 50,000 years B.P. On the other hand the 

dates from Mullock Bridge and Tre-llys Indicate that the 

last major Irish Sea glaciation occurred more recently 

than has previously been supposed, and extended at least 

as far south as the shores of Milford Haven. It follows 

that neither the Midland General - Clynnog Fawr moraine 

ror the South !?alee End-moraine oan be identified as true 

end-moraines, unlesr- they represent minor re-advances or 

retreat stages during the last overall phase of deglaoiation.

It Is gratifying that this 0 * evidence confirms the 

stratigraphic evider.ee agninst the existence of the Louth 

'Vales End-moraine, and supports the conclusions based upon 

faunal ann lysis tl^at the hummocky gravels in the Fishguard 

area are no younger than gravels with no humroocky topo­ 

graphic expression eighteen miles further south. Simil­ 

arly, the dates confirm the field impression that the shelly 

gravels at Tre-llye and tfullock Bridge are recent deposits!, 

for at the former locality shelly gravels are found -vithin 

4 ft. of the grour.d-surfftce, and at the latter within 3 ft. 

of the surface. If the gravels «»ere not the repreeer.to- 

tives of the lost fflaciotion of .e^brokeshire, decalcif- 

loation would surely have proceeded to a greater depth.

The Tre-llys ard Mullock Bridge dates Indicate tV^nt 

there has been a recent glaciation in est 'Vales; however,
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they do not confirm that thla recent glaciation wae tha 

Eewisland Olaciation, for at neither of the field localities 

in question waa Irish Sea till or local till seen beneath 

the gravels. The strati graphic evider.ce presorted earlier 

in the thesis has suggested strongly that the lewislord 

Glaciation was the last glaciatior of Pembrokeshire; "gain, 

in the earlier part of this chapter it was argued that 

from the point of viev of the derived faunas the Irish 

Cea till of '''eat ^ales is no older than the out^aeh gravels. 

However, it could still be argued that the Dewisland 

Glacietion occurred much enrlier than the placittion 

represented by the shelly grevele, and was perhaps sep­ 

arated from it by a full interglacial stage. Again, it 

could be argued that the so-called "Upper Boulder-clay" of 

North rembrokenhire is the moraine of a later glaciatior.

In order to resolve these problems collections of 

organic material from t*o exposures of Irish ^ea tillvere 

submitted for C 1 * datinr.

2. SaTn-,ilo9 from Irlrh ea till.

Pruidston. (See P.?;? for stratigraphy), ^hell frammerta 

arc difficult to collect in bulk from the Irish Sea till 

exposures of Pembrokeshire as a result of the scarcity of 

fragments and the small size of exposures. However, at 

Lruidston the vhole face of the exposure is accessible,
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after a prolonged search c. 110 gai£. of shell fragments 

were collected from the till face. The fragments were 

generally found lying on the till surface as a result 

of the erosive action of rain-wash. Generally, these 

fragments were email and severely abraded by ice-action, 

and very few complete values .vere included in the test 

spmple. Vhe ea^ple was submitted to Isotopes, Inc., of 

New Jersey, U.C.A., who reported on the age determination as

> 36,300 years B.P. (I - 1687)

Aber-mawr. (See F.12? for strati raphy). A sample of 

wood fragments was collected from the Irish Sea till at 

Aber-mawr North, where the till is accessible at storm- 

beach level. All the vood fragments were dug out of the 

till fnce with a knife or pick, and none were collected 

from the base of the drift-cliff or from weathered 

horizons in the till. It is not considered that any of 

the vood fragments could have been intruded into the till 

face by wave-action; again, it is not possible that any 

of the fragments could be pieces of post-glacial root 

systems. i-'ost of the fragments collected .vere lese than

1. Fragments of vood and peat from the post-glacial 
flubmerged forest at Aber-mawr are occasionally thrown to 
the top of the storm-beach by ^aves. These fragments 
could be confused -vit.h the ancient .vooc fragments from 
the till.
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2" lon,~, and moat were severely abraded by ice-action. 

Many fmoments retained their bro-m colouring, and pieces 

of berk vere often discernible; however, other pieces 

appenred to be very ancient, and bore affinities to lignite. 

Unfortunately the *ood structure of most of the fragments 

was not discernible without the complex procedure of embed­ 

ding in resin end cutting thin sections; however, one 

fragment was identifiable as Pinus. After careful drying 

and pncVipin<r in a polythene bag, the lignite fragments 

were rejected -nd a sample of c. 75 gras. was submitted to 

the Nntlonnl Physical Laboratory for dating, who have given 

the interim dnte: approximately

40,000 years B.P. (N.P.L. - 98) 1

The dote for the Truidston shell sample is a minimum 

date, and is of limited vslue only. It indicntes that the 

mean «ge of the shells in the sample is greater than 36,300 

yeorc E.T'.j it is etill poneible th<--t rone shells in the 

snnple may be younger thon 36,3CC years B.P., gnc it is 

also possible thnt the actual xeon age of the sampled shells

1. The report on this date has rot yet been received, 
but the fiml age deterioration is rot expected to differ 
greatly from the 40,000 years B.P. ..uoted above.
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is similar to that for Mullock Bridge and Tre-llye. 1 

There is no reason to assume that the sample was cont^min- 

ated; laboratory pre-treatment included the breaking up of 

shell fragments and the removal of 15> of the weight by 

leaching before the eample was hydrolyzec). The outer 

parts of the shell (I.e. those most likely to be contam­ 

inated) were not used for the a/?.e determination.

The Aber-mawr date Indicator that pine-trees were 

probably alive at seme locality north of Aber-mnwr In 

the period 45,OCO - 35,000 years B.P. There is no reason 

to assume that this sample was contaminated, for wood is a 

good materi-al for C dating (see Chapter 4 (b)), and the 

wood fragments embedded in the Irish iea till were quite 

free of modern rootlets. As in the shell samples, it is 

possible that the date is a mean date, for even the "fresh" 

wood fragments varied ir state of preservption.

The date of the ^ber-mawr seranle leaves no rioubt th"t 

the Irish ^ea till of Pembrokeshire is the some npe as the 

shelly gravels st Tre-llys nrd frullock Bridge. It soems 

that the Dewislanc Glacintion was indeed responsible

1. Tho equipment at Isotopes inc. cnn determine
back to 35,CCC - 4C,COC years ii.i . only, so that n sample
3fi,CCC yer;rs old °ould be marginal . In the case of the
Druidston sample the count r^te was indist in?uiphnble
from the bockrTound count (d. I'ucek, Isotopes Inc: personal
commuricat ion, 1965) •
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for the deposition of all the coherent glacial drifts 

in Pembrokeehire, and it Is thus established at the Laat 

glaolation of West w«i«s.

Before attempting to reconstruct a tentative chrono­ 

logy for the Pleistocene events in Penbrokeahire, it will 

be worthwhile to look to other areaa for correlation. 

For the tnotnent, little will be gained by analysing current 

ideas on the events of the last glacial stage in Britain, 

since absolute chronology is hampered here by a paucity 

of C 14 dates prior to 10,000 B.P. (West, 1963). In 

Northern Europe, on the other hand, there are many C 

dates for the span of the Wurm/Veichsel glacial stage, 

and on the basis of floral end fauna I studies and these 

absolute dates are apparently reliable chronology has been 

constructed.

3. The Everts of the "'urgi/freichsel Sta.K.e in Northern Europe.

Winy authorities now ajtoar to accept that the Laet 

Interfflacl?! (Eemi^.r.) ended in Northern Europe c. 70,000 

yesrs a 30 (see, for example, j&rdereer et el. 196C; Gross, 

19*8 ar.<? 1964; Zagwijn, 1961), At the close of the inter- 

glacial eea-level was frllin^ after the Eemian transgression, 

an<* 'he rean July t'tnperature in Denmark was c. 15° C (Pig. 

126). In the Hetherlnr.de the warm temperature forest was 

deteriorating to a cool temperate forest (Andersen et al.
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1960).

During the early glaoial phase of the WuraAelohsel 1 

stage the climate fluctuated bet-ween subarctic and cool- 

temrerate, with possible interstadialB at c. 64,000 years 

B.P. (the Amersfoort Interstadial) and c. 59,000 B.P. (the 

Brorup Interstadial). At about 53,000 years B.P. the 

ollnate deteriorated sharply, after which Arctic tundra 

conditions persisted in North-nest £.Urope until 32,000 

years B.P., according to Zagwijn (1961). Van der Hammen 

(1952) has named this ph&se the Pleniglaclal A, which was 

characterised by cold *et conditions and rapid solifluxion 

and cryoturbntion (Fi/?.1 ^). There ere few C dates for

this phase, but in the Netherlands Pry as floral remains 

and peat and gyttja indicate that some vegetal growth was 

possible. Following a short interstadial (the Poudorf 

Interstadial) at about 29,000 years B.f . there occurred 

Fleniglacial phase B, during which the climate was one of 

severe cold and aridity vith vegetal growth apparently 

impossible (Andersen et al, 1960); thie phase lasted from 

nbout 25,000 years B.P. till o. 12,CCO yeere B.P. The 

Late-glnciil phnse, which followed, was one of oscillating

H

1. ;".ert-f*er sirply OP. Ued the vvuraa, for convenience, in 

the sense used by Trust (1'^'5S; 1964).
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climate around 10,000 years B.P., and abort inter- 

stndinle have been named the Selling and AUer/rffi Inter-

In North Gerronry there ie a large degree of agreement 

with thin chronology, and several workers have suggested a 

correlation between the "Early-gin o la 1" period of the 

Netherlandp and an Early tfurra period during which boreal 

to suh-aretic conditlona persisted. Again, there ir 

widespread agreemert that the Early ^um olimete was never
n n

ae severe as th?'t of the Main r.'urm (the Kauptwurn of Groes, 

19 r'P), when the glacial maximum occurred (Pig. 126). Wold- 

stedt (195f-) has saif! thnt the Early '-v'urw ice of th« 

Pennoscrtrdian ice-eheet t ever ext rrted aa far south as it

did in the period 16,0(1 - 18,000 B.F. and Gross haa suggested
M 

that the £arly urn ice may have remained within the bounds

of Scandinavia. Thus the laniglaeisl rhnee B of the 

Nether Lords correlates with the maximum ice-advsrce of the

Wurm; between ?%OOC B.I. ard 17,000 B.P. the oolr* was
n 

probably moro oe-'ere than ct any other stage of the '"urm

(Oraul, 196?).

