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 INTRODUCTION,

iR

. This thesis has been written to:

" summanrize the results of three.year's research, It is a -

. detailed study of many aspects of the morphology of a single
* river system, in a part of Britain which is remote from those.

" areas exhaustively studied by three generaticns of

"7 geomorphologists.  Consequently, the evolutionary record :

~ " appears, at present, to be most incomplete, Vhen

. correlation with adjoining areas ccn be made, when the
“results of contemporary work elséewhiere in Northern England

" “‘are available, the significance of certain landscope features

" may be recognised. At present, the writer ccmact provide

"""a full account of the evolution of the River Wear or its

associated land forms. This thesis describes and discusses

 certain specific problems which have arisen in consequence -

" of the general survey. The texture of this thesis is

. ""loosely knit, Tor, within its scope are many aspects of the Sl
‘ - morphological evolution of tne area. " Mo single thread of

" “evidence can be followed far enough to give any measure of

" ‘continuity

t¥( the different chapters,
boFeen ‘ ' -
The country exsmined during the course

of field-work lies zlmost entirely within the present confines
of the Wear droinage system. This has an area of roughly

500 square miles. It has not been possible to study ine

" \hole of the area with equal attention to detail, nor is

this desirable in a tract of such varied relief, Field-

 work was curtailed during two summers, in 1952, by outbrezks
of foot-cnd=-mouth disease, in 1954, by persistently bad

" weather.,  Consequently, the extreme gouth of the area, the
~tributary valleys of the River Gaunlegs and Linburn, have
_ only received superficial exominaticn in comparison with the
remainder,  Plans for much additional work were abandoned

"~ owing to lack of time. For example, it has not been possible

to complete the height determination for the 1longitudina
profiles of certain tributary valleys. o :

- The programme and area of field study was
modified, from time to time, to take account of the
investigations of other geomorphologists who were working in
adjecent areas or ‘concerned with similar problems, The
oevolution of the Durham coast has been studied by V.A.

" westgate from this Department, In order to avoid duplication

of labour, we have divided the work of examining bo:ehole
records for the coastal fringe of Notth ¥ast Durham, the
Magnesian Limestone Platezu and the Wear Estuarye. Turing

" the same time, R.Hopkinson, of the Geography Depariment,

Birmingham University, has been making a study of the
Limggtone Plateau as a whole.

For this reasom, the presgfitiwiiter has avoided detailed
' field-work on the upland o€ Sthi¥ tract, although :

N Ll‘é?{f&j&// :



#

it is almost certain that there has been an overlap in ocur
' regpective studies, - Similarly, R.L.Wrizght, of.the Geograrhy
. Department, Sheffield:University has been studying the uplond
surfaces of the Alston Block for an M.5c. degree,: TFor this.

" reason, the present writer intended to limit the discussion

~of early Tertiary evolution to an examination of conclusions

already published and to that statistical work which was

“completed befoxre Wright began his work. Since, the zuthor

' disagrees with certain conclusions of Wright, it has been

" necessary to amplify the introductory chapters to take account

%" 'of this receni work,  During 1954, .P.L.Bowes, of Leeds

""University, studied the morphology of Weardale for his
undergraduate dissertation, The present writer was able to -

. suggest suitable topics for investigation and wishes to

... acknowledge the great assistance given by Bowes during his
. period in the field, IR _

I . In this thesis, the introductory chapters
.. on the geological structure and Tertiary evolution of the
whole alston Block forxrm a necessary preliminary to the defailed

' study of the Wear Valley. The author rust emphasize that he

hes not worked elsewhere in the ¥Nortucim Pennines. The area

" studied for this thesis is only one~third of the whole Alston

Block defined in Chapter 1. Vith the excepsion of certain
‘statistical studies which have been made of the whole Alston
Tock (Chapter 3), the author can contribute little to detailed
xnovliedge of the remaining two=-thirds of this morphological
“unit., However, the statistical approach has suggesied
certain lines of evidence which have been followed witnin tae
area of field study. In order to avoid an overlap of work
with Wright, investigations of the upland surfaces ci .2 .
. ‘lston Block were discontinued, snd the writer has cozcentrated
uson a detailed examination of the West Durham Sandstone
Tinteau to look for multiple plattorm surfaces vhich may
represent successive stages of the late-Tertiary evolution

¢ the landscape. Related to this problem is that gf the
gignificance of the high-level terraces of the Carboniferous
" Limestone tract of Weardale, some of which may be graded :
to the levels of these platforms, These prominent shelves
. on the valley sides have hitherto been regarded as fgatures

" caused by differences in the lithology of the Carboniferous

' succession. In this¢ thesis, the author has,a?tempted to
discover whether these shelves are, indeed, entirely
' dependent upon lithological variations in resistance to
normal erosion or vhether certain of them reflect early
cyclical development of the valleyse. - :

‘The next line of evidence is_supplied.by
the buried drainage system which may ‘be pre-glacial in origin.
The author believes that this enquiry into the sub-drifit

" topography of the Durham coalfield has provided some of the
most important conclusions contained 1in this thesis, It has

T



~evidence to support the conclusicns o

_-{:5} |

been poss ible to détermine the prc-glaclal drainage pattern
with some degree oi' relisbility ~nd it hes becn poazibhle Lg
show the shape and nature of the valley in certain imporvrs

.areag.  Althougn the prosent evidence is remorkably dotail.d

and it is probable that no other paxrt of Britain has beeon so
exhaustively examined by boring, there arc still important
breaks in' the evidence.,. Until the continuily of the buried
valleys can be proved througnout thelr length, it vill not
be possible sarely to draw far-rcaching conclusions about
their age and origin, It is poesible thoat the buried
valleys may have been formed in part by &lawiesl erosion,

in part by stream action duri ng Interglacial ucrlod in
order to ssgess the extent and periodicity of § arternary
glaciation, it has been neccessary to study the Pluluboccne
depogits of tne area, . It hos long boen known that the
Woar Valley was, in a sense, anom:lousz, for Weardale

“-sayported its own local glacliers indepzundest of the great ice,

suieéans througn Stainmore and thc Sy Tl mie research
has coniimmed earlier comnclucions it .o Siwoels ice roachud
any part of Wearfdale, Ixuminnti-s o he sinswl drifts

of the piddle .and Lower ¥Weoar s v i ooolulcuel confirma-
tion of Carruthers' view th.o the: .. 7., wridarce in tae
drift stratigraphy iitcelfd Lo -up: .- st Bler T onind
“hypothesis, but a d&-tailed @ .ipncl: L2 i cweatl, of riay overilow
channels along the [flanks of the V. Downes PLASCTM Qvggests
that these show signs of oceujpatisr or meltuaboer 1 oy leaot
two ocecuasions, With the emception: of tomminti o :11.E8,
which uppear to be almost eaiirel;ry zuronat from tho Jh.oton
Rlock as recognicable morphnologicsi Tceubtures, the o .twal

o h_loy are .o.ooloulorly
0 give acdifivi-i
of carlier writoxi,

deposits representea in tho iiddio
impress=ve and it has becn possitic t

- Finally, the post-glacial evolutiion of the
river has Leen studied, Detailed measurcment of the
longitudinal profile of the River Wesar and certain of itc

" tributaries, has made possible the corrclation of river
" terracses and incised meandors., The extent of pout—w1a01 1

diversion of drainage has veen proved and some attemnt n@s
been made to reconstriuct the secquence of sea-level chung
which followed tne flnal retreat of the nlelutocene lCd“uhevtuo

“

: This BUL WY e o oxder in ah::t the
problems are discussed in e ters ar Ui ﬁtc: ) ;~ T sl
the exact reverse of the oxfer ir - ¢ L.ty hove o ) T
in the ficld, It hos tecn NECCLLaly ©o cstabllga Gudd

terrace sequence in order to show the nature and origin of
certain. post-glacial surfaces wvhich are expoeed slong nae
lower parts of the wvalley., It has been necessary to study
drift thicknesses, proved by boring, before it has been
possible to judge the significance of certzin platform
surfaces. Mo wvulid conclusions about ths pre-glacial

-evolution of drainage could be attempted before the pattern




. contours for the whole arca, Tne dotniled work has shown

-+

ol buried walleys was proved, Thus, nlthougnh this work
begins with & comsideratisn of $me ¢ riier cvoluticn of the
~landacape, this part of the vork has only become feasible
~and Justifiable towards the end of the period of research and
.1t has not been possible to deveie the some time to the
field-study of Tertiery cvoiutic: as has teon spsant on
Quarternary problems, In a sence, therefore, this is not
an orthodox geomorphological study, btut, in Northern
kngland, little orthodox research con be attempited before:
the effects of glacial erosiom and denosition have been
~ estimated, This research has clr-r2d the way for a further
- more detalled attack upon the mcr. Tundamental problemsiof
Tertiary evolution. -

-

zezsibdle te study cortain

topics in considera@}e detoll, Yty .n owGur to achieve
some balance in the (inal uyathe.is, this faioil nust be
~omittnd and it is only poesiile to orunci: .. maneral
conclusions, In order to . atrice o Lo L of the

completed text, the author hng fvied to con.ino doseriptive
writing to a minirmum and tc¢ incerporate soxe of tue detailad

results through the mediun «i’ ths detuiled topoczovhical f
and geological maps which cesomprny $his work, - the
dome reason, detailed sumnries of published work, '

. egpeclally those which are readily accessible, are ::cluded
~from the text, "

] The chapters on drxift thickness and the
extent of buried valleys provide the clearect example of
tais ouwiscion of detail, In order to obiain the general
conclusi.azi given in Chapter 5, the recordz of some 25,000
boringe .uve been examined and moay minc pieng have been
studied. . In addition, detailed mapning of siream sections,
with neighat determination by leveliis or ancroid, has : : L
proved tne neight of the rock floor in o lurze number of ‘
places,  luch of the initial work woe done on 1:2,500
plans and all preliminary compilation of rock floor contours
wvas made on & scale of six inches to one mile, In oxder !
to provide a general account of the buried wnlleys, the :
details of this compilation must be omitted from both the
text of this thesis and from any map whose scale is omall
enough to show the whole drainage pattern of the coalfield.
It is not yelt possible to draw an accurnte mzp of rock-=floor

that the rock flooxr can be most irregular and, fuo vhis
reason, it would be misleading to link the arzos wicre
detailed ccntours gan be plotted with interpolated rock |
flooxr contours, It is possible to describe the evidence .
in detail for small areas, This was done by both Hindson
and Hopkins (1946) and the present writer (1954).

However this method of exposition is too unwieldy for the

whole coalfield and not appropriate to. this thesis, in f




1 oapren
1

~5F

_which the pfoblom of evolution of the buriéd valleys

’repregcnts only 2 part of the vhole work, Thus the ‘
chapter on buried valleys is confined to an analysis of the

_results and these are illustrated by the indication of the

middle line of .each valley on the apppropriate maps and by
:E serieg of sectlons drawn vhere the evidence is most reliable.

T The text of this thesis comsists of an
analy91s of the pertinent geomorohiological problems, In

" “order to maintain continuity of the text and to avoid

needless digression, technical and methodological details of

© .. field-work, compilation and statistical work.are confined

to appendices..‘

SR
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A NOTE ON PLACE NAMES AND NOMENCLATURE.

: .. 0 .1t is always difficult to provide the reader whb is

not conversant with an area with adequate aids to orientate
_himself. This difficulty is especially importznt in a :

detailed regional study such as this thesis, for many of the

. place names which are used are only shown on the six-inch .

- Ordnance Survey maps. For this reason, most of the more '
obscu¥e place names which are used in the text are recorded

. on the detailed topographical maps in the rap Folder,

- . The National Grid References of all place names, .

'f.-withvthé exception of the large cities (Newcastle=upon=-Tyne,

}}L,Gateshead, Sunderland, Durham etc.) ars 1listed in Appendix III
. at the end of this thesis, ‘ : .

- . The general terms describing the Wear valley may be
. defined as. follows:=

"Weardale" 1is that part of the walley which lies
_upstream gwest) of Witton Park Railway -
Viaduct, (NZ/170,308}. :

. "The Middle Wear" 4s that part of tha -1lley vhich ,
. lies between Witton Park arn.. Chester-le-Street,

‘“The Lower Wear" is the tidal portion of the river |
which extends from Chester-le-Street to the
present mouth of the river. ;

I

o . The-following One-inch Ordnance Survey maps provide
+complete coverage of the Alston Block:- . _ 1

" " Sheet 76 ee® - oo Carlisie . .
T "'. 77 oe X Hexham g ST nl
w78 4. oo Newcastle-upon=Tyne ‘ .
”ll . 83 e A P Penrith " ’
. 84 . . oo Teeﬂdale
o 85 <. oo Durham - .

Sheets 78, 84 and 85 cover the whole of the Vear
drainage systen, o

[y




CHAPTER 1,

;-

_wATHE’STRATIGRAPHY AND STRUCTURE OF THE ALSTON FELOCK.

,—-~w—«< [
.

’ We may define the Alston Block as taat :
! part. of Horthern England which lies east of the Pennine
% Lscarpment, south of the Tyne Gap &nd north of the Stainmore
Depression,. The boundaries of the Block are structural
{ discontinuities which have had a persistent effect on its
| topography since Lower Palaeozoic times. - The northern
f edgey oif the Hlock is determined by the Stublick and
! Ninety-Fathom fault. system, which is arranged en échelon
: along the. southern side of the Tyne syncline, Ihe ’
l western boundaly of the Block is the great fault-scarp -
}‘the Pennine Lscarpment - which exztends from Brampton to
| Brough and which ‘overlooks the Vale of Bden, . The
,;Asouthern 1limit of the Alston Block is, in part the linked
'} séries of faults from the Swindale Beck on the Escarpment
| to Thrislington in Zast Durham; in part the broad syncline
g.of Stainmore which aeparates the ‘Alston Block from its
| southern counterpart. _ The eastern boundary of thé Block
} 18 not clearly defined, * In Zast Durham there is no known
(\Btructural dlscontlnulty which 1s comparable with the other
three boundaries, For the purposes of this discussion,
the eastern limit of the Alston Block is taken as the present

coastline of quham.'

The Alston Block is = guntly warped mass
of Carboniferous rocks, overlain by Permian rocks in the

~ dust and Triassic rocks in the south=cast. ie Lower

. Palaeozoic floor of the Block, which ® nsists of Ordovician
| and Silurian igneous and metamorphic ;ocxo, emerges in the

. Cross Fell Inlier, on the western mergin and in Upper

. Teesdale, It has been proved by boring a8 far zast as

" Crook. It is now supposed, from gecphysical evidence,

" "that these rocks are underlain by a considerable granitic

' intru51on. Thie approaches nearest the surface,in the

f centre of the Block, in Upper Weardale,
! | ' THS SEDIMSNTARY ROCKS.

T ey -

; : . Tne rock succession in the Alston Bloclk

' has been summarlzed in figure 1. “he nomenclaturée adopted

" in this thesis for the voxrious horizons geuglindicated in
this table, A1l reference to Pleistocene and Recent
deposits is deferred to later chapters (Chupter 6 et 5eq. )

: : _ Owing to the great economic importhnce
of the (Coal lieasures and Carboniferous Limestone series,

the stratigrapny and structure of parts of the Block have
The Millstone Grit and

been recorded in great detail,
Permian rocks are less well-known, but only in contrast
to the abundant information available from both coal- and
lead-mining districts. A very considerable number of
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l . . .
‘borings have been sunk in the coalfield and the significance
‘of these¢ will be recorded in later chapters.  Tor the
present discussion we may note three deep borings which are
important because they have besen continued below the Lower

.. Coal Measures and have penetrated the IMillstone Grit and
_rocks of the Lower Carboniferous Limestone Series, SRR

"..l: 1) The wellelmown boring at Roddymoor (N2 /152363)
: ,'Q,yﬂf,,nearVCrook, has been described by Woolacott
S 77 (1923), This boring proved the entire
w7 Carboniferous succession below the Middle
. ... Coal Measures and penetrated Lower Palaeozoic
~.....slates at great depth. . o

7 2)  The boring at Lintzford (¥z/150572), near
. Chopwell, proved the Carboniferous succession

. from the Lower Coal llesasures down %o the Four

. Fathom Limestone, -

“3) The boring at Lititlctowm Colliery(ﬂz/339453)
~ penetrated the whole Coal ileasure Seguence
. from the Five=-guarter Coal, passed througn the
- Millstone Grit and reached a thin limestonewhich
“may possibly be identified as the Upuer Felltop
Limestone, él) - , _

: The total thickness of Carboniferous
rocks is small compared with the troughs of Caxrboniferous
sedimentation which lie north and south of the Block,
Dunham (1948) has suggested that both the Alston and Askrigg
Tlocks constituted a shelf-area during Carboniferous timec,

. The sedimentary succession on both Blocks is divisible into

well-defined cyclothemic units which represent the rthythmic
rise and fall of the shelf, The sedimentary cover is

' consequently variable in thiclmess and lithology. Uith

the exception of the Lower Carboniferous rocks of the extreme
southi=-west, few beds of the Alston Block exceed one hundred
feet without marked lithological change.: In conseguence,

there is generally a rapid alternation of rocks of differgnt _
.. . degrees of hardness and resistance to weathering and erosion,

(1) The records of this boring, with a letter written by
Professor Lebour, are preserved in the files of the National
Coal Board, Bowburn, Lebour considered that the limestone

'proved at a depth of 1131 feet below Ordnance Datum represents
the Felltop Limestone.  This is the conclusion adopted in this

thegis, but it must be acknowledged that this limestone may

_ represent a marine band within the vMillstone Grit? sequence.

o

oA
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""" 'and Muck dykes may be considered o be representative of
'this suite.s It is almost certain that the Vhin Sill and

"7\ representad by several mambers of the échelon of lykes,
~ ... collectively known as the Cleveland=Armathwaite Dyke,
. general trend of the Dyke is E.u.E. and it is mow exposed

V.3

. of vhich only a few correspond with major faulis oT

disturbances. The Whin S5ill forms the most resistant

" norizon of 2ll the country rocks and thermal metamorphizm -
_has tended to toughen adjocent Carboniferous sedirents for ~'- -

as much as one nundred fest beyond the dolerite contact,

“Where the Whin Sill ie thick and exposed over a large area,-

" as in Upper Teecsdale, it forms well-defined shelves, A
gashed by steep, narrow gorges, Both the major breaks in

_i;f ‘the longitudinal profile of the River Tees are associated
7 "with large waterfalls at the dolerite outcrop. Associated

e e

" yith the vhin Sill are a number of dykes vhich trend between

1

N.E, and E.N.E. _The Hett, Ludworth, Wackerfield, Biddick

" its dykes are pre-Pergian in age, for the dykes, waich have

been proved frequently within the concealed cozalfield have

Q.«”nptﬁbganiseenuto penetrate Permian rocks.

The Tertiazry igneous episode is

" The

- .in the valleys of the South Tyme and Pees, Stratigraphical
. and geochemical evidence shows that the Dyke is certainly
. post-riassic in age and there iz little doubt zbout the

_ Tertiary age of the intrusion. :

STRUCTURE,

. By definition, the Als ton Block is

' surrounded on three sides by complex faults., Wifain these
" “structural boundaries, the Block has remained essentially

‘a morphological unit since the deposition of the Carboniferous

" "sediments. _ During the subsequent history of the Block,
. . therehas been much faulting and'a;little/,gentle foldinge.

MLL,The Harginal Structures;-'f‘

"~ The Pennine Faultesystemn, forming the

' 'weéstern margin of the Block, contains three principal groups
. of faults of differmnt age (Shotton, 19353 Dunham,1948)3- .

1) The N.¥.W. Inner Pennine Fault, downthrowing
eastwards. ' S '

ii) - A series of thrust faults, along vhich over- | R
. thrusting was directed towards the E.N.E.

© iii) The Outer Pennine Fault, a great N.N.VW. fault-
 system which throws westwards, . The ‘size of this
" -fracture cannot be determined, but it must be
" geveral thousend feet for it brings the New Red

" sandstone of the Vale of Eden against the Lower -




-5-

Palaeozic rocks of the Cross Fell Inlier,

;The‘firbtAfwo'faults are assigned to Hercymian earth>movementsy
.the latter to the Tertiary. '

S T The dchelon series of the Stublick

.. Fault-systcm and the Ninety-TFathom Foult form the northen -

_ edge of the Block. - The Stublick system comprises a belt of

Lagt-Vest or T.H.B. faults which now throw northwards. Taese

. extend from the neighbourhoud of Castle Carrock eastwards to -
. ‘Thornborough nsar Corbridge. Six miles south of Corbridsge,

_ the Ninety-Fathom Fault continucs the L, N.Es trend to the :

" Northumbrian coast near Tymemouth, -Dunham (1948) has shovm
‘that the faults of the Stublick system show two phases of"

' movement g=

e {4) some of ‘the foults are clearly Hercymian
SRR "since dykes of the Whin Sill suite:are associated
© with them., Trotter and Hollingworth (1528)
were able to show thot, at the time of the
. intrusion of thae Vkin, the downthrow of the
_ Stublick Feult was scuthwardSe

© . (ii) = The main movement of the Stublick and Ninety- .
" ... Y. Fathom fazults is, hovever, & downthrow northwards
. of 500=1750 feet. gince both faults affect

" permian and Triassic strata, the age of the main
. movement is taken to be Tertiary., Hiskling -

77 (1949) nas shown that the Ninety-Fatnow fzult
- diminishes in throw as it approaches the coast.
"7 At Cullercoats, the displacement of ine Coal
“lleasures is about 360 feet, but that of tae
_overlying Permian appears to be only about 100
7 feet. Upon this-evidence we mst conclude
" "that the Nifiety-Fathom fault, itself, has thrown
""" in one direction only, part during the Hercynian,
" " part curing the Tertiary earth movements.

Po the south of tae River Tyne, a third great fracture, the
St. Hilds Fault has been proved by mining between Jarrow anc
" South Shields,  This throws southwards as much as 700 fect,

' The seaward extension of the fault is not yet knowm, ‘and,
owing to thne removal of tner Permian by erosion, it cannot be
‘dated. Howewver, Armstrong and Yrice (1953) have showm thgt
it is associated with folds which are possibly Hercynian in
.ge, It is possible, tierefore, that the St.Hilda rault :
comprises an important Hercynian clement of thgvstqblick/

‘Hinety-Fathom system.

' ' ' 'Along the northern side of the Stainmore
‘syncline, there is a linked series of I.N.k. foults, Of

" these, the Swindale Beck Fault throws northwards., The line
of weakness along this fault is clearly pre=Carboniferous in
on. far Tunham!1948) has showvn that it acted as the
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. ninge=-line whence Lower Carboniferous rocks thicken
" southwards to the Stainmore syncline., The Lunedale
faults throw southwards, but Dunham (1948) has showm that
' . there is evidence for a former downthrow towards the north,
~_ Dunham has shown that, like the Stublick system, movement
- occurred along the Luneaale faults before and after the
- intrusion of the Whin Sill The Wigglesworth and
" Butterknowle faults both throw southwards. The throw of
the latter exceeds 800 feet in the Coal Heasures near Bishop
Auckland and has been shown by Anderson(1945) and Hickling
(1949) that the fault affects ‘both Carboniferous and Permian
. strata. ast of Thrislington, the Btterimowle fault turns
eastvards and rapidly dwindles., It has not been proved
“to reach the Durham coast, South of the Butterknowle fault, -
~the Coal Measures have been folded into a series of elongated
domes and basinsg, the axes of which lie parallel with the

Ti fault, = The overlying Pemmian rocks are folded along the

same axes, but according to the cocntour reconstruction of

chkllng (1949), the amplitude of foldlng in the Permian

- appears to be smaller than those in the Joal leasure Strata,
_Anderson has expressed doubt in the validity of this

. interpretation. ( See page IS Je _

x

o ' The Stainmore synclins forms a structural
'and topographlcal depression between the Algton Block and
. ‘the Askrigg Ilock, It is a gently sloping symclinal trough
 with a maximum amplitude of about 1600 feet {Dunaari, 1948),
- The axis of the syncline can be traced as far east as Houghton=
~ le=Side, where the Lower lagnesian Limestone ovesx clies rocks
of the Carboniferous Limestone serles. '

ne btructure of the Alston Ilock:=-

' : uWithin the confines of the marginal faults,
the Lower Palaeozic rocks appeaxr to be intensely folded along
the typical Caledonoid axis, In the western and central
. parts of the Block, the Carboniferous Limestone series have

~ been arched upwards to form a gentle asymmetrlc dome which is
sruncated by the Pennine Faults. This is illustrated in an
exaggerated form in figure 3. This feature has been called
the Cross Fell Anticline (Merrick 1915), the Teesdale
Anticline (Versey, 1927, and Trotter,lgzo) and the Teesdale
Dome (Dunham 1948), The last name is useéd throughoui this ‘]
text, In the extreme north east of the Durham coalileld, _ ;
the Ccal lieasures have been folded, It has hitherto .cen oo
. accepted that most of this folding occurred before the
deposition of the Permlan sed1mcnt30'

ST Tt We owe ' to Dunham (1948) and chkllng(lq )
a most complete picture of the structure of these folds.
" Dunham has drawn structural contours for the base of tne
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Great Limestone as far east as the borings at Roddymoor and

" Chopwell, Hickling constructed contours Ffor both the

Hutton Seam and the base of the Magneslan Limesto Fig :
Seam | satons. (Figure 3).
~ Alternative contours for the lingnesian Limestone heve '
_been published by Anderson (1945). e glso 3

o S B - Plate.3 (map'foider)'has been compiied'Jié
from this published work, The Great Limestone contours - :

" show that the flat top of the Teesdale Dome is situated

?enéagh the headwaters of the Tees end Maizebeck, between ~
Great Dun Fell, Mickle Fell and Cronkley Fell, with the key-
horizon at 2400 = 2500 feet above Ordnance Datum. To the

. north and east, the beds dip away at an average of 130 feet:

per mile, the key horizon reaching =500 feet beneath the
western edge of the coalfizid. surther evidence of the
_§ﬂstwar@ conbinuaticn of &ne Corhen’lerous Limestone Series
~is provided by the confirration by the author ef &-deep

~ boring at Littletown Colliery. T4 is suggested, from the
‘record of this boring, and comparison witn the succession -

at Roddymoor and Chopwell, that tne Great Limestone may here
lie as low as =1750 feet (&), T the south of the Teesdale.
‘Dome, the beds dip rapidly into the Stainmore -Syncline,
. 'As the rennine Foults are approached, especially West of
_ Cross Fell, the beds rige rapidly, the key horizon reaching =
' '3000 feet above Ordnance Datum,  Dunham (1948) suggests

" ¢nat this feature is derived from the_former,pasterly dovn=

. " 'throw along the Inner pennine Fault. - ]

In. the central part of the Rlock, a

"'major disturbance extends from north to south, from Bast
the Burtreeford

~ Allendale to Lunedale. This is known as

- Disturbance. It has the form of an east-facing monocline
. which has a downthrow of 250 rest where it crosses the
Killhope Burn near Cowshill,. Southwards, the throw of
‘the monocline increases to 500 feet or more., The age of

this fold is almost. certainly Hercynian.

. . The Coal Measures dip towards the east’
.and, despite minor irregularities jntroduced by faulting,

(2) Recent deep borings at pillingham(I.C.I.) are reputed

to have proved the entire Trias=-Carboniferous succession.
Details of the reccrd have not been released, but it is under= -
stood that the Lower Carboniferous succession is different
~from that proved further Weste. It is possible that tae

chelf facies of Carboniferous rocks gives way to basin facies .
in South=-fast Durhams - . ‘ - , :
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the regional dip is remarkebly constant, In the north-east, |
ho"ever, a geries of folds have been proved by mining 1nA o
the concealed coalfield bensath the Permian.  Tae most

_glmportunt structure is the deep broken syncline wvhich runs

with a south~easterly axis through Jarrow to Hylton. It can

”_be traced for about 2 mile south of the Wear, where it

. merges into the broazd flat of low~1y1nﬁ Coal HMeasures south -
_of- ounde rland. The Hutton Seam here lies about -1500 feet
below Ordnance Datum, Hickling (1949) considers that a -

shallow syncline may continue south-eastwards from Ryhope,..

although, at the date of his anclysis, the coal workings
..below the North Sea had barely penetrated beyond the axis of
' this feature, : East of the Javrow-Fylton Syncline, there is

- ‘a'shallow unfold movm at the Tynemputh-larsden Anticline,: -

This has been described by Armstrong and Price (1953), who.
further suggest' that a second syncline may occur about -

B miles east of Uhltburn.

: Asu001ated Ulbh these structures are

' numerous faults, illustrated in Plate 4(map folder). Few

‘ iare large enough to be truced in. the field beyond the limits
of mining. Many of ‘the coalfield feults heve a2 throwv of

ten feet or less and would not be seen in the fleld Indeed,.
the number of faults shown on the meps of tne primary .
Geological Survey are a mere fraction of thuue recorded in

:lthe post=war revision of this area, In the Carboniferous
Limestone series, the trend of minor faults 18 often better -

¥nowvn that that of some of the larger fractures, Dunhan
(1948) - has shown that mineralization is rare in foults
throwing more than forty feet and that many vein fissures
may be traced for long distances througn the displacement

way be very small or very variable. The hiatus within

the areas of HMillstone Grit and Lower Coal Measures is thus
possibly more apparent than real, The lack of evidence

of small faults emphasizes the contrast between the abundance
of detailed mining information east and west of this zone

and of uhe dlfficulty of proving mandr fractures in the field,

' The whole of the Alston Rlock is
dominated by an. apparently conjugate series of faults which
trend easte-north-east and northe-north-west. : Both Dunham
(1948) and Hickling (1949, ) have shown that the persistence
of individual fracture lines bear no relatlon to the amount

of displacement along the line,- -

A%
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: oo .. .The principal structural trends may be
tabulated as follows := . S -

'« fable 1, DIREGTIONAL TRENDS OF FAULTS, VEIN-
T T S ohReS AND JOTNTS IN THG ALSTON BLOCK.

e T 4 | _— T
., ... Carboniferous.Limestone o . .Ccal Heasures !
. (Dunham, 1948). . 7 (Hickling,1949)
North = A few faults . '~ A few faults  South
S 1 ﬁf’;EDominant‘direction'bf Dominantfdirection_
CENE °  vein fissuresj secondary of faulting . SW :
- maximum of jointing; : . Lo Wsw
- Feeble faulting, ‘ P
Bast - Secondary maxirum of - Qccasionally . wést
. faulting; ‘quarter- _. important faults
. Point?! veins ‘
BSE . o= - o
LN Dominanﬁ direction of Zi*v‘variable‘conjugate it
S8% - faulting; Cross veinsy - - series of faults., W
' . Dominant joint direction... . o :
_History of Earth Movements in the Alston Block = o
LT o The principal movements which are of
.. significance to the discussion in the next chapter are :=
" 1) The evidence suggesting depression of the Block by .-
. Hercynian fault block movements, g0 that the A;ston _
; ‘Blockwremained,dspresseé‘throqghoup the Mesoz01c.Era;'
' 2) The nature of the Tertiary uplift of the Block, ~-

“"for, if this was intermittent and differential, it
... may have influenced both drainage pattern and exist-
- ing platforms, : v '
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- - "possible age of folding which formed the Teesdsle

-1G-

' .3) . It is necessary to discuss; in detail, the's =

'

.. Doge, for this folding may heve affected both
. ..dreinage pattern and upland surfaces also.

" ye must, at once, admit that the problem

. cannot be solved beyond argument with the evidence which is -
‘available at present., ~ The only outcrop which is :
demonstrably Fertiary in age is the solitary Cleveland

~ Dyke. Those structures and earth movements which can be

- dated by this dyke are of relatively little comsequence in -

_determining the age of the major structures of the Block. - -
The only sedimentary strata which sre post-Hercynian in age -

:are the Permian and Trias. Consequently we are forced to -

conclude that those mcvements which affected Carboniferous

" rocks only date from the Hercyniam; thase which affect
Trias, vrexrmian and Carboniferous srz Tertiary,.

E

We owe to Dunham, (1948) the most complete

summary of -the sequence of earth movements vhaick produced
. ‘the structures which have been recorded.,  These have been
_ tabulated in Table 2, '

' Hicklingz(1949) has shown that, in the

 Coal lieasures, the development of the fracture pattern

antedated the major movements and that practically all

" folding of the Coal Heasures occurred before the deposition
*of the Permian. In the Coalfield, major Tertiary displace=-

" ment is apparently confined to the NVinety-ZFathom and

. ‘Butterknowle Faults, Hickling (1949) has argued that since
‘the geaeral dip of both Coal Measures and Permian are similar

througaout much of Xast Durham, the principal Tertiary movsment |

" pere was a gentle tilting., This was apparently associated

" raised by Hercynian fault block movements. : 1
have been swrmarized in cartographical form by W1118(}931)
~who hasjshown‘a‘Scottish—Pennine_;and mass which perszsted_

" with the foult block uplift further west S It was long argued,

from the lithology of the Permian Brockrems of the Vale:of
iden, that this coarse conglomerate had been deposited by

- torrential streams flowing dowm the steep Pennine Escarpment
' (e.g. Kendall and Wreot, 1924). The discovery of pebbles
_of Wwhin 85111 in both Upper and Lower Brockram by Holmes and |
by Dunhem (1932) appeared to confirm the presence of hign
"land to the east, although Dunhom did not admit this to be
‘" conclusive evidence, ~ The difference between the Permian
‘facies which are exposed east and west of the Pennines have
' frequently been attributed to the presence of a land barrier
" between two cuvettes,  Arkell (1933) has shown that variations
~ in Jurassic lithology in Yorkshire may be accounted for vy
- The early work of Versey »

the presence of land to the west. ‘
(1927) on the structure.of the Northumbrian Feult Block, -

favoured the conclusion that the Alston Block was initially
' ; These conclusions
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‘throughout almost the whole of the Mesozoic until covered
by the Cenomcnian transgression, )

-7 - Turner (1927) provided the first tentative
_conclusion that the Alston Block had been depreased reclative to
the Vale of Eden by pre-Permian faulting and this was soon
~ confirmed, -in the extreme north of the Block, by the work of
Trotter and Hollingworth (1928), It has.now been eghown by
‘Shotbton (1936) and Dunham (1948) that each of the major marginal - (~
. fault systewms has a Hercynian component which throws towards et
_ the Alston Block itself. In consequence, it may be accepted
~ that the first fault block movement was dowawards.  The. ‘
Brockram evidence is inconclusive, for only iwo pebbles of

- dolerite have been found in these denosits in thirty years.

It is ieasonable to supposc taat o bLorrentizi Jeposit derived
. from the Horthern Pennines would contain meny uore specimens
‘of an intrusion as widespread as the Whin Sili,

It ic necessary to emphasize the conclusion

ffthatwthé Alston Block was depressed during the Hercynian and
that there is no evidence to suppose that the relative position

,'f of the Block altered during any period of the liesozoic era.

" fne notion of uplifted Carboniferous rociks still persists and
any consideration of the extent of iiesozoic sedimencation must

" take into account this depression of the Block.

C , ~ Trotter({1929) envisaged two periods of
Tertiary movement separated by a long period of erosion. THe

7 tirst uplift tilted the initiel surface eastwards.  During

‘the period of still-stand, which followed this initial uplift,
_ the surtace of tine Alston Block was reduced bo the pereplain
which may be represented by the present hill-top surface.

At a later period during the Tertiary, Trotter believed that

" "the Alston Block was further lifted. by fault block movenents,

"This was accompanied by the gentle arching of the Teesdale
_ Domep,which, as will be seen, folded Trotter's peneplain and
~initiated a sequence of river captures.

o ' The only evidence for the early uplift
._of the Block is that the surface of the peneplain passes
" without disturbance over the southern branch of the Stublick :
" "feult system esnd the northward continuation of the -Outer i
Fennine Fault, Where the two faults meet, neor Castle” Carrock, oo
the total throw is approximately 1500 feet,” The argument :
_appeors to be valid if one acceptis Trotterts conclusicn that
this is the only part of the marginal fault zZone vhere the
faulting is demonstrably post-Triassic and where no fresh
fault-scarp can be recognised. It must be erphasized, s
however, that Trotter's hypothesis of two periods of movement
~ during the Tertiary is based upon this morphological evidence
. alone, There is no direct geological evidence vhich can
support this cond usion and, as will be seen later, the -
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morpnolomchl evidence can be 1nterp;etod in at 1east
two ways. o . , . S A

' Trotter described the surface regultlng
from the secopd Tertiary uplift as a "desk structure” with a’
~major fanli-scarp along the line of the Cuter Pennine fault,,
minor fault-scarps assofdarted with the northern . Stublick and
"Lunedale faults and a general dip-slope towards thue. eastenorthe-

'-;ueagt.” This dip-slope was gently arched by & simmltaneous
fold movement which, accordins to Trotter, formed both the

Teesdale Dome and the talnmore ayncllne.

Since folding is fundamental to ”rotter's,
hypotnes;s of the subsequent developmvnt of drainage, it is

. .. necessary to show in detail vhether this movement can bo
_ positively dated as Late icrtiaryo " 1t is clear that the

~Stainmore synciine dates from a much earlier period than the .
;ertlary and Dunham {1948) has sugvested that it was formed

7" "early in the. Hercynian orecgeny so that it is contemporaneous

~inconclusive,

" with the Bewcastle anticline., In the east, the axis of the

syncllne passes under the liagnesian Limestone near Houghton-

le=-8ide, without, apparently affecting the overiying Permian

TOCKS,. For fthis reason, no later age than Hercynian can be
entertained for the' origin of the Stainmore syncline.

Dunham (1948) has fovoured a laue
ﬁercynlan agc ‘for the folding of the Teesdale Domo {Toble 2,)
and khas showm that foldlng and mineralization. may ha closely

&JSOCl ted.. L

“TY is a proven fact that productive fLseures becoine

progIQSblvely narrower as they are followed downwardSeess

suci condltlon can be accounted Tor by assuming the.
contemporaneity of doming and mineralization." JDunhan (1933)

Dunham (1948,p119) has br;lllantWy summarized know1edge

. regarding the age of the deposits and has shown that the iocal

evidence is in part ambiguous, in part contradictory, in part

"bonclu51ve evidence as to the exact age of the primary
ninerslization is ‘lacking The deposits are definitely later
than the VWhin Slll, whlch is proved %o have been injected in the
“interval between the Carboniferous and the Permians...it is
. nere suggested that mineralization was completed before
Tertiary erosion brought the deposits within reach of the -
gzounduaters. If therefore the deposits are to he asglgneé to
a major period of deformation and igneous activity, the choice
lies between Hercynian and Tertiary. In favour of the former
the followxng arguments have been advanced :-

(i) The proved Hercynian deposits in Cornwall and elsewhere
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_ sendstones cannot. be regarded as decisive in
- especially in view of the difficulty of being certoin that the

" minerals are detrital and not introduced,
‘the Tertiary dykes is also ambiguous for i

-13- . .

. in Rurope includes types closely similcr,

' peochemically, to those of the Pennines, whereas

_ the British Tertiary igneous province is remarkably

:¢1a§king in mineral deposits, apart from a few barite
VeIl e -

' Detrital fluorite was found in the Pemmian Yellow
. Sands of Yorkshire ... barite was found to. be wide-
_spread in the Permo-Triassic sandstones of the Vale of
Zden ... though only one occurrence of fluoritc was
found here, '

o

TN

' {i11)  Therc is evidence indicating that the deposits werc

- in place bwefore tiac injecti i of the Tertiary CdRveland
. Dyke., The fact tiat no occurrences of minerzls of

, the Penuine suite introducec sions the walls of the

. dertiary dykes have been fousl, whaereas there are

. several occurrences in associaticu with dykes.of the

"' " yhin sceries points to the same conclusion.”

¥in favour of a Tertiary age the following evidence may be

_ cited.
‘" (i) - . The fresh and unbroken appearance of minerals in
. cavities, : ' :
" (ii)  The opparent sbsence of fluorite in the basal sands
L of ‘the Durham Permian, ' : o
. (iii) - . The widespread presance of fluorite, barite and traces
.. of galenu in the Lower lagncsian Limestone or Surhan,
“ (iv), ~ The lack of association of mineralization with tns

. known major folds of Hercynian times, the Bewcastle

" ‘and HMiddleton Tyas anticlines. T

(v) | The sericitization of a member of the Clevzs.und dyke=
- 8chelon near Lodgésike Vein. in Coldberry Gutter.”

uihe evidence of - the heavy-mineral residues from Permian
either direction,

The evidence from
t is well established

that alteration to fwhite trap' such as the Coldberry Dyke

displays can be produced by injection into carbonaceous sirata,
sive since it has nct

Tne structural argument is not conclu

been proved that the Pennine Dome cculd not have becn initiated
in Hercynian times as a cowplementary structure to che Iurham

" Coaifield basing the arca is mown to have been urder .
compression in Hercynian times, Ifa however, the most probable
explanation of the replacements of thc Lower ¥Magnesian Limestone
by tluorite and barite be accepted, namely that the process was
connected with the rennine mineralization then a post-Lower
Permian age rust be accepted. Even this does not prove a
pertiary age, for it is quite possible that Hercynian
mineralization, the last dying rhase of ‘the igneous cycle,

————

e bl
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continued into they Permian or even the Triassic pericds,

" _There is, hovever, a possibility ‘that thek Pemian replace=

“ments a:e;associated with the Batterknowle Fault-system, the
continuation of which is mineralized in the Pennines at

*  Closehouse, If this association chn be proved, the balance

of evidence will perhaps favour a Tertiary age."

In a further comparative study of the age;ielations of the
epigenetic mineral deposits of Britain, Dunham (1952) has

 further emphasized his support for late-Hercynian mineralization .

~in the Alston Rlock,

Primary mincralization may ke associeted
with the intrusion of the Veardole Grenite, indeed; both Dunham
(1934) and Wells and Kirkaldy (1948) hinted at the presence of
this. body before its existonce vas confiimod, Batt and lasson-
Smith (1953) have chown that the relsticn of gravity snomzlies.
to the fluorite zone of the orefield favours this association,
VWells and Kirkéigy (1948) suppori tne idea of an Amorican ovrigin
.of both granitesveins. Trotter (1953, 1954), on the other :

. hand, favours the hypothecis of Tertiary mincralizntion and

granite intrusion., iHolmes (1953) has objected that %the
relationsnip betwecen granite and minernlization is not proven,
ahd, in any case, the age of the pgrenite is more likoely to bo
Caledonian, '

, . Since these conflicting views connot yet be
reconciled, the absolute azz of mineralization and therefore
probable age of the Tecesdale Dome is still unknovm., Holmes,

. (1953) has made the importunt suggestion that a Tertiavy granite
would be expected to have an attendant dyke swarm, If it cun

be proved that intrusion, mineralisaktion and doming are,

.. indeed, related, this negative factor, combined with the

absence of mineralization in the Teiiary igneous rocks of

Britain, would strongly support the case for Hercynmian origin

of the Tseesdale Dome,. ~ .'

‘ Since direct dating of this fold is not yct
possible, an indirect study, from the eastern part of the Ak Zon
Plock, may contribute the necessary evidence. If the folds of
the Coal Heasures can be shown to resembhle the folds of the
Carboniferous Limestone Series and if the Coalfield stiuctures
cag be dated with certainty, we may draw the tentative con-
clusion that the Teesdale Dome is of similar age,

, Dunham(1948) has suggested that the
Teesdule Dome may be related to the downtolded basin of tnc
" Coal lieasures, which is, apparently, pre-Permian, However,
. recent examination of this part of the coalfield by Hickling
(1949) Armstrong and Price (1953) does not altogether support
- this idea, The downfolded basin in the vicinity of Sunderland
" may be rmuch smaller than Dunham believed and it is trucated
by the complex structures of the concealed and undersea coal=
field between South Shields and Scaham Harbour, In addition,

[ .
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" it is no longer certaln Ehat tne Permlan cover 18 unazfected
by foldlng. .

’ In 1949, hickllng was able to write g=

o : "Thc Permiun completely transgresses nearly .'

