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ABSTRACT

The Lincolnshire Limestone Formation (Bajocian) or eastern Bngland

has been studied from three standpoints. biostratigraphy', lithostratigraplq'

and envirorurental analysis. Newdiscoveries and a revision ot earlier

ammonIbe finds have permitted a re-a.s88ssment ot the tormation's age)relatin

to the standard Jl.n"assic ammonitezonal acheme. Three distinct aJIIIlonlte

faunas, representative of the disgite' ZOM, and mlil and luyiuscula

Subsones of the laeyiuscula Zone, han been recognieed. It baa theretore

been possible, for the first time, to subdivide the tormation on the buia ot

its ammonitefaunas. As neither the lowest nor highest lithoatratigraphia

units have so far yielded 8117ammonites, the minimumand maxiJlulaage.s ot tbl

Lincolnshire IJ..nsstone remain unreaobed.

The lithostratigraphy of the tormation MS been compl.et.l1 reT1eed and

eleven "formalised" memberspr cpceeds Sproxton, Greetwell, l8adenham, Lincoln,

Scottlethorpe, Lindsey Shale, MetheringMm, Blankney, Castle s,tham, Sleatard

and CrAeton. The base of the Lincoln Memberis considered to be or

fundamental importance in the internal correlation ot the rorDllltlon. It ha.

been used as the datum level tor all correlations. Aa the bouzumr7betw"n

the ammonite faunas indicative of the disc1aa and la.xuiS9uJ• Zones appear.

to coincide with the base of the IJ.naoln Member, it IIIS1' veIl be a s1gn1t1oant

biostratigraphic, as well as lithostratigraphi:c diTide. Although len.

certain on present evidence, the base or the Sleaford Member-1 also pron

to be an important biostratigraphic boundarr, eeparating the ammonite tauna.

of the ovalis and laeyiusoula Subzones ot the laey1uacula Zone.

Analysis of both sedimentological and raunal criteria has permitted a

number of environments to be recognil!!l8d. In br08d terma the transgre.si ....

Lincolnshire Limestone sequenee bas prograding tidal-nat rhythJIs and

"lagoonal" deposits erosively overlain by barrier-oomplex sed_nts. Various

sub-environments} including barrier-inlet channels and barrier-island sediments)

have been recognised within the barrier-complex.
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OHAPTER I

I.l. ARtS AND soom OF RESSARqH

ASms At B!"'KAbI.l.a.
The principal a1m of this proj e haa been to de lop a ooherent

litho tr t1gl-apl\Ytor the L1n.oolnah1re L1maato1'lePortion of the Middlt

J a ,10 of as I'll England. The w 80be 18 1atended to olaril.)' t

neralia d and. impnc1lel,- defined atrat1paphie. ot e&rlal" w_kera

Cl • Sylveater-Bracllel, 1965, tor review) and to replace their Ul'lwield:r

and conbo d1ctary- tarminologie' with a ,:lmp11t' cl, coheren nomenolat

In ddltlon a detaUed rev1aion ot tbe ammon!: fauna. ot tbe tarmatton

ba, been unci rtmn and be ,vat!«raphical position ot the .. forma H-

..... edt Ora the be. 180t th18, a new 1n.ternal blostratlp- Phi' ha been

erected tor the L1.mestOl'l8and a : tter del'atandlDg of the tor t10n t,
position 1n. he I anc1ardlaed Jur ,10 sou.l lObe· has been gained.

P1nalq. the carbonate laole."pre n cl 1n the tlon ha en

anal1aed and a ape 1 ional h1atory- outlu.d. The env1ro n 1 inter-
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-pretatlona have be n ba.d upon both d ntol 1cal Dd faunal

crit r18..

The .t4ncoln hire Llme,tone cr'o_f.$_~t aa a l_ar bel r\1Bl11ng

northward, f'ro KG .ring, Nartbampton8hb'e 0 the Humber E tUlU7 (Fig"l.

1). It is believed to con"inue 1nto Nor h Humberaid &s the Gave 0011te.

Between SOUDharpe end Sleatcrrd, the L:1ncolnsh1re L1mesto cape the

westward faoing escarpmen called tbe IIL1ncoln C1Ul", but further ou\h

1; e outcrop bee s less well defined, widening and ew1ng1ng :va, tr a

harp Ilarth-aouth al!gDmnt to a north ... at .. louth-west end.

Eool'lom1callJ' the at ' la explo1: d tor cement utacture,

agrl.oultw 1 1 , building stone (the ArleaBt r and Clipsham Stones) and

low-grade roads one, Such wtd. use haa resulted in the excav tion ot

number ot quarries whl.oh, with a tew railway cutt1Dgs, provide tbe only

exposures in tha tor tion. There are no known natural expo urea. Open-

cast 1n1ng tor the derq1ng Northamp on Iron. one (F1&.l.2) tormerq

r aled n 1"0 ta 1ft the Lincolnshire one 111 Northampton h!.re

and south Linooln bjre/Ie1ce t-erBb!r but r cen l¥ be so h L1ncolnshSre

ironf1eld ha. been abandoned and oat ot the workings restar d tor

agriculture.

I.l.c.
The Lincolnab1r Lime. one constitutea he h1gheat t· ma ion in

the joo1an.ue .a10n ot· Ea., Midland (F1g.1.2). Prior to th

work ueh or th t
Zo ot the lAwer Ba30cian (Ken, 1966, Bar r nd Torrenl, 1971. Sen10r

nd Earland- DD tt, 1973, Par on , 1974 J bu

but a rev 1s1on or the

a180 Par.ona, 1974b),

his ot to be

The ranae or the d1s91',' Zone faunae in t. Limaeton ha bean how '0
be tar ore restrict d han prev1owJ17 thought and to be sucoeeded by
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other tunas, 1nd1cat lve ot the fIhigher" WY1uacula Zone. The.. also

19n1f'r a Lower Bajoc1an age. However. t.here 1 stll1 no evidence to

support the view of Kent (in Sw1nnerton and Kent, 1976) that the Great

Ponton Beds (uppermos' L1ncolnahlre Limestone) represent still 7Gunger

levels. Indeed the l1thoatra !graphical relationships or th Great Ponton

Beds suggeat that the,. can be correlated with beds elsewhere that haw

deth1ltely been ehown to belong in the laey!U!ou], Zone.

The L1ncolnah1:re Limestone forms the principal carbonate unit

in the "m1xed tacies beltfl, 'Which ke. up the M1ddl Jurassic or the Ealt

Midlands baa:f.n. Arksll (19S3, p.210) coneid red the formation to be a

"lena of lime.tone". appe8l'1ng just north ot Kett rlog and th1ckening to

approximatel1 40 .tres at Great Ponton, near Grantham, before thinning

agalo towards the Humber Estuary (Fig.l.S). Although he variatlona slana

the atr:1ke .ction are relatlveJ.sr w 11 known, the coa.t'iguratlon of tbe dip

section remain. unre.olved beoa the estern limit ot the formation 18

cletermined by present day erosion, whUe eat'Wards the Lincolnshire L1me-

s on dip und r 10 r strata. D!lsplte this, some ot the tor tlon's

jar hinning trend oan be determined from well and borehole 1018 (Fig.

1.4) • Morer centl,. the de. a gained from the North a 011 exploration

( en, rso 1 0 un1c tlon) ba. shown a ner 1 astwal"d th1nn1rlg of

the Limestone,sug tinS that ths Lincoln hire ston II a" was

probab!,. it ted 1n N.E .... S.W. al18 d gulf'. This, probab13 shallow

gulf, va. bordered to t nor h by- the Ywksh1r Delta d to t outh

by tb low-l.Jr1ng lA) don Iandma.s. H st rn (? land) and eas l"n

limits are leas certain. The generalised review ot he g 010gical history

of the North Sea b,y Z~gl.r (1975) sugg.et. thnt t t1noolnsh1re Llma tone

probably tor d a

details at tor tional level tU" not f'ul13 knew ,yet tor the North Sea

area (K nt, 1975, p.447).
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Genet1cal13 the formation torm marine 1ntercalat1on bet.en

the more clastic-rich, paralic Grantham Formation (tor rly ItMtr

Estuarine Series, • Kent, 1975b) and Upper Ea uar1ne Serie8, reflecting

he transitional Da UN ot the ~Sion a8 a whole between tbe delt 10 1'acl8s

ot Yorkshh'e and more open in conditions ot outbern England. H vel"

1ft ll8ither ca .. are the r lationehips between the Ea t Midland. ba.:1n and

tho .. ot Yorkahh"e and Southern England o18ar13" knOWll (F1g.1 •.5). To the
.aarth, the HumberEatU8l7 tarms a natural break in outcrop between

L1noolnah1r. and Yarkah1re, wbldh ls emphasised b.Y tbe poorlT-expoaed

ftatUt". of the Jur e le quel1Ce diat l.y to the north and south ot the

vat nay. Deep!, thu. the Cave Oolite haa long been cOllsidered, OIl

lithological O1"iter • to be the North Humberside equivalent ot 'he

Lincolnshire Lime.tone (M Beer et al •• 1958). a oo:rrelailoft sUPP_ted b7
the disoOft1'7 ot a Hxperlignrl. rslWl!gi$11 S. Buckman friom the Oave

0011te at Eaatf'leld Quarry, South Cave (SE 915325) by Senler and Barland-

Bennett (19'7S). HoweverParsons (1974b) expresHd cona1de1"ab1edoubt .a
to the val1dity et th1a a onit. -,a identUic tlon Md tbereto.te, in light

of' the ftv1alon ot tbe bloatr tjgr phy or the Lincolnshire Limestone, tbe

pr.c1le Cave Oolite - .Lincoln hire Li.me8to.ne oarr.1ation uai 1"e in

unreaolved. The otber mar1ne horbons in the Yvtshir basin (

R lIingwq, 1974:), vh1ah I118J'reflect tru8g1" a10na of' he Lincolnshire

u.stcu .. a into Yorkshire, have not 80 tar yield d fr7 ~lte.

(He inpay, 1974, p.193) and therefor pl'iopo cl oorrelations with the ..

unit. re in largelT .peoulative. Rowe r, on the baai. or 08tr cod

tuna., te (1967) a geated d c lations tween the Hydraulic

t1meatone/Eller ok me hOl'izoA and the Lower L1ncolnah:t:re

and between tM Mlllepore aecJ/Whltwell Oolite; Yons Nab Beds .'d. Ca,"

Oolite nd. the Upper Linooln hlr at (Fig .1. 6) • FUl"tbel' ., be

(Bate, 1961) ola d t t the Scarborough atone was yo er thaa the
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L1ncoll'1ah1re .to ,an opinion that hal reo ntly been UPP01'ted by

mmonite n'idenae (Parsons, 1977). However, Knax: (1973a) auggested that,

on field relationa, tha H7draul1.c Limestone was unl1kelJ' to be equivalent

to the Eller'beck Formation and that the initial L1noolnsh1re L1.meatobe

was more 11k 1y to be r fleeted (north or the Market 'W ighton atruoturt) by

tm BlowgUl Member or th Olcnlghtol1 Formation eMe Hemingway and Knox, 1973

tor stratSgso ph1cal details), tbe Ellerbeok marine horizon not being

developed in Lincolnshire.

The southern boundary ot the L1ncolnshire Limestone appro.x:1mateq

coincidea w1th th Oxford Shallows (S71 ster-Bradle,., 1968). The

complicated stratigrpb1cal relationships in this area make it ditt1cult

to determine wh ther there waa a mar1ae connection between southern England

and Lincolnshire at this time. At no point d s the Lincolnshir L1me tone

paas laterally into ahoreline deposita, and 80 the real limits ot the basin

re in unknown.

1.2••

REYRtWOF m;;aOUS BESEAROH
IntEQduct&.pn

Previous 'It' aroh on the L1noolnsbir L1me.tone va larg ly

oarr1ed out in two distinct period I piane r work in the middle to la"

19th oentUl7 reve 1 d the overall strat1graphl.oal relationshlps ot the

tor ticn, wbile 1n the 1930 - 1940a the internal relat1cm8hlps ot the

L1me.t01l8 were more tul17 examined.

Althouab thi .arl1eDt studies on the tar tlon 1"e by BrOdie

(1853) and Morri. (18SS), 1t va not until the 111 penGAt aroh ot
Sharp (1873) and Judd (1875) tut the Interior Oollteag. of tbe !J.nconahtr.

L1.mastODIwas 1nd18put b~ •• tabllahed. Morrie (1853) had a'l1gned it to

tbe az. at Oolite, whUe Brodie (18&tS)placed d1ft.rent pO-'s of the

L1naolnshir. L1.me tone into the Inter i~ nt1 Great Oolite; ptaot1ce
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apparentlT followed by Morria (1869). !at r wOJ'k (Croal, 1815, Juke ...

Bl'owne, 18&5. UI her tal., 18S8, and U•• her, 1890) contmuad. the. aq

caumulatlon ot lithologic 1 end taunal d.etaUa, wh10h were coUated 111a

valuable synthesis by Woodward (1894). Outstanding amongst the. earl5er

coatributlonl were the soholarly' works ot Sharp (l8'l3), Judd (1815) and

Ussher (1190) t who UDra elled tbe complex facies ot north Lincolnshire.

As mo tot tha earlier worker. weI" concerned with establ1ah1ng

tho over 11 str t!graphical position ot the Lincolnshire L , l1ttle

attention w s paid to ubdiv1d1ng the tor tion. Howe r Uesher et al.

(1888, p.44) and tJ hal" (1890, p.S9) otf'ered tho fh-et cogent internal

olae 1ticatlon or th t.. tion tar two er a8 in northern Linoolnehke

and on the baau ot theee, suggs,ted a oarrelat1on between tbe two quenee_

(Fl£.1. 7). later Woodward (1894, p.174) .. dend all the prevlousq wsed

t.rms tor tbe .ubdl,.Uions ot tha Linoolnshire L1me to into broadq

equivalent stratSgr ph1cal grouping (F!g .•1.8).

Atter thie ear17 work, the L1ncolnsh1re L1mestonls negacted

tU the 1930s, when beth iDdapend nt workers (Richardson and Kent, 1938;

Richard_on, 19Sge., and 1940, Mldr-Wood, 1939 and 1952, Kent, 1940, 1948

and 19S5, SW1nnnon and Kent, 1949J and Hallam, 1954) and the Geological

Survey (HolllngwOJ."th and Taylor, 1946&, 194Gb and 1951; '1'83'101", 1946;

WU on, 1948J and Enns, 1952) contributed a r1"ofusion ot taot and !deas

conoero.lng the correlation and au.bd1v1e1on of the t tlon. ne.plt. thi.,

no tr1ll1' coherentatrat1graph1cal sohe , be. d upon detaU d .s ed

seotion , w s. l' published. An outl1ne atrat1gr p!v' " • ptopo .. d b.r
Kent (1940), wh described the geaerali d Ducca.aion and 3or lateral

~ cSe. variations. He (1940, p.Sl) allo dUc.led the ea- or tha t. tion

in the 11ght ot the ore re nt nit dlsoover:tes (Battera, 1915$; ker,

19M) Kent and Baker, 19158; and Richardlon, 19S9a) ud, above all, (op.cit.,

P.t9) r.o n cl the oorrelative value ot AcU1iautl'l1t cos,i (J. II Walker).



007

The Croeli dl vare the t1rt cOllautently traoeable hen-ilia in

t. t1on. Throughout his work, Kent (1940, p.49) genaroU8~ aoknowledged

the debt to Hr. L. R1chardson, who, judging fro the dSaSl"a tu t published

in S,.lvester-Br d18y (1968, t1g.42J • Fig.1.9) and his tSeld reports

(Richard.on, 1939., 1939band 1940), had a considerable uader tanding of

the internal str.t1graplq' ot the Linoolnshire IJ.meston.. It 18 to be

regretted that neither ot the en published th tull details ot their

work, a8 theT could w 11 ha mnced our und· l"etandtng of the Linoolnshire

I..1rntt.tone well beyond that which was evident trom t 11" writ!n ••

The Geo1oglea1 Survey work the L1ncolnsh1:re L1mstone \la a pin-

ott tro tb study at the NorthamptGl1 Ironstone. N vertheless Holl1ngworth

and 18.1'101' (19S1; • also 1a,r101", 19625) produced an 1nt rnal trattgrapq

tor the tor tim ot south L1ncolnshtre, le1cestel"shtte (Rutland) and

Northamptonshire whUe th l"elati.onships or ,be faoies en 1n nVa1

L1noolnsh1re were s i.cl by Evan. (1952).. Furthermore 1'81'101' (1946)

de oJ1atrated the existence at xtens1 , lsr -scale ohatn~ell1ng ot the

Upper lnto the IDwer Linoolnshire Limestone in Northamptonshire.

This period or re.arch conoentrat d upon the proble ., ot ub-

di~1Dg the Linooln hire Limestone and despite the proliterat1on of local.
and orten oontrad1ctor,., stratigraphicl .ter"M.s (S,.l star-Bradle,.. 1968),

the vork at K I1t and R1chardson ptOO'9'id d a bit 18 tro 'Which turt r .,tud1e.

could be d loped. Further ON the ammonit evidence collated by Kent

(1940), aDd the pre1!m1Dar,. vork on the brachiopod fauna by Muir-Wood

(1939 and 1962) began to live r11' r ide or the age ot the t tlo:n

within th Interior Oo11t••

at r, Kent (196S) comp1et IT revised andtandardlHd the

.trat1grph1 1 n nalatur. ot th Lincolnshire Limestone and reviewed

much ot the palaeontologloal avid nee tor the ot th t matlon. '1'he

new ter 11101087vae dopted, w1th on.1.y !nor od1t1cation., iD, aub"quent
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work (811ft_ter-Bradl '1, 1968; Kent, 1970J and 111Swlrul rton and K nt,

1976; but .. 8 Ashton, 1915). Advan _ re also de 1n the dat mg of

the Unoo1nah1re ato (Bate, 1967; Barker and Torren , 1971; Sonior

and Earland-Bennett, 1973, and Par ons, 19'14b). On. the basil ot oa~acod

fa. • Bate (1967) .ugg ted a broad correlation ache tor the Lincoln ...

antre L.imestcm and Yorkshire 0811te (Fig.l.6), but the results ot th1a

atud3' war rather inoonclusive. However, Barker and orren (1911)

reparted the tind ot an anita t t prov-ided tbe tirst real ev1dBnce tor

the Bge of the .t.wr L1noolnsh1re Limestone 1n Northamptonshire, and Senior

nd Earland-Beanet\ (1975) produo d what appeared to bt1gn1t1oant

onite eviden tor the dating of the Up r Linoolnshire "

H ver, ParBOilS (1974b) quest d t validitY' ot mueh of t

8t •
work ot

Senior and Earland-Bennett (1973), whioh has ub quentlT been shown to

be mostly inaccurate (Ashton, 1976, and Ashton and Parsons, 1n prep.).

Con quentl,y the apparent advances d by Senior and Earland-lennett (1973)

are now known to be larS 11 spurious.

I.2.b.

'l'he pioneer works ot tha last cent'Ut7 were pt" .. ilT concer ell

with und. atand1Dg the overall tratigraph1c 1 relationship of the

tor tion and, xc pt tor Us.hel' tl. (18Se), Usher (1890) and Woodward

(1894), DO lo.ternal aubd.lvl 10 ot the L1ncolnshir. at v at mp d.

In oontra t, the oond pba ot wwk on th tor t lOA cone ntrated upon

thl ",ery aspect and a number of ge ral16 d scheme v r propo d (Kent,

1940, Hollingworth and T.,-lar, 1951; Riohardson 10. Mu1r-Wood. 1982 end

£1& .42 111S;yl.,. ter-Bradl.Y', 1968). The effort. were hinc1ered bT the

lack ot correlatlveq useful tos U and the complex! '7 ot the taeSe.

re lat10n hips.

I.2.b.l. Uuooln h1re tan is oharaoter d. by a B~elty

ot emit •• (Arbl1, 19$5, p.210) and theret the tor t10n lar l¥ lack.
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the prinoipal ana by which reliable internal. oorrelations can . de.

Until l"ecentl¥ tbe tewonltee that had been d1 oovered were all thought

to repreMot a s1ncle zona (the 9leAla. Zc>n ot tb IDwer Bajocian,

Kent, 1966 tar review of arlier finds) Barker and Torrens, 1971, and

Senior and Earland -Bennett, 1975), and therefore a subdivision ot the

tor tion using ammonites seemed probable. However th18 via", was under-

min ClbJt Parsons (l974b), who ch_d that the 0 (BMNH0 39337),

from Ca tle Bytbam (Richard on, 19398.), bel-ong cl to the ~1ilW"

and as sucb w 1ndlcative ot the 9YQl1P Subzone of the ~~~=a. ZOD ,

'Whloh1s the n xt 10UDge t joc1an zone aft r tb

Par,aon , 197 tor detail ). Ther tore the L1noolnah~

( Et

tone
apparentl1 could be 8ubdlvid d oa the basis ot ammonite , e oontention that
haa been aUPPOl't d by'ub quent re arch (Ashton, 1976J A hton and Parsons_

in prep" end e Chapter III).

Although muob prop ss has be n made :in developing an hte,rnal

blostratigr pb;y tor the tor tian (Chapter III), the relatiw s08l"oity of

on1tel re ins . major h1tldran to the oorrelation ot nta.nT ction.

Furtbel'lIIw the young t horizons 1n the Lincoln h~ Limastone have not

o tar yielded an_y ammonite ad therefor ev n the mod1tied b108tra''~

grapbic 1 che pr. nt d 111this the 18 (Ohapter III) rein :maomplet.

In the b. noe ot anites, oart' lat10ns ver tt mp d using

orobenthonic group such.e brach1opocls (Muir-Wood, leSe nd 19S2, and

K nt, 1940, 196 d 1967), gastropod. (Huddleston, leae, p.75; and Cox in

Kent, 1966, p.62), bt 1 • (Kent, 1966, p.6S) and" ala (lent, 1966, p.SS)

ad, 1n ODe oa., m1oroto •• Us (Bate, 1967) '. For example, Kent (1967)

oorrelated tho btl S 0 at tbe SoU rt:Ultl Qtw1:tT,

Olipshall (SK 978154) witb the hRoadat Il d at Castle Byt (SK 990180,

Richardson, 1959 , p.4S) on the ha 18 of tb 00
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geAleE!i wllstor4lnlH Muir-Wood. S1m1larlJ the Barnaok Rag, weldon ds,

ARea.ter Rag and Great Ponton Ga tropod Bede were aU thought to be

1 ter 11y qui lent beoause they oontain d, Uar l:rachlop04 and gastro-

pod ta.Ut'la (Kent,. 1966, p.62). However, the most useful roasll tor the

tar tion'a internal orr.latlan prO'Vedto the 11 rhynchoDeU1d

M8Stbpthj ru FO!e. (J.F. Walker). Ita importance a8 a kar was tArat

r.cognls d by nt (1940, p.49) and further .mphaa18ed by Holl!.ngvorth and

Taylor (1951).. In a gener 1 war it doe apPllU" to be val ble k$r tor

th 1ddle ot th tor tien (t Cro 1 Bed ), Itho h AterHg~occur8 at

1 1, ot r than tho noompa- d the OrOI i Bede (Hollingworth and

T 11or, 1951, p~18}aad 1n d,taU .ven the Oro 1 da do not tOl"m ..

distinct stl" t1graph1c un1t 1n th mselv • On the oontrary,. the Oro .1.

ds (with abundant 0 1)oooupy part or at lea trout 0 -arly

d1t~ rent1at.d lithostratigraphic unit, although it true that the are

all oonoentrated around the middle or the t tlon. Thar rOt" Kent '.