^, there is sone disagreement concerning the

Middle #urm, vhich is the critical period for the inter­ 

pretation of the Pembrokeshire G * dates. After Zeuner 

(195O Gross (1956 and 1958) hat suggested that a Gottw«igtr
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Interstadipl occurred brtween 44,000 B.P. and 29 f OOO 

B.P., during which the climate varied from eub-erotic 

to fully temperate. On the other hard Zagwl^n (1961) has 

said "it apreere th»t the flats from the fietherlnnds do not 

indicate any really important improvement in climate between 

42.00C and 3?,000 years B.P." (P. 37). The climatic 

curves given by Andersen et al (1960) similarly show no 

amelioration at this time (Pl^.izt) and Wri^zht (1961)

has suggested that much of the evidence on »hioh the
n 

CJott-.teiger Irteretadial is based is open to criticisau
it 

le Vriee (1C''58) has tendered -thether the Gottwetser is
• 

renlly the ejuivalent o^ the Bromp, thlle Bud el (11*3), after
N

Penck,hq3 considered the "rottweiler to be In reality the 

Last Inte-glacial. In 1964 Jronzel undertook pollen 

analyses in tho Pellbrunner soil complex at the t r pe
M

locality of the Go^twai/jer Intsrstadial, and proposed that 

the soil complex is in f«ct nuch older, dating tnck to the 

Eemiftn Interg]acini and the Amersfoort and Brorup intcr- 

stadials. Consequently Gross (1964) has retracted the 

term "Gottweiger", but etill Insists that there was a 

Kiddle Wurci period of fluctuating boreal and sub-arotio 

cliitt-tes between 50,000 B.Jr. and 3C',OCC B.P. (Fig.128).

Thus while there is considerable doubt nbcut the everts
n 

of the Middle 1! urm, there doss seem to be agreement on the
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fluctuations of the greater part of the *i\aru t 
at? fol.owsi

Zone III (Younger Dryaa) o. 10,000 B.P. Cold. 

Aller^d Int retartlql o. 11,OCO-1?,300 B.P. Warmer. 

Main Worm glacial naxl- o. 17,000-25,000 B.P. Glacial

mua (Pleniglaoifll B)

Pnudorf Irt«r*tadiBi c. 29,000 B.P, (Warmer) 

Middle *urra (Pleni- e. 30,000-50,000 B.P.

<?lRCi«l A) (Pluotuatln/? interetadial climate -

Gross.

Cold snd moist - Andersen et al« ) 

Early Worm (K^trly Glacial) c. 50,000 B.P.-70,000 B.P.

(Ool<3 - Boreal to Subarctic) 

including Brorup Intoretadial c. 59/CC B.f).

Amerefccrt Irterstadial c. 64,OCC B.P.

Eemiar Inter^lacial c. 7C,OCC B. . - ? (^arm) 

(after GTOSB, 1958; 1964| Ant^ereer et el 1960; Zagwijn, 

1961, Graul, 1962; ?lint, 1957).

4. A Tentative .Chronology for '-Vest Wales.

While part of the Uuropenn sequence listed above may 

eubeequently be proved unreliable, it may serve as a useful 

basis for the dating of events in V«eet '/ales during the
n

Wurm.
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It ie apparent that nil three of the reliable C 1 * 

dnten for Pembrokeshire fall within the span of the Middle
M ^

Wurn. Furthermore, they apparently support Orois'B 

contention that boreal conditions pereieted for part of 

this period, for the boreal shell epeoies and wood frag­ 

ment e which have been dated indicate that the climate in 

Western Britain during the Middle Worm nuet occasionally 

have beer as warm as durinc Holoeere pollen zonea V end 

VI. Unfortur.fitely, froa the Pembrokeshire dates no 

Indication cnn ynt be gained of the length of time covered 

by this Interetodlal in the Irish See nrea; this question 

way be resolved 7hen C dating can be undertaken on single

nnfl tree epecies which are liV-ely to hnve lired 

only <?uring a specific cLinatic ph^ee. Perhaps "cold" 

speoieB will be noat reliable for fixing tbe end of the 

inters tad ial by C * dating.

Tentatively it may be su^oeted that the Dewioland 

Glacintion was the equivalent in time of the European T.l 

worm Glaciatior- (John, 1965). Against this dating it may 

be argued that the 0 dates for Pembrokeshire are clustered 

about 37,CCC - 40.COC years B.P., arr«rcrtly indicating 

th«»t the Lewis land Glacietion m«y have occurred very shortly

1. Copies of the N.P.L. Reports for Kullock Bridge and Tre- 
lly« samples are Ir.clXided in Appendix XIII.
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after 37,000 years B.I. l'hi& m^y aubee uer.tly prove to 

be the case, but >it the moment it nay be wi*er to assume 
th«t there wae annroxireate synohroneity with other glacinted 
lands, *nd that the last glacintion reached ita peak after 
28,000 B.P. ' This ia aupported by recent C 1 * datos for 
North-east Seotlrnd by Pitzpntrick (1965) and for Cheshire 
by Boulton and 'oreley (I96 r-). At Tiendl^rr-, rear Bl^in, 
a eoil horizon occurs her eat 11 tii'j the upper layers of 
this soil hnve been dated to ?P,140 *J?^ reare 8.F., and 
the evictence is taken by Fitzpatrick to inHicpte that non-
glocial conditions persisted in North-ea^t Scotland during

ii 
the -Vurm until ^fter th^t dnte. Marine mollusc* from
outwaeh gravelp at Sandiwar, Cheshire, h»v« oe^n dated at
28,000 I-jrQQ years B.?., and apparently indicate that the

•I 
only major sleeiation of the 'Vurm In the Irish ben occurred
after that date. On the barLr of the C * dates arallable
at the moment, it seem* nnLively that the De^isl^rd Glaci; 4 - 
tlon occurred b t*e*n ^P,OfO and ?8,000 yeorn B.P.

If the E«e**i»lnnd 01«9cl?tlon if correlated with the 
European Vain 'urT!, J+ 1? receeeery to iwv e some euc"estion 
corcerrin^ the rerierlaclel phaee durirv? -.fhlch the rubble-

1. in l<orth ae r'icn the Jlassicr.l isconsiu &l"ciation 
laeted from c. 28,000 B.I. until c. 1?,OCO B.}., «>lthou.s;h 
there »ere leee extensive glacial etaree between 44.CCC 
ard 34,000 B.P. and between 62,000 ar-d 50,000 B.P. (see 
De Vriee and Dreimanis, 1960; i lint and Brandtner, 1961).
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drifts of Aber-imr, Druidston and alsethero were soli- 

flaoted. Kerrey (1963) hae eho*n that in oouth-East 

England periglacial oonditiona ware suitable during 

Zone III for the solifluxion of 3 »• of chalk sludge. 

It is quite possible that the rubble-drifta and upper 

heads of Pembrokeshire could have formed at this time 

under a moist oceanic periglaciftl olimate. The alight 

weathering horizons in tha post-glaoial heads at i : en Dal- 

aderyn may tentatively be correlated with the Aliened and 

Billing interetadials.

At the base of the Pembrokeshire drift succession it 

appears reasonable to propose that the --oppit Intarglacial 

was the o-iuivalent of the £euian Interglacial, durin/?. .-hioh 

sea-le/dl may h-.ve risen to at leaat 30 ft. u.D. It io 

probable that the clua to the a,^e of thie intorglacial will 

be found in the or^ania silts at 'est An^le, and pollen 

analysis and C dating of the site is urgently required. 

According to the European chronology the intorglacial should 

be dated at greater than 7C,OCC, but it ir by no means 

be/one* the roalns of possibility that the ^eet Ancle 

trarsgression and the *oppit Interglacial may prove to be
N

the e jUivalent in time of the "Middle vurm interstadial". 

The main solifluxion phase in iembrokeshire occurred 

after tfe -^opplt Interglmcial and before the Dewialand
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Olaciation. It therefore appears entirely logioal to 

correlate It with th« B»rlj Wurm of Groee and perhaps with 

part of Van der HanTen'e Pleniglaoial A (Fi«.127). Tht 

climatic fluctuations recorded by the lower heads at Ab«r- 

nawr ara in accord ;;ith fluctuations recorded for the 

Uetherlands at this tiuie, and it is poeeible that the 

weathering horizon at Aber-mawr may correlate with either 

the Brorup or merafoort Interstadials. However, if this 

correlation is correct, »thy are there no treoes of the
H

Middle ' urn» Irteretadiil in the i'oabrokeehire sectiona, 

•then one would ee^ect poasible weathering-horizons above 

the lo.ver hesde at Aber-mav»r? Lid the interstsdial occur 

euch a s' ort tiaio be-fore the Dewialond Glaciation that its 

weathering horizons vera not deeply buried by head, and BO 

were consequently removed by ioe-action? This seems a 

plauoible hypothesie, but it would be un^iee to press 

correlations too far at thie stage, and it may bo best to 

state simply t.hqt the fluctuatinp; pfj^i^lFCl"! climate? of

the Mair :,'olifluxion ph^se in '-est Wr>les possibly occurred
t> 

prior to the T'iddle "'ura Ir.terstadial.

Two mor^ tentative correlations may be w»ce at this 

point. The I'ew Quay Olaciation and the fine -flaky head at 

Aber-mawr apiarertly correlate with one nnoth^r nnd may 

nark the oulmiration of a cold period; the maximum was



TABLE XXVI. A TENTATIVE LATE PLEISTOCENE CHRONOLOGY FOR
WEST WALES. 

Thousands 
of years North
B.P. Europe

Pembrokeshire Events in 
dates terminology West Wales

•

Holocene

Zone III
Aller/4d

Main Wurm 

Glaciation

Paudorf

Middle 

Wtirm

(Pleni- 

glacial A)

Early 

Wiirm

— Brorup ———

H-Amersfoort —

Eemian 
Interglacial

|/ Rise | 
? ?

i ——————— i Aber-mawr 
i —— i Mullock Bridge

1 —— » Tre-llys 
"° ——— 1 Druidston

Solifluxion

Dewisland 

Glaciation

Middle 

ffurm

(Inter- 

stadial?)

Main 

Solifluxion 

Phase

Poppit 
Interglacial

I Early 
I Glaciation 
7

Weathering, 
soil devel­ 
opment etc.

Upper head

Weathering?

Irish Sea 
Glaciation 
from N.W.

Boreal / 

arctic 

climates? 

S e a-level 

low? 

Weathering?

New <4uay Glac.

Main head, 

with at least 

one phase of 

weathering?

Raised "beach. 
Sea-level at 
least 30 ft. 
O.D.

Large glac- 1 
iation from y 
N.E.? ?

5

10

15

20

25

30

35

Uo

50

55

60

65

70

75

80
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followed by a Plight ellaatie amelioration and more 

woist periglnelal oondltiofte. It is teaptin* to suggest 

that the maximum cola recorded 1» Wot Vales was the peak 

of 9 Early *urm periglaclal phase, and that the ameliora­ 

tion marked the onset of the Middle Wurm Interstadial.