- every Carboniferous structurc, here as elseuhcre, and
thereby leaves no doubt as {o the dato of the major

) movements" (chk11n5 and Robertson, 1 v49). N

It cannot be denied that numerous borings

'7“in the vicinlty of Sunderland have shown that this part of

. the Coal Measures basin is overlain by Permian cover which
ghows no trace of downfolding.,  Trechmann (1954) has
euggested that thrusting of the liagnesian Limestone in this
-~ area may be attributed to the decrease in wvolume of Penmlan
rocks by the removal of evaporite deposits,. : -

Elsewhere, hovever, ev1dence is accummula-

" ting to show that, in certzin parts of Fust Durham, both

- Carboniferous and Pexmian rocks were egually zftfected by folding
~and major fault movcments, It has slready baen shown that,
in South Durham, south of the Buttcrkmowle Fault, a series of
gentle folds occur in Coal Heasures and liagnesiazn Limestone
- alike. The structure of the Coal ifeasures is. acculately nown
from the w1deoproad working of the Brockwell Seam in the former
Dormon Long koyalties, Evidence about the structure of the
 Megnesian Limestone depends upon field observatisn and & few
shatt sections and borings. The extent of the field cvidence
in this area can be gauged from the exposures of solid rock
shown in the appropriate drift rap, (1#iddle Wear, Southern
Sheet, Urift Deposits and Buried Valleys, Plate 21, Izp Folder),

" A shown on Page 6, Hickling (1949) believed that the ampliitude

of rolding in the Pemmian was less than that in'the Carboniferous
rocks, According to W.Anderscn, the evidence is quite
inadeguate to show more than tae fact that the Permian cover

is folded along the same axes as the Coal lcasures and that

it 1s reasonable to suppose that the amplltude of folding in

the flagnesian Limestone is similar to that of the underlying

structure,

e . "In the Lastern: part of the coalficld, tnere
is a maJor West-bast fault disturbance known as the Sczham Fault.
.~ 'This can be traced in all horizons of the Coal Measures rrom
the Wear Valley, near Great Lumley to the limits of exploration
under the North Sea, east of Seaham Halboux. According to
Anderson (1948), this fault affects the Magnesian Liriestonse
- also and this can be proved in the field where the line of
_ faulting crosses the Pemian escarpment near Hougnton=le~-3pring.
Hickling (1949), on the other hand, refused to accepn this
interpretation and has shovm the base of the Magnesian Limestone
'to transgress the Seaham Foult.  Recent mapplngg of coastal
sections by officers.of H.I, Geological Survey suggests that thle

~ fault zone may, 1ndeed, affect the Magnesian Limestone.
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Sl Murther evidence ﬁas come to light
following the revision of the six-inch Geologionl Survey . -
of Nel.Durham, Fieldework during 1954 and 1955 by R.H.Price

" has shown that, in the llagnesian Limestone between South Shields

’andﬂBoldoﬁ. the great bight, which was mapped during the primary

... survey, does not exist.  The Permian unconfoxmity on these

fdrift-qovered lovlands appears to lie botween one and two miles

f;;ufgrtncr,West.} The discovery of an exposure of Concretionary
~....bimestone ( supposedly Upper lagnesian Limestone) in this area

.. strongly suggests that the Permian rocks may be folded in

L harmony with the umierlying Tynemouth-Morsden anticline.,

o A It is not yet possible to assess the :
. full implications of these recent discoveries, for the weight
of regional evidence is still in favour of widespread Permian

iJitransgression over the Carboniferous structures. It is possible
. that these are only small flexures which were caused by post-

Permian movement, but since it cannot be shown that fold-movements

‘. in the eastern part of the Alston Block were confined to the

Hercynian orogeny, the dating of the Teesdale Dome mst remain

- . 'an open question,
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. CHAPTER 2.

. .ul ;... . THE TORTIARY UPLIFT AND RESULTANT . =
et ool JJDRAINAGE OF THE ALSTON HLOCK, - o

O T S . Towards the end of the Nineteenth Century,

- Beveral of the first generation of geomorphologists attempted
a general explanation of the evolution of land forms of - % ...

Cieoe NOTthern Ingland, Most accepted the hypothesis of more or

'-ia.. 2888 continuous Chalk over the Pennines and agreed that, in .

.. tH1B part of Northern Englend, Tertiary uplift tilted the -

o, d0itial surface eastwards, Ilost of them also agreed that

...the present hill-top surface represented an early Tertiary

_...peneplain,  Davis( 1895) appears to have been the first.
... Lo recognise thai a subsequent tributary of the Tyne cut

. southwards along the outorop of the soft Pemian rocks, to

ww"oapture&thq upper Vear near Bishop Auckland. Cowper Reed

;@“(1902) /shoved that & similar capture may have occurred

v further east, where another north-flowing subsequent stream, - - .
.. roughly parallel to the Middle Wear, cut back along the Triassic

E Rt

agm.QuFQ?OPHﬁQ.Oapturg:thefRiver Tees near the present coastline,

Tt
Y N el

el .. ... Since these classic essays, thers have :

... been five gpecific attempts to explain the origin and evolution

ww.. 0f the land forms and drainage pattern of parts of the Alston

... Blocke The first was the work of Woolacott(1903 1907), .- .
. the second was the curious study of lerrick 1915), the third —

... was a limited investigation of the lMiddle Tees by Tweett(1916),
"“the fourth was the importunt paper of Trotter (1929), to

~ ""which reference has already been made, . The fifth is the.

T 'unpublished work of Wright (1955), who,as stated in-the

""" Introduction, has been working in the Alston Block during the °

77" last three years. | N

ST o " Although ‘the broad outlines of .the
""" geological structure were known when the primary mapping-of
v HeMeGeological Survey had been completed, the structutal’
... history was not clear and, as has been shown in the last chapter,
T."1t was commonly thought that high land existed in the westemn
- Pennines from the time of the -Permo=-Carboniferous interval, o
. Thus, neither Woolacott nor lMerrick were able to accept the’
" supposition of Jukes Brown, Davis or Reed that a continuous
n ;Vcove: of Cretaceous rocks covered the Alston Block. Woolacott

" envigsaged Chalk transgression in the east, but believed that .
"7 the higher parts of the Alston Block rase above the limits of ..
":" " the Chalk Sea, He supposed that the radial drainage from - -
“""this island had possibly existed since the Permo-Carboniferous
“"interval. In other words, the highest parts of the Alston Hlock
© may.be remnants of a surface which forms the Permo=Carboniferous
" unconformity im East Duxhame . - . oo e D

i N Sy
s
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Y ;&ﬂ.:ue-.s"f":’-‘431)""?‘1'&.*,;\”%iis«'t‘;‘weérimﬂ’%“‘i —_— Cee :
.. .. - . Woolacott's interpretation of uplift = L
and the eyolution of @rainage during the Tertiary agrees with - -’
__that of his predecessors and contemporaries. It was supposed
.....that Tertiary movement was confined to an eastward. tilting of
" . the Alston Block. _ Consequent streams radiating from the :

By s bedeeran A e i
[

“"ancient pre~Permian land surface, flowed eastward upon the'new.:'J- 4

1

- surface,- - As the Cretaceous cover of ‘the lowlands was removed, . -

“ocertain adjustments of drainage occurred. Woolacott accoepted

PEEST R R SeE .

T Cowper Reed's analysis of first oycle river captures as far as

"% "these affected the eastern part of the Alston Blocks = 7

S e _ The study of the Alston Block by Merrick - -

.+ (1915) ‘was, to say the least, unconvention2l in its approachs Y ¢
" Nevertheless it is an importrnt contribution, for Herrick 'r
zt;yqlmarlx stated the structural evidence and related this to the

. _.evolution of surface and drainage, Certain of his conclusions,

" erroneous as these might be, were repeated, independently, by

Ll e 4

Arfivimr st f

o Trotter (1929).

PR N <

T . The initial assumption from which the
.. whole: of Merrick's argvment developed was the premise that the

M;;Hhillftgpﬁsu:face of the Block representad an exhumed sub=

T Triassic penéplain, . He recognised the gtTuctural importance -

. of both the marginal faults and the Teesdale Dome, - He supposed

,wwﬂwthap both Hercynian and post-Triassic mov:ment took place along

© the lines of faulting and from the evidence of'the,Brockréms,
"""he supposed that the Alston Block formed high land during the

. Permo-Carboniferous interval, lerrick wos able to demonstrate -

i .

. _the post=Triassic age of the Stublick and 'Pennine foults, From
.~ the assumption that the upland surface was arched to the same
... degree ap the Carboniferous rocks, he supposed that the Tecsdale
“"" Dome had posteTriassic origin also. . llerrick recognised the
fwu‘wdeyelopmenp_pf a drainage pattern which radiated from the crest
"7 7 "of the dome and showed that, further east, the axis of the dome
represented ‘the watershed beiween the Tyne tributaries of the

""" Alston Block and’ those of the Wear and Tces.

o
oAy A
-~

R . In Stainmore and the valley of the Toes,
'mwmuﬂﬁawcetp‘(IQIG) recognised evidence for two pre=-glacial cycles.
.. of erosion. He believed that the upland surface of the Pennines
"7, represented the surviving temnants of the surface from which it .

" hag been formed, - During the 1ete=Tertiary, the peneplain was
G;:uniformly'raised by a second, minor uplift. TFawcett recognised
"™ the radial drainage pattern from the Cross Fell dome, but .showed
" ""that, in Stainmore the consequent drainage was eastwards, though
,WL,ﬁhigwhpdanenAmoiifieduby capturces in both’ cycles.: S
T S -~ protter's paper forms the most detailed 4
""'snd most modexn analysis of the ovolution of draineage which has |
“ " pgen published, . For this reason, it is necesgsary to study: 3
T “protterts conclusions in detail. Since the work has been'

" "accepted without reservation by certain writers for more than
~ "“twenty-five years, it is also necessary to review the o

-

b
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ooncluoiona 1n tho light of prosent knowledgo and to gshov -
where these. are inconsistent with thoorv and with map- and
field evidence.iﬁ$3;;.. R : ,

'_ ,r ./ -,~"..-1,~

M
' .

' Trotter bekieved that in consequence of
. tho Hercynian dopresoion of the Block, a continous thick cover
‘: of Triassic, Jurassic and Cretaceous rocks was laid down during
" tho Meaozoic Era. o - o S . .
\_?x During the Teﬁiary, Trotter postulated
two perlods ‘of uplift. Turing the initial uplift aloéng tho
marginal fdults, the north-western corner .of the Block was’'-.
raised as much as 1500 feet and .the whole tract was tilted' e
S " eastwards. Trotter and Hbllinguorth were able to chow,': ,’f~‘f
""from their revision of Sheet 18(Brampton) of the one=inch . ¢

T " Geological Survey, that the Cuter Pennine Fault continues. Zyﬁug

northwards.across the Irthing welley and along the western -
edge of the Bewcaatlo Pells, Trotter therefore concludes
that this initial uplift sxmilarly tilted the country nortn of
the Stubliok fault. ,. . S ,

A N b
: ‘14",,.~-.,~1.~f, e 4

s A - It is presumed that the initial surface

was composed entirely of Cretaccous rocks. . Upon this surface,:
" "east-flowing consequent-drainnge was 1nit1uted (Tiged)s

_Trottor showed that & number of adjustments of drainage took

..blace during the subsequent evolution of the area, He - N

o suggested that. there had been & small southerly component - '

“in the initial ‘tilt of the Block, which allowed some advantage
“to those oubsequent tributaries which flowed towvards' the south<
eaat._ All’ the captures recognised by him to date from this
period operated from south to north. B o BT

o skt e

L

+

T L '~ In due cource, the les0z0lC COVET Was - 3

stripped from the surface and the underlying Carboniferous
rocks-were reduced to a peneplain, Trotter considered that,

iy e

‘jlfm‘ in the south-east, this well-doveloped surface vas contimued
S "oy ‘the peneplain of the Yorkshire Wolds which had been :

" "yecognised by Davis (1896) and Cowper Reed (1902), In the

:f_bw south and west, the surface was represented by the higher: 5‘ )

summits of the Askrigg BRlock, the Howglll: Palls and the -

L amdrasutt

.the; ponoplain surface as monadnocka. , _ 4
LR , o a ;"""'
SR T It 1e important to notlce that, in

o assuming ‘these distant correlations, Trotter denied the .
" $nterpretation of the peneplain as an exhumed sub-Permian - "

“ox sub-Triassic surface, =The decond uplift, according to =

T Tprottery 'occurred mmch later in- the 'Tertiary.  Indeed, he -
.. hinted. that this phase of movement might even date from tho

Plioceno.,, Since the poneplain was. already: in aw advanced -
atage of devolopment, the fold movements along tho axis of

' +

ﬁf%;ﬁm southern part of the Lake District, ' = Trotter further - IR
™ "pelieved that the higher summits of the Alsbon Block(Cross - e,
{‘m*f ‘Pell,. Mickle Fell, the Dun TFells and Cold Fell) rose abovo
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Af%,w#thq Teesdale Dome, which Trotter supposed were comtemporaneous 3
©“witnh this uplift, arched the lznd gurface., Tilting &nd arching -~
(,y,of the peneplain initiated a wave of rejuvenation which affected
. 4...mmch of the dralnage pattern. Those consequent streams which - © -+
%ﬁﬂ;,qrossed,the fold axis were captured and "cut up" by_reJuvenatéd
wnn Previously “subsequent! streams which were favourably situated
~... . along the flanks of the .Dome. During this poriod, the Wear

" wap captured by a subsequent tributary of the Tyne near Bishop'.
. auckland., . The adjustment of drainage to these changes in ' -
_f_dghatructure.resulted,in_a.pattern which Trotter supposed
.¢¢5;A+§§p§§aen§94wtpegp:arglacial drainage pattern of the Alston

- '~~,_u-’,;;<.m,.°. 4 01,_,, s A e L . L S

-

R . The following oriticism may be'direétea a
“™ igainst these conclusions, . There are three different.aspects
"7 which must be examined := ¥9, HATO8 GRIREATREN SRR

o "‘_',;,,11)“,"1'116 momb.dlogical avidenc= frr ftwo saparzis nandody

LT of movement during the Yeriiasye
.~ 2) The nature of the peneplain and the extent to which
topographical arching is parallel to the structural

“..,;,.fo,.ldinﬁa . L

 3) Theoretioal criticism of Trotter's reconstruction of
_‘the _earlier drainage patteins. )

e
’ !

L ~ "According to- Trotter, the southexrn branch
... of the Stublick fault gsystem crosses the surface of the peneplain
L without disturbing it. .. In consequence, this fault, which is_ .

" demonstxably posk-Triassic in age, ante-dates”the formation of
_the peneplain, '

L This part of the Stublick systcm is situated
__in the extreme. north-western corner of the Alston Block, between
" mMidgeholme and Castle Carrock. It crosses the north-west face of
~ Cold Fell, which Trotter regarded as the mount northerly of the

. monadnocks. On these slopes of Cold Fell, the fault has &
“northerly downthrow of about 800 feet, North of the fault,

" there is & broad spur of Cold Fell which.1s flattened between
" ‘gouth of the faull,

- 77771750 and 1800 feet above Ordnance Datum. -
""" the slopes of Cold Fell rise to 2000 feet in less than 700 yardse
""" 'The contours of the north-west face of the hill are almost o
7 straight and parallel with the 1ine of the fault for mors than -
" one mile. South-west of Cold Fell and south of the fault, there '
feet altitude which

48 a group of summits between 1600 and 1700 :
m i tsﬁofﬂTrqtte:'q,peneplain.

~tributaries, The group is bounded in the west by t
. 'scarp of the Outer Pennine Fault,which.here_formsnthe western
" ‘glopes of Cardunneth Pike. Forth of :the Stublick fault,
" "'which crosses the River Gelt near the_qonfluencejog.ﬁow,Gill,
" “*the hills seldom rise abowe 1300 feet. The difference in level
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. across the fault between Cold Fell and the northern spur of © ' -
. Tindale Fell is about 250~300 feet and that bstween Tarnmonath

.. Fell and Brown Fell about 210 fect, It is possible that the .

.. north-western slopes . of Cold Tell and the northern edge.ef the
Geltsdale Fells represent a degraded fault-scarp associated with

AN f

naree b

... the southern branch of the Stublick fault. .

An alternative interpretation of the

T eyidence, presumably that of Trotter, is that the higher slopes

IR RS
¢ |

©  facets of the same surface on each side of the fault, Indeed,
.. -Trotter has suggested that the lower hills north of .the fault
. represent the surfsce across which the Gelt, flowing northwards
. from the Teesdale Nome, .approached the Tyne during the 'post-
}““‘ﬂkpeneplain' period. , Trotter's hypothesis of differential uplift
. _during the early Tertiary depends upon the interpretation of -
. 'this ambiguous evidence. - Since contradictory. conclusions may
' _be drawn about this critical area, it is not wise to accept the
. hypothesis of two phases of fault-block uplift during the

" rertiary until more satisfactory evidence is availahle,

o .+ . Tne second criticism may be directed against
_ Trotter's assumption that the fold ‘movements which produced the
_ Tacsdsle Dome also folded the peneplain.to the same extent,
"7 It will:be remembered that this assumption was made by Merrick
T also. The sections .with which Trotter illustrated this - :
- feuture show & certain parallelism of topographical and
.. structursl arching, but these sections are over-simplified
""" and the evidence i3 inadequates It can be shovm, from the maps
of Gerioralized Contours {Plate 5, Map Folder) and Structaral
Contvurs (Plate 3,Map Folder) that although the contour - °
_ patterns are similar, the gradient of the structural contours
~is greater and that the Carboniferous rocks dip more steeply
to north, east and south, than the slope of the penseplain in

" Map Folder ) and Geological Section(Plate 3, lap Folder). .
- support this conclusion, The structural implications are
obvious and have been clearly stated by Dunham (1948) 3= - .

- "Since, however; the supposed peneplain at the crest - ‘
. of the dome is cutting across beds belonging to the -
-+, j1iddle Limesbtone Group, while to the north, east and *
" south, it cuts successively across the Upper Lime=
" ‘stonme Group, the "liillstone Grit" and the Coal -~
Measures, the view that the surface of the peneplain
~ 1s even approximately,parallelvtqntheﬂGreat“Limqgtone;igw¢
_cannot be supported.” Ll R R

Co . , T e R Sy

 In addition, Dunhem (1948) has shown that primary mineralization
was complete before Tertiary erosion brought the deposits

' within reach of the groundwaters.( see Page 12).  For this
reason it is impossible, on geoclogical grounds, to accept

" 'of Cold fell may be-ignored, because. this represents a monadnock, --
. and that the spurs of Tindale Fell and Tarnmonath Fell represent

these directions. | Similarly, the Projected Profiles (Plate:6,
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.. .any hyﬁotbesis which involves folding of a Tertiary-peneplrin,

T Tne third criticism of Trotter's hy@&heﬁia
. 'may be directed against certain reaturcs of his reccnstruction
..of the drainage pattern. The distance from the Bewcastle sells
~\" g0 the Stainmore syncline 'is roughly forty~five miles. Within
.. this space, which at present is drained by three rivers,
“Protter recognised twelve east-flowing original consequent
... -streams,  Six of these cross the whole Block from the Pennine
~*.. Fault to the outecrop of the Hagnesian Limestone and are thus
" at least forty miles long. Ve do not know how much further
.  eastward these streams extended, but, in their upper forty miles,
. most of these strecams maintain parallel courses, - In order to
take account of the'large number of these consequents, each
_valley must measurc between 3} and 4 miles from .one watershed to
~, - the next. This is about the gize of the Wear valley at Wearhead
" or the Tees near Cauldron Snout. It is difficult to understand
"how such streams could naintain parallel courses for such great
‘distance without rapid integration by capture. That such
gaptures did occur is not denied by Trotter, - These are the -
" gouth-north sequence of captures ascribed by Him to the fyree ,
- peneplein' period., - I% is, however, unreasonable to suppose N
_ that this parallel pattern of consequents on an initial surface
 several thousand fect above the present, could survive long
encugh in the original form illustrated by Trotter to leave
- recognisable traces until today. It is also significant that,
~in the north-west quadrant of the Alston Block, wvhere the present
_drainage pattern is predominantly nortiwards, no original
... consequent stream is represented. The northerly trend here
is attributed by Trotter to the drainage from the northern limb
- of the Teesdale Dome. This pattern was therefore develpped
" after the formation of the peneplain. . Since the peneplain is
- well represented here as slscwhere, it is reasonable to suppose
. thot some trace of the drainage pattern: which formed the surtrace
~ought to remain in this area also,,  In consequecnce of thece
fundamental objections, the conclusions of Trotter cannot be

" accepted.
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o : ' _ As stoted in the introduction, some of the
.* fieldwork and later analysis of the upland surfaces wad abandoned
" py the present writer in order to avoid overlap with the '

contempyorary work of R.L.Wright, The conclusions of Wright(1u59)
" sre of extreme importance to this discussion for Wright's

""studies were largely confined to Teesdale and Stainmore, whereas

the present writer worked vholly in the Vear valley, Ile has

- independently confirmed the presence of cortain surfaces along
"~ g¢he southern margin of the Block which appear to have similar

"gignificance north and west ‘of the River Wear.  In the ultimate
intexpretation of the denudation chronology, however, the

‘" present writer cannot agree with certain of Wrigat's conclusions
" ‘and, for this reaocom, it is convenient to- examine them before

‘those of the author,
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ﬂw&iifﬂgfﬁﬁiff" .. vright has recogniced the following g
..erosion: surfaces vithin the eree vhich he studied :=(Fig.8)s iﬁ

. ...1). The Summit Surface, whose main development &8 - ' r
.. above 2000 feet, but vhich may extend as lov as R ;

o ie....2750 feet,  The higher pumnits of Cross Fell, - . . . ,

. 2775 the Dun Fells, Knock Fell and Mickle Tell are " -

S * probably monadnocka. Their flet summits may =~ It

to sl oig Xepresent remnants of*an old lovered land surface Lo
SO ;?dfgf?Pm.whigh‘thq sumnit surface was prq@upqd.(Subfae:ial)~ -
i .;W%HZ)W;A;Plathrm.at,1000 feet above Ordnancﬁ.Dafum(subéasrial) :
s P S . ' SR S Bk}
TT8)y..m . m between 700-850 feet above " - ®(Marine)e )
s S T S Lo
,,*,él;;?'“” " _at 600 feet above Ordnance Datum (Yarins)e 4

o : R : : ’ ST , i

'5) .8 T v between 400-450 feetl above Ordnance Datum(?). A
n,w”,u.W,ﬁ);f",~n_‘ﬂ_“at:200.feet above Ordnance Datum (?). ‘

.. o - Yright has supposed that the Alston Block
- was covered by Chalk and, possibly, carlier Mesozoic sediments, I
... However, Wright-has followed Linton (1951) 1n his conclugion i
"7 that the monadnock summits may: be considered to represent ]
M
!
I

' fragments of the sub-Cenomanian surface. Clearly, therefore, _ . .
o Wright‘dogg,not accept: the thick Nogawais cover,described by
L Trotter. : . : . willk He 'FU" Succession o‘ MQWZN.(. W(kS

e ' yright has suggested that there were two
. periods of Tertiary uplift. The first is correlated with the
© 7 pre-Eccene phase:of Alpine orogeny and Wright has shown that this
, uview is consistent with modem tectonic and morphological theory.
-1t iennot clear vhether he accepled protter's evidence for
7 differential fault block uplift during this early phase of
m;;g;movement,'or_whsther he believed that the Alston Block was
C v only difted and tilted by movements which affected practically. .. __ .
‘the vihole of Britain. | L 4

R ~ In contrast to the interpretation of Trotter,
‘»V}Wright_haaArecognised four cast-flowing consequent streams

_ vhich originated upon the,initial_surface“of'Cretaceoua_roqks 3=

1) . The Tyne.

o 2) | The Uppér‘Wear,‘with any
. .. .o.tributary. . T o
©+.-3) . The Maize Beck = Bedburn - Bishop Auckland

'““ﬁiﬁ?;:;Q';cwconsgquent,ﬁescribed-byfTropter-”gig'u |
am,_recognised by

Lower s

B

upper‘TeeseBollihbpe

~ -

per e
<

.7 %4)  The Greta=Tutta-Clow consequent stre
LT payeett in Stainmore, v T T




W;ight has suggested that the first and fourth were

3, dara s iy &
Signiricantly more important than the two central consequent .
streams, o

U o Luring the 1ateo Clisoceinie=Illiocene period

o of garth‘movgments,_the Alston Bloeck was raised by fault block
Luplirt, This was éccompanied by folding along the axis of the
__2eesdala Dome waich may have been, in part, posthumous,

erghf agreed with Trottexr that those subsequent streams which
were ravourably locuted round the periphery of the dome were
Téjuvenated by this folding, T :

. _ . During lHocene and, perhaps, early Fliocene
timos, large parts of the early Tertiary poneplain were destroyed
by these rivers eroding to a lower bage level, To the east
oI the warped surface, a lover, sub-aerial pencplain was
- broduced, Tnig Platform lies ot about 1000 fect,’ Wright

- believes that thig is the cquivalent of the mid<Tertiary peneplain
which has bsen recognisoed in otheyr barts of Britain,

He has noted the Dregence of at least three
lover surfaces in the eastern part of the Block, which he )
supgosed may be Tepresentative of Pliocene marine transgression,
He has suggested that the moxirum extent of the seca was about
tue present 800-foot contour and that g weve-cut pPlatform may be
. Tecogmised jJust beloy this levol, Uirins 3.0 votreat of the
sei, there wes o distinct pericd of £321i-58 3., at zbout 600
. Teoat svove Crdnance Dntum, during wiaich o forim i platform was -

cut, Wright has noted the Possibility of £%ieor rarfaces
&t lower levels ( 2bout 400 2nd 200 feet abovz Jdnance Datum) :
but he did not study these in detail, !

. The present writer cennot agree vita “irightvs
conclusion that the Summit Surface vas arched by foldin: 2loag f
the axis’ of the Tcosdnle Dome, The hypothesis ~hiech dGuconds - |
folding of an ez.L=Tlertiary peneplain ecanot satisly the
conditiong undeyr . .iaoh mineralization took place. Danln-11932,
194€) hew shown & . .o folding and mincrnlizztion were LIt Dly
contemporaneous oid that Primary mincroiization was CCil.LTCe
betore the deposits were exposed to Joertinry groundwater., It
zight be argued thast 1t twe Phases of folding occurred al. .z the
2Xis of the Tcezdi le Dome, it is possible that mineralizs. ' on
w8 coni'ined to the first period of movement, This arguatat
S wennot teke account of the “"rossil® hydrothermal solutiorns
uuseribed by Dunham (1948, 1952) vhich would be liverated durinj;
=iy posthumous movenent. .

wright based his evidence for mid-Tertiary
Folding upon tvo norphologicsl conclusionsy first that the
“aamit Susface is downwarped round the pberiphezy of the Dome and
sscondly that the course of the consequent Upper Wear is discordent
1Lt the underlying structure, Wright has supposed, from this
#iscordance, that the Upper Wesr was either superimposed upon

iode b
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) tne.Dome or tulis consequent strerm is older than the Dopec,
It is dvTficult to show that the Upper Wear is any more or any
less discordant than the other major sirerms which radiate from
'\ the Cross Fell massif, In Upper Weaxrdale, the structure is
. ‘complicated by the great monocline of the Burtreeford
Disturbance,  In the east, where thoe Great Limestone outcrops
. near the floor of the present valley, this horizon- cannot
_provide adequate proof for similar discordance at a higher
. stratigraphical level. - To express such & conclusion '
adequately, it would have been nccessary to relate drainage
pattern with some geological horizon nearer the level of the
. Swmit Surface.,  The Teesdzle Dome is o gentle anticlinal
- structure. The axis cannol be defined with accuracy and,
.as has been shown (Plate 3, Ip Folder), the Carboniferous
strata dip outwards at a low angle, Conseguently it is not
~wise to think of this séructure in terms of a well-defincd,
steep, limbed fold, The drainage pattern of the Alston
Mock ig radial from this dome, and there is sufflicient
. agreement between drainage and structure to show that there
. is a fair measure of adjustment, It is, however, unvise
_to invoke such far,~-reaching conclusions as superimposition
of drainage or mid-Tertiary folding from the minor diserepamcies keliay,
Cwaiasgdwus of a single valley. ’
rivey omd Shecle |

. . There have beea a number of attempts

to reconstruct the denudation chronology of parts of the

Alston Block,  HNone of these can be considered to provide

", an evolutionary sequence vhich is acceptable to both the
 peologist and the geomorphologist..

- L o may accept the following
assumptions :=

1) .During the Hercyaizn orogo:v, % .c fault-block ;
 movements depressed the Mston Zlock relative o ‘
. Lo its surroundings. ' :

._2) In consequence of this depression, a conslderable é
' . thickness of Hesozoic sedimentary rocks were .
. depusited on the Permo-Carboniferous surface.

3) During the Tertlary, faulte-block uplift occurred.
"’ This was probably preceded, diring the early-
Tertiary, by an uplift vhich affected most of
Britein, That differential mowvirient occurred
" "at some time during the Teriioiy is testified by
' the fresh scarps of the max;~ .21 faulis.

‘ Q)ffFollowing uplift, erosion. removed the liesozclc
cover and may have also romoved a great thickness
“of Carboniferous rocks from the western parts of

“the Block.

EAN




"' tilted the initial surface, consc.ucni ¢ualinfzeée would have

+ . 5) . The stracture of the western part of the Block
‘ Vs?ows.gentle doming, but the general gradient of
o tnidhlll-top surface is less than the structural
.. fold, L .

6) The drainage pattern has been rccognised as either
- radial, centred upon the crsst orf the dome, or a -
- trellised pattern which has been modified by folding
. . after the development of this pattern,
7) Until .the contrary cen bs proved, it mmst be assumed
- that the hill-top surface represents the remmants of
the peneplain of a single cycle,. o

-The Tecsdale Dome is either of Hercynisn age, or Tertiary agey
~or-gentle folding occurred along this axis during both periods
of fault-block movement., It is certain, from the evidence
~of primary mineralization, that folding occurred before the
formation of a Tertiary peneplain, I the folding occu:red .
_entirely during the Hercynian and the surface of the dome had

been subsequently covered by llesozoic rocks, tzere would bo
thinning of Permian and later roclis as these approached the

crest of the dome, After the Teriisyy w1i7% had raised ond

developed upon & Chalk cover whic: sloped uniformly eastwardse
It may be presumed that a trellisced drainoge prtiern would evolve.
ap different outcrops of Lhe Hesozoic cover were exposecd.
Tne significant differenc: beiwecn this and the observed drain-
age pattern is thab, when the llesczoic cover was removed frow
the Block, there would presunably e superimpositicm of the
trellised pattern on the Carbonifcrous struciurcse,  nerrick
(101%) showed that there was sufficient evidence of the
" adjustment of drainage to Carboniferous struclure to Tulse

out the possibility of siperimposition, The present writer
gccepts this comclusion, and cannot agree with the alternmative
suzgestion of Wright(1955). .

. ' : If the foldinp of the Teesdale Dome occurred

‘at’ thie pame time as the Tertiary uplift, the overlying llesczoic
cover would be folded to the same oxtont as the Carboniferous
rocks. The initinl surface would be arched snd the drainage
patiexrn would, promsumably, evolve as the radial drainage of

 transverse consequents from the flanks of the dome, Tnis
simple xadial pattern might develop annular subsequent

strezms as the different ilesozoic outcrups were uncovered.

1f the area was not reduced to & peneplain, some trzce of tne

inward-facing escarpments snould persist. Yone of these can

" beé recognised, If the stage of peneplanation was attained,

there should be no central dome, : -

C o The present hill-top surface must,
therefore, represent a single surface vhich has been arched
since its formation by posthumous movenment. along the axis of
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the Peesdale Lome or it mey represent frogments of several

curiaces which lie round the periphery of the central core

of highland, - The former conclusion has been shown to be
untenable. It is therefore necesscry to examine the platform
surfaces of the Alston Block in greater detail, to ascertain

- whether other remmant surfaces can be recognised, =
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CJAPTER 3.

;“ STATISTICAL I mSTIGATIOﬁS-OF THE UPLAND
- _SURPACES OF THE ALSTON HLOCK, -

4 ) ~ Apart from a few sections across the Alston
Block, Irotter (1929) provides no statistical or cartographical

. evidence to substantiate his claim that “the pencplain diesplays

& remnrkable degree of perfection®, This chapter attempts to

. amplify this statement and attempts to provide the statistical

ovidence which can help to show whether rmltiple surfaces are
present in the area, The lotter cannct be proved by statistical
methods alone, but the results of this enquiry may indicate

 further lines of investiigation. :

k , , .. Four different methods of measurement,
sampling and reconstruction have been used, These include the

" different methods of 3=

1) Drawing multiple profiles,

- 2)° Reconstruction of former surfaces by means of
’ - generalized contours and altimetric distribution

. mapping.
- 3) Planimeter measurenents of selected contours.

. 4) . Altimstric frequency analyses,

- All thess techniques are well-lmown forms of analysis but a

- number of new mecthods of scupling ané illustration have been
tried. A detailed critique of the methods, together with certain
_ experimental developments of this work, are given'in_Appandix II.

GENGRALIZED CONTOURS AND IULTIPLE +ROFILES.

. For the purpose of this analysls, two sets
 of proriles are illustrated, Three projected profiles (Plate 6,
Imp Folder) have been constructed for the greater part of the
Alston Block along the orientation of the Wational Grid. The
two east-west profiles were constiucted by the autnor, the
north-south profile of the western port of the Block has been
compiled by P.L.DBowes., Two series of superimposed profiles fox

Ty oA

“ast Durham have been compiled and drawn by W.a. cstgate (Fig.=y.
The Generalized Contours (Plate &, Iap Folder) represent only one
- _vorsion of several different pailterns bthich have been compiled

- by the author and by students under his supervision. Both tnese
- methods of representation and reconstruction of uplané suyfgces

. are somewhat crude and subjective. It is necessary to examine

" both contours and profiles together, for positive evidencs
‘from one muy help to elucidate ambiguities in the other. Owing
‘to the subjective element in representation, any conclusions

must be considered tentative.

S
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’ o The features showm by the projected profiles
st depend upon both the orientation of the axis of projecction
and upon conscious rejection of profiles which wvould obscure
~ background detaili, ror example;, all variations between the

profile pattems of (1) end (2) (Plate 6, Map Folder), mmy be
. .obtained by altering the planc of projection through ninety S
. Gegrees, = In profile (3), the choice of the northem boundary, !
whlch ig the 550 Km.N, National Grid«Line,. vas determined by the

. presence of high ground in the northern .art of the ¥est Durham

. the profiles of Charlew Moor, Findon Hill and Pithouse Fell,

.”;in groups which are widely separated by the indefinite moorland

~be seen tkat, excluding so-called monadnocks, tho zajority of |

"~ contain the same ambiguities. | . ,

" Platesu { between Pontop Fell and VWrekenton) which would obscure

, oo . In the map of Generalized Contdurs, the
principal ambiguity of construction occurs towards the higher
contours, Above 2000 fecet, the higher summits become isolated

country of the Upper Tees and Socuth Tyne. " The problem inhercnt
in the construction of the higher contours is the degree to which
the generalized contours round one group of hills can be linked -
.bo those which lie several miles avay., In Plate 5, the group
~_of high moors, which form the watershed of Upper Weardale from
 Killhope Law fo Cutberry Plain have bcen shown as an isolated ;
. group vwhich is seperated by Upper Teesdale from the mein bulk
. of high ground centred on Cross Fell and Iickle Fell, The
¢ generalized contours above 2100 feet could be drawn, with equal
validity, to show this as a continuous tract of high land which
slopes eastwards from 2500 to 2100 fect, This second
_interpretation can be justified from the projocted profiles,
.. The line A = A on profiles (2) and {3) reprvesent the linear
reconstruction of this surfoce from 2600 to 2100 feeb. It will

the high summits of the Alston Block lie close tec t™ls line.
‘ , . The less subjective method of Altimetric
Distribution mapping, proposed by Balchin (1952) cannot be applied
to thig tract with satisfaction. Owing to the relatively small
number of summits with enclosed contours and the high proportion
of gently sloping spurs, mechanical drawing of isopleths, based-
solely upon the summits, produces a pattern which is corpletely

. misleading,  The reconstruction waich takes account of ths
principal spurs, may have a pattern which is indistinguishable ;
‘from one of the many versions of generalized contours and it will |

_ , ' _ . VWithin the height rangélwhere §he generulized :
contours are reliable, flattening may be recognised at the ;
folléowing heights := ' I : 3 :
.vt : i7§§ - 1g§§ feet abgve 0r§§ance Dggum.
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.Therg are c¢learly large areag bolow. 600 foet vhere accordance of
summlts.and SPUrs may be recognised, but oving to the uncertainty
of reconatruction, no conclusions can be drawm from the .
gencralized contours, themselves, at these altitudes, ~ The
maxked steepening of the generalized contours between 1500 and

.. 1700 foet is particularly prominent, and, in many places, this
...8lope may extend as low as 1300 foed, B

o - The mltiple profiles confirm these levols
. of accordance, The main sumnmit surfece, between 2100 and 2600
feet is shown by linec A~A on the projected profiles. The .
accordance of summits between 1700 and 1900 feet appear to be
sgparated from the upper surface both in altitude and by angle
of inclination.  The marked brealk below 1700 feet is clearly
visible, -From 1300 feet to 500 feet, the slopes of the West
Puarham flateau are gently inclined and the principal summits are
Troughly accordant with the eagtward extension of this surface
to the crest of the lagnesian Limestone Iscarpment, - Howevecr,
~ this accordance ig not linear, Datween the extensive area at
about 1000 feet. in the vicinity of Tov Law and the crest of the
Permian Hills et about 650 fect near Cassop, the platcau surface
. generelly occurs below the linsar surface B=-B, This may .
. possibly be attributed to the vresence of mltiple platforms’
below 1000 feet, vhich is suggesied by the steps in certain
brofiles,  An alrernative interpretstiorn e that linear
. eXtrapelation is not justified and the ridps erests of the
~ VWest Turhem Plateau are accordant to a curvcid surfece,

, , . ) The Superimposed Profiles cof Trst Durham

. (Fig.9) show about six levels wiich may ropresent pletfomn
features,  The highest, which lies about 600 feet is only"

Tepresented by a few smmmits, Betweon 500 end 550 feet there

is a. certain measure of accordance. It will be secn, from

the weneranlized contvurs that this ropresents the principal

hill-top surface of tne Magnesian Limestone Platcau. 3olow

tais suriaco, there are three or more platforms the occcurrence

of which is widespread, The upper rlatfora lies between 400

and 450 foeet, The middle surface, vhich is particdrly well-

doveloped 2long the westexrn margin of the T=Y rrofiles, occurs

betvsen 300 and 350 feet, The lovest surfrce lies at or

sligatly below 800 feef, .. It can be seen, however, that it is _

‘2lso possible to intsrpret these featnrcs es sloping surfaces,

thug, in the ey profile, the main hili-top surface appears to

slope eastwards Trom.about 550 feet to cbout 400 feet, so that

- sub~division into two significant levels may be incorrect, In

tie =5 prefile there is a general- inclination southwards from

the highest summits, above 600 feet, to 200 feet or lower,

Dwo further platforms, of limited extent, can be recognised below

200 feet, The first liesg between 140-150 feet and is best sihown.

by the profiles of the northern part of the area.. Thejsecond_
lies at or slightly below 100 feet, This occurs most frequently
a little behind the cliff edge of the,present coast,’ N ]
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. AREA-HEIGHT +AND ALTIVETRIC TREQUESNCY INVESTIGATIONS,

: - "he precent writer is deeply indebted to
. Miss E.Hd.Shaw for a full planimetric measurement of the Alston
~_ Block. ' This laborious work occupied her from Qctober 1952 until
... iarch 1953, and, without her help, it would not have been possible-
. .. to produce sucn an accurale hypsometric figure for the whole tract.
.7 ‘e work was carried out in two parts, ' First, Miss Shaw measured
" the areas enclosed by the 200-foot contours on the #-inch .
- Ordnance Survey maps; later she measured the area‘enclosed by
' every 50-foot, contour on & scale of one inch to one mile. The
area of each contour measured on the }-inch 0.S. differs from
“the equivalent l-inch figure by less than 0.3% of the total area,
 the large vertical interval of the }-inch 0.S. permits only a -
very gemeral representation of the hypsometric curve, but:this
preliminary work provided & useful cneck on latér figures which
_ were computed from parts of seven different sheets, The - .
.. resultant hypsometric curve is showm in Figure 10, :The hypsometric
. curve is not the most satisfactory method.by which the date can
be illustrated,; for it is seldom possible to jdentify depurtures
from the smooth curve. ..In consequence, :the area~keight curve
> has been computed from the data. This is. shown in Figure 1l
. % The aren~Height curve, which is based upon the difference in areca
.. between successive contours, iag of greater value than the
. hypsometric cuxrve because the principal irregularities are
" immediately apparent and becausc, in this form, the curve is
" mor:> readily compared with the altimetric {requency Curves.. . . _

-t

e __ The three methods of altimetric frequoncy

_ . sampling are discussed in detail in Appendix II, It is only .
_necessary to note that two principal methods have been employed.
" the first, baced upon the original studies of Paulig(1935) .

V7 pamples the highest point per unit area. In this work, unit
"“area has been chosen as one square kilometre of the National

‘Grid. ~During this analysis, in order to asses the degree of
' dissection at different altitudes, the lowest point per unit

© 7" area was sampled also. The second method is derived from the

' work of Hollingworth (1948), who has restricted sampling to '
'""listing, in order of altitude, those summits shown on the one=-
tooinch mape The altimetric frequency curve vased upon the "Baulig
" Hethod" is showm in Figure 11, the two altimetric frequency

_curves, btased upon these methods, are _reprcsented, in IFigure KR

In general, the four curves, based upon three

dissimilar technigues of measurcment, sampling and representation,
show certain general similarities. The “hysometric. curve shovs
marked resularity in outline from 29C0 to. 350 feet. Bglow_this
height, the curve is predominantly convex. The significance of
this feature is emphasized by the area-height curve and by both
forms of altimetric frequency curve., Ihe peak at 320—3§0Afeet
‘represents the absolute mazimum of all except the,"Hblllngworth
Hiethod" of altimetric sampling. A peak of smaller significance

" occurs at 125 feet in the area-height curve and at 165 feet on the -
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?hggg if thé surface sloped uniformly, such zones would
initially have similar area and the altimetrie frequency curve
would be a straight line, If the area~height and altimetrie

§ f;equency‘analyses showed any deportures from the straight

: 1}ne, these woulg be a record of the degree of dissection at
_ditferent levels, 4 well-preserved part of the surface would
..be represented by a maxims on cach cixrve,
in comparison to more deeply dissected zones above or below,
Since these forms of analysis are Primarily concerned with the
recognition of different surfoces rather than their relative
~states,of,preservation. it is necessary to account for this
factor of regional slope, - : L

o . There are two ways of correcting this fﬁctor;
The first ig by making analyses relative to an inclined surface
rather than to Ordnance Da.tun, Certain experimental work in

this direction was carried out, This is described in Appendix II,

Owing to the formidable difficulties of computation, no resilts
are available, The simpler alternative is to sub=divide the
tract and compute the appropriste curves for each subdivision,

For this work, parts of isst Durham and the West Durhan Plateau

have been studied separately. The area=height curves for these
subdivisions of the Hlock are illustrated in Figures 12 and 13,
It was decided that the relevant a2ltinetric freguency figures
were inadequate for comparison, because, using the National Griad
Kilomotre square as unit area, the totol number of units was
small for any subdivision.. In order to counteract the effects
of rgdom errors, it would be necessary to increase the class
interval until such an analysis was valueless, In the course of
nis study of the Magnesian Limecstone Plateau and the Durham
coast, W.A.Vestgate carried out an altimetric frquency analysis
sing ¢-square kilometre as unit area and was able to show the
> reater sensitivity of this method for sampling a limited area,

: ‘ Since the area-height curves are dependent
ipon the plonimetric measurements, the boundaries of the sube
livisions are those chosen by Miss Shaw, These areas are
lstermined by the edges of the One-inch sheet edges, suitable
;rid lines and other arbitrary boundaries, Most of these sube
livisions are between 40 and 60 square miles in area, 1In ,
‘igures 12 and 13, the sub-divisions are arranged in adjacent
lorth-gouth pairs, so that direct comparison nmay be made of

he area-helght distribution along meridional belts, ’

: o The results of these investigations may
& tebulated as follows - S ,

» which would stand out -
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Iable 4. PLATFORM SURTACES In'wE Y\ DULHAQL
BASTD UPON AREA-MLIGHT CURVES (FIG 12).

TotaI‘Area_V,;,A » ¢ 'L . B E_ H M
| S il 1325 . o
I 1075 4
.02 celn e e 1085 o . "o
) £ T T o
925%.-. ... ... 925" 925 .. 9257
. = 825" 825 - :

T . ‘ e 95
,...725 .. 725 725 - . 725 725 . 725
S L 675 . - :
... 625
| : - 575 S o

LLLn . bR o o - 826

o : 475 . 475 o
425 - 4959 425" 425? ‘ L 425 425

The figures for "G are not repreoentatlve becauae much of thia
sub-d1v1aion is occupied by the lowerepart of Veardale._r;g

L

¢

T&ble 5. PLATFORM SURFACES IN EAST DURHAIL

BASED UPON ARGA=HRIGHT CULVES

. T L Y

Total Area - . C F T K

425 |, 4507 . 425 425 450

The figures and tables show that there is a marked persistence

of the 40C=450 foot platform throughout each area, In West
urham, thore is evidence for further surfaces at 500—050 feet
and at 700-750 feet, The evidence for platforms at greater
altitudes ip unsatisfactory because the majority of this tract
lies below 1000 feet. in the extreme west of the area, there is,
hoviever, evidence for surfaces between 900 and 950 feet and
between 1000 andl050 feet, The maximum at 1025 feet in area

'D' is paztioularly prominent.

In East Durham, the only surface which is
represented above the.three post-glacial levels iscthat which
occurs between 400 and 450 feet., This emphasizes the conclusions
already obtained from the superimposed profiles of this area.