(itt S innerton nd Kent, 1976) bel1e!' that A, 2£01.& ls anxaellentmaJ'ker

11 accepted heron the und r te.nd!ng that 1 (in abundanc )

indicates an approx te stratigraphic le 1 onq.

a1ties th proble lnvol d with . and the oro a1 Beds,

ther are number of drawbaok invol d 1n ccepting other correlatlcms

gest d b7 tb benthonic fa • Firstly, the j 'ity ot t· taU!las 1ft

the LindOln hn tane ppear to be faoie -related, and oon ntlr

tbe carr lat10 ot lndtgenoua t una 18 r lly a oorrelation ot 1 ...

envir nt, which or may aot be ot similar age. The It .. a.l.

gaatropoda Q such taoitJa- la d group. Secondl7, as mant ot t

.tropod and br ohiopod ocourrenc 8 ..8 trOllspOl"td ta~., t 1 t nd

to reflect th local· d ntaticnoond1tlon r thaI' t n ,tr 19r ph Iq
UI.tul faun 1 u.cc a 1ans. This 18 eapeoialq .0 when on con. idol' that the

enolosing lithological unite ooncer d in IM11)' 8uch acnel tiona (tor.ample
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tho d1scuued by Muir..Wood, 1952) er ost probab13 t -I' .atr1cted,

king .1gn1t1onnt volutionar1 ohana • unl1kely. Indeed Bate (1967)

bel1eved that tbelatS: 17 rapid depo ition ot the L1ncolnsh~ L1me tone

did not allow tor ign1t'1oant evolutionar1 oha.Dge' to take place 1n the

e tr cod fauna, which ar to.1r~ unUm- throughout the whole or the

tormation. F1nal~, when exam1ned m. d taU. ~ ot th propo d correlation,

do not ppear to d on total17 BOund criteria. Far pla, it re 1.

no olear evidence in th wark of Muir-Wood (1952) that attempts re da

to collect brach1opodetram horizon other than tho e w r tbet ooour

prol1t1calIT. As allot the horbons weI' known (or suspected) to be at

approx teIT the samo level (Kent, 1940; and Muir-Wood,1952, p.l15) :Q

g neral litho tratigraph1cal ground , it is realIT not so surprising that

the braohiopod auna (which are all der1 d) ppeared similar. It would

have been tar mar valuable to know whether these 8lIl8 torm OOCUl"ftcS at

other levels 1n tbe Linoolneh1re IJ.meato and 1n d1f'fI rent t c1.l beton
any importance w attached to their appa.rentq reatr1ctod occurren in

the uppermost Li.noolnsh1re L1me tone (Kent, 1966, p.S?).. Oerta1nly Muir....

Woed (1952) pr nts little vidence to uggeat.. parat1OD. ot the Qlteat

Ponton and Ge tropod d le la on tatUUllground ••

In tact tbere e a little ev1dence 1n the literature to :retute

the oonclusion ot S,1 .ter- adl y (196B, p.2lB) that, It ••••• (L1noolnsb1re

L1meatone) pala ontolou ha. been so little tud1ed that correlation 18

almost llmited to th reoognition of the Oro.1 d and w n this bed

pre ente proble ••••• ~.".

I.2.b.!i. W.1ibolOS&e.J The I4n.oolnsh1re L1meatoM 18 tJ'p1t1ed by what

Arleell (19S". p,,210) t r ci, n" .... bewUderhgl1 rap1d and treq nt change.

of taos. , Deap~ thie, n 80 of the earl1e war.'laIra (U blr

et al., 1888, u. her. 1B9O, and Woodw cl, 1B94) propoMd lithological

con-elatlona (F1&•• 1.7 Dd 1,8). ahowlD« a remarkablT advan et un.deretancU.n~
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of the rao188 rtlationships. HO\rIOv1", it must be rem be cl tha.'b the

aynthelll at Woodward (1894) "lied be vlly' Up the 'Nark ot Sharp (18'1&),

Judd (lB75)t U ar et al. (1888) and Us.her (1890).
untartunate17 this aarlir 'Workwas not add cl to unt11 the 1930s,

when R1ohardao (1939, 19~9b and 1940, and He also R1chardson and Kent,

1958; Muir-Wood, 1952, and Fig.l.9), Kent (1940) and to a les r extent
Holl1ngworth and T lor (1951), d veloped . ry similar trat1grapb1ea t

the t1neolnsh1re LimJatone. Although Kent (1940, p. 9) aoknowl dged the

oontribution ot Riohardson in the d v lop nt of thl work, it 18 app nt

tram later 'Work (Muir-Wood, 1952; and Kent, leeS, pp•.62...S2) that the two n

dl4 not agr e on all point.. In part1oular, tar tram placing th Upperl

IA:lwerIJ,noolnsh:1re Limestone subdivisions 1nuMd1& l3 aboy the Ox'o 1. Bacta,

Richardson (see Muir-Wood, 1952) vas 1a favour of <9raving it batw en the

Anulter Fr stone/Ancaster Rag le Is at Alles-ster (. • Riohard on, 1939b,

p.4?!), although no such twotold division ocours on his 1939 cro'ot1on

draft (F1g.1.9). The relative marit or these two arguments are disoussed

in Chapter II. What ls commonto both of' the workers is the cex-taint,.

that th l' attaoh to the later 1 tr&! abilitY' or th .tDwer Uncolnsh1l'e

L1meetcne subd:lv1ei and. the unoert 1nty ( e Kent, 1940, £ig.1 and. 1966,

F:!g.2) a.eociated w1th the correlation or th hig r unlte, in part1cular

the Anca.t r Fr 8Stone and Rag, the Gr. t Ponton ds and the Clipsham 8J'ld

'Weldon Bede.

De pita thea advanc mad bt Kent (1940). the t 11ure to publ1ah

Q1 a8~ed. otlon8 Oft which the strat~aphloal subdivision. re detiDed,

lett the prOpOI d terminology without a lithologieal framework and

con quentl,y de ua4 t work. I_vit bIT in the b n ot t d t,rpe

ction., the atr t1gr phy vaa ,ne r rigidly applied b;y lat r workes'

addltl 1 • ware reo d to!' s unit (Hol11bcworth atld Tqlcr, 1951).

E18'" mia-interpret tione ot Kent's sw t1&raph3' r.sulted in'ftJl
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1'tmdamental dlvlsi.s like tUpper/lor Linoolnshire bo1.U'l.dazo,

in central L1ncolnsh1re baing r.-d tined in such wa;y that ltoctltn.cU.oted

all previous vork (Evans, 1952). Oon quantq the strat1graph1 be0aJJ8 van

more confused and imprecise and the nomenolatur urmeoessar1J.y co plicJa:t;od.

~ls situation remained until Kent (19SS) reviewed the earlier terminological

usage and proposed a standard1sed ache (op.olt._ rig.l). However, Kent

(198S) aga1a tailed to base the I' vised terminology upon ured otion.

and th 1l1-det1ned, localised no no1atur-e persisted.

tater workers (Bate, 1967; Barker and Torrens, 1971;and Sen10r

and Earland-Bennett, 1973), more coneer.oed 'W1th the bloatrat1g;r phloal

relationships of the L1ncolnshire stone, tend et to adopt the $cbe

propo et by Kent (lOOS), Ithough Syl st r- adley (1968) suggested 80

m1nor mod1f'1cations. However the problems 1nher nt :tn try1ng to applq a

generalised Icham, like that of Kent (1940 and 1965), to speo1tic ~ct1ons

became only too apparent :tn 60 of this later work. For xample, 1n

outlining the atrat1graphV ot Wooltox QUaJ;'ry (SK 9&1156), us1lJg the 8Che.

ot nt (1966), n10r and Earland-Bo.n.natt (197S) not onl,y mie-identUiad

the aubd:iv1s1ons but even oontused the Upp r and IDwer Uncolnsbite L1ma-

tone ( e discussion in A hton, 1976) J in that part1cular qUl!rl7 the Lower

L1naolnsh1:r Limestone doe. not oonform to Kent t neral! d stt tlsr pl\Y.

Therefarej althcugh an 1nternal stratigr phy' •• 1sted tor the
Linoolnshire L1me tone prlor to thle work, :its Ul-det'1nlt1ca rend red it

lareely unusable fer more detailed work, and a p ted th .d tor ita

rev1sion.

T Interier Oo11t. age or the Uncolnshlre Llmest Format ion

va independently stabli.sbed on g ner 1 at unal and avat ~ ph1clal sro d.

by Sharp (1873) and Judd (1875). H ver, 8 the 1rnpor an ot ammon1: 8

pparent ( • Arkell, 1933 t01: hi tor1ca1
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r viev), it vas obvious that they oould be d to retine the ot the

UncolnehSre ton. tJatartunateq th tormation ppeared to be

pr ct1ca117 barren 01' pba10pQd and there tore it subdivision and

correlation were impeded (Ar_1l, 19 3_ ,,210). More receftt~ tilo-ugh, fNlh

on!: disooveries ha en made (B r and Torren , 1971, Senior and

Earland.-Bennett, 1975; and Ashton, 1976) and the s1gn1t1canoe of ,be ite

(Parsons, 1974b, A hton, 1976) and Ashton and Parsons,

111preP.) in tbe light. of ore modern etrat1sr p!l1cu work (Parsons, 197 ).

This 8 result, d in the trat1gx"aph1oal po 1tion ot the Lincoln hire

stone being or tirml3' understood.

..

Lincolnshire Lime tone 18 rull3' disous d in Chapter lIt.

1.2.0.:5.1. Zmt faWYlI The marked hok of ammonites in the L1ncolnsh1:re

L1mestone has r sult d 1n more than usual importanoe being attr1bu.ted to

oarre1a.tlons ba. dupon other invertebrate groups, espec1all;r g atropode,

_'achiopod , binl • and ostracods. Many such carr tiona hav$ th 1r

oP1g1ns 10 th laat oentury. lnd d as Kent (1968, p.66) potnted out, "The

1I1"1188t deta1l&d dat1ng or a part 01' the tor tion by Jhtodia (l85S),

wbo a signed the 1 r beds 1n th Grantham d1str1ct to the borl;OI1 or the
\

~olt Marl ot the Ootswolds Zone) on the baa ot '-'Ia~i:iS.

.iiAUiWili~RWW.)' {t 1'1;, and r to .11sn. Altho h th1e

correlat1on ha.• been accepted t and again (Hudleston, 18SS... P.?2J nt,

1966, nior rland- nn tt, 19'13) it w quest10ned b.1 Par Olle (1974b,

p.116), who, rehrr1ng to the work 01' Senior and Earla.nd- Mett (1973)

14, the uthara...... overlooked the O'I8rwhelm1Dg 4!lD1IIlO!1ite

v1den which sm e11m1nat d lU'l7 possibility ot he corr lat10n et

th Little Pont ft cl. wi h the Oo1!: Marl". this le rove. to

illustrate the impree1eion at :ns.ny ot th correlations (1'81&t1: to ita

zonal trat1grap~) baaed upon benthonio taUnBs.
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other propo cS correlations, using gastropoda, 8eem to haw

ete d trom the contention ot Hud18ston (1890, pp..195-196) that tbe

"Ntr1Aya" s, 1. tl'om the Weldon and Great POI1tonBad. ha &thon1an

attinities. This apparently 1nfluenced Arkell (l9~5, p.2l1) who stated,

uProv1BionallT it ,. be a8S d that th b.~he t part ot th L1ncolnah1re

Limestone is probabl¥ of Upper Inferi, Oolite date ; an opi.nion that has

reta1ned support up to the pre nt t (SwiM l"ton and Rent, 1976, P.43),

although with diminishlng convict1on (ot. Sw 1"ton and 'Kent, 1949 and 1978).

On re-exam1nat:1on,. the vidence favouring such a correlst1 n ma to haft

derived ost ot 1 s It strength' from repetition beoause 1n addition to

advooat1rag the BathonSan af'f1nities ot the ga tropods, Hudle tone (1890,

pp.le5-l9G) also said "When to the d1ft1cult1es (pOOl" pre rv tion)

we dd the pr valence of d orphism, it must be all d that the N r1.na.eal

of the upper beds of' the L1noolnsh1re Limestone (Weldon and Gre t Ponton)

oonstitute about as und s1l'able a group as I11'lY one could _ve to 1nve -t1aate" •

The obvious taxono 10 proble s and the cont1nuing ab 11 01' subst811 iating

evidence tor a tho.nian age tor th de must cast con rabl.e doubt

up n the oonclusion drawn &0 th gaft.ropods, pecially 111the l!ght of

t litho-and bio tr tigJ: ph10al Q<i\tanoesd scribed in later chapters. The

onl.,y firm idanoe dating the Lhlcolnsb1re et 1D.diOata a (lowest)

IDwer Baj oo1an .••

The Dr a lopoda fro the upper ost Lincolnshire .tone have

Uarly been thought to 1nd1oat Upper Inta.rior Oolite ge (Kent. 1940,

p,51) but here too tb av1d noe 1s onl3' suoeative. Except to that of Mutr:--

Wood (1952), no d.et1led· . on 10 wk ha .n undertak n cm. the.. tor
aM 1t appe ,that the stud1ed specl. oannot be read1l1 la d to

oh1opod8 tre other po 1tlonal besina (M~-Wood, 1952).

lA other ca a the banthonlo forma were thought to support the

a . onita evidence aDd indloate a Zone. This was partloular q 10
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with Tr1gOSk hfminweriQA ver. mgV1a Ivoett, and the brachiopod ot

th Croa i Beds. The tor r) occurring abundantly 1n th futon Cement-

to as Dd Kirton Shale ot the L1ncolnsh:1re Limaaton (It nt, 1940, p.5? and

1966, p.6?), 1. re triot d to the IDwer Grit Zcm ) ot the

Cotswolds (Arkell. 1935, p.2l4). S1mllerq, Aganthqth;jrit qresg~ (.r.F.Walker)

and It \\ re mbl1ng and Tublt!lnu m¥1aw1o"-

..... I0I:l&" (Kent, 1940, p.52) fro the Crossi Beds were alao cOAsidred to

upport Zone beca of t tr 8 Uarlty to t brachiopod

tallDa ot the Buckman! Grit ot the Cotswolde. although the latter ftal1aat1on

that the Buclcmanl Grit pec1ee ofre d1t~ rent trom tho

found 1n L1ncolnshir (Kent. 1966, p.SS) underm1ned this contention",

H ever/or great to ign1f1canee and anot r salut y le son in the ot

benthos tar eGrl"elat1on, is the tact that the bads 1n which both L
-ilRP.Will£jl:a and occur, have yielded 0.0.:1: 8 ot t

Su.b:!one ( e8 Chap rIll). It would ppear there tore tbat the nthonlo

re. . of the L1ncolnah1r L1maetone CaJmot be considered a8 ~1ng otbefl

than gen.rallaea age tndl 8, eaP8CikllT in the context ot Jur Baic

on1 zonal trat1gr pby. Thl is part1cularlTll lllustra d by the

work ot t (1967), wbo det ct d little d1ff. n in tb ostracod una.
thro bout tbe L1ncolAahSre ten. urther • the ostraoods did n

provide &ll7 conol . iva c01'r.1&t1011s between. the L1noolnshit stone aM

Yorkshire Oollt 1967) except to ind1cat that the Scarb .ough
at waa 1n. n vq qu1T8lent to the Lincolnsh1te aton&I a view

luppcxrted by onit wark (Ie 8speciallq Pal'sona, 1971). On fttl ot1on

t ret ,the op1n1on of te (1967. p.l.M) that the r lai: 11 ab,*'t

-span invo1 d 1n . he 4epo 1t1011 ot the Lincolnshire Linesto.oe dld not

allow tor _1g01£1o t evolu.tl t18r1 chan the ostl'acod. 11 PPl1' to

the ben.thos 10 ge ral.
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I.2.d.
The Liaoolnshire

is truoturallT simple. Thls

stone, lib much of tbe English Me olloic,

II pt~ B d up by' Wilson (1948, PISS),

who wro ,"Struoturall,y, L1ncoln ir 18 devoid ot large e le folding

and faulting; h er, faulting OD a 11 scale ha atteated tbe M1ddle

Juras i.e rooks ....... It. Despite this, the structural ovements ap ar to

have been important in controlling diment tion dut:1ng the depo it10n of

the Lincoln hire L1me tone and 1n the w they ha: ub quentq mod1t1ad

the fCll" tio ts stratSgr phical relationsblp. lA tbia oontext thre

structural feat s appear parl1cularly 1mp tants

Cl) The Splt 1 Antlcl

(2) The Gr at P ton SrnaltD (but • Chapter IV)

(S) The "Nooton Uplift" nd as ooiaed step fault 13 tem ot t

Linooln ( van , 1952, p .•532).

In tbe Spital ant1011M r gion ( nt, 1966, ptal) the Bathonian.

Upper Estuarine Series oan be seen to rest on It ...... an eroded reDmant ct

the \'&PPGI'ost Orgssi heruen, looall,y r- aahing tho Kirton (lemenil Shale

neath", indicating th r movel of much ot the Upp t L1noolnsh1re L!.mest •

during 0. pr -U.E.3. phase of uplili nd erosion. El wbete the move tit.

have resulted s.n synolinal tl'u.cturss, such a that at .eat PontOl'l .1a 'Wh.loh

the h heat L1ncolnehire aton w. thought to he: be n pr.• J"ved. Thua

h potential Itr tigraph1cal r lation hip en in dittetent areas owe.

something to the klws-JUX' 8 1coveentll, d pit. th h" rlatlvel.1l1Jnor

nature.

'!'he 00 0 Upl1f't, whloh i apparentq "1&1$ d to, and po s1bl¥

oontrolled b d Gp- OIlO:i.d truot II ( 1nnertOll and n; 1976),

to ha..,. eart d 1Dtluenoe upon sed ntat10nd .1ng lJ.noolnsh1:re

Limest e t at Sw1n.n...ton and Ken.t (1976, P.SO) deICl' d thia • a

region with " abnar 11 h1&h f18 tar both gravit7 and
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terrestrial magnet1s ..... ", tbat 1nd1cated the pre Dee ot older and

den.. r rocks much clo.r to tbe surface than va. to be expected. Selsmic

1!Jlll'Ve,.. and borings later showed there to be a broad antlclbal told 1ft

tb buried Palaeozoio rooks, so that the Oarbon1teroWl L1meatOb surface

is about 300 tr e ehallov r oYer the "upU.tt" than it i in t ba8m on

t astern nd we tern sid • Except t .the velo nt ot tha surrounding

t. ult zone, the structure superticiall.,y appears to be ot little !mpcrtanee.

"18ft 80, the "'!)plitt" does appear to set aa s stable bloo , with the

Lincolnshire Limestone being horizontally bedded over its top, 1ntel"l'upt1ng

the nor 1 easterly dip of the strata (Sw1nnerton and Kent, 1916, p.81).

It 1, however,be ot great r s1gn1t1canc a8 a con'troion d1mentat1on.

The L1aa ls known to thin aerOBS 1t and the Grantham Formation 16 altogether

absent, the Linoolnshire stone sting 0 the Northampton Sand twa n

Ooleby' and Lincoln (SwiM rton llnd Kent, 1976, p.8l). This 113admirab17

shOWl'l1n th Or etwll Hollow etian where the Grantham Formation horizon

1. occupied by a congle rata or a taw millim tres thickness.

distribution chart ot the faoies varblllt within the Northampton Sand

produced by Evan. (1952. t18 .1), lends turther support to the tdea that thl.

etructur ~ be acting as "high" and oontrolling dimentat10n rather

than beiftg a ramnant ntlclin from which certain horizons have 008n stripped.

Thi. r lationshS,p between the ooton Uplift and sedimentation 1 discus d

in the light ot new evidence in Ohap r V.

Apart trom tba t at\tres discus d above, Sw1rmertol'land Kent (1976)

d scribe the enerl atructur ot L1noolnsh1r and d OUSS how the,. atteot

the LSAcolnsb1re L1meston outcrop.

Tb L1ncolnshn-e stone is obaraoteru d by havlng.

(1) Oomplex, rapid vertteal and lateral tao change.

(2) A fauna charact r d by the scaroity ot arnmonit s and. the
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tao1ea-related nature of the benthonic assemblages; both of wh10hmake

internal and external corre!at ion very d1ff:1oult.

(S) A relatively simple structure.

Desp1te the problems pres nted by the lithofaoies and fauna, a

generalised strat1graph¥ has been veloped tar tba formation, le%" ely

through the work of Rent (see particularly 1940 and 1966) and Richardson

(see f18.42 :in S;Vlvstar-Bradl '3', 1968; and Kent, 1940, p.49) and 1t 111

this which has been used a8 the basis tor this research projeot.
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CHAPTER II

ill Sl'RAl'IGRAPHX 91m LI1jQQINSIiIRE LlJ:1E§TQ!fE FOlWAnQlft

<lHmHAL QQNSlmRATlPUi

11.1. mm90mcnfli
The l1thoatrat1papb,y pr .nted Sa this theals 18 pr1mar1q

baeedupon a study or the area betwee. lJncolD and lJooltox Quar1'7

(S! 95ll~8), Dear StamtOZ"d(Fig.2.l). Althollgh this doelSnot oove".

the whole xt nt ot tha formation' 8 outcrop, the thie.at and most

important developmel'lt is encompassed. Nerth of' t1nceln tew exposures

are .en and the stratigraphical relation.hips of' the 1JJnaaton aft

poor11' known exeapt around K1rton iD LindtJ Y and Hlbaldetow (Flg .•2.l) I

vbare the middle and upper parts ot the tcrmation have long been exposed.

R e ntl¥ deeper excavation in the K11"tcmwork1aga (SE940024) rave led

the lowest subdivis10ns ot the L1meatoneand lts cont ot wlth tbt

underlyha Graatlw.m Formation. Th. _taU. ot this new expos,... d

tha svatigraph1cal amen.dment.baaed upon it have aka 47 been reported

(Asht., 19'15). Their relatlonahlp. to t.M broader strat1graph1cal

... v181. d:lacWlHd here are shown 1rl figure 2.2. The .ppr oh JA both
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piece. or work bas been very s1mUarJ the commoO41m be1ng to eatabl:1eh

coherent. w ll-det1ned and tormalised lithostratigraphic ubdivision.

tor the tor tion. the detaUs ot the new lithoatratSgraph;y are

pr sent d 1n Chapter IV, but tbe propo cl no nolature scbe 18 sbown

in figure 2.2.

During the com-se or the lithostratigraphical work a number ot
s1gniticant ammonite discoveries were de (Ashton, 1978), which

precipitated Ii complete r vision of the on!te faunasot the

L1ncolnahire Limestone. The re-examination ot all the known and

previousq unrecorded find. and their localisation 1n tar S ot the MW

l1thostratigraph.Y provided evidence tor a jor biostratigraphical

revision or the IJ.mestone. The results ot this work, can1ed out with

Dr. O.F. Parsons, are tulq reported in Ohapter III.