A/»aln, It has been argued that the Early Glaclation 

of West Wales «ras *iore powerful than the Dewialand Glaoia- 

tion, and h«a f«r-reachin^ affects upon the Pembrokeshire

In Northern Europe, the Risa/Saale Glaclation 

more erteneiye than the ^urm ('"oldatedt, 1958) f and 

although it covered a shorter time-opar. it appears to hnve 

been tnoro pevero (Pflirbridge, 1962}• It seems logical 

to correlate tho arly Glaciation .vith the Continental 

Rise.

On the beeis of the arguments presented above, a 

tentative sequence of events for -eat ^ales la suf^ested 

in Table XXVI. It «ay -veil be that some of these corre­ 

lations mny be proved unreliablej and indeed, there already 

appear to be eevsrnl inherent contra lotions ^hich can 

only be rsaolved by careful palaeobotanical and C analysis 

of all av9il r ble ?ites. Ilovever, the correlations seem 

r^aeonflble in the li/rht of the evidence available at present, 

and perhcps this tentative sequence of events mnv find some 

uoe as a working hypothesis during future investigations of 

the Pleistocene chronology of w«»t Wales.
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Conclusion 

Some Possible Implications

Stratjgraphic implications

1. i'rom the stratigraphic studies which make up the 

bulk of this thesis, it is suggested that there is no 

tripartite drift subdivision in West "/ales. It is 

possible that in other areas, too, the whole suite of 

drift deposits may date from a single glacietion; it may 

often be found that the sande and gravels do not lie between 

two tiljis related to separate readvances.

2. The South 'ales £nd-moraine does not represent a Ne-^er 

Drift readvance. This may indicate that in other areas, 

too, the southern limits of fresh drift features may not 

represent true glacial limits. The significance of hummocky 

topography needs to be reassessed, and it seems that some 

areas of Britain soath oi the so-called Newer Drift limit 

may have been glaciated during the Last Glociation.

3. The (Jpper Boulder-clay in Pembrokeshire is in fact a 

Bolifluxion deposit which does not represent a local 

gl: cist ion. It is possible that detailed examination of 

Rome of the local tills elsewhere in "estern Britain will 

reveal that they are also solifluxior deposits.
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4. The till deposits of Pembrokeshire, including the 

plastic Irish Sea till, were deposited for the most part 

by dumping in a dead-ice environment. This faot may 

provide some warning against the easy acceptance of 

networks of till fabric diagrams unless it can be proved 

that the preferred orientation of pebbles does represent 

the direction of regional ice-movement, rather than a 

local sludging direction.

5. In West Vales there is convincing evidence for only 

two glacintions. No evidence appears to have come to 

light which indicates that there was a glaciation earlier 

in the Pleistocene than the Early Glaciation, unless 

the Early GIsolation was itself composite in time.

6. The techniques used in this study have been simple, 

but much has been learned about drift characteristics 

which could not have been discerned from field observation 

alone. Perhaps the techniques employed may find some use 

in future studies of complex coastal orift sections. 

Morphological Implications

1. Sea-level movements in H'est 'Vales have been complex, 

and are difficult to equate with the scheme of a high 

regressive Pleistocene sea. Perhaps evidence from else­ 

where in the British Isles will be forthcoming to indicate
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that there were prolonged periods of inierglaclal or 

pre-glacial low sea-level prior to the Early (Jlaciation. 

Also, perhaps more evidence will be found to suggest that 

the cutting of the coastal rock platforms and the 

deposition of the raised beaches of vleetemBritain were 

separated by a full glacial stage.

2. The evidence from Pembrokeshire supports the growing 

body of opinion against extensive pro-glacial lakes and 

overflow channels in Britain during the Pleistocene. As 

is no" suggested for many other *?reas of Britain, the main 

meltwater channels of Pembrokeshire were cut sub-glacially.

It is often thought that ^ho meltweter channels of 

Britain date from the Last Gleciation. There is convincing 

evidence from Pembrokeshire that they may be older, and 

perhaps the discovery of head or interglacial deposits 

beneath tills of the Last Glaciation on the floors of 

channels elsewhere may similarly indicate that-many are 

ancient features, in spite of their apparently fresh 

appearance.
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The implications of the dating of the Dewialand Qlfloiatlon

In the last chapter no attempt was made to discues 

previous suggestions concerning the absolute a/?e of the 

Ipst major glaciation of '"estern Britain; indeed, without 

a personal knowledge of the sites on which these datings 

are based, it would be unwise to attempt a detailed 

discussion. However, as a conclusion to this thesis it 

may be relevant to summarise the datings which differ from 

that in the foregoing pages.

Radio-carbon dates comparable to those for Pembrokeshire 

have been obtained from Fladbury (38,000 - 700 years B.P.) 

and Upton 'Varren (41,900 - 800 years B.P.) in the Midlands 

by Coops, Shotton, and Strachan (1961). A further import­ 

ant date is that for Chelford (57,000 years B.P.) obtained 

by Simpeon and "est (1958). Prom interpretations of the 

floral nnd faunal associations at these sites, and their 

relationships with the Severn terraces and the Midland tills, 

Coope, Shotton and Straohan arrive at the conclusion that 

the Main Irish bea Gl?ciation of the Midlands occurred prior 

to 42,000 years B.P. This ie supported by Bowen (1965) 

for the Main Welsh Glaoiation of South Wales, and by Godwin 

(1960), who has stated "... the strongest advance of the 

British ice during the last glaciation occurred between 

57,000 and 42,000 years ago" (P. 291). Other authors



(«.g. Peake, 1961; Enbleton, 1964; Boulton and Worsley, 

1965) have proposed a much more restricted Main Wflrm 

advance in the Midlands, possibly coinciding with Villa 1 

Welsh Readvance.

In Ireland no OH dates have yet been obtained for 

the Wttrm glacial sta^e, but as noted earlier, Synge, 

Stephens, and Mitchell have separated the Eastern General 

end Midland General glacial phasesby a full interglaoialj 

the Eastern General Glaoiation is dated as Riss, and the 

Midland General as Worm. Interglaoial beds beneath 

Eastern General till or its equivalents ?t Gort, Kllbeg, 

Newt own, and Baggotptown nave been interpreted by ^'atts 

(1959; 1964) and by Jeaser et al (1959) ae Mindel-Riss 

in age, while a plant bed above Irish Sea till at Ardcavan 

has been dated as Hiss-Worm on the basis of pollen analysis 

(Mitchell, 1948). However, in spite of this work it may 

be significant that no inter^lacial beds have been found 

between Eastern General and Midland General tills 

(Ferrington, 1957).
The Pewislar.d till of Pembrokeshire, dated as yourger 

than 38,COG years B.P., Is almost certainly the stratigraphi< 

equivalent of the Eastern General till of Ireland and the 

Freminffton "till of Devon; probably it is also the equiv­ 

alent of the Irish Sea till of the Scilly Isles and the
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Main Irish Sea till of the Midlands (Wills, 1937). There 

BT pears no option but to propose that all the tills of 

the Kair Irieh Sea Glaciation are less than 38,000 years 

old. This dating may be open to many objections and 

will undoubtedly receive criticism, but from the liter­ 

ature there seems to be little evidence to contradict it. 

Indeed, the case for an extensive Main WUrm Glaciation 

has already beer argued forcibly by Penny (1964), end 

while it would be pointless to repeat Mr. Penny's 

arguments, it may be recalled that F-ills was moved to 

admit in 1937 "There is no oonclueive evidence in the 

Midlpnds that the cold conditions of the Welsh Readvance 

were anything but a climatic oscillation in the general 

amelioration thr>t caused the gradual melting of the Irish 

Sea Glacier 11 (P. 94). A^ain, in Ireland Dr. Farrington 

(1957) has noted that the officers of the Geological 

Survey of Ireland saw no reason for separating the two 

major glaciations by an interglacial stage. In other 

words, the Eastern General and Midland General tills, and 

the tills of the Main Irish Sea Glaciation and the ^elsh 

Readvance in the Midlands, may all be of Main WCLrm age. 

It is to be hoped that this suggestion may find confirm­ 

ation in other detailed stratigraphic work and in C14 

dating of other organic deposits from the Midlands, Wales
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and Ireland.

In 1964 "a*. Penny wrote "absolute dates, whatever 
part of the geological column thay refer to,are good 
servante but bad wasters...... their usefulness depends
not only on their inherent accuracy, but also on their 
b~>ing correctly related, by basic field mapping and other 
stratigrar-hical studies, to the sequence of events in 
the area. It is hoped that this thesis has shown that 
the 014 dates for Pembrokeshire are good servants, for 
they confirm the impressions gained from a detailed 
stratigraphic study of a sciall area. The extent to which 
the Pembrokeshire chronology is relevant for the roet of 
V/eeteri'i .Britain muct remain u matter for conjacture, 
but perha o this work may have shown thnt the Pembrokeshire 
drifts hold several valoa'ole cluesto the Late Pleistocene 
chronology of Britain.



REFERENCES

Alimen, M.II. 1958

Alien, A. 1960

Andersen, S.T. I960 
et al

Anderson, R.C. 1955

Anderson, W. 1939

Andersson, J.G.1906

Andrews, J.X. 1963

Annersten, L. 1964

Arber, K.A. I960

Arkell, W.J. 1943

"Iremiers resultats de 1 'etude 
morphometrique de Cailloutie sahariens" 
Rev. Geomorph. Dyn. 9t p.162.

"Seismic refraction investigations of 
the preglacial valley of the River 
Teifi near Cardigan". Geol. Mag. 
97 (4) p.276.

"Climatic change and radiocarbon 
dating in the 7/eichselian Glacial 
of Denmark and the Netherlands." 
Geol. en Mijnb. 39, p.38.

"Pebble lithology of the Marseilles 
till sheet in north-eastern Illinois". 
J. Geol. 63, p.228.

"Possible late-glacial sea-levels 
at 190 and 140 ft. O.D. in the 
British Isles". Geol. Mag. 76, 
p. 317.

"Solifluction, a component of sub- 
aerial denudation". J.Geol. 14,p.91.

"The Cross-valley moraines of North- 
Central Baffin Island: a quantitative 
analysis". Geog. Bull. 20, p.82.

"Interaction between surface cover and 
permafrost". 20th I.G.C. Abstracts 
of Papers, London, p. 134.

"Pleistocene Sea-levels in North 
Devon". Proc. Geol. Aes. Lond. 71, p. 169. ——————————————

"The Pleistocene Deposits at 
Trebetherick Point, North Cornwalli 
their interpretation and correlation". 
Proc. Geol. Ass. Lond. 54,pJ41.



Ault, Y/.U.