: In the present form, the method is clearly .
inadequate for summarizing the evidence for planation at the -
upper limit of the altitude range in any sub=-division. However,
this approach has confirmad coertain tentative conclu31ons whiun
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-.'“Projectéd Profiles,
. . Superimposed * _
_wiGeneralized'contourqg,;frequency

. have been dravm from the other s

been adopted, 71t has confirmed
.. maxima between 40
- JBBY haVe considerable local gsign

It is now possible to summarize the :
re the results with

'_;;:fGQﬁqluéipdstf‘thié statistical work and compa
Wright (1955).° " As should be

o .the similear work carried out b
... ©Xpected, the results are very s

+

.. Table 6. SUMMALY OF STATISTICAL RESULTS,

0~500 feet, 700-850

tatistical methods waich have -

that the altimetr
feet and 100

ificance,

imilar, L

o
i

ic frequency
0-1050 feet

_eurves,

Area-height &
...altimetric '

LI

Area-ﬁeigﬁf ' Suggested
curvs of .
VI. & Eomrhm. Si@ificanceo

‘Level of

2100~2400, 2170¢-2200 L 21002400
P _ . .. 2025 : o
- S .- 1930 Con -
1700-1800 . " 178 _ - 1700-1800
: ... 1525 : o D '
: -f D . 1325, -
10001500 { ..1280 T 1250=1320
o \ 1030 01025 7 1000-1050
- 820 825 ~ T20=-900
700=300 7306 725 o
- 600=850 620 : . 600-620
500550 . 520 . 925 . . 520550
T 400-450" C 425 v 425 7t 7 400450
T B20 ST 320 0325 - 320=-330
7190 Lo, 180 g 190
B - U 125 .. 140
.00 T T ol .. 100
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" Table 7. COMPARISON OF STATISTICAL CONCLUSIONS,

Maling (1955) U;ight (1950) o
(Table 6, . col,4 ) .. "Host signlficant surfaces“
, ....;L;;;.a.? Sl ' L, 2700 . e
R T :2400-2600 - G-
SR n‘;;;;, 2100-2600;ﬁw' _ T o 2000 -
e e v l700-1800¢;!;,h_qiu T 1750‘2000
‘ N L 1500 -
L 1250-1320 L : _;," . 1200-1400°
I 1000—1050 ”“d”,” R L 1000
i n,M20=900 T L 700-850"
» ,':n 600-620 - - T T 77 7"B550=650
o . 520=550 - e Lo -
L - 400=-450 . 7, . T 400-450
... 320=-330 - ... 250=350
190 ' -
.. 140
. 100

*;‘( The sltitudesmarked 'x' represent those neights at
wiicek significant maxima were recognised by Hollingworth

. (1938) in his analysis of the Lake District and Cheviot {

;,,'Hills.w See Fig. 8 and Iig.lS). , 4 ¢
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_acoount of the field-work which was ¢

_;, qf.study.by R.L.Wright., . Sorze of the higher moors were studied in
...the field during the first season in upper Weardale before it .

" The extent of this work has been insufficient to provide an

" between 1250 and 1320 feet, but it is not possible to confi
. these impressions with field evidence, ' :

-40~

c

CHAPTER 4.

- [ INTERTDIAYE PLATYORS OF T'T% WTAR VALLTY.

o

. L _ The first three chapiers of this thesis have
been concerned with the Alston Block as a whole. It is now |

necessary to study the Year valley in greater detail and to toke
arried out during this

[

_ research,.

o — : It was stated in the Introduction that the
. bresent writer discontinued work on the upland surfaces of the
Alsgton Block when it was known that these were also the subject

wag -realized that there was an overlap in our respective studies,

. alternative version of the early denudation chronology which can

. btake account of the objections to mid-Tertiary folding which were

. stated in Chapter 2, For this reason, it is necessary to accept,
~without prejudice, those arguments which support -the recognition
~of a sub=aerial pencplain above. 2000 feet, It has been shown,

. from the statistical investigations, that it may be possible to
recognise additional surfaces between 1700 and 1800 feet and

: . The term 'Intermediate Platforms! describes
. those shelf and spur features which lie below the watershed of the
" Wear drainage system and which occur above the level of the 320-
‘foot post~glacial surface of the Ifiddle Wear, 1In this chaptler,
two related problems are examined, it is necessary to study
‘the evidence for multiple erosion surfaces on the lower interfluves
&t and below the prominent platform at 1000 feet and to account
for their oxrigin. It is also desircble to investigate the
significance of the higher terraces or shelf fectures along thg |
sides of Weardale to show whether these are graded to any parplcular
" grosion surface, or to confirm thzt these are purcly lithological
" features whose distribution is independent of the denudation

" chronology. :

 THE PLATWORIGS OF THE W.oT DURMHAI PLATEAU,

The West Durham Platesu comprises the mass of
high ground which lies between the valley of Phe Middle Wearrand
" the approximate line of the 1250=-foot generalized contour. ﬂhg
upper part consists of an undulating, little dissected platocau
which lies between 930 and 1160 feet, but which is best developed
between 1000 and 1050 feet in the vicinity of Tow Law, This
surtace. forms the :even skyline of the Plateau throughout the
vhole of the western horizon (Fig.16). - This feature has been
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t

recognised and described by Wright (1955), who called this the
"1000=foot Platform®, e has shown that it is well-developed
. @bove ieesdale, on the hills betwsen Barnard Castle and Rggleston,
. The work of the present writor, confirms the continuity of this
..Burfage, north of the Wear into South Northumberland, '

P B ]

o . From this platform, a seriss of fingers of
high ground radiate ecastwards, gracdually losing height until they

. are abruptly terminated, at heights between 400 and 600 feet, - -

. as spurs along the western edge of the Wear valley. The remark-

© able preservation of the platesau surface along these interfluves

- is strongly contrasted to the steep-sided ==lle 8 of the east-

. flowing etreams which drain the plateau (Fig.17). Taese .cssential
. topographical features of the Plateau are repregsented in the

- detailed topographical maps of tho Browney-Deerness Interfluve -

. (Plates 16 and 17, Map Folder). Parts of the Plateau are also
represented in Plates 11,12 and 18(Map Folder), The droinage of

the Plalecu differs from that of the western part of the .ilston

. Block. -There are only three streams which penetrate the cntire

. wldth of the Plateau. These are the major rivers, the Tees,

VWear and Dervmt. All thogse streams which drain the Plateau itself,

.. rise on or néar thé 1000-foot Platforn. '

- . The courses of these Fi.lcau streams, as shown

.. by the pre-glacial drainage pattern (Fig.26, and Plate 5, lap
Folder) appear to be radial from two centres. The northern centre

is Pontop Fell, vhich rises to more than 1000 fcet in North-west

lurham; the southern centre is near Tow Iaw, = From each of these

centres, valleys radiate in directions vhich very from north-west

. to scuth=east.  The River Browney, which lies midway betwecen them,

~receives headwaters from each centre.(Fig.18). , ' ,

. s The Projected Profiles (Plate 6, ikmp Foléer)

show that there is a marked topographical break between the 1000=

{oot Platiorm and the higner hills of the Alston Block. As a

. Tirst approximation it mey be suggested that the West Durham

. Flateau represents a single dissected surfacs which slopes east-

.. wards from 1150 feet to about 600 feet at an angle which is

. slightly steeper than' the line B=-B on Nos. 2 and 3 of the
Projected Profiles, A Turther example of this lineaw accordance

»“m‘is §nown by the low summits of the Browney- Deerness Interfluve,

- (Fig.19), which are aligned along an almost straight line of
. similar gradient between 980 and 780 feet.

It may be supposed, therefore, that this uven
surfoce represents the eastward continuation of the 100C~foot
. Platform and had similar otigin. It may represent the structural
dip=-slope of the Carboniferous stratag it may represent an exhumed
sub-Permian surface such as was recognised further acuth by
Hudson (1933) and Versey (1937) (Fig.8), or it may be a sub-aerial

. e et e
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.. the regiqngl‘dip_of‘the_Carboniferous straota approximates closely
tp the eastvward gradient of the Platezu surface in certain Places, .

| the dip o

|
|
|

e e 4, . e e

i; ‘- -42-

.. 'suxrface of later age than the Summit Surface of  the Mston

. Block, Alternatively, if the surface of the Plateau can be
. Bub=divided into faecets of similar altitude, these miy represent

‘",‘ma:ine'surfaces of late-Tertiary age, The first of these

Speculations cannot be supported, _Although it is clear that

f the rocks is slightly steeper, so,ﬁhat‘gucoessively .

... younger beds are exposed towards the east, Thus, north-west

.....0f Tow Law, the 1000-foot Platform transgresses the Millstone

.. Grit, Lower Coal Measures and Ifiddle Coal Measures, Along the
. interfluves, which are predominantly composed of . Middle and

?fLMUPper Coal IMeasures, the dip of individual seams is greater than

the gradient of the Plateru. It connot be shown that the surface
.1s disturbed along the lines of mnjor faults., Although a break

Q/_in,thg‘profileAmaywbe Trecognised where the Deerness Fault crosses

‘.’ [

the Browvney-Deerness Interfluve (Fig.lg)}‘similar,faulta do not

....Shift _the surface in the other profiles,

‘umtIf the basge of the Permian is extrapolated

"j&é_ati«ia;fda;' é{séuniing‘ that the dip remains constan‘t' and that
- Permian,rocksfg:e not disturbed by fault ing, the level of the

[

unconformity rises nore, quickly than the surface of the Plateau, °

" Hickling (1949) has drawn a series of sections through the Dutham
.. Coalfield and has showm that, assuming lineaxr extrapolation,
. the base of the Permian rises

wtr,

4 ‘ Yo a height of 17001800 feet above
Ordnance Datum in that area where the 1000-foot Platform is best

. developed. - ‘This reconstruction is Jjustified, for the dip of the
... llagunesian Limestone has been shown by Hickling (1949) to be '

f_remarkably constent (Fig.3, p.7). and, as has been showm in

Chapter 1, (page 8), thore are ey significant faults with north-

. south trend which could affect the Permian,  The extrapolation
of the Permian base is shown on No.3 of the Projected Profiles

 (rlate 6, Hap

 Folder). It is clear that this line has no
rclation to the present surrace of the West Durham Plateau,

: It is alsq‘unlikelyvtnat any other topographical feature of the

Alston Block can be considered to represent the exhumed sub- -
Permian surface, .

) _ - For these reasons it rust be concluded that
the surface of the West Durham Plateau is either the remant of a
Tertiary peneplain or a marine platform, If the surface had
marine origin, it igs likely that, in detail, the surface of the

. Plateazu can be resolved into‘a number of'separathfacets;;”. o

L , Ixamim tion of the area in the field has showi
that there are certain well«defined plqtfqrms_which.mqgwpe_ggouped
roushly_intg.five”altime#rioud}visionsm:rA;“,;;;,*,-;“:; R
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- Bach of these groups coincides with those altimetric ranges kthich

wers tabulated at the end of Chapter 3 as showing some statistical

Horeover, platforms have been recognised at

"similar altitudes eleswhere in Northern Englend and they have been

- regarded by meany writers as evidence of marine transgression

during the Pliocene (#g.9 p 25). 1In this area, Wiight (1955)

" nas noted the presence of platforms st 800 feet, 600 feet and

he beliéved.werg mar@np_benqhes of Pliocsne

,,,,,

! In order to determine the significance and

possible orizin of these platfomms, they were studied in detail

with tae aid of the large amount of boring and surveying which

nas resulted from opencast prospecting in the Vest Durham Plateau,

: ' . The first task was to eliminate those summits
and facets which were composed of thick drift and, where this was
possible, to identify thne height of = platform from the height
of its rock floor, The second was to obtrin accurate helghts
of each glatform fragment, to find vhether wunere was any evidence

' that these features maintained constant altitudes througaout tae

arcte N .
Trom the investigation into the extent and

origin of the buried drdinage system, which is described in tne
next chapter and from the exanination of opencast site plans for

: these plateau areas, it was possible to determine the approximate
limit of thin drift throughout mucn of the area. - The boundaries

of tnin drift aré shown on ilates 20,21 and =22 (mp Foldew)s

'In geneial, the drift .cover only becomes appreciable below 500 feet,
The 400=-430 foot sarface, which appearcd &o important in the

statistical examination of West Turham, is greatly reduccd in
extent (Plate 7, liap Folder), This is owing to the large number

~ of hills of fluvio~-glacial sand which are associated witnh the over-
" flow chennels of West Durham and with the initiation of meltuater

“drainage through Ferryhill Gap.  Thus, in Plate 18 (Map Folder),

the summits of Pockerley Hills, relton Fell and Weldridge Fell,
. together with minor spurs of the CJong,

Pwizell and Beamish valleys,
all of which rise to this level and all of wanich are composed of
thick drift, must be eliminated from the discussion. 1In the south,
tae sand hills associated with Ferryhill Gep and the hill upon.

“wnich Bishop Auckland is situated (Plate 12, Mhp‘Fblder)‘mnst
_be ignored because they consist of very thick arift. . ‘




" 19 feet of drift,

- helguts, .

44~

At higher levels, there are ohly a few

"platfo:mé,_éﬁch as the crest of the Causey Moraine (Plate 26,

Map Folder) at 550575 feet vhich must'be'ignored’altogether.

. Tnere ara, however, many sites vhere the drift thickness is

apprecinzble and it can be showm that the pre=-glacial platfomm

~ lios 2-little below the level of the present surfzce, For example,

the important facet of the Browney-Deerness Interfluve upon which

Ushsw College is situated (Plate 16, Mpp Folder; Fig.19) rises
"~ gently from 600 to 630 feet, This altituds has been showm to De

csignificant in the statistical discussion and this platform occurs

“ at the level of a marine bench recorded by Wright (1955).

According to all editions of the Geologicnl Survey, including the -
recently published revision of six-inch sheet XIX SeIs, this part
of the Platcau is shown to be drift-free, Hevertheless, a recent
opencast boring, which is situated & little west of the College,
close Lo the break in the 620=foot contour (Plate '16) has proved

i,

‘ L : Similarly, the lowv summit on the'Maid‘en Lav=
Cherlaw Fell ridge, which rises to 810 feet near the farm known as

L' Stendagainst All (Fig,19),was proved by boring to consist of 20 feet

of superficial deposits,

Clearly, vtherefore, it is not possible to'accopt

 all the efldence of the topographical maps, Granted the reduction

of the heights of certain foaturcs by 20 feet does not materially
alter the conclusion that platforms have been developed within

~sertain altimetric ranges, but the wholesale elimination of 400~

Toot summits from the West Durham Plateau has snown that any

" reconstruction vhich is based entirely upon the evidencs of
topographical mapi must be susvect,. In the compilation of Plate 7

(inp Polder), due considcration of the drift thickness hes been
taken, where this is lmown, in the detcxmimtion of the platfoxrm

'Within-the six~-hundred foot height-range of

~ the VWost Durham Platenu, there is no .10-foot class interval vhich

is not represented by any rlatform., This does not mean that
they ars equally distributed throughout the entire height range,
for definite concentrations may be recognised within the range
78u=~830 foet and 530-560 feet, The present writer cannot,

howuvor, agree that there iz evidence for multiple surrfaces a2t the

.. intervening 2ltitudes, for even if later denudation had modified

.. the higher platforms, the lower platforns ought to be well-preserved,
" Hiowever, the"600=foot Platform? is extremely fragmentry and is
.only represented on two out of three major interfluves (Fig.l9).

o It is also difficult to recognise adcquate
steepening of the slopes between the succesaive platforms whid
could beldescribed as degraded cliff-lines. - The eastern slep.c _
of Pithouse Fell, vhere the "600-foot Platform" can be rcognised at

_Brandon, .probably represents the best example in the vhole area,

‘The onwneybbeerness.Interfluve,<oﬁ;the,other}hand<contains no




 ‘4ma?ked eastwvard steepeninz of lepe)yhiqh can correspond with
~ .this step or with any other, It can be seen, from the

Interfluve Profiles (Fiz.1%) ond from the éistribution of - -
Beunant Surfaces (Plate 7, Ip Folder) that the principal breaks

....between signiticant surfaces occur ag wind g2ps thrcugn the

[T
-~

.. the interfluves. Wearly everywhere, the 780-830 foot surface

.18 separated from the 1000-foot Platform by a marked wind gap

*f.;;o: by & high featureless col. o _ g

There are only thrse places in the vhole

... of the West Durham Plateau where there is any continuous -slope
.. vwhich could be rogarded as a cliff-line between 930 and 830

., Teet, One occurs on the southern spur of Pontop Fell, where

w.. ¥he surface fulls from Loud Hill to Iaiden Law, a matter cf one

... hundred® feet in three hundred yards. The second occurs at
.....Broom Hill on a northern branch of the Deernesn-Stockley BDeck

. ... Interfluve, where the surface falls from 949 feet to 830 fcet in
.. about 2 mile, The third and most convincing example occurs eabove

the walley of the Upper Browney, near West Butsfield, vhere the
spur between the River Browney and Rippon FPurn falls abruptly

f‘from 928 feet to 880 feet, DBelow this therc is a fentureless -

© e

" accepting that any of these fragments of the West Turham TFlateau

The present writer finds difficulty in

can roprasent Pliocene marine surfoces. The lack of clearly

' defined height limits to the platforms, the lack of intervening
¢ feliffs' and the departures of the drainage from any simple . .
parallel pattern of extended consequent gtrecms all militate against

R

the belief that these surfaces could have originated during a
poeriod of maring tronsgression. . Crented that ceriain significant
~altitudes have recurred several $imes in this dimcussion and it
~is inviting to correlate thesoe statiatical surfaces with those

" recognisod in south=viest Yorkshire, ithe ILake District and Cheviot

Hills (7ig.8,p 25)., To suzgest direct correlation by a2ltitude

i'_alone would, however, deny the possibility of differentizl earth

movements, including isostatic recovery, at zll periods after

. their formationm,.

' In ony case, most of these other andyses have
been carried out in arcas where no corraction can be made for
.the thickness of drift. The extent of correction and elimination

" _of doubtful surfaces by the present. writer has showa how inadequate

" possible surfaces,.

the topogrepnical map can be in the detniled investigation of

Tie ultimate objection %o the acceptance of .

' the idea of Pliocecne transgression is, however, the total lack

. of acceptable Plioccens depoeits within two hundred miles of Vest

- Durham, Until these can be proved to.have besn deposited on the

. appropriate platforms, the recognition and dating of such features

. is_largely subjective guesswork,

- platform which falls gently eastwards to 670 feet. . .. .
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v, 2HE MAGNESIAH LIMESPOHYK MSCARPTSND nﬂD ﬂa MIDULL UEQR

Al*hough it iq not p0831ble to recognise
fonver surfaces ot marine Plonation from the evidence of the West
' Durham Platecu alone, some account must also be taken of features
_at elvilar altitudes wvhich occur east of the Hiddle Wear. ’

g : - It was shown by the. statistiecal 1nvestig3tions
that three distinct surfaces may be recognlsed in Bast Durham,

_ The highest, at 600-630 feet, which is shown by the mltiple

_ proiiles (Fig 9 and Plate 6, lap Folder) is confined to the higher

. summits of the Hognesion Limestone Platean, most of which are

clustered in the neighbourhood of Cassop and Westerton, It .

. should bo noted that Warden Law (646 feet) which is the highest -

. sumait of the fast Durham Plateau, and which lies .far to the

_north of the other high hills, con51sts of about 150 feet of
fluvio-giaclal sand and gravel, The gravel workings on the-

'aouth face of Warden Law constitute one of the finest drift -
‘sections in the wvhole of Nortia East England, The rock floor

does not, in fact, rise above 500 feot. Similarly, tnere are a

few isolated hills of lower elevation such a8 Whangdon Hill

"(L12 feet) which are also composed of suporficlal deposits,

" Iue acccunt has been taken of these in drawing the generslized
~contours, but certain of these sumw;ts are recorded in the

superimposed profiles, _

‘ ‘ The principal summit level of the Magnesian
Limestone Platesu is at about 500 feet, though the actual extent .
of land above this level is limited. By far tae most significant !
suyface lies one hundred feet lowver, at the aititude of the 400=- - z
430 foot platform which was recognised in Vest Durham. Altnough
‘the extent of this surface is somevhat limited in the vicinity
of the escarpment, elsewhere the undulating surface 6f the
Plateau rises and folls gently about this altitude.  There is,
~ however, little evideznce of marked break in slope between the

_zurfaces, It is only along the steep western face of the
Magnesian Limestone Escarphient that anything agproxim~iing to the
 ideal mprine surface can be recognised. Here there are often
) adequate exposures in the field to show that these platiorns have
been cut in solid rock, but eastwords there is much doubt about
~ the thickmess and extent of the dfift cover, for there are Cy
' relatively few borings in the uplands of the Bast Durhom Plateau. j

/

It has been "houn that the 600~foot Platform ;

'is too fragmentary in Yest Durhom to justify the assumption vt
 this surface was formed during a period of stillstand of thc
Pliocene sea, It has also been shown that there is lack of
accordance in the linear extipolation from the 1000-foot Plattoim
of WGst Durham to the 600-foot surmmits of East Durnam.

. ' - A possible explanat1on which may account for
the: eastward lowering of the West Durham Plateau may be derived
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from a study of the development of the HiddleIWGar,;

; _ “Davis(lsgs) originally showed that a
subsequent tributary of the Tyne cut bzck along the outcrop of
softer Permian rocks and eventually captured the VWear near the

" present site of Bishop Auckland, This has baeen regarded as

“one of the classic examples of river capture in Northem

. England and has been accepted by all later writers. It is,
" "'in fact, @ifficult to account for this diversion of the VWear
"drainage in any other way. )

" As will be ‘shown in the next chapter, it

'vf”ig‘impgysiblé,to ghow that this is an example of glacial
diversion, for the middle of the pre=-glacial valley can be

““'proved to lie close to the middle of the present valley and

' _shows the northward change in direction at Bishop Auckland,

C_ It is difficult to envisage any way in which structural

" movements could alter the drainage pattern here. Althoeugh
.the elbow of the pre-glacial Wear occurs right at the line of

" " the Butterknowle Fault, the dowthrow of this fault is in the

" direction of, the supposed former course of the Vear.

South and East of Bishop Auckland, lies a

""" preak in the even skyline of the plateaux surfaces.. This.

_gap occurs between Grange Hill (625 feet) above Coundon,

" which is capped by fifty feet of ilagnesian Limestone and

“Brussleton Hill (730 feet) vhich is composed entirely of .Iiiddle
Coal ifeasures. . . Between these two features, there is a lovw

" symmetrical col. In detail, this col is now much disgected by
the mmall tributaries of the River Gaunless and the Woodhanl Burn,

" but, from & distance, such as the eastward view from Knitsley

~ pell, the general impression 1is that the whole represents a

" continuous broad gap., This is i11ustrated by the rrojected
profile (1) of Fig.20, Since the mining town of shildon lies

" poar the middle of this col, the feature will be termed the

' 'ghildon Gap.

o The low hills wvhich comprise the floor of the

snildon Gap are in part capped by Magnesian Limestone, in part

" composed of Carboniferous rocks. A few summits are covered
with drift, but intensive opencast exploration has shown that.J _
most of these summits have only a veneer of superficial deposits.
e axes of the folds which lie south of the Butterknowle Fauli

' znd waich were described in Chapter 1, page 6, lie obliquely
ocross the line of the Shildon Gap. It is clear that the presonce
of this break in the plateaux surfaces cannot be related to either
1ithological or structural variations and it is roeaso nble.
to suppose that this is the wind=gap which was abandongd vhen the
gast=-flowing Weaxr was captured by the tributary of the Tyme.
The lowest part of the Gap occurs at 530—54o‘fe9t,above

~ Ordnance Datam.

iy e —
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G  North and West of the shildon Gap, * ,
" thera are oxtensive platforms at this altitude or slightly -
higher, ond, as will be showm, these can probably be traced
' into Weardale, North and Tast of Willington however, there are’
. fevw platform fragments which can be supposed to represent traces
¢ "of the subsequent valleys at the time when the capture occurred.

.. o It is reasonable to suppose that the Middle
*" "Wear initially developed at a height wnich is greater than this .
500=550 foot surface. It is also reasonable to suppose that during
‘the formation of this wvalley, there was_an'eastward‘retreat of - i
the ilagnosian Limestone Escarpment, It has been shown, from
‘wnﬁickling!s_reconstruotion of the base of the }Magnesian Limesto ne
" (Fig.3), that no part of the West Durham Plateau can represent
> the exhumed sub-permien surface, Txamination of the contours
_suggests, however, that the outcrop of the Magnesian Limestone
" may have lain at a height of 700-800 feet along the approximate
line of the pre-glacial IMiddle Wear, It has been shown that @ -

" there is & poosibility that the 780-830 foot surface may be

" continuous with ths 1000-foot Platform. . L

_ ' , It is possible, therefore, that tho Middle
‘Wear was initiated upon this surfacc, During the period while it
_was cutting south towards Bishop Auckland, it captured the east-
_ flowing streams of the West Durham Plateau and cut dovmwards
 towards a helght of 500 feet.  The numerous srnall wind gaps

of the Pluteau such as those at Stow House and Quebec (Fig.l9,
ilate 8, iap Folder), most of which lies natween 860 and 600 feet,
' were abandoned during minor alterations in the drainage which

resulted from the rejuvenation of these gtyerns in response to

& lowered base-level. The armall platforms which can be
recognised on the flanks offthe tributary valleys may date from

the same period. When the valleys of the HMiddle Wear had cut

down to an altitude which varied between 420 feet in the north and
540 feet in the south, it had cut headwards to Bishop Auckland,
vhere it captured the important Wear Valley. '

It is not yet possible to provide & full and
_ closely-reasoned study of these stages in the svolution of the
. Weaxr walleys . Althougih this sub=aerial hypothesis runs '
.~ directly counter to current idess regarding the extent of
- kliocene transgression, this is because the evidence in favour of
the latter is wholly inadeguate. 7

~LrD

_ - As will be seen, there is certain evi€iz.icC,
from the shelf features of weardale, vhich gupport the idea of
_sqbfaerigl‘development at these lower altitudes.




Y T SID'JLF IBATURES OF WE"\RD’\LJ_..

Within the upland dales of the Alston i
KBlock, one of the most characteristic features of the landscape
is the terraced nature of the valley sides, ihese terraces are

_ genexally best developed two hundred feet or more above the

.. valley floorvand, without exception, these features can be shown
_..to correspond closely with one or othor of the resistant beds.
_of the Carboniferous successien., The principal resistant

horizons have been underlined ¥in Fig.l}.

In Ueardale, the most 1mportant horizon is
that of the Great Limestone, but certuin sandstones of the
Upper Cairboniferous Limestone Group also form significant shelves.

-Hexre the Whinsill is thin and has limited extent, but where tais
outcrops, between Stanhope and Eastgate & small but continuous

. terrace has been formed ) which may be traced into the valley
. of the Rookhope Burn. : _

: During the cuurse of this work, it has been
necessary to show whether these step femtures of Weardale are,
indeed, purely lithological in origin or whether they can be

_ shown to represent phases in the development of the valley which
W'huve_been_pregerved by the resistance of these .beds to later
denudation. Since there are so many resistant beds in the

Carboniferous Limestone Series and since the regional dip matches

" the eastward slope of the surface, no objective solution to this

"problem can be given. Detailed examination of particular shelves

has provzded ev1dcnce which can be interpreted in different
ways.

The problem is probably most difficult to

- solve in the upper part of the dale where certain of the [liddle

Limestone beds are exposed high on the volley sides, Here the

" mmltiplicity of shelves is most remarkable (“ig.20. Mo.3).

Bach one, it seems, 1is related to the outcrop of a limestone
or sandstone, and the outcrop of those beds which were mapped
for the primary edition of the six-inch Geological Survey are

~ @ll associated with shelves. However, in the first inms tance,

the outcrops of these beds were mapped according to these features
end where thick peat covexrs the moors and there are few adequate

ﬁ’stream sections to prove the structure, this evidence was often
considered adequate to show the outcrop of the various beds,
+ 80 that this correspondence may be apparent and not real,

owing to the lack of continuity of even the best developed shelves

‘where there is thick drift cover or where tributary streans have

modiried tho valley sides, it is not possible to ethpolate the

‘trend of a ahelf across a gap without ambiguity.‘

Eastwards, the iddle Limestone Series dip

, below the pregent bed of the Wearxr. and, in the 1ower part of the
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dale there are fewcr regsistant horizons at which prominent

_snelves have ieen formed. In the east, however, there are

additional dlfficultiea in the interpretation of the rock

' succersion., Thore are few satisfactory indicator horizons and =~

the presense of transgressive beds alters the regular rythmic

"t

" succession which has been proved furthor west, Since the
_primary mapping of H.M. Geological Survey failed to recognise .

the significance of certain beds and since adequate post-war

 revision of this area is not complete, it is not always possiblo
.to show the true relatlonehip of tne dxfferent shelves.,‘ .

In Upper Veardale, the correspondence of

o detailed topography to lithology is so precise that sometimes,
. wihere a resistant horizon has been shifted by faulting, there is
a change in the horizon of the topographical feature also..v

This is well illustrated in the extreme wost of the dale,-'

':cbetween the Killhope Burn and Vcllhope Farn. : .-

The flat-topped ridge which tuns westuards

" between these streams, from the main Vear-Tyno watershed, is

‘terminated above the Killhope Burn at Cowhorse Hill (2036 feet).

_The summit of Cowhorse Hill liecs a little above the horizon of .
1‘*"the Fﬁrestone Sill and, along the preminent break of slope on
the southern side of the ridge, a fiaggy sandstone, which may :
_ correspond to the Lower Slate S5ill, is exposed. Near the southe
‘eastern extremity of the ridge, there are two faults whose trend
.. is approximately INW-SE, Between these faults, the beds are
thrown down some 50-60 feet, The prominent edge of Cowhorse

"Hill hero bscomes less abrupt and a small well-defined platiomm

is preserved in the flaggy sandstone at a lowere altitude, fthere_

" is a similar break in tne continuity of the broad pavement of
__ the Great Limestone which lies lower down the hill. These
~_ features are well illustrated by the vertical aerial photographs
_ 541/A/439, 3344 and 3345 (Cutline on Plate 8, Map Folder).
_ The correspondence of topography to structure is here so close
. that it might be imagined, without reference to the structural
. hnistoxy, that these faults had shifted the platform after its
- formmtion. There is no evidence that these faults, which are
" mineralized in part, have moved since Hercynian times, though .
"""it mst be admitted that it is not p0881ble to give a precise

" date to the movements.,

In order to examine the continuity of shelf

/

" “features across a large disturbance of kmown age, a detailed

Astudy was made of the topography adjacent to the Burtrecford

o Disturbance. It was shown, in Chapter 1, that this has tie form

of & momocline which throws 250 feet eastwards at Cowshill.

" The age is almost certainly Hercynian, so that there can be o

question of earlier movements shifting the features after taicy

" had formed. Detziled height determination by aneroid and by
' trignometric methods has enzbled the present writer to draw
ST detallcd contours for the spurs which lie on both sides of the
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.Diaturbance;' .Further survey work has faciliated-fhe drawing'of

‘several sections of the vallev side vhere information is inadequate -

' for-accurate contours, , The rosults of this work are incorporated

oo .examination, . -

. _the esgtward gradient ought to be less than the total displacement
.. of beds, which amounts to about 250 feet, ~ Alternatively, if
;gthe_shelves are entirely lithologicaly in origin, a major feature
"at one horizon west of the monocline ought to be matghed by a -
similayr shelf at the same stratigraphical horizom to the east,
The latter is evident from both the detailed contours and the

:l nearest to the zone of disturbance, there are at least two’
" shelves which superficially appear to have continuity on either
~side of the Sedling Burn. - = SR :

may correspond to the Lower Slate Sill, appears to be matched,

"side of the valley, the next spur is that represent ‘
" ‘on Plate 28 (inp rfolder), The highest feature, below the watersned
is a small outcrop of sandstone called thée loorhen Stone.,  Below
. this there is a broad platform of flat moor which is abruptly
. terminated by a scarp which is kn
“'this edge, which occurs at 1955 feet, a massive sandstone is
" exposed. Below the main scarp of Clevison Currick there is'a

"the Disturbance ought to be matched by another, at a lower :~ =

'Si11(?) each show similar platforms on opposite sides of the

.folloved eastwards towards the zone of disturbance, but the
topograyhy along the monocline is rnuch disturbed by ancient mine

" above Greenfield Quarry. Exomination of the wouth-western spur
of Biack Hill (Section 3, Plate 25) shows that there is a similar

_: outcrop of a sandstone which is lithologieally similar to that f
. exposed on roppet Hill. The gradient between Greenfield Quarry i
‘apd this shelf on Black 1Hll is about 1: 81.‘V“ SO E

in Plates 8 end 25, (liap Folder)., The lines of thesas, and other

.sections, are shown on Plates 19 and 20(Map Folder). . There are ;
_a number of minor shelf features on cach spur, but, for the. :
purpose of . this discussion, -two major shelves may be isolated for

In theory, the height of the shelf, west of

altitude to the eost, If the shelves arc erosional featires,

sections, for the Great Limestone, Firestone Sill and Lover Sk te

Burtreeford Disturbance. However, on the spurs vhich lie

. . . | Thus, the small summit of Poppet Hil1(1820
feet), (Section 2, Plate 25), which is formed of sandstone which

i
to the sast of the monocline, by a shelf at 1780-1800 feet, !
(Section 3, Plate 25). = Asscuming constant slope, the gradient |
between these two features is about 1:217, ‘The main shelf to ;
the west of the Sedling Burn is, however that which occurs in the ]
;
!
1

Great Limestonse at Greenficld Quarry.(Section 2, Elatez5). The
prominent break in slope to the cast of the quarry can be :

workings. The main devdlopment of the shelf is at 1680-1700 feet

shel? between 1600 and 1610, This has been proved to occur at the

If reconstruction is carried upstream or this
' ed by Section &,

own as ¥Tlevison Currick, - Along

s g e e
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minor shelf which corresponds in altitudo with the horizon of

the Firestone 5Sill. At lower levels, the Great Limestone

Platform is:oituated at 1680-1700 feet and about seventy feet -

lower there is a prominent edge, now much destroyed by quarrying,
. .at the outcrop of the Four-snthom Limestone, If Clevison o

Currick represents the game fecture as Poppet Hill, the -

approximate gradient betwecn them is 1:43,  If the minor spyur.

i in the Firestone Sill at about 1780 feot is the equivalent of . j
. ... the Greenfield Quarry shelf, the approximate gradient is 1367, |
. . 1fy, on the other hand, the better-developedAahelfwin_thq-Great,-,-

- ... Limestone be correlated with the Greenfield Quarry shelf, the -
. .. gradient’is negligible for both are developed between 16380 and
~ 1700 feet, It is clear from these figures that ne satisfactory

....correlation can be made between the terraces which have developed
. on adjacent 'spurss  Where there are so riany shelves which
.. might be used in any reconstruction of the former wvalley section,
.. it is difficult to link platforms which occur on opposite sides
. ~of the main valley. In order to create any reasonable pattern i
...0f -high-level erosion surfaces, it appears to be necessary to
link o well-defined shelf on one spur with some minoxr feature
... on the next, If this can be admitted, it is possible to pyrove -
. almost anything. - o '

o . «.. . . There is certainly no justification im the
... supposition that these features represcat major stages of '
.. Btillstand during the development of the present wvalley, It is ‘
...oaly possible to conclude that, as evosion proceeded, certain l
. . remnants of the valley were preservod where resistant beds . )
.. happened to occur and thus the relative positions of these !
shelves.are largely determined by structure, = '

& , , - In the eastecrn pari of Weardals.there are,
;Z_ howevar, a series of extensive platforas on the valley sides,
/.. &lthougnh these, too, appear to be related to resistant beds,
it is possible that they are erosicnal features, for it will be v
.. Snowm that these shelves transgress the various horizons invhich
_ they are deveoloped and it is believed that these may be related
. o a definite stage in the morphological evolution of the wvalley. !

o .. On the north side of Yeardale, above Wolsingham,
~ ‘there are a remarkable series of platforms which occur in and -
. below the Hillstone Crit. The detailed topography of the valle
sid3s are illustrated in Plate 10(Map Folder). A series of :
- secticns through these platforms are shovm. in Figure 21,  The'
. topography of part of the shelf is showm in Figure 22,

o _ The bage of the Millstone Grit has been
.. accepted from the mapping of H.M,Geological Survey, but thic
~ " cannot be proved continuously along these wooded slopes and tae
.. heights tabulated below are less relizble than the figures for
....tne break in slope which have been determined trignometrically.,
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. Table 8. REDGATE SHELF : HRIG'T OF BREAK IN SLOFE .
7 ABOVE TH: DASH OF Tii: WILISTOWE ORIT.

.. Section,  Break in Slppe. Base of Millstone Grit. Difference,

&

Ay 090 - .80 - ...+ - 60

OB oL 0920 s 865 e U 45
, C ... 2 T < <1 B ' V'
D, . 936 oo ..870 T 66

B 940(Approx) = . 885 . . " (55)

B 875 786 .. .90 -

I 845 _ 780 7 65
R 840 . . 7m0 . 77" 80

A though precise determination is not possible with the present
geological evidence to show that the Kedgate Head Shelf is sloping
less steeply than the dip of the liillstone Grit, it is probable,
from the extent of the 840-850 foot facect that this platform may
transgress the lower beds of the Millstone Grit, It is possible .
~ to matcn this shelf with the smaller feature at Chatterley on
. the gouthern side of the dale, The continuity of these shelves
ocan be seen from the Crook=-wolsinghem road where this crosses
a syur of the VWest Durham Plateau near High Woodfield (WZ/140,351),
.In detail there is a discrepzncy of nearly fifty feet in the
heights of the opposing shelves, but since these are more tian one
‘mile apart, exact correspondence is unlikely, = It is importont .
to note that the Chatterley Saelf has developed just below the
page of the iillstone Grit, wherecas the Redgate Head Shelf is
between 50 and 100 feet above this horizon., The resultant Zone
0f Uncertainty /SosoNONERNCSNSReny in the reconstruction of &
~wnlley sectionlat this point, occurs between 760 and 780 feot,
. Bomde d' Indéiarmmalion) .
_ The view west from the Chatterley Shelf into
. ~..rdale shows the approximate accordance of three groups of
Liatforms. The eastern of these is Wiserley Hill at Rogerley.
iibtake, <bove Frosterley.,  This prominent shelf occurs between
t1e heignts of 1010 feet and 1030 feet above Ordnance Datum, -
" It has been preserved in the sandstones of the Lower Slate B5ill.
(2late 27, Map Folder). In line with Wiserley Hill is’the
- steep-sided edge of Crawley side, above Stanhope and the gently
| convex surmait of Quarry Hill on the south side of the dale. -~
_ Cravley lidge lies at 1050-1100 feet and the summit of Quarry Hill-
~ is 1086 feet above Ordnance Datum. - o .

' ' In detail, ‘a prominent series of platfoms,
with snarp outer edges, can bs traced from Shittlehope wdge
! (1046 test), Just west of Wiserley Hill, throuzh Crawley Bdge
'and as far up Stanhopeburn as the confluence of Heathery Burm.
{Fig.23)e The altitude of the outer edge iz here about 1120
feet, - . - . _ )
] ; ‘ . , . . »
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'béfffécea,”it:occurm‘slightly above the horizon of the

sfactor

individually,less co
 logi nti
on tne suuthern'side of the dale with the shelf in the Great

stone at Horsley Heaq . (1225-1235 feet), It is equally L
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620=-630 feut by.the

and

cal continuation of the Cravleyside Platform might be made, .

Firestone 5i1l. ' Between Rogerley Intake and - the Shittlehope
. Burg, howevgr,.cparse grits transgxess_the.horizon of the |, -
;;F;restone'glll'and_in blaces it appears to be abgent, The '

Vest of Stanhopé; corrélation is less’

Y» for the shelf features become more numerous and

ntinuous, It islsuggested'however,“that a

répXesent the appropriate feature,

ae dale, the surface

f in the- reat I,

. such correlation mus
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river near Helme

ph§,54or580_foot
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of the valley at the
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reliab;e_regonstruct
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at Billing mills

of Billing: Hills (1269 feet)

n the northern side
is matched by the

imestone at deights Pasture (1274 feet),

%y, ho
ol we

sumnit of Hargill i1l above Witton-le=Wear
platform above Escomb. . This, in tumn o
may be related to the height of the Shildon Gap.(Figs20.50.2),

It is here

éuggested that the sequence of °

WEYCTr, De zccepted with extrenme caution .
st of Sianhope ig cqmpletely,subjective.;

lsingham, it is possible to
ty of the Chatterlebeedgate;Head Shelf to
gloy Fell (Plate 11, Map Folder) and north of
Park, Thence it mey be represented st

been described in. Lower VWeardale ang which
west as Lastgate, may represent the height

It is possible that h

d of erosion

possibly

period when the major diversion occurred

igher?shelves may be
assoclated with the

O=foot Platfoirm, ‘but no ga}isfpcgo;y or

ion can be made,
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- CHAPTHER 54 -

THE BUEIED VALLEYS OF THE WEAR DRAINAGE
SYSTE,

: - . During the course of this research, it has
been necessary to study in detail the system of drift-filled
. valleys which have been proved in the malfield, The results
of theso investigations show the extent of glacial diversion and
~hence the trend of the drainage pattern before these diversions
became effective, In this chapter, the salient features of
~these buried valleys are described and an explanation of the
oxigin of these valleys is attempted,

- Cne of ithe earliest contributions to the
glacial geology of North-Bast England was the puper of MNicholas

- Wood and Zdward Boyd which was published ninety years &880,

. In this paper, they described and traced the course of a drifte
filled valley southwards from Newcastle to Duiham. They were

. able to show that, at scme time, the River Wear flowed northwards,

. through the present Team valley to the Tyme at ¥ewcastle., This
part of the buried valley has been called the "Team Wash", :
The name is derived from the mining term which describes the

. "wash-out" of a coal seam vhere this outcrops against supexrficial

- depusits along the side of a buried walley. The general temm
"Jeuh™ has been used throughout the coalfield to define both the

buried Wear and the smaller tributary buried valleys,

o Wood and Boyd further hinted at the possible -
continuation of the “wash" towards Bishop Auckland and Ferryhill,
but, ninety yeurs ago, the evidence was insufficient to show the

' .. When Wood and Boyd read their paper to the
British Association at Newcastle in 1863, the Glacial Theory was
barely accepted, Indeed, in a paper published in the same .
volume of Transactions of the North of England Institute of
«dning kngineers, Howse was unable to accept some of the new ideas

regarding the nature and glacial origin of drift. It is therefure,

testimony to their careful work and acute .observation that the
main conclusions of Wood and Boyd are still acceptable. The map
wnich they published is still correct in its broadest details
and modern wvork has done relatively little to alter their
conclusions about the horizontal extent of the "Wash® in the part

~which they studied., Their remarkable analysis of the evideace,
weighing the possibility of fluviatile and glacial erosion and

- relating this to the diversion of the River Wear near Chester-le-
Street hus made this a classioc example of diversion.of drainage

. by glacial drift, ' ’ . ‘
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] o -~ - -burther work on the problem of buried
. ¥alleys was carried out by Woolacott (19052, 1905b) who was
...able to use the several volumes of Borings and Sinkinge which

were published by the Ingtitute of Iining Engineers after 1878, - .

"oolacott was able to demonstrate that the ‘buried valley existed

t.;_betweﬂn Bishop Auckland and Durham, and he showed that smzller

.. buried valleys, corresponding to the River Browney, River - -
. Deerness and Stockley Beck, appeated to form tributaries of the

::”"washﬁ;Jf“Holmes“(1928) was able to indicate the probable .
... confluence of the Brovney buried valley with that of the VWear.

. at Durham, North of the Browney, Voolacott!s interpretation .
_of the drift ¢over was incorrect «nd it was not until 1940 that

| buried,vglléys,'corresponding to the Cong Burm, Twizell Bumn
and Beamish Burn, lie between Edmondsley and Burnhopefield:

DR o - . ‘During the last fifteen years, part of the
buried drainage system has been re-examined in detail, Shortly
. vefore the war, H.M.Geological Survey published the revision,

by Anderson, of the Durham six-inch sheet, VI,  This includes

" the Vash between Kibblesworth and the River Tyne at Dunston,

- In 1946, Hindson and Hopkins (1946) published a detailed accourt

. of the "Wash" between Shindl iffe snd Harbourhouse, The present

_writer has already described the Wash between the northern 1limit
of the study by Hindson and Hopkims and the diversion at

”"“Chester-le-street(Maling, 1954).  Thus, with the exception of

. two miles between Chester-le-Streat and Birtley, the whole tract
studied by Wood and Boyd has been described anzw. Examination

" of unpublished data, here and elsewhere, now provides the back-

" ground to the conclusions given in this chapter, o

. o . HMost of the evidence is derived from boring
and uining and it is only where boring has been intensive that

Precise conclusions can bhe drawm, Ileld evidence, by itself, _

“is seldom satisfactory for the rock-floor is generally only
. eéxposed parallel with the trend of the buried welley and, as will
. be shown, the middle of a bu: ied vallcy often lies more than one
.. hundred feet below the vresent flood-plain, Nevertheless, field
.evidence can be useful to show where no buried wvalley can occur.
_ In certain parts of the area, this is virtually all the '
..information which is available,

. .. ';Geophysical evidence is still unreliable,
Hospers. and Willmore (1553) have described the inadequacy of
gravimetric methods for determining the thickviess of drift,

- Habberjam end Whetton (1954a, 1954b) have shoua that resistivity

methods cannot give precise values of drift ¢i.ickness unless the-

- drift is homogeneous and it

that of the rock floor, Recent seismic investigations cairied
out for the National Coal Board, north of Ferryhill, have shom
inconsistent results, : ' o g - . :

8 nature is clearly differentiated from
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T - - Mining evidence is of value along the sides
. _of the principsl buried valleys, especially where recent workinge
... have proved the wagh-out of a seam in several places.  However,
_ most of the seams which outcrop in the principal buried valleys
. _are relatively accessible from the surface and many of the '
. principal lines of wash-out were proved during the nineteenth
.. cEDbUTY Consequently the plans do not always indicate the
... _exaot line of outcrop, and socam levels are seldom available,
_ . It.is often uncertain whether the actual outcrop was proved or
... whether working was abandoned some distance from the "Wash" -
.. .owing to the. appearance of excess water or bad coals ‘There is
-+ also confusion between the true glacial washout, where the scam
.. .. abuts on unconsolidated drift, and the "mip-out®, vwhere a barrier
~_..of Coal Mcasures sandstone interrupts the seam, = Mining evidence
" 'give valuable indication of the direction of a buried valley, but
7" there are few places where coal has been worked to the outcrop in -
.. .the valley floor so that it is seldom possible to determine the
- greatest depths of the "Wash" from this information alone, On
' _the other hand, where other data are lacking or inconclusive,
“'mine plans of lower seams can give some indication of the maximmm

.. ... .depth below unich no valley can ocour.