11.2. l§tB012§ 1m: STUDYAHP,IH§tOW ·D4BttD0LqjI
11.2 ••• Methods

In the unraftlling ot th stratigraphic relationships and carbon-

ate enviroDlJenta or the .L1ncolnsh1re Limestone both t1eld and laboratory

teobniques have been d. Essentially the work is ba_d upon tbe

d tiled logg1ng ot all the v Uable Mctions in the stud3' are (F",.2 •.1) J

bed br bed lithol leal d. oriptions have been supported 'b;y palaeoe' ~col,..

og1oa1 aAd dlmentelog:l.cal obAnations and the colleot10l1 ot repre .. nt ...

ative t un a. In the laboratory, atained ( • Dickao , 1965) end uaBta_d

thin sectiona, acetate peels and polished block. have all been unci to

help qual1ty and upplam nt the field obllerv t1ona. Where relevant

quantitati .... t Obn1qUlt8 have en applied.

II.2.a.l.HgdaJ,wly.1a: Repreaentati\188 ot the lithot c18. ot each
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trat1graphio subdivision have been "point-oounted" to quantify the
oompositional make-up of the rocks and allow oomparison with the
olasEifioatory soheme of Folk (1959). The technique and results of
this work are shown in appendioes 1 and 2.
II.2.a. ii. Palaeoourrent anal:ysist The prevailing ourrent direotions
in the different depositional environments have been determined in two

w~s. The amount and direction of dip of the exposed foresets of oro.s-
bedded units have been measured (Appendix 3). These represent the

higher-energy depositional environments. However. in the low-energy
lagoonal setting of the Leadenham Member the attitude of the semi-
infaunal Pinna ouneate. Phillips and to a lesser extent PholadO!Dl!.lirata.
(J. Sowerby) and Pleurom unifomi (J. Sowerby) have been used to
give some idea of the ourrent aotivity in this "quiet setting". The
teohnique and its results are presented in appendices 4 and 5 (s e also
Section IV.4.g.)

In this ,~a.y each li thostratigra.phic un!t has been characterised and
data made available for environmental interpretation.

Limestone Terminology
The limestones comprising each unit have been described from two

viewpointsc field and laboratory observations.
11.2.b. i. Field desoriptions of lithologiesl A generalised desoript-
ive te1'minology ha.e been adopted in which a caloirud1 t - oaloa.ren1 te ...
caloilutite nomenclature soheme is prefixed by the dominant grain type
e.g. ooid-oaloar n1 tee However, where a limestone has two or ore major
components oocurring in appro maLely equal quantities a multiple prefix
has been used. Generalised terms like peloid (MoKee and Gutsohiok. 1969)

and oo1d have been preferred beoause of the dUfiou.l ty in detel.'ln1.ni!l6
the exaot nature of rnan;r grains in hand speoimen, cons quently',
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no partioular modeof origin is implied by their use. The tem oo1d,

as used here, refors to all spherical or ovoid allochems. whichmay

or may not be ooliths. It is not equivalent to the ooid of Bathurst

(1975), whioh is the "oolith" of this thesis.
II.2.b.:ii. ktboratorydesoriptions of lithologies; Sinoe a. more

acourate assessment of the nature of the grain type (and matrix) caa

be made in thin section, the alloohams oan be genetioa..lly grouped and

e olassificatory soheme of Folk (1959 and 1962) adopt d. However

the rigidly defined pellet category of his classification bas been

mod1£ied here to incorporate all tho 9"po10ids". that cannot be re olved

into their origina.l ~enetic grouping_ Thus the "pellJ.categoryused here

refera to lumps of miorite of unknown(or unoertain) origin QS well as

genuine faeoal pallets ("lilson, 1975. p.12). :Bearins' thi amendment in

mind, eaoh lithology has been allooa.ted a simple alloohem.-matr1x"Folk-

type" namee.g. pelmiorite. However, where a eoond grain-type is of

importance a f ther adjeotival prefix has been added e.g. intraolastic

cospari tee Similarly whena terrigenous grain-type or alloohem suoh as

onoo11te, that is not oovered by Folk'a ma.ingroupings, is a.bundant, it

has bean given an adjeotival prefix e.g. quartzose pelmior1t or

onaolitic biomiorit •

The impra.otioability of point-oount,ing every slide examinsd means
that the teminology suggested above is, to some extent, baaed upon

subjeotive judgements, although the general quantitative guidelin a of

Folk (1959, p.15) have been followed and supported by modal analyses ot

representa.tives of the various lithologies.
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II.S. M QNQOP!SH,lRE .t.IME§TQNE lQRHA'lICl

rr.s,«, InHodHetMm
The Lincolnshire Limelltone or tlon, the

unit within the Middle Jura •• 1c or the East Midlands, ooeur. a8 a

lensoid .a ot limestone sandwiched be:t_en the Upper Estuarine

Series and the Grantham FOl!'matlon (Fig.l.2), although 1008014'1t

reate 411"80t13' upon the Northampton Sands (Fig.I.9). The LimI.to

appear. just north ot Ketter1.rlg and th1ckens l"apidl.7 to a maxim ot

aboat 40 met%"8 at Bothby' Pagnell, near antham, bator. th1nn.tng

waT 1:rregularJ.:r to under 15 tres j t south of tbe Humber EstUU7

(F1g.1.4). The tor tion 18 thougbt to persist into North Humberside

as the Cave 0011t "vhleh dge out on the southern tlank ot the

Mar~t We1ghtoD.SU'uctur (Fig.l.9).

Although tJ'Ploalq scare , the ammonites hom the IA.rlcolnsh1re

L:1meston ar euf.'t1c1entq numerousand dlstmcti: to indicat the

pre enee of dHc~te8 and laev1upgu1, Zonee ot the IDw r Bajocian

(Chapter III). H ver, th h1gbaat bed· (Cre t Mem r, F1g.2.2),

wh1chhav not 0 tar yielded 8Jl1 nita , may l' pr sent a atUl

10 er age.

The tor tion is oompoltionally pure, ha 1ng little castle or

other non"c8l'bonate mater1al pres nt except in the SproxtonMember

(F1g.2.2) and the tacio. ot northern .t1ncoln h!:re/South H bera1de

(Kent, 1966. and Aahton, 197&). B ver, t i wid rang of

carbonat. lithofaoies pre nt iD what Arkell (aSS, p.210) tel' . d,

U ..... g neral etratigraphic 1 ho ogeneitr' and rapid t1cal and

lateral tacie. change. t1Pity the IJ.meatone. Desp1t th1s d:1: r8:lty,

a n bel' et distinct lithostr t!graphio subdiv1a1oncon be reo nl "

(Fig .2 .2) • So ,such IS the la denham Member, haft a "" uo1tor
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lithological ke-up, whereas et rs, like t~ Sleatord Member',enoompass

a diver ,yet genetically related, group ot lithotaoS.s. A. 10. ma117

lura.ste tor tlons, tb reoognisable subdivisions of' the L!masto

are otten quite th1l1. tor example, the L1nooln M mber barely ex eds

1 tr 111s localities, although, in contrast, the Sleatord Member

18 over 12 tree thick at Croton (SK999205, F1g.2.1).

As the formation i never seen eompletel¥ expo d.iD. a aSngJ..

section, no obv1owsun.it- tratot,-pe exists tor the L1ncolnshh-e Limestone.

Be U88 ot th1s and th lithological eo p1exit,. ot the UIllt, tbe strato-.

type, ot 11 the lower ranked subdivisions have been des1a1'1atedas the

oompoaite...st.ratottpe tor the tOJ'matlon (H dberg, 1976, p.24). In thl8

schema the baa or the type section of the Sproxton Memberand the top

ot the stratotype ot the Cl" tOft Memberbee the basal and upper

bOlll1.dar1-stratotypes respeotive!? Gf the formation (1ig.2 .•2).

II. Z.b. ISIII£ l'Ji£mwlou
The tratiaFaph1eal terlll1nQl.on aa.ooutecl with the Uncolnsh1re

Llme tone dev loped 1Dtwo d18tinct pha.. ,,; the plone I" wark ot the

!ddle to late 19th oentury, pl"ov1deda name tor the whole formation,

whUe the dlver tel" s app11ed to the internal subdivisions evolved

dur1ng the seoond per1od. of intensive research.

Although the earliest work.. ( odie, 18SS, and Marr1s, l653)dld

not 001D. na tor the tarmation, the tar 8 L1neolnah1re L1meet_

(Sharp, 18'lS, Croa., 1875, Judd, lS'15, Jukes-Browne, lS8S and 1910.

U•• her et 1., ISeS, U .her, 1890. aM Woodwarcl,1894), L1ftoolnahJN

Oolite .tone (Judd, 1875) and L1ncolneh1r Oolite (Judd, 1875, aDd

Ju.kel-Browne, 1885) _re introduced and.wldel,y used. Ho yer.

even at this pion er stage the Lincolnshire L1mesto va.

\.
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ga!n1ng .favour a. 'Woodward (1894, p.l7.) ind1cat8d when writ11'lg,

It ••••• Lincolnsh1re Oolite L1mEt tone now gt)nel'al~ spoken of 8 the

Linoolnshire stone". All later worker. fro Arleell (19SS) onwards

have followed Woodward(1894) and retained Linoolnshire Limestone as

the tar tion •

There vel' t watt. pte at subdividing tbe termatlon, during thll

8&1'17period, outsid those ot Uashr et al. (iess, p.44), Ussher (1890,

p.59) and Woodward (1894, p.174). Any parts ot the Limestone that ",.re

given. individual namas such as the Coll;yweston Slate (Bred», 185', Sharp,

18'13; Judd, 1875J Juke8-Browne, 1885J and Woodward, 1894) weN eneralq.

of contemporary economic value. Occal1onallT qU8r1' :r&

1l'1corporatad into published c1;1on8 (Sharp, 1815, ,.257) but the

did not ga.1I1widespread acceptance or usage.

From tb lat. 1930 onwards both the Geologloal Survey (HolliJlgworth

and Ta,y101', 1946&, IM6b and 1951, 'l'q1or, 1946; WUson, 1948, and E'o'an8,

1952) and 1rldependent work 1"a (R1ohardson and Kent, 1938; Mtrlr-Wood,

1939 and 1952; RicbardaoA, 1939a. 1959b and 1940, Kent, 1940, 1 48 and

1955; SwiDnerton and Kent, 1949f and Hallam, 19&4)pr sen-ted a protus1oJl

of tacta and idea on the subdivision of the Lincolnshire

The oontl1ct1ag opinions generated b3' this cone ntr ted, larsel;y contemp...

er&n OUB and ind pendontq produc d 'Work 1"e ul:ted Sn a proliferation of

8 tor th various eubdivision, whioh re propo d. t· t tor tion

b7 difterent worker. (Figa. 2.1 to 2.8). The 1" sulting \81".1I1010gl8.

were otten oontradictory (•• Ohapter IV) and largel,y becaWJeot thl •

• nt (1986) propo d a standard! d no nchture sche tor the tor t10rl

(P13.2.9). Th1 ha. en dopted b7 oat I" cent worker (aat. 1967;

Barker and 'tQliTen8, 1971. Senior and Earla~-Benntt, 1915, and ParsOJ1a,

1914b), although Sy1 ster- ad1 T (1968) sUSS .ted a tew tnor nt.
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II.3.c,Reasons for the abandonment of the terminology uroposed Br Kent(1966)
Despite the valua.ble contribution to the strntlgra,ph)r of the

Linoolnshire Limestone made by Kent (1966), it has been oons:tdered
neoes ary to revise his nomenolature scheme for the following reasons:

(1) The detailed work de oribed in Chapter rv shows that the

soheme presented by Kent (1966) is too generalised to represent the
lithostratigraphical subdivisions seen to exist in the Lincolnshire
Limestone. Consequent ,Y a. parallel revision of the tel.'l1linoloto denote

these new units is alao required, especially as the new subdivisions do
not coincide with those proposed by Kent (1/66). The relationships
between. the stratigraphles and teminolog1es proposed by Kent (1966)

and the present author are detailed in Chapter IV.

(2) ~be strati phy pro po ed by nt (1966) is based upon a

mixture of 11tho- and biostratlgr.aphical criteria, whioh is not oon-

iatent with the guidelines for formal stratigraphical nomenolature
(Hedberg, 1976). This tlmixed approach" is clearly seen in figure 2.9.

The majority- of the terms used refer to litholooal r ~tures euoh as
the Ano t r eatone and the Collyweston Slate. but some s em to be

defined on their fo sil oontent e.g. Crossi Beds, Nerinea Beds and are
therefore not con i t nt w1th the lithos ratigraph10al a.ppro oh adopted
in 'this the i •

II.3.d. Proposed Terminololl
II.3.d.',!. A rad1cal v~r WI oonserva.tive approach to terroinoloiY1 A
large4r oonserva.tive approach to tel."minolo was adopt d in e r Vision
ot the lower Ltnoolnshtre Limestone stratigraphy of South Humberaid. by

Ashton (1975, p.422), who exp1 ined that," he nev t rminolo61 propoed
waG seleoted to minimis the introduotion of new terms and 1nta!n
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continui ty of usage as far as possible". SUohan a.pproach seemed

particularly justified in this case beoause the existing stratigraphical

terminologr was uita.ble for desoribing the relationships aeen and the

isolation of the newly exposed section (except for the adjacent and

very similar Associated Portland CementCompanyQua.:r:ry, SE94'023)meant

that additional evidenoe, sug sting the need for wider revision, was
laold.ng. However,this kind of' conservatism, where the existing terms

are retained and adapted for us in the "neW"stratigra.phy, i only volid

in cases where the retention does not result in further inpreoision or

ambiguity and i8 in agre ment with the guidelines proposed for fomal

.tratigr~phioal nomencla.ture(Hedberg, 1976). Only in the following

instanoes wouldsuch an approaoh eam to be acoeptable:

(1) Whena term is so widely used and/or of such importance that

its removalwouldproduce more oontusion than ~ revision might give

olarifioatiotl. e.g. the name Lincolnshire Limestone!or the newly

proposed formation.

(2) Whenone is dsaling with an isola.ted expoBUI:ewhere ubstan-

tia.ting evidenoe, for major stra.tigraphical revision, 1s lacking. The

801itary exposure in the lower part of the low r Lincolnshire Limestone

o! South Humberside(Ashton, 1975) is a. case in point.

(3) Wh n a. newly defined unit is, of almost i8, stratigraphioalLy

coinoident with the old un! t so that continued usage of th old tem

wouldnot o:u.s undue oontusion, and wouldee preferabl on the grounds

of familiarity of usage to the introduction of a new term e.g. th

ret ntion of the Kirton Cementstone Member (A hton, 1975).
In all other instano B it wouldseemb tter to take a radioal line
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replaoing the old terminalogr with complete~ new, unambiguous terms

o that no contusion is caused by the adapt ion ot old. terms to sign1ti-

cant-4' redetined rock units. In the oase of the L1noolnehh-e Limestone

the tel" 1nology proposed tar the subdivl8ions ha evolwd fro a

large~ radical approach beca of tbe oonflicting t1n1tloD. ot tb

old and new stratigraphical units. Only in South Humberside haa the

pre-ex1sting tel" inology been adapted and re-U3ed to an;y nent (F1g.2.1O).

II.3.d.ii.GuideJa.s adoQkd tor th eregtlon of new tel" 10012g11 The

name selected tor each rook unit has been based on the gu.1d linea

sugge t d by Hedberg (1976, p.40, pt.F). In g neral, each lithoatratl-

graph1cunit takes its name fro the near at perman. nt settlemeat to the

quarry, in which the type seotion 18 xposed. Wherev r this procedur ia

thwarted b7 prior use of the most suitable or the un uitabllit1' of the

ost obvious geogr ph1cal na becaus of its associat1on with earlier

stratigraphie , a re1atedgeograph1cal 118 has been lected. For example,

the use ot K1l'ton (tro K1rton in LindHY) b7 Ashton (1975) to title

tbe K1l'ton Cementstones Member, prevented its re- to define the

~Kirton Shale" (Hedberg, 1976, p.4l, pt.F lb), 1thougb that un1t's

t1P8 .eotion was s1mUar~ 010 to Kirton 1n Lindsey_ Con quentlT,

L1nd ey wae used to designs the Lind887 Shale Member ( • Ohapter IV).

II.S.d.1i1.Ohang.trgm tb! termwo,ogr prcRoged bz Kent U.geS) s

Comparison. of igs.2.2 and 2.9 re 81 ohan. in the rminolora

proposed· re bro tbat 1ected by Kent (1966). Howver, the dear

of aicnitioanc ttribut d to the.. changes i 't'ariable. Ther la, for

1ft.tance, no geological e1gn1tloanoe, outsid that of tor l1.1Dg the

t8r inology, attached to th introduction of tbe term Und . l' Shale

Member to replace the Kirton Cent Shale. Tb replaoe nt ot K1rton

by L1nd el was necea itat d by t pr iQ1' ot KSrton by Aehto (1975) •
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Both terms a.pply to exaotly the same rook unit. However, for most of

the new lithostratigraphio units (Fig. 2.2.) ignitioant geologioal

re-alignments have been made and consequently the relationships between

the old .and new terminologies vary acoordingly. These variation range
from:

(1) The introduction ot a single name denoting a unit. which

groups a number of geographical variants, that have always been seen

to have some level ot intemaJ. ooherenoe e.g.. the Gr etv.U Member

encompass a part or whole of the Silver, Little Ponton and Nerine&.

Beds of Kent (1966)a to

(2) the introduction of a new name to desoribe a more finely

defined subdivision, which baa been separated from the larger unit.

in which Kent (1966) included it. The division of the Cathedral Beds

from the Cement.tonea is an exampleI to

(,) the introduction of completely new terms to describ

previously unreoognised subdivisions, that constitute a mark d depart-

ure from the classificatory soheme suggested by Kent (1966). The

Lincoln Memberis a partioular ease in point.

As the nomenolature merely mirrors the stratigraphy it 1s to be

expected that the major stratigraphioal reviSion propo ed her will hav

acoompanying major terminological changes. Both the strat1e;ra,phic and.

nomenola.ture changes are disoussod in Chapter IV.

II. 3.8. The Divis!on into an Upper and Lower Linoolnshire Lime tone

II.,.e. i. Introduotion Traditionally the Linoolnshire Limestone has

been divided into Upper and Lower seotions (Woodward1894. Riohardson.

19'9& and 1940, Kent. 1940. 1955. 1966, 1967 and 1970; Hollingworth and
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and '1' ,.lor .. 194Go., 194Gb end 1951; Taylor, 1946 and 196B, Evans, 1952.

Muir-Wood, 1952; Hallam, 1954. and Sylvester-Bradley, 1968), although

tho exact def1nition ot these units nr1ed trom auth01" to author. Far

example.. Evans (1952) included the Cr08s1 Beds 1n the Upper wh1le Kent

(1940) assigned th m to the IDwer Uncolnsh1re L1mIstorae.

In northern Linoolnshire and. South Humbers1&a the independent

terms Kirton Beds and H1baldatow Beds have bean used (Ussher et al., 18S8J

Ussher, 1890; Arke1l, 1935J Richardson, 1940, Kent, 1940. 1948, ISS! and

1955; Wilson, 1948, and Sw1nnerton end Kent, 1976), .a1though Kent (1955,

p.208) ind1cated that be, at least, ragard d tham a apprax1mate equivalents

to the Upper/lDwi r divisions (btlt see 1 0 Kent, 1968; r!g.1).

Tbe dividing line between these 8ubd1v1s1oDS has been approx1mateq

taken at the l43ve1 or the Oro si Bed , wh1ch have n assign d var10usq

to the Lower (Richardson, 19S9 and 1940, Kent, 1940, Taylor, 1946 and

1963, Holl1ngvorth and Taylor, 1946a. and 1951, and ~1u1r-Wood. 1952) or

tbe Upper LSncolnshir Lime.to (Eftns, 1952; and Hallam, 1954) or

astride the subdlvulon (Kent, 1965, and S11veeter-Bradle,., 1968). In

the narth ot the region the OraBsl Beds ha". been un1£crmly pIu cl

within the Kirton d (Richardson, 1940; Kent. 1940, 1948 and 19 6,

Wilson, 1948. and Sv1nnertonand nt, 1976).

Il.S ••• l1·Tha !)!tu£! et t YPJ1!r1tqyer Uncplalbkt l'4mIotPnt cpntagS'

Tb variat1oD. in t left1 or the Upper/lower junotl0 ,ascribed bGtve.

appears to stem fXoomthe dirt: ring opinion on tbe po 1t10n ot tha

d1acontOl" 1ty that la suppo d to parate the two aubd1vl ions. Kent

(1966) believed that the main eros1ft vel usually occurred d1atelT

above th Oroe.l ds anel waS reaparlsible tor the er08ive removal of

tho beds at !ncaSI' (FS&.2.9). Evan (l9S2) ho ht thl Junotion
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occurred below the Aoo.ntho'S$,I'r1orossi Bods. Althou th 8e differenoes

of opinion appear to be partly due to tho reotrlcted area discussed

by Evans (1952), it is diffioult to support either thea! in the light

of the work described in Chapter IV. The major erosive level in the

Limestone of central and southern Lincolnshire ooours wi thin the Upper

Linoolnshire Limestone, a.t the base of the Slederd Member(F1g,,2.2),

althouljb further south it is proba.bly the Creeton Member that is I' spons-

ib18 for the downcutting ( eo Chapter IV). This is essentially

Riohardson (see Kent, 1966, pp.62 ...,) suspeoted, o.1tho'Ugh the sehem

proposed here also di:t'.fers from his ideas (of. Muir- food, 1952, p.l15

and Chapter IV).

The level oapping the "Crossi Beds", is as Kent (1966, p.62) points

out, usually 81.'Osive, although only mildly so, with the tops of corals

being planed off (a.t Wool£o%Quarry, SK951136). Elsewhere (Cestle

.By-them,SK990180and Scottlethorp8, TF046204) the top of the "Crossi :Bede"

is grada.tional with the overlying unit, as is generally the case in

central Lincolnshire. where Evane (1952) conoluded that the erosive level

must be below the 4.orossi Beds. Wheremore major downoutttng has been

postula.ted e.g. Anoaster. the present 'Workhas shown tha.t it is not th

basal Upper Linoolnshire Limestone tha.t is doing the erodiJll but the

Slea.ford. J.iembersomeway up the sequenoe. Therefore not only have the

"Cross! Beds" been x'amovedbut also the lower parts ot the Upper

Linoolnshire Limestone ( eth ringham and 13lankney embers, Fig. 2.2.•,)

A similal'.' channelling also occurs at Great Ponton (Chapter IV). The

details of these new proposals are more full)" d1 cussed in Chapt r

IV.

II.3.e.:i'i~. 'I!beuIij>er and lowe,r Ll.nQolnshire ,14. estoDeS a 'e- ppra1!!al.

If the Upp r/LeY r Linoolnshire Limestone Bubdlvisio are r assess d
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in term of their depositional environments, the twofold division oan

be rationalised. Using such an approaoh, the Creeton, Slea.ford., Castle

Bytham, Mether:l.nghamand :Bla.nkney r1embers (Fig.2.2) can be grouped as

a 'hlgh-energy" Upper un! t, typified by "transportedrt fa.unas, spar! te

oement and cross-bedding; the Lower division, enoompassing the remaining
units outlined in figure 2.2., is la.rgelyeompoeed of''low-energyw micritio

limestones oontainillt'S ItiD-situl' ta:ullas. This Boheme can be oonsistently

applied throughout Linoolnshire and South Humberside. However, as both

the Lower and Upper divisions oonta.in a. number ofllBlllberB, yet are not

of formational status, they oar~ot be incorporated within the formali d

lithostratigraphy. It is therefore propoeed to deaignate them as infoxmal

subdivisions J the upper and lower Lincolnshil'.'O u,mestone.