1946 "Three Oxfordshire palaeoliths and 
their significance for Pleistocene 
correlation". Proc. Prehlst. Soc. 
11, P.29.

1964 "Radiocarbon dating service"•
Isotopes Inc. Services in Research. 
(unpub.).

Baden-Powell,D.F.W. 
1927

Ball, D.P.

Barrow, G.

1928

1934

1955

I960 

1906

Ba8sin<?nle, R. and 
3arrett,J.H.1957

[Barrett, J.H. and 
Yonge, C.I.:. 1964

Blake, W. Jr. 1961

"The Climatic Equivalence of the 
Heised Beaoh Mollueca". Geol. Mag. 
64, p.432.

"On the Climatic Equivalent of raised 
beach mollusca". Hep. Conan. Pliocene 
and Pleistocene Terraces.I.G.U. 2 (12) p.107.————————

"On the marine gravels at March, 
Cambridgeshire". Geol. Mag. 71, p.193<

"The correlation of the Pliocene and 
Pleistocene marine beds of Britain and 
the Mediterrsnean". Proc. Geol. Ass. Lend. 66 (4) p. 271. ———————————

"Relic-soil on limestone in South 
"ales". Nature, 1B7 (4736) p. 497.

"The Geology of the Isles of Scilly" 
Mem. £Gol. Surv.

"The Dale Fort marine fauna" Proc. 
Bristol Nat. Soo. 29 (3) p.227T~

"Pocket Guide to the Sea-shore". 
London, Colllns.

"Radiocarbon dating of reined beaches 
in Nordaustlandet, Spitsbergen", 
in G.O. Raasch (ed,) Geology of the 
Arctic ; Toronto, 1, p.133.—

1964 "The Glacial History of Bathurst
Island". 20th I.5.C. Abstracts of 
Papers, p.79. '——"



Bonney, T.G. 1903 

Boawell, P.G.H.1916

floulton, G.S. and 
Worsley,P. 1965

Bowen, D.Q, 1964

1965

and 1965
Gregory,K.J.

Boyd, L.A.(ed.)1935

Boye, M. 1960

Broecker, W.S. 1960 
et al.

Brown, E.K. 1960

Brunsden, D. 1963

Bryan, K. 1946

"Ice-work" (2nd Ed.) London, 
Kegan Paul, Trench, Trttber and Co.

"The Petrology of the North Sea 
Drift and Upper Glacial Brickearths 
in East Anglia". Proc. Geol.. Aee. 
Lond. , 27, p.79.

"The Late Weichselian Glaoiation 
in the Cheshire-Shropshire Basin" 
Nature, in press.

In discussion after Jones, O.T. 
"The glacial and post-glacial 
history of the lov/er Teifi valley". 
Proc. Geol. Soc. Lond. 1617 
U963-4J 30th October 1964,p.98.

"Contributions to the geomorphology 
of Central South "Vales". Univ. 
of London Ph.D. Thesis (Unpub.)

"A glacial drainage system near
Fishguerd, Pembrokeshire".
Proc. Geol. Ass. Lond. (in press).

"The Fjord Region of East Greenland". 
American Geog. ^oc. Spec. Pub. 18.

"Morphometrie des galets de quartz 
en Guyane Francaise" Itev. Gebmorph. 
Dyn. 11(1) p.13.

"LVidence for an abrupt change in 
climate close to 11,000 years ago". 
Amer. J. Science, 258, p.429.

"The Relief and Drainage of Wales", 
Cardiff, University of Wales Press.

"The Denudation Chronology of the 
River lart". Trans. I.B.G-. 32, p.49.

"Cryopedology - the study of frozen 
ground and intensive forest-action 
with suggestions on nomenclature". 
Amer. J. Science, 244, p.622.



Bttdel, J.

Bull, A.J.

1959

1960

1942

Burton, B.W. 1952

Cailleux, A. 1945

1947

1955

1962

Callow, W.J. 1962

et al.1963

Cantrill, T.C. 1916 
et a 1.

"Periodiache und epieodische 
Solifluktion im kahmen der 
klimatischen Solifluktionstypen". 
Erdkuncie, 13i p.297.

"Climatic typas of aolifluction - 
comparison of the present so 11- 
fluction on Spitsbergen and that 
of the Pleistocene in Central Europe. 11 
I,G.C. Norden t Abstracts of Papera t 
p. 42.

"Pleistocene Chronology". Proc. 
Jool. Ass. Lor.don. 53? p.1.

"A coc-ribution to the geomorphology 
of Pembrokeshire". University of 
London M.Sc. Thesis (unpub.)

"Distinction des gfletc marius et 
fluviatiles". Bull. tJoc. Geol. 
France. 5 (15), p.375.

"L'indice d'emousse'et definition 
et premiere application". C.R.Somm. 
Ge'o.l. France.

"L'indice d'emoussee des grains d9 
sable et gres." Rev. Geomorph.Dyn. 
p.78.

"Cartes de morphologie periglaciaire 
queternsire en Europe". Blul. 
Pory/;lac. 11, p.129.

"Notes for guidance in the selection 
of material for radiocarbon measure­ 
ment". National Physical Laboratory 
(duplicated sheet - unpublished).

"National Physical Laboratory Radio­ 
carbon Measurements I." 
5, p.34.

"The Geology of the South Wales 
Coalfield", Part XII, "The Country 
around Milford". p.154. Geol. Surv.



Carruthers, R.G. 1939 "On northern glacial drifts: some
peculiarities and their significance.' 
Quart* J. Keol. Soc. Lond. 95 (3)

1947

Charlesworth, J.K. 
1929

p. 239.

"The secret of the glacial drifts". 
Proc. Yorks. Geol. Soo. 27 (2) 
p. 43.

"The South Wales J3nd-moraine" 
Quart. J. aeol. Soo. Lond. 85 (3) 
p. 335.

1957

1963

Codringtori, T. 1898

Cole, G.A.J, and 
Hallissy,T. 19H

Coope, G.R. 19C1 
et al.

Cox, A.H. 1915

et a1.193C*

et el.193Cb

"The Quaternary 
London.

Vol.2.

"Some observations on the Irish 
Pleistocene", Proo« Roy. Irish 
Acad. (B) 62, p.295.

"On some submerged rock-valleys in 
South V/ales, Devon and Cornwall". 
Quart. J. geol. Soc. Lond. 54, p.251.

"Tho Wexford gravels and their 
bearing on interglacial Geology". 
Geol. Maa. 6 (1) p.498.

"A late-Pleistocene fauna and flora
from Upton barren, Worcestershire." 
Phil. Trano. Roy. Soc. B. 244, p.379.

"The Geology of the district between 
Abereiddy and Aber-castle". Quart. 
J. geol. Soc. Lond. 71, p.27TT

"The Geology of the ot. David's 
District, Pembrokeshire." Proc. 
Geol. Asa. Lond. 41, p.241.

"The St. Dcvid'e District —Report." 
Proc. Geol. Ass. Lond 41, p.412.

1930c "Preliminary note on the Geological 
Structure of Pen Caor and otrumble 
Head, Pembrokeshire." Proc. Geol. 
Ass. Lond. 41, p.274.



—————- and 1924 
Thomas, H.H.

Cox, E.P. 192?

Craig, G.Y. 1964

Czeppe, Z. 1964

Czudek, T. 1964

Dovies, G.i,. 1959

Davies, M.P. 1939

Davis, W.M. 1909

Derbyshire,E. 1958

Dewey, H.

1961

1910

"The Volcanic seriae of Trafgarn, 
Hoch, and Amblestone" Quart. J. 
geol. Soc. Lond,, 80, p.520.

"A method of assigning numerical 
and percentage values to the 
degree of rounduess." 
J. Palaeontol. 1, p.179.

"An ecological approach to the 
study of fossil marine invertebrates" 
in Nairn, A.E.M. (ed.). "Problems 
in Palaeoclimatology" p.583.

"Exfoliation in a periglacial 
climate". Geog. Palonica. 2,p.5.

"Periglscial slope development in 
the area of the Bohemian massif 
in I : crt-ern Moravia". Biul.Pery^lac. 
14, p.169.

"Platforms developed in the boulder- 
clay of the coastal oiargine of 
counties V'icklow find 'Vexford." 
Irish Geo/t» 4, p. 107.

"The Land of Britain" Pt.3? f 
Pembrokeshire. Rep. Land Utilisation 
Survey, London.

"Glacial erosion in North .'/ales* 
Quart. J. geol. Soc. Lond. 65» p.281.

"The identificatior. and classification 
of glacial drainage chaiineLB from
aerial photographs." 
40, p.188.

Geogr. Anr.lr.

"Subglaolal col gullies and the 
deglaciation of the North-east 
Chc-viots". Trans. I.E.G. 29,p.31.

"Notes on some igneous rocks from 
North Devon." Proc. Geol. Ass. 
Lond. 21, p.429.



Dines, H.G. 
et al.

Dixon, E.E.L.

Donn, W.L. 
et al.

Donovan,D.T.

Donovan, D.T. 
et al.

Driscoll, E.M,

Dylik, J.

1913 "The raised beach of North Devon". 
Geol. Mag. 10, p.154.

1918 "On the origin of some landforms in Caernarvonshire". Geol. Mag. 
55, p.145.

1948 "South-West England". Brit. Reg. 
Geol.

1940 "The mapping of head deposits". 
Geol. Mag. 77(3) p.198.

1906 "Summary of progress for 1905"• 
Mem. Geol. Survey, p.70.

1907 "Summary of progress for 1906". 
Mem. Gol. Survey, p.63.

1921 "The Geology of the South 'ValesCoalfield". Pt.XIII. The Country around Pembroke and Tenby, p.189. 
Geol. Surv.

1962 "Pleistocene ice volumes and sea- level lowering". J.Geol. 70(2) p.206.
1962 "Sea-levels of the last glaciation" Bull. Geol. Soc. Amer. 73, p.1297.
1961 "Geology of the floor of the Bristol Channel" Nature. 189 (4758) p.51.
1958 "The Denudation Chronology of the Vale of Glamorgan" Trans.I.B.G. 

25, p.45.
1960 "Rhythmically-stratified slope

waste deposits" Biul. Peryfllac. 8, p.31.
1964a "The essentials of the meaning of 

the term 'periglacial' ". Bull. Soc. Sciences et des Lettres de 
Lodz. T5"J 2, p.1.

1964b In discussion on head deposits,I.G.C, Symposium 57a, Exeter, 1964. 
(unpublished)



Elsden.J.V. 1905

Embleton, C. 1964a

Emiliani, C. 

Evans, v/.D.

1964b

1955

1940

1945

1964

Ewlng, M. nnd 1961 
Dorm, W.I.