Core

,,,,, , ' The principal evidence for drift thickness is

. provided by boreholes and shaft sectionas, Throughout the exposed

. coalfield, the network of boreholes is generally adequate to show
. the lateral extent of buried valleys; though few borings appear

- to have proved the greatest depth of the rock-floor, There

must be more than 30,000 borings in that part of the coalfield

~ studied by the present writer. The records of about 285,000

_ separate borings have been exanined. The greater majority of

~_these borings have been made since 1945, more than three-quarters

" by the Opencast Executive. .

, ‘ o ~ The value of the records varies considerably.
It must be emphasized that the majority of these borings have been
" "sunk in search of coal.  Thus, once the main lines of buried

' yalleys had been identified, relatively few borings were sunk in

" ‘them. A few wildcat opencast borings have been made in this

~ “parren ground in recent years, but frequently the drift was 8o -

" hick that drilling was discontinued before the rock floor was
“reacned. . Since the nationalisation of the coal industry and
‘""" tightening of safety regulations, the National Coal Board have
" pored certain  .critical areas of the "wash". These records are
U extremely important and some of the principal conclusions of this

" work are based upon the evidence of 1ess than one hundred boreholes

The distribution of these important borings is most irrsgulax.

" This reflects the present state of mining in the Wear valley,

' " for these precautionary borings are only situated where collieries
" are still working.the higher seams. Throughout much of the vulley,
' these seams have been worked out and 1ittle further prospecting w
~ can be expected, In these areas, the writer has been dependent

""" "upon the older borings and shaft sections recorded in the volumes
‘7fffof”}30rings and Sinkings', = The pbsitions of many of these old .

w o
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nearest second of latitude and longitude, but, owing to the - .=
. marked discrepancies between serizain identifiable sites and the

f59-

_borings are not known accurately. _Some'Were'zaéorded to the

;::.PUbl@Bhed;oo-ordinates, a double check of position has been v
......xequired before the location of a boring could be accepted,” -
wnen confirmatory evidence is lacking, the drift thickness

RN

_recorded by boring has beecn. taken as correct, but it is clear - .
that many of the records must be treated with resexrve, This is -

:;;hpartlyWQWipg to changes in technique a2nd equipment, partly to
. the variations in the ability of drilling crews to interpret

‘;f .thi3.,for. compated with the detailed stratigraphy of the solid
‘... Btrata, the drift has been recorded in many logs in round figures.

€ v oral

. &nd without exact differentiation. Bven today, cores of the

v e

;superfigig;Werasitg-are_seldom obtained or examined. . .. ..

S It has been found that, on those opencast
sites which have been intensivelv Dbored; a certain number of ..

"] the records appear to be inconsistent with the rest, It is

1;;_generally found that borings of a particular type are

.. techniques, Thus, the ohsolete water-rlush rig was less reliablé'ﬂ
. than the hand boring and both of these methods are less reliable."

-

with one another, but not with holes drilled by different

‘than the modern diamend drills, Trial pits are sometimes sunk i

_on opencast sites to check the records of doubtful boreholes,
but the total number of these is not great and their value in

:“%pfqvingvburied valleys is negligible.

‘The infTormation has beenicompiled by the

.. present writer from various sources, The files of H.lM.Geological
. Survey (4) were used as the primary source of boring data, but

. this has been amplified by the examination of local records at

N.CeB. Group Offices and individual collieries. Where possible,-

" ‘original mine plans have been studied. All the opencast data

.-

" opencast prospecting has been particularly active, it was necessary

I

.’ For the published account of the "Wash" between Cocken and Chestere
_. le=Street (Ialing, 1954), the present writer was able to compile -

- =

_has been compiled from the original plans and files in the

... Regional Prospecting Department of the Opencast Executive, -

An example of the intenisity of boring is showm in Fig., 25,

The information has been ploﬁted‘on a scale

. of six inches to one mile., In the West Durham Plateau, where

consistent

.. the geological record. It is particularly importint to realise : .-

T

v

. .
. ———t —— — e . w
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' to do the preliminary work on l: 2,500 plans which were subscquently
. reduced to the six=inch scale, In certain areas, rock floor
contours have been compiled with an interval as close as 1G feet,

(4) This work was done before the files were classified as
.confidential., The records of water and mineral borings held

o

.. by H.HM.Geological Survey are.no longer available to the public,
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- buenty=foot rock floor contours for both\ sides of the buried
<. valley, (Bigs. 25 and 30), . lsewhere, however, it is not-

...-2lvays posgible. to draw asccu

Mmiwipﬁexpolated,thxough“unknpwnuground have Dbeen latexr proved to

rate contoursg for more than a few

,‘.hundred'yards.‘,Experience has shown that the sub-drift surface

may be extremely irregular and that contours which have been

u;wumheﬂsr9§slx;inacpurate._“ - o PP

It is possible‘to'trace the "Jash® ffoh: e

Fﬁiﬁfiﬁﬁbﬁﬁﬁérk. ﬁeaﬁ'tha western edge of the productive Coal-- . .

fﬁ;;;MEasuresr;along @ course vhich is roughly parallel with the ... ..
.- present river, to Durham, Thereafter, the published work, ..®
...elready quoted, has shown that the buried valley lies west of -

'ﬁ H"ﬁhe_presen§_river,and can be traced to Dunston-upon=-Tyne.

R S R L

1

... Similarly, a' number of tributary buried valleys can be - - &

e ¥ECOENLIBEd, - In addition to the larger tributaries already - . . ;.
..mentioned, many minor buried walleys have been proved along . -

.. bothy sides of the Wash., - The extent of the buried drainage

fWLMQYQﬁemk.?Q”far proved, is illustrated in Fig. 26.

‘,__Although'it is possible to illustrate

w:ﬁiﬁtﬁéﬁdféiﬁééé'Pattérn on & small scale, detailed representation .

. __ _of the valleys is less easy, It is generally possible to
... Getermine the margins of a buried valley where these coincide

,;;%Z;With’thin_superficial'deposits, but usuelly the niddle of the
. ....Yash cannot be identified with comnplete certainty, iqﬁefault
....of other evidence, it is assumed that tne sides of the buried .

. .walley are symmetrical end that -this line. is situated midway

;";letheenrihe“;qwest,pair'of'rock-floqr contours which can be
wno DTOVEdy The middle lines which are shown on the mries of
.. .bopographical and geological maps (Plates 12-18 inclusive and

fﬁimrglr2?;;MBp,Foier)“have,been,constructed in this manner,

The absolute depth of the ‘ash can be

‘”f:;idetermine&uin_rélatively fov places for the mining and boring

.evidence is seldom complete right across the valley, As will

.. be shoun, :the valley sides are sometimes extremely steep znd if

...2 boring is situated a few yards from the middle of the vclley,
.. the rock-floor height which is recorded may be anything from

ten to fifty feet above that of the lowest point. Since there -

3;ifare~so many uncertain factors in the detailed reconstruction of

the sub-drift topography, the profiles and sections which form

fﬁ”the'principal_concluaions of this research must be accepted

with extreme caution., It has been found that, with the .

~ exception of the stretch of the Wash between Durham and

. Chester-le-5Street and certain parts of the tributary valleys,
the evidence is very scattered. The longitudinal profile is

~ _largely based upon these inferehces‘which~ganhb§fq;awn;f:om

.the examination of these sections. .. .

The immédiéte‘cbnclusibn which oan be drawn

]ffrdﬁ“fﬁé:f26;'i§ that the present drainage pattern, on the vhole,

.“w'differs,;litth'frpm,the pre-glacial pattern. There are, of
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.course’ the major ‘diversions of drainage jn. the wear at

t;Chester-le—otreet and in the Browney and Deerness near Durhanm,

but apari from these, the deviations are minor and are confined
within the bdrad valloy pattern which is defined by the trend.

;”"of the main interfluves. - There is certainly no evidence to

.. ..suppose -that ‘the northward diversion of the Wear and Gaunless

o ...at Biebop Auckland are posteglacial features. The boring

-and mining evidence to the cast of Bishop Auckland shows that
.several minor buried valleys occur, but all of those are inclined

';:,westuards towards the Wear valley., In the Bruseelton-Coundon
. &epy where a possible eastwards extension of a pre=glacial Wear

_or Gaunloss would occur, there is no evidence for any drift-
_.ofilled trough which could correspond in size or altitude with:
... » either of these velleys. HNorecover, the outline of the buried
. .-Gaunless can be proved close to its confluence with the Jear _
.. below Bishop Auckland and the buried Wear can be identified with~
;,precision for more than one mile north of the town. ;_‘ o

The details of deviation between past and

3 pzeeent drainage are shown on the various detailed topographical -

.. -maps.(Plates 12-18, Mop Folder), It is clear that, with few

.. exceptions, the buried valley lies close to the present flood-
_'pl&ln.‘ The principal deviation in the main walley 1s that
which lies between Durham and Harbourhouse., This has been

descrived in detail by Hindson and - Hopkins (1946) and is

" jllustrated in Fig.2d.

The tributaries of the Wash are sometimes

"better defined than the main buried channel, The valleys of

the West Durham Plateau which correspond with the River Team,
Twizell Burn, Cong Burn, River Bro.mey, River Deermess, Stockley
Beck, Beechburn and River Gaunless can beifollowed for the greater
part of their course and it is often possible to determine the
middle lines of these valleys with great precision. The large
amount of opencast prospecting in West Durham has been especially
important in determining both sxtent and depth of these turied
vallsys, This evidence has also shown that there are many smaller

~buried vulleys. most of which correspond with preeent streams,

'To the east of the river, it is more difficult

to determine the sxtent of buried tributaries. The deep mining
information is often inadequate snd, with the exception of the

sites between Lumlev Castle and Cocken Bridge, there has been

" 1little opencast prospecting. It is believed that each re-eutrant

" in the Pemmian Escarpment contains a buried valley for very thick

Arift oocurs almost everyvhere at the foot of the steep escarpment

',slope. . There is probably a buried walley in Cassop Vals, _
, certainly one in the wvalley of the Sherburn Beck, another betieen

" ".sherburn Hill Colliery and Littletown. Thick drift has been

‘proved near the course of the Pittington Beck .and in the ecarp

"vaalleya between Hbughton-le-opring and Penshaw Hill. It is

Y
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“POBSibie;FhatAthQ first four coalesce to fd%mfa-buried tributary
.which flows south-west along the approximate course of the .-
- Sherburn, Pittingtom and 01ld Turhom Tecke (Plate 22, 1@p Tolder),

. This buried valley may re:ch the Wash near Shincliffe, but there -

'JfT:§aiié§:QﬁicﬁAcorresponds to the upper part of the Lumley Park
_...Burn and Herrington Burn. = This may cross the present course of

U TR

is no positive evidence to indicate its exact course., _ lMost

_of these Permien tributaries appear to be terminated upstrean -

_by atecper slopes of solid rock. No through valleys can be '
.recognised, . . . . o R . g

. North of Rainton, there:is andther~burié&:

the Wear between Lambton Castle and Chartershaugh, for thick - -

. drift has been proved both north and south of the river, The
... exact course is, however, indetcrminate. The present course of
....the Lumley Park Burn is entirely post=glacial Unlike most of

:thq:tributaries of the Wear, there is no parallel buried channel -
.......wWhich can reach the Wash anywhere between Cocken and Lambton
... Castle, : ‘

Upstream of Witton Park, the continﬁity of

... the Wash cannot be proved, The borings shown near the confluence

..ef the Bsechburn on Plate 23, (lap Folder) represent the total

... amount of boring at the western limit of the productive Cosl
Measures. . Although there is abundont mining information on

.-

_ the valley sides for two or three miles further west, the only
_evidence near the valley floor iz the outcrop of solid rock which
can be proved intermittently in certain stream sections., In the

aporopriate maps showing the superficial geology, (Plates ‘19,20,

. 21, and 23, Map Folder), each known outcrop of solid near the

. valley floor has been plotted., - It is clear that, as faur west as.
. VWolsingham, the floodplain and river terraces are so broad that,
even where gluecial drift is absent from the valley sides, there is

‘;..Hx

8till adequate room for a deep buried channel beneath the present

river, It is not until the confluence of the Bollihope Burn

is reached, near Frosterley, that there can be any certainty that

‘there is no buried valley. Between the Bollihope Burm, and
Frosterley village, the Great Limestone rises to an eccess}ble
~altitude, there has been much quarrying on both sides of the daleq
' Ixamination of these quarries, and of natuial outcrops of solid

rock in both Bollihope and Wear valleys, has shown that there is

less than one hundred yards of ground neax the'flobr of the dcle

vhere solid rock cannot be proved,

Upstre#m of Frostefley,although the flgéod-plain

' and terraces are.frequently wide and drift is nearly always

present on one side of the valley, there are further places vwhere

the absence of the buried valley c¢an be substantiated. The site -

of the gorge through the Whin Sill at Greenfoot,jstgnhmpe;is_ona

" example, the section from the Swinhope Burn to Middlehope’Burn
at Westgate forms another example, For this reason, it must be

‘.;;‘supgosgﬁmthat;ii the longitudinal profile,of‘thq;bnfiﬁd.valley

A T -t

EE
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ki 'répresents a curve of water erosion, this curve is considerably
~.olioBteeper than the profile of the present river,and that, upstream
.. - of a certain point, the earlier valley lay higher than the
... bresent flood-plain, The hinge-point, wvhere the two profiles
. ......intersect, appears to lie a short way dovmstiream of Frosterley,

.U, It is not possible to determine the -
v [ continuation of the ecarliex longitudinal profilo into upper
ﬁw;yuweardale,_ It will be secen from the map of superficial geology
....{Plate 19,HMap Folder) that there is an almost continuous cover . °
' -" 'of boulder clay along the southern side of the valley. Thuere is
.~ ._.-a marked contrast between the stesp, often rectilinear slopes
viac.oon the north side of the dale and the hurmocky drift topography
i.. which is characteristic of the southern side. (Plate 9, liap--
" "Folder, g, 33.) It is sugzested, from the evidence in the
le.,CO8lTield, that the pre-glacial course of the Wear lay through
... this drift zone, and that the post-Glacial evolution of the :
. river has boen along the northern edge of the drift, * It is -
... 4denied that this asymmetrical distribution of drift can be o
wo.atvibuted to differential movements of the Weardale glacier,
" .. 1t is clear, from field evidence, that there is a considerable
-._.. thickness of boulder clay on the south side of the valley, but
. ,there are no borings %o show the detailed nature of the sub=~
Y. drift topography. It is not kmown whether any of the Weardale
\ tributaries contain buried valleys. It is certain that all
_contain consldercble quantities of drift and it can be proved
" in the field that the Middlehope Burm, Yesternhopeburn and the
;yg»Sﬁinhope Burn all flow over boulder clay in their middle courses,
“*"1ne thickness of drift is not known., In the Rookhope wvalley, :
%\ the engine shaft at Boltsburn liine (B & s 2957) proved 38 feet
~__of arifit and a recent adit at stream level neal' Grove Rake, .
"' " proved 350 feet of boulder clay on the south side of the valley.
. Elsewhere in the Alston Block, it has been established that
- certain upper valleys have their buried counterparts, Dunham
. (1948) has zhown that Bast Allendole and the Hudeshope Beck . . .
) ETLesdale)"both contain drift-filled valleys which have been , -
- _ proved by mining,  ‘Where the southern tributaries of the Wear,
;u,iIreshopeburn; the Harthope Burn, Swinhope Burn and several
- smaller streams enter the humnocky drift, their courseg are
- . deflected exgtwards and these streams all pass through steep=
" sided rock gorges.  Such tributary courses are characteristic
" 'of the southern side of the dale, only where there is' a brozd
_"belt of glacisl drift, Gorges occur in all the north~bank
" tributaries but there is no marked change in course. These
' eastwardgdiversions appear to be similar ‘to those of the
7 grivutary valleys of wensleydale which were described by King
©+ 7 (1935). The supposed pre=-Glacial ocourses of the gsouthern
“““ " gributeries are indicated in Plate 19(l=p Folder),: In each -

i iae e
. g

L "instance, .the direct prolongation of the niddle course of the
"*” tributary leads into an area of thick drift-where no -solid rock
‘ is exposed., Examinetion of the rock gorges of these deflected

" “‘tributaries has showm that as these approach the belt of hummocky
 drift, there is generally & decrease in the altitude of the xock
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. floor., It may be possible to map the'approximate-outliné.bf-,-
" the pre=Glacial valley from detailed examination of these natural

" warrant such reconstruction.

bm; THE LONGITUDINAL PROFILE & SECTIONS OF THE BURIED VALiEYS.

«
et mem,

sections, but, at present, the accumulated evidence cannot

. o The‘1ongitudinalAprofiie.of-the buriad Wedr
,,(Fig.w27)can be drawn from the evidence of some fifteen places

“7™in the twentysix miles of proved wash, At some of these places,
""" the greatest depth is known accurately within five feet; elsewhere

 on wan
.

precise information is lacking and it is only possible to estimate

" """the height of the rock floor.

The upper part of the profile can be fixed,

" “with Teliability, at four places near Blshop Auckland, The most
" westerly point is at Escomb, ( Section A. Fig. 28), where the
Brockwell seam washout was proved at its outcrop in .the floor of

At

- e

.

‘the wash by workings in the former Dorman Long Royalties. The

“@ltitude of the Wash is here 180 feet ( * 15 feet). At Bishop

' iuckland, vhere the Wesh turns northvards from the 1line of the

~ ‘Putterknowle fault, the buried velley passes below the broad

-~ Streteh of ailuvium and river gravel known as Newton Cap Flatis.

e e
v marn

i -
e 4

taar v A e
P

(Section B, Fig.'28).  Here, the Busty Seam was worked from

- Newtoun Cap Colliery_without proving any washout at depths between

119 and 130 feet. Recent opencast borings on the alluvium have
proved sand und gravel as low &as 127 feet above Ordnance Datum

;,;>without proving the rock floor. At that point where the greatest
thickness of drift was proved, there is about 6 feet of untried

igrqund abovo the roof of the Busty Seam. It is therefore possiblé

"to state with confidence that the middle of the wash lies at

T 7124 or 125 feet above Ordnance Datum. About one mile further .

“north, plose_tp the Sewage Faxm below Binchester, & washout was
proved in the roof of the Busty Seam at a height of 110 feet.

" " (section C. Fig.28). One mile downstream of this point, near
__ Newfield, the'Brockwell Seam was worked from Rough Lea Colliery

"' to the Royalty boundary on the west of the present river
workings fxom Wegfield Colliery proved & washout in

Similar
the Brockwell

~ Seam on the east bank. There is about one hundred yerds of
unworked ground between these 1limits where the floor of the .

buried valley should occur at opproximately 100 feet above

"i Ordnance Datum. Thereafter, and as far as Shincliffe, the

" Tne sections at Jubllee pridge, (Bs ri?.za), Page
and Butterby (G) (Plate 13, &P Folder

" According to Wood & Boyd.

*;.evidence i{s insufficient to prove the depth with accuracye. There

" are a fe. borings and shaft gections

1imits of the buried valley and the slopes of the

are based upon this
evidence, but the maximum depth of the rock floor camnot be

" gauged with accuracy.

B

S P "'At-Shinollffe;‘(SedtioniH; Fig.29) the Hutton
' Seam is interrupted by a narrov belt of superficial_deposits.
( 1864) (Section j),h;hiswwaqh-ouﬁ.occura




... :section of 0ld Durham Colliery ( B & 8 1489) at =47 feet,
- .. Between the 0ld Durham Bock and Shincliffe Bridge, there is a -

L boring which is plotted on the manuscript library copy of the
-« Pprimary six-inch Geological Survey. This borehole was sunk
' valley and proved the Hutton Seom at -42 feet, There is no

"« (1947) have shovn that the 'Kepier Clay DykeJ the only fault:
- which might affect this area, has negligible throw. It is -

r;ﬂﬂsections are the same as that which has been worked to the washout

-oat approximately Ordnance Datum. - This figure was accepféd‘by

o

. Hopkins (1947), It ig, however, uncertain vhether this level

[P N

i

B

. follows a steeper, but more continuous curve,

- . break in profile which has already besn desoribed by both k:ibherjam:
. and Whetton (1554a) and by the present writer. At the present :
- confluence of the Chester Burn, a minimum depth has becn recorded .

-, other hand, the washout was proved in the Brass Thill Seam, . the

b

%, Within the throo miles north of Durham, :indson and Hopkins

* shown (laling, 1954) that the depth near Cocken Bridgc may exceed

:fythese two points, two divergent profiles are shown on figure 27,
... The first is bused upon the published evidence and shows a break
... in profile between Kepier Farm and Newton Grange; the second,

. .based upon the authoxr's interpretation of the Shincliffe washout,

. Tock floor must lie near - 140 feet 'in the middle of the Wash
- (12ling,1954).(Section N, Fig. 29 and Fig. 30). * In the Team
- Valley Trading Estate, a boring sunk in 1954 proved the rock

...shaft section of Houghall Colliery { B & S 1189) at a level of

Voo ' “B5= .

koolacott (1905a, 1905b) and later accepted by Ilindson and
"is correct,. The base of the Hutton Seam is recorded in the

- =58 feet, One mile north-east, the seam was proved in the shaft

close to the line of the washout on the east.side 4f the buried

~evidence of major faulting here, indeed, Hindson and Hopkins -

suggested here that, if the seams recorded in boring and shaft

, near Shinoliffe Bridge, the middle of the buried valley must lie
. between =45 and - 50 feet below Ordnance Datum, If, on the

. floor of the Wash may well lie‘at or near Ordnance Datum,

.Tecorded their estimate of the lowest part of the Wash at three
different places, Near Kepier Farm, they suggested that the

Wash might lie at -«20 feet below Ordnance Tatum; near Hewton
Grunge, they recorded a washout in the Hutton Seam at =48 feet

and at Cooken Bridge, they believed that the floor of the buried
valley might occur at =50 feet., ' The present writer has already

~70 feet, At Kepier, there is no evidence to suzmest that the _
rock floor does not lie between =50 and =60 fest. Section J:TFig.29),

The washout-at Newton Grange can only be considered to represent _
& ninirupm value for the depth of the buried valley.(Section XK31TFig.29)

- Binchester and-Cocken are the two control
points upon vhich this part of the profile can be drawn., Between

f North of Cocken Bridge there-is a marked

at ~138 feet and the borings in this area have shown that tne

floox at <+ 186 feet below Ordnance Datum, (Section:Q.Fig.29).
- This is ,.the greatest depthf of rock-floor which has been recorded
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<Y2f;in Britain. ‘Between this point éhd'the-Cheater'Bdfn bdréhoiééﬁg-
. . one version of lonmitudinal profile has been shown as a
... Bmooth curve, Within this stretch of the Team Wash, there is

... N0 Proof that the rock floor lies as low as those depths -

.. .. recorded at either end, Lxamination of most of the evidence

iﬂjﬁin this stretch is inconclusivs, . IThere are some twenty borings -
. and areas of washout where.the,rock‘floor_has been proved to . . -
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‘floor to lie at or near - 100 feet,  These recor

Fes s pems

lie below Ordnance Datum. Six ofthese have proved the rock
) ds are widely -

spread and it is reasonable to suppose that;none_ofﬂthesq i}
plaqes~are4pituatedlglong the middle of the buried valley, Lo

At one place, however, there is evidence

;that"the'rock floor does not lie as low as the extrapolated .

profile, Section 4 of Wood and Boyd ( 1864) shows the middle.

of the Wash at.the horizon of the Rutton Seam, 120 feet belovw their}

datum and at about =106 to =110 feet below Ordnance Datum, -

Wood & Boyd describe, in some detail, how a passage was @riven.
. from Team Colliery, through the floor of the vash, to gain-the
.Hutton Seam on the western side. It is stated that thirty yards

of boulder clay ,fe penetrated in order to pass through the .

" buried valley. It is inconcelvable that in this small space,
- the rock floor could fall another fifty or sixty foet and there

_is evidence that, for part of the distance, the floor of the

_Hutton Seam was preserved below the drift, .Tt is certain that
., this was the main buried valley and not a tributary, For this

. reasony it must be accepted that,in this section of the valley,
the longitudinal profile is hump-backed., From =140 feet at

, ‘:Cheaterfle-street, it rises to about =110 near Lamesley.
_ Northwards it falls to =186 fect in the Teom Valle Trading.

Estate. This profile has been plotted in Figure 27. It will

. be seen that certain other evidence in this stretch of the walley
- now assumes a new signifiecance for the depths recorded by bore-

holes near Birtley and Lamesley lie close to the reconstructed

" profile. .

- IHE ORIGIN OF THE BURIED DRAINAGE SYSTEM.

It has been supposed, in this discussion,

thut the buried valleys were primarily formed by noxmal erosion
_rather than by glacial gouging. Taat this is so cannot be denied,
" for the drainage pattern, the continuity of the valleys and Ege

" general eastward and northward curve of thé longitudinal profile

all support this conclusion. It is also doubtful whether the

lowland ice~cheets, which aré demcribed in the following chapters,
.. could have. the capacity for erosion such as would be necessary

" to excavate these deep valleys. All other evidence suggests that
" ‘the Pleistocene ice modified the landscape by deposition rather
..%han by erosion. - . . .. o T o

It has been shown, however,  that the

_ longitudinal profile north of Chester-le-Street may, be hump-backed
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and eince thie cannot be accounoed for by normal prooesaes of
,..’er091on. it is necessary to enquire whether this is.local T
,_modification by ice or whether glacial croelon did. in faot, ‘

el

- Ao
" * Such irregularitles 1n the longitudinal
rofile have alread ‘been noted in-the Tyne valley by Uoolecott
(19054, 1905b, '1921) and by Hickling and Robertson (1949). -
A similar Arregularity in the buried Mersey, between w1dnes and

leerpool has been deecrlbed by Boewell (1@37), M

ﬂ'" H"

. et
l .

""" Co " In the Tyne valley, the greatest recorded
deptne ere between -160 and=170 feet at IDunston; at the confluenge

¢4; ~of the Leam Vasgh. ‘Downstream of this: confluence, "at the

. Newcastle bridges,  the rock floor rises to =52 feet. Rurther
'east, a deep valley has been proved in the vicinity of Burdon
"Main and wadon-on*Tyne and this wvalley appeaxs: to reach the’

- present coast at South Shields, ., Although depths as low as =140
T feet have been recorded in this stretch, the buried valley appears

Rl

‘;; to be nowhere as deep as at Dunston. :

- . In the buried Tyne. however, thie irrogularlty

of the 1ong1tudinal profile has not been fully eetablished.; There
_‘are large areas of unproved ground near the centre of Newcastle=
“‘upon=-Tyne where a deep buried valley might occur and. eimllerly,
. the boring and mining evidence ie often inadequate further eaet.

‘ B ‘ Although woolacott (1921) ;evoured the
explenatlon that' these’ velleys were formed by normal erosion,
he was forced to conclude that some glacial overdeeptning might
" have occurred just upstream of Newcastle. A similar explanation

f; was offered by Hickling and ‘Robertson (1949). L

, It is possible to postulate reversed flow in
. “certain buried valleys in order fo account for a downstream rise
in the rock-floor, Reversal of flow was suggested by Boswell
"~ (1937) for the bturied Hersev and,. before the sinking of the Team
_ Velley Trading Estate borehole, it was suggested to the writer by
the late Professor Hickling that there might have been & scuthward
diversion of the Tyne into the Team Wash, Hickling supposed that
there might have been a second Weax/Tyne. diversion north-eastwards
~ from Cheeter-le-btreet towards the buried "Cleadon" valley of
Woolacott (1905a).,. The boring evidence in the north-easi lowlands
- of. Durham favours.such an idea and, for-this redson, a detailed  _
_ study was made of the critical eection ‘between Harraton Colliery -
“end Washington., . In this area, there is much inconclusive evidence,
_ ‘for a series of opencast boringe proved more than eightv feet of
drift without reaching the rock floor and a few deeper borings
~ have shown that this may occur below. Ordnance Datum. It was
. -found, however, that the rock floor can be proved in a stream
. section some way north of Fatfield and the dpper workings of
Harraton COIliery are continuoue. ‘ Fbr theee reasons. it is

~
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.;..considered unlikely that there 15 any buried valley in tnis -

L,area‘which‘Canﬂcor;espond in size ‘or denth with the agh at @

| . .Chester-le-Strect, .. In the’ Team Wash, however; theré is . . .:

.. POSEiTE Proof that the rook floors rises and falls between '~ -

BN A

e C@BLOI=16=Streot and Dunston, For this reason it is not

S SR

. (I RN
A
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.. Posoible ‘to support the idea

vq
a

¢ there has been reversal of

oo * . : . B :
Yoo T . v I R ¥

v,

drainage, .~ . .-

It is therefore necessafy=t6:conc1ude fha£? =

. there has' been glacial overdeepening in certain parts of the+ -

“;N;ﬂmain_buried,valley. Such belief receives,additional_support.y
. _from the,directional.trend of the Wash immediatel&_abqvp its:.. ...

_...confluence with the Iyne, Here the trend of the Team Vash

e

... becomes north-westwards sugzesting that the east-flowing ice .

'L;Mmfrom[thQ‘Tyne Gap planed this corner as it entered. the Team

. e

. Yalley. —~ Rurther support might be.taken from the discordance’ -
.....0f the tributary buried valleys, the longitudinal profiles

jtwdmcf.Which are shown in Figure 27, . These profiles must, however,
... be treated with reserve, Although the evidence in the upstream -

..  parts is frequently more reliable than that in the buried wear,

... there is relatively little information close to the main valley.,

... For this reason, the altitude of the break in profile depends

ey

~';‘1argely upon the height of the tributary at the most easterly plage
.....whexe the floor of the valley can be determined. Further, it

oo Will be mseen that the profi

les of the River Browney and Stocklay

....Beck, which lie far upstream of any overdeecpening, show breaks
....in their profiles also. It is not yvet possible to provide any

. adequate explanation for these, nor to. account for the totally -

different form of the Deerness profile,  If glacial erosion

~ .. be accepted, it.would be reasonable to suppose thal the over=

" deepened parts of the valley would be plugged with the boulder -

...clay which formed the basal till of the glacier, This condition
.. is true of the Team Valley, where the boring at the- Trading Istate
. proved 178 feet of boulder clay above the rock floor. _ At Chestér-

.le=-5treet, on the other hand, the drift was predominantly sand,
. Only 20 feet of clay was recorded and this occurred near the
... middle.of the sequence, nearly 50 feet above the rock floor,

it is difficult td'belicve‘thgt'fifty fect of deposits which are
characteristically fluvial could be deposited in a hole unless

.. there was gome. outlet for the sub-glacial waters,

. It is still not possible to give.a satisfactory

 explanation of the'origin of the buried valleys, Despite the

acknowledged uncertainty in reconstruction,  the pattern of these

: valleys, their longitudinal profiles and sections all support the
_hypothesis of pre-Glacial or interglacial erosion

s

by running water,
ain amount of "-
ré are certain =~
dification. .

The irregularities in the bed point towards a cert
.glacial overdeepening, but, as has: been shown, the
objections to the unreserved acceptance of such mo

' The present writer hasg hinted that the break in slope. between -

Cocken and Chester-le-Street may represent - the limit of some

B . s PR
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phase of pre-Glacial beguvenatvon (izling,1954), tut nc1ther

_ the. detailed exam1nwt10n of the longitudinal profile nor. the

-v...=130 feet in the buried Mersey, and Wills (1929
... maximm depth of —184 feet in the pre-Glacial Dee, Al though

valley sections north of Dirtlev can gipport this idea, 1It.is
evident, nowever, from the recorded depths &f other buried
valleys, that their floor may lie as low &s =130 $o0 -~ 140 feet

. below Ordnance Datum. = Radze (1939) haz recorded a meximum depth

of ~138 feet in the buried Tees, Boswell ( 103/§noteﬂ depths of
has recorded a

these figures, by themselves, 4o not consistute adequate .
evidence, they agree ;ufflc1ontlv with one another and with the

. longitudinal profile of the buricd Wear to sugzest that, at
. some period before Uhe final glaciation, these rivers may have

been graded to a base level which lay at least 130 feet below
the gresent sea-level,

‘ It has been srowvn that, despite the large
number of additional borings which are now available, the

fconcluslons of the author lazﬂely arree with those of earlier

wiiters However it can now be shown that tue buried drainage
syotcm 18 more wildespread and more complex than was formerly

'”supposed.

The present writer has shovn that the buried
valleys, as a whole, are deeper than was hitherto suspected,

f;Ncblectlnb the areas of great dogta, wiich may have been

modified by glacial erosion, it is suggested that this vailey

'system was zraded, bexore the onset of glaclatloa, to a base=

o level 1y1ng at or below =130 fCuto

Apart from thesc cons*dcxatvons or the origin

.._'of the buried wvalleys, two important morphological conclusmions
_can be drawvn from thl study of the ﬂub-drxf* tosograpny.

~'The first is that the pre~Glacial draineg p stern did noi
differ materially from the present irvend of drainage. Tho

o

second 15 that asymuetrical deposition of arift in 2 wellcey

does not, as hag often been supposod, indicate transverse wovement

of ice across the line of a wvalley. It is abundontly sho m,
throughout the rivers of the coalfield, that the post-Glacial
drainage, wnich was initiated on a surface of drive, excavated

‘new valleys wvhich may or may not correspond with the pre-Glacial

’“ valley. For this reason, it muct be concluded that where there

is continuodscover of drift either in the present floorof the

‘volley oxr along one side of it, the longitudinal proflle of the

:prebenc stream is almost certainly post—Glaclal in origin.
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CHAPTER 6,

THE GLACIATION OF TI
SULL ARY o

T
5

= STON BLOCK,
JoD

T
o rerte

iR W ORK,

=

~ A _ It is clear, from the study of the buried
dra;nage system, that the pre-Glacial topography was coﬁsiderably
modifled by glacial deposition, It is now necessary to study
the extent, effects and Plurality of Pleistocene glaciation,

In order to explain the recent development of the valley and to
discover the nature and origin cf certain post-Glacial platforms,
it is necessary to ascertain, if possible, the duration of the

- Post=Glucial period,

Tae anzlysis must be bazed upon two lines of

evidence, These are, Tir:t, the extent, 1ithology end

sﬁratigr?phy of the glacizl and retreat deposits; secondly,
the morpnology of the glacial deposits, retreat phenomena and
late = or poust-Glacial plutformo. : - -

Iany writers have already discunsed the
problems of the glaciation of Norih 2-st England. The
intexpretation of the drifis and their chronology are the subject
of much controversy, There are two widcly divergent schools
of thought. There are; first, the orthodox writers, wvho Find
evidence of several different glacial poriods, separated by distinct
wnterslocials, Secondly, there are the few heretics, who, from
cetalilod examination of the drift stratigraphy, refute the orthodox
2a08 and “ho consider that, in Horthern Ingland, there is caly
svidencse for one glaciation,

: It has long been believed that the Alston
Block, was only lightly covered with permanent ice, cevenlicuring
the glacial mavima, Dwerryhouse (1902) showed, from the

istribution of erratice in Northern ¥ngland (Fig. 31), that the
greater part of the uplands of theo Alston Block nourished only
local glaciers, FProm the extent of the glacial drifts and the
supposed distribution of glacial lakes in the Pennine dales,
he supposed that, throughout the Pleistocene, a large area of

the Alston Rlock remained drift-free, Dwerryhouse believed
thet tne entire Pennine Escaxpment, from Warcop .Fell in the .
south to Cold Fell in the north, stood above the great ice
sheets of the Tden volley and diverted the major eastward move-
ment of lowland ice through the two gaps in the Pennines; the
“yne Gap and Stainmore, Fast of this ice~frec upland ridge, °
there were two local glaciers which were ncurished by the néve
on the éﬁtern slopes of (Cross Fell, One glacier flowed northwards
through the valley of the South Tyme; the other moved south-
eastwards dowm Teesdale. To the east and north of these gluciers,
the high hills surrounding Weardale rose above the limit of
peimanent ice and prevented any exotic drift from Treaching tuls
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‘valley. To the north of ifeardale there was a large ibé-free

area which exténded northwards to’ the edge of the Tyne Gap
ice-sheet on the Hexhamshire moors, These ice-free hills
extended eastwards to Tow Law., The tributary wvelleys of . the
Allen, Devil's Water and Derwont were occupied by semi-permonent

_ glacial lakes, To the south of Weardele, the Tecs-Wear watershed
... rose above the limits of permonent glaciation as far east as the
i‘;Bedburn Beck, Ice from Teesdnlce, which crossed the watershed
into the Bedburn valley, brought the cnly exotic drift vhich has

been recognised 1n Weardala,.

. Later vork by Trotter (1928) and Ralstrlck
(1931a) hasg auggcsted that this interpretation of the extent of-

_icd cover was, in pard, erroncous, Trotter {1928} showed that

the eastward-moving ice from the Tale of Bden reached an altitude
of 2200 fect on Warcop Fell and crossed every col below 2150 feet
in the northe:in part of the Pennine Iscarpment to reach the
valley of the South Tyne., Raistrick (1931a,1933) recognised
mich-weathered drift which occurred at greater altitudes than the
boulder clays of the dale floors. He susgested that b &ea ~
BRRENNY N &F glenudediienn only hhe highey summits of the //”
Cross Fell mossif cnd the hills of upper Weardale remained
exposcd during the nmaximuw glaciation. In “est Durham, Raistrick
(1931D) noted the absence of drift above 1250 feet,

. In the eastern part of the Alston Block, it
is certaln that the lowlands were entirely overwhelmed by ice.
Five ice streams, from different source regions, each leit

characteristic types of drift end erratics,

- These five glaciers are iliustrated in -
Fig.32 and may be summarized as follows := :

1) The Scandinavian=Yorth Sea ice-sheet, uhlch
~approached the Durnam coast from the north-east and
extended as far inland as the present coastal fringe,

. 2) The Cheviot-Tweed ice-stream,_whibh moved southwards
~agross central Northumberland. - Tm the Tyne valley,
thls ice was conlluunt with :=

3) - The Lake-District-Tyne Gap ice, which had been derlved .
from the Northern Lake District and Galloway, had
collected in the Vale of XEden and had crogsed the

. Pennines through the Tyhe Gap. '
Ihe boundary of Cheviot erratics. across rast Durham
suggests that the Lake District ice was deflected up -
the wvolley of the Teom and’ Middle Wear, .so that both
ice-btreams maintained parallel southnard gourses,

4) | South of thevuagnesian.Limestone Plateau, in the
. valley of the Tees and the rivers of Stainmore, tners

g
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. yas another ice sheet, This had originated from -

77 the Leke District, south of the ice parting defined

+ .. py Trotter (1928) and Hollingworth(1931l) and which

. had eprossed the Pennines by the Stainmore -

. _ depression. This ice-gheet was, in part, deflected
- southwards into the Vale of York, ' ‘

5) - -Finally, there weve the local Pennine glaciers,

' ~ which moved cutwards, along the radial wvelleys of
the Alston Block.: Certain of these penetrated the

. lowlands of Central Durham and may, at times, have

 reached as far as the present coast. //2/" :

These moveents of exotic ice, recorded by

the vrezent distribution of erratics are, in pard, conf irmed
by the occagional siriae vnich have been recorded in the few .

exposures of tine rock floor (Fig. 32), Thio is virtually
the only other evidence upoen waich the pattern of glucier
movement can be based. The glacial landforms, which elsewhere
hneve proved such useful indilcators of ice-movement, cre

practically non-uxistent in che sastern part of the tract.

: , ~ Host writers have agrecd that these ice=
sheets had little power to crode. It has been generally
supposed, therefore, that the pre-CGlacial surface was little
modified by the pacsage of thece ice-sheets and that the
principal result of glaciation was the thick, featureless

" cover of drift deposited in the lowlands. -

_ The only features in the lowlands which have
attributed to glacial erosion are the deeper parts of the buried
valleys, This argument, as nas been shown in Chapter 5, is
largely derived from the difficully of otherwise explaining
the origin of supposed irregularities in the rock floor., It
was further shown thaat the glacial origin of these hollows

"~ cznnot be accepted without reservaticn. .

_ . Tac present surface of the drift is
generally featureless. It must be admitted, howevers that.below
o heignt of 320 feet, later erosiocn or deposition may have
modified the original surface of "the drift. There are no

-recognisable terminal moraines in any of the mein velleys and

very few have been recorded in the tributary valleys. .True
arumling are exitremely 1are, though thummocky drift! vhich
approacies drumlinoid forxm may be found in certain upland
valleys (Plate 9, Map Folder, Fig. 33)e ¢ : :

The only truly distinctive landforms which
originated from the glaciation of Horth Tast Tngland are- the
overflow chanunels cut by meltwater escaping from glacial }akes
and the fluvio=glacial and deltaic deposits which were laid dovm
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" around thé margine of theso lakes, There ars few other .
- Teatures of tie drift topography which cannot be attributed-

%o post=Glacial erosion.

The only evidence, hitherto recognised, -

__that interglacial periods owcurrcd in Worth F2st England depends:
upon the interpretation of two deposits on the Durham coast
) gnd upon the orthodox interpretaticn of the drift succession,

S . . Trechrann{1915) has suggested that there is
a distinct horizon of weathered boulder clay at the top of the

. successlon of Scandinavien Drift and that this is overlain by

fresher driff, of British origin.  Trechmann (1920) also _
qg§c;1bed_loess-1ike deposits associated with the Scandinavian
Drifit, which was rormed into fiscures in the Iagnesian Limestone

_in Warren House Gill. In consecuence, Trechmani suvposed that

that there hed been a distinct interglaciel period between the

depositlon”of the Scandinavion-North Sea drift and the subsequent
. advance of British ice-sicets, :

S . The second deposit is a so-colled raised
beach- of calcreted gravel vhich occurs at about 60 feet on
Beacon Hill near Fasington. This deposit has been described

™ by Woolacott ( 1920) and by Trecumenn (1031). The form:r

considered that this represented a post-Glacial raised veach,

} but”phe latter considered that it was an interglacial deposit.
 Haxriscon (1935) has suggested thot the Zasington beach is
contemporaneous with the Nar submergence of East Anglie,

Thus, it was supposed by iovius (1042) that the Fasington
depoeit formed part of the evidence for a tempergte interstadial
between 0ld and New Drift Glaciation (W1/W2 according to Movius

or the Warthe/Weichsel interval according to other authorities).

If these deposits are recognised ai’s

'interglaciél deposits, it is possible to show that the

Scandinavian Drift represented the earliest recognisable phase
of glaciation in the area. The retreat of this ice was.
followed by a temporate period before the main British ice=
sheets advanced. It is sometimes suggested that local Pennine
drift antedates the tills derived from tne Tweed=Cheviot and

Lake District-Tyne Gep glaciers, ™t not =1l authorities agree
about this, It is usually considered thal, these two ice-
‘sheets were contemporaneous with

the Stainmore glacler and that
the meximum extent of these ice-sheels represents the Izin

. (laciation of Northern Zngland.

Woolacott (1921) was able to show that the

‘leistocene chronology of North East England could be sub-

divided into four separate glacial periods which were,

- appavently separated by interglacial or interstadial periods,

This sequence was accepted by Trotter and Holling#worth(lgsz),
who were. able to correlate this sequence with thelr chronology
based upon the drifts of the Solway lowlands. - Raistrick (1933)

gshowed, however, that the later glacial episodes of this sequeénce

3
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) vere probably contemporanecous aﬁd his chron&ldgiéal -
: igte?pretation, illustrated in T=b
distinct glaciol periocds,

K -

-77=

le 9, allows for only three -
~ It should be noted, however, that

Raistricg has now abandoned these conclusions and favours a
monoglacza},inte:pretation of the Pleistocene in North East

kngland,
' Teble 9. After Raistrick,
A Correlation of the Glacial Deposits_inw'f'n‘--\
I . the north and east of Ingland, -
Glacial ;fcoaﬁt of Mid~-Pennines. ﬂorthumberlé | Lot
Sequence, Yorkshire : ) nd Lake District,
& Lincolnshire. Durhamn.

{- Artic peat Scottish ice
‘ (Crossfell) readvance into
' thie Carlisle
plain,
‘Sands and Terminal Birtley lamin- Late stages of
“head®, moraines & ated clays and retreat,
valley lakes, |sands and gravels|Haltwhistle
of Plawsworth ose train,
v etco
- HeSGLE Readvance of |Cheviot-Scottiish
CLAY, . Vale of York ([ice swings on to
glacier to the coast-lakes |Early stages
. Bserick and |dowm coast with [of retreat,
York roraines, |sands and lamin-
ated clays,. as _
at Bedlington.
R Kirxnmington - Barlier stapes| Barly stages of

plant bed,etc.
Sands,

of retreat of
Dales glaciers

retreat in Vest
Durham Fells,

" UPPER FURPLE
CLAY .

"llain" Dales
glaciation,

Iizin glaciation.

 Maxirum of Lake

District ice

stream through
Tyne valleye.
“district ice up

mid="Jeaxrdale and
Joining Stainmore
glacier, passing to
¥orth Cleveland & °

Vale of York.