It might be argued that the retension of a;ny informal subdiVisions

is unnecessary when a formal teminolo ia proposed, as a..tzy' part of

the fomation ought to be easily referred to by the 11Geo£ the a.ppropriate

formal subdivision. However, in tho case at the Linoolnshire Ltmestone
th.e upper and lower units ( re-defined here) represent use£ul colleotive

terms for two broadly distinctive unit within the formation, which have

valuable use in the desoription of the Limestone's more .nera! trati-

gr6p,hical and environmental relationships.

II.:3 •e •iv. ConclUIJions: '.rho intrinsic value or the tradi tiona! twofold

division of the Lin.colnshire Limestone has been largely loot in the

dispute over the stratigra.phical position of the junotion at the two
subdivision, which were usually defined on th basis of a sign1fioant

(sepa.ra.tins) dieoontormi ty. In the 'Workd oribed hore, it has boca

apparent that the major disconformity in the fomation is reaJ.ly divoroed

from the Upper/LoWer Lincolns.lire Limestone q,ueetion and that a. more
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oonsistent and ooherent bipartite subdivision can be mad . on genetio

grounds, i.e. the oontrast in the "energies" of the depositional

nvironments. The re-de£ined, "high -energy" upper and lower energy

lower subdivisions have been given informal status so that they oan b

valuably used without unneoessarily complioating the fo~ised
lithostratigraphy (Fig. 2.2) desoribed in Chapter IV.
II.3.f.. Correlation

II. 3.f. i.!ntroduction; The oorrelation of and within the Lincolnsbire

Limestone Formation has alw~s been a problem because of the laok ot

useful fossils and the oomplex!ty of' the lithofacies. However, the
re-examination of the ammonite faunas (Chapter III) has gone some

way towards alleviating the problem, although the propossd biostrati-

graphic correlations are rather broad, with several dietin.ot lithof'a.oles
occurring within eaoh subdivision. Consequently a lithostratigraphio
approach to the internal subdivision of tho formation is still neoessary.
II.3.f~ ii.Amm0nitecorrelation; The biostratigraphioal advanoes dis-
oussed in Chapter III showthat, contrary to the opinion of Kent (1966)

and S nior and Ji!a.rlantl-13ennet-t.(197') t the lower Linoolnshire Limestone

is of disci toa Zone age in its lower ;pa.rt only. The remainder; together

with a substantial part of the upper Linoolnshire Limestone, belongs

in the l!evi\1soul~ Zone. The highest unit (Creston l'-tembor)has so tar

not yielded any ammonites and m8¥ boof a till younger age. ~ithin

each biostratigraphioal division a number of lithostratigraphical units
ooour (~ig. 2.2) and these have had to be oorrelated by lithological means.
II.3.f.ii.i.&ithostratis:£&phioal oorrelationl Although -thene d f'or a
worka.blelithostratigraphy is a.pparent, its develop ent is hampere4by

lmoet as manydifficulties as that ot the biostratigr phy. The problema

inherent in earlbr schemes(see especially !tent, 1940and 1966, Roll1ngworih
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and Taylor. 1951 J and Evans 1952) rofloot the diff10ul ties presented

by the " • ••• bewilderingly rapid and frequent cWiges of facies •••• "

of the Linoolnshire Limestone (Arkell, 1933,p.2l0). In an attempt to

overcome these diffioulties a detailed bed by bed desoription of'
each exposure was undertaken beca.use few readily reoognisable and tra.o....

able units appeared to exist. From this detailed work a numberof key

horizons (usually erosive) and lithologioal changes were reoognised and

they provided. the main lithostra.tigra.phical framework. "Subsidiary"

levels, of a more local nature usually. were also pinpointed and thos

supplied a. useful ttcheck" on the main correla.tions ao well aB furth r

subdividing the fo:rmation. In faot, wherever posaiblo, eets of' criteria

were used in preferenoe to a single feature in order to elimtnate over -

simplifications such as the matohing of two hardgrounds, 'Thioh ....lere

independently loca.ted in the sedimentary sequence.

Of the major oarelattve levelo reoo¢sed, the most important is

the base of the Lincoln Member(Fig. 2.2). which can be traced from

Woolfo%Quarry (SK9511,6, r'ig. 2.1) nortbwa.rds to Lincoln. A1thouanthe

e ct cha.ra.cter of this level varies between southern and oentral Linooln-

shire (Chapter IV), its persistence enables thee variations to be

recognised and the relationships to 'the di erae underlyin8 facies el1,,1o,1-

dated. Beoaus ·of this distinctiveness and widespread ocourrenoe, th

base of the Lincoln Memberhas been adopted as the da.tumline for the

oorrelation of all the Lincolnshire Limestone oequ.ouoes, itil Gubeq,uent

reoognition Q.8 the proba.ble dividing plan between the disoites Zone and
ovali! Subeoneammonit £aunae (Chapter III) haa not only roinforo d this

d cision but Bw:;gested tha~ it ma.y also be a time lane. HowQver.whether

or not it proves to be such doeo not d tract fro the b fa importance
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as a. oorrelative horizon for the lithostra.tigraphy of the Linoolnshire

Limestone.

II.;.! .;tv:. Conolusions: api te tr e improved understanding of the

oorrela.tive usefulnes·s of the Linoolnshire Limestone ammon!te faunas,

the smallest subdivisions of the formation are 11thologioal. and can

therefore only be defined. and oorrelated upon sed °ntologioal oriteria..

In this respeot a number of important horizons (especially tho bas s of

t le Lincoln and Sleaford Bembere) and distinotive 1i ti".lologies (the

Leadenham and Sproxton }lambre in partioular), togethor with a. wealth

of supporting data, have fool1i ta.ted the developmentof a ooberent

lithostratigraphioal framework (F g.2.2). AlthQugh this lihllostrat1-

graplxv appears to be closely rela.ted to the nascent blostra.tig.ra.~

(Chapter III and VI). it is hoped that future ammonite finds will

further refine the biost~tigra~ and provide an independent, time-

rela.ted framework by whioh tr.e lithostratigraphio oorrelations can

be more fully jud :ad.

II.3.g? The Cross! Eeds Problem

II.3.g.!L,. Introduotion: l<'romthe time it importance was first

recognised (Kent, 1940, p,49)' Aoa.ntho:!:b;,iTiseroa 1 (Walker) has been

of unrivall d value to ~le int mal eorr lation of the Linoolnshire

Limestone. It\:t.rth:trmore, the erose! :Beds, in which • cro si prinoipally

ocours, lk~vebeoome the main oorrelative subdivi ion within the formation

(Sylvest r-Dra.dlay. 1968, p.218). Howevr, du.ritlg the oouro of this

:reSM, considorable doubt has b en Oo.st upon the viability of th

CrOB 'j. ~eds B a. een reut strati phical un1 t and tho value of Afore i

as a. biostratigraphical marker. There1'ore in the tollowi Beot10

the reason justifyiIl8 the rOl)la.oement ot the Cro si Bedo by prop rly

defined, ooherent 11thostr ti ph1c unit are outlined and the
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limitations of A, orossi, as a correlation fossil, discussed.

II.3.g.ii. The Crossi :Beds as a stratisraph!cal unit: The limestones

oontaining A. crossi, which were formerly grouped within the Cross!

Beds,have been shown to occur in three discrete members of the new

lithostratigraphy (Fig. 2.11 and see Chapter IV), indicating that no

consistent lithologioal relationship, that might favour their inolusion
in a single stratigraphioal unit, actu.aJ.ly exists, the former union ot
th Crossi Bods has apparently been due solely to the presence of

A. cross!. Hovever, the 1m.plication that the Croesi Beds have been

defined solely on palaeontologioal criteria is not wholly true because

other lithologies such as the shales of the Lindsey Shale Member(formerlY'

Kirton Shale); which also contain abundant A. orossi have never been

included in the Crossi :Beds, therefore an element of lithological

discrimination has also be~n applied in establishing the unit. In

spite of this, the laok of coherence amon&~tthe limestones of the
Crossi Beds is still oonsidered too great an obstacle for their inoorp-

oration into the new lithostratigraphy as a single unit.

Similarly 8itlynew; expanded "Crossi Beds" encompa.ssing a.ll the

beds containing A. eros i could not be aooepted either bocause not
onl,. would such a unit be untenable in this litho tratigraphio soheme,

but tha oocurrence of At crossi a.t 'Various hor!zollS outside the Linds Y'

Shale - Crossi ads leval (Hollingworth and Taylor, 1951; and ea section

I:I~3._g.iit) makes such a unit impracticable. Thus the total s.bandot.t,..

ment ot the Crossi Beds appears to bo justified.

Aga.!not this, however, it mieht be argued that the Cross! Beds

ou«ht to be rete.ined beeause of their historical importanoe and the

correlati a usefulness of A, cross!. Certa.1nly it i true t t A. orcssi_

has boon widel,. used in the past to correlate sequence ",!-thin tb.

Lincolnshire Limestone (Kent, 1940 and 1966J Hollingworth and Taylor,
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1951; and j!; ans, 1952) but this pra.ctice .has la.rsely stemmed fDom the
apparent absence of other suitable oriteria ( kell, 1933, p.211. and

Sylvester-Bradley, 1968, p.218) for on closer examination the eorrela.tiv
value of A. orossi is seen to be rather suspeot.

II.3.g •.:f41.The biostratieehical value of, A9!n;lW.<:l'thi.J:le CJ:!OBBi. (WaJ.k,qr):

There can be little doubt that,! cro 1 was a seasile, benthonic
braohiopod (Rudwick, 1965, p.614). On theoretical ounds therefore it
is likely to have boen faoies-rela. ted. In reali ty. however, A. orossi
occur~ abund~1tly in both the oomioritee and biomicritos of the Crosei
BE)d end in tho shales of ·the Lindsoy Shale !''l'ember.suggesting a toler-
aace for more than one substrate, although in all of these cas II the

actual bottom conditions were probably not too difforent, being soft,
stable and not subjeot to strong c.urrent aotivity. The apparent ind ..

pendence of substrate may not therefore be the case, especially as the
brachiopod has ne er been reoorded from sedirllontsrefleoting higher

energy oonditions or a. noticea.bly different substrate (mobile oolites
for exam le). even where such lithologies ocour ~t the ero s1 Beds
level. Thus, although showing So certain amount of ubstr t...tolerano

A.oroBsi apl,ears to have dofini te ecologioal limits. whioh are recog-
nisable 1n the sedimentary record and the e probably a.£feot (o.r oontrol?)

ita d1stribu~ion in the Limestone.
Despite this/the a.bundant ooourrenoe of A,006e1 at approxim£J.tely

tho same stratigraphioa.l level doe S1.lgLost a. dogr e at t e control on
the brachiopod's distribution. ~hiswould oemto be supported by the

belie! that A. oros ~ ocours at a fairly unifoxm level bove the No -
pton Sand Ironstone in the Linooln area (JIollinewortb and Taylor, 1951,

p.17; and wane, 1952. p.;29) provided that the Linooln hir Lim stan
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transgres ion was reasonably synchronous over the a.rea and tha. t the

sedimenta.tioJl rates were about equal across the region. unrortunat ~

thee suppositions are not without their problems:

(1) The Lincoln area., as detined by Evans (1952), was not

"instantaneouslY" submerged, tor progressive overlapping ot older

horizons oa.n be demonstrated (Ohapter IV).

(2) The understanding ot the occurrence of A. orossi in the

Lincoln area, as outlined by Evans (1952, p.,29) see to differ trom

that ot Xent (1966) and the present author. In partioular ifona a.naJ.-

yses the thioknesses ot the units below the Hibaldstow Deds at Greetwell

Q;ua.r.I:'.)r, Linooln (TF 003721) presented by Kent (1940, pp. 50 and 55, and

1966, fi8.2) and Evans (1952, fig.,) there appears to be a discrepancy

between the rele.ti ve position of the base of the Crossi Beds,

defined by e~ ~uthort (Fig. 2.12), even thougb the overall thickness

ot the forination appears to be approximately the same. The present

author's work suagests that Aeorossi Oooursabundantly in the bed that

is considered to be the Crossi Eed of Kent (Fig. 2.1,), although a single

speoimenhas also b en f·oundbelow that level at Greetwell, in beds

apparently inoluded in the A.oross! Beds by Eve:ns (Fig. 2.13). In

neither cas howeverdo these occurrenoes ooinoide with the strati-

graphioal lev 1 of the Cro si Jeds in south Linoolnshire (Fig. 2.11).

It deemspl."Oba.blthat at Greetwell (and in central Linoolnshire generally)

the Cl."OssiBed of Kent marks the local acmeof A. orossi or at leut the

low at bed in which it ooours a.bundantly. In oontrast Evans (1952)

seeIl'lSto have drawn the baae of his A; oros i 13edsat the first iBnif-

icant lithologioal boundary below the abundant ooourrenoe of the

brachiopod (. Croesi Bed ot Kent, see Fig. 2.11). This base app to

be ooincident with the base of the Linooln Membera.t Greetwell (Fig.2.1"
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but not everywherein oentral Linoolnshire - see Chapter IV). From

this it wouldappear that neither Crossi Bedsunit is based upon the

first appearanoeof A.crossi, which, if the Greetwell looality is

typioal, 'f'DIJ;:f well be so elusive as to be valueless.

Insouth Linoolnshire the Crossi Beds of Kent (1940 and 1966)

prob&b~yalso, mark (or a.t least inolude) the 1~caJ.acmeof A.cross!.

which therefore a.pparent1yoocurs at different levels (and times?)

in the two areas (Fig. 2.11) •

. AB neither the first appea.ra.noenor the local acme of A. cross!

appears to be synchronousaoross the wholeoountyf tho bradU.opod's

use as a datum line oannot be justified. Therefore the value of

A. orossi to biostratigraphical correlation has to be qualified. vii-thin

each of the oentral and southern Linoolnshire regions the abundant

ocourrenoe (looal aome)of A. oross! does appear to be at approx-

ima.tely the same level and is therefore val'UB.blea.s aneralised marker

in the field. Furthermore, these abundant ooourrenoesat broadly similar

horizons. denote the middle of the formation. espeoially if the Lindsey

Shale Memberis also oonsidered beoause it is the lateral equivalent of

the beds oontaining A. crOesl in south Lincolnshire (Fig. 2.11). Ho~vel.',

A. groasi is by no meansubiquitous or espeoia.lly abundant everywhere.

At Bamaton it ha.a not 80 far been found whil it occurs very sparingly

at Ropsley, although in both oases the "Crossi :Bedalevel" is obviously

present.

Therefore,a.lthoue,bin detail the ocourrenoe ot: A,_ gras· i do s not

aeemto warrant ita use as true time-related biostratigraphical datum

(implied by Kent, 1940, p.49). whendivoroed from the oonoept of th

Crossi :Bedsit oan act as a useful marker horizon. Its importanoe

thoughhas been diminished b7 the reoognition of the easily traced bas.
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of the Lincoln Memb!.lrand the refinement of the ammonite blostrati8raphy.
II.;.g. iv. Conclusions: The main lines of' evidenoe favouring the
abandonment of the Crossi Beds as a str tigraphioal un!t are:

(l)the limestones, whioh have fomerly been inoluded within the
Crossi Beds, do not form a. 11thologioaJ.ly ooherent group but fall into
a number of the newly proposed lithostratigraphioal units,

( 2) the eetablishmentot a Croesi Beds un!t solely on the basis
of' the ooourrenoe of A. crossi is untenable in the li thostratigrapb.1o
approach adopted here.

In addition the following points undemine the unqualU'ied use ot

A. orossi as a time-related biostratigraphical markers
(1) it ooours at a number ef'distinct stratigraphical horiZons
(2) its f'irst appearanoe does not seem to be synohronous across

the whole county
(;5) it apparently becomes abundant at different horizons in

different parts of the county.
Therefore it seems diffioul t to aooept the first a.ppearanoe or

the base of the probable acme of' the braohiopod as a time-horizon,
although the general occurrenoe of'A, cross! in large numbers doe.

ooinoide with the middle of' tho formation and in this ~y it is a useful
marker.
II.3.h. Discussion

The 11ncolnanire Limestone f'orma a ooherent limestone fOJ:mation
within the Middle Jurassio of Easte~ England. Previous work has sone

somEt in determining ita stratigraphical relationships but a largel1
generalised a.pproaoh has devalued much Qf this 'Work" Few measured
eoti0us. portraying th stratisraphioal subdivisions propoaed have

ev r been published while little attempt has been mad to elucidate the
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depositional environments present tn the limestones. Consequently
& rather imprecise and often oontradiotory nomenolature/stratigra~
has resulted. Furthemore the biostratigraphy has never really been

studied, prior to this work only one ammonite had ever been figured
(:Barker and Torrens, 1971) and the ra.ther piecemeal approaoh to the

subjeot had resulted in many erroneous identifications and inaoourate
stratigraphical conolusions. However, in the work desoribed in the

following ohapters an attempt has been made to revise the biostrati-
graphy and present a coherent, formalised lithostratigraphy for the

formation. The probable environments of deposition are also discuss d
and a depositional history outlined.

,
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CHAPTER III
A I1MOI-J'Tf:.

THElBIOST . TIGRAPHY OF THE LD 'COLNSHlRE LntESTONE romlATION

III. 1. INTRODUCTION

Stratigraphic studies of the Lincolnshire Limestone have always
been hindered by the apparent dearth of ammonites in the formation." The
problems arising from this scaro1 ty have been oompounded by the imprecise
looalisation and indifferent ouret1on of many speoimens, and the loss
and mis-identifioa.tion of others (Fig. ,.1). Consequently the rel-
a.tionsh~p of e Linoolnshire Limestone to other Jurassio sequences
has remained poorly understood., Furthermore, no biostratigraphic ub-

division, of the formation using ammonites has been consider d possible
as the faunas wore thoU8bt to be indicative of only a single Bone, the
<;l;t.sclteaZone (s e Kent, 1966 for review of earlier fin • Backer and.

Torrens, 1971, Senior and Ea.rla.nd-:Bennett, 197'. and Pa.rsons,1974a for
th status of the discitss Zone). However, Parsons (1974b) and Ashton
(1976) have reoently cr~lenged this view and Bug sted the posBibilit,y

of subdividing the Linoolnshire Limestone on thG basis of the ammon! te
faun •
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In tlhis chapter the results or a thoro h re-exaJn1nationor 11

the avallable r cords and ammonite material trom the Lincolnshire

L1mestone has been d1aeunood. (his work forms pnrt or a joint paper

w1th Dr. C.7. Parsons, vhose revision of the a.mmonite stemaM.cs

contribute greatly to conclusions far 'arded here).
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reoorded by Judd(1875), ie less oertain. However, as the only
speoimen known to have been oolleoted from Little Bytham is the
Somrln.1a.(l1'uho;p).ooeras)of. ;polY!Qa.ntha (waagen) (lGS GSM 25604) it

seems reasona.ble to a.ssume that it is the ammonite referred to by
Judd (1875), espeoially as it was ourated prior to 1890.
III.2.o. Reoords from the 19309-12408

Although it has been possible to looate practioally all of the
ammonite finds. collated by Kent and Daker (1938), in either the
British ffuseum, the Institute of Geologioal Soienoes Husol.llllor Linooln
Ci ty and County Huseum oollections (I"ig. 3.1), two specimens remain
problematical. Of these the Fontannesia ap. (Kent and Daker, 1938),
tound du:ring the exoava.t·on of Spittlogate Hill ReservOir, Grantham
(Fig. 3.1 and Kent, 1966, p.67) doea not appear to be present in any
oollection and bas apparently been lost. The only ammonite trom the
Grantham area. present in any museum oolleotion is the HYper1iooeras ap.
(BMNH. C73373), whioh is labelled "Grantham, ex. Grantham Museum" (Fig.3.2).
Hotrover,it seems most unlikely that these are the same speoimens as
their gross morphologies should be very different.

The second problem ooncerns the whereabouts of the three !.!YJ?erllooeras
art,. dillc!tea ( aggen) speoimens (Fig. 3.1) reoovered from Greetwe11 Qu.a.r.ry.,

Linooln (TF 003721, and see Fig. 3.'). The details and a.pproximate time
ot a.cquisition (1937) of speoimens 355.37 and 355,37A in Linooln l>luseum

tally well with the reoords of Kent and Baker (1938), but for some r aeon
the third specimen appears to have beoome ieola.ted from this pair. However,
in the Dritioh l''':usum a. H.tPerlioosras ap. (BMNn C38091) from W:ragby-

Road ;ua.rry, Lincoln (E'ig. 3..3; \'fragby Roa.d and Greetwe11 a.re esaentia.lly
the same pit) is ~~oorded as belonging in the Kent Oolleotion 19'5. This



~be the third H. aft. discites speoimen. The only other possible-
oontender is the EYPerlioceras sp. (IGS ZK771),. that was ourated with
the other Kent and Baker (1938) specimens. However, unlike the original.

reoord (Kent and 'Baker, 1938), a specific identifioa.tion of this amnlQn-
ite cannot be made beoause of its poor preservation, suggesting that it
is less likely to be the third speoimen.

In addition to the ammonites discussed by Kent and Baker (1938)

four more specimens were reoovered during this period (Figs. 3.1 and ,.2).

The moat important 01' these wa.s a Sonninia sp. (JamUl 039337) from Castle
I

Bytham ~ (SK 990180; see Fig. '.3), cited by Riohardson (1939a).
At that time, this speoimen was the only unequivocal disoovery from

the Upper Lincolnshire Limestone (the IfBastard Freestone" of Richardson,

1939&,p.42J8ee a.lso Fig. '.4).
III. 2.0.. Reoor-Js from the late 19608-127°8

In addition to the most reoent finds (Kent, 1970; Ba.rker and

Torrens, 19711 Senior and Earland-Bennett, 1973, and Ashton, 1976).

the reco:rti8 published in this period inolude disooveries made throughout

the 19508 (Kent, 1966, p.67), and althoU8b the majorityo£ these amJIlQm.1tee

have been readily located in museums or private collections (see Fig.,.l),
the merliooeras ap. reoorded by Kent (1970. • the merl10ceras

rud.idiscites cited by Senior and Ea.rland-iennett, 1973) has not been
traced. Bearing in mind the mis-identifica.tions of manr of the previoue~
recordedhyperliocerat1ds (see Fig. ,.1) it is unfortunate that such &

potentially valuable speoimen bas been lost. especially as it came from
the Upper Lincolnshire Limestone, where ammon! tes are partioularl¥ soa:rce.

During this period (1'50 onwards) a number of otherfLnds, not
reoorded in the literature, were also made (Fig, ,.2), including two
Sonninia. spp. (:m.n C48800 and C4S801). that are both registered
Coming from "10 teet a.bovethe ba.se of the quarr.1 (1.e. coral ...bivalve
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bed)"a+. Castle Bytham. The "ooral-bivalve bed" is presumably equivalent
to the crossi bed of Kent (in Sylvester-Bradley, 1968). that narks the
base of the main quarry floor, although lower levels can be seen in the
pit (ll'ig. 3.4). Certainly the crossi bed contai!\s abundant bivalves
and corals. Furthermore, the only other cora.l bed reoorded at Castle
Bytham, the Castle 13ytha.mCore.l Bed (that forms part of the "Roadatone" J

see Richardson, 1939a). is generally considered to occur some 3.8~6.0 metres
above the main quarry floor (sao Kent, in Sylvester-Bradley, 1968) and
ia therefore unlikely to be the bed referred to in the British Museum
register.