Fairbridge,R.w.1961

1962

1964

"The igneous rocks occurring 
between St. David's Head and 
Strumble Head." Quart. J. geol. 
3oc. Lond. 61, p.579.
"The planation eurfaces of Arfon 
and adjecent parts of Anglesey: a re-examination of their age and 
origin". Trans. I.B.G. 35, p.17.
"The deglaciation of Arfon and 
Southern Anglesey, and the Origin 
of the Menal Straits". Proc. Geol. 
Ass. Lond. 75 (4) p.407.
"Pleistocene temperatures" 
J. Geol. 63t p.538.
"The Geology of the Prescelly 
Hills and adjoining areas in North Pembrokeshire and Carmarthenshire." 
University of London Ph.D. Thesis 
(unpub.)•
"The Geology of thePrescelly Hills, 
North Pembrokeshire". Quart .J.geol. 
Soc. Lond. 101, p.89.
In discussion after Jones, O.T. 
•The glacial and poet-gl-icial 
history of the Lower Teifi valley." 
Proc.Geol.soc.Lond. 1617 (1963-4) 
30th October, 1964. p.99.
"Pleistocene Climate changes" in 
Raasch, G.O. (ed.) "Geology of the Arctic", Toronto, p.931.
"Eustatic changes in sea-level" 
in Ahrens, L.H. etal. (ed.) 
"Physics find Chemistry of the i^arth" 
Pergamon, Vol. 4, p.99.
"World sea-level and climatic changes" Quaternaria, 6, p.111.

"African ice-age aridity" in Nairn, 
A.E.M. (ed.) "Problems in Palaeo- 
olimetologv", London, p.356.



Farrington,A. 1939

1942

1944

1945

1949

1954

1957

1964
Stephens, N.

Ferguseon,G.J. 1955

"Glacial geology of South-east Ireland". Proc. Geol. Ass. Lond. 50 (3) P.33T
"The Granite drift naar Brittfls". Proo. Roy. Irieh Acad. (B) 47» p. 279.

"The Glacial Drifts of the district arounc Enniekerry, Co. wicklow" Proc. Roy. Irish Acad. (B) 50, p. 133. ————————

"The level of the ocean in glacial 
and late-glacial times" Proc. Roy. Irish Aoad. (B) 50 p.237.
"The glacial drifts of the Leinster Mountains". Journ. Glao« 1, p.220.
"A note on the correlation of the Kerry-Cork Glaoiations with thoseof the rest of Ireland". Geog. 3, p.47.

Irish

"The Ice-age in the Dublin District". Journ. Inst. of Chem. of Ireland. 5, p.23.

"The Pleistocene Geomorphology of Ireland" in Steers, J.A. (edT) "Field btudies in the British Isles", London.

"Radiocarbon dating system". Nucleonics 13 (1), p.18.
Feyling-Hanssen, R.W. "Five radio-carbon datings ofand Olsson, I. 1959 Post-glacial shorelines in CentralSpitsbergen." Norsk Geog. Tidss. 17 (1-4) p.122.—————— —————

FitzPatrick, E.A. 1965 "An interglaciel soil at Tiendland,Morayshire" (letter) Nature, August 7 (In press).
Flett, J.S. and 1912 "Geology of the Lizard and Meneage" Hill, J.B. Mem. Geol. Surv.



Flint, H.P. 1929

1957

and 1961
Brandtner,F,

and 1951
Deevey,E.S.

Fraaer, J.K. 1959

Frenzel, B. 1964

Funnel!, U.K. 1961

Galloway, R.w. 1956a

1956b

1958

Gardiner, M.J. 1964 
and Ryari.P.

Geikie, J. 1894 

George, T.N. 1932

1933

"The Stagnation and disaipation 
of the Last Ice sheet" Geog. Rev* 
19, p.256.

"Glacial and Pleistocene Geology" 
New York, Wiley.

"Clinntio changes since the last 
Interglacial" Amer. J« Science 259 (5), p.321.———————————

"Radiocarbon dating of Late 
Pleistocene events" . Amer.J.Science 
249, p.257.

"Freeze-thaw frequencies and 
mechanical weathering in Canada" 
Arctic 12, p.40.

"Zur Pollenanalyse von Lessen" 
£isz. und Geg. 15, p.5.

"The Palaeogene and Early Pleistocene 
of Norfolk". Trans. Norfolk Norw. 
Nat. Soc. 19, p.340.

"Etudes morphometriques de galets 
dans le Lyngsdal" Rev.Gexomorph. 
Dyn. 7, p.53.

"The structure of moraines in 
Lyn^sdalen, North Norway." Journ. 
Glao. 2, p.730.

"Periglacial Phenomena in Scotland" 
University of Edinburgh Ph.D.Thesis 
(unpub.)

"Soils of County V;exford" National 
Soil Survey of Ireland, Bulletin 
No. 1., Dublin.

"The Great Ice-A^e", London, Stamford.

"The Quaternary Beaches of Go.ver" 
Proc. Geol. Ass. Lond. 43, p.291.

"The Glncial Deposits of Gower" 
Geol. Mag. 70, p.208.



Gillberg, G. 1956

Guessing, J. 1960

God arc', A.

Godwin, H.

Suggate,R.P. 
and Willie.E.H.

and 1959

Godwin-Austen,R.A.C, 
1851

Goskar, K«L. and 
Trueman,A.E.1934

Graul, H.

1938 "Shoreline evolution in the Swansea
district". Froo. Swansea 3ci. and
Field Nat. Soo. 2, p.23.

1942 "The changing sea-level in South 
^alee" in Discussion on Bull, 
"Pleistocene chronology", Proc. 
Geol. Ass. Lond. 53, p.21.

Fflrenlngens i Stockh. Fflrh. 78, 
p.357.

"Isavsmeltingstidene drenering, 
dens forliJp og formdannende 
virkning i Nordre Atuedalen med 
sammenlignende studier fra Nordre 
Gudbrandsdalen." Ad Nov&e, 3.

1961 "L'efficacite de 1'erosion gJLauiaire 
en ecosse du nord." Hev. Ge'bmorph, 
Dyn. 12 (1), p.32.

1960 "Radiocarbon dating and Quaternary 
history in Britain". Proc. Roy. 
Soc. B, 153, p.287

1962 (letter) Nature 195 (4845) p.984.

1958 "Radiocarbon dating of the Eustatic 
Rise in Ocean Level." Nature 181, (1518). ————

"Radiocarbon dating of the Late- 
Glacial Period in Britain" Proc. 
Roy.Soc . B 150, p.199.

"On the superficial accumulations 
of the coasts of the English Channel 
and the changes they indicate" 
Quart. J. geol. Soc. Lond. 7, p. 118.

"The coastal plateaux of South Wales" 
Geol. frag. 71i p.468.

1962 "Die Niederterrassenfelder im
Umkrais von Basel." Eisz. und 
Geg. 13, p. 181. ——————



Green, J.P.N. 1911a "The Geology of the District 
around St. David's, Pembrokeshire." 
Proc. Geol. Ass. Lond, 22 f p.121.

19Hb "Excursion to the St.David'a
District, South '/ales." Proo. 

Geol. Ass. Lond. 22, p.215.
1943

Greenly, E. 1919

Gregory, H.E. 1915

Gregory, K.J. 1962

Gregory, S. 1963

Griffiths, J.C.1939

1940

Groom, G.E. 1956

Gross, II. 1956

1958

"The Age of the raised beaches of 
south Britain". Proc. Geol. Ass. 
Lond. 54, p. 129.
"The Geology of Anglesey". Mem. 
Geol. Surv.

"A note on the shape of pebbles". 
Amer. J. Science 39t p.300.
"The Deglacintion of ^astern 
Eskdale, Yorkshire." Proc. Yorks. 
Geol. Soc. 33(4) p.363.
"Statist ical Met hod s and the 
Geographer", London*

"The Mineralogy of the glacial 
depo^ts of the region between the Rivers Teath and Towy, South '.Vales" 
Proc. Geol. Ass. LondffX4) p.433.
"The glacial deposits west of the 
Taff, South '.Vales" University of 
London Ph. D. Thesis, (unpub.).
"The development of the Dale Valley" uep. Field Studies Council 1S55-56. 
p. 34.

"Das Gflttwelger Interctadial, ein 
zweiter Leithorizont der letzton 
Vereisung". Ejsz. und Geg. 7, p.8?.
"Die bischeigen Ergebnisse von 
C L 4 3ftessungen und palflontologischen Untersuchungen fttr die Gliederung 
und Chronologie dee Jungplei&tozfins in Mitteleuropa und in den 
Naohbargebeiten". Eisz. und Geg. 9.



Hanmen, Van der 1952

1964 "Das Mittelwftrm in Mitteleoropa
und angrensenden Gebeitan" Eisz. und 
Geg. 15, pl87.
"Dating and Correlation of periglacial 
deposits in Middle and Western Surope." 
Geol. en Mijnb. 14, p. 328.
"Genesis and dating of the periglacial
deposits at the eastern fringe of the
Veluve". Geol. en. Mijnb. 14, p. 47.
"Radiocarbon dating up to 70,000 
years by isotopic enrichment." 
Science . 128, p. 472.
"Friction cracks and the direction 
of glacier movement." J. Geol. 
51, ?. 244.

"New techniques for 3-diaenslonal 
Fabric analysis of till and englacial 
debris containing particles from 3 
to 40 mm. in siz«". Jo urn. Geol. 
65, p. 98.

—————— 1957b "A clay-till fabric: ita character
and origin". Journ. C-eol. 65, p. 275.

Hartshorn, J.H.1961 "Evidence for local glacier stagnation

———— and 1952 
MaarleveldjG.C.

Raring, A. 1958 
et al.

Karris, S.E. 1943

Harrison, P.W. 1957a

in .iJ Greenland." U.S. Geol.

Hawkins, A.B. 1962

Hicks, H. 1884

1885

1891

Survey Res. Paper 227.

"The buried channel of the Bristol 
Avon" Geol. Mag. 99, p. 369.
"On the Pre-Cambrian rocks of 
Pembrokeshire, with especial 
reference to the St. Pavid's district." 
Quart. J. geol. fc'oc. Lond. 40, p. 545.
in Bonney, T.G., "On the eo-called 
Diorite of Little Knott (Cumberland), 
with further remarks on the occurrence 
of Picrite in Wales." Quart. J. geol. 
Soo. Lond. 41, p. 518.

"Glacial action in Pembrokeshire" 
Geol. Mag. p. 500.



Hinch, J.de W. 1918

Holmes, C.D. 1941

1952

1960

Holmsen, G. 1963

Hoppe, G. 195C

—————— 1951

—————— 1952

—————— 1953

—————— 1957

—————— 1963

Korberg, L. and 1S55 
Potter, P.E.