Lake

Haximunm of
Lake District
glaciation,




 Glacial

4

_ Table 9, After DLnistrigls. Contimied,

’ CA Correlation of the Glacial Deposits in:"
the north and east of Ingland, ' -

Coast off

rthunberland -Léke DiStrictw

CLAY,

. Hid-Pennines. Mo
Sequenced  Yorkshire- : o and
- .. & Lincolushire, Durhan.
T Sands and . Occasional . Sands and - -
Sends and - grevels and | sands.e - gravels.
. laminated clays}laminated clays . 3
: .. |in lowlands.
o o Pennine and Co
2 'LOYER PURPLE  |Loke District [Cheviot ice | 3arly
. - CnaY, . and Pennine pasging nearly| glaciation
X ’ ice by - Tecs- duec east to of Iake
e 3 |mouth to ezst |North Seafilin| District,
o const, hxirmm|lower boulder '
. {Tales glacia- clay).
| tion. Worth Tyae and| =arly
Local glaciers| some Cheviot [__Scotlish
in Dales, ice moving south |;laclation
into Tyne valley, in #den
. ’ valleyo
Bands, . Sands(so-called
“Loess! of
1 ) ‘ Trechmann) .
: - SCANDINAVIAN. Scandinavian clay
o on coast south of

Varren House Gill

discredit the chronological
school, We owe to the care
Hollingsworth (
that ice sheets can move in dif
Thus the juitaposition of disimilar dr
that they differ in age, Tor the

r,.;Therefore,_it is not

levels,
one another does not mean
jce~-sheet may have overidden the othe

o As the drifts of Horthérn Ingland were
studied in greater detail, certain objections vere raisged to

reasonable to conclude, for example,
#ast Durham was deposited during an earlier glaciation than

- the overlying'Lake_District‘or Cheviot drifts.

that the' Pennine

interpretation of the orthodox

ful studies of Trotter (1928) and
1931)in the Vale of Zden, the first suggestion
ferent directions at different
ifts on top of

drift of



b

9O

-

If,hovever, sands and gravels and laminated

_;¢layélaré“pres§nt between the tills, the problem of interpretation
. becomes more difficult. Those stratified drifts have been

. genoerally regarded as indication of deposition of sediments in

- water at some time before the upper boulder clay was transported

ko the site, The principal objection to such an interpretation_

‘fia'thay where unconsolidated, stratified drift deposits are .
_overlain by an upper boulder clay, the bedding of the sands

© i usually well-preserved. If it is postulated thet the upper
Till represents tihe ground moraine of an ice-sheet which advanced

after these sands were laid dowm, 1t is difficult to explain vhy
the ice should not remove this unconsolidated material entirely,

_;et alone leave it in an undisturbed state, VWhere advancing

ice has passed over ill=-consolidated material which is certainly :
- pre-Glacial, such as the Permian Yellow Sands, the disruption

and incorporation of tizis material in the boulder clay can be

., clexrly demonstrated,

-

in attempt to explain this common feature

Cof t@e drift succession led R.G.Carruthers (1939, 1945, 1950,
1953), to develop his unorthodox Under-ielt Hypothesis,

Carruthers has argued that the strgtified drifts are contemporaneous
with both upper and lower deposits of boulder clay., Tae lower

till vepreschats the ground rioraine of & glacier, the upper till
represents the surface moraine and the supposedly intergluacial
deposits are crglacial material which was deposited in cavities
within the malting ice-sheet. In order to account for t:is
sequence, Carruthers has postulatsd that an ice-sheetl melvs from

" pelow as well as from above so that the upper deposits arc

" gradually laid upon the ground moraine.

, ' CarTuthers has shovn, from microscopic
examination of the typical laminated clays of Hortn Iast smcland,
that taese are quite different from true lacustrine deposits

"1aid down in melt-water lakes. He has suggested that the glacial

laminated clays or ‘Shear Clays' represent englacigl silts wvhich
were ultimately deposited from shear planes near the front of

“an ice=-sheet.

o ' - Several important conclusions and implications

« derive from this hypothesis. Tirst, it may be qpncluded that
“majox ice=-sheets tend to disappear by thinning rather than by

" actunl retreat of the ice front. , This may account, in part,

for the lack of identifiable terminal moraines in North HEast
Bngland, Secondly, cnd most important, the foun@ations of
Dleistocene chronology are undermined, for the principal

- gtratigraphical evidence for milti-glaciation is destroyed.

‘Carruthers. (1953) has atteupted to show that only one trve
glaciation affected the lowlands of Great Britain and, during
the other glacial periods which were recorded in Europe,-1
periglacial conditions existed in Britain., _If, as_Carruthers

s
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. has vsuggested, this glaciation was contemporancous with the

- Sanle Glaciation of Worth Yest Germany and Denmark, the period
during which normal erosion has acted on the post-Glacial .

- surfuce may be more than six times the length of the post-Glacial

_period zccepted by the Orthodox school (Zeuner, 1547).

. o o Carruthers has received severe criticism
from the orthodox school of thought, but such criticism has been

. largely directed against details of his conception of the physical

_ brocesses involved., It is significant that no one has proved a
-satisfactory alternative explanation to the fundamental problem
.of how an advoncing ice sheet can override unconsolidated sand
withnhout disturbing it. Neither of the coastal deposits which
have been described provide irrefutable evidence of interglacials
- during the Pleistocenc, The loess at Wairren House Gill hos

_ been obscured by colliery waste for many years, so that no modemm
interpretotion can be mde of the significonce of this deposit,.
it is, perhops, significent that no furt'-er examples of loess

~ have been discovered elsewhere in FNorta 7 st England. The
HEasinzton Ralsed Beach has been described as interglacial by

" Trechmann (1931, 1952) beccusc the gravel contains fragments of

- shells and is overlain by about tuenty feet of boulder clay.
The evidence of the recogmisable ghells is inadequate, for most
~_of these can be attributed to the post-Glacial period. Shell
. fregments have also been found by Trechmann (1952) in both the
boulder clay and fluvic-glacial sands of Fast Durhan as high as

v 490 Teet above Ordnance Dutum, so their presence at this site is
_* not unusual, The evidence of the overlying bdulder clay 18

equally indecisive, for here, as Hickling and Robertson {1949)
have shown, the possibility of recent land-slip cannot e

' excluded.,

~ Modern archaseological and palaeobotanical
studies in North East Ingland nave also failed to substgntiate
" .some of the earlier ideas which favoured the multi-glacial
hypothesis,

The discovery by Trechmann(1528) of a

supposed Lower Palaeolithic artefact from the base of the drift

in Limekiln Gill has been discredited by Lacaille (1953) .

' qhe Palaeolitnic finds by Collins in Nidderdale (COIlins,_lgsz)

' can only be accepted with reservation. Indeed, in recent years,

Colling has carried his investigations into Teegdale and VWear-

dgele (Hildyard, 1050), but his collection of so-called Acheulian
artefacts from Wesrdale are unconvincing as arohaeplogical

" gpecimens and represent a series of water-worn cobbles from the

various stream beds wnhere they were collected. The earliect

archaeological remains which can be substantiated beyond doubt are

of late iesolitnic age.

: - palaeobotanical evidence of the extegt and
plurality of glaciation has been suggested from the studies of



ST TR ST IORATII T § KA e/ T Ty e T

R

the rare relict Artie=-Alpine flora which is nov confined to
the hills of Upper Teesdole. It was long gipnosed, folloving .
the work of Vi¢mot+ (1950) that these moors either offered a
refuge. to certein spcocies during the glacial maxima, or,
according to Blacxbu?n {1931) and Harrison (1949), this flora
may hove been introduced during an interglacial or interstadial
Ape:iod;oﬁ_the Pleistocene, . _ . o

o ' The first idea supported the hyPOuheaLS that
'manj of tho hlgh T sunmits of the Alszton Plock Were never
g1a01wted‘ the latter gave additional veight to the multiglacial
_ hypothesis, . The lsatter received furtaer support from the
‘discovery by Lewis (1904) who regorted an interglocial deposit
in the peat of Cross Fell at a hei: znt of 2350 feet, Recently,
however, these ideas have all bnen discreaited, It was suggested
by Godwin (1949) and confirmed by the onalysis of the Neasham
peats by Blackburn {(1952), that the relict species are mevrely
survivals of a late-Gla01a1 flora which are growing in places
vhere they escaped extermimtion by the shade of trees covaring
the land during the forest period, The Cross Fell interglacial
depousit has been re-exnmined by Godwian and Claphcn (1952),
who foynd no pollen earlier than Zone V1, and cannot agree that
interglacial peats are represcented, The eashem deposit provides
the most certain geological and palacobotahnical evidence of
-gerlg1“c1&l condltzong during the late~Glacial period. The elk
skeleton, which was discovered here ln 1938, has been described
by Trechmann (193%a). Hemination of the deposits by Blackburn
1253} has shown that there is o full pollen succesgion from
Zone I to Zone VII. The elk was found in the Alleﬁs zone (II)
¢i the succession and the skeleton has been dated by radio-corbon
wethods. The provisional cge of the ﬁprSit according to Mint
and Deevey (1951) is 10,851 % 630 year Although Trechmann
(1952) has argued that t:e upper part of the Neasham deposit
consists of the characteristic prismatic clay, Blackburn(19282)
has shown that this essentially a laminated clay deposited in -
water. Xven Carruthers (1953) has agreed that the laminated
clays ot Heasham represent a true lacusirine deposit. The
pollen gequence of Zonea I-III at Neasham is characteristically
that of the late=Glacizl fluctuation of climate, recorded
clsewnere in Hortherm Furope as : cold-warm-cold-post-Glacial.
There is, however, no evidence that true glacial condltlons vere
present in either cold period,

Despite the wvoliums of literature concerning
the extent and plurality of Pleistocene glaciation in North E:- st
England, pract1cally every aspect of these prob¢ﬂws remains a
controversial subject. It is clear that any study of the glacial

dxrifts per se leads straight to the major differences in opinion
betwoeen the orthodox interpretation of the stratified drifts and
that of the advocates of the Undermelt HypotLe51s..
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Thnese diffcrences m;gat be setLled in two

T _ways., It is desirable that an objective re-cxamination be mode

of most of the classic examples of 1nuerg1a01a1 deposit vhich
have been yecorded in Greal Britain and which lie norih of the

.. Tluctuating margin of the ice during the maximum glaciation.

"' It is reasonable that the terraces and solifluction deposits
of the Thames valley should rcflect many fluctuations in climate

E

' Blackburn, K.B, 1952.

. Carruthers, R.G. 1939,

for these were situated at the furthest margin of an extensive
ice-sheet where minor climotic variations ought to produce . the
maximua differences in deposition and drainage. .. It is
uncertain, however, that supposcdly interglacial deposits which
lie two or threc hundéreéd miles further north can be attributed:

to similar fluctuations, The uncertainty in interpratation

of the loczl interglacial deposits has besn described; and it can

“be argued that many other sites may be similarly equivocal.
1t isy however, unlikely that mony of théese sites can be re- -

examined. Glacial and interglacizl seciions are frequently

ephemeral features vhich are exposed during excavation or -
quarrying and soon "obliterated or remove d. TFor example,

impoertant deposits, such as the Worren House Gill loess cannot

be visited again and one mst rely entirely upon the published

interpretation of the original discovery. _ The secong, and most
important, way in which some positive contribution might be
made to the controversy of the stretified drifts, would be the
study of glacial deposition along tiae margln of some retreating

:.le—Shdet. Despite the great advaonces in the study of glacier
physics during the last decade, little work appears o have been

“‘done on the mechanics of glacial depostion, Carruthers

. Blackbum, ) ‘K‘oB-oA .

nasg been
forced to rely upon the descriptive writing of such pioneers as

. T.C.Chamberlir in Greenland and G.W.Lamplugh in Spitzbergen.

It is not that these writers provide evidence which is

“‘conveniently suitable for Carruther's arguments; it is that
;. this neglected aspect of g*dCIdl geology h%s attracted feovw people

”durlng later _yearss.

.k
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~of the extent and nature of the Pleistocene glaciation and the

L %Qiilble interpretation of the glacial history of the Wear - .
_Valley, . : _ E AR _ }

' ‘can be best summarized in the form of maps.

 as areas of 'Thin Drift' by the present writ
places where the superficial deposits consis

" probably less than 10 feet thick.
of sand are shown separately on the maps accomp

" irrespective of their thiclmess,
. superficial deposits are complet

" within the boundary of drift-free lan
survey. . .In a few places, especially . ‘
agree with the drift mapping.

" "Wolsipgham, the. present writer cannot
" of any edition of the Geological Survey. Certain important

" Harperley and Witton-le-WeaT,

 buried valleys of the Wear drai

f86-.

CHAPTER 7,

.,..THE GLACIAL DRIFTS AW¥D RETREAT’ LPOSITS-
O TiHE WBAR VALLEY, -

Oone of the objects of the field-work carried
e of this research has been the determination

The results of the first part of this work
. The detailed drift -

maps (Plates 19-23 inclusive,Map Folder) with the appropriate . - .

' topographical maps of selected areas ( Plates 8 -18 inclusive,.

Map Folder) show the present extent of the glacial deposits of
the Wear valley -upstream of Chester-le-Street, The distribution
of late-Glacial or post-Glacial platforms, overflow channels .

and proved exposures of laminated clay are shown on Plate 24,
" (Mop Folder), .

‘The present extent of the glacial drift- is

"pas§d upon field evidence, amplified, vhere possible,' by the
boring and mining information described in Chaptexr 5. The

 'drift mapping of H.i,

Geological Susvey has been taken as the
. s shown in Appondix 1, the extent
and reliability of drift revision varies in different parts of
the valley. The drift-iree creas recorded on the Geologicol

Survey maps have becn revised in Plates 21 and 22 (Map Folder)
er. - These are thue

t of clay and afre

Thus, al} known outcrops
anying this work,

‘and the few places where
ely absent have been grouped with
there is only a veneer of clay.

basis for this work, and, as i

" the much larger area where ]
0 It-is interesting to note that, almost without exception, the

d upon this principle, lies entirely
d mepped by the Geologicel

area of tain drift, define
between Bishop Auckland and

river gravels and fluvio-glacial sands, which occur bepween
were not shown on the primary survey

and have not been recorded in any post-war revision of the area.

It has been shown, in Chapter 5, that the
nage system frequently extend
one hundred feet or more below the present level of the river,
where these buried valleys lie outside the present confines of
the flood-plain, the thickest drift is usually‘encountered.
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‘”‘Tpg greatest thickness recorded is 236 feet of clay and sand,
. W_Hﬁlcé was proved by boring in the Brovmey valley near Bearpark
-.;‘.ﬂP%&Le 16, Hap Folder), It is certaein, from the relative
-~ aelghts_gf rock-floor and present surfoce, that, in parts of the
e ma;n buried valley the drift must be more than 300 feet thick, °
.“W,Tpls extremely taick drift is probably limited in extent, for
W.”..tpe'sides of the buried valleys are frequently steep and, as is
..Bhown in the various sections (Figs. 28 and 29) the drift thins
., rapidly along the margins of the buricéd wvollays. It is probable,
. also, that vhere the drift excecds 150 Teet in thickness, the
_ upper layers often consist of fluvio-glacial sands which were
‘laid down after the retreat of the ice, ' o

L On the uplands, the drift is generally either
Vw,tyin‘or absent., The steep sides of the West Durham and Magnesian
_. . Limestone Plateaux are, over a large extent, practically drift-
.. free and many of the proved exposures of solid rock, shoivm on
© . Plates 21 and 22 (Ip Folder) coincide with these slopes., The
... plateaux surfaces are areas of uneven drift cover and, in many
N ;plgces, are virtuslly drift-free, Occasional patches of drift,
. _lying as high asg the 1000~foot 2latiform, have been proved by
. . boring to be as much ag 2C-30 feet thick. On the HMognesian Lime-
.. .stone Plateau, the kome-like mound of Warden Law, which forms the
. highest summit of the plateau, comprises about 150 feet of sand
_ _and gravel and many lowver summits of gravel in DBast Durham are
.. brobably, kames, . '

“iv . o In Veardale, the mzin drift cover is confined

_ to the velley floor, and, as has been shown in Chapter 5(p.63),

it is generally confined to one side of the valley. 1in the
upland tributaries, also, the principal drift exposures are
iestricted to one side, generally west of the present stream.

" 1me Boulder Clay s -

- S in Plates 19. and 20(¥ap Folder), the
~majority of the country represented lies to the west of the coal-
field, where owing to the lack of borehole evidence thickness
. cannot be used as a criterion of drift cover, In this areca,

' the present writer has attempted to differentiate between true
boulder clay and other superficial clays. :

‘ The former can certainly be attributed to
deposition by an active glacier; the latter may be glacial
deposits which have remnined in situ or which have been much
_altered by weathering. On the other hand, these clays may be
. perisglacial deposits, formed by the cominution of material
below and around snow-drifts and which have later been transported -
. by solifluction or soil-creep. It is possible, also, that
~ certain of these clays have bsen formed in situ by the deep weather-
" "ing of the bed-rock, in those arcas where shales predominats, |
- just as, in the lillstone Grit uplands, deep weathering has often

N



=88

_ reduced the grit to a coarse sand which may be four or slx

‘feet thick. - 'The clays are zo variable in texture, composition
and distribution that it is difficult to generalize or formlate

_..adequate definition of the different types of moterial. It is,

...however, 90951b1e to express the beliéf that true boulder clay
. is less exten51ve than hasg hltherto been supposed.. DI

The present writer defines a true boulder clay

”Vas a stiff clay whlch contains proven foreign erratics or: ‘local

"7 rocks which are smooth and striated.. . This definition iz’

sufficlentlj loose to cover the local variations in composition -

'_..and texture but maintains the essential ctiterion of transport

by moving ice, The other cleays may approximate to ‘boulder clay:

. in texture, but they are either devoid -of erratics or, if stones

__.are yresent, these are often sub-angular and do not show .

PEEIE

recognlsable ‘striae,

On the higher hills of Weardale, clay mey be
recognised at considerable altitudes. Some clay may exist

" below the peat right to the summits of the moors. Ixamination

.. of this clay has shown that it is often sandy in texture. It

is therefore coarser and less cohesive than the sticky boulder

_clay of the valley floor, The included stones consist
- predominantly of sandstone fragments which are generally sube-
_angular, vhich are seldom smooth and never striated. Limesjpone

fragments only occur ¢lose to the parent outcrop. These are
fregquently angular with sharp edges and their surfaces are rough

~ and pitted. In contrast, the true boulder clay of Weardale,

the 'Blue Joss' of the quarrymen, is a gtiff or sticky little-

- yeathered clay, which contains large numbers, of sandstone and

" 1limestone erratics The limestonecontent is often extremely

" high and some magnlflent polished and striated erratics may be
found. = In many sections, fresh clay and unweathered erratics

extend rignt to: the present soil-cap. Tlsewhere, there is
evidence of & certain amount of superficial weathering and the

" upper layers of the clay are often jointed and fractured like the

" prismatic clays of the Durhaem lowlands,

Raistrick(1931la, 1933) has suggested that
certain of the deeply weathered upland clays of the Pennines

:frepre ent tle drifts of an early glaciation which was more
~extensive than the later one when the fresh clays of the valley
floors were deposited. Tnis view cannot be supnorted from field

evidence in Weardale, for it is not possible to show, anywhere,
that the true boulder clay overlies an older drift. Indeed,

“in many places, it can be seen that the sandy clay overlies true

boulder clay. It can be argued, however, that the sandy clay,
~irrespective of its origin, has been deposited upon the true
- glacial drift by later sollfluctlon, soil-creep or land-sllp.
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It cannét'bé'proved; ffém‘thé"pféseht e

thuSVidéﬁce,'that‘the.upper_clay is of ‘different origin to the’!

. .boulder clay, The comparison of texture, "included material . .

.. and the remarkable freshness of the true boulder clay all. . -

wn.. BUDPPOrt the conclusion that this was deposited by active -
..&laciers, - The sandy clay of the moors shows no evidence of
....glacial transport. _

t

- The erratics'found in the boulder clays .

_ examined during the course of this work, gonerally supports

thg conclusions_recorded_in Chapter 6, (Fig. 31). The present
writer agrees with Dwerryhouse (1902) and Trotter (1929) that
foreign erratics are completely absent from Weardale end that the

 8laciers of the dale were isolated from other ice-sheets

. . taroughout .the Pleistocene,

t

_.In Upper Weardale, there is only one place

.. where true boulder clay con be found near the watershed. Tais is
_on the col (1790 feet) which lies on the south side of the dale

between Ireshopeburn and Langdon Deck (Plate 19,lap TFolder),

| Dwerryhcuse recorded a gravelly drift om this col which he supposed
was contlnuous with the true boulder c3@y in each wvalley. On the

. saddle itself, the peat cover is too thick to prove the nature

...of the drift or to shov whether this can be attributed to

glaciation or whether the gravelly moterial is an accumlation

‘:;of solifluction debris wvhich overlies true bolilder clay., _
.The boulder clay in Ireshopeburn was carefully examined by the

__present writer for erratics of Waia Sill. In this locality,

the presence of dolerite erratics would almost certainly indicate

the movement of ice northwards from Teesdale across the col.

No erratics of whin were found anywhere in the Ireshopeburn valley

+and there is therefore no evidence that ice ever moved across the
-col into Weardale, On the othner hand, since there are no suitabple
_ipmdicator erxrratics which could only derive from Weardale, it
_cannot be shown, in a.similar fashion, that Ice’never flowed in
ths opposite direction. .

. - . The vesternmost place where exdtic ice’ )
penetrated the Wear valley is near Witton-le-Vear. Examiimtion of

" drift exposures on the 1000-foot Platform north of Tow Law has

shown that the Tyme Gap ice penetrated almost to the crest of the

- watershed beiween the River Browney and the Waskerley Beck.

' Several of the exposures of boulder clay in the Upper Browney,

A

‘which were described by Dwerryhouse (1902) have yielded further
erratics which originated from the Lake District cxr Galloway.

- Further mapping in this area by the present writer has shovm that

sratll pebbles of granite occur at a height only fifty feet below
the present watershed at Saltersgate (1135 feet), Similarly, .
the disused quarry at Longburn Ford, which lies less than 150

- feet below the Browney-Waskerley Beck interfluve, has yielded

numerous erratics of Lower Palmeozoic {c.f. Southern Uplands)grit,

 Eskdale (?) granite and a specimen probably derived from the
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Armboth Dyke in the Lake District. " 0n ‘the western side of ©
the watorshed, in the valley of the Waskerley Beek,. only lécel -
erratics have been found by the present writer.. It is clear

" that the Tyne Gap ice reached almost to the present watershed, . -

‘:"ygtwﬁhgggmig_nd;evidence that it spilled over into Weardale,

. on the south side of the dale, the

i ¢ributaries of the Bedburn valley arc-now thickiy,forested,sohthaf

ltfffdetail?d.drift mapping has proved extremely difficult, However, -
examination of the cobbles in the bed of the Spurlswood Beck and

" -the few accessible exposures of boulder clay in this valley,.

yielded several examples of andesites of the Borrowdale Volcanic.

. Series and the basement conglomerate of the Carboniferous Lime-

. stone Serios. - It is possible that these might have been derived
from the Lower Palaeozoic Inlier in Upper Teecsdale, but since this
exposure has limited extent and since- the erratics in the

"SpurIBWOodABeck are numerous, it is considered that these erratics

' originated from some part of the Crogss.Fcll Inlier and may be

_COnsidered'to represent erratics:of the Stainmore ice. In the

" "Begburn valley, the present writer was unable to find any erratics’

" of Shap granite, ‘waich would have been mors certainly diagnostic -

‘"“/:gof Stainmore ice, Howover, Dwerryhouse (1902) recorded one large
“‘ghap graniteé erratic between Copley and Lanehaad (NZ/082,257)

" which is only two miles cast of the Spurlswood Beck. Anegther

7" Shap erratic was racorded, in 1910 (Boulders Committee Report No.4)

‘near the River Gaunless only one mile southeast of Bishop-
fuckland. In the Wear valley, houever, no Shap orratics have

" peen found and it appoars that the main movement of Stainmore

4fice was confined to the Tees lowlands by the Ferryhill-iiesterton

) ridge. | ‘ : '

- ;7 S C The lowlands and piateaux=of the Middle Vear.”
appear to have’ been completely overwhelmed by ice and the drifts

" hecome more difficult to interpret. It is, however, certain that

' the West Durham Plateau and Wear valley were dominated by ice

'd_-which vas derived from the nortn-wast, for the typical asscmblage

of erratics includes materizal which originated from the nortaern

""" Lake District, Southern Uplands and South-west Scotland. Tne

" othodox interpretation of ice movement from the northemn part

z of tne Vale of iden has been somewhat upset by the discovery of

‘Johnson (1952) of an erratic of Snap granite

in South Northumberlan

and by the provisional identification by Professor Dunham of a

~ cobble of #nnerdale granophyre from Tence Houses brick-pit. The
first discovery modifies tae significance of the ice=-parting near
Appleby which was recorded by Trotter (1929) and Hollingworth
(1931). ™e gsecond discovery suggests that there may have bsen

 some contrary movement of 1ake District ice in the opposite -
direction to the north-westerly;flow“recordedﬁpy Hollingworth

'“ (193l)‘.*- L ‘ .



R L . 'The boundary ofithé Chévidt'driftA‘aéross
. the Magnesian Limestone Plateau has been substantiated by the
gresenc regsoarch for none of ths characteristic iweedside or
| égzziot,erxat;ea havo been found in the valley of the lMiddle

S On the uplands of the West Durham Platea
. and in Weardale, the drift exposurcs nover suggest the presezce
,o? ice on more than ons occasion during the Ploistocene. " In
“the low%angs, too, there are few exposures which show more than
_ond Arifi in situ and there are practically none where true
intervening sapds are exvosed., In many. sites, such as Tence -
_Houses brick-pit, there is a definite change in the erratic content
,L,betwgen the predominantly Pennine suite near the base of the -
" boulder clay and the for-travelled erratics in the in the upper
layers of weathered 'prismaotic clayd As was shown in Chapter 6,
~ this is not necessarily evidence of two glacial periods for it
oo A represcent differential movemont of ice, -

_The Sands and Gravels,

/. A . In upper Weordale there is an almost complete
~gbsence of fluvio-glacial sznds., A few sond-hills are situuts
‘. . about onc mile north-west of Volsingham (Plate 20, 3D Folder)
, - but, apart from these, there is no superiiciel sand or gravel vhich
N,cangot,be related to terraco development during the post-Glacial
. period. The firet importont sands are expored in the volley of

the BDodburn Beck. These occur as & number of small isolated kame=
“‘1i§§ mounés which lie ¢bliquely across the northern side of the,
o ValilYe.

ST Below the confluence of the Bedburn Beck with

. the River_Wear,.fluvio-glacialAsands become more common. In

- parts of the valley north of Durham, these form the predominant
_drift at the surface (Plute 22, Hap Folder).  Tre principal
exposures of the sands occur at the outwash ends of the principal

‘overflow chanuels and in two belts, east and west of the present

“river. The exposures aesociated with overflow chamnels are often

" irregular, limited in extent and frequently comprise coarse

.. gravel. In the main valley, the lower exXpoSUIECS of sand form an
‘ “almost continuous outcrop. ?o the west of the river, there is
an almost unbroken line of sand hills fron the prescnt confluence

77 of ‘the River Browney, Near sundcrland Eridge, to Ravensworth in
the exposures of

ihe porin. On the eastern side of the ear,
. ‘gand ars less conbimuous, but similar hills may be traced from
| - Shineliffe to pittington. e sand-nills are almost gverywiiere
"~ aecordant to an altitude of 320-330 fcet above Crdnance Datu:,
which, a8 was snown in the statistical.investigations(Chapter 3)»
- _‘represents a significant height in all the different forms of
" sampling and analysis. Throughout this text th platform will

i}‘;bevcalled_ﬁThe 320-foot Surface.? ‘ <
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O In most of the tributary velleys of the West
.Darham Platean north of the Prowmey (Plates 16 and 18,¥ap. Folder),
tpera are sand hills at the same height, which are backed by
'-%;%her,outcrops which rise to about 500 feet above Ordnance

WiNe : : ’ .

Where the main interfluves impinge upon tho

. ... .main belt of sand-hills, on the west side of the fiddle \Wear,
. .;Buch as the east face of Findon Hill (Plate 14, Plate 22, Map

Folder), the sands arc replaced by boulder clay above 330 feet,

.. Below 200 feet, the sands are often replaced by boulder clay

.. or laminated clay, but there are certoin parts of the valley
... wherg sands appear to continue right to the floor of the "Wash"
....(See Chapter 5). o R
SRR " Thus, in the nelghbourhood of Bishop Auckland,
. the Wewton Cap borings (p.64) proved sand and gravel throughout
~the buried valley and this appears to form the' principal
-infilling material as far north as the confluence of the Bellburn,

7 (Plate 12, lizp Folder). - Binchester Hill, which lies athwart the

" Wash, rises to the 320-foot Surface and consists predominantly

. of sand, The sand is not, hwwever, continuous here, for on the

_ . of laminated clay,

" river banks, at a height of 210-220 feet, there is an exposure

U ‘Wear Chester-le~-Street, north of the break
. in gradient in the longitudiénal profile of the buried valley
(p.65), the infilling material appears to be pﬂﬁominantly sandy.

- . Two borings, at Red Rose Cottage and Chester-le-Street Cricket
Ground, -voth recorded moxe than 150 feet of sand; the Chester

" 'Burn boring, referred to in Chapter 5, proved only 20 feet of clay
... in a total thickness of 168 feet of drift. ~Similar drift records
~ have been obtained from the borings on Iumley Haugns, east of

-~ the river,

. 4 Ilsevhere, however, both field evidence and
- borchdle records suggest that below 200 feet, the fluvio-glacial
. Bands are generally replaced by clay. The main outcrop of sand
s, therefore, a belt which is seldom more than half a mile wide,
. whicn is 100~150 feet thick and which occurs between 200 feet
rand 330 feet above QOrdnance Datum and which is best developed

- west of the river. There are many good exposures of this sand,

~for it is easlly accessible and it has been guarried in muny

" 'places close to the Great Worth Road. Typicael sections are
exposed nlong the eastern side of the road between Pity Me and
| Plawsworth. (Plate 14,Ip Folder). '

These sectidns show that the sand is
remarkavly uniform in toxture and content. It is predominantly
a fine-grained sand, which is often dorted into beds of different
'~ grain size. There are very few included pebbles apart from
- coal fragments. Towards the bottom of the deeper sections and,
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,,,,, in a gravelly capping to some hills, the sand contains pebbles
and cobbles of other material. The relntion“hlp of coal to
”;_sdna 1s important because pebbles of coal as large as 2 cubic
. inches may be found and the coal fragments are concentrated in
4“;‘dellnite layers where they trace out the current bedding of thae
.- sands, The universal presence of coal fragments within the :
..fine-grained sand and the complete absence of other pebbles, suggost:
-: that the deposit was laid down in still water -and that the coal. |
‘having a lowver specific grovity *han the other. rocks, was . -
deposited with the finer fr ctions, It has been suggested by .,
.. HKHalstrick and others thet these sonds represent a deltaic dep051t
It is reuasonable to suppose that these sands were laid down in -
~ the glacial lake which occupied the valley of the diddle WGar
~during certain periods of the Pleistocene. R _
‘ The distribution of the sand between the~
, overflow channels and the 320=foot Surface and the detailed
~ lithology of the deposits both support the conclusion that these
aro essentlally glacial loke deposits and do not represent - .
strutified drifts which were laid down by sub-glacial waters -
or by running water during interglacisl periods.

: A few beds of sand occcur within the boulder:
. clays, mony have been proved by boring, but few are exposed in
“tho field. (ving, perheps to the acceg81b111ty of the nassive
deltaic deposits, thece lesser outcrops of sand have not been
vorked ond there ere few adequate field exposures. The’
- laminated cleys, on the other hand, have been extensively
_worked as brick clays and there are a number of good but small
sections of these deposits. .

The Laminated Clavs sz

The distribution of the pr1n01pa1 field
ssctions of laminated cley are chown on Plate 24(iMap Folder).
Cexrtain of these exposures have already been described in detail
by Carruthers (1939), but many of those brick-pits which were
worhed hefore the var are now esbandoned. and overgroun. A number,

. of new aeotions are now available, , :

*  The principal feuturcs of the distribution
of che 1&min9ted clays are that these seldom exceed 20 feet in
thickness and that, in the field, they most frequently occur A

~at sltitudes betwesen 180 feset and 220 feet above Ordnance Datum. 1

ety -t gy ey v
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. There are certaih exceptions (5) but, between Chester Moor(Plate

14,Map Folder) and Bishop Auckland, .the main concentration of

©_ these deposits lies just below the 200-foot contour, This is the

~ ' altitude of a second important late-Glacial ‘or post-Glacial '

. .-plaiform which was recognised »nd described by Anderson (1939).
L. This will be termed the '190-Ffoot Surfacel, .

.

e e e Laminated clays have been usually recognised .
o, 88 lacustrine varved clays showing seasonal bands of micaceous
... 811t alternating with stone-freo clay, The presence of this
.. thin, but remarkable continuous horizon of laminated clay on the
. ..., surfuce of the well-marked 190~foot Surface provides a strong case
... in favour of such an interyretuation. Certain of the exposures .
. a2t ofther altitudes might be interpreted as lacustrine deposition
... in lekes whieh were more local in extens, Thus the Birtley and
. ... Fatfield deposits occur between the levels of the '140-foot
. .Surface' of Anderson (1939) and the 100-foot bench in the valley
.. of the Lower Veur. The significance of these surfaces will be:
.. .considered later, but, at present, 1t will suffice to record that
.. these lower laminated clays can, according to the orthodox o
.. interpretation, be attributed to a third glacial lake level at -

or below 140 feet, _

o The high-level exposure ¢f laminated clays
... . in the Beamish Burn provides a small-scale example of deposition
in a supposed lake of local importance, The upper part of the
River Teum, known in different sections as the Houghwell Iurn,
Causey Durn and Beamisi Durn, rises near Annfield Plain. Tae
pre=ilacial valley, whose direction, continuity and depth has
... been proved by boring and mining, was the river trending east-
north-east from the radizl centre of Pontop Fell (Chapter 4,p.41,
Fig. 26.8tcy) About ome mile west of Beamish Hall, the broad

(5) For example, the tnickness of the laminoted clay 2t
- Birtley often excesds 60 feet (B & S 2423-2432) and may approach
cas muct as 100 feet. The group of brickfields at Birtley have
.worked tnese clays at altitudes between 80 and 120 feet above
“Ordnance Datum. At Fatfield, sbout one miie east of Lambton
Castle (Plate 15, Map Eblders; 7=-9 feet of lamimted oclay is
exposed above 20 feet of gand at an altitude of 120 feet, In
the Beamish valley, near Tanfield Lea, typical laminated clays are
.. exposed in a brick pit on the west side of the Causey lorzine
. (Plate 24,mp Folder) at an altitude of 460-480 feet-above Ordnance
" Datum. At Willington Brickeworks, 9 feet of laminated clay occurs
at 260 feet. In the Gmunless valley, near West Aucklend, similar
.. elays have been proved by boring and in field sections at the
level of the 320-fcot Surface, - : S, c

A
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" PrQ-Glacéal valley was blocked by a considerable barrier of
. drift which must be at least 275 feet thick. ‘This barrier
.. has a crescentic form and has been called the,Caﬁsey Riage or
. Causey lMoraine by inderson (1940).: The Causey Ridge consists
... .in part of boulder clay ( about 100-150 feet)capped by & similar
.. thickness of fluvio-glacial sende which rise to a height of -
o0 Teel at Oxpasture Hill, in the middle of the crescent, -
., - .The present course of the River Team lies around. the northern
.....edge of the moraine, through the line of an overflow channel,
.. Ihis purt of the valley, known as Causey Gill, is a steep-sided
...8orge cut through Coal lleasures strata, On the upstream side
of the Causey Ridge, a brick-pit has been excavated in the side
.. . of the moraine, This brick-pit has worked a maximum thickness
. of 15 feet of lamimated clay which overlies sand, West of the -
...presont workings, the lamim ted clay has bsen proved by boring
to increase to a thickness of nearly 40 feet. The present section
.... has a cover of boulder clay, but it is probable that there has
., .. been considerable recent movement of the overburden, for the
.purface above the brick-pit is much disturbed.

L . It is reasonable to suppose at this site, that
_wthe-upper part of the valley, west of the moraine, was formerly
., occupied by a late-Glacial lake., The local accumulation of
. water, augmented by that coming from the Derwent wvalley through
Clough Dene overflow channel, would be demmed back by the Causey
. Horaine,  This escuped northwards through Causey Gill which
_ has been occupied by the River Tcam ever since, The horizon of
. the laminated clays at Tanfield Lea occurs at the same height
. (480 feet) as the breok of slope above Causey Gill, where the
. 8pillwvay swings southwards to enter the old wvalley eust of the
.. moraine, It may be concluded, therefore, that the clays were
. laid down in this lake when it occupied its maximum extent.

- , ~ According to the interxrpretation of Carruthers
~(1953), however, these deposits do not represent lacustrine
_ deposition and may be regorded as 'Pressed Ielts' or 'Shear Clays'
. which originated as the banded dirts of a stagnant ice=-sheet.
- Detailed examination of these clays by Carruthers has allowed
. him to formmlate a series of diagnostic features whiclh show the
_differences between these ond the true varved clays of limnal
 origine. It must be admitted that the laminmated clays of the
_ Wear valley, from Birtley and Tanfield in the north to West
__huckland in the south, all fulfil Carruthers' criteria defining
_ . typical shear clays, The lamim ted clays are extremely complex
~and contain the microscopic laminae, equal-flow structures and
____ tectonic patterns which have been described by. Carruthers,
; ‘ Organic material is absent except from the
- surface layers where recent plant roots have reached the clays.
Dr. F.H.T.Rhodes and the present writer examined speciment from
"different levels at all the principal sites in the valley(Birtley,
_ Finchale, Durham, Butterby and Willington) in order to discover
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. Wwhether Ostracoda were present. ' The investigation was‘incomplete;

' ?W vihen Ir.khodes left Durham University, but none of 'the specimens

from Pinchale, Durham or .Butterby had yielded any traces of a
micro~fauna in either the clays or the silts. ' It should be

.. noted that Blackburn(1952) has identified Ostracoda in the

... lemim ted clays of Weasham, These hove been accepted by

Carruthers (1953) -as true lacustrine clays which are lithologic§113

.. ..different from the typical shear clays.

1

, o : It must be admitted that the 'investigations
. of the present writer into the lithology of the lamire ted clays
i have veen superficiasl compared with those studies of Caxruthers,
% but the examination of the Wear valley deposits suggest certain
. features which cannot be explained by the Under-lielt Hypothesis.

. ... .. . . . The geographical distribution of these clays
.18 dimportant, for, as has been shown, they occur predominantly

at the level of the 190-foot Surface and are best exposed near

~ the present land surface, It seems that such constancy in

. altitude of the main group of deposits cannot be accounted for

vy tiwe Under-Melt hypothesis., The frequency of occurrence at this

critical altitude suggests that it would be too great a coincidence

for a melting ice-sheet to deposit the englacizl dirts at such

a counstant level. Secondly, since these are supposed to represent

englacial dirts, and, as it were, form the meat in & sandwich of

boulder clay, it would be reasonable to expect that, 'in certain

sections, undisturbed till might be proved above the shear clays,

This is not characteristic of the sites which have been examined,

..though_it must be admitted that the much deeper sections in the

© quarry of Coatham Stob illustrate this feature perfectly.

. 1hirdly, since the laminated clays are exposed S0 close to the
' present surface, it would be reasonable to expect a certain amount
- of surface movement, frost-heaving and similar processes which

could adcount for .the tectonic features of these clays. Tnis
interpretation was favoured by both Professor H.Louis of Iunich

"’ and Professor B. de Bethune of Louvain when they saw the clean

" section.at Finchale Brick-works during 1953( Fige. 34,35, and 36).

©  Arguments in- support of the Under-ifelt
Hypothesis are, first that therc are a number of sites where
laminated clays are exposed at levels other than theilgotfoot
surface and that there are many borings waich have recorded
“11eafy clay', 'clay with sand partings' or 'varp' at different .
" heights, Secondly, the present ogcurrence of lamim ted Qlay.gt
' or mear the surface may be, in part, the result of post-Glacial
erosion for although field sections occur only at the surface,
gormme borings have proved laminated clay to be covered by a .
considerable thickness of boulder clay and sand. Thirdly, if
both the 326-foot Surface and 190-foot Surface can be regarded
as lake levels, it is necessary to explain why the deposits
of the 320-foot Surface are predominantly sand, with only og? .
small outcrop of laminated clay in the Gaunless valley near Wes
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.- vhere such movements arc likely to be negligible.

...4uckland, whereas the deposits at 190-feet are preédominantly

.wc}ay with only a few minor patches of sand near TFinchale and
. Chester-le-Street. - Finally, although these exposures of =
. laminated clays in the Wear valley 1lie so close to the surface

that superficial movements may have disturbed them, Carruthers -

_- has noted many similar structures in deeper workings wnere they
~were formerly deeply buried. Indeed Carruthers (1946) has
admitted the possibility of frost heaving and other processes

.. and for this reason has chosen many of his examples from depths

R P

It is possible, however,'that'trué varveé;may

 occur on the 190-foot Surface, in conjunction with shearclays.

The 18-foot section which was cleaned in Finchale Brick=-vorks - °

‘during 1953, chowed a thin horizon (0.6 = 0.8 feet) of relatively

_broad and simple silt/clay bands near the present surface. (Fig.36).
This smnll section represents the nearest approach to true varves

which have been found in any part of the Wear valley., Above the

" section illustrated, the surface clay wae deeply weathered to the
"@soil cap at 186 feet nbove Ordnance Datum, but laminae could be

" identified in this zone clso, Elsewhere in the brick pit, it
was hot pe sible to identify this bund of broad laminae, but this

was largely owing to the absence of suiltable sections at this

© . oritical altitude.

: It i3 clear that no certain conclusions can -
be drawvm about the origin of these stratified drifts from the
exomination of these, alone. It has been shown that their detailed
1itrology .corresponds with Carruthers! observations and on this

" particular point, it is not possible to discredit the Under-lielt

" Hypothesis. On the other hand, tae geographical distribution of

‘the clays tends to support the orthodox interpretation of. these

as lacustrine deposits.

' . ~ By themselves, the glacial drifts of the Wear
valley cannot provide certein proof of mltiglaciation and, indeed,
the evidence tends to favour the monoglacial interpretation

) suggested by the Under-ifelt Hypothesis. Since the supposed

~ interglacial deposits of North Zast Engla
_or or permit equivocal interpretation,
_otiner possible lines of evidence

of the Pleistocene in this area,

nd are either obliterated
it is necessory to excmine
which mey indicate the chronology
* The study of the morphclogy of

tne melt-water overflow channels and the late-Glacial surfaces,

. t permit,moreldefinite

“conclusions. -

provides certain.evidence which migh

)
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CHAPTER 8,

+ THE WORPHOLOCV AN DISTRIBUTION
_ OF OVERFLQV CHAHUELS O THE WIEAR VHLLTY

e

e o _. The regional pattern of overflow channels '
_or sp*llways round the western and northern edges of the Alaton
. Block (rig.37) shows that, during certain perlods of the
. Pleistocene the bulk of the meltwater from Zast Hdenside and the
_ ice=-free uplands of the Cross Feli massif, made its way -
" northwards snd eastwards round the northern periphery of the Block
. and then drained southwards into the Wear valley. Such an
... enalysis depends upon two basic assumptionsg first, that the uplands
of the Alston Block lost the greater part of their permanent
1oe-oover before the lowland ice had begun to retreat; secondly,
_that the .edge of a large gleocier will act as an effective dam to
meltwater, 80 that the ponded water escaped along the marging of
the ice rather than through sub-glacial streams., The descriptions

Sas en

PR

rotern 1 s

\f of Dwerryhouse (1902), Herdman, (1909), Trotter (1929), Raistrick
7 (1931la, '1931b) and Anderson (194C) leave no doubt that  this
- regional reconstruction of the meltwater drainage is substantially

;L,corract.

: C " During the course of field-work, a feu
- doubtful over;lou channels have been eliminated from Raistrick's
... map (Fig.37) and a few additional channels have been identified,
...The positions of the channels in the eastern part of the Alston
_ 'Block are showvn on Plate 24 (Iiap Folder). The principal
contrlbution of the present writer has been a detailed study of
the morphology ‘of certain of the overflow channels waich are -
B sxuuatea along the eastern edge of the West Durham Plateau.
'The.examination of the rock-floor topography in certain of these
. has shown a number of features vhich may prove to be of fundamental
" importance to the interpretation of Pleistocene chronology in
.. Northern Ingland, @ An explanation of these features which is
N; unchallengeable is not yet possible, but, as will be shown, there-
~ is strong evidence to show that the majority of these channels
- were occupied by glac1al meltwater on at least two occasions,

0

S 4part from the classic paper of Kendall (1902),
~ ‘most of the work which has been published is more concerned with
" the relative heights and positions of the channels and the
‘agsociated. edge of the ice-sheet than with their detailed
_ morphology. In this part of Worth-East England, the writers
quoted sbove produced an elaborate sequence of retreat stages
.and movements of the ice-front. Vo attempt was made to explain
the obvious peculiarities of such well-knovm channels as Beldon
"¢leugh and East Dipton until these examples were studied in detail
by Peel (1949). Peel was able to show that-the simple concept
of uni-directional flow from an upper to a lower glacial lake
could not account for the meanders of Beldon Cleugh oxr the
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; ,Alongztud‘nal profile of either caannel. jeel was aluo able to
5mdemonscvete that there was a considerable thickness of pent.

in the flocor of the Reldon channel, biut he was unable to prove
the depta of the rock-floor with the euipment at his disposal.

e Ihe Hoxphology of tne Overflow Cnannels.