Wherever possible the ammonites recorded from the Linoolnshire
Limestone have been re-examined and in many cases re-identified (the
results of which are shown in Fjgs. 3.1 and 3.2). The signifioanoe of
these re-identifioations are diooussed in section 111.5.
111.3. PRJWIOUS COHRELATIONS

The Inferior Oolite e of the Linoolnshire Limestone Formation
was independently established on general faunal and stratigraphical
grounds by Sharp (1873) and Judd (1875) after 110rris (1853) had inoor-
reotly assigned it to the Great Oolite. During this pioneer period
ammoni te zonal stratig.r:aphyand taxonomy were only in their embryonio
stage of development and oonsequently it is difficult to assess the
value of these earliest ammonite reoords (Fig. ;.1). However, in spite
of this it is inter ting to note that many of the early workers (Sharp,
187;; Judd, 1875; Jukes"Browne,1885, and Woodward, 1894) agreed that
most of the Lincolnshire Limestone belonged in the Ammonites l1Urohisonae
Zone CA. Sowerby! Sub~one), although some (in partioular Sharp,l873,p.28S)
believed that higher zonesW'ere probably also represented.

i.,riththe later refinement of the ammonite biostr tigraphy of the
Jurassio anci the development of an inte:rnal lithostratigrapbT for the
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Lincolnshire Limestone (Richardson, 19}9a, 1939b, and 1940, Kent, 1940J
and Richardson and Kent, 1938), the stratigraphical position of the
more reoent ammonite finds (Batters, 1933; Baker, 1934; and Kent and
"Baker, 1938) became b,tter understood and consequently the age of the
Lincolnshire Limestone more accurately known. The evidence available
a.t tha.t time waS sumrna:r:'isedby Kent (1940, p.51)as, tI the lower
half of the limestone belongs mainly to the dis cites zone (in the broadest
sense) ...early Middle Inferior Oolite - while the slightly transgressive
upper beds presumably represent the later zonee of the Middle Interior
Oelite, "••••••• This essentially re-itera.ted the view expressed by
Buckman (1912, p,205) some years earlier and reflected thefa.ct that, up
to that time, the majority of ammonite finds (Kent and Daker, 1938 and
see Fig.3.1) had come from the Lower Lincolnshire Limestone.

Later Kent (1966) contributed an updated and expanded review of
the ammonite discoveries from the Lincolnshire Limestone, However, the

ammonite evidence diacu£sedhad,not greatly increased from that known in

1940; in fact only two additional speoimens were reported for the first
time _ the ftII,tperlioceras"sp. (l3MNR C 47900) from the Upper Lincolnshire
Lime tones. t Ca.stle Bytham and the 1!:.. aff. disci te waagen (1311NRC 47901)
from the CemerltstoneB (see Kent. 1966, fig. 1) a.t Greetwell Hollow Qu.a.rr:r,

Lincoln. '!'he discovery of the li. aff. disoi tee provided firm evidenc
of a d1soites Subzone (sowerbyi Zone) age for the higher levels of the
Lower Lincolnshire Limestone. In addition the lflIY;perliooeraa"p. was

alao thou t to signify a simila.r age. (Spath in Kent, 1966. p.68) for
part of the Upper Lincolnshire Limestone. In the light of this fresh
evidence Kent (1966, p.6a) noW' ooncluded, "This shows tha.t not only most
of the Lower Linoolnshire Limestone falls within the disoites Zone, but
also that an importa.nt part of the Upper part 113 of this date - a total
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The probleln of the nbum;phrisia.n.us - group" ammonit , first

reoorded by Cross (1875) remained, and Kent (1966) suggested that it
might indioate the presenoe of a representative of the Soarborough

Limestone .• a cor:rela.tion denied by Bate (1967) on ostracod evidenoe.

Certainly there seems no olear reason why so much importano should

have b en attributed to the Ammoniteshumphriesianus record. for other

equally "unusual" finds a.pparently representing the higher Middle Inferior

Oolite levels Vlerealso recorded in the last oentury (Sharp, 1873;

Woodward,1894. p, 51). It seems s·trange that these and similar reoords

should be ignored in later reviews (Kent, 1940 and 1966, Swinnerton

and :Kent, 1976) while the equally dubious 1. hum;phriesianus speoimen

is given suoh elevated status. It would seem far better to treat all~,

the 19th century discoveries, that have been lost, with equal soeptlsm.

Certainly at present there is nothing in the knownammonite evidenoe to

Suggest so la.te an age for ~je Lincolnshire L1 estone.

More recently Senior and "arland-:Bennett (1973) reoord d a.

"merl!oceras rudidiscltes" specimen from the 'OpperLinoolnshire L1mstone

(Fig" 3.1). a.pparently confirming the conclusions of Kent (1966) tha.t

the lowor part of the Upper Linoolnshire Limestone (approximately 5 metre

rather than 20 m tres stated by Senior and F.arland-Bennett, 197:5, p.,25)

was also of disoitoe Subzone age. However, th re-identifioation by

Paraons (1974b) of the Sonninia p. (nmm e 39337) as being olosely

related to the Gonn1n1a(:Piseilobioeras) ,i)va.li (~iu.emend. s.s.) -
fissllob ta. (Waa.gen)group 01&110n d this View, Par ons (1974b) stat d

that suoh speoies It ••••••• are more characteristic of a higher horizon

than the disoites Subzon of the "sowerbn"Zone, that 1s th ovalle

Subzon.e" (of the laeviusoula Zon J see also Pa..r.sons,1974 ) •.
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The speoimen (BMNH C 39337) from the basal Upper Linoolnshire
Limestone at Castle Bytham was considered to represent a Subzone higher
than that indicated by the "H. rudidisci tes" specimens of Senior and

Earland-Bennett (1973), although it came from a lower stratigraphical
level. This apparent contradiction vas partly resolved when the supposed
stratigraphic position (in the Upper Linoolnshire Limestone) of one of
the 'liB. rudidiscl tea" specimens (RCU 1969/279) was shown to be inaccurate
(Ashton 1976; see also Fig. 3.1 for its re-identification). However, even
if the identification of the second lost !fR. rudidiscites" was aJ.so

II "invalidated, the presenoe of another ljyperlloceras sp. (BMNH 47900. see
Fig .3.1) from Castle Eytham Quarry at a level undoubtedly above that of
the Sonniniasp. (BMNR C 39337) was discussed by Parsons (1974b) and

perpetuated this apparent oontradiction of discites Zone faunas ~oour-
ring above oval1s Subzone (laeviuscula Zone) faunas~
UI.4. LITHOSTP.ATIGRA1'HICAL FR.A.ME'IORK

In addition to revising the systematics of the ammonite fauna from
the Lincolnshire Limestone, the stratigraphic position of the speoimens
bas also been re-assessed in the light of the new lithostratigra~,
whioh is detailed in Cha.pter IV. As this disagrees with earlier sohemes
feee especially Kent, 1940 and 1966; and Riohardson, see fig.42 .in

Sylvester-Bradley, 1968) en s. number of important points, it haa been
considered neoessary to assign the earlier ammonite finds to the new
Bubdivisions in order to aBsess better their biostrat1grap 0 significanoe.
Wherever possible the allooation of an ammonite to a new litho trati-

graphio unit (on the basis of its original horizon of reoovery) has b n
independently tested by oomparing the matrix of the speoimen with the
litholog~es present in that unit. Some speoimens were too poorly looal-
ised for precise re-allooation to be mado, but in BUch oases a knowledge
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of the new Ii t1'.tostratigraph,yof the looal! ty in question a.llowed.some
ref:inement of the !lOri.ZOO of J.'ecovery to be a.chieved.

It is iml.orta.nt to point out that this newlY-proposed Ii tbo-

stratigra.phy was developed before, and tota.lly indapendan.tly of, the

biostratigraphy disoussed in the following seotions.
III.5. IN1' ~RNALCOH.R1!:LATIONOli) THE LINCOLNSHI1U'! LIMESTONE

IlI.5 ..a stpa.tiea.:ehioaJ.distribution of the ammonites
Al thoug 1 the horizon of discovery of many speoimens remains unknown,

a re-assessment of the better localised ammonites, 111 tarmaof the new

11thoatratigraphy, shows that at lea.st five separate members ha.veyielded
ammoni tea (Fig. ~.4 and }. 5). The numerical bias in favour of the lower

Lincolnshiro Limestone horizons is probably partly due to the depositional
environments, reflected by the facies of the different members. Generally
speaking the older members of the forma.tion represent quieter-water

"lagoonalft settings. while the two highest units (Sleaford and Creeton

I'Iembers) were probably depoei ted in a. very "high-energyU barriu oomplex,
in which ammonites were unlikely to be preserved.
III.5.a. 1. Greetwel1 11.ember%The most famous and prolific source

of ammonites in the Lincolnshire Limestone haa been the "SUver bedsn•
v/hioh have for ma.ny years been ex )osed in a. aeries of workings on the
ea.stern outskirts of Lincoln {Hioha.rdson, 1940, fig. 29;" beds 4/5 at
Greetwell Hollow, see Fig. ,.4}. This horizon has yielded Bnerliooery
<ID Bubsectmn, l!. (~~cr. Gubdisooideum, I. (!Y aft, ru,dicUscl tee' ,
Darellia U!.) I1011ta.. and Sonninia (buho;plooeras) o.f.ma.rpnata., as

well as possibly the less well localised speoimens, Gra2hoce~as
(Ludwisol1a.) aif. stieosvm and a.<!.) aft. marginau.. Further south

the Gra.:ehooeras (1udwigella.) from Sproxton and the 1. <!.. )01'. densiaostata

from waltham probably represent the two lowest ammonite £inds from the
Linoolnshire Limestone, exoepting perhaps the Fontanneeia reoorded by
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Kent and Baker (19}8, p, 169). However,as this ammonite has not been
found in any museum oolleotion, it has not been possible to oonfirm its
identifioation. Although outside of the study area, the horizon at
Geddington, which has yielded a. §..C!..) aoanthodes may well be a lateral
equivalent of the Greetwell Member.
III.5.a. i1. Leadenham Member. The distinotive trix of the ?Da.relli
(?R,.) ef.ooels. from Greetwell and 1. <!.) aoanthodea from Leadenbam
indioates an assooiation with this member. In addition the !l. (,!!.)

subseotum from Kirton in Lindsey probably originated in the Kirton
Cements tones Member (Ashton, 1975), whioh is laterally equivalent (in

part) to the Leadenham Member ( ee Seotion IV.4.h.).
Both this and the Greetwell Member fauna are indioative of a

disoites Zone a.ge.

III.5.a. iii. Linooln Member: Whilst ~ one speoimen of Sonninia
(Fissilobioeras) atf. tiesilobate. has been oolleoted in situ from the
lowest bed of the Linooln Member at Leadenham (Ashton, in press), there
is good evidenoe to indioate that several other specimens of this taxon

have also oome from the same horizon (Fig. 3.2). Related forms ma::r also
have oame tram equivalent horizons a.t Ropsley and Greetbam. although there
ls no firm evidenoe to support this suggestion. In addition 1. (!) of.

dominans probably oame from the Linooln Member at Barmston (Ashton, 1976).
111.5.a. iv. Castle Bztham Members This unit has yielded in si$}!
sp o1mens of §.. ~ of. ovalis at Castle :Bytham, whilst the W'oolfo%
speoimen of !. (~ii silobate. is probably from a imilar horizon.

Both this and th. Linooln Member fa.una are indioative of a lower
1aeviusoula Zone. ovalis Subzone age (Parsons, 1974&).
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III. 5.a. v. Sleaford Member: A single Shirbu1rnia of. f'astieta
has been reoorded from this unit at C tle Bytham. This is the highest
horizon known to have yielded ammonites in the Linoolnshire Limestone,
exoept for the "Ryper11oceras rudidiscites" from Clip ham (Senior and
Earland-Bennett, 197') whioh has been inferred as ooming from the
younger "Clipsham beds" (. Creeton Member of this lithostratigraphy).
However considerable doubt exists about the identifioation of this ammonite
(whioh has been lost) because of the erroneous identification of many of
the other ffRyperliooeras" specimens (see Figs. ;.1 and ;.2).

The h of. fastigata is indicative of an upper la.eviusoula Zone,
~~eviU8oula Subzone age.
III.S.b. Internal Correlation,

It now appears that, contrary to the opinions of Kent (1966, p.6S)
and Senior and Earland-Bennett (197;, p.325), the Linoolnshire Limestone
spans more than just the disoites Zone. Sinoe neither the lowest or
highest members have yet yielded ammonites the preoise biostratigraphic
range of the formation remains uncertain, but the known ammonite faunaa
span the disoites Zone and the la.eviuscula and ovuis Subzones at the
laeviuscula Zone (Lower Bajocian). Within the known distribution of
the ammonite faunas there are two horizons where the biostratigraphic
and lithostratigraphic boundaries appear to ooincide, thus providing datum
levels of some importanoe for the internal division and correlation of
the formation. First. and most ignifioa.nt, the boundary' between the
le.eviUfcula and d1scites Zones faunas appears to parallel the erosive
base of the Lincoln Member, which is readily traceable aor088 Linoolnshire
(Chapter rv)and therefore a very important datum level for internal
oorrela.tion (Fig. '.4, and Ashton, 1976). The significanoe of this
biostratigraphie divide has been olearly demonstrated a.t Leadenham, where
a number of Fissilobioeras peoimens have come from the lowest bed of th

Lincoln Member, while discites Zone ammonites have been reoovered fro
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the underlying Lea-denhamMember. Seoondlyt the bOlUldarybetween the

rooks of the ovalis and ll!v!usoul& Subzones age a.ppears to oOincide

with the erosive base of the Slea.ford Member,a1though further finds

are needed to support this tentative oonolusion. However, as this litho..

stratigraphioal. level 1e also widely traoeab1e (Chapter IV) it too may

prove to be a signifioant biostra.tlgraphioal./li thostratigraphlcal datum.

Thus, at present, the age of the Linoolnshire Limestone oan be

summarised as.

1) The Greetwell and Lea.denham f-fembers are of disoites Zone

age. As no ammon!tea have been reooveredfromthe underlying Sproxton

Member (Fig. 2.2), it maybe older.

2) As ammon1tes indicative of the ov!!!s Subeone of the

laeviusoula Zone have been oolleoted in siS from the Linooln and

Castle Bytham Members, the intervening Soottlethorpe Membermust also

be of this age. Furthermore the Lindsey Shale, Metheringham and :Blankney

Members, lying above the Linooln l'Iember and below the SletU'ord Member,

are lateral equivalents of the Soottlethorpe and Castle Bytham Members,

it seems proba.ble that these also belong in the ovalle Subzone

» .4l thoU8h the eecucrenee o~f the Single Sh1rblU.l:-nta.of.

futlets. in the Sleatord Memberat Castle :Bytham indioates a. laevlus0WrI

SUbzone(l!,!viusoula Zone) age for the lowest part (at least) of the

unit, the need for supporting evidenoe is only too obvious.

4) 'J!heyoungest subdivision of the Linoolnshire Limestone,

the Creeton Member. whioh is separated trom the underlying units by an

erosive basC\has so far faUed to yield a:ny ammonites at all, its age

therefore rema.insproblematioal. It ma;y be younger still than the

laeviusoula Zone, as it includes the "Gr at Ponton 1.'ereoratgJ& :Bedsft,

whioh bave been oonsidered, on the buis of the braohiopods, to be



possibly of "Upper Interior Oolite" 8.8 (upper Bajocian, Kent. 1940.

p.50 and 1966, p.68). However, the evidenoe for this is by no means

oonvinoing (see Seotion IV.l2.g.) and only the disoovery of ammonites

will really solve the problem.

III. 6. OONOLTJSIONS
Despite the poor looalisa.tion of many of the speoimens collected

prior to this work, a thorough re-examination of all the ammonite

reoords. together with new disooveries, has led to a. better understanding

of the age of the Lincolnshire Limestone. Furthermore, it 1s nowknown
that the foma.tion can be subdivided on the basis of its sparse ammonite

faunas and, as the ma.jor biostra.tigra.phic diVisions a.ppear to coinoide

with significant lithostrat1gr~phic boundaries, important datum levels

exist. These not only aid intemal correla.tion but help eluoidate the

environmental history of the formation.
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CHAPTER IV

THE LI'l'HOSmATIGRAPHY OF THE LINCOLNSHIRE Ll11ESTONE FO,!;YTION

IV.1 INTRODUCfION
The lithostratigraphic revision of the Linoolnshire Lime tone has

been based upon a detailed study of the formation between Linooln and

Woolfox (SI 951136, 1!'ig. 2.1) and the subdivisions of the new(formaJ.-

1sed) scheme have been defined according to the stratigraphio prooduret

advooa.ted by Hedberg (1976). Essentially each un!t ha.s been fully

desoribed (typ section. lithofacies, fauna, ooourrenoe) and related

to the stratigraphies of arlier workers. Although the lithostrati-

~a.pb,y was developed prior to, and totally independently of the

b1ostrat1g'l.'·a.pb,y,already discussed in Chapter III, the apparent close

a.er am ut betwe n the major bio- and oertain 11thostr t1graph!o bound..

aries is oonoidered an independ nt support for the proposed 11thostrat1 ...

graphio correlations. In partiotllar the lithostratigraphio importance

attaohed to the base of the Linooln Member(Pig.2.2) appears to have

been vindioated by th biostratigraphio work. Howeverthor 1 s,till

muohfuture work to be done on the ammon!te biostratigraphy ot the
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Lineolnsh1reLimeetone. The new 11thostratigraph1oal subdivisions

of the Lincolnshire Limestone and their proposed oorrelations are

shown in figures 4.1 and 4.2 (see "baole-pooket" of' thesis).
Although this research has been primarily conoerned with the

central and southern Lincolnshire regions. the isola.ted exposures

around Kirton in Lindsey and H1baJ.dstowof South Humberside (Fig.2.l)

have also been examined. The Hibaldatow section (SE 973(08) bas been

tentatively assi.gned to the memberstypical of the upper Lincolnshire

Limestone of central Lincolnshire (Fig. 2.2) but the lower Linoolnshire

Limestone succession exposed around Kirton is somewha.tdissimilar to

that further south and its stratlgraphf has already been disoussed

elsewhere (Ashton, 1975). Howeversuggested oorrelations betwe n the

South Humberside and Linooln successions are shown in figure 2.2 and

therobable relationships of the various members have been discussed.

in the relevant seotions of this chapter.

IV.2.a. Introduction
The Sproxton t-fember, composedor a massive silty lime 'ton and

overlying dark coloured olq, is fully exposed in t.hree south
\

Linoolnshire quarries, where the Linoolnshire Limestone rests di otly

upon the GranthamFomation (F1g.4. 3). Those pits are at Sproxton

(SIC 86625', the type section). sta.inby' (src 910233) and Thia tle ton
(sx 903180). In addition a partlallyexpos d sequenoe of the membr

la thought to oecur at Mether1ngham (TF 053616, .ee Fig. 2.1).

IV.2.b. Former Terminology

The Sproxton Memberin south Linoolnshire is thought to b

d1reotly equiva.l·ent to the Blue Beds of Riohardson (1939b, p.466, l3eda

8 - 10 of £1g.40), a.l though no trac of the CollyWistan Slate faoies
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:Larepresented in any of the qu.arries examined (Bed 11 of oha.rdson,

19'9b, fig.40 is probably the flaser bedding facies seen at the top

of the GranthamForma.tion). In addition the memberoorresponds olosely

to the Blue Beds or Kent (1940 and 1966), Wilson (1948), and Swinnerton

and Vent (1976), although neither Kent (1940) nor Wile on (1948) inoluded

the olay bed in their units. The lowest part of the Sandy Limestone

Group of Hollingworth and Taylor (1951) is similarly believed to be

equivalent to the Sproxton Member. However, in thl context it 1& imp-

ortant to note tha.t although the "Bagf' and overlying olay of the

Ironstone Companies approximate to the Sproxton Member,Hollingworth

and Taylor (1951, p.18) erroneously compared the tlIla,g" to the Blue Bed

of Riohardson (1939b, fig 40, Bed 10), whioh is in faot only & single
bed within the Dlue Beds (Richardson, 1939b).

The relationship between the Blue Beds of Riohardson (1939b) and

the Sproxton Memberis only considered valid for the area between

Thiatleton and Anoaster. The Blue Beds in the Linooln distriot

(Riohardson, 1940, fig.29) are not part of the Sproxton fotembsrnor are

they even equivalent to the Blue Beds further south (Riohardson, 193,b).

On the oontra1"1. the "Linooln Blue Beds" are thought to cecur at a.

oompletely differe.nt horizon, part of which co.mprises the \-1ragby:Bed

of this lithostratigraphy. The Sp.roxton t1emberis not developed in the

vicini ty 01' Linooln. The evidenoe for this re-interpretation is dis-

cussed in ection IV.2.g.
As the corrol tlon of the Blue B dBacross Linoolnshire, by

Richardson, has generally been followed by others (Jfent, 1940 and 1966,

and Wilson, 1948), the Linooln area. Blue Beciaof these authors are simi-

larly not oonsidered equivalent to the Sprox1:onMember.
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IV.2.o. GeofE!J?h1oaland Geoloscal Extent

The Sproxton Memberextends from the southern end ot the stu41
area northwards to Anoaster and is considered to correspond to the

Blue Bods or Richardson (19'9b, p.466) in this region, Further north

its distribution is less oertain, although the memberis thought to

persist nortAeastwards to Metheringha.m(Fig.4.l). where the low at

exposed bed bas close lithological similarities to the Sproxton

Memberelsewhere.

Besides Metheringbam, the only other central Linoolnshire sec-

tion expos1n8 the base of' the toma.tion is !l.t Greetwell Hollow.
Linooln (TF 003721). Here the basal bed, an oolite (:BaseBed ot

Riohardson, 1940, 1'ig.29), is overlain by a. silty' limestone. which

forms part of the Blue Beds of Richardson (1940, fig.29). Th1

ttGreetwelllfsilty limestone is believed to eorrelate with a. similar

bed, \-(hiehis stratigraphically hiBher than the Sproxton Memberin

the I'1etheringhamsequence (Fig.4.l); this higher silty liroeetone

horizon is called the WragbyBed in the lithostratigra~ proposed
he (Fig.2.2). Therefore the Sproxton I, mber does not appear to be

represented in the Linooln areal the B e:Bed of Riohardson (1940) .1

proba.b~ a. oondensed equivalent of that part ot the Greotwell Member

ooourring between the 'I'lragl)y Bed and Sproxton Memberat M theringham.

Further more the earlier oorrelat,ion of the Linooln and south Lin.coln..

shire Blue Beds would appear to be invalidated.

Unlike the demonatrable northwa.rda.ttenuation of the Sproxton

Member,its distribution in other dlreotions 1s poorly knownbecause

or the laok of' exposures and tho lack of any signifioant thickness

variations. Themembermo.1ntains a fairly constant thiclt;ness (a. 11ttle

under 2 motres. see also Roll • orth and Taylor, 1951) throughout its

tracea.ble extent, although Rieha.rdson (19390, p.41l) reported a tbiok-

ness of' 3.5 metres (11 feet 6 inchos) for the :BlueBeds at nuda's Quarry,



o 0

Houebton Hill near Grantham. In isolation, though, this record 1s of
11ttle value in elucidating aD."1 thickening trends.