Koskins, A.K. 1963

Howard, P.T. and 
Small,£.*. 1896

"The Development and Decay of
the Irieh Sea glacier". Irish Nat.
27, p. 53.

"Till fabric" Bull. Geol. Soc. Amer. 
52, p. 1299.

"Drift dispersion in west-central 
New York" Bull. Geol. Soc. Amer. 
63, p. 993.

"Evolution of till-stone shapes, Cental 
New York". Bull. Geol. Soc. Affer. 

71, p.1645.

"Glacial deposits in South-East 
Norway." Amer. J. Science 261 (9 ), 
p. 680.

"Nagra exompel pa glacifluvial fran 
det inre Norrbotten". Geogr. Annlr. 
32, p. 37.

"Drumlins i Nordflatra Norrbotten" 
Geopr. Annlr. 33 » p. 157.

"Hummocky moraine regions, with 
special reference to the interior of 
Norrbctten." Geogr. Annlr. 34, p.1.

"Nagra iakttagelser vid Island oka 
;j«klar Sommnren 1952". Ymer, 4, p. 241.

"Problems of glacial morphology and 
the ice-age." Gepgr. Annlr. 39» p.1.

sedimentation, with examples 
from Northern Sweden." Geogr. Annlr. 
45, F»41. ——

"Str,?tigraphio and sedimentologic 
aspects of the Lemont drift of North- 
Eaet Illinois." Illinois St. Geol. 
Surv. .Rep, of Invest ift.

"Block terraces in the Neny PJcrd 
area, Warguerite Bay, Graham Land." 
Brit. Ant. Surv. Bull. 1, p. 45.

"Geological notes on Skomer Island." 
Cardiff Nat. Soc. Trans. 28.



Hu/rhee, T. 
McZenny,

Ivec, J.D.

Jabn, A.

Jehu, T.J.

Jena<=»n, Ad. 

Johr, E.S.

1885

1887

1960

1960

1964

1904

1909

1905

1964

1965 

*nd 1962

Jobnson.F. 1955

"Notes on the Geology of the Vale 
of Clwyd." Proc. Chester Soc. of 
Rat, Soi. and Lit.3* P«5.

"On the drifts of the Vale of Clwyd." 
Quart. J. geol. Soc. Lond. 43t p.73.

"Glaciation and deglaciation of the 
Helluva Lake area, Central Labrador - 
Ungava." Geog. Bull. 15 f p.46.

"Quantitative analysis of some of 
the perifrlacial processes." I.G.U. 
Norden, Abstracts of Papers, p.134.

"Experimental attempts to explain 
perigl&cial soil structure." 20th 
I.G.C. London (unpubj.

"The Glficial Deposits of Northern 
Pembrokeshire." Trans. Hoy. Soc. 
Edin. 41 (1) p.53.

*The Glacial Deposits of .vestern 
Caernarvonshire." Irans. Roy. 
Soc. Edin. 47» p.17.

"On the mollusoa of Eaet Greenland - 
Part I." Meddr. Gr/nland. 29,p.266.

"A description and explanation of 
glacial till in 16C3 - George Owen 
(1552-1613)." Early Discoverers, 
No. XXI. Journ. Glac. 5(39) p.369.

"A possible Main WtLnn Glaciotion in 
7/est Pembrokeshire" Nature. 
August 7 (in prees).

"The Morphology of Kaldalon, a 
recently deglaciateci valley in Iceland, 
Geofy. Annlr. 44(3-4 ),p.347.

"Reflections upon the significance 
of radiocarbon dates", in Libby, W.P. 
"Radiocarbon Dating", p.141.



Jones, M. 1946

Jones, O.T. 1911

Jones, R.O.

Jope, M.

Joy i J.

Karlstron,

Keeping, v.

1912

1930

1942

1951 

196?

1931

1960

1963

1832

"The Development of the Teifi 
Drainage System" University of Wales 
M.Sc.Thesis (unpuo.).

"The Physical Features and geology
of Central Wales." Abervstwyth and Diet.
Nat. Union of Taachers Souvenir, p. 25.

"The Geology of Central Wales". 
Quart. J. £eo1. Soo. Lond, 68, p.339.

"Some episodes in the geological 
history of the Bristol Channel region." 
Eep. Brit. Assoo. 1930.

"The Buried channel of the Tawe valley 
near Yuystawe, Glamorgan." Quart. J. 
geol. Soc. Lond. 98, p.61.

"The Drainage Systems of Wales." 
Quart. J. geol. Soc. Lond. 107» p.201.

"The Glacial and post-glacial history 
of the lower Teifi valley." Quart. 
J. geol. Soc. Lond. (in pressrj

"Notes on a 'terrace 1 in the boulder- 
clay in the Swansea Valley". Proc. 
Swansea Sci. ?nd Field Kat» Soc.. 1, 
p. 145.

in Stei-liens, W. snd Collins, A.E.P. 
"The Quaternary Deposits at fiingneill 
Quay and Ardmillan, Co. Down" Proc. 
Roy. Irish Acad. 61(c) p.65.

"Glnciol Drainage Peatures in North 
Pembrokeshira." University of 
Southamton, undergraduate diosertotion 
(unpub.)

"Improved equipment and techniques for 
orientation studies of L-^rge particles 
in sediments." J. Geol. , 60, p.489.

"The Glacial Geology of Central '/ales." 
Geol. Kyg. 19, p.251.



KendPll, P.P. 1902

Kerney, M.P. 1963

Kidson, C. 1962

1964

King, 7/.B.R. 1955

Klute, F. 1951

Krumbein,W.C. 1936

1939

1941

—————— and 1938 
PettiJohn,F.J.

Kuenen, P. 1958

Kulp, J.L. 1961

1963

"A system of Glpcier Lakes in the 
Cleveland Hills" Quart. J. geol. 
Soc. Lond. 58, p.4Tn

"Late-glacial deposits on the Chalk 
South-East England." Phil. Trans. 
Roy. Soo. B. 246, p.20~Ti

"The Tenudation Chronology of the 
Hiver Exe." Trans. I.B.C. 31, p.43.

"The Physiographic involution of the 
Severn Estuary" 4th Int. Harbour 
Conference. Antwerp*

"The Pleistocene Epoch in England." 
Quart. J« geol. Soo. Lond. 111, p.187.

"Das Klima Europas wflhrend das 
Maximums der TVeichsel-TVttrm Eiszeit und 
die Anderungen bis zur Jetztseit." 
Erdkunde, 5, p.273.

"The use of quartlle measures in 
describing and comparing sediments." 
Amer. J.Science. 37, p.98.

"Preferred orientation of pebbles in 
sedimentary deposits". J.Geol. 47, 
p.673.

"Measurement and geological significance 
of shape and roundness of sedimentary 
particles." Journ. Sed. Petrol. 11, 
p. 64.

"ilanual of Sedimentary Petrography". 
NG-V York.

"Some experiments on fluvintile 
romading" Kon. ftederl. Ak. \"et. Proc. 
B. 61, p.47.

"Geologic time-scale" Science, 
133, p. 1105. —————

"Present status of Geochronometry". 
Isotopes Inc.. Nov. 1963, Vol.1, No.1.



Lamnr, J.E. 192?

Lamplugh,G.W. 1906

Leach, A.L. 1911

1933

1934

Leopold, L.3., 1964 
Wolman, M.G. and 
Miller, J.P.

Lewis, Carvill 1903

Libby, W.P.

Lieet/1, 0. 

Linton.D.L;

Lundqui6t,G,

1955

1961

1955

1955

1964

1932

"Geology and Economic resources 
of the St. Peter sandstone of 
Illinois." 111. Geol. Surv. Bull. 
53, p.148.

"British drifts and the Interglaciai 
problem" Rep. Brit. Aeaoo. p.13.

"On tho relation of the glacial drift 
to the raised beach near Porth Clais, 
St. David's" Geol. Mag. 8, p.462.

"The Geology and Scenery of Tenby 
and the South Pembrokeshire coast." 
Proc. Geol. Ass. Lond. 44, p.187.

"The Geology and Archaeology of the 
Isle of Caldey" Proc» Geol. Ass. 
Lond. 45, p.189.

"Fluvial processes in Geomorphology" 
San Francisco.

in Bonney, "The Glacial Geology of 
Great Britain and Ireland." pp. 42 
and 83.

"Radiocarbon Dating." 2nd Ed. 
Chicago .

"Radiocarbon Dating" Science, 133, 
p. 621.

"Glacier-darraed lakes in Norway* 
iNorsk. Geog. Tidss. 15, p.122.

"The Problem of Tors" Geog. Journ. 
121, p.470.

"Aspects of the Pleistocene history 
of North Mayo" Irish Geog. 5, p.42.
"Jordla^ren" in L'agnusson, U.K. and 
Lundquist, "Kertbladet nya Kopp^rberget" 

Sv. Geol. Under. (Aa) 175, p.46.



1933

1948

1949

MacClintock, P.1959

MacDonild, Hope
1961

Madsen, 7. 1928 
et al.

Magerud, J,

Manlay, G.

1963

1953

Mannerfolt, C.M.
1945

Martin, S. 1955

Matisto, A. 1961

Matley, C.A. 1936

"Jordlagren" in Jtagnuseon, W.H. and 
Lundquict, "Eartbladot Grangeaberg" 
Sv. ffcol. Under, (Aa) 177, p,65.

"Blockens orientering i olika 
jordarter". Sy. Geol. Under. (C) 
497, p.1.

"The orientation of the block material 
in certain species of flow earth." 
Geogr. Annlr. 31, p. 335.

"A till fabric rack" Journ. Geol. 
67, p.709.

"Some erratics from the Telfi 
estuary, Western Cardiganshire." 
Geol. Mag. 98, p.81.

"Summary of the peolo^y of Denmark". 
Danm. Geol, (Jrder. 5(4),

"leavsneltningen i or, omkring midtre 
Gudbrand8dal" Norges Geol. Under. 
223, F.223.

"Range of variation of the British 
cliniato" Geog. Journ, 117, p«43»

"Climatic Variation" Quart. J. 
Roy. Met. Soc, 79, r«»cTI

"Nagra glacialmorphologiska 
formelement." Qeogr. Annlr, 27,p.1.

"Raised beaches -jnd their relation to 
glacial drifts on the east coast of 
Inland" Irish Geog. 1(2), p.87.