In any reconstrucnlon of the late-Glacial

'hdralnage of this area, the dlffexence between two basic types of

channel must be recognised :-

l) Direct Overflow Channels, which are located according
to topography. - The situation of these channels was
ddétermined by the positions of those wind-gaps which formed
the lowest points along the interfluves of the Alston Block. -
. Tne term 'Col Gullies' of IMannerfeldt(1949) is, perhaps, -
- more clearly descrlptlve of this forxrm of channel.

4t

-
T

2) MQrginal Overflow Channels whlch developed waere the

. edge of an ice sheet happened to rest against some valley
.. spur which intervened between two lakes, As the ice
_retreated or thinned, the higher marginal channels were
.abandoned in favour of lower channels adjecent to the ice.
~in this manner, parallel channels were formed across the
,_prin01pal spurs.

Uhereas the helght end 1ocat10n of the merginal

J'fdfoverflow faithfully reflects the position of the ice-edge at any

particular stage, the direct overflow channel only indicates a
minimum elevation of the ice dam which blocked the entrance to
that particular wvalley, According to the orthodox interpretation,

'Lthe level of a glacial lake forming in an vpland wvalley would

rise until it reached the altitude of the lowest wind-gap in the

'” 'watershed vhich was ice-free, Tue lake waters would spill

through this gap and would continue to drain through the

‘1f resultant channel until the distent ice~-dam had retreated or -

' . shrunk far enough to lower the lake level and perhaps, to expose
~a lower col. K In ‘the absence of a lower coal, the meltwater would
' eacape along the margin of the ice-sheet and form one of the

members of a parallel or aligned sequence of marginal channels.

: ' The well-developed channel of elther Lype
generally has a flat floor and steep sides. The present floor-
is usually ill-drainoed and occupied Dy a mere trickle of water.
or it is completely dyy. ‘'These are the principal diagnostic

" features of both types of channol. It is only in areas of thick -

limestons that such valleys could originate from other causes,
The margzinal channel is often completely independent of the

drainage pattern, but direct overflows maybe occupied by the .
‘headwaters of an existing dorey Since many of the direct
‘overflows channels which @hewﬂﬁp d by Dwerryhouse(1902) are of
this form, field examinat dﬁ’ﬂ& #belen necessary to prove whether
they wers occupied by meltwad ‘ _
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" ¥or example, ‘Sharmberry Gill(Nz/00,31), .

“'wnich was. supposed,’ by Dwerrynouse to have drained melt-water

from Teesdale into the Bedtum valliey, contains a vigorous stream

 whiéa rises near the intuke and forms one of the hoadwaters of

the Bedburn.Beck. On the watershed, the intake of the Sharnbury

_ Channel is sharply incised 40-50 feet below the moor and this

44444

... notch confiims that the valley was originally excavated as an

_overflow channel., oo

Tlsewnere, however, the evidence is less

coertain. Tae two channels, Horthern Letch and Scuthern Letch,

wvhich rise on Whitehall lioss, near Lindisfarn, (N2/08,46) were -

 :;'descr1bed by Dwerryhouse as part of the late-Glacial drainage
" from a luke in the Derwent Valley eastwards to the Browney Valley.

. Theso two streams rise on a gentle col and flow eastwards, along.,
“parallel courses whica are less than 200 yards apart,. ‘Hast of L

“ " Lindisfaim fsmm, both valleys are deeply incised into Lower Coal.

iieapures sandstones to their con{luence about % mile south-east

" of the farm, No sky-line notth can be seen on the broad, wet,
. peat-covered moor of the cols. The size of each valley, the
~misfit nature of the present streams and the limited: gathering
- ground of the col all suggest that normal drainage could not
. agcount here for the presence of two parallel and deeply incised

. valleys. "Similar arguments may be applied to the upper parts
of the River Brownay, (3Z/07,45) one mile further south, 2nd to

’ the headwater of the River Deerness, where it enters an incised
channel immediately east-of the low col at Tow Law. (N2/12,39).

'In certain marginal channels, vhere the outer

edge was entirely composed of ice, the lines of the channel is

now indicated by the steep hillward slope and the flat floor .

* which is represented by a shelf beneath this slope., An exaple

- of this form is seen in the liden Hill Channel which forms one of

the lower members of the Bemmish group of spillways (Plate 18,

Map Folder). Individual marginal chennels may bifurcate
~ successively into a complex series of distributaries, or they may
integrate from several small channels into one major overflow.

]

Tnese features are mot normally characteristic of the divect

fABpillway.} The Lindisfarn channSIS'described above, represent
the only example in this area. The direct overilow channel

" usually has the form of a single trough, though this may not be

straight, Tae steep sides are usually symmetrical, excent where

" ‘they have slipped into the channel, but generzlly the s}gpes.are .
‘remarkably stable, -for these are formed of solid rock which can
_be seen to outcxrep along the sides of mostjwellf

developed spillways.

' . The longitudmnal profile of an overflow channel
may be similar to the normal curve of -stream erosion, OT it nay
steepen dovmstream, oI the profile may hunpbacked across the col

“into which the channel has been cut., The normal longitudinal
profile is rarxe and only represented by a few of the direct

gpillways which foim the headwaters of existing streams. 1t is

'7 possible that later stream action was responsible for modification
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. of the profile,  More often-thpselchannels‘havé‘the profile
. form described by Kendall(1902) as 'steepened rapidly dovmstream

 ese & feauture rarely observed in normal velleys's. Peel(1949)

_has shown, from levelling through Beldon Clsugh and the Bast

 ?,‘Dipt0n,channe1 that mxny of the well-defined, deeply cut

. overflow channels have a hump-backed profile. Tuis feature
- 1s characteristic of most of the important dircct and marginal

;Z;thanpels‘of,thg_weaxﬂvalley.

e . None of the channels which have been
v examined in the field show exposures of solid rock in their:
. floors. Boreholes which have been sunk in such localities have
__ gonerally recorded comsiderzble thickness of superficial deposits,
_ This fact has long been known, for Watts (1908) noted the -~
- record of 25 feet of superficiazl deposits in a boring in the
Kiitsley. overflow channel. it was not until 1953, howvever, when
. & series of four borings were sunk in part of Ferryhill Gap, that
. the significance of such records was realized. .

) A Perryhill Gap (Fig.38) has long been
recognised ac the principal direct overflow channel of the Alston

" "Dloak and it holds a similar relation to the late~Glacial drainage

~of Morth Hast Englend as does llewtondale to the drainage of the

- Cleveland Hills, VWnen the ##2%waterg from the uplands of the
__Alston Block reached the valley of the iliddle Wear, they were
- ponded between the West Durhem Plateau and the lMagnesian Limestone
_ Bscarpment, If the northern end of the Wear valley was Hlooked

by ice at any point south of a line from Houghton-le-Spiing to

7" wrekenton snd Ravensworth, the level of the lake would rise to

" the height of the wind-gap at Ferryhill. The height of tnis col
appears to have been zbout 420-430 feet above Ordnance Datum.

- Lake water begen to spill over this cocl and considerable musses of

" fluvio-glacial sand were deposited on the southern slopes of the
. Magnesien Limestone ridge. These sani hills rise to the approxxmam
% heignt of the originel wind gep at 420-430 feet (Plate 21, ilap
“‘molder). . .The level of the leke never exceeded this critical
" sltitude, for, if it hed, a further direct line of overflow would

” "have operated through the Raisby-Garmondsway wind-gep (440 feet)

""" and there is no evidence of this. The escaping meltwater cut -
" the steeop-sided trough of Ferryhill Gep and the present form of
"""the valley is typical of the major direct overflow channels

" ‘recorded elsewhere in Britain, : .

: . - The valley sides are exceedingly steep
" throughout most of the length of the channel, and exposures of

" “imgnesian Limestone outcrop or have been exposed by quarrying -

" “on both sides. The present floor is flat and boggy and it 18
“inclined gently towards the south. The drainage is ill-defined,
" Pput much of the present stagnation may result from the presence

" of settling ponds for colliery waste at_the‘northern,&nq,southern

' "ends of the Gap end from the comstruction of the low railway

" embankuent_across the middle of the flooT.
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e e e, About one mile from the northern end of
.. ..bhe Gup, .there is an abrupt meander at Swan House, (Figs.39 and
' ,;;j"40). - The main railway line passes through the core of the
ca ‘ meander inla cutting where the Permian Yellow Sands are well
... exposed.  The concave surface of the moander core is graded to
. & helght of 320 feet. Ferryhill station is situzted immediately
_...south of the railway cutting. Southwards the extent and nature of
...-the floor of the channel is somewhat uncertain owing to extensive
. rellwvay sidings, buildings and colliery waste., It appears,’
.,“_M“;hQWGver,_that the valley becomes wider south of Chiltonsznd .
oo that the present floor of the channel is-grdded to the alluvium
'« .. ..0f Bradbury Carr at 2305 feet; . The positions of the four borings
oo are shown on Iigures 39 and 40, The rzcoxds of these borings
o io,.8ve as follous ;= | o LT

.. AL, 278,26 feet above 0.D., Boring sunk 126 feet 6 inches
oo oo in boulder clay, gravel and sand. Rock floor not
... ...l reached at 151,76 feet above 0.D. :

Vsl B, 27L.70 feet above 0.D. Boring sunk 98 feet in boulder
o, . clay, gravel and sand., Rock floor not reached’at
. 113470 feet above 0.D. :

. ¢.. - 287,95 feet above 0.D. Boring sunk 112 feet to
.. limestone rock floor at 176.0 feet above U.D.
‘”:jjiflii 330-6Ifeet above 0.D. Boring gunk 186 feet in .
- boulder .clay, sand and gravel. Rock floor 52057 TN
, . reached at 144.61 above O.De ¢ :

- 'The records of C and D are of especial importance because they
" -were sunk within 400 feet of the edge of a quarry, supposedly
" "on the south-eastern side of ths channel, where the rock floor
‘may be seen at a height of 310-320 feet above Ordnance Datum.
'In other words, eastwards from the quairy, the rock {loor fa;ls
"at least 150 feet in about 400 feet horizontal distance, This
" gradient (3: 2.6) is far in excess. of any slope roecorded in the
" buried valleys of the Wear drainage system. .
o R . Although this cannot be proved, it is likely
" that a buried continuation of Ferryhill Gep lies southward of
"' the meander bemeath Wable Hill and Hainsforth lall. Iminsforth
“ Golliery lies between this buried:valley and the present channel,
" e total drift thickness recorded in the shaft.secylon of '3
©pit (B & S, 1314) was only 11 feei. North of the site of
vorehole A, the continuity of a decper channgl;cannot be p:oved,
7 but, just north of the present intake, a series of“recent.
' "porings end seismic invesiigations have shown that there 1is.a
" very narrow buried valley which extends southwards from Tursdale
Colliery towards Hetal Bridge. The intake gf the presen? channel
appears to be blocked by a low knoll of solid rock at Thinford
. “"Close, but both field evidence and the records of several old
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borings, wvhosge precise location is uncertw1n, suggests

f: conuinulty of these buried valleys (Plate 21, Xap TFolder).

It is particalarly fortunate that the cores of these Pbrryhill
‘borings were examined by officers of H.ii.Geological Survey.
. The clay was identified as boulder clay 2nd erratics were

examined.  These were identified as Carboniferous and Permian

+7? rocks of local origin. Cobbles of sandstone; genister &nd

11mestone were recorded from most bores; pebbles of coal, shale

; and sandstone were seen also. This infilling material can oaly

have been derived from one of two sources. Since boulder clay

- has been proved to constitute the princinal elemsnt of each

“drift sequence, the material was either deposited within the
- Gap by moving ice, or it was later redeposited there by hill=-
wagh, aolifluction or slumping from the slopes above. The

'f" second proczsses can hardl y explain drift thicknegses approaching
- 200 feet, for the mwtlerial could only be derived from the _

‘adjacent hillsides, where the gathering ground is relatively
Aimited.. It is clear that the overflow channzl persisted in its
prenent course foxr some period aftar the original channel was:
blocked for the drift surface of the obstructed portion rises

“" to 320 feet at least, whereas the pr°sent floor lies 50 or 60

~ feet lower.

1
H

The other evidence from the overflow channels
of West Durham is no less remarkable., The principal data are

_if supplied by numerous boreholes in three groups of marginal

overflow channels which cross prominent spurs of the Weust Iurham

. .pPlateau north of the Browney valley. The detailed topography

. Bhown in Figure 4.

" of part of this area is shovm in Plate 18 -(Map Folder) and the

detalled roc&-floor ev1d0nce from the :Charlaw mgor Channel is

i+« The relevent information, concerning ell the
overflou channels of this area, is reoorded in the follow;ng

'“‘uables s

Table 10. Ho*phological Features of
bertaln Overflow Channels in west Turhanm,

F o

eme of channel ‘Pype. Ht. of present Form of  Greatest kmown

and grid Ref, _“,« ~ intake, long-profile drift thickness.

DERWAN - A WATERSIIND. '

' : . - 620 ' :

- 'Clough Dene _Direct S¥¥EG  Hump=back - X
. (Wa/1%,585) ‘ o

~Burnoplield Direct - 580 g 4 h X
(W5/19,87) ' T oo
Buried contlnuatlon) " P 2. N L c200_feet.



‘:.‘{:"".\f* - . ) -l%-y .

" ‘Table 10, ﬁorphologlcal Fbaturoé'of CGrfain' ,
. Overflow . Channels in Vest Durham. Continued.

-vuﬂame of channel * Type. = Ht, of Form of 5 "Greatest known

| *f.and Grid Ref, - T ‘present , long- _.drift

intskes  profile, ., ""thickness,

_:ﬁmdeSH GROUP S

.......

2N4/20,56) e ‘
Now occupied and modified by Causey Burn) .

'Hellhole (A) = . Marginal _ ¢430 ° “ﬂ fHumpbaokedif e ;x
(Wz/2T,54) , . » SR

Acton Dene(B) :ﬁ_'i4f~° .~ s80 =~ = 560, feet

T (N2/22,53)

t;“ (¥z/22,53)

High Twizell(C) -~ % | . 560 . . “l» 24 .

.. Rose Hills (D) }~;7 n 525 e A

(¥z/22,53)

. Clay Slack(E) . n - 510 1 om , 13-  feet
*(N2/23,53) : : : '

&den Hills (F) : a0 9 40-50 (?)

. (wz/23,53) . (one-sided) R

. (¥2/23,53)
CRAGHEAD GROUP

Fawside Dene (H) o 530 = Steepens . 43

Handen Howl(G) .. HMarginal 0360 'thpbacked 070 feet -

1]
" (¥z/21,50) . , ~downstream? |
”gv»nnmbleburn(J) ';' w490 2 23
- (M2/22,51) (Now filled with colliery waste) - ST
' "

Tribley (K -" B f‘ Marginal 315  'Steepens o 61"

ii’(NZ/24,5l (Well developed marginal - downstream

| CHARLAV.GROUP e
+ Charlaw Mbor(L) Marginal 650 =~ Humpbacked 80 "

R shelf at intake, eastern
Wt side predominently composed
of thick gravel).

Ul (N2/23,48) 0 (see Fig.4l) T .o . Lo
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. Table 10, .lMorphological Ibatu;os of Certain
Overxlow Channels in West Durham., - Continued,

 Name of channel ~ Type. Ht..of  Yorm of  Greztest lmown

_and urid Ref. present. ° long- cdrift
‘ ' _ inteake, =~ profile. __thickness,
_sacriston(M) . Marginal _ 490 - Humpbacked 96  feet
~and Fulforth Dene. : - '
(2/23,48) | »
. omlthy Dene(N) L 380  -'Steepens downstream c40 "
. (BZ/24,49) =

. DERVEIT-BROJNEY

Burn'Hill o A Direct ¢l090 Steepens downstream Peatbog at

(B2/06,45) _ intake
Lindisfara % ¢l015 Stcepens down8tream Peatbog at
(¥2/08,46) intake

_ Knitsley (Howm's 0111) o . 620 . Humpback  : 25 feet
( 42/099 ‘39) L
Redwell Hills Direct 8%3 _ " b:4
(2/13,52) :

 BROWHEY-DERKIESS |
Stow House n 800 Humpback ? lzss then
(¥2/14,42) . 2 10 feet

 Hamsteels larginal 700 - " | . x
{NZ/17,45) Lo SR :

" Rowley Burnm R 610 . . ?

SOUTH OF BEERNESS

~ Tow Law Direct c970 Steepens dowmstream X
“”(ﬂz/12,39) (Long pwofile of channel modifled by head water

: of River Deerness). )

Langley Hoor - IRmrginal . 6280 N ? TR
(Mz/24,41) (Wow filled with colliery waste and rubbish,‘

Job's Hill Direct c600 ump-backed 1 fe..
(¥z2/18, 35) (Partly bbscured by mzneral railway) -
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~ Table 10, Horphological Features of Certsin
..Qverflow Channels in West Durhams - Continued,

B i

» .

Type. ©-. Ht, of . Foim of  Greatest:

. and. Grid Ref. . o . " present - long= = known drift
e intake, .. profile, . thickness,.- .

-,

;Rﬁf'UPRERfﬁﬁbﬁﬁRN THES-WEAR VATERSHED - 0 o

_ -Sharnberry. - ~ Direct - ¢1460 humpbacked | peatbog at

" (¥2/00431) (Long profile modified by present stream;, (intake.

so;i@;:ock;can;be proved across'floor_bétween,1250'and-13001feet).
. Blackton Head Direct 1385 0 9 | peatbog at
“(32/01,26) (Believed to- contain more than 50 feet of | intake -
‘upeaﬁ_near:watershed,v Solid rock almost contimuous in floor at 131¢(
_ EAST OF THE MIDDLE WEAR. R
Tunstall Hope: ¢ Marginal - 155 ° humpbacked’ believed 'to

... AN2/39,84) 4 be considera
- Broom Hill S 200 SRR B ox
(N2/295 56)
Ferryhill Gap © pirect . 200 - decreasing »127 feet in
smz/so,ss) downstream  plesent

(see Figs. 38-40 & pp 103-104). - floor.

b

It can be seen that most of the better defined, decply notched,
~ channels contain thick drift and have a hump-backed longitudinal
« profile. Certain minor channels contain only a veneer of clay
-on their floors, :

o g In addition to these visible cnannels there

~are few buried valleys whose topographical location and apparent
" morphology suggest that they were initiated as spillvays. The

‘pest known example is that of the rurnopfield buried valley,

" (§z/21,57) which has been mapped by Andexson (Geological Survey

6-inch, Sheets VI S.W. & S.E. published 1939; XI1I N.q. & ol no§
pubiished) and has already received passing mention rrom
Anderson (1940). Tae trend of this valley is in direct "...@
with the Burnopfield overflow channel across the Derwentc-.
watersied(Fig.26). Tho visible part of the Burnopfield
channel ends neaxr the Causey Arch Inn, where branch channels.lead
nortn and south towards Marley Hill and Beamish Hall respectively.
The buried valley begins here and trends ecasgtvards, gsouth of
Hedley Hall to the group of sandhills known as Pockerley Hills.
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which @%y‘rgpresent a second mora.nic ridéé parallel to the
Caugey Horaine., This has been called "[he Urpeth Ridge" by

- saderson_(1940).  The contimuity of this ved ley has been

- proved by almost contimuois workings in Hutton and Low Main seams

and-by'opencgsp bor@ngs at the ezsterr end. The floor of his
buried val}ey is quite unlike any of the buried trivutaries
described in Chapter 5, fur the rock floor maintains a constant * .

' helght of 280-300 feet throughout the mile of its course from

Causey Arch to Pockerley Hills, The opencast borings on the
slopgs of Hedley Fell show that the break of slope along the
_northern edge of this valley is extremely abrupt. The continuity
of this feature with an aclmowledged overflow channel and the
nature of the rock floor leave little doubt that it represents a

'~ buried spillway. A second feature of this sort may exist in

?he southern part of the IMiddle Wear, along the shallow
Gepression at the foot of the Butterimowle'fault-scarp' between

" Binchester and Spennymoor., - Boring in the middle part of this

valley, near .ifiddiestone ifoor, has revealed a deep, steep-sided

' trough which is now filled with clay and sand. BHurther west,

opencast prospecting near Binchester Blocks has shovm that there

""" ip another buried val ley which corresponds, in part, with the

” :;'Ferryhill Gep and the Charlaw group of chan

[ AN

present Bellburn (Plates 12 and 21, ilap Folder). The continuity
~ of these valleys cannot be proved, but the available evidence
favours the interpretation of these features as a buried overflow

" channel rather than two buried tributary velleys w..ich are
. separated by a low col, It hogs been shown, from tlwe evidence

provided by the Ferryhill borings, that the principel infilling

" material of tuese channels is boulder clay which was most probably

) QGPosiﬁed by ice, The records from boreholes in the other channels
show that, at times, fluvio-glacial sands are present also but

these axe capped with clay.

- _ There are thus three basic types of opillway.
There are, first, the major direct and marginal channels such as
nels, which ave situated

at critical places on low culs and spurs, These show considerable

" drift infill which suggests occupation by melt water on at least

two separate occasions. Secondly, there are the minor channels

such as Stow House and Clay Slack which do not contain thick drift
" and which were probably formed during the gsecond phase of melt
water occupation. Finally, there are the drift-filled channe}g,
possibly cut during the first phase of melt water draingge, wirich
were subsequently plugged with drift and never re-occupied by

" melt water. The Burnopfield buried valley provides the best

~ example of this type of channel. L

If we accept the basic principls that o1l
overflow vuanuels were cui by melt water which was esgap;;' ced
. : iy be € . ..t

from glacial lzkes, these chennels could concelvadliy
either ahead of advancing ice or behind retreating ic€e i
hypothesis was postulated by Wrigat (1937) who remarked ugcu
the supposed absence of drift in overflow channels,. Yright .
. concluded, from this negative evidence, that conditions during
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the advance of the ice differed essentially from those under
w“ﬁ,‘.-gz.’al.oljx $he retreat took place. . Wright supposed that there can
. . have been 1little or no melt water associated with the advance.
- Horeover, it would appeaT thet 4hese conditions outlasted the
% maximum,  The margin of the drift lies nigher on the hills ihan
. 'the highest traces of glacial drainage, and. such channels as are
 observable near the drift margin show by the feebleness of their
. development that melting only became active after retreal wes
* initiated. Wrignt(1937) therefore concluded that glacial advance
was, in most cases, dry. From the climatological and gleciological
points of view, this assumption is unreasonable, Anderson
noted this in his Presidential Address to the Yorkshire Geological
_ Society in 1953. He attributed the initial cutting of the overilow
' channels to the ponding of water ahead of advancing jce. He
. . supposed that the ice later overwnelmed the channels and plugged
* " them with drift, During the retreat of the ice, melt watexr
_ - drainage again occupied these channcls, but only perhaps half
. oI the total infill, was removed before they were finally
... abandoned, : | . |
e ~ An alternative explanati on postulates the
}wWMexcavationvof the. channels during two periods of retreat which
_ _were separated by a distinct glacial period. There is no evidence
_ to show the magnitude or duration of the phose between the initlal
_cutting of the channels end their lster ccuupation by ice, btutb
. since most of the spillways whici occur between 300 and 800 feet
" contain thick drifd, it is necessary %o assuine widespread
retreat in this area,

-

—y e

e . The "monoglacial® or “single-advence”
.m“interpretation of the channsls poses two important difficulties.
~ It will be remembered that the initial spill over the lugnesian
A»QLimestqne ridge at Ferryhill occurred at an altitude of 420-430
"' feet above Ordnance Datum. Tnis necessitates the presence of
. an jce=gheet in the northern part of the VWear basin, the surface
- of which rose to this altitude &t least.  The presence of such
"~ thick ice sheets in the lowlands might imply climatic conditions
~ so severe that the supply of melt water available in swumel
~ would be inadequate for chennel cuttingo. Nevertheless, if the
_ hump-backed profiles, which are cheracteristic of many cverflow
“Ww_channela,‘indicateithe,reversal of drainage demanded Dy Peel
T T(1949) 5, it may be necessary to invoke the presence of very thick
7 lowland ice at gome stage to account for this reversals

S : ' The second argument against the monogiccial
¥ jnterpretation can be based upon the distribution of overflow
' ghannels in West Durhe (Plate 24, lop Tolder). It ¢ be
‘' geen, from this map, that there are remerkebly few chani .o

" gouth of the Browney valley.  Those which occur in the - ...a

" are only minor channels which show little sequential pli. 3=

" alignment. The aboence of melt water channels on the Tecraess=

- Stockley Beck interfluve suggests that no melt water reacnel U

“'Wwear valley from the north-west during the period when the ice-
" front lay south of Durham. C o
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If Anderson is correct in supposing that

,Wkoverf1qw_qhagneis.were cut ahead of advencing ice, it would
be reagsonable to suppose that the lower channels wers cut first

and repleced by higher channels as these were overriden by ice.

. During such en advaence of Tyne Gap ice into the Middle Vear,
it is reasonable to suppose . .that this icc-sheet would have
.already dammed the outlets of the northern dales before it -

" reached the Wear valley. The eastward flow of melt water

‘from the Alston Block would have thus been an early featmre of

Yhe advance. As the ice advenced into the Iiddie Vear, all

" outlets to the east would be blocked and water would accurulate

to the south of the ice-front., It is certain that the ice

;. occupied the whole of the lMiddle Wear as far south as the

__ Ferryhill-Vesterton ridge and, indeed it is clear from the -

distribution of Criffel erratics, (Figs. 31, 32) that thiz ice -
penetrated the Tees lowlands, During the advance south of -

_ Darham, it would be reasonable to expect the development of
narginal overflow channels south of the Browney valley. In fact,

none can be recognised on the Browney-Deerness interfluve to .

f;phe‘east.of the minor Stow House and Humsteels channels (Plate 17,
Map Folder) and nomeoccur on the higher slopes of the Deerness-
. Stockley Beck interfluve, The abgence of such marginal channels

suggests a cessation of melt water channel cutting along the,

" margin of the ice long bervore it reached its maximum extent..
 .There is no obvious reason why this should happen.

If, on the other hand, the orthodox

_interpretation is accepted and it is believed that the West
... Durhan margiml overflow channels were only cut during a period
.~ of retreat, it is possible to account for their absence in the
~ scuthexn part of the plateau., If the glacial lakes along the
northem fringes of the Alston Block only began to fora after a
‘definite amelioration of climate, it is reasonable to suppose
... that a considerable period might elapse before the wr.ters
- accunulating in the northern dales made their firsi sppearance

in the Middle Wear. During this period, it is possible that the

_.southern part. of the Tyne Gap ice-sheet, severed, perhaps, where

it crossed the }agnesian Limestone ridge, had retreated or thinned

~to the extent that when the melt water finully reached the Vear
valley, there was no definite ice-front to the south of Durham

f 'which impinged upon the spurs of the West Durham plateau,

The present wriﬁer believes that the drift-

" infill of the overflow channels can only be explaincd by

postulating excavation during retreat. It is believed that these
chennels were excavoted during the retreat of one ice-shezt,

were plugged with boulder clay during some subseguent re-advance
and were re-occupied by melt watel vhen the ice finally
retreated. It is suggested that since the infilling material
appears to consist of boulder clay which can be attributed to the
¥ain (e Maximm) Glaciation and .since the flcor of the buried

part of Ferryhill Gap lies far below the surface of the drifts
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of the Skerns and Tees lowlands, it may “be nresumed *hat the

" initial cuttlng of the overilow channels antedates the Main .

Glaciation of Worthern iEnzi:ad. There is no evidence Lo show =
the total cxaent of the reiveain vwhich preceded the plugsing~‘
of the channels. Since thc mejovity of the spillways in

. the Wear valley show evidence of dual occupation by melt v

. water, it must be supposed that this retreat was at least
locally important. It is certain that the retreat which

o . folloved the Main Glaciation represented the final retreat of
_ice from the Durham lowlands, , : :

It is clear that thic interpretatlon of _

+ " the dual occupatlon of the overflow channels demands many
*'audumptlong and conditions which cannot be proved. It is
'W“largely argued from the neg cative evidence that certain features
..., are abgent rather from posltlve recognition of a certain

. . seguence of events, The foundations of such an argument are

" -inevitebly insecure when the.processes and mechanics of melt
;Mwater circulatlon and spillway formation are still uncertain,

The much simpler interpretation of Anderson

'is in some ways perhaps more attraciive based as it is upon the

slngle, perfectly reasonable, assumption trat overflow channels
can ve cut by melt water ahead of advancing ice. But the abrupt

:Atermlnatlon of spillways south of the Browney, is, in the author's
view, very much against this hypothesis,
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 CHAPTER O.

~

-4, THE gLACIAL‘RETREAT FROM THR VEAR VALIEY . .
s AMD SHE BVOLUTION OF THW LATE~GLACIAL SURFACES,

It.has been shown, in Chapter 6, that the !

Althougn Raistrick (193la) and Trotter (1929) suggested that
Dwerryhouse(1902) had exsggerated the extent of ice-free land

' during the glacial maximum, most of their criticism concerned '
the wectern part of the Alston Block. The present research’'has

 ‘1argelyHconfirmed the conclusions of Dwerryhouse concerning - the

" extent of peimanent ice in the Wear valley. . ..

-, e e PR . aveua

"If there was icc~free land, there would be &

‘Acertain amount of melt water present, 'although the quantity would

" decrcase towards the glacial maximum and increase when the ice

' began to rétreat, = There is, however, some controversy about

"' - the possible emount of melt water available at the glacial
maccmum and about the possibility of whether glacial lakes

" pexsisted at this time,

wright (1937) hes argued from the feeble -

. 'develdpment of overflow channels near She drift margin that melt
. wvater was practically absent during the glacial maximum,.

Hollingworth(1952) has suggested, frown the evidence of permanently

frozen ground in North Yorkshire, that during the maxigun :

. glaciation, conditions were toc severe ror tne seasonal release
_of abundant melt water. The present writer balieves that these

" gconditions are represented, on a small scale, in the South

" Orkney islands, where, on Signy Island, the firn-line lies
about 100 feet above sea-level. A number of sm=1l melt water

" 1zkes have deweloped below this altitude, but, owing to the short

duration of the summer and the low mean temperatures of the:

| gumcer months, the outflow from these ponds is restricted and the
cutting of incipient overflow channels is negligible..

On the other hand, Kendall(1902) ccncluded

" that the principal glacial lakes of the Clevelend Hills

“persisted during the glacial maximum and that the principal
“umelt water drainage channels were actively cut during the per

iod

"‘when the lowlands ice-gheets rose to theirAgreatestwaltitude

“round the North Yorkshire loors. Linton (1950, 1952) has .
acceptod Kendall's conclusions and has argued that the evidence

" of pexmanenily frozen ground is not imcompatible with & high snovw

_ 1ine_and abundent sumner movement of .melt water during tue
. of muximum encroechment by ice. '

'Weardale, the author cannot agree

period

Trom the evidence of glacial retreat in
with the latter conclusions.
1t nas been shown, in Chapter 6, that the hills of Upper Weureo-

"were_neyer,coveredeith permenent ice. .The.complete isolaticn
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. ofthe Yeardale glacier has been Gonfirmed by the present g

/.research, If it is argued that abundent melt water was derived
\Tff\\vfrom the ice-free slopes each surmer, a certain proportion of -
.. .\this would flov into Upper Weardale and occupy the margins of
e, G128 Valley glacier. IFf the melt vater was released in sufficient

e g

..marginal channels along the edge of the ice. Thers iz no evidence

PRI

_ abundance, it would, presumably, ezcope eastwards, cutting

;tha§.ﬁhis occurred anywhere ih the dale, for the high-lovel
series of* overflow channels shown on Ralstrick's map(Fig.37)
. cannot be accepted by the pressnt vriter. It must be admitted.

. that, if the conclusions of Chapler 5 can be accepted and it is -

agreed that the post-Glacial excavation of the River Wear has
occurred almost everywhere alonz the northern edge of the drift,

il;ﬁthis erosion would have obliterated any marginal channels which
-.,were situated at lower altitudes. IfF this were true, there

_ougnt to be marginal charnels on the southern side of the drift

zone,also, but these cannot be recognised., If the drainege of

. melt water was sub-glacial, it would be reasonable to subpose

that an esker would develop along some part of the valley. 1it

‘has already been shovm that theres.are virtually no fluvio-glacial -

fu ~deposits in Weardale, certainly none wvhich could correspond with

e g

 there is certainly none in Weardale., The second and fraver

. .an esker, 9he notion that sbundant melt water was present in
. Weardale throughout the glacial maximum cannot therefore be

acceptad,

o ' It is reasonable to suppose that a glacier
with such a lipited névé would respond more rapidly to climatic
amelioration taan the lowiand ice~sheets, Consequently the
Weardale glaciers might show signs of retreat before there was

" notable diminution in the size and thickness of the lowlend ice,
. .. Ine retreat in Weardale may have been upstream, as Dwerryaouse
(1902) supposed. Alternatively, the glacier may have retreated

dovmnstream, as Carruthers (1946) has suggestéd., The reason for
suppeosing the latter is thet there are no recognisable terminal
moraines which might indicate pauses in the headward retreat

of a diminishing valley glaciser,

L 3 . If, deglacierization spread from the slopes
around the head of the valley, the cessation of fimm accumlation
and consequens diminution of the hydrostatic head would stop

'_glacier movement, Tnus the glacier would become stagnant and

decay in situ, Sucn a process, according to Carruthers, would
Tresult in the separation of englacial dirts as shear clays,

I¢ has been shovm, in Chapter 7 (Plate 24 IMap Folder) that thuere
is no trace of laminated clay upstream of Rishop Auckland and

objection to this hypothesis is that downstream retreat of & .

~ ice would favour the accumuletion of melt water at the dale %ur-.,

This would drain eastwards, but there are no marginal overflow
channels onywhere in Veardale which indicate gsuch drainage.

_”It.igyppgsible_tq_accqunt’SatisfactoxilnyOI_thﬁhab§¢nCQ of these

e
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N
'-/;fx_[ﬂfeatuyeaionly‘byv&SSumingvthgt the retreat of the wvalley =
/ xxwg}gc}erpwas_upstream,m wirtually continuous. retreat without
., xsignificant pause_or_reudvance,could-account-for the absence
‘__pfrregcgnlsab}e'ﬁerminal,moraineslinkthe,humchky;boul@er clay
| of Weardale. .., - S A M AR

e e S " The final retreat of jce-cheets from the'
"' Middle Wear can be interprcted with more certainty than the
. earlier stages of the glacial history. o e T

... " .., . 1t has been shown in Chapter 8, that the
. 'first phase of melt water flov at Ferryhill commenced through &
.. wind-gap at a height of- 430 feet, It will be remembered that the
. gtatistical investigations described in Chapter 3 showed the T
presence of a significant surface about this altitude.s It 'was

_ showm, in Chapter 4, that many of the summits and platforms at
~;,“th;s,a1¢1tude were gravel mounds associated with the overflow
7" channels of ‘the West Durham Platcou (Plate 18, Map Folder).
o1t will be remembered that gravels occur above the present
© 'Ferrynill Channel at 430 feet also. These gravels are umconsoli-
_..dated and undisturbed and could noct survive glaciaiion,
"It is certain that the ice-sheets of the ilin Glaciation covered
-..the sites of these gravels forwnot only is drift present at
i - _...similex altitedes in the vicinity, but the very channels which
. . deposited these gravels wvere plugged with drift. Since tnese
-7 gravels occur at the height of the Ferryhill wind gap, it is
‘necessary to assume that the orignal chennel was plugged with
© drift at least to this jevel., If, however, this drift cover
- had exceeded an altitude of 440 feet in the Ferryhill caannel,
_the latter would have been completely abandonezd and la ter ’
.. drainage would presumably have flowed over the Raisby-Garmondsway
. COole : : o ‘ c

,,,,,,,

: . It seems, thercfore, that during the early -

. stages of final rotreat, the melt water lake of tae Hiddie Wear

~ occurred at @ similar eltitude to the lake formed during the '

. first phase of melt water drainage. This repetition helps

.. 'to explain vhy so manyvoverfIOchhannels,.at all heights; show
evidence of occupation on more than one occasion.

L R . ‘pelow 400 feet, there are many hills of
sand and gravel,.especially in the -area between Cnarlaw Hoox and
Beumish.,  #ew show accordance to any level above the main roup

of sand-hills at 320 feet, . -
: To tine sonth of 3hinciiffe, ‘there is a great
" expaiise of the 320-foot surface which largely consists of %iick
boulder clay(TFig.42). In Ferryhill Gop, as hes been shown, yhe
meander core at Swan House is graded tg 320 feet and the infilling
. material of the former spillway occurs about the same altitude.

E : , Tt is therefore suggested that the lake
level, initially at. 430 feet.was‘lowered to 320 fegt._,The steep
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sides of Ferryhill Gap suggest that this cuiting wes gquickly

accomplished and maj,. indecd, have becu catastrophic. It
~appears there was a considorable periocd during vhich the lake

level stood aboub this altitude. The cuaniity of the deltaic

:,‘ﬁandg gnd_thc rlenation of the drift surface woth suggesi the
persistence of & local base~-level at tnis altitude, During this

‘period,'the‘rctreat of the ice merszin across the West. Durham
Platean gave rise to a series of small glacial lakes in the

- tyibutury valleys. - These have been doscribed in detail by

_Anderson (1940},  Thexeaftier, the equilibrium was upset and

"erosion of Ferryhill Gap continued belovw the 32¢-foot Surface,

The lake level was lowered about 30 or 40 feet to aboub 290 feet
by drainage southwards before Ferrvhill Gap was abandoned in

| Tavour of some other outlet,

Between Ferryhill and “cushion~-le=-3Spring,

there is no place vheve melt waier standing a2t 200 feot could

- escape through tie rRencesicn Linestone Plateau.  Further north,

there are two loucer gewvs in the Permian Ogcarxpment. The first
occurs betwoen the villages of Viest Ferrington and Fast
Herrington., This riscs to an zltitude of about 27C feet and
consists of a gentle~sided drifi-filled dopression., Tae second

- gap is occuplied by the prescnt course of the Lower Wear, In this

breach, the distance betweasn the 300-foot contours on- renshaw

'Hill and the Guteshoad-wrekenton Ridge is nearly three miles.

, 1t has generselly been accepted that to
Lower Weer was initiated as a direct overilow charmel onr ..
vhe latber gap and the River Wear has occupied this calrs. T
$10Cu, As will be seen, later in tais chepter, the jrese..
vrite o+ cannot accept this counclusion without ceritain :osel ..vions,
1% iu possibie thaty, whon tne ice n=d retreated noxih To
Herrington, the melt water drained tnrough this gup and, north
of Silksworth, entered the large overilow channel known 23

punstall Hopey, vhich leads towerds the present coast at Lyaope.

Tmis idea supposes that the Herrington Jap was already in
existence and was not complcetely blocked by drift, for this is
only a difference of about 20 feet betwsen the highest part of

the Herrington Jap at 270 feot and the present intake of Ferryhill
Gap at 290 feet, If the Herrington G=p wes completely blocked
with drift, it is unlikely that it could operate as tae spillway
which took the place of the abendoned Ferryhill Channel,

Drainoge through tane derrington Gap connot be proved wita the
existing evidence and since the morphology of this valley does
not regemble that of the typical overflow channel, it is more

' 1likoly that the main diversion of melt water occurred whon the

ice front stood north of Penshaw Hill and a more adequabe exit
to the east had been ‘exposed. '

with the possible exception of the steep edge

"of the ingnesian Limestone Plateau between Pcenshaw and Offerton,

there is, however, no morphological featiire vnich can be

recognised as the remnant of an overflow channel at the requisite
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. heignht., The break of slope_albhg this-edge of the plateau rises

.....

~f;favours carruthers' opinion that they had eng

to.4pp'féét'ébove-0rdnaﬁce Datum end generally exceeds 300 feet,
#¢ this cannot be reznided as one wall of a s}iihway‘which"

- must have been initiated when the lake level stood about 290'feet.

It is not possible, therefore, to determine

‘the liater stages in the evolution of the Wear Lake from the

caps

gvidence of overflow chennels. It may be presumed that, if the
ice-iront retreated noxrth of the Penshav-Wrekenton, Gop, the
exposure of a greater extent of lowland to the east would cause
_considerable changes iIn the dimensions and level of the lake,

It may Te presumed that either the lake level would fall becauge-
the melt water would occupy a mich larger area, or the lake :
would disappear altozether. At any rate, there are no remnant
overflow chanuels corresponding with the initiation of ‘the Wear
lake drainage through the northern part of the Permian Escarpment

- towards its present mouth., Thls is not to say, hovever, that this

finitiation wag not of thic nature tut merely that, if it was,
the evidence of marginal draincge has not survived subsequent

_ _valley cutting end possible marine erosion. -

o - one hundred feet below the final recognisable
lewel of the lake in the ijiddls ‘err, a second lote~Glacial surface

" hes been vecognised. This has been termed the - 190-foot Surface,

o  Anderson(19394) originally recorded the
presence of terraced grovels graded to 190 feat above Ordnance
Datum in the valley of the Cong Burn (Plate 18, Ihp Toldor) ond
he supposed that these werc associated with the fincl stzges
in the drainage through the Tridley overflow channel, ILoter
work in Worth Bast England showed that many other platfom
remnsnts could be rccognised at this altitude. Anderson was able
to show the presenco of the 190-foot Surface throughout wast
Northumberland, in the Tyne valley, in the liiddle Vear, tne
Pees-Leven lowlands and round the fringes of Lake Pickering.
de furiher showed that platforms were developed at the same.
altitude in the drift deposits of the Vale of Eden, the Solwa,
Lowlands and Northerm Ireland.  Anderson (19392, 1939b, 1954
has argued that extensive development of remmants at ‘such a

" constent altitude can only represent s surface of marine erosion,
Gince ib is predomincntly foimed in lowlands covered with thick

drift, this -surface is clearly post-Glacial.

: . 1t wes showm, in Chapter 7, that th?
leminated clays of the iliddle Wear occur'predominent}y~oetween
twe heights of 180 feet and £20 feet abowe Grduance Iatum.
Orthodox interpretation of the clays would cenclade that these
‘werTe deposited in a melt water lake at this level, As shown in
-Chepter 7, the geographical distribution ¢f the clays tends TO

.- fayour such an interpretationj the lithology of the depc .lod

-

1zcial origlz.

' "It is possible, therefore, that the 190-foot Surface Yep-ose..:s



-110-

.the floor of tha lastc-Clacial lake which developed after the
abandensient of serryhill Gap. The -reimants of this suyiace

ey acve peen crected in peri vy the deponsition of lacuntrine
.clays, la part by crosion.  I:is conclusion cemnot bear cmreful
anazlysis for three roagons. '

(1)} Mthengh the 1 CSmunaed cloys ars exposad at tnis

. Cﬁltlca altitude, ticse 1. nso reprencnt the principal cover
© -0f the 190-foot Surfacec. e Luminated clays are only thin and

citen the sgrfacu of the shztrowm is cunpeosed of thick boulder
clay or s0licd rock with o whii erp of dvifte. '

) ”(2) HIt h:.s been showu, in Chapter 7, that whereas the
320=footl Surfuce is larzuiy couposed of -deltaic sands, these

~

- are practically absent fiom thie 19C~foot surface. Conversely,

the laminated cloyzs of %.¢ lover level de noi noimsally occur

at 320 feet, If buth ploofowmes nad similar origin asscuiztled
with 2 glecial lako level, it would e yeasonable to suppose
tnat the charccicr of the Zfepouits would be similer at both
levels. It is certuin that the 32C-foot Surface repre.onts the
level of & lote-Clogial loote cnd, Tor fhis reason, the absence
of deltaic sands at 190 feut.suggests - that this platform had
different origin. - . U

ig difficult to Loliieve thn

| {») It : e t lake waters could
erode iuch an extensive surisce, which is far from hornogeneous
Siti ¥

o

|l

in composition, The cxten: . of tais hypothetical lake must have

been relatively limitecd Tur it ould “wve been rrovnded slaost

everywhere by hills which rise contimususly ahove the neo=foot

contour znd the lengths of fetch would be so limited that wvave
action, alone, could not Joxm the present surfoace., The only
evidence of erosion by viwes .in a Iritish glacial lulko, which
carmci be disputed, ig the minor tevracing of the sides of Glen

" Roy. - nere oie no excmples of extensive remants  couparable to

' the Lo0~-foot Surface of the hiddle ienx,

_ ~ 4n arccrnative origin of the platlom is
that suggested by Anderson that this surface was forned hy maline
erosion during a late-Rlacial marine trensgression. I werine
conditiong ave postulated, the isminated clays osrob be

regerdaed as contemporaneous deposiis, for, &8 Flin: {3947) hes

snown, . sea water would cause floceulation of the zadiments valch
would then be depoaiﬁéd a3 a homogeneous mass. Jitoaout prejudice
to the argument  that the platform bhetween 190 and 200 Pont is_
well-developed turougroul Forthern ngland, the author i3 ungu}g
o wecept & marine oxigin for the well=-presexrved fragmenss o i€
:didale Wear, Tor it is difficult to believe that wave acilne
couid bo of importance in such an enclosed estuary.