In south Lincolnshire the Sproxton Memberis Been to rest upon
the Grantham Formation and in tum be overlain by the "Greetwell

l>iember(tig.4.l). The actual contact betw en the 8proxton ber and

Grantham Formation is sometimes diffioult to pinpoint in the field
because of the decaloification of the lowest Lincolnshire Limestone
(Taylor, 196}). However, from regional relatiQnships, it is thought

to be erosive despite the absenoe ot major erosive features in an.y of
the Bucce.sions examined. In oontrast the Sproxton I'1e:nber/Oreetvell

Member contact is readily seen to be oonformable in the south
Lincolnshire sequences, although northward both the Sproxton t-1.emberand
Grantham For:mation are lost and the Ore tw.ll Member sits direotly
upon the Northampton Ironstone. The wider significanoe of this north-

ward trunoation is discussed in Chapter V.
IV.2.d.. Field desoription of the lithol0tGes

In south incolnehire the lithologies of the Sproxton Member,
reflecting the transition from the clastic Grantham Fomation to the
oarbonates of the Lincolnshire Limestone, correspond olosely to those
desonbed by Richardson (l9'9b, fig.40) for the Blue Beds, I sentially

the member is composed of two parts (Fig. 4.,).
(1) a massive, silty or sandy limestone, the les8 consoli ...

dated base of whioh wea.thers back u.sually to rev al en impressiv ar.t'8\r

of trace fossils on the base ot the more indurated part ot the bed ( at
stainby, ee Fig.4.4). The bed is approximately 1.6 metre thiOk.

(2) an overlying clay bed.
IV.2.d.!. Lime!tone :Bed: At Sproxton the basal part of the limeston

is a buff-coloured, medium-grained sandy limestone (IJ.tholog A) with

subsidia.r,y ooids and bioclastio grains. This grades up into the more
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"typical" fine-grained. homogenous. blue/grey, silty limestone

(Lithology 13; see IUebardson,l939b). The latter is very well sorted

containing mica flakes, quart .. grains and akeletal rra@llenta. Lithology

:a passes up, via. a tttranaitional bed", (Fig. 4.5) into a. purer., well-

sorted, fine-gra.ined limestone tha.t is q~ te different in outward

appearanoe from the rocks below. It is a hard, smooth, creamy-grey,

s!l t;y peloidal calcarenite (Lithology C). conta.1n1ng epifaunal bivalves,

abunda.nt worm tubes (identified as Sel'puladepl xa by Riehardson, 19'9b)

and mica flakes., At Thistleton the 'II/om tubes are commonenough in

plaeea for the rook to be a. Itserpuliteft, while the junotion between

the flBlueBed" and overlying oream,Y'-greylimestone is crowded with abun-
dant Hhjizoooralliumjeunese Zenker (see Pursioh, 1974a).

IV.2.d.ii. C1!l Bed: The stiff, black, well-laminated cla.y, capping
the limestone, has shell rioh layers (Richardson, 1939b, recorded a fa.una
o£ S. de;Blexa., S, I1tetr!¥pna." and Ostr2a. sp.) and lensoid limestone

beds included within it. 'J.lhis ola,y is a. widely reeosn1sed lev 1

(Hollin8Wrth and Ta.ylor, 1951, p.1S) varying in thickness from a.bout

sOmm (authortl3 own measurement a.t Thistleton) to a.pproximately 0..6 etre.

(Richardson, 1939b. p.466). but avera.gins 0.3 metres thiok.

Although only the upper part of the Sproxton ~lemberis seen

(approxima.tely 1.2 metr s), some signi.ficant lithologioal variations

occue at Metherlngham. The lowest part of the seotion (0.1 metres)

exposes a typioa.lly "Dlue Ded" - like hard, grsy/blu., fine-grained

silty limestone, whioh wea.thers rusty bnwn. Mica and wood nakes.

clay lenses and a.bundant trace fossils Br also pr sent, evokitlg com-

parisons with tho Raven'thorp Membero£ South Humberside (Ashton, 1975).

Above this bed is honey-yellow, well-sorted, m dlum-grained peloidal

oaloarenite, containing abundant thick-shelled. disarticulated (conv x

side uPP'tmost) bivalves. Complex, often branohing burrows penetrat4t
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downfrom its upper aurface J whioh is capped by a hardground, which is

the lateral equivalent of the olay bad of south Lincolnshire.

IV.2.0. Iabgr:ajaety dess;rig\19P qf ,the l1thoJ.Ofdll

At Sproxton, the massive l' torm1Dg ,be ha 1 part or tbe

membershows a crudely gradational lithological aequeno.. a poorl1-

wo. hed, quartzose 00 parit (Uthology-, A; F1g,4.6) passes up through t

tttypical" quartzo (dolomitic) biomicrite (Lithology, Si ig.4.7) to a

quartzose biopelsparite (L1thology, 0; Fig.4.8). The most signifioant

oharacters of' these lithologies are shown in figure 4.9.

IV.2 ••• i. Skainru Th su.b-angular to sub-rounded detrital quartz gr ins

deer a. 1n quantity and 81 ira lithology A to C. This g;t' in sUe

is m1rrQr d t,o eo extent b tbe allochems, altho'Ugh tb

ubiquitous skeletal fragments remain quit large throughout and impart

a b1mod. lit1' to lithologies B and C. Bivalves, and to a lesser degr El

gastropods, ar the dominant bioclastic grains bu.t t01"am1n1fera and

ech1nOcierm rr nts are also. pr -nt. Pr nation iear1able, ranging

fro complete~ unalt red 1n th ea

echinoderms, to almost completel3' m1crit1sed grains. C4-1g:1nally aragonitic

skeleto ha; always been replaced, the resultant sparite pseudomorphs

so t having micrt envelopes. he lold.s within L1.tholoQ' 0 are

v ry r gular u. si and aha , El geating that t l' be t,8cal pellets.

IV .2.e .11.M s Throughout all three lithologies, the grains ore very

abundant and olosely packed. Howoveron~ in lithologie. A and C i

ther eal evidenc tar primary perite nt, IthoUgh C has

micritic areas, ~h1eh mar be the remnants ot b1otu:rbatlon. 'l'h matrix ot

LS.tholo B is lessasU,. d t rm1ned; the grains p ntUul nough

ter the rook to gra:tn lupport d but the I trb: is compo d of Cl -

g net1c t.nonn dolomite m1croopers th1s 18 p tioularq t case at

Meth. 1ngh m and Stainby. No primary parite ls evident.
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IV.2.e.l11 Variations: At Metheringham Lithology C has little silt
but a wider range of skeletal grains J Bryl;))oo. and brachiopods oocur in
a.ddition to the usual types. e oncoli tes are also present. Although
nom.:i.TJk~llya.b10pelsparlte too, this rock contains less micritic matrix
than its Sproxton equiva.1ent and has a coarser, well differentia.ted
sparitic cement. The peloids are not faecal but appear to be micritised
grains of va.rious types. They are larger (0.15 - 0.6 mm) and give the
rock a coarser, more open-textured appearance.
IV.2.f. Fauna

Although no detailed oollecting was undertaken from this member
two fa.unal elements \!1$reespeoially conspiouous t serpulid wom tubes
and trace fossils. Serpulid woms are oharacteristically a.bundant,
foming a. t1serpulite" rock in places. Thist1et, n shows good examples
(see also Richardson, 1939b). Biological reworking of the sediment,
evident as bioturbation and discrete, usually horizontal burrows, is~
also rife. For example a wide variety of essentially horizontal traoes
are s en near the baae of the member at Stamby (Fig .•4.4). Such
intense biological reworking together with the dense colonies of the
suspension feeding RsJeu;nese, a.t Thistleton, testify to the presenoe
ot the nutrient-rich water and substra.te in the Sproxton Member environ*
ment, a. situation that ie not really 'Urprising because at that tim
the "Lincolnshire Limestone Sea" would have been reworking the orga.n1o-
rich sediments of the Grantham Formation, while further terr1genously
derived nutrients m~ have been supplied from the nearby hinterland.

Disoussion
It has already been suggested that the Sproxton Memb r:1 equiv-

alent to the Blue Beda of south Lincolnshire (Richardson, 19~9b)but

not those of the Lincoln district (. chardson, 1940), whioh are thought
to be an independent and stratigra.phically hi er horizon, tho Ilragb:r
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Bed (Fig. 4.10). This opinion oontradiots the lidely held belief of

earlier workers (see Sylvester-Bradley, 1968 for a review) that the
Blue Beds formed a single, homo nous unit at e base of the Lincoln-
shire Limest ne Formation. The proposed re-alignment of Richardson's

"Blue Bedsit has been based upon the relationship between the recently

deepened t"lE)theringhamsequenoe and those at Greetwell and in south

L1ncolnshire (Fig.4.10). TheGr·eetwell and letheringha.m sequences can
.. .

. be readily correlated by the almost identical. beds mnq B2 (approximately

equivalent to the rtLincoln Dlue Beds" of Richardson, 1940, fig.29), and

"MQ,Ba, which fom the ~-lra.g~ Bed (Fig. 4.10). However, below the
Wragby Bed at Metberin&ham a. second "Blue Bed" occurs that ls 11thol-

ogieally similar to the Sproxton Member in south Linoolnshire, with
which it is grouped. Therefore a.t Hetherlngham the "Linooln Blue Bedslt

horizon ( • Wragby Bed) can be seen to be a separate, stratigraphically

higher level than the "south Lincolnshire Blue Beds" ( • Sproxton MemberJ

see Fig. 4.10); olear evidence that the "Blue Beds" are not a singl

stratigraphical horizon.

This new correlation scheme highlights a. number of other, previously

unrecognised etratigraphical relationships,

(1) the attenuation of the Sproxton Member ( • Blue Beds. of
Riohardson, 1939b) north of Metheringham., This i mirror d sedimentol-

cgioally by the la.teral passa.ge of the ola;y bed, ca.pping the Sprorlon

Member 1n south Linoolnshire into a hardground t Mather and

the oomplete a.bsenoe of the whole unit at Linooln (Fig.4.l0).

(2) the condensed nature of the lower put of the Lincolnshlr

Limestone in the vioinity of Lincoln. The realisa.tion that the "Linooln

Blue Beds" (Riohardson. 1940) oocur within the Greetw 11 ~lember (as the
ragby Bed) indicate that the Base Bed of Riohardson (1940, p.249) oan

no Ion r be oonsidered as an a.dditional be4, " ••••••• peouliar to this
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8 ot1011 &reetwel(7. ..... tt but must be a. condensed equivalent of that

part of the Greetwell Memberoccurring between the Wragby Bed and

Spronon Memberat Metheringha.m (Fig. 4.10). This means that the

Bajocian succession at Lincoln is even less well represented tban

previously thought for some of the Linoolnshire Limestone ls now known

to be missing as well as the G.rantham Formation. The position of the

miasing strata is marked by the basal conglomerateof the Linoolnshire

Limestone (Fig. 4.11).

(3) the overlapping of the Sproxton 14:emberby the Greetwell Member,

whioh rests disconf'ormab1y upon the northampton Ironstone (Fig.4.10).

This relationship has been implied diagrammatically by both Richardson

(fig.42 in Sylvester-Bradley; 19(8) and iison (1948,£ig.9), although

in their \oJritin8B both followed the more tradi t:tonal View o£ the ttBluo

Beds" extending across Lincolnshire as the basal un!t of the

Lincolnshire Limestone.

IV., gjG_m~mlZ
IV.'.a. Introduction

The lithologioal and thickn aB variations present in the Greet 11

Memberpolarise the unit into two dl tinct, geographically defIned

regions (Fig.4.12):

(1) Central Linooln hire (Lincoln - Grantham), where the rela.tively

thin (5 - 7 metre.) sequences are oposed of a mosaic ot distinot litho-

tao1ea (oold...,. peloldal and quartzose oalcaren1 tee).

(2) South Lincolnshire (Grantham - Stamford), where the much.

thioker (11 - 12 metres) membercan be subdivided, 011 the basis of rec~

ring lithologica.l. pattems. into d1 t1'iot lithostratigraphioal units,

Which are widely traceable within tha.t area (Fig. 2.2).
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In order to acourately define this variable member fully. the
following stratotypes have been adopted:

(1) Greetwell Hollow llUarrY, Linooln (TF OO}721) as the type

section for the whole member (Fig.4.13). r'~ore speoifically this exposes
the faoie typical of the Central Linoolnshire region and also the
Wragby Bed, a fomal subdivision of the Greetwell Member in oentral

Lincolnshire. This is the only quarry that reliably exposes the whole

of the member in central Linoolnshire, ~1etheringham (TF 053616; see
Fig. 4.1) is frequently .flooded,. ooncealing much of the lower part

of the member.
(2) Sproxton ~ (SK S662S}) as a. hypostmtotype (Hedberg,

1976, p.38, pt.D2). The typical facies of the South Linoolnshire
region are well seen in this sequenee. whioh is the only section in
south I,inoolnshire to expose an unbroken sequenoe through the whole
member (J:i'ig. 4.14).

(3) Separate type sections for the individuaJ. infomal sub-
diVisions of the Greetwell Member present in south Lincolnshire.

because subdivisions are not always developed to their best advantage
at Sproxton.
IV.3.b. FormerTerminoloQ

1thin a broad homogeneity, the Greetwell l!ember oontains a wide

range of lithologies that have apparently been classified into a number
ot different stratigraphical units by previous workers. Unfortu:nately
precise de·ta1ls of the stratigraphioal and geographioal limits of thea
un!t t in terms of measured sections, at'emostly la.cking, and this

prevents direot comparison with the Greetw 11 amber. EssentiallJ th

Greetwell Member comprises moet of the strata between the Blue Beds
and Crossi Beds of previous a.uthors (J?ige. 2.5 to 2.6) and is therefore
approximately equivalent to the unit va.riously temed Silver :Beds,
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Little Ponton Beds or Nerin!& ]eds (Kent,.1966, fig.1). The detailed

relationships between the Greetwel1 f1emberand earlier strati8:ra.phies

are disoussed in later sections dealing with the individual subdivisions

of the member.

1V.3.0. GeoB¢!Ehi~aland GeoloSical Ex~ent

The Greetwell Membercan be rea.dily tre.oed from Lincoln to \100lfox

(SK 951136) at the southern limit of the stu~ area (Fig.4.l2). Along

this strike section the unit va.ries considerably in thickness (Fig.4.1)
from a little under 5 metres at the type section(Greetwell) to over

1metres at J.'.tetheringhamand to a. maximum measured thickness of just

under 12 metres at Sproxton. This southerly increase in thiokness can

only be aocw.'a.tely moDitored between Lincoln and Sproxton because further

south, complete sections through the memberare absent. Rot-lover,as

figure 4.1 indicates, near ma.:ximumthicknesses probably persist as far

south as Thistleton (SR 903180) before notable thinning ooours again,
a1 thou&heven at Greetham (SIC 933146), whore it is only partially

xposed, the Greetwell Memberis still over 9 metres thick.

The ..Gnat-west ohanges in the Greetwel1 l-lemberare less readily

determined, deap1te the eccuerence of the unit in quarries as far west

as Walthamon the \!olds (SX 81525') and as far east as Little Bytham

(TF 013118). This is mainly due to the absence of oomplete seotions

through the memberin the e tma.r5inaJ." locations. However, the indi-

vidual. subdivisions of the membersuggest that the unit 1a thinnins in
both directions relative to the nbasinal-p ak" around tho Sproxton-

Stainby area. (Fig. 4.15).

In commonwith its other features, the major stratigraphioal
rela.tionships of the Greetwell r''iembervary betWien oentral and south

Linoolnshire. In south Linoolnshire the memberinvaria.blJr overlies the

Sproxton Member. Howeverin central Linoolnshire the e trsJ.ghtt'orward
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relationships a.re lost and the following changes occur:
(1) the upper part of the Groetwell Member passes la.terally

northwards into the LeadenhamMember(Fig.2.2), "'hich is thus sand-

wiohed between the Lincoln }lember and the remainder of tho Greetwell
Member. T.lis lateral facies oha.nge accounts for part of the difference
in thickness of the Greetwell M.ember between centr 1 and south Lincoln-
shire.

(2) as the Sproxton Member becomes attentuated northward (Flg.4.l0)
the Greetwell Member overlaps onto the Grantham Formation and North-
ampton Sand Ironstone, the latter relationship being clearly seen at
Greetwell.

The v riationa of the individual subdivisions of the member are
discussed in later sections.
IV.3.d. The Status of the SUbdivisions of the Greetwell Member

The Greetwell Member has been completely subdivided into the
11arket Overton, Phlstl ton, South Withem. Woolfox and GreethamFoss:l.l

beds in south Lincoln hire, but has been loft undivided in central
Linoolnshire except for the designation of the Iragby' Bed. f these
lIllubdiv1sionsonly the \/ra,gby :Bodhas been given formal status.

The 'II by Bed has been given fo:rmal status tor two main reasons.
(1) It is lithologioally distinctd distinguishable from the

other Greetwell l-1emberbeds and therefore complies with the require-

ments of formalised 11thoetratigra:hio prooedure (Hedberg, 1976) •.

(2) It is str tlgraphioally signi£1cant being one of the principal
lines of evidence on which the rc-assessment of the stratit;ra.:phicaJ.
relationships of tho Blue Beds (iliohardeon, 19'9b and 1940) and Base
Bed (rliohardeon, 1940) have been b~8ed (see sect! n rv.2.g.).

In oontrast, the subdivisions of the Greetwoll Nember in South

Lincolnshire are considered unsuitable for des! tion as formalised
lithostratigraphic units because:
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(1) the recognit'ion of the \Jooltox, South Witham, Th18tleton

and Market Overton beds and the delimitation Of their boundaries have

pr1mar~ be 1'1 be. - d upon se tic consideration , which are unsuitable

orlteria tor the erection of a f:ormallsed l1thostratigraphT (Hedberg, 1976,

p.36, pt.C.B.d). The un1ts are thought to represelit r811"86s1ve sed_n'arT

rh;rthms.

(2) with the def'1nition of the Wool£oxand South W1thambede, the

Gre tham Foe 11 beds bave been arbitrar1ly isolated from the remainder of'

th e bel' and g1ven War - 1 status, tar they Br not of eut'tic nt litho-

logical coherence or stratigraphic importance to warrant cl eipat10n

for 11 ed unit.

IV.3 ••• Csrre1atipnIC th@ Qroe~,l ~mS9t
The Con"' lation of the two different and geographically-lsolated

developments of the Greetwell Membar is .not read1l7 aohieved l»cause ot the

lack ot xpcaure. 1n the crucial "transitionaltl zon (Ancaater...arab.tbam
oS

d1strict). Similarly'. I':e failure prevent the lower L1ncolnsh1re Ums ...

stone sequences or south Humberaid and Lincolnsh1r being e 8ll¥ Unked.

Howeverthe available vid.nee parmit tentat1: oorrelations to be

IV.S.e.l. Internal Oett!latloBtU Although the reoognit1on of the north-

ward attenuation of the Sproxton M mber clar1t1ed the stratigtaph1cal re-

lationships of tho lowest Linoolnshh-e L!.me ton (F18.4.10), th lntettoal

correlation of the oontraatingouth and ntral L1ncolnsh1te Gl'e t 11

Membersequenoes 18 X'ather le s ala • Despite the im1J.u;ltT ot the litho-

t e tn>e in t11 two area J outh LinCOlnshire is ohaziacter1s d b.Y re-
curring r gressi: e rhlthm (Ohapter v), whioh have no qalval nt tuttber

north. However, th quartzo peloidal calcar nit forming the Wl"agbr Bed

b at the approx1ma. stratt.craphlcal level of the quartz~idh pelo1dal cal-

cU' nite oapping the Th1atleton beds {Fig.4.1h As q'lUlttz is ae ce or

absent in the lower part. of the rbJthm and in the:re ind r of the central

•

Lincolnshire Gre twall Member, th1s a1mUarlty . ugg•• t a carrelatlon.
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However, the Wragby Bed it 1t cannot be directlT tr ced n:r further south

than Ieadenham (F18.4.1) because the siltiness, which is its dlst1ngu1 hing

feature, has not been recognised at Aneaster (Ra1lwq Outting exposure)

even though the "appropriatett lev'el is exposed; thor tore, althoUgh the

environmental fctor (regression.) that caused the parallel quartz enr14 nt

ot the Wragby Bad and upper Th1stleton beds mq have been one and tbe

sama, no direct strat1graph1cal ev1denc exists to I1nk the two 'Unit "

In the only oentral Lincolnshire quarry (I~ether ingham) to expo the

Gr twe 11 Member, betw n tb \tb:'agby d and Sproxton Member, the 1 stone a

show no part1cular k1nship to those of the Th1stleton or MarkettNerton

beds; in tact th87 us ooid-calcarenites, that aN qu.ite typical ot tbe

central region. Daspit.e this, the s1udlar1ty of the massive 0011tes above

the \oIragby Bed at Metheringham to those of the South Wythamba'ds d008

point to the approx1mate stratigraphical oquivalence or the w:tagby Bed

and top or the Th1stloton beds. In addition, it 1mpl:1as that the

Th1atleten and Market Overton beds Q'e r presented by tb oondens Cl

Greetwell Member sequence betwen the Wagby Bed and Spl!'oxi;()nMember at

Metheringham; a sequence that thins even further towards Lincoln. Thel'e-

fore the typical Thiatl.ton and Market Overton beds development 1s "lost"

somewhere in the non~xposed Mcaster - Grantham zone and althoUgh the

two unite y be broad!J' equivalent to cart 1n beds 1n oentl"al Linooln ..

8h11'e their exact genetic relationship with those beds 18 unknown cause

or thi exposure t'aUuro. No t1~anition between the oUoth and centt' 1

L1ncolnsh1r faoies is en.

Although the strat1gr ph1cal position of tho Leadenham

and wooltox beds (Fig.2.2) suggests theT ere broad equivalent j little

d1l'ect tie-up i pos 1hIe. However, the s1m!lar1tl or t.he hardsround

(wlth under-171n.g burrow d bed) at Greetham (0 pp1ng the Sou1mWltham bede)

and I.eadenbam (oapping the Greet 11 Member, see Fig.4.1) pttov14e on
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possible Unk. Unf'artunatel,y over 38 kUo tree separates the loco.llt1es

in question and the intervening ot1on tr quentlJr lack s1mUar hard-

ground developments.

However. this maTbe taking tbe implied oorre1ations too

literally. The south Linooln hire sed lltary rhTtbms are parated by

sharp erosive levels, which are thought to represent transgressive periods

induced bT periodic 'lIaocelerated" subsidence (Chapter V)I the

widely traced 0.01'0 south Linoolnshire. Tb.er tore the transgressive

event maT have manifested it lf' as a hardground 1n tbase geogl"aphicallT

separat d localities, which oan therefor be oorrelated on genetic grounds

(l1..ke the Wragby d and Thistleton beds). If this is the ca then it

is intere tina to note that north of' aadenham, '.Iller. the ll'egion 1s thought

to have been gradually subsiding, there.1 8 transitional coot et bet-we n

the Greetw 11 and adenhamMe bel' , but further south, betwe n I.e enbam

and Ancaster. thia contact ls a hal'dground. Jrromthis it would appear

that th I.eadenham- Ancaster area repre ants the on17 genet1aa1lT related

transition een bet"" en south and central LincolnShire: the area has the

hardground, typical ot the south Linoolnshire sequenc , but the 1eadenbam

mber facies ot 0 ntral Lincoln hire. In spite ot this, the actual

Wooltox beds cannot be traced It tar north 8e AnoBeter, whr· t Greet_ll

Memberfacie., wh1cb interf'inger with the Ieadenham Member (Fig.4.l) ar

more typical ot the central LincolnShire area. This again iad1cat IS that

t tacies changeover within the Greetwell Memberis 1n the tthS.dden"zone.