"On the relation between tne stonee 
of the eekers and the local bedrock 
in the area Worth-west of Tampere, 
South-v/eat Finland." Comm. Geol. de Fin. Bull. 193, ————————

"A 50-foot coastal terrace and other 
late-glftoial phenomena in the Lleyn 
Peninsula." Proc. Geol. Ase, Lond. 47, p.221. ————————————————



Maw, 0. 1664

McCarm, S.B. 1964

MoFarlane, P.8.1955

McMiiian, H.F. 1964

McQuillan.H. 1956

Miller, A.A. 1937

Milthers, V. 1909

Mitchell,G.F. 1948

1957

1960

1962

Movius.K.L. 1942 

Kurchieon.R. 1839

"On a supposed deposit of boulder-clay 
in Forth Devon" Quart. J. geol. SQC. 
Lond. 20, p.445.
"Raised beaches of North-east I8lay
and Western Jura, Argyll." Trane.I.B.g.
35, p.1.

"Survey of two drowned river valleys in 
Devon". Geol. Kag. 92, p.419.
"The Mollusoa of the Wexford Gravel* 
(Pleistocene), South-East Ireland" 
Proo. Roy. Irish Aoad. B, 63, No.15.
"The Geology and Structure of St. Bride's 
Bay, Pembrokeshire" University of 
Nottingham, Ph.D. Thesis (unpub.)
"The 600-foot platform in Carmarthenshire 
and Pembrokeshire". Qeog. Journ. 90, 
p. 148.
"Scandinavian *• dicotor-boulders in the 
Quaternary depc^itst extension nnd 
dlstrlbi* ion". Panm. Geol. Under. 
2 (23).
"Tno interglaoial deposits in South- 
iaet Ireland". Proc. Roy. Irish Acad. 
(B) 52 (1), p.1.
"The Pleistocene Kpoch", in Meenan, J, 
and -vebb, L.A. (eds.) "A View of Ireland", 
Dublin.
"The Pleistocene History of the Irish 
bea" Adv. ocience. 68, p.313.
"Summer Field Meeting in ''Vales and Ireland" 
Proc. Geol. Ase« Lond. 73, p»197.
"The Irish Stone Age" Cambridge, 
"The oilurian System" London.



Myara, J.

Reaveraon, B, 1955

Nicholaa, T.O. 1933

Horria, 0.

North, F.J. 1929

Ockelmann,

Oeachger, R. 1963

Okko, V.

1950 "Note on tha age of tha rooke on tha
fiaet side of Newport Bay, Pembrokeshire." 
Oeol. Mag. 87, p.

"Utr*ti*raphioal Palatontolofar", 
Oxford.

"The Age of tha Ford Beds of Pembroke- 
ehire" Gaol* Mag« 70, p.383.

1962 "Some glacial •''epoeits ard their
relation to tha Hippopotamus-bearing 
bede at Barrington, Cambridgeshire." 
Qeol. Mag.. 99(?) p.97.

"Tha Erolution of tha Bristol Channel", 
Cardiff.

1958 "The Zoology of Eaat Greenland - onrina 
Ltt»alibranohiata". Maddr. Or^nl"nd> 
122 (4).

"Low-level counting methoda" Rgdio- 
BCtlve I/'atlngt p.13. Int. Atomic 
Energy Agenoy, Vienna.

:j55 "Olnoifll Drift in Iceland". Bull, Comm. 
Gaol. Fin. 170, p.1.

Oleon, E.A. and 1958 
Broacker,w,s.

Olsaon,! and 1961 
Blnka, ».(Jr.)

Orma, A.H.

"Sample contamination and reliability 
of Radiocarbon dataa." Trane. N.Y. 
ACfld. Sol. 20, p.593.

"Problems of radlooarbon dating of 
rnieed benches, based on axperlance In 
Spitsbergen". Norak. Geog, Tidea. 
18 (1-2) p.1.

1960 "Tha Raiaed BaaoheB and strandlinea of
South Deron". Field btudiee* 1(3)p.109,

1962 "Abandoned end composite sea-cliffa
in Britain and Ireland". Irish Geog. 
4(4) p.279.

1964a "Flanation eurfacea in the Drum Hilla, 
County Waterford, and their wider 
implicationa." Irish Geog. 5(1), p.48.



Owen, 0. 1599 

Owen, 0. 1603

Pater eon, T.T. 1940 

Peake, D.S. 1961

Pecsi, V. 

Peel, R.P.

Poltier, L.C. 1950

Pengelly, w. 1867

Penny, L.P. 1964

Tentlend, A. 1927

1964b "The South Hams and Southern
Dartmoor." in Brunaden et al 
"Denudation chronology of parte 
of South-western jSnglend" Field 
Studies 2(1) p.115.

"Treetiee on ola.v marl" (unpub.)

"The Description of Penbrokehire.", 
in Owen, H. (ed.)t 189?, 
Cytnmrodorion Record Series (1), 
London.

"The effects of froet notion *nd 
eolifluxion around Baffin Bay and 
in the Cambridge Diotrict." 
Quart* J. geol. Soc. Lond. 96, p.99.

"Glacial charge* in the Alyn Rfcer 
erstem and their significance in the 
Glnciology of the Rorth velah Border. 1 
Quprt» J» geol. 3oo. Lond. 117ip.335.

1964 "Chronologic- 1 problema of the
patterned aoj-is of Hungary" Biul. 
Peryglao. 14, p.279.

1949 "A etudy of two Northumbrian epill-
ways' Trane. I.B.G. 15, p.73.

"The Geographic cycle in periglacial 
regions" Ann. Ass. Amer. Geog. 40, 
p.214.

"The raised beaches in Barnataple Bay, 
North Devon". Trane. Eevon /re. 2, 
p.43.

"A review of the Last Glsoiation in 
Great Britain". Proc. Yorke. Geol. Soo. 34(4) p.387"————————————

"A method of meaauring th« arpulnrity 
of sand a". Roy, boo, Canada. ITOO. and 
Tror.e. (3), 21, p.93.

Pettijohn, J. 1949 "Sedimentary Rooks", Hew York.



Pewe", T.L. 1964

Plumley, v/.j. 1948

Portmann, J.P. 1960

Preetwich, J. 1892

Price, H.J. 1964

Prir-rle, J. ^nd 1948 
George, T.B.

Ramsay, A.C. 1846

Rapp, A. 1960

Reed, Cowper, 1895

Reichelt, G. 1961

fleid, Clement, 1890

Richtor, K. 1936

Rudberg, S. 1958

"Palaeoclimatic significance of 
fossil ice-wedges". (unpub.).

"Black Hill terraces. A study in 
sedimentary transport". Jo urn. 
Geol. 56, p.526.

"The rocks embedded in glaciers". 
Geog. Helv. 15(1)» p.1«

"The raised beaches and 'head 1 or 
rubble-drift of the South of England". 
Quart. J. geol. Soc. Lond. 48, p.263*

"Land-forms produced by the wastage 
of the Casement Glacier, South- 
Bast Alaska." Rep. 9, Inst. of 
Polar Studies (Ohio St. Univ.)

"South ''ales" British Regional Geol.

"On the denudation chronology of 
South "ales". Hem. Oeol. SUTY. 1, 
p. 297.

"Talus slopes and mountain "alls at 
Templefjorder, Spitsbergen." 
Norsk Polarinst.'Skrifter. 119.

"The Geology of the Country around 
Fish.-jurrd, Pembrokeshire". Quart. 
J. geol. Soc. Lond. 511 p. 149.

"On the field study of the shape and 
decree of rcundnese of gravel particles* 
Pet. Geog. Mitt. 105, p.15.

"Pliocene deposits of Great Britain" 
L--C3. Geol.Sf.rv.

"Gefflseetudien im Engebrae, Fondalebrae, 
und ihren Vorlandee^imenten" Zeitsch. 
f. Gletech. 24, p.22.

"Some observations concerning mass 
movement on slopes iu Sweden" 
Geol. rarer. Stock. Fflrh. 53.



1962

Sawicki, L. 1912

Schou, A. 1949 

Simpson,I.M. 1960

Sissons, J.B. 1960

1964

Smith, B. ,?nd 1948 
George, T.A.

Soil Mechanics Ltd. 
1958

SolLid, J.L. Vj6i

1964

Soons, J.tl. 196C 

SpArck, R. 1933

"A report on some field observations 
concerning periglaoial Keomorphology 
and niasa movement on slopes in 
Sweden" Biul. Peryplac. 11, p.311«

"Die EinebnungsfIflchen in Wales and 
Itevon" O.K. des Seances boc. So. 
de Vareovie (V) 2, p.123*
"Atlas of Denmark" Vol.1. Copenhagen.
"litone-counts in the Pleistocene of 
the ivianchester area". Proc. Yorks* 
Geol. Soo. 32, p.379.

"Some aspects of glacial drainage 
channels in Britain" (Part I) 
Scot. Geog. Mag. 76 (3) p.131. 
(Part II) Soot. Geog. Mag. 77 (1), 
p. 15.

"The Glacial Period" Ch.fi in
'Vatson, J.W. and Siseons, "The British
Isles", London.
"North '?ales". Brit. Reg. Geol.

"Site investigation for proposed 
River Pau Cloddau Barrage". 
Hep. No. 2665/1.

"Terrengformee danna under nedsmeltinga" 
pgR. Oelo Univ. (Utrykt).

Innga
hovedvasskillet mellom Hjerkinn og 
Kvikneskogen" Norsk Geog. Tidae. 
19, p. 51.

"Glacinl retreat stages in Kinross- 
shire." Scot. Geog. Hag. 76, p. 46.

"Contributions to the Animal ecology 
of the Franz Josef Fjord and adjacent 
East Greenland waters I-II" 
Kcddr. Cr/qlcnd. 100(1).

Sparks, B.W. 1960 "Geomorphology" London.



1961

Stamp, L.D. 1961 
(ed.)

Starkel, L. 1960

Steers, J.A. 1946

"The ecological interpretation of 
Quaternary non-marine mollusca" 
Proo. Linn. Soo. Lend. 172» p.71.

"A Glossary of Geographical Terms 11 . 
London.

"Periglacial covers in the Beskid 
Wyspowy". Biul. Peryglac. 8 t p.155.

"The coastline of England and Wales"
C.U.P.

Stephens,!*. 1957

(ed.) 1964 "Field Studies in the British Isles". 
London.

"Some observations on the 'inter- 
glacial 1 platform and the early post­ 
glacial raised beaoh on the east 
coast of Ireland. Proo. Roy. Irish 
Acad. B 58(6) p.

1961

1963

1964

and 1958
Synge, P.M.

Stevens, L,A. 1959

Strahan.A. 19C7

et al.19H

"Pleistocene events in North Devon" 
Proc. Geol. Ass. Lond. 72(4) p.469.

"Late-glacial sea-levels in North­ 
east Ireland" Irish Geog. 4,p.345«

"Some Pleistocene deposits in North 
Levon" (unpub.)
"A Quaternary succession p.t Sutton, 
County Dublin". Proc. Roy. Irish 
Acad. B. 59(2), p.19.