Tae third possible explanation of the_origin
tnis platform, in the 1idale,
ned Tloor of a vrlley graden Lo
“Such an origin of the

of tne 180~Toot Surface is that
wezr, represents the meander-trim
“pome level slightly below this height.
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- surface is suzgested by the incised ‘mecnders
o . . .One of the prircipsl fentures or the valley

- are the magnificent series of incised meanders which occupy.
gorges between,Chester-le-street_and Bizhop “ucklaond. (Plates 12,.
15,14 andg 24, Map Folders; Fig.26 ete.). 'hese oceouxr in four narts

. of tue valley and are scparated by reaches wnore the vélley is '

“q”st:a;gh;hpr\wherejthe present river hus developed u hrond Floode

... plain. = Certain of “the tributery vnlleys also contain deeply.

of ‘the Hiddle Wear,

]

- incised Borges. (Flates 16, 18 omnd 24, ¥ep Tolder; Fig.26 etc).

. ihe priacipal brecks in the almost-continuaus,gorges,occur where
Lhe present valley coincides widi the ‘pre-Giacial velley,
e e . -In general, the whole. of the Middle Vear north
. .of Sishep: Auckland shows a similar degree of incision into the
L arift surface, but it is only where.the present vnlleys depart
. from thecourse of the buried valleys that this incision iz
Spectacular, = The reason can be clearly seen in $he fields, ‘here
the present river has cut deeply intb.thick"drift,jthe instability
_,ofithe.:egultant slopes hrg tended to cause considerable iand
-81ips, - There is no doubs that peas Cocken Jridge (Plute 14,
Kepier, High Houghall (Plate 13)2aze Sonk and "iliingieon{Plate 12),
the develdpment of an open valley with a brozd flood-plain has been
.. grestly assisted by the inherent instability of one or both sides of
- the valley, : - . : S - _
T :  Hear Sunderlend Bridge{Plate 13,iip Tolder)
thers is, however, a merked change in the trend of the valley,
~ Above Sunderland Bridge, the valley is practically stiraignt for
more than four miles; below Sunderland Bridse there aTe considerable
. incised meanders, - : ' Iy

_ R I the valley sides are exnmined in this .
critical area [Plate 13,Map Polder), it will be seen that there is
. & breal in slope vhich occurs.at or near 200 Teat above Ordrance
Datum. - This can be recognised above the gorge at Butterby, on

the spurs south-east of. Burn Hall and below Croxdzle Point and

in the Burn Hall gorge of the River Browney. = . =

coe i E I bhe river -is followed. downstream, the
rrincipal bresk in slope sbove the incised meanders occurs at or

sligntly lower than the level of the 190-foot Surface, Toie nay
ke seen at Durham,. where the University Science Laborztories :.oe

-situated upon a frogment of this platform and is most morked
between Xredside and Finchale Yriory {DPlates 14 and 24, Ipp
Folder, Fig, 43) where the 190-foot Surface is particularly well=
developed, . R PR R T SR
Examination of ‘the wvalley upstreanm of
sunderlund Bridge confirms the continuity of ‘the break in clore at
higher levels., Tue break in slope above thefbroad flpod~plqln
rises gradually to 265 feet at-Willington(Platg.lQ, Eap ¥oldexry
Section I, TFig. 28) where the well-developed shelf lies above
the middle of the pre=-Glacial welley. A little further upstresu,
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'j_the“braak in ‘slope above the highest porge in the ﬂlddle Wear
.. occurs at dunw1cL Station -nd Wowfisld at 280 feet, This is the
height of Sornmley Hill ‘which lies in the core of this incised

" mesnder (Plate 12, liap Folder, Section D, Figs. 28, 44, 45, and

48), The flat-topped spux which lies at 300 feet betwesen the
Rlver wear and the gorge of the River Gaunless, upon wvaich
fnuckland Castle is situsted, and the shelf at 320 feel beatween

_Escomb and Witton Paxk (Plate 12, i%p Folder) may, in part,
consitute further rermanis of this surface. At this cwitical .

TTjaLtitudc, however, furtner reconstruction becomes difficulv

owing to the presence of rcunants of the 320-foot Surface-which

_also cceur in this arem., Fach of tae Teatures described lies

almost exactly 80 feet above tne bpresent flood-plaln. Baolow

_ Durham,hovever, this relationship does not continue,  for the

gradient of the narrow floou-p‘ in in the lowsr. inclsed meanders

is steepexr than it isuupstream (Plate 28, Map Folder). In
‘consequence, the present flood-plein lies 120 feet or more below
the 190~-1 oot Surfece where this is best developed srouné Finchale,

Retweer Durham and Chester-le-3treet (Plate

.14, B »p Folder), the very cresence of large sweeping mearnders
_suggest that tnere is 1ittle doubt that the 190-foot Surface was

. £ormed by noymal er051on and trimeed by the downstream migration

~.of thege meanders., The puttern of these meanders and the character
- of the broad, filat valley preserved ners suggests the presence of

- a large river graded to a base-levsal at or near this height.  The
evidence elsewhere in Nortnern Ewngland, which has besn accwmlated

by sndevson {1939z, 1954) leaves Little doubt that there was a
31gn111vanu period when the regional base-level occurréd about
190 feet above Ordnance Datum, Although it is not possible to
show that wsrine transgression occurred in the Wear valloy or that
wave action could here have formed the platfoim remnants at tais

‘hglvnt. it is possible that elsewhere this widespread surfoce

could have been formed, partly Dy merine erosiocn, partly by the
development of large rivers gr&ded to about 190 feet above

grdnance Datum., A ‘

[
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CHAPTTR 10,

- THE POST-GLACIAL ZVOLUTION OF

THE RIVUR WIAR,

N ‘The 190~foot Surface represents the highest
and earlmesp platfgrm vhich can definitely be attributed to
normul erosion during the post-Glocial period. Although the

., . drainege which formed this valley wes initiated upon unconsolidated

. Geposits and this valley was larmely cut in the deltaic sands
cand glacial drifts of the iiddie VWery, the magnitude and :
character of the valley Flcor both suggest that some considerable
time moy have elapsed betweon tae finul retreat of the ice and
. the negative change in base lovel which coused the rejuvenation
and incision of the gorges. It is clear from the pattexrn of the
meanders, that the rejuvenation was so rapid that, once the
. stream was incised into the 19C-foot Surfaceo, few modifications
occurred, - '
L . , ,
. . This rapid incision explains -the present
departure of the present drainage from the pre-Glacial course
north of Durham and answers the question of Hindson and Hopkins
(1947) why the present river should prefer to excavate its
- velley through solid Coal ipieasure strata along a course which
was parallel to a pre-existing trough vhich is deeper, broader

: and contains only unconsolidated material, The incision vas,

_however, intermittent, It can be secn from Plates 13 and 16
(wirp Folder) that the meanders are ingrown with marked slip=-off
slopes. Certain meandergs have low cols developed at their necks,
fhe significance of these will be described later, The initial
- depression of .base level appears to have been only about fifty
feéet and was followed by a still-stand at approximately 140 feet
above Ordénance Detum. This was followed, at some later period
by & further negative movement of base level to about 100 feetl
~ above Ordnance Datum and thence, with further pauses, to the
_-present sea~level, - : -

C _ The principal area of planation at 140 feet
occurs on Boldon Mats, the large lowland area between the Tyne
. and Wear ond eagh of the Gateshead-Wrekenton ridgs. The
‘predominant level in -the western part of this area, near
. Usworth and Vashington, occurs at 140 feet, but eastwards, tne
' gurface falls without perceptible break to a height of 90-100
feet in the vicinity of Fylton ond Sunderland. - 1418 eastern
“poundary of the 140-~foat Surface on Plale 24 (iap rolder) is
misleading for elthough two separato facels may be recognised
alonz the cdge of the Lower Vear valley, the main lowland area
gives no indication of any break in the continuity of a sinfic

suxrface.. |
Throughout its tidal‘coufse from Lambton to

sunderland, the Lower Wear flows in a steep-s%ded troughe Tne
flood-plain i# seldom more then fifty yards wide. The valley
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. Bides are frequently composed of solid Coal HMessures strata,.
'-;qyerlaln in the east by Permian rocks. ' ‘The sides of the valley
rise abruptly to about the 10C-foot contour and about this level
. .- there is a marked break.in slonz, . To the easi, at Hylton and .
¢ . .. Sunderland, the well-defined platforu above this break occurs
' 7" at heiguts between 90 and 1Qu feet above Ordnance Datum, The f
“ ‘altitude of ‘the platform rises upstream to about 110 feet where
;. this is exposed near Washington, In the east it forms a well=-
‘defined shelf; in the west, noar Lambton Castle, the bench at
100 feet has almost disappeared and the principal break in
‘slope occurs at about 140 feet.  Theve are, however, tvo . )
.distinct faccets atuributable to these different platforms which
shows that these are morphologically separate.,  The 10C-foot -
_surface cannot be traced upstream from Lambton and there are only
" "a few minor fragments of the 140-foot Surface wvhich are confined
. %o the part of ‘the valley between Cocken and Chester-le-Street
{Plate 24, IMap Folder). 8 '

1

,V~<': ' ‘ . In genceral, this tidal portion of the river

follows an almost straigni course from Lambton %o Sunderlanc.

~ There is one incised meunder just west of Hylton - the Tylton

~ Gorge = and a sccond within tne towm of Sunderland. The surfuace

~“at the neck of the Iylton meander occurs just below 100 feet and
rises toc 115-120 feet either gide of this glight col. secn .from
“either direction; upstream from Claxheugh Rock or downstrcam from

 Washington, the continuity of the 100-foot.Surface across the
_valley appears complete. '

I

SR . 3 . The discontinuity between the two surfaccs
and the evidence suggesting their marine origin has been supplied
by the raised beaches and gea caves which were formerly exposed

nesr Sunderland. These occurred on Fulwell Hill and Cleadon

Hills, the isolated hills of }mgnesian,Limestone_yhiqh rise from

 this otherwise featureless lowland. - :

' _ The "sea caves" of Cleadon Hills which .occurrec
‘at the level of the 140-foot Surface, were discovered during
. quarrying in 1877 and were_subsequently'destroyed. However these
" caves yielded impoxrtant archaeological remains (this is the only
inglish site where bones of the Great Auk hove veen found) and
in consequence attracted a certain emount of contemporary
abtention, The caves have been described by Howse(1879) who
attributed them’to marine action. This interpretation has been
" ‘accepted by Woolacott(1905, 1906, 1007 etc) Trechmenn(1952) and
' Anderson (1954). Woolacott furthexr showed that there wore rqlsed
“beaches ot 140 feet on Tunstall Hills, and southwards to Daviion.
" woolacott(1606) also recognised the 100~foot beach on Cleadou
" Hills @2nd considered that it was reprecented at other exposures
along the Durham coast.  There 1is, therefore, little doubt about
 the origin of these surfaces. Nevertheless, 2 raised beach &t
100 feet is not a”significant feature_of_thq Durham coaste

Spg e T
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. Although the cliff top frequently occurs &t this altitude

s

there is neither the uniformity or regularity which is usually

" mssociated with the "100-foot Raised Beach” of Scotland, /It is
. possible, ‘however,  that the extremely rapid erosion of parte
. of the North Durham coast, which has been proved by tho rocent

esearch of V.A.Vestgate,may have removed 21l -except isolated

. .protecied parts of this platform. =

k. Fhe Longitudinal Profile of the River Vears

Certain-of these post-Glacial changes in

'Q;A“baséﬁievél’éan'bé'recognised in the longitudinsl profile and
' terrace sequeace of the present river and its tributaries,

During the course of this work, the heights |

. of the flood-plain and principal river terraces were determined
by levelling. A continuous line of levels were surveyed from the

"7l t1d91 1imit of the river near Lambton, to the foot of the waterfall

" 'at Burtreeford, nesr Cowshill, om the Killhope Burn., In addition,

7" ‘theé profiles of the liiddlehope Purn, the lower part of the Eiver

b

"Browney and part of the Lumley Perk Bumn were measured accurately

by level. -Certain other tributeries have been surveved by

aneroid, but it was not possible to complete the height determinatio

" of tne others in the time available for field-work, Details of

""" the technigues waich were employed are given in Appendix I,

For the construction of the longitudinal

" profile, (Plate 28, Map Folder), the horizontal distance has been

" “profiles have been plotted, The few g
__have been examined have indicated that

~ in fact, represent the flood-plain of the
" “as Durham, 4This profile therefore represents the longitudinal

P
L
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" conditions in times of Ilood.. :

" from the longitudinal profile o T W :
" no important breaks in the curve upstream from turham, Thers 1s
" a break in the flood-plain profile in the Finchale gorge vwhich

"' profile of the river when it approximates mos

' ‘parts of the valley, seasonal flooding now s
~ suxface of .tae alluvium, S L

' peasured along the middle of the flood-plain and through tae

incised gorges. The reason for this choice of abcissa has becn

' to facilitate the plotiing of river terraces :according to their
appropriate positiens along the Tloor of the valiey. Tne overall
_length of the river, measured this way, is 6.3 miles (11%) less

~ than the hydrological distance measured along the middle of the
present watercourse., - On the longitudinal profile, the principal

river terraces, the flood=-plain and the vgummer"® (low water) water
auge and floor records wiich

the present alluvium cdoes,
river as far dovmsiream

t ¢learly to graded
Downstream of Durnam, there is a
‘divergence between the surface of the alluvium and the water which

“has probably been caused by hurman interference., In these lower
eldom approaches the

13

- The immediate conclusion vhich.can be druvm
f the River Wear is that there are

-



‘occurs_at a height of 80 feet above Ordnance Detum. Tne position
1h_and’he1ght of this break in gradient indicates that this must
. be a recent feature in the development of the valley and can.
probably be attributed to some staged in the changes in base- .
level between 100 feet and the present datum. Co
L R TR "The profile in Weardole 1s, indeed,'slightly
irregular, but most of the irregularies can be attributed to

'lflithological differences in the stream bed and few are present

in the profile of the flood-=plain, ~Thess irregularities only
.pecome significant in the upper part of the valley. In lower
weurdale, where the river passcs over the outerops of the three _ -
resigtant beds which hove been shown to jnfluence most frequently
. the topography of the valley sides, Thesc are the Firestone Sill, °
the Great Liuestone and the Whin Sill. None of these beds have
any marked influence upon the present profile of the flood=-plain.
_'Of tuese resistant outcrops, only the Whin Sill, which outoropa
~ just above the confluence of Stanhopeburn (B on Longitudinal -
Profile; Plate 28, lap TFolder), shows any trace of a former
 gorge. At this site, tie river banks, which are composed of L
. dolerite, rise gheer from the water to a height of 20 or 30 feet,
~_Associated witn this consatriction thcre are a number of small
yemnants of gravel terraces which cannot be related to the main
cyclical terraces of the velley. It is obvious that this

~lithological barrier formerly represented an importen’t break in

i}the longitvdinal profile of the uppsr Wear. The river has now
~cut through the dolerite and the present prcfile through the
gorge showe no gign of "its former irregularity.

, v ~ An important difference betwecn the upper
*. yalley of the year and those of the North Tyne and the Tecs is
% the lack, in the Wear, of eny marked change in v2lley form gbove
' some well-defined knick-point. In the North Tyne, Peel (1941)
was able to show the prescnce of & Imick=-point near Redecmouth
and has cogently argued trat this may reprosent réjuvenation which,
at ‘Tymemouth, approximated to a negetive change in base=level of
150 feet, If the broad upper valley of the Norta Tyne represents
the valley excavated during the still-stand at 140 fTeet, there.is
nothing comparable which can be recognised in tho Weoar valley.
' ne particl reconstruction of the valley graded to 190 foct,
whica wes described in the last chapter, suggests that thls may
be the ne:rest approximation to tne equivalent Wear. The
longitudinal profile of the Tees has not veen surveyed, but tnhe
marked contvasts. in the valley forms oi Upper Teesgdale sugges@
" the value of further research in this-velley and the ccmparativey

' gtudy of the profiles of the three rivers,

Although certain of the tributary profiles have
peecn measured, some with precision, 1t is not yet possible to®
draw adequate conclusions about certain of the breaks in profile’
waich have been established. -.“The' tributaries of the Middls
Wear; the Browney-Deerness system, the Croxdale Bsck, Southburn
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. . Dene and Lumley Park Burn all. show breaks in profile which can

 Treasonably be attributed to the changes in base-level which have

. occurred during the post-Glacial period, = Taus, grading to

. .the 120«foot Surface may be recognised in all these profiles and
'+ the tributaries dowvmstiream of Durhzm show evidence of grading to

... the lower suriaces., The tributaries of Weardale also 'show

- marked breaks in profile bui the origin of thewse cannot be

" explained with the evidence which is available. (nly half the

‘Weardale tributaries have been surveyed and there is an important

" "gap downstrecam of Stanhopeburn where none of the north ban%

tributeries have been measured, . It hos been showm, from the

" study of the buried valleys and from 4rift mepping in Veardale,

that all thesé tribularies flow 'in beds which are cortainly post-
. Mlaclal in origin, 1t is not certain, however whethexr the o
Wpungt of these tributaries above the Wear can be attributed to

- glacial ernsion or whether these are composite breaks which

~ reflect the several changes in basge~level since, the retreat of
- tae ice, Most of these valleys can be reconstructed visually
to show zrading to a height between 75-150 feet above the present
_ flcod=plain of the River Vear, i rom the detailed levelling of
. the llddlehope Burm by the prescnt writer, Bowes (1955) has
culculated the theoretical continuation of the longitudinal

" ‘profile of this streom and has shown that this north-bank

e

“tributary was probably graded to a level 83 feet above tne
Calluviun at Westgale. On the otner hand, Swinhopeburn, on the
" south side of the dale, appears to be graded to a mic higheyr
% 'level thon the }fiddlehopeburn, although these streans reach the
“vear within 500 yords of one another, It appears, however,
" ¢nat the Swinhopebuin may be anomalous, for this is the -only
jrivbutary valley in Yeardale which is dammed by a terminal
moraine, (Plate 9,inp Folder).

Ine Rivex Terracess

 '"he ueight relationships of the principel.
river terruces are represented on Plate 28, (iap Folder) and the
=ltes of tne warious terraces are shown on Plates 19-23 inc}usive
(iap Folder), The terraces are compoged of coarse gravel with a
certain amount of sand. During the course of the field-work,
the composition of easch terrace has been examined to show
whether it represented a true river gravel terrace or whether

it was a pseudo-terrace cub in glacial drift. In Wearda}e it is
possible to distinguish tuse river gravels clearly, for. there

are no fluvio-glacial sands waich might allow ambigupus
interpratation. " turtner downstream, however, it has not‘always
"been pose ble to distinguish between true river gravel ami the
fluvio-glacial or deltaic sands and gravels which were d69051ted
"during glacisl retreal. In the critical reach, betwveen Hlttog-
1e-Wear and BRishop Auckland, the presence of both features at-the
same altitude causes uncertainty inrthc.downstream‘:econstruotion
‘of the terraces. . . . ... . -
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The yr;mhry suxvey of H.M.Geological

Zﬁuivev recognised two separate terrace levels, -but, -on many-

. of the six=inch shcoth, these were not differentiated and a

. mumper of important ouicrops of river gravel were not

Egcle Oénlsud. “he pregent work hes shown that these tvo terraces

. 'may be recognised as cyclicel features of rejuvenation but there
. are alsc a large number of tmall remments of gravel terraces
‘which axe non-cycllcul in oxigin,. These occur downsbtream of

the minor gorges and where tributaries are confluent with the

_Weaxr,  Therc may be a thiird, higher, terrace scquence above the

L two main “ecyclical" terruces. In upper \‘jeardale, where there is
‘a certain amount of topographical evidence to support this

4sungaition none of tne platforms have yielded true gravel,.
.Further ‘downstream, there are occasional gravel outcrops above

the so-called Upper Terrace, but the remmants are too dlscontlnuous

“and 111-preserved to permit reconstiuction. - -

Pairced terraces are exceptionally rare end,

+7in general, the cwo'c1gn1flc&nt terraces are only exposed on one
" wide of the valley., Thig, in itself, suzsests that the terrzces
were formed during the continuous excavation of the valley and

are thus non-cyclical in origin.: There is, however, onc short

" reach of river, between Wolsingham and Irosterley, where both

iolder) between Ireshopeburn and Wezrhead (Plate 9, Ha

terroces. are represented on both sides of the river, Detciled
levelling of the remaining exposures has shown that the isolated
terraces in the ‘rest of the dale are probably contiauous with

'ftheoe paired features and may, in consequence, be regarded as

eyclical in origin.

' The higher terrace, which is the most

ntlvuausly exposed, cun be recognised at the confluence of the
Eedbarn Beck and ca2n be traced upstream through Yeardale (o
Ivsshopeburn, This will be fermed the “Upper, Terrace". Une
Unoer Le“r ce can be recognised at Hiddle Blackdens, opposite
St.Jonn's uhwpal,'wnero the outcrops of the Five Yard Limestone
and Sear Limestone form 2 series of vapids and small wotes Tells

"in the present stream. Tne highest waterfall in the seriss

occurs just below West Blackdene Bridge (A on Plate 28; Iap
p Folder),

Above these rapids, tne Uppex Terrace merges with the flocd-plain

c 0f the presert,rxve:
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'

e height relationghip-bf’théltéfréée edge

Exi g

' tothe flood-plain in different parts of the valley gan be -

. ‘tabulated as follows := . »

... Table 11, piffercnces in Height botween vhne
. idme of the Upper Terrace and the Tlood-Plain,
Height of  Height of  Difference.
, Torioce Hdg0. glood=rlain,.
gSt.Joln's Chapel 21)1;11;9 9) , 979 S =T 1+ N 10
Deddryshield e 9] 931 : - 018 = . 13
Cambo Meels - 815 -~ im9o .. - 25
vhite House,iostgate - 754 7286 ¢ . 29
Shittlehope, Stanhope L 642. 614 28
ogerley 1all , ‘ 614 577 Y
- ) N.Bank 537 505 - 32
Half-way House) . ’ :
: .} S.Bank - 532 504 . .28
Gallows Gate (Plate'log 441 400 . 41
Bradiey dell (¢ 10 409 | 387 22
wwaperioy Stetion (¥late 11) 887 < o 0T 2T
. vadley seck  (Plate 11) 377 344 33
 Bedburn feck ( * 11) . 368 w26 ¢ 42

Dovnpbresm of the conflusnce of the Bedburn Beck (Plates 11,23,

ifnp solder) precise correlation of the terrace remnants is unot

pooolble, Al vitton-le=Wear, the supposed altitude of the terrace

is ebout 320 feet above Ordnance otum and, 2s is shown by the

meps of Hrift Deposits (Plates 21 and 23, 2D Tolder) there are

~ sunde at this altitude which can be attributed to deltaic
accumlation in the late~Ulacial lake.

‘e second, or “Lower" River Texrzce lies
-yay betiveen the Upper Terrace &nd the flood=-
plain., This can pe traced from the paired terraces between
WYolsingnam and Frosterley &8 far upstireain as Iegerley. Altunouzn
a rew eguivalent terriice fraguents con be recognised higher up
~ the 220, these occur, without exception, where tributrries eunter
tne VWeaxr and cannot be regarded ag cyclical terraces. he break

in the present longitudinal profile, whence the T.ower ferr.ce is
dorived, appezrs to occur at Rogerley, petween Stanhope and
Frosterieye (C. on Plate 28, MNap Tolder)., The present river falls
34 feet in less than one mile whoreas the alluvium falls Xess than
3y feet in the same distance, Below the small gorge thus Tormed
By the river, a nev flood-plain hae déveloped and the higher
alluvium iy exposed, opposite Frosterley, as a river terrace.

" approximitely half

A
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.. The height of this terrace rises to about 15 feet above the -
. bresent flood-plain as is showm in the following tatle :=-

. Table 12. TDifference in Ieight between the
... 2dze of the TLower Terrace and the Flood-Plain,

X Heiznt of @ Heignt of Difference
P _ Yerrace Tdge, Flood-Flain,
_ Frosterley Bridge ‘ g72 .+ . 566 - 6 .
_ Browdwood Bridge = - .. 544 - 77 's33 - o117
L ) Worth Penk 514 - T s02 0 1a
Half-way House ) B LR .
‘ , ) South Pank 514 o802 v 1R
... HolweCottage 482 1 T 4v2 10
. Gallows Gate(Plate 10 : 413 401 - 12
.. Shipley Beck ( ¢ 11§ I L - .362 13
o Witton-le=Wesr (Plato 11) 38 207 on
. Hewton Cap, Bishop Auckland ) 226 : 212 o 14
o : (Plate 12) » - '
. Farnley (Plate 12) 224 o209 15

. The last two examples of the Lower Terrace are situated in the
Middle Wear and since these can be tracad to the upper limit of

_the incised meanders, they provide some indication of the

- relationship between the incised meanders and the valley cdevelop-
ment of- Weardale,

. o . © From Bishop Auckland, the present river flows
northwards for about 1% miles before it reaches the Formle

_ incised weander, It can be seen, from Plate 12(Eap Folder{ that
this stretech of river largely coincides with the buried vslley and

borings have shown that the principal infilling materizl is sond,

The river sweaps round a horseshoe meander at Newton Cap Flatis

and the éastward migratidn of the river duaring the formaticn of

this meandex has preserved a good example of the Lowexr Terrace on

" the western side of the valley.  Cn the east bank just north of

" the present confluence of the River Gaunless and slightly higner
than the terrasce, thers is a dry valley vhich trends northwards
towards Bell Barn and completely isolates the hill of thick sand
upon which Binchester Roman camp is situated, This dry valley
has steep sides.and a flat, bogzy floor. In consequence it
closely resembles a marginal overflow channel. However the floor -
of the valley, at its highest point, occurs at only 236 feét above
Ordnance Datum so it clearly has mo relation to the melt water
drainage of the Wear valley. . ' ' ‘

. . The alignment of this walley with the post=
Glacial gorge of the River Gaunless, suggests that the Binchescer
Dry Valley represented the former course of the Gaunless to an
earlier confluence with the Wear one mile further downsircam,
" During the eastward swing of the Newton Cap meander, the river
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. excHveted the vnconsolidoted drift which forms' the enstemn

~8ide of the wvalley and probobly captured the Gaunless by that
rere process kunown as intorcicler, It is suspected that the
_ terrace Iragments which have been recognised in the Gaunless
vielley may grade to the heignt of the Lry Valley, bul since
' it has not been possible to decierrine the lonzitudincl profile
~of tne Gsunless, this suzgestion connot be properly substuntiated.
To the north of the confluence of the Bell Purn, the preuent
Tiver entars the narrow and stcep-sided gorgs which lies -
between Mrmley and MNewfield. T-o eassential topographical -
features are represented on Plate 12(Map TFolder) and Tigures :
C 44-47, Tie ridge bestween Hunwick Steticn and Famley Hill fall
from these extreanities to a gentle smooth col some forty feet
Llowor. The Lowest point on the col occurs at 243 fout above
Orénznce Datum. At this pointy where a path has cus intc the
_ourfoce, there is & small exposure of lcose coarse zravel..
Wrnley arm is situated on a 3lip~off slope upstream of iueg
“gorze and a Tine exemple of the Lover River Terrace is enposcd
hare, This can be followed into the gorge and can be traced
“to the xight-ongled bend in the gorge just south of owlield,
where taesro is a mognificent terrace cut in solid rock and tainly
covercd with gravel (#ig.47). A pair of terraces occur al
20u=21s feet between Newiield and Rougn Lea and altihough it i3
nét posusible to trace thoir continuity with the Zuxniey tuwin.ce,
tResc occur at the appropriate altitude., The nmiddle of tusz
“buried vulley of the Wear appecrs to cross the urwick=Reraley
ridge, slightly to the west of the col and the wesiern paxt of
the ridge. ic believed to he compesed of thick drift. The gorge
itselt is entirely cut through solid Coal Measures strata and
opencast borings on Farmley Hill aud the Byers Grecsn 11l to the
eaut nave shown tnat there is only a thin venser of superficial
- deposits {(Ccection D Fig.28). It cannot be ghown that the

Wear formerly flowed over the Farnley col, for it . is impossible ,
to explain how it could abandon this course in favour of thae
oresent route cut through & rocky gorge, It is clear, from

the isolation of Farmley Hill that the river flowed round the
“esstern side of the hill for some time before it was incised

into the prosent gorge.

here are four similar exsmples of incised
meanders further downstream., These are ot Butterby(Plate 13,
. iap Lolder), Durham, Harbourhouse (Plate 14) and Hylton, = The
" fiylton meondor lLias already been described on P.124.

. " e first three nave certain features in:
coruaur . ith the Farnley meander. Fach 'id incised partly into
solid Coal Measures strata, partly into drift, in each example,
the neck of the meander occurs where the drift is thick and & .low
col nas developed. The origin of =11 these meanders is clear,

for the main break of slops, preserved where the meander is c.t in

the solid rock, shows that they had developed in_the broad vulley
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which graded to 190 feet and thét.theyfwere?iﬁcised‘in50'fhé
'floor of this walley. . It is clear, however,. that during the -

" subsequent periods of still-stand, the combined processes. of

sapping yith creep and wash have been able to reduce the = .
,ungonsol;@aped deposits until the lower cols have been formed,
This condition is best developed at Rutterby (Plate 13,MaD -

" Folder) where it is clear that breaching of the low col and
abendonment of the incised gorge was imminent when the

artificial diversion of the river described by Griffiths (1932)

_was effected in 181l. The nocks of the other meanders have

" been less reduced, but all show.a definite depression below the
. . reconstructed valley floor of the 196-foot Surface, and a.

- definite height relationship with the present flood-plain.

- Thus at Farnley, the lowest part’ of the col,

“where the gravels are exposed, occurs 38 feet above the present .

L dmee s

flood=-plain., At Butterby, the low hill vhich stands isolated

" on the valley floor and which is capped with gravelly soil, is
also 38 feet above the floor-plain., Durhem Harket Place, which

forms the neck of the third meander, lies about 30 or 40 feet

‘above the flood=-plain. No precise value can be given for either

""the flood=plain or the col at Durham for the presence of

‘settlement here since Saxon times has probably modified the

original surface considerably. The Herbourhouse cel occurs -

“‘at about 130 feet above Ordnance Datum and lies 80 feet above

" the flood=-plain, but the change in gradient near Finchale prevents

' developed at the Hylton meander. :

- agreement with those examples further upstreaum. Downstrean,

~ however, the neck of tho Hylton meander is sitvated at about the
“same height of 80 feet above the alluvium, The heights:of the
meander necks which occur upstream of Iurham lie close to the

supposed altitude where the Upper Terrace of Weardale might occur,
Thus there are grounds for suggesting thal correlation may be

‘made between the Upper Terrace of Weardale and the 100=Toot

Platform of the lcwlands of North Best Durham which is clearly

From the confluence of the ﬁedburn Beck,

" where the last certain exposure of the Upper Terrace is cituated

to the Hylton gerge is a distance of more than ‘thirty milies,
Within this distance, there are cnly four or five points upon which

" puch correlation can be based.  Two. of these sites permit
ambiguous interpretation, for the Herbourhouse col lies oniy

five or ten fect lower than the supposed height at Durham and

. poth of these lie close to the critical neignt of 140 feei above

Ordnance Datum,. For this reason, it is not possible, at this

'f_stage,,tO'auppose more than & tentative correlation between tns
"~ still-stend vhich deposited. the higher river gravels of Weardale
end that which modified the incised meanders of the liddle VWearx,

This work hes. confirmed the conclusion of

" Anderson that there is evidence that, diring tne late=Glacial and
post-Glacial periods, the local base—levelAsuccessively,stood

‘at about 190 feet, 140 feet and 100 feet. This evidence is based
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'CHAPTER 11,
IHE GEOMORPHOLOGY OF THE WEAR VALLEY.

approximate chronological order., It is desirable, at this
stage, to summarize the principal conclusions and to suggest

' possible correlat;on with other parts of Britain in order :
- thereby to establish a time-scale for the denudation chronology

of the Wear Valley.

‘The Tértiary Evolution:

The interpretation of the Tertiary evolution

. .of the Alston Block depends largely upon the interpretation

of the structural movements. The author has shown that the
Alston Block remained depressed relative to its surroundings
during the greaterbart of the Mesozoic Era. Trotter (1929)
has argued that there were two periods. of fault-block uplift
during the Tertiary. The present writer suggests that the
evidence adduced to support this conclusion can be interpreted
in another way. The present geological evidence favours only

. one phase of faultZblock movement, but all the geomprphelogical

studies have demanded that there were at least two periods of
uplift during the Tertiary. It is possible, therefore, that
the initial uplift of the Alston Block was part of the general
movement which affected most of the British Isles during the
egrly Tertiary and that this was followed, at a later date,

by differential fault-block uplift, It has been shown that
the Summit Surface of the Mston Bloclk is truncated by the

- fault-~scarps. For this reagon, it is probadle that this

surface, with any higher {earlier?) remnants, have been

'differentially moved by fault-block movements, -

For this reason, it is not possible to accept
the conclusion of Linton (1951; that the higher summits.of
Cross @Fell and Mickle Fell may represent fragments of the
sub-Cenomanian Surface, Although these summits coincide
closely with Linton's reconstruction of this surface,
according to the available geological evidence, there
appears to be no causal connection. ' .The Carboniferous rocks,

 -of which these summits are composed, were depressed at the
- time of the Cenomanian Transgression and were subsequently

lifted relative to the neighbouring uplands which Linton used

. for the reconstruction of this surface,

: . Unless the present accordance of these higher-
hills with the sub-Cenomanian surface is to be regarded as 4
coincidence, one is forced to conclude that the fault-block ) -
uplift of the Alston Block occurred earlier thanm the Cenomanian
Transgression, or the highest upland surface of the British Isles :

"is much younger than Upper Cretaceous.- It has been showp that
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it-ig only possible to date the later movements of the
marginal faults as post-Triassic, so that there is no
& priori objection to the first conclusion. There is,
however, no orogenic period during the Mesozoic to which
mgjor faulting, on the scale of the Outer Pennine Fault
can be attributed. The freshness of the marginal fault-
Scarps and the fact that these scarps truncate the
Summit Surface further militate against such conclusion.
. On the other hand, the elimination of these two summits
-from Linton's regional analysis does not materially
influence the validity of his reconstruction for the
British Isles as & ,whole. Linton has cogently argued
+ that no period of marine transgression other than this
phage. of the Upper Cretaceous could have covered the
British Isles so completely.

B It is necessary to conclude, therefore,
that the correspondence of the tops of Cross Fell and Mickle
Fell with the supposed level of the sub-Cenomanian Surface is
-purely coincidental. N

[

- For the same structural reasons, it is
unlikely that the Summit Surface of the Alston Block can be
attributed to any recognisable phase in the Tertiary evolution
of the rest of Britain., It is known that, in the eastern
part of the Alston Block, the latest movement of the
Butterknowle Fault amounted to a throw of some 800 feet and
that the throw of the Stublick/Ninety-Fathom system increases
from about 360 feet at Tynemouth to 1750 feet near Brampton.
The throw of the Outer Pennine Fault cannot be determined,.
though Hickling and Robertson (1949) have suggested that it
may be of the order of several thousand feet., For this
reason, the total amount of displacement of the upland surfaces
cannot be evaluated and no adjustment can be made for the ~
amount of eastward tilting. Consequently, no altimetric
correlation can be made with the upland surfaces of neighbouring

" areas. .

The second surface which can be recognised with
~certainty - the 1000-foot Platform - is definitely later than
.the final phase of fault-block uplift. Not only is this
surface recognised by Wright (1955) in those parts of
Teesdale which lie south of the Butterknowle Fault, but,
to the South-west of Bishop Auckland, in the Woodland-
Butterknowle area of the Gaunless valley, this fault

transgresses the platform without affecting the present
surface. In addition, the great ridge of Magnesian Limestone
which constitutes the Ferryhill-Westerton ridge, lies to the
south of the Butterknowle Fault, The edge of this ridge is
not a fault-scarp, for it lies on the downthrow side of the
feult. It owes its origin to the preservatifn of Permian
- rocks on the southern side o~f this magor disturbance.
Where the Butterkmowle Fault enters the East Durham Plateau,
near ‘Raisby, there is no sign of any discontinuity in the
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surface of the plateau which can be attributed to faulting.

It is possible, therefore, that some correlation may be

made between the 1000-foot Surface and some platform wvhich

can be recognised elsewhere in Britain. Wright (1955) has

argued that this surface is probably sub-aerial in origin

- and he has suggested that there are grounds for believing

. that this may represent the remnants of the mid-Tertiary
peneplain vhich has been recognised elsewhere in Britain.

The writer agrees with this conclusion, but must submit

‘the reservation that, there is no direct evidence which can

. show the sub-aerial origin of this surface; it is the later
. dissection of the surface which appears to have been wholly
sub-aerial.

: The present writer cannot recognise the

. presence of Pliocene marine features on the West Durham
-Plateau or the Magnesian Limestone Escarpment. It has been

‘'shown that there is no real break in the continuity of the

1000~foot Platform above 780 feet and, indeed, & case has.

been put forward to suggest the sub-aerial origin of the’

o plateaux surfaces as low as 500 feet.

: Below 500 feet, however, the pre-glacial
evolution of the landscape is somewhat difficult to
-interpret on account of the thick accurmlation of glacial
drift and retreat deposits. It is possible, therefore,

that there are lower pre-glacial benchegwhich may be marine
in origin. After all, it has been shown that in all
probability, the glacial lake of the Middle Wear was &
transient feature between 430 feet and 320 feet. Although
the masses of gravel associated with the higher level of the
lake could be deposited quickly by torrential steams flowing
through the overflow channels, it is unlikely that the rock
benches which also occur between 400 and 420 feet could have
- been eroded at the same time., There is, however, no adequate
evidence of the length of the periodihich kme simew elapsed,
or of the processes qplch were involved,duringy the excavation
of the Wear valley 2&&%?the time of the capture at Bishop
Auckland 4 the period when the pre-glacial river-system was
graded to some level approachlng - 130 or = 140 feet below
Ordnance Datum.

: It is probable that the greater part of the
buried drainagd system was excavated by running water, but

' the possibility of some glacial erosion cannot be denied.

" The difficulties of accounting for the origin of the
overdeepened parts of the "Wash" have been discussed in
Chapter 5. Although glacial erosion may provide the

" easiest explanation which can account for the apparent
irregularities in the rock-floor. This process cannot

- account for the presence of thick sand in the most clearly
',defined and apparently isolated depression in the rock-floor.

It is certain that these buried valleys ante-
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datg.the main period of glaciation in North-east England
. but it cannot be shown whether the final occupation by

streams occurred before the first advance of ice or whether
they were reoccupied during an interglacial period which
ocourred before the main glaciation. The denudation chronology
of these valleys depends largely upon the conflicting evidence
for one or several glacial periods in this area. -

.-‘ggg Chronology of the Pleistocene in North-East England:

The author approaches this subject with a
- certain amount of apprehension, for the evidence accumulated
during the course of this work is largely negative and it is
. hazgardous to argue on the side of the heretics without any
" important positive contribution in favour of the monoglacial
hypothesis. '

‘ As has been shown in Chapters 6 and 7, there
is 1little evidence in the drift stratigraphy of North-east
- England which can support the conclusion that more than one

period of true glaciation affected the area. The orthodox
interpretation of the stratified drifts cannot adequately
.explain the remarkable preservation of undisturbed sends
beneath boulder clay of supposedly later age. Carruthers
has provided an explanation which can take account of this
difficulty, but his Under-Melt Hypothesis inevitably peses
~ the far greater problem of reconciling lithological évidence
" of a single glaciation with the considerable evidence for

multiple glaciation which has been derived from a number of

natural sciences. . '

. It can be argued that, as in County Durham,
many of the supposed interglacial deposits of Northern
Britain may bear equivocal interpretation. In Durham, the
only stratigraphical evidence which supports the conclusion
that more than one period of true glaciation affected the
area is that provided by two deposits on the present coast.
Both the Easington Raised Beach and the loess-like deposit
of Warren House Gill have been attributed by Trechmann (1952)
to the interglacial periodvhich elapsed between the arrival
of the Scandinavian Drift and the subsequent glaciation by
ice-sheets of British origin. The Easington Raised Beach may
be interpreted as a post-Glacial feature which has been
~covered by recent movements in the drift cover near the edge
. of the present cliff. Recent discoveries, by officers of
H.M. Geological Survey, of allied deposits at the same heigh?,
in the same area, may ultimately prove the post-Glacial origin
of the feature. The loess of Warren House Gill cannot be
re-examined awing to the dumping of colliery waste in this.
valley. It remains, therefore, the doubtful but only gvidence
of an interglacial period which occurred before the Hain or
Maximum Glaciation of North-east England. _

L
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It is possible. to produce a strong argument

o that those fiuctuationawhica produced the complex

Pleistocene chromology of retreat-and-aavnnce, erosion= .-
and-aggradation along the margins of the ice-sheet in

" Southern Ingland 4id not materielly affect the extent of:

*‘1 glaciation 250 miles furthesr north. It might be argued -

"that there vas long-continued ice-cover in the Turhan

dowlands wnich might confimn the monoglacial interpretation

" ‘of the drifts. However, not even Carruthers has postulated

" such long-continued glaciation in the north; for he has

supposed that the sBingle glaciation of lowland Brztain
occurved during the Saale and that the subgequent ;v

Anterglacial removed ail traces of permmncnt ice. The .

 principal argument derived from Carruthers® studies is

that there was no re-advance of ice-sheets into the 1ow1ands

. ‘during any later stage of the Pleistocens.

. downl in &lacial lakes towards the end of the final retxreat i

The present work has largely confirmed the

"vlidity of Carrathers! observations in the ares covered.

Detailed examination of the laminated clays in the lMiddle

... Wear has confirmed the lithological objections to regarding
 .these deposits as lacustrine varved clays and the present !
,. wrlter has shown that, on the ''hole, the morphoiocgical :

1
{

evidonca cannot support the visw that thead clays were laid

 of the ice.

.......

of glaciazl retreat. The study of the morphology of ths

" On the other hand, the evidence provided by

‘f'fthe overfla«channels on the West Durham Plateau and the

absence of spillways in Weardale sugges@s that active
cutting of theme features was largely restricted to periods

“";overflow channels within the coalfield has shown that mosd

of the channels were occupied by meltwater on at least two

" occasions and that, quring the intervening period, the

" channsls were plugged with glacial drift. It is not yet

possible to show the magnitude of the episodevhich
intervened between the first retreat and second advance of
the ice. 1In the West Durham Plateau it was apparently.
signiflcant for most channels between the altitudes of

300 and 800 feet show evidence of drift-plugging. If it

can be proved that overflov channels in widely scparated

" areac show the. same phenomena, it may be possible to

' postulate tho .intervention of inderstadial or interglacial
- conditions durlng this period. -

1lowing the retreat after max1mum glaolation,
the only dePOult whose age and 3 gnificancq&s beyond all
doubt is that at Neasham Brick Works where the Elk skeleton -
was found., It is certain that the Elk skeleton can be
dated to the Allerdd (II) and Blackburn (1952) has proved

‘' the typical pollen succession from the Lower Dryas upwards.

It is certain, from .the lithology of the clays at Neasham,

'-_that‘open'water was present during the Lower Dryas (1) and



. and possibly during the Upper Dryas (III).. Neitherfof

- 140 -,‘______f______‘ff‘*‘*“““ts

these horizons is completely stexile and Dlackturn: (1952)
has sugcested the possibility of solifluction at this site
during the Upper Dryas periéd. There is certainly: no
evidence to suppose that permanent iceims present in the
Tees lowlands during the later phases cf ths lect glaciation.

.- This doss not preclude the possibility of minor cirque

‘glaciers in the unrlends, such as Ionley (1952) has suggested
wvere prement in the Lake District throughout theso late-

Glacial climatic fluctuations., In the Northern Pennires, .

”_howeyer,_the evidence of corrief glaciation is almost wholly
lacking. MNone of the Weardale tributaries, not even )

Swinhopeburn which has & terminal moraine, have either the

t'; form ox the sharpnecs of detail which would be characteristic

of & cirgue which might have contained a glacier as recently

""" as 8900 B.C. The only basin in the Northern Pennines which

can be regarded as & truae cirque vhich is comparable to these
of the Lake District is High Cup Gill (TFiguie 6, p.23), though

" it .is possible that certainm other re-entrants on the Pennine
_f,_Escarpment may have had modification of their form by similar
... processes. : :

L . A different line of evidence is provided by the
study of the posit=Glacial platforms which have been discribed

_in Chapters 9 and 10. From the point of wiew of height

relationship alone, the evidence is, to say the least,
conflicting. :

Miller (1938) has recognised a well-marked

"~ 200-foot Platform around the Irish Sea Pasinm, which, from
. the.evidence near Dublin, he considered was formed by marine
. planation Just before the onsst of Quaternary glaciation.

In South-east England, & wells-marked platform at 200 Teet has

_ been recognised by ‘/ooldridge and Linton (1939) -who supposed

that it ante-dated the maxirmum glaciation of East Anglia.

This surface has therefore teen considered to represent marine
transgression during the first or Antepemultimato Interglacial -
and that it is, therefore, the British eguivalent of the ‘
Milzzzian shore-line of the Mediterrzanean. In KNorthern
England, Anderson has recognised the 190-foot Flatform

" extending from the Fifeshire coast to Lake Pickering on the

" east coast and from Antrim to the Carlisle Plainm on the west

" coast. This surface is definitely post-Glacial wiih respect

to North-east England and, from the evidence in the Solway

" 1owlands, this surfacse was formed later than that phese of

glaciation known as the Scottifjkeadvance.