'1'0 summari t although the hardground at t base ot tbe

leadenham Memberand the d lop nt 01" the Wragby d. in c ntral Lincoln-

shire l' retlect :lm.ilar lithological respOll es to events that a1 0

record d SA outh Lincolnshire, the actual oontact and exact r la ionBhip

between the 11tho1'8018 of the two el'ea "hidden" oauae or expos

f'aU\ll"e in the Anoa.tell" - Grantham district.
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IV.3.e.ii. Correl tion with South Humberside: UntU the

recent excavation of a new quarry (s 940024) b~ the on Stone

Company,little of the Linoolnshire Limestone ocourring below the

Kirton Cementstones (Kent, 1966, fig.l) had been exposed north of

Linooln. The n w section revealed a. continuous aequeace through the

lower part of the formation and its oontact with the underlying Gran~

tham Formation (Ashton, 1975). The probable stratigTapbio relation-

ships between this section and the Lincolnshire Limestone further

south are show in Figure 2.2., although the contrasting lithologies

of the tvo area.s make direot oomparison ra.ther diffioult. However,

the similarity between the thick oolite of the lower anton Oolite

Memb)I.' and the basal b d (. Base bed of llichardson, 1940) of the

Greewell l1embera.t Lincoln suggests a. oorrelation, whioh, if oorrect,

indioates the a.bsence of any represen.ta.t1ve of the i3asal HYdraulio
Limestone Membarat Linooln (Fig. 4.16). This southward attenuation
o£ tha lowest Lincolnshire Limestone parallels the northward attenu-

ation ot the Sproxton Memberandprovides additional evidence for the

lower part of the forrration beill5 "condensed" around Linooln. Unfort-

unately the lack of exposures prevents an acourate dooumentation of

the southward th:fnn1ngof the ~tnorthembasin" sediments but temporary

exposures, in the Spital region, have shown there to be beds lying

below the level of the Basa1Hydrau1ioLimestone .ember ;r-."F.ParsOllS,

personal cOmmunioa.tion,and see also Kent, 1970, p.137). ,The optimum

developnant of the "northern basin" must have therefora lain batwElC!1l

Kirton and Linooln (lg. 4.16; see also Tilson, 1948. Fig.9).

Therefore during sarlie t Lincolnshire Limeston time the Lincoln

area a.ppears to ha.vebeen a positive area (1mini-swell, see Ohapter'V).

flanked to the north and south by more rapidly subsiding basinal areas,

which also thinned away to the more widely reoognised ~et Weighton

and.London Landmasspositive areas (.li18on, i.l48, fig.9. Kent, 1940
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and 1968J and Richardson 1n Sylv8at&r-B'r dle" 1968, tig.42). Expoa

taUUl"G prevents the detection of any link (westward or • atward) between

the northern and south rn baa ins II

Returning to the known details ot the vontrasting strat1graph1e.

at Lincoln and K11!'ton;1£ the proposed oorrelation of' tbe 0011te8 at the

base of the Greetwell Member (Linooln) and at the top ot the lower Santon

0011te Member (K1rten) is correot, the Raventhorpe Member 1s at a llar

stratigraphic level to the Wragby Bed. Furthermore, deapit some obr.rious

lithological ditter-enoss, both units are typioallt It sandy", reflecting

the 1ntlux of tel·r1genously derived quartz :into the Unoolnsh1re L1mestone

ea. It is possible therefore tbat the two units m.ay represent the •

event, w1th the Ravensthorpe l'!ember passing southward into the thinner

Wragby Bed. It th1s is the eaee thens

(1) a sourc ls prov1d d tor the Wragby Bed elastica and a

reason tor the bed's southward disappefU'ance; and

(2) the 1n!luance of the L1n~olnm1n1-w 11 is already

waning.

The environmental aspects ot the stratigraphic relationship,

suggested by these pos.d.hle correlations, are more f'ull,y discus d in

Chapter V.

IV.3A.

IV. 3A.a• Introdu.ot deB
The Greetwell Member of central L1ncolnshire 1& Qompos d or a

patternl 8. olaic of ooid- and pelo1dal caloarenitea. The region

ext Dds from Lincoln al tar south a the Little Ponton - Ropale,.

d18tr1ct (Fig.4.12), where uccesslons in the lower part of the t1ncoln-

sh!ra L1mestone are particularly scarce, this hinder. the unde1"standq

of the relationship betw en the two areas. and prevents EL fh-m
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'b01lUld.ary (it indeed one ever existed) being dra.wn between them.

In the trans! tion zone the Greetwell r·1embersequenoes are includ d

vi thin the oentral region if no sedimentary rh;y'thms have been reoog-

nised. This has been the case with Little Ponton and Ropsley, although

in both sections the memberis poorly exposed and oould possibly

have "rhythms" in its lower, unseen parts.

IV.3A. b. Former TamnoloBY'

The Greetwell Memberof central Linoolnshire is specifically

equivalent to the Base Bed. Blue Beds and Silver Beds of 'Richardson

(1940), the Blue Beds and Silver Beds (Kent, 1940 and 1966, fig.l,
and Wilson,1948) and the "Blue and Silver Beds" (Evans, 1952) in the

Linooln distriot, bearins in mind that these divisions also inolude

the bed attributed to the WrS8byBed here. Further south, a.round

Aneuter and Grantham. the preoise limits of earlier stratigraphie.

are not 80 easily detem.1ned but the Greetwell Memberis most pxob-

ab17 equated with the Neftnea.Beds (Richa.rdson, 1939b J and Wilson,

1948). the Little Ponton Beds (Kent, 1940 and 1966, fig.•l), and the

00lite8 (Swinnerton and Kent, 1976).
The relatively str~igbt£orwa.rd relationship between past and

proposed tem1nologies in this region stem from the full develop-

ment of the ItCementstonea" (ot previous aut!lora) as far south as

Anoaster. Tbe base of this un!t COincides with that of the Leadenham

Member and ther fore the Greetwell Member oorrespoodsto those beda

betwe It the tiCementstone" and the bas. of the formation {or Blue

Beds at Metheringbamand further south). Ol:lly in the Rop ley - L1ttl

Ponton region does this relationship not hold good beoause the "cement-

stone n of this, more southerly area, belcD« in the stratigraphically

higher Ropsley Beds of the Lincoln Member(Fig, 4,17) and ue in fa.ot

equivalent to only the upper part of "Cementstones" further north,
the "lower oementstones", equivalent to the LeadenbamMember are not
developed this far south. Consequently, in the Little Ponton - Ropsley
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district, the Greetwell l1amberranges up to the b e of the Lincoln

Memberand includes the strata. at the Leadenham Memberlevel.

IV.,A.o. Field desoriRtlons of the 11thologies e4 fauna.

Within the Greetwell Memberof central Linoolnshire two main
li thofaoies (ooid-oaloa.reni tes - Lithotaoies A, and peloidal oal.oaren~

.1t8S ~ Lithofaoies B) oocur as a randommosaio, which oontrast. sharply

with the rocuning sedimentary sequenoes of south Linoolnshire.

IV.3A.e.1. Lithofaoies A. "mdenhapl Fao,1esft * This is a honel'"-

yellow (but blue hearted), generally poorly-sorted ooid-oaloarenite/

cal.o1ru.dite facies, within whioh oomplex b'tU':"rOw systems tom a striking

feature (Fig.4.18). Althoush "ooids" are the dominant constituent,

skeletal gra.ins, woodflakes and peloids also ooour. At Ropsley- and

Dunston the rook assumes a orude bimodality vith the ooids scattered

in a peloid-rich matrix, but for the most part the rooks showa oom-

plete size gradation trom peloid to ooarsest oo1d. Oooasional17 oold.
beoomeso abundant that a grain-supported, sparite-cemented. oolite

results. The "olean" even-grained, moderately well-sorted oosparltea

of Meth<.!ringhamrepresent the end-memberof this trend. More 110rmaJ.q

the grains (despite forming a moderate to high percentage of the rock)

are not so olosely packed and a lar.gely miori t10 matr1x is present.

However, the matJ:'ix is often dif'f'icul t to detellll1.n in the field.

Complex burrow systems, whioh are exoellently developed at
Leadenham(Fig. 4.18), tom an integral and typioal a.speot ot th1

lithofa.o1es. AlthoU6hooour:t'inBthroughout oerta.:1nbeds, the 'burrowa

are generally oonoentra t d m the upper part of the bede and are

preserved in rmy one ot three W8\Y'8:

(1) Openburrows - the moat apeotacular o£ the thre mode. at

preservation. Exoellent examples are s en below the hardground

oapping the Greetwell M ~er t Leadenham (Fig. 4.18).
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(2) Micrite inf'illed 'burrows ... the most COnmlOn preseI."V'a.tion.

This represen the Will of a.bandoned burrows with "normal"

matrix. (Fig. 4. 19).

(3) Willed with "friable". greeny "micrite" (very rare) ..

posibly faecal pellet inf1l1. deposited by the animal during it
ha.bitation.

Fag- to ails are reasonably comm.on in theee beds but some show

signa of post-mortem tranaportat1'.:D !.Indmay not, therefore, be

indigenous to the environment rep2&sente4by this faGies. Howev r.

the presence of large, apparently unmoved,ooral heads, some articulated

bivalves and abundant trace fossil indicate that the environment was,

at least during part of the time, favourable to colonisation.

The large, isolated ooloDial coral "heads" (Fig. 4.20) tom

prominent part of the benthos and the massive t'b.amnasteroid-typea,

oontainlng ubiquitous "Lithopb!ia" sp. bor~."js, appea.m to be the oat

oommongroup, although branoh!r.lg, fasoiculat oolon! also OOC'U.Z'.

Tho rema.1n.derot the benthos is dom:lnated.by " erin ea" pp.,

Prooeritb1um pp., bivalves; solitary oorals, tenbratulids and a.lga1

tube oolonie. These groups rept'e enta wid range of adaptive type J

epifaunal (oorals, terebratulids and peotin..1d b:f.val.v s), infaunal

(ub!qu1t.ous burrow systems) and more mobile semi- infaunaJ. (Nerint.ea"app.)

1:Lf habits are all. represented, SU8B&stinga. Goft but table sub trate

with abtu\da.."lt available holdfasts (for epifa;una). Doth suspension and

depo it feeders are represented in the fauna.

IV.,A.o.U L1thof!,9i a :a. "L1nooln Fe.oiea"1 '!'his facies is compoed

ot compact, blu -hearted, fine-grain dptloidal caloarenite t that

wea.therbutf-yellow. :Besides the a.bundant peloids, ooids (oft

outstanding as limonitio browngrains), woodflaltes and rare f08 11

frasnents fom a subsidiary group of alloohems, that constitute only

a. low peroentage of the rock.



0'77

:Burrows are generally rare in this li thofacie • altho~

oocasionally (at Leadenham for instanoe, Fig. 4.21), dense,eomplex

networks, like thoseof Lithofaoies At are seen penetrating down from

the top of a bed. The random orientations of those burrows suggest

th~ are predominantly feeding rather than protective types.

Fauna - despite the relative scaroity of skeletal grains in

the rock, a.otual fossUs are often very common. In particular in the

"true" Silver Bed a.t the Dean and eh&pter Pit, Linooln (the bed used

to "faoe" Lincoln Cathedral) bedding surfaces are often oovered with

"Norm-Aa." age., Pinna sp. and Gervillia sp., a triumvirate also seen

at Greetwellt where the approximate parallel alignment of the long

axes of these fossils give the impression of current aligtlment (seen

on loose blocks). It is interesting to note that despite its semi-

infaunal ha.bit, Fire! ap. (almost invariably seen in life position in

the overlying Leadenbam 1'1ember)is mostly seen "uprooted" t lying

parallel to the bedd.1n8t This, to ther with the possible current

alignment, implies at least short periods ot inoreased wave or ourrent

activity took place. Certainly the well-preserved fauna of largely'

whole (but disarticulated) valves den1es the presenoe of. ourrents

strong enough to transport the shells any distanoe and indioate. a
generally quiet environment, a conolusion supported by the lithofaoies

and in oontrast to L1thofaoies At where post-mortem breakage was much

more evident,

In addition to the "typioal'l fauna, small ga.s~poda. Luo1na bellona

dIOrb~, A tart., minima. Phillips, Rhizocorallium ~eunese Zenker.

Mostre! ap, Lema sglrand a solitary ooral "Montlival t:1a1t sp.nov. (?)

have also been record 4, and the important ammonite faunas, disoussed

in Chapter III.



0'78

The avai1abili ty of food in suspension and in the sediment ia

implied by th presence of Gerv~ll1a ap. and Pinpf sp. t and

"Nerm ..ea.u app. respeotively. Howeverthe less diverse, yet ore

abundant fa.una hints at a. rather les predictable (sha.llcrwer?)

environment than tha.t represented by the "Leadtmham. Facies".

Although the above description outlines the main features or
Lithofa.cie Et a.t Leadenhamthere ls a unique ooourrenoe of para.llel

lamination. which is however similar to that found ubiquitOUSly in

the peloidal caloarenites of the Greetw 11 Membr of south Linooln-

shire (see Subfa.oies Cl 'of the Thistleton beds, seotion IV.3D.d.Ul

for example).

Despite t~1eabsenoe of an:y reoognisa.ble pattern in the relation-

ship of the two ma.in 1i tbofa.cies; there is a reCurring 1i thologioal

sequenoe where the Greetwell ~lemberpasses up into the Leadenham

)1enber. At most oentral Linoolnshire looa.lities the more "typioal"

Greetwell Member lithofaoies grade up into a caloilutite, which otten

stands out at the top of the unit as a. thin. fine-arained, white

limestone. Grains are gan'rally sca.rce and poorly sorted; the moat

oommonare ooids, skeletal grains (gastropods, bivalves and algal

nodules) and peloids. Bioturbation and burrows are also evident.

This faoies represents the transition from the Greetwell to Lead nham
1>1em.berenviroxunents and. indioates their natu:!oal juxtaposition in thi

area. However, further south (Leadenham - !neuter distriot) thi

"transitional rook" is missing and a ha.rd.ground is developed at that

level, for example, at Leadenham (Fig. 4.22).

IV.,A.d. L!boratory descriptions of the lithologie!

The prinoipal characters of the two main facie. pr sent in the

Greetwell ]~ember of central Lincolnshire a.r shownin fisure 4.2,

(Lithofacies A) and 4.24 (Lithofa.cies i)'.
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I.l'he"oold" li tbofaciea varies from

anaolitic wackestone (e.g. oncolitio biomicrite, Fig. 4.25)'to

oolitic packstones (e.g. skeletal oosparite, Fig. 4.26). Someot

the variations are characterised in figure 4.23. Skeletal grains

tend to be more commonin the onaolitio rooks but the pel01ds and

intraclasts have no partioular pattern to their distribution. SUt

is present in the moremioritio lithologies. Noalgal tubules have

been seen in the onoolites, whichare recognised by their amorphous

and sometimes disoordant growth rims of micrite, and their large size

(usually) 1 mmin diameter). The onoolitee have a variety of "ooree",

in the ones wi tb an ooli th nucleus, whiohare espeoially well devel..

oped in HQ.B2(.Fie. 4.27). the boundary'betw n the regularly concen-

trically laminated oolith and amorphousmiorite rim is blurred,

presumablyby algal borings in the orig1na.J. ooli th surface. It is

possible that the !trims'f could be entirely attributed to algal borings

but this seemsunlikely t for in the manyassooia.ted, smaller ooli the

suoh rims are very rare and similarly in the rew large eoliths (prao-

tically of the samesize as the onoolites) the ooncentrio laminae

extend right up to the grain's margin. Also this "marginal" onco11te

type grades into ore olearly distinguishable oncoll te· seen in the

other seotions (Fig. 4.25). The oolith-oored onoolites tend to be ot

a regular size and ciroular oroBs-seotion, intaining the original

sha.peof the ooUth. As they usually occuz in the pa.oketones, this
lll8\Y be a result of more intens agita.tion, com:pa.redwith the onoolit 8

of the waokestones. Other oncolltes have skeletal oores. or oomposite

nuolei, oomposedof two or more ooliths md/or skeletal grain • these

are moreasymmetrioally shaped. A fourth type, essentia.l17 amorphous

"micrite-lum Ht are olassif.ied as onoolites, although their origin

is more unoerta.in. Their general ne.ture and 88sooia tion with the other
oncolites Bugge ts howeverthat they may also be onool1t • Except
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tor ra.re examples, the pale yellowish-green ooliths tend to be

smaller tha.n the ofiColites and to have fine, conoentric, lamina

coating the skeletal (predominantly bivalve fragments) or mioritio

(mioritised?) nuclei. Although the ooliths have a regularly rounded

outltile, Illa.nY are "superficial,t in type and are not alwaurs sl,'ilierioal

(Fig.4.26). In the intermediate lithologies (between the oDaolitic

wackestone and oolitic packstone end-members)t the graJ.riS are bimodal'

with a. larger sui to' of onco11tea and ooarse skeletal grains and a.

smaller suite of finer b10claats and other small grains. which are
not alW8\YS readily identified. For example, although the interstitial

allochems in LDCP :n3 are nearly all ooli ths (Fig. 4.28) those in RQ :B2

are mostly olassified as peloids; somehoweverhave hints ·of a remnant

concentric structure and may be micriti ed ooliths. Others are

possibly mioritised skeletal fragments or even faecal pellets. Although

bivalves are the dominant bioolasts, gastropods, foraminifera. ostracoda,

brachiopod and echinode:m fr&0Rents also occur. lUcri te-envelopes are

co OD, espeoially around the bivalve spa.rite pseudomorphs. ilhe matrix

of the various rock types varies with the grain content, the o,ncoli to-

rich micritic lithologies tend to have few grain-supported areas with
patches of "original" spa.ritCt while the closoly-packed oolitic rocks
ha~ little micrite.

IV .3A.d. ii 11 tbofa.c1os 1h In contrast to A, 11 thofaoies 13 is oem-

po 1tional17 quite uniform, a. grain-supported bio~el!'4pa.rite, in which

the quantity of "otber" gra..in8 is rarel:,· 8iBn1fica.nt. However,the

actual nature of the b.1opelspar1te itself varies. For instanoe at

Linooln the rocks &'re bimodal w1th large skeletal fra,smente occurring

in a ··ma.'trir' of peloids and small skeletal grains, which are cemented

by pr1ma.ryspar! te (Fig. 4.29). In contrast the rocks at Lead nbam

LQ B4o, see Fig. 4.30) are ven-grained with only tbe subequal17 sized

peloids and bioclasts present. Whenother grains, notably onoo11tes
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and ooli the t are present they invariably tom part of the larger su1te

of grains. The uncommononcoli tea are large simple or oampon!to,

asymmetrically rimmed~~s. The mostly superficial ooliths tend

to be smaller, more regularly rounded. and olearly distinguished bV

their pale yellowish-green, concentric laminae. They have ei thor

skeletal or mioritic nuclei. Someof the abundant peloids have im1-
lar la.m1natedrima, suggesting that they too maybe inoipient ooliths.

Howeverthe majority of the peloids are :featureles , largely" ovoid

"micrite-lumps", which are probably faecal pellets (because of their

size and shape). Rare ail t grains also occur amongst the peLodds,

The skeletal ~ are often ve~r ~t'UIldantancI large. 13ivalves anel.

gastropod spari te pseudomorphs predominate but echinodsm fraament

andmer! tiaed foraminifera. are also seen. The'bioclasts occur "tree"

or more otten with micrite-envelopes (especially bivalves). Frequently

the bioclasts have syntax1aJ. overgrowths and this is partioularly' notioe-

able with the l?1nn!s and echinoderm tragments. The matrix is predomin-

antly sparite cement, s.ltboU8h it is quite 1Id.irty" in placellh Benea.th

some of the oonvex-up bivalve :trasments a rather ooarse e:pa:r1te has

developed in the largely grain-tree areas.

IV .;B. WRAG:BYBF!'O

IV.;.B.a. Introduotion

The relatively thin, sandy limestone foming the wragby l3edi

seen a.t only three localities: Greetwell lIollow :t:ua.r~. L.:I.nooln

(TF 003721), I-Iether1ngham(TF 053616) and Leadenham(SK 962523). Of

~les • Greetwell was chosen as tho type section because the bed has

its thiokest (1.5 metres) and most "typical" development there.

within the stratotypo of tIhe Greet\iell Member(Fig. 4.31).

IV.3B.b Former Te;etnoloSl
The \lragby Bed foms part of the Blue :Bedsot Riobardson (1940,

fig. 29. see also Fig.4.32), that ooour in the Linooln area and is
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also equivalent (in part at least) to tho Blue Beds of Kent (1940

and 1966, fig. I) , Wilson (1948), and Swinnerton and Kent (1976);

and to part of the Blue and Silver Beds of Evans (1952). It must
be noted howevor that the tI]31ueBeds" referred to here are those of

the Lincoln area only, the more southerly "Blue Beds" (Richardson,

1939b) occur at a completely different stratigraphioal level, the
Sproxton Memberhorizon (Figs. 4.10 and 4.'3).

IV.3]3.c. Geomphica.l and Geologict¥ Extept

As the 'ilraglY:f Bed 1s seen in only three exposures ita true

geof!>'Ti.1phical.limits are difficult to detemme. Ho,,,ever,it does not

appear to ha.vebeen developed in south Lincolnshire, as it oannot be

traced south of Laadenham. despit the presence of the appropriat

stratigraphic level at the nearby Anoaster Railway cutting ( 997444.

but also see section IV.;.e.)
IV.313.d. Field deeoripti9ns of the Ii thologies, and f%UJla.

At both Greetwell and Metheringhamthe Wragby :Bed showsa distinct

sequenoe of lithologies,
(1) The base of' the bed is an ora.ngr-yellow. fine-grained sand,

which contains B'lo.'bai<iiarymica. It is a generally friable, well-sort d
deposit, that grades up into tile oonso1idat dt

(2) fine ..grained. quartzose peloidal oalcarenite, oontaining a.

few ooids and skelotalJi:oagments, neither 0·£which are quantitativelY'

signifioant. Oooasional ~-1nfilled burrows a;re seen. This li thol-

08:1 passes up into,

(3) a bimodal coid-peloidal caloarenite. The ooids inorease in

abundance towards the top of the bed where they form a significant

amount of the rook, although even here they still Ilfloattt in the fine-

srained, quartzose-peloidal. matrix. Sl.reeletalgra.1ns remain rare but

diverse kinds of burrows are eVident, particularly at the top of the
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bod. Their denslt.y indioates a signifioant pause in sedimentation
but no acoompanying hardground development has been noted.