"The Interglacial of the Nar Valley, 
Norfolk." Quart. J. geol. Soc. Lond. 
115, p.291.

"The Geology of the South Wales Coal­ 
field" Part H, "West Gowes and the 
Country around Pembrey". Geol. 6urv.

"The Geology of the South Wales Coal­ 
field" Part XI "The Country around 
Haverfordwest". Geol. Surv.



Str/rfm, K. 1956

Stuart, A. 1924

Sugden, D.£. 1965

end 1965
John, B.S.

Symonds, W.S. 1872 

Synge, F.M. 1961

1963

1964a

1964b

and 1960
Stephens,N.

Taylor.C.W. 1956

Te Punga,M.T. 1957

Tester,A.C. 1931

"Tht Disappearance of the laet 
Ice-eheet from Central Norway". 
Journ. Glac. 2, p.747.

"Petrology of Dune Sand8 of South 
Wales" Proo. Geol. ABB. Lond. 35» 
p. 316.

"Aspects of the Glaciation of the 
Cairngorm Mountains" University of 
Oxford, D. Phil. Thesis (unpub.)

"The Raised marine Features of 
Kjove Lane, East Greenland"• 
Geog. Journ* 131» p.235.

"Records of the Rocks" London.

"Drifts in West Wales". Welsh 
Soils Dieo. Proup. Rep.2, 
Aberystwyth (unpub.)

"A correlation between the drifts of 
South-East Ireland and those of 
Wales". Irish Geog. 4(5) p.360.

"The Glacial succession in West 
Caernarvonshire" Proc. Geol. Aee. 
Lond. 75(4), p.431.

"Some problems concerned with the 
glacial succession in South-East 
Ireland" Irish Geog. 5 f p.73.

"The Quaternary Period in Ireland - 
an assessment, 1960". Irish Geog. 
4, p.121.

"Erratics of the Saunton and 
Premington areas". Rep. Devon Aee. 
Adv. Soi. 88, p.52.

"i'eriglaoiation in Southern England" 
in "Geomorphological and Geophysical 
Studies presented to Professor Hoi". 
Amsterdam.

"The measurement of the shape of 
rook particles". Journ. Sed. Petrol. 
1, p.3.



Thomas,G.E. 1955 
ar<d Thomas,T.M.

Thomas, H.H. 1912 
and Jones ,O.T.

Tborarinsson,8.1939 

Thoraor., G. 1933

Tlfldemar,R.r. 1900

Tricart, J. 19% 

1959

195C
Schaeffer,R.

T.

Tro-vbrid^re,A.C.

"Volcanic rocks of the area 
between Fishguard and Strumble Head, 
Pembrokeshire." Quart. J. geol. 
3oc. Lond. 122.

"The Pre-C%mbrian and Cambrian 
rocks of Brandy, Hayscastle, nnd 
Brin;aston M quart. J. geol. Soc. 
Lond. 67 •

"Ice-dammed lakes of Iceland". 
Geogr. Annls. 21, p. 216.

"Investigations on shallow-water 
animal communities in the Franz 
Josef Fjord (East Greenland) and 
adjacent waters." Keddr. 
100 (?).

"On -the age of the raised beaoh of 
Southern Britain as seen in Gower". 
Geol. I'sg. 7, p. 441.

"Etude experiraentale du probleme
de la gelivation" Biul. Peryglac. 4.

"L'stude compare'e de la composition 
dee alluvions fluviotiles et de la 
nature theologique (eic)^du bgesin 
raoyen d 'analyse dee syptemes 
d'arosion". Her. Geomorph. Dyn. 
1C (1-2) p. 2.

"L'irdics d 'emouepeedes 5elets, 
moyen d 1 etude des systems d'e'roeion." 
Hev. Geomorrh. Dyn. 1 .

"IsavsraeltninTen i omrotdet rundt 
nordanden av Femunden" Morsk Geog. 
Tides. 19 (5-6) p. 229.

"Correlation of oil sande by
Mortirnore,!.'..£. 1S25 sedimentary analysis" Econ. Geol.20, p.409. ———————

Vinher,S.S. 1945 "Climatic maps of geologic interest' 
Bull. Seel. £oc. Axer. 56, p.713.



Vries, HI. de 1958

and 1953
Barendsen,G.W.

and 1960
Dreimanis,A.

Wadell, H.

Ward, T v.H.

1936

1952

1964

Watson,J.w. and 1964 
Siseonc ,J.B.(e<*s.)

Watts, r/ .A. 1959

i'.'entworth,C.K. 1919

"Radiocarbon dates for Upper Eem 
end Wflrm-interatadial samples". 
Bigg, und Peg. 9» p.10.
"A new technique for radiocarbon 
dating by a proportional counter filled 
with carbon dioxide." fhysica. 
19, p.987.
"Finite radiocarbon dates of the Port 
Talbot Interstadial deposits in South 
Ontario". Science, 131, p.1738.
"Volume, shape and rouridness of rook 
particles" Journ. Geol. 40(5) p.443.
^Volume, shape and shape position of 
rock frsgraonts in openwork gravel" 
Geogr. Annlr. 18, p.74.
"The Glaciological studies of the 
Baffin Island Expedition, 1950, 
Part II". Journ.Glaciol. 2(11), 
p.2?.

"Stone orient it ion at T!orfa Eychan" 
(unpub.)

"The British Isles" London.

1922a

1Q22c

"The interglacial deposits at Kilbeg 
and Wevrtown, County Waterford". 
Proc. Roy. Irish Acad. B, 60, p.79.
"A ].?borr»tory and field study of
cobble abrasion". Journ. Geol. 27,p.507.
"A method for ireaeuring and plotting 
the shapes of pebbles." U.S.Geol.Surv. 
Bull. 70c, p.91.

"The shapes of beach pebbles"
U.S. Seol.Surv. Prof. Paper. 131-C,p.75.

"A scale of graue and class terms for 
clastic sediments" Journ. Geol. 30, p.377. ————————



•————— 1927 

'Vest, R.Q. 1955

1963

and 1956
Donner, J.J.

Whittow, J.fl. 1960

.K.E. 1927

v/illiama, P.J. 1960

Williams, T.G. 1934

Wills, L.J. 1937 

—————— 1938

v/iman, S. 1963

"The pccurecy cf mechanical analysis" 
Amer» Journ. Science, 13i p.399.

"The Glaciatione and Intorglaoials 
of CastAnglia; a summary and 
discussion of recent research 11 . 
Cuaternaria 2, p.45.

"Problems of the British Quaternary" 
Proo« Geol. Ass. Lond. 74 (2), p.147.

"The fileciations of East Anglia and 
the £aet Midlands! a differentiation 
bnoed on stone orientation measure­ 
ments of the tills" Quart* J.geol. 
Soc. Lond.. 112, p.69.

"Some comments on the raised beach 
platform of South-west Caernarvon­ 
shire". Proc. Geol* Ass. Lond. 711 
p.31.

"The Glacial drifts of Western 
Cardiganshire". Geol. Mag., 64, p.2C5. ———————

"The Distribution of certain frozen- 
ground phenomena in relation to 
climate" I.G.C. Woroen, 
Abstracts of Papers, p.313.

"The Pre-Cambrlan and Lower Palaeo­ 
zoic roc^s of the easter i end of the 
St David's Pre-Cambrian area, 
Pembroke a hire" Quart. J. ^eo 1. 
Soc. Lond. 90, p.32.

"The Pleistocene History of the 
'Vest If.io lands" Rep. Brit. Aeeoc. 
71, p.71

"Tho Pleistocene Development of the 
bevern from Brid^north to the sea". 
Quart. J. peol. aoc. Lond. 94, p. 161.

"A preliminary study of experimental 
frost -eqtherin?". Geogr. .Annlr. 45 (2-3) p. 113. ——————————



Winck*orth,R. 1932-
34

Wirtz, D. 1953

Wolrstedt, P. 1958 

Wood, A. 1959

Wood, S.T. 1882

Wooldridge,S.'V.1950

bright, H.E. 1957

1961

Wright,'?.!. 1914

"The British Marine Mollusca". 
Jo urn. Conch* 19, p.211, p. 334. 

20, p. 9, p. 51.

"Zur Stratigraphie dee Pleistozflns 
im Weetan der Britieohen Ineeln". 
Neuee Jb. Gecl. 96, p. 267.

"Das Eiezeitalt«r. M Stuttgart.

"The eroeional history of the cliffs 
around Aberystwyth." Liv. Manch. 
Geol. Journ. 2(2) p.27TI

and 1904,
l.:uff,H.B.

Zagwijn, "'.H. 1961

Zeuner, F.E. 1954

"The Pliocene Period in England." 
Quart. J. gaol. 8oc. lond. 94, p«667.

"The Upland Plains of Britain". 
Adv. Science* 7, p. 162.

"Stone orientation in adena ^ruralin- 
field, Liinnesota" Geo^r. Annlr. 39, 
p. 19.

"Late Pleistocene Clim;*te of Europe » 
a review". Bull. Geol. Soc . A&ar. 72, p. 933. ————————————————

"The Quaternary Ioe-A'-*e" (1st Ed.) 
(2nd Ed. 1937). London.

"The Pre-glacial raised beach of the 
eouth coast of Ireland". Proc. Roy. 
Dub.Goc. 10, p. 250.

"Vegetation, Climate, and Radiocarbon 
datlngs in the Lpte i'leistocene of 
the K ether land G." Meded. Geol. Sticht. 14, p. 15. —————————

"Rise or Worm?" Eisz. and Geg. 4-5, 
p. 98.

1959 "The Pleistocene Period" London.



ADDENDA

Biidel, J. 1953 "i)ie "periglazial 1'- morphologieche

irkungen dee Uiezeitklimas auf der 

gan*en Jirde' 1 Krdkundc 7, i'» 21*9 
Jessen, K., Andex-sen, S.T. ana ^arrington, A.

1S39 'The intcrglacial deposit near Gort, 

Co. Galway, Ireland', xroc. Uoy. 

Irish Acad. B , 60, v.1. 

Kendall, iJ .F. and £>ell, R.O.

1886 "On the Pliocene toedc of St. iirth", 
jquart. J. gcol... o.oc. Long. l±?. t P.20I 

Gi.ipson, I..'., and .est, R.G.

1958 "On the stratigraphy anc", xalaeo-
botany of a Latc-i leistocene organ­ 

ic deposit at Ghelford, Cheshire ' 

lew rhytol. 57, P. ?39

atts, .A. 196'^ 'Interglacial -rleposits at ^aggotstcvvn,

near Bruff, Go. ^imerick' .roc. Roy. 
Irish Aead. B, 63, i'. 167