C ‘Anderson formerly.atﬁributed.this phase of .
merine  transgression to the "late-Glacial® or spost-Glacial®

- periods, as indeed can be shundantly proved, but, in recent

 .years, Anderson has atterpted corralation of this surface with

B R T

‘the Milazzian shore-line of:Sauthreast.Englang.:;,“,

L. . kS .
T 1
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‘ At the lower level, Anderson has recognised
~the 100=foot Surface of the Durham coast and oorrelated this
northwards with the "post-Glacial® 100=foot Raised Beach of
Scotland and with the Tyrrheaian (Porultimate Interglacial) -
.. terraces of the Thames and the Goodwood Raised Beach of the

- Sussex coast. ; '

S It seems clear to the writer that certain of
" these conclusions must be modifieds It is necessary, in the
first place, to conclude that if these surfaces sp of g’

- similar heights; are contemporaneous, there can’ have been
~ 1little oxr no warping of the iand since their formation,
. Thus arguments in favour of isostatic recovery of Noxth
~ Britain follewing deglacierisation are unacceptable and the
“well=known researches of ¥ ,B, VUright must be ignored.
“Without prejudice to this initial objection, and if
correlation of the 190-foot surface with the Iiilazzian be
" accepted, the only conclusion which can be derived frcm the
study of the 190-foot Surface in Northern England is that
the entire glaciation of the Border counties, including the
Scottish Readvance, was completed before the Antepenultimate
Interglacial. Not even the heretical opinion of Curruthexs,
that the single glad ation of Northern Englend occurrcd
during the subsequent Saale, can, however, be related to
this extreme hypothesis. It is clear, therefore, that in
" default of adequate stratigraphical evidence, the apporent -

- altimetric accordance of these platforms must be regarded as
. & coincidence,

. . Although the 100=-foot Surface of the Durham
lowlands may possibly represent a southward continuation of
the 100=foot kKaised Beach, this cliff-top feature of the
Durhan coast cannot be regarded as morphologically similar

- to the true raisedbeaches of Horth Britain. It-is, however
equally unsatisfactory to equate these surfaces with the
interszlacial deposits of South-east England for the only
feature which they have in common is their present relation
to Ordnence Datun. ’

. - Nevertheless, it iz surely unsound to ignore
or lightly to discard these non-conformist heresies which
have originated in Northern England -in recent years.

" Carruthers and Anderson between them, have an unrivalled
xnoledee of the drift deposits of Northumberland and Durham.

" Rmistrick, whose earlier witings largely formulated the
‘present orthodox interpretation of the glaciation of Horta-'

East Fngland, has abandoned those conclusions in favour of
the monoglacial hypothesis of Carruthers. : AN

3 S . No one who has?wofkéd upon geompfphqlcgical
- problems in this part of Britain could fail ‘to be impressed
. by the ennrmous amount of nqrmgl;e:osionﬂwhiqh»haa o;curred
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. 8ince the final retreat of the ice. The present writer has '
showvn how the developnmsnt of the 190-foot Surface of the '
.. Wear valley can reasonably be attributed to river action
- daring the post&lacial period. Although this valley was
largely cut in drifty 9I'¥Sached the stage where & large
meandeling river was flewing over a broad, flat valley
floor. It is not yet possible to trace the floor of this

. " .‘ylley into the upper part of the Wear valley but it is

. believed, though this cannect yet be substantiated, that ..
the flocd-plain development in the middle reaches of

certain Weardale tributaries may represent surviving .

fraguments of the dreinsge vhich graded to the 190-foot

. Surface. It is possible, too, that the upper North Tyne

.-Valley moy be related to this periocd zlso.

R Tollowing this important period of valley
dovelopment, there have been the various phases of

- vejuvenation which produced the prescnt incised meandsrs.

'The‘negative changes in base~level were interrupted, first

.. by the develcpment of the 140-foot Surface, later by the

~ " stillstand at or near 100 feect which nay possibly be
- corrolated wvith the Uppar River Terrace of Weardala.

: ) A possible minimum age of the Uppsr Terrace
is provided by the rocent discoveries of several large

. . Mesolithic sites in the vicinity of Eastgate. - These have

 been described by Fell and Hildyard (1953) to represent
late Tardenoisian occupation. .

- . Following the stillastand at 100-feet,

. there must have been further depression of the regional

- base-level and this may have culminated in the extreme -

depression during the early Boreal (Zones IV-VI) when the

 Morth Sea peats wers deposited, and, as Agar (1954) hes

.shoyy, the River Tees cut & gorge in the side of its

‘ pre-Gﬁacial valloy as low as =90 feet below Ordnance Datum.

. 4 similar post-Glacial gorge, of similar depth, has been

. recorded by Amstrong and Kell (1951) in the Tyne valley.
lone can yet be recognised in the VWear. This was followed

by the transgression of the so=-called Neolithic submergenceo

and the gradual adjustment of sea-levsl to the present datum.

. ' 7 It 1s not possible %o assess the speed at
vhich erosion has procecded in the Wear wvalley, for apart from
the absence of an adequate chronology at any stage, varying
conditions of climate and vegetation would make it difficult
to assess the different phases of post-Glacial erosion.
_ However, the post-Glacial demudation chronology,which has
‘been described here, is so.varied and so-complex that it is
almost impossible to evade the conclusion that normal erosion
must have contimued without interruption for a much loanger

r~
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'APPEﬁDIx T.

l THOD“ OF FIELD-'/ORE
SURV“Y ) COTPIT, ALIOM.

AT 3 . The principal object of this recearch was
“to make a detailed study of -the different: aspects of the

‘ .goomorpnology of the,Jear valley., ..As stated in the

.. _ introduction, the origlnal brogramme was modified to take

. ... account of other work in the area and partly curtailed by

';m,lnterruptlons during two of the three. sunmers .which were .
w"avallable for field-work, Apart from the general.field -

- ~studies, ‘it has. been necessary to concentrate upon two types
-_'kof detalled Pield—-work-- o ) C e e G .

% 1) Examination of drift deposita where these are
,adequataly exposed, . .o

‘ﬂ;_qz):;Add;tional surveying, particularlj"to'innrease
.- the height information which is available upon
-~ T opublished Ordnance Survey maps., It was-soom .
c ' % . found that the inteérpolated contours of the
o, 1325,000. Ordnance Survey maps were frequently ,
E .unrelzable and an attempt has been made to draw -
L -more satlsfactorv .contours for certain selected
. paxrys of. the valley. The recormendations of
: M'4'Peel(1949) were followed. and modified to suit
co local conditlons. ,',*,J : _ T

. : % fThe published topographzcal maps
;‘avuilable at tne outset of this worik were as follows i=

 ,One-inch O:dngnce;Su;vey;.fﬂf .New‘Populaf-Editioh}Fhll'cbveiage.
'_1:25,669;0fdnance;S@rﬁeygf';‘ Provisional Edition, ° = ®
'-'Six:é-.j.zi_c;:h:'oi'_dnance'Survé&.,,~ , Complete coverage for the 1921=-

1924 Rdition. In 1952, only two
. or three sheets of the Provisional
.. . ' Edition(Wational Grid) Six-inch
e © . . maps were available, but, during
S " the course of this work, all the
L sheets in this area’ were published,

. 132,500 Ordnance survey, - In’ ‘the ‘east, these were reviscd
R ‘ . - - 1in 1937-1939, In the west of the

" county, plans dating from the 1921-

' 1024 revision werec available.
Certain 1:2,500 ‘plans for moorland
areas have never . been publlshcd
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.-Thg,sigéinch sheets and 1:2,500 plans 6f the eastern part of
the county were revised and levelled between 1937 and 1939, -

= but, in Weardale and the higher moors, there has been no .

‘revision of levelling since 1897, and there are few differenceﬁ

. in detail between the new six-inch Ordmance Survey maps ahd thpse

‘7',quarﬁq:'phgqts“publighed,mora_than thirty years ago.

Wl o o A full set of all scales except the 1:2,500 .
“plang wers provided by the Geography Department. . Photo=copies

. of a'number of 1:2,500 plans of the coalfield were supplied
. by. the National. Coal Board. : " ‘ A

e - _ Since the new grid-line six-inch sheets are '
avkward to handle in the field, the writer used the older suarter-
. thoets for all field-work. These were unsatisfactory in the
naeighbourhood of large towms $here there haos been mich induotrial
and urban development since 1933, Zlsewhere, hcuvever, th.re -
ba?a‘bean rezmarkably fes chznges in that dstail which s wveorbed
in e 1521-1524 revizsiom,

H.1.Geologicol Survey hnave now revised u
- considersble part of the area, Sheet VI of the six-inch
.. Geologlcal Survey was published before the war, but publication
~of the remainder of the pre-war revis:on was postponed until
‘i 19580, Iuring the period of writing this thesis, six-inch
- . Geological Survey sheets, XIX and XXVI and parts of shcets

"7 XI,X1I and XVIII have become available. At an early stage of

this work, however, the author was able to examine the manuscript
~field slips and clean copies of all those parts which haveYbeen:
" revised. It was also possible to discuss important aspects of
- interpretation of the structure with the individual field '
- geologists who surveyed thcoe snects, VWhere revision is
incomplete in East Durham and in upper Weardale, where no drift
_ revision vas attempted, the present writer has relied upon the
primary mapping of the Geological Survey. ' :

, ~ 'Most of the Wear drainage system has been -

photographed from the air by the R.A.F. The only importsnt gap
" in tne coverage of vertical photogra,hs lies in the extrema south,
in the Bedburn valley and the vear valley between Witton-le=-Vear
‘and Escomb, Iost of the photographs are-available upon aygrgximate
' scales of '1:25,000 and 1:10,000, though there are a few sovties

" 'in the urban arcas which have & scale of 1:5,000., It was intcuded
" 'to use air photographs for photogrammetric.work in Weardale and
‘mich of the surveying which was carried out during the first year -
‘of field-work was directed towards cbtaining additional height
' control for this purpose. A3 will be shown later, many of thege
- pnqtbgréphaga:e,unsatisfacto:y_fox“Qrepisaﬂheight_getgzminatiqn.«
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- In order to cover the large area in sufficient

detall curing the time available, the writer adopted a. system=
‘atic method of field-work and examined each six-inch quartere

i)w

3., et a

7? .sheet in- throe atages e

I wvalked across each ;hect, making a general

_examination of the area, and sketching slopes

and breaks in slope. I made a superficial
_examination of all natural outcrops and of sectiona
in quarries, sand pits, clay pits and opencast :

'  viorkingse. I looked for all Ordnance Bench Marks

o 1A)

iii )

RS W

shown on the latest revision of the aheet..

This was followed by -detailed- examlnation and R
. measurement of critical saections of drift and river -
_gravel, and the establishment, by plans tuble, or :
height control along the valley sides,

The final stage .was to level along.the {lood plain
and terraces to determine the long profile accurately,
Approximate heights of the river surface have also
been obtained, In. certaln trlbutary valleys, the

" long profile wa s measured by aneroid.

In detail, the routine examination of the

country was varied according to the information available and

.ii) B .
© . .. drift from the six=inch Geological Surveys..

Ci1)

< e

- })_.

i

" tne particular information required., Berore starting ficld-
_work in .any area, I attempted to compile the following information

.on eaoh 31 ~=inch maps t=

Additional Ordnance Survey spot heights from 1:2,500

. blans. , Lt e

)

y&l‘t.

Boundaries of alluvium, river terraces and glacial

Sites of boreholes and areas of opencast -prospecting.

Additional height information éuoh as lines of levels

measured by the Rural District Surveyor, or the

 County, Surveyor,

This prelimlnary work, routine but vitally

“‘necessary, took up & considerable amount of my time during the
_tirst nxne months of my research. - ,

N,

In the lower part of the valley; there is ;

' already considerable information about levels, which provided
adequate height control_uithout much further field work on my
In addition to that published by the Ordnance Survoy,

surface levelling has -been carried out by a number of surveyors

 for different purposes. The compilation of data obtained from
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the uounty “urvejor- vater anrd, Fntional uoal anrd and
 Opencast Ixecutive, gave a network of spot heights which )
_facilitated the drawing of l0-foot contocurs over rany niles ' -
" of the valley sides. Only the flood-plain of the river, the -’
gorge between Chester-le~Street and Durham, and the floors

“f"_‘f field. o

R A ‘.";.;1 .

L ' ' In weardale. most of the Ordnance survey
height control is :confined to the river terraces, where the
7 main road and villages lie, or to the hill tops. Above 1000
- “feet the contour interval is only 250 feet, Supplementary
o information is very scanty in rural areas, Throughout the :
i dale I found it necessary to supplement the existing information
. with a considerable number of spot heights obtained by
. trlgnometrio methods or aneroid observation.. . :

i  One of the principal objects of the field=

B work in the lower valley and along the fringe of the vest :
Durham Plateau was to determine the limits of the vuried valleys,

. " As shown in Chapter 5, most of this work was ‘done by studying

,“.mlne plans and boxehole schedules, but useful work was also
done in the field. By mapping and height determination of the
rock floor, wvhere solid rock definitely outcrops at the surface,
it was possible to supplement and confirm my interpretation of
_the borehole evidence, It was also necessary to measure the

L surface 1evels, or check tho supposed heights of certain old

. shafts and borlngs. o _ .

3

~

: ' . In the lower wvalley much more time was
necessary to examine and measure the complex drift associations.
Examinatlou of" the drift in Weardale was a relatively simple
matter, though here, the determination of drift boundarioa has
proved almost 1mpossible. .. , N L

.- SURVEYING METHODS. | - .

' On the six~-inch topographical maps, there is

) generally enough deteil to permit sketching of morphological

_detail on the field sheet by "lining-in®" and without detailed

_instrumental measurement., On the moors, where the detailed
informaticn was less, it was necessary to fix the position of
important features by plane-table resection, or by prismatic

" 7 compass bearings, Some of the information has also Dbeen

. sketched on, the field eneets from air photographs..

' L " Almost 8ll the detailed instrumental work has
" been to obtain adequate height control, whether for the drawing

. of profiles and contour interpolation, or to provzde adequate
height control for photogrammetric measurement. This has been
done by trignometric methods, by eneroid observations and by

levelling.
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5 .~T1IGNOﬁBmRIC ﬂEASUREMENTu.

. : Once 1 had establl shed the existence of
‘_certain bench marks, I was able to make a series of one hundred
or more observations Trom each station., - I chose wall intere . o

" sections and other features on the opposite side of the walley

_which were ealey identifiable on the six=-inch Ordnanca . Survey

. and on tne air photographs rather than features of morphological

'_lnuereut. i used the plane table with a telescopic al‘dade.
This instrument was admirable for this work, The high L

.. magnification of the telescopo facilitated identification of-
.. the various objects,  The accuracy of the instrument ( the-

“vernier has a least. count of 1 minute of arc) allowed. me to -

L"iobservc distances of 6000=7000 feet with confidence., R

...Computations were made to one decimil of a foot and a émall f
.. coxrection appllcd for curvature and refractlon., Where
possible I tried to obtain two or thres obvervations, from

Aiibdlfferent ‘benca-m2rks, of the same ooject.

However, wast of Frosterlay, no bench-maxks
,'have been replaced since 1896, and at least half of those ghown
_on the 1923 edition of the six-inch map have disappeared. )
. Consequently I suffered many disappointments and could not obtain
the ccntlnuoug trlgnometric height control vwhich I ahoqu have

o '111:ed.

,“AﬁﬂL 01D OBSEHVATIOVS

4 ! uhere bench-marks were lackln or
_inconveniently pluced, I tried to establish helgnt control
.. by aneroid traverses.. Tho inotrument used was a three inch
‘ mlnlng aneroid made by vatts. Reading on the height scale
‘is made by & vernier, which has & least count of two feet,

u' with caxre, ‘this instrument provcd very useful. I made short

~fﬁtlaversau of generally less than one hour, between Ordnunce
bench-marks oxr spob hezghto and most of the results are

o satisfactory. I found that pacing aneroid traverses along

'::aalls 1equired very little adjustment providing some controlh'
was available every half mile or so, . L. .

' ~ ‘Me first important series of aneroid
traverses were made in June 1953, when a long period of calm,

" ‘overcast weather provided ideal conditions for the use of this

" ‘instiunent. During this period, a large number of aneroid
 heignts were acvermined on the hill sides between Wearhead and
‘Greenfield Quarry. The detailed contours shown on Plate 8,

(i2p Folder) are largely based upon these aner01d observations,

It was later posslble to check the heights of 14o separate aneroid
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o ' - The route followed depended usually
'.iupon ‘access to ‘the flond plain and bench marks. Normally
., only one side ‘of the river was levelled, but vanere paired
! terraces and other features occur on both banks, it vas. S
-usually possible to include tuem all, rortunately, with the.. . -
_exception of the gorge% ‘there are plenty of brldges. AL
_ﬁ.otner things ‘being equal, I chose easily 1dent1fiab1e places .
for staff and instrument positions, so that I could pick up -~ - .
w'thcse spot helghts on air photographs or for further-—trignometric
work.  Temporary bench marks were made by driving pegs into

v=d.;¥ the ground, or by hieimarsiweaiZsZ® choosing,large stones, gate-
o and fence posts which would not be moved during)the period of
- this regearch.r'_. : : or Sta sifions D . - :

Lo S Water surfaces are ohtained every nalfl<
e‘mile or eo.. By starting end finishing with an observation on
_the water surface, it wvas possible to relate each day's levell-

Iw,inv to the others and ultimately to gauge records .on the river.

L his data is being stud:ed by Miss I.M.Shawe

. ‘ In order to cover the distances in the
”time available, I modified the textbook methods of levelling
_ to suit the work in hand. I made no afttempt to equalize back
___and forx resights because this would probably have doubled the
V‘number of . staff and instrument stations, Individual sights
‘were as nuch as 500 feet if the relief pernitted, but more
... generally they were of the order of 300-400 feet,  Threec
_ ', Teadings were always made, one on the ‘centre hair and one cach
_ . on the stadia hairs., Calculations of the mezn of the stadia -
wareaalngs prevented gross errors in reading the centre hair,and
"'"it was possible to plot all spot heights by tachymetIy. At
o each instrument stdtlon, the sirrounding country was examined
| to see whether any identifiable object lay at the height of
- ¢ollimation, This was very useful for dotermining the height
.. range of the flood plain or terrace at eny purticular pluce.
" At each instxument station I measured the height of the
yepi@ce above. ground level for this gava an additional spot

»‘“f};‘ R : " Most lines of levels are tied to two
“dlfferent Ordnance bench-marks. - I tried to obtain some control
at least every two miles, The staff was read and the results
computed to 0.0l feet, but the spot heights woTe cnly plotted to
© 0.1 foet on the long profile and to the nearest foot on the map.
"~ All levels above Belmont Viaduct ‘have a closing error of less _
“,than 0.5, faet; those. in the gorge, - 1esa than' 0.5 feete

. ‘ - It is 1mportant to emphaplize, onese more, that
_ this woxlk required assistance and could only be carried out when'
" ‘'someone was prepared to help.- During one period vhen I was unable
. to get any assiatance, I attempted to level part of the flood
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_ ploin of the Middlehope Burn with a hand level and two 6-foot
-ranging poles. The results were perfuctly satisfactory, but
~ “the method was too slow and laborious for practical application.
-1 succceded in .completing r~ther less than one mile of very easy
' countiy in the course of a long summer day. ‘ ' S

% | , : :
B . At the cnd of the ficld-season of 1953,
7" i1t was clear that detailed levelling of all the Weardale .

777" tributaries was nelther practicable nor desirable, . It was =

" "% thougnt that there would be enough height control in Upper - - - *

' Weardole to measure .additional heights from aixr photographs, and -
that the longitudinal profiles of these streams could be based

upon photogrammetry with aneroid control.

JRRUUI,

R . ~ severdl groups of photographs, were used -
' and experimental measurements were made in those parts of the
" dale where the height control was readlly intensive. For this -

‘purpowe, & binocular sterescope and parallax bar were used.

_ Redial-line plots were made for each group of photographs, The
" readings of the parallax bar were comsistent for any given point
. for both my supervisor and I obtained readings which agreed

within 0,02 mm., However, it wes not possible to obtain ,
__ satisfactory helghts from any of the experimental strips which
were examined. It is believed that the tilt errors in individual
. photographs are considerabls., It would have been possible to
- male proportional correcticns for each pair of photographs, but
. pince the adjustments would, in places, have exceeded 200 or 300
 feet, it is unlikely that the corrected height could be accepted
within 5 feet, There were many places in the tribvutary valleys
where the height contrel was inadcquate for all oxcept the most

' reliable photographs.,.

*
v

S L It might have been possible to use the
©. . Hultiplex Aeroprojector in the Department of Surveylng, Kiuag's
.. College, Wewcastle-upon-Tyne., It was discovered, however, that
. the apparatus would not take the standard size of diapositives
™" 'and it was found that neither Air Ministry, nor any other
~ government department were prepared to supply diapositives of the
~ agpropriate pnotographs.’ T.r these reasons, it was only possible
- to use photogrammetric methods in those areas vhere there was
" . already considerable height control and, for this reason, the
. yalue of the technique was restrifted, - -
, Co ‘ The failure of the photogrammetric
“measurements caused a certain re-orgenisation of the suxvey
programme for the summer of 1954, It was necessary: to conmplete.
" as mumeh work as possible in the field and to concentrate upon
~ the determination of longitudinal profiles and spur secticns
rather than'upon an overall coverage ‘of trignometric and aneroid
altitudes. During this season, the flood plain levels of the
. River Wear were completed. The longitudinal profile of the
Hiddlehope Burn, where lliss Shaw was measuring rainfall and run=
' off, was algo determined by level, - Further lines of levels were:
_ measured in the valleys of the River Browney and the Lumley
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Park Burn.  Iliost of the survey work was by aneroid, and, owing
_to the storimy summer, slow progress was made, It was possible
"to complete the longitudinal profiles of certain tributary - -
" valleys, but only about holf of this work was completed. :
| Horeover, certain of the aneroid traverses which were made during
[~ ', 1954 are much less reliable than those madé in completely settled
‘ weather.. . oo S - o o , T

5
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.- a fragment of an erosion surface. If

APPENDIX II.

DiVELOPMaENTS IN THE TECINIQUE AND MATHODOLOGY OF ALTIMETRI
FREQUBNCY SAMPLING. .

, The Altimetric Frecuency method of sampling,
_}proposed by Baulig (1935) has been used on many occasions to
.“show accordance of sumnit levels within certain well=defined

fA_”limips of altitude. In the original form,|Baulig's method -
consisted of sampling the highest point per unit afea of the . ..

county. . The smaller the unit area, the greater the total
number of samples and the closer the approach towards the
form of theé Area=Height curve, for this analysis, becomes,

" in effect, measurement of area by means of small squares.

Hollingworth (1938) modified this form of analysis and
confined himself to the selection of all summit levels within
the tracts investigated. In the simplestfform, therefors,
Hollingworth's analysis consists of nothing more than a
l1ist of separate summits grouped in their order of

wiezaitude.

' . Both methods show certain defects. In the
YBaulig Method', the highest point in any unit square does
not necessarily represent a fragment of any erosion surface.
411 the main sumits are recorded by this method, but the
occasion may arise when a spur summit cannot be recorded
because higher ground, above the spur, occurs within the
seme unit square. Certain squares will coincide with sides
or floors of valeys so that the altitudes of these units may
have no relation to nill-top or other surfaces. These must
‘be regarded as random errors in sampling vhich owe their
origin to the arbitrary position of the. boundaries of the .
unit squares, If the analysls can proceced as an objective:
exercise, these random errors must remain in the frequency

" curve. In practice, where the total area is large, the

najority of these random errors occur at relative¥ low
altitudes where total frequencies are large and where the
addition or subtraction of a few units would not influence
the form of the frequency curve. #m p¥ If objectivity is
abandoned and thse units which are obviously incorrect are
eliminated, the stage is soon reached when there is uncertainty
waetner the highest point in a particular unit square represents
the process of elimination
is carried to the logical conclusion, the point is reached when
. only the main summits are recorded in the frequency table.
Thie aproximates to the tHollingworth Method' of analysis.

© " Ihere are twonotabls defects in the 'Hollingorth Method!.

First, the total number of summits is relatively small, so that

" errors-in sampling and surveying may become significant.ll

Secndly, one must takxe the fundamental assumption that a
summits are of equal area. Fach hill-top recorded in the
analysis receives equal weight, irrespective of its size. a
Spurs are not rgcorded unless they happen to contaig&?noloae

T
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contour. For this reason, the paradox arices that a. deeply,
dissected spur or platgau surface, which happends ‘to iie
close to the altitude of an Ordnance Survey contour, will -
receive greater weight than & well-preserved featurs which .
is not divided into a series of separate summits;’ogﬁhichi;h
recorded by the coarseness of the contour interval. Any .
~attempt to include those spur features with unenclosed L
contours would introduce a high degree of subjectivity to .
the Holllngworth method of analysis.

) " A third type of sampling, carried out during
the course of this research has been derived frem the
. estimation of the surface height at each intersect of the
. grid used for the 'Baulig Method's This experimental method
~is more crude, for it is a coarser sample, but it has the
advantage of being more rapid than the 'Baulig Methodf.

: ' In this gtudy of the Alston Hlock, one square
kilometre of the National Grid has been regarded as unit area
for the 'Baulig Method'. The boundaries of the tract has been

- gelected from those National Grid lines which approximate most

© closely to the marginal faults of the Block. . The coastline of
Durham, from the Tyne to the Tees, forms the eastern boundary.
The seme 1imits have been used for all the methods of .
measurement and sampling desoribed in this thesis with the ,
‘exception of W.A. Westgate's analysis of the Magnesian Limestone

. Plateau (Fig.l4, p.35). Thchoundaries are shown on Figures

.10 and 11, pp 33 and 34. The total area of the Alston EHock,

. thus defined, measured 1384 square miles. There are 3602
separate units for the 'Baulig Method' of altimetric frequency

. saupling. - . o .

_ - Where the highest point lies between contours,
the altitude has been estimated to the nearest ten feet with

- the aid of the interpolated contours of the 1:25,000 Ordnance
Survey maps. Heights were initially grouped in ten-foot class
intervals. Certain systematic errors are immediately apparent

from the histogram plotted from these figures and thege may be
probably attributed to personal preference in estimation. ;t
has been noted that, within each hundred-foot range of altitude,
a signiicant minimum occurs in the ten-foot class interval

- 90=99 feet and, less consistently, in the class 1nteryal

‘. 40=49 feot. Similar errors were noted in the alt;metrlc
- frequency analyses carried out by the present writer, in those

of WeA. Westgate and in certain class exercises which were

" carried out by honours students under the supervision of the
" author. This feature is illustrated by the 20-foot groups
(Curves A and D) which were adopted b{'w.A, Vestgate in his

' . analysis of East Durham (Fig.1l4, p.35). It can be seean that
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that s ‘definite minimum has beemfrecorded just below esch
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100-foot contour and a definite maﬁmum occurs Just above
each IOObfoot .contour. . . L

"*"*“',?' To' take account of these obvious personal

'errors, ofpossible. errors inm ithe.interpolation of Ordnance -

/¢ -survey contours and the assumed irregularity of relict.
. " eresion. surfaces, the altimetric frequencies mst be grouped
'~ in some larger class interval than 10 feet. Various methods

of grouping have beon tried. Cumulative surmations, . .
representing the 20~, 40~ and 50-foot groups of Hbllingworth
(1938) have been attempted and compared with simple’ grouping
of the data into 20-, 30-, 40- and 50=foot class intervals.
There is very little to choose between either method for the.
same group or class int ervel in each . curve shows similar

. combinations of* 81gnificant peais and troughs at about the

same altitude. .

: _i'.t‘_ .

It vas shown, in Chapter 3, that the hypaometric

' :"or altimetrio ‘frequency anslysis which is basecd upon the
_horizontal datum of sea-level is, in & sense, unreal. If
the Summit Surface of the Alston Block represents one or morg

erosion surfaces which were subsequently tilted, it may be

presumed that irregularities upon this surface may be masked

by the reglonal slopc of the tilted tract. It is therefore L

desirable to-study the upland surface with respect to some
sloping surface’r&tner than Ordnance Datum. Such an analysis
is fraught with difficulties, It is not possible to dotermine, .

" by any simple method, the angle of regionmal tilt, which . ..
~probably diffes ffem the hill-top profiles, which may differ

from theregionaldfpof thaxstwmta and which almost certainly

varies between different parts of the tract. - In. addltlon,‘

once this imaginery surface has been established, it is
necessary to relate every part of the present surface to this.
new end variable datum. Sincé a full analysis of this sort

"would be extremely laborious it is doubtful whether the

potential value of the results could justify the method. It is,
however, possible to make certain approximations which nay
serve egually well. It has been schown, in Chapter 3, that
analyases of restricted areaswithin the tract may eliminate

' the overall effect of regional slope and that it is possible

to recognise certain features which might otherwise bta overlooke
If this technique is applied to ths whole tract and the
altimeiric frequency figures are adjusted to & local.datam,
the resultant curve for the whole tract, based upon variable

“data might. indicate significant features which:are hidden- by
,tne regional slope. _ ‘ _

It wvas thcught that, if the tract was sub-divided

“into units of 25 square kilometres, the mean or median value of

the highest points in each 5-Km block might provide the
series of data. If, at the same time, the residuals. ogéach
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unit wvers measured, the standard deviation could be computad
for each block, Tnis analysis is a modification of that
carried out by‘Joppg_(lgs in his study of the drainage of

- Wales.
Lo . At was found, in practice, that the calculation
of mean heights and standard deviation imvolved more time in
. computation than could be spared. Jor this reason, the -
median height was obiteined and the semi-interquartile rangs
,oxtracted as & measure of dispersion. R '

, S This wvork was not completed, for it SR

. represented a digression from the main research progremme,

but it was not ebandoned until values had been obtained for -

. mo&t of the upland tract of the Alston Block. The median -
values were plotted in the centxre of the appropriate 5-Xm

sguare and isopleths drawvm relative to these points show a

. similar, but more regular pattern than the Generalized
Contours. The degres of digsection, as shown by the semi-

. interguartile range, varied less with absolute helght than

with the location of a particular square. Thus, the S-Km

Square (530-535 ¥; 365-370 E), which contains both the summit

- of Cross Fell and the Pennine Fault-scarp, has a median height
of 1960 feet and the enormous semi-interquartile range of’ ‘

537 feet.s . On the other hand, the 5-Xm square which is :

situated on thepest~preserved part of the 1000~-foot Platform

near Saltersgate (540-545 N; 405-410E) has a median height

of 1130 feet and a semi~interquartile range of only 52 feet.

o . A method of assessing the degree of gross »
dissection has been based upon the 'Boulig Method' of altimetri
. frequency analysis. In addition to recording the altitude of the
.. highest point in each kilometrs squars, the lowest height was
also recorded. From this data, theheight range within each .
. unit sguare may be obtained. - This data may be used in two
 wayss=' .. 7 P o .
e v .. . 1t may be used to obtain approximate mean values
. of 'the height of each unit and thus provide a rough -
hypsometric figure of the tract without the labsur of:

- -_planimeter measurements, or alternatively, the range of

. height per unit area may be used directly to give an . ..
- :indication of the degree of dissection in different parts
of the area. ' C i o T

L Lo Both applications are largely experimental
~ and the conclusions dre of methodological interest rather

. than of practical spplication to the present research. :
~If the altimetric frequency of. average height per square

. kilometsre is tabulated and plotted as a cumulative. .
frequency curve, the resultant figure approximatesz closely

to the true hypsometric figure. Although this method is,-



o e

©001

('Q'© ar0qo 1933)
oori

H

0081

o

i 4
D<,\,\<I\/_\r</> . .M

“ y D\\(\ A s

) 1 N ,

] 7> >>> "
YAY] s<4 < — 1
o0¢, N \ . P}
. h - . < < ’ . ._
| 7 ><.> | I s x\ w
o u
L : _
R T
B R ANATTA AL T \ |
| A4 .
| ; /2 |4 2 C c 1 v -
. | IpAJa3UL S5O 300401 YOO -
Ul H JO SINIDA JO JIQUINN e U "
. P C LAk 3
, (A7 utod 353USIH =H .
. . - IBIMM - * 4
- = ud L
- . ﬁ._-:v..W.. *
- ( ) umpuzo,__x I¥VNOS H3d .zo:uumm_o NVIN 1
! oo Y2018 NOLSTIV 3HL

Figure 50,



'-‘(#iii)

at best, only an epproximution, experimental use of the
dxfxerent technlques suggeets that this method is no more
_--laborious and no less inaccurate than the method of sampling
w;' by'measurement prqposed by Miller (1953).

the basic assumnulon.that the slope of the present surfece. is

‘The pr1nc1pel weakness in the method lies 1n

unifonm within the area of. the unit square., -If the slope
~'is not uniform, a mean which is obtained from the extremes .
vof -altitude will be an unreliable indicator of the average
, heignt of the unit area. This data can also bs used to
~.ascertain the degree of dissection in different places and
-at differcnt altitudes. The height range may be plotis
~directly in the form of the Specifis Relief map of‘ergnt

(1955 ) .

This can give a graphic illustretion of the amcunt

TJ og dlsseotlon in any part of a tract of varied relief.
Alternatzvely, the ‘data may be so assembled that

in 19 p0881b16 to assess the average gross dissection at any
- ‘given altitude. The curve illustrated in Figure 50 was
cbtained from the altxmetric freauency data in- the following

way

- 1)

' The values for the hzghest and the lowest points

per square kilometre were extracted from the

'topographical neps.
- The values for the hlghest points per square

kilometre were grouped in 10-foot clasa intervals,

‘This value rgpresents H,

For each kilometre square, the total range in
. height was obtained. These values were ‘grouped

'“,accordlng to the 10-foot class of the hignest point.

 ?4)h

The mean value of themnge was obtained from these

. ~oeveral values in each 10-foot class. This value

5)

_represents RM.

The values of kM were plotted against the height
of thelr appropriate class interval (H).

Thls curve shows two obvious features. These

are the 1ncreaﬁe in dissection with altitude and the greater
variability of disseotion with increass of height. The
second feature may be influenced by the variations in the -

total freuyuency in any class interval such as is’ 1llustrated -

. by the simple Altimetrie Frequency Curve. - It is not yet'
yossible to explain the aigniflcance of the atep-like rise

1. 4
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" of the amoothed ourve below 1000 Peat or the tendency

for mean disseation to decrease above 2000 feet. By
itself, this curve, is, perheps, of limited value. It

. ,would be of greater value for comparison with curves based
.. upon the relief of other parts of the British Isles, or,
. .within the Alston Block itself, it would be useful to
‘make similar analyses of smaller arees for comparison
- with one another. . . .
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APPENDIX III.

INDEX OF PLACE NAMES USED IN TEXT, WITH NATIONAL GRID

CO~ORDINATES,

ACTON DENE N2/217,528
AUCKLAND CASTLE NZ/214,302
BARNARD CASTLE NZ/05,17
BEACON HILL  NZ/440,453
BEARPARK RZ/24,43

BELDON CLEUGH NY/92,50
BILLINGHAM N2/46,22
BILLING HILLS NY/949,375
BINCHESTER NZ/209, 313

BINCHESTER BLOCKS NZ/230, 320

BIRTLEY NZ/27,56

BISHDP AUCKLAND NZ/21,30
BLACK HIIL NY/873,411
BLACKTON HEAD NZ/01,26
BOLDON  NZ/36,61
BOLTSEURN MINE NY/937,427
BRADBURY CARRS NZ/33, 30
BRADLEY HALL NZ/109,362
BRAMPTON  HY/53,61
ERANDON NZ/232,402

BRASSIDE NZ/ 290,450
BROOM HILL NZz/294,360
BROOM HILL NZ2/241,425
BROUGH NY/79,15

BROWN FELL NY/587,565
BRUSSLETON N2/204,250

' BURN HALL NZ/261,387

BURN HIIL NZz/065,452
BURNOPFIELD N2/17,57
BURTREEFCRD NY/854,405
CAMBO KEELS NY/934, 384
CARDUNNETH PIKE NY/565,521
CASSOP  NZ/340,380

CASTLE CARROCK NY/543,553
CAULDRON SNOUT NY/814,286
CAUSEY ARCH INN X¥Nz/207,563

CAUSEY GILL ¥z/204,561

9CAUSEY RIDGE® or

"CAUSEY MORAINE" NZ/20,55

CHARLAW MOOR NZz/22,48

e e =




CHARTERSHAUGH NZ/309,535

| CHATTERLEY  Nz/076, 359

. CIHESTER MOOR Nz/27,49
N CHESTER-LE-STREET NZ/27,51
: cm:sm—m-smmm CRICKET
."Gaoum) NZ/277 509 -

 CHILTON 1«4/304,:512

| CLAY SLACK ° NZ/226,551

) ;‘,,;c:LmADON HILLS NZ/39,64

CI.EVISON CURRICK NY/839, 431

- C.LOUG-H DENE NZ/1’74 552

CQATHAII STOB NZ/402, 162

C OCKEN NZ/281,4'72 .

COLD .L'Ji.LIa . WY/606,557
CORBRIDGE. NY/99,64 -

‘COUNDON NZ/24,30 o
COWHORSE HILL NY/818,422
. COWSHILL mr/asa 406

CRAWI.LYSIDB NY/993,402

CRONKLEY FELL 'iw/a4.29

" CROGK NZ/16 36

* CROSS EX:.LL ' NY/687 344
- CROXDALE' POINT NZ/279,386
- CULLERGOATS NZ/36,71L

DADDRYSHIIILD NY/894,3'79 .

) mvmon ' HZ/42,49

.o

_ FERRYHILL NZ/29,33

. DUNSTON~ON-TYNE N2/23,62

EASINGTON  NZ/42,43
EAST DIPTON NY/9659 .
EASTGATE , NY/953, 387

 EAST mmcron NZ/36, 53
EDEN HIIL NZ/22'7 527
EDUONDSLEY NZ/237,490
 EGGLESTON NZ/00,24 ..
ESCOMB . N2/190, 302

FARNLEY HILL Nz/207, 329
FAWSIDE DENE NZ/216,504
FATFIELD NEXARR NZ/SI, 54

' FENCE HOUSES BRICK WORKS

NZ/308,504

FERRYHILL GAP NZ/303,320

PINCHALE BRICK WORKS NZ/288, 409

. FINCHALE PRIORY Nz/297,472
 FINDON HILL NZ,/245,466
' FROSTERLEY  N2/03, 37
 FULWELL HILL Nz/39,60
GALLOWS GATE N2/098,366
' GARMONDSVAY NZ/34,34
| . ..GRANGE HILL NZ/235,293
..., GREAT DUN FELL - NY/710,322
- GREAT LUMLEY NZ/29 49
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. GREENFIELD QUARRY  NY/851,420
‘,GRE}..NFOOT 'QUARRY NY/982,391

* . GROVE RAKE NY/895, 440 '
. HALBWAY ‘HOUSE NZ/O52, 370
;‘T'HAmsms NZ/174,449

}HANM HOWL Nz/zsz,ssz
,._;_HABBOURHOUSE NZ/283,483

o HARGILL HILL NZ/15,33

| HARPERLEY STATION NZ/117,347
. HARRATON CQLLINRY NZ,/290,538

HEDLEY HALL Nz/222,561
HEIGHT'S PASTURE NY/93,39

' HELLHOLE nz/21,54
" HELME PARK NZ/126,368
 HIGH CUP GILL NY/74,25 .
* HIGH HOUGHALL NZ/279, 396

HIGH TWIZELL N2/222,526

" HOLME COTTAGE NZ/065,368
.. HOUGHALL COLLIERY N2/262,406

hoUG:ITON-LE-SIDE Nz/zzs,zla
HOU‘GHTON’-LH.-SPRING NzZ/34,50

% HOVDEN-ON-TYNE NZ/33.'66
' HOW GILL NY/571,549
. HOWN'S GILL N2/10,49 -

I -

LITTLETOVN.

HUNWICK STATION NZ/199,326
HYLTON NZ/35,57

HYLTON GORc}E NZ/346,562
IRESHOPREURY. NY/867, 386

.. “JARROW NZ/33,65

JOB'S HILL ""Nz/174.351
-J'UBII.EE BRIDGE NZ/209 343

| KEPIER NZ/283,433
: m:am.nsworam Nz/24,57

KILLHOPE LAV - NY/819,448
KNITSLEY See HOWN'S GILL
KNITSLEY FELL N2/10,34
LAMBTON CASTLE NZ/298,526
 LAMESLEY NZ/253,580
'LANGLEY MOOR NZ/253,407

. LIMEKILN GILL N2/477,382
~ LINDISFARN ¥2/080,462

B * “LINTZFORD - NZ/150,572
| LITTLE DUN FELL NY/705,330

.. N2/339,433

LONGBURN FORD NZ/072,447

- LOUD HILL - N2/157,517
__ LUMLEY CASTLE Nz/287,511
' LUMLEY HAUGHS NZ/283,515



. -, NEWTON CAP COLLIERY 1Z/203,308
. NEWION CAP FLATTS NZ/208,306
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.MAIDEN LAJ N2/RE 173,497
o IIAIHSFORTH COLLIERY NZ/307 315
MAINSFOR’I’H HALL Nz/314, 314

HARLEY HILL N&/210,574

. MARSDEN N&/40,65

. 'mAL BRIDGI.‘. NZ/300, 350

| MICKLE- FELL = NY/806, 245

. MIDDLE ELACKDENE -NY/877, 386

. MIDGEHOLIE NY/64,59 e
";noozwm STQNE mr/ele,ass
 NEASHAH NZ/334,105 .

N2/310, 313

 NEWFIELD N2/206, 335

" NEWTON GRANGE Nz/278,457
B OFFERTON Nz/344, 553 
~ """ "OLD DURHAM COLLIERY = NZ/293,416
. " 'OUTBERRY PLAIN /94,33
" OAPASTURE HILL N5/198,552 -
- PAGE BANK NZ/233,356 -
_ PELTON FELL Nz/24, 53

PENSHAW - NZ/33,54

| PENSHAV HILL N2/334,543
' PITHOUSE FELL N2/21,40
. " PITTINGTON' - N2/33,45 i

A
R

' ' SHARWBERRY GILL NZ/OO, 31

PITY ME Nz2/266,456
PLAWSWORTH N2/265,480 ’
POCKERLEY HILLS m/zzv,sso -
PONTOP FELL HZ/].50,528
POPPET HILL NY/956, 423
QUARRY HILL NY/991,3’79
QUEBEC NZ/].BO,43'7

. RATNTON N2/33.47
RAISEY NZ/35,35

RAVIINSWORTH CASTLE HZ/232,591.
REDGATE HEAD .§Z/096,382 ,
RED ROSE COTTAGE 112/2'78.504 |
REDWELL HILLS N2/133,520

. RODDYHOOR COLLIERY Nz2/152,363

ROGERLEY HALL NZ/018,372
ROGERLEY INTAKE NZ/027,380
BOSE HILLS NzZ/225,530

ROUGH LEA COLLIERY NZ/l94 334
. RO /LEY BURN NZ/1'72,421

RYHOPE NZ/41,53
SACRISTON K Nz/24,47

. St.. JOHN'S CHAPEL NY/885,380

SAL"’ERSGATB NZ /077,426

k

EERBU'RH HILI. NZ/34 42

o sm:m)oxsr m/z:s. 27
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i‘jdeoRNBOhOUGd NZ/008,645

- N2/290,406

. SHI TTLEHOPE EDGE NZ,/010, 385" -
\f,,smcswa&m | NZ/38.53 |

o SUTTHY DEI\IE nrz/245.495 =
SPENNYMOOR NZ/25 33

» STANHOPE 32,/00, 39, .

' STANDAGAINST ALL . Nz/104,472
N ‘STCM.}:I,OUSE':NZA;&’?AzG; |

| SWAN HOUSE NZ/304,323

_ 'TANFIELD LEA 1Z/19,55 |

' TARNMUNATH FELL, NY/586,545

mcmy NZ/266,579
'mEAM VALLEY THADING ESTATE

BORING NZ./ 245, 605

o THINFORD CLOSE. NZ/302,348

-

TdRISLINGTON N2/307, 334
“ LIEDALE m mf/sl.sv
TCM LAY . Nz/12, 39.

TRIBLE’Y - NZ2/240, 5_10 .

&

- N2/003, 384 o

- SUNDERLAND BRIDGE NZ/265,377.

q 10 JUN1966“_ ‘

stk

. WESTERTON °

_.USWORTH NZ/31,58 . -

WADLEY. BECK . N2/127, 332
WALDRIDGE FELL ' N2/25,50

. WARCOP FELL  NY/78,20
.. WARDEN LAW NZ/370,506
' WARREN HOUSE GILL NZ/447,424

WASHINGTON N%/32,56
WEARHEAD NY/858,395

WEST AUCKLAND NZz/18,26
| WEST ELACKDENE NY/867,301 -
 WEST BUTSFIELD NZ/102,450

NZ/240,310
VESTGATE NY/91,38 - :

| VEST HERRINGTGN N2/35,53

WAITBURN Nz/41,62

. WHANGDON HILL N2/440, 341
. WHITEHALL MOSS N2/07,46

WHITE HOUSE' (EASTGATE) NY/gso.:sz

- WILLINGTON NZ/20, 35

WITTON-LE-WEAR Nz/ls, 31
WITTON PARK NZ/17,30

| - OLSINGHAM . N2/08,37
. WREKENTON ~ N2/ 27,69