In oontrast, the \vratby Bed at Leadenhamlacks the sa.nd.;ybase

and oold-ea.loarenl te toP. Instead itis oomposedentirely of yellow,

fino-graJ,ned, well-sorted, quartzose peloidal oa.lcarenite with subsid·,

iar.r m1.ca.and skeletal fJ'8.ins; a. very similar lithology to (2) above.

Exoept for the burrOltlS, fossils are scarce thJ:'ough.outthe whole of the

VJragby Bed.

IV.3B.e. Labora.toq descriptions of the litholO6ie

The prine char~cters of the two consolidated lithologies

(2 and 3) prosent in the liragby Bed are outlined in ri~~ 4.34.
IV.313.e.1 L1tholoQ' 2: '4ithin this qtuU'tzose pelspari te (Fig. 4.35) t

the amountof quartz decreases eouth\"rardsfrom Lincoln to Leadenham

(Fig~ 4.34), with eocorresponding increase in the importance of peloids.

The size and ovoid shape of the peloids suggest that they are probably

faecal pellete. Bivalves, often with miorite-envelopes, are the

commonest bloolasts, although gastropods, formr.!n!fera, and echinodem

fragments are also seen. At Metberingham rare oncolite and m.1critised

ooliths, which are more typical of Lithology 3, occur at this level.

Altho the rook is grain supported, the small size of the gra1nsresults

in the intergranular pore epaoebeing rather restricted and the very

f1ne-grfdned spa.rite is notaJ.ways clearly disoernible. 130m.micrl te

also seems to be present, but it appea.rs to be being altered to miorospar.

a.. prooess that is proba.bly al 0 ~esponaible for the "diffuse marginalt

ot mau of the peloids, The sparite is partly dolom.1tis d a.t L1ncoln.

IV.3L.&.~:-iLitholoQ' ~: The oncolitio biopelsparite (Fig ..4.36) has

an increased numberof larger gmins present in a Li tbology 2 - type

IIgroundmas. II. These larger gra.ins are predominantly oncoli toe. picked

out by their disoordant growth rims, rarer ooliths and an :Lncreas

number of skeletal. gra.ins. The peloids are muchmore 'la.:riabl 1n size
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and shape than h1 Lithology 2, and it is likely that they inclucl

flmicr!tised grains" as well as faecal. pellets. There is also less

quartz present than in L1thology 2. The matrix is aga,in very fine-

grained apari te with subsidiary micrite.

IV. '0 OVERTON DEDS

t», 30. a.. Introduot,i;on

Thp.f1a.rket OVertonbeds constitute the lowest unit of the

Greetwell Memberin south Linoolnshire. The type section (2.2 metres

thick) is exposed in Thistleton ,~ (SK 903180; Fig. 4.12). where

the unit's moat typical development of silty oaJ.oilut!tes and

caloarenites is easily aocessible (Fig. 4.37).
Tbe name Market Overton was adopted for these beds because

Th!stleton Q.ua.rr:r was formerly knownas "Market OVerton No. 6 Pit"

(Dr. J .11.. Dickson, personal conmnmicat!on)during the period whenit

was actively worked for iron ore by :British steel. IIThiet1eton"

.1teal! was unavaila.ble t having alrea.dy been used for the ovorlying

unit.
IV.3C.b. Fo~er Tupminology

The I:arket Overton beds have not previously been recogn1 ed as a

separate unit, but have been variously included within the NKinei

Beds (Riohardson, 1939a1 and 1939b). the Little Fonton :Beds(Kent.•1940).

the Oolites (Swinnerton and Kent, 1976)., the Sandy'Limestone Group

(Hollingworth and Taylor. 1951), and the Little Ponton Deds • Nerinea

(PiBo1ite) Beds (Kent, 1966, fig.1). These units a.ppear to inolude

much of what has hore been assigned to the Greetwll Member.

IV.3C.c. Geo-emical '!Rd Geo1=og1oalExtent

The }~ket Overton beds, ocourring between the !histleton beds

snd ~1>roxtonl1ember (Fig. 2.2), are onlyeen a.t Thistleton, Stainby

(Sx 910233), and Sproxton (SK 866253, Fig. 4.12). Their lateral

rela.tionship oannot tbere.fore be aoourately traced, al.though the
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ma.1ntaiaanee ot a uniform th10kness (2.2 to 2.4 metres) in each ot
th•• looa11tl8s, suggests that the beds were probably widely deftloped

in south L1r1colDshire.

IV.5C.d. Flel; 4esca:&et1of!!of l1ao 11tllolgrd.s and fag

Although in deta1l a number of l1tholog1ea ar en 1n the Market

Overton beds, there are two main lithofacies typea,

(1) Lithofacies A - sequence ot s11t1 calcilutites

(2) Lithofacies B - essentiall,.. 8 ser!e ot tiae calcarenite.

rich 1ft peloids and skeletal tr nt, although various other "minor"

lltholog,y t1Pes make this something of a faoies moea1e.

('ithotae!es A consistently forms the lower part of the unit

(up to 1 tre in thickn 8S) with the generally thjoker (up to 1.6 metres)

Lithofacies B above.

IV.30.d.1. J,.lthotaei§s A: This is essentially a quenoe ot 8ott,

grey/white) blue-hearted, silty ealcUutites.Although appearing barren.,

skeletal grains are the most abundant allochems in the beds, with 8ub-

8idiary ooida (onoo11tes 'I). Qu,artzcrains, mica flakes andoarbonaoeows

tter are lso pre ent. The sparse allochems are unevenlf d1strlbud

throughout th rook. Occasional bioola tie lenses with scour bese alao

OCcur and one terms the basal 20 - 30 mUl1metres of' the type ct1on.

The whole racias seems to have been heavily bioturbated and discrete sub-

horizontal burrows are also present ..

FIlPlIt the facie 18 aharacter1 ed by vorm tubes. 1101 g atropod.,

algal tube colonies (?), and rare disarticulated, p1f'aunal biv lves

(valves are whole) are also pr sent in the beds, "hUe larg

VmlQsftinoidps sp, networks are s en on the base ot the unit. The lergelJr

unl:lt'"okennature of the bivalves and worm tubes, together with the general

.ed1ment t1P&. sugg 8t that the jorlty of the fauna ha. suttered l1ttlAt

pOllt....arte transport tlon ( xc pt tor th b10cla t1c lena 8).
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IV.'C.d. i1. Lithofaoies :Ba The principal lithology present is a

yellow-buff fine-grained, peloidal caloarenite. In addition to the

dominantpeloid, large akel t.al grains (wormtubes, gastropods, bivalve ),

uncommonoOida, and woodalso ooeur, either:in olusters or randomly scat-

tered throuanout the rock. Tho contrast in grain siz. 'betweenthe

peloids ani other allochems imparts a crude bimodality to the rook. Tb

matrix is d1f'fioul t to detemine in the field, althoU8h the olose p'ok1ng

suggests a grain-supported rook with the possibility of a. spari te oement.

Two signifioant au'b-faoies ooour within thia main 11tho-type:

Sub! eies B~. a laminat d lacies. This rook ia generally parallel

and more rarely oro s laminated with individual laminae(mmscale) being

picked out by differential. wea.thering and less often by "lines" ot

skeletal debris, which form cUstinotivo laminae, sometimes only on

sra1n thick (Fig.4.38). These laminae are more fu.lly desoribed in

seotion IV.3C.e.
SUbtAciea::B2. a facios of minor "soour--and-fl11" and bioolastic

lenso1d beds. These are relatively ooarse-gr.A.ined acoumulations that

are impersiatently reprosented within laminated (most oommonly)and

unlaminated sequenoes of the peloidal caloarenites. Tb y mq be out

through by la.ter orose-laminated sequenoes (Fig.4.3S) or alternate with

sequenoes of finer, parallel 1 ina-tiona or miorite (P1g.4.39) or

sharply trunoa.te earlier struotures 11ke burrows. In. add! tiCin to the

bioolastia g.raJ.n~1. ooids and intraclaste are al 0 found in these flbeds".

Fauna - The peloidal oalcarenite of Lithofacies B ~be very f08s11it-

e~U8. ha.VUlg partioularly abundant ·'Ner!n..,en app. (as at Th1stleton),

wom tubes (tlserpulit "banda t Stainby) and much rarer Pinpt p, which

are en in 111'0 position at Sproxton. Burrows, of all possible or1en-

tatiolUJ are also a.bundant.

Quite distinct from. but ooourring within, this peloidal oalcarenit
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facies are ooid-calca.reni te levols. These are coarser grained, relatively

grain-poor and shelly, with "convex-up" epifaunal bivalves tie dominant

body fosail. Burrows, picked out as randomly orientated miori te streaks

also occur and give the rock the general appearance of Lithofacies A of

the Oreetwell Memberof oentral Lincolnshire.

IV.3C.e. Laborato;y descriptions of lithologies

The ohief petrographic features of the two main lithofacies are

shown in figures 4.40 and 4.41.

IV.30.e. 1. Lt thofaoies A I Although essentially et. uniform facies,

composedof silty biomicrites with minor amounts of peloids, someminor

variations are seenl the quartz content increases sharply up the Thistleton

sequenoe (Fig. 4.40) from being a e~b~1diary constituent at the base to
the major grain type at the top. Acoom~1ng this upward trend there

is a decrease in the amount of skeletal debriS and its oomminution. In

bed TQ BA 1 the bioolaet are cha.ra.oteristioally highly f~ented and

rimmedwith brown (oxidised) miorite-envelopes, whereas in TQ BA, th y

are mostly "free", much la..~r but lass diverse, only bivalves, gastropods

and rarer eohinoderm fragments occur. In both oases however the oaloitic

skeletal grains have retained their original oomposition and struoture

while the aragonitio ones have been altered, bivalves and gastropods for

example are seen as spar1te pseudomorphs.

TO BA1: (Fig. 4.42) The di-verae bioolasta of this bed are derived

from worm tub St gastropods, ohinoderms, foraminifera. (mtoriti ed akele-

tons), bivalves, brachiopods, Bry:o,oo. and ostracods. The irregular shapes

and neral appearance of the 8ubsidia.r,y peloids suggest that they are

mol.' likely to be mtcri tieR skeletal grains than fecal. p llet but

their origin is unoertain. Although sca.ttered throughout the rock, the

eil t and very fine sand 1s also ooncentrat in !DallY' of the discrete

burrow" whioh stand out as paler grey, silt and peloid rich patche in

the d.arker gre"! mioriteJ the paler colour i due to the alteration ot
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micrite to microspar. The hurrow croas-seotions never exoeed 2mm in

diameter and mierospriete is discernible in someof the longitud!nal

sections. As all orientations are e n in 9. single slice, the burrowa

are probably feeding rather than proteotive types. In add.1tion to these,

other similarly sized burrows oocur paoked with "rimmed"skeletal grains;

peloids and all t, all set in a mixed pari te/meri te matrix.

TQBA5: (Fig 4.43)1 This is essentially a Silty miorite with so •

skeletal f:t'9.8lUents. The dom1na.ntquartz and aooompanyingwhite mica tend

to be concentrated into silt rich layers, whioh alternate with aUt-poor

levels ,both parallel the bedding. However, these are not ovident

throughout the lice and even where present, bioturbation and burrowing

bas disrupted their margins. This silty micrite appears to b th

dominant 1i thology lsewh(:!re(Sproxton and Sta.1nby), althoU&hat Stainby'

an intel.'Dlediate lithology is seen in which higher proportion ot skeletal

graJ.ns and peloids are associated with abUlldantquartz. BioturlaaUon

is rife throughout all litho-types and there is a tendenCY'for the

mioritic matrix to be pa,l.'tially converted to microspar.

IV.,C ••• 1i. L1thot';Mies Ih .tUthougb. Lithotaoies :a enoompass•. a

range of different lithologies, it is typified by a peloidal packstone

facies (J!'til.4.41). However11ke Lithofaoiea 1, minor variations are alao

seen .in:8. For example, at ThistletoA, the "typioal" fae! s, a. ]I) lspa.rite

(Flg.4.44), bas small numbers of biocla.ats, intraclasts, oolltba and

onoolitea scattered within a peloid-rich matrix but at Sproxton ( BA2)

this inoipientbimodali ty 18 more cl arly dn loped, the peloids areton

av rage, coneid rably smaller than those of the Thistl ton rocks and

the akelta.l grains also tend to be larger and more bundant (F1g.4.41).

QUartz is also more abundant in the Sproxton rock. Th p loid are prob-

ably a polygenetic group, se of the lug ~ on s s in T BA50 app ar

to b incipient ooliths tor th y have rudimentar.r oonoentric lamtnae

ooating skeletal or oritio nuel I, while other mode t ly'i cS (c.o.2mm)

compactl,- ovoid graina, seen at Sproxton. are undoubted.l.7faecal pell to.



However. tho origin 01 the majority of the peloids. in.cluding the tiny

Ones seen a.t SproxtOl1, is deba.table. The skeletal grains a:r:e s1m1lar

in type and preservation to those 0.£ Ltthofacies A. Additional allo-

chem typos, including superfioial ooli tha, oncoli tea &n,d intraclasts

(silt rich miorite) are stten sparingly in TQ :BA50.

The principal varia.tlon trom the "typical" litbofacies, 18 towards a

more mioritic rock that is transitional between the standard A. and 1J

types. Silty micrites, pelmiorites or blopelmicrites are charaoteristic

li tholog1ea. The lowest subdivision of the beds ionn1ng the II facies

a.t Thistleton faJ.ls· into this ca.tegory and illustrates the tr:tnsl tional

na.ture of these variatio:ns. Compositlowly these rocks do not vary a

grea.t deal from A or Et generally ha.villG'more a.bundant a.lloohGmS(l:f.ke B)

set in a aU ty mcri te matrix (typical of A.). TexturaJ.q they are

wa.okestones. rrogether with the typical B facies they form the "back-

groundt• sediment within \4hich the subia-cies, lU and 132occur.

Subfa.eiea B 11 Despi~ the un!!'ormity of the 'tba.ckground sediment"

of this li thofa.oies, the subfa.ciee are extremely variable. Forexample

there are at least three different lithologies oocurring in e1ther pa.re.llel

or croBs-laminated sequenoes,

(1) Altemating peloidal. laminaeI peloid-rich, spa.r1te-

c(!mentedlaminae alterna.te with mlcr1ta.rioh, peloid-poor laminae, on an

exceedingl,. fine scale J each lamina.usually being less than 1 mm. These

laminae tend to be para.11el, and occasionally a. single row of fossils

hlgbJ.1ghts the lam1na.tloD (F1g. 4.36). Although clenl'q picked out by

differential. weathertng, n~ither the definition of the laminae northe1r

oontacts is olear in 'P8els or thin seotions (poss1bly as .. r'esuJ.t of th

fine scale and simila.t'i ty of oomposition).

(2) Alternating peloidal and bioolastio lamirlafu these

are more easily picked out 'because of the oompositIonal differenoe and

generally' coarser soale of the lam.;I.;Qa.(up to 2 mm), which may be in .1thPJ:
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p:l.ra.llel ororoBs-laminated series (Fig. 4.38). The molluscan and yom

tube f'ra,amen.tsnta3 dom.1M.tethe bioclastio laminae or they maysimpl1'

a.uamenttlk peloid-rich, apari ta-cemented laminae of' type 1; in this

W8¥ types 1 and 2 inter-grade. Tho bivalve and ostracod valVe f'rag-

menta are preferentially arranged oonvex-side uppermost.

t» Alternating bioclastic and micritic laminae. at

Sproxton the white micritio laminae, with ra. bioclasts, oontrast

strongly wi tb the reddish-brown bioolastio laminae, whioh oooasionally

have subsidia:ry peloids and ooids (F'ig. 4.39). In a.ddition to the

mioritic laminae, which are as muchas 3 mmthick (bioolastie laminae

are usually thinner). lensoid "micro-beds" of up to lOmm thiokness are

seen. These tend to have irregular bases "in£illing" bioolastio Iqere

and flat tops, suggesting a f'se1;liing-out" origin for the lime mud

(Fig. 4.39). Both parallel and oross-laminated sequenoes of this type

oocur.

Throughout this subfaeies the oross-laminations and scours appear

to be multi-direction and all la.m1na.tiontypes are prone to disruption

and even obI! terat!on by bioturbation and burrowsJ at Sproxton.tor

instanc subverlica.1 burrows of micrite cut downthroU8h bioclastic

levels (Fig.4.39).
Subfacie! :ag: The bioclastio "soour-and-fill" features are exoellently

displ~ed at Sproxton, where the reddish brown bioolastio fine oaloirud-

1te8 stand out as ltscour runnels" in the yellowish peloidal limestones
Subsid1a.r,vooids, illLra.olasts and p 10ids occur but keletal, largely

molluscan, f ent. are the dominant allochems. Disartioulated valves

are preferentially aligned p rallsl to the bedding, giving "line ted'

appearanoe to the rock, whioh has an "open" texture and spari t cement.

Suoh "scour-and-fills" have been seen up to 35 mmde p and 200 - 30

wide, although more persistent beds of' this oomposition also occur. Like

Subfacies Bl, thea deposits are also prone to erose-outting by later,

usually sub-vertioal burrows.
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IV. 3D.
IV.3D. • Introduotion

The Thistlet0n beds' "typical" tripartite sequence of skeletal

oo1d- and peloidal oaloareni tea is most olearly developed within the

2.3 metres type section a.t Thiotleton (SE 903180. Fi«.4.45).

IV.;D.b. Fo~er Terminology

The Thistleton beds have been previously included withiZl the

Nerine! Beds (Riaha.rdson. 193980? and 1939b). the Little Ponton Beds

(Kent, 1940), the Oolites (Swinnerton and Kent, 1916), and the Little

anton :Beds - Nerine! (Piso11te) :Beds(Kent, 1966, fig, 1). However

their relationship to. the stratigraphical schemeof Hollingworth and

Tylor (1951) is less clear. At Thistleton, the Th1etleton bede se

to be of a suita.ble oomposition and stratigraphic level to. be includ d

in the "Sandy Limestone Gre>up"of Ho.llingworth and Taylor (1951, p.1S).

However, a.t South Witham (SK 917189), the beds OCQup:r the Bame level

as the Piso1ite Group" (Pig. 4.46) which nominally overlies the "Sa.nt1y

Limestone Group" (op,cit., p.18). As the Thietleton beds are know

to occur at a taJ.rly constant stratigraphic level (Fig.4.1), the "Pisoli t ft

and "Sandy Limestone Groups" cannot just have the sim:pl vertioaJ. relation-

ship hlp11ed by Hollingworth and Tqlor (1951. p.1S) and somedoubt must

be cast upon the value of their particular stratigraphical. scheme.

IV.;D.c. G!o~hical and Goolosical E!]ent

Little indication of the lateral relationships of the Thistleton

beds can be deduced within the unit's tracea.ble limits (Greetham, SI 933146,

to ,Ialtbam on the Wolds, SK815253; eee Fig. 4.1)., Only the vertioal

rel .•t1onahips aN seen (F1g.2.2); the Thistleton beds a.1wtqS trunoat

the Market OVertonbr:da and are 111tum truncated by th South Witham

beds. The ount of erosion that has ooourred in ither 0 e 18 dit.t1oult

to est1ma.te. but the relatively oo.nsistent thioknesses maintained by the

uni ts involved suggests that any downcutting must have been fairly' unifom
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over the region as a whole (excepting Greetham). Certainly the nature

ot the contacts in tho field fa.vours the opinion that only slight

eroBion of either the 11a.rket Overton or l'histleton beds has ocourred.

At Greetham, however, erosive downcutttng by the South Withambeds is

thought to be responsible for the. Thiat1eton beds, thinning from 2.0 to

1.8 metres within the confines of the quarry (Pig.4.47). T,is accentu-

ates th general southward thinning of the beds from Sproxton (:.,;K866253)

where they area.lmost 3 metres thick, and parallels the trend of th

formation as a whole (K0nt, 1966, fig.2).
IV.3D.d. b'ield desoription of the 11thologies and fa.una

In the type ection, the Thiatleton beds are oomposed of 3 distinct

lithofacies (Fig.4.45);

(:3) Lithofacies C - Fine-grain d, peloidal calcar ite (top).

(2) L1thofa..cies.B - Medium-grained, oOid-caloareni t& •

(1) Lithofaoies A - Skeletal calcirudite with sharply

erosive base.

A similar sequence (A---7' :s---:;.c) occurs at Sta.inby (:JK 910233) but at

Sproxton and Creatham Lithofacies ,,\ is not d(~ve1oped and a. simpler

B-7 C sequence la seen instea.d, although the un1t maintains a. similar

overall thickness (li'1g. 4.1). In detail a "h1gher energy'1 subf cie8 (B 1)

of Lithofaoiea B replaces 1.1tho!' ciea A. producing a. Bl---'7'132---7' C rhythm.

Lithofacies C consistently ocours at the top of both tYl>es of rhythm and

nowhera are the sequences seen reversed.

this stands out sU'ikint;'ly from th quar.ry

.fa.ce as a yellow, massive tfl.1~a.ted" rock quite unl1k the other beds in

the section. In detail it is a buff-grey (when fresh). skeletal oalcirud-

lte, prinoipally composed of bivalves and tropane "set" in a olear

spa.r1te cement together with the subs1d1 ry but vel!';!va:riable ooid8 .•

AItho~ poorly sorted, the pre!'er7.'ed, "oonvex-up" orientation of ~e
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abundant bivalves imparts the orude planar linea.tion to th rook

(Fig.4.45). At Thistleton this lineation is replaoed noar the top of

the bed by a very looalised, orude, oross-bedding, whioh emphasise the

role of currents ra.ther than oa:tastrophio agents (e.g. storms) in the

deposition of this faoies. 'ale b d:1 not al~ a single, massive

unit, at Sta.inby. for example, ol~ part~ are found within it, indio-

a.ting breaks in the ttnormaltt sedimentation pattern.

IV.;D.d, i1 Lithofaoies lh A.t Thistleton this is • sentially a

yellow-brown, grain-rich, ooid-oaloarenite. Amongst the ooids the larger

ones are highly sphaerical and are probably true 0011 ths, while th

sma.ller graina are possibly peloids or inoipient ooliths. Although not

especially common,the skeletal grains are lar and, with the oo1d •

fO%m a closely packed, grain-support d rock, which is probably sparite-

cemented. AW8:9'from Thistloton this facies is usually divisible into
two eubfacies Bl and B2 that maintain a. constant rela.tionship (:81under-

lyi:n8' ::82) when found togethor in the sarne sequence,

Subfacies Bll This is a grain-rich, ooid...oa.lcareni te composedat a

wide variety of ooids, Jeloids, and skeletal g.!.'ains. In places the

oold/peloid mix gives the rook a. crude bimodality, but erally there

is a. oomplete grada.tion in grain-size. The uncommonskeletal fragments

are often large. The matrix is difficult to it terraine in the f1eld but

mav be spari te cement as the rock appears to be grain supported.

Subfaoies B2a This is not widely dissimilar from Bl compoi tlona.lly-

but tho allochems cor..stitute a lower proportion of th B2 - rook and

micrite is a more important oonstituent of the matrix. In a.4ditiol).1l2

is ott n 8xtensi vely burrowed. (~~'1, micritic streaks), the fom of the

burrows appearing to be poorly devoloped examples of th "L!thofaoiea A

bu_crov system" of the oentral Lincolnshire Gr ewell Member.

IV.~D.d.iil Lithof!oisa Cl This is a peloidal oalcarenite lithofacies,

whioh has subsidiary ooid together with mioa, od flakes and abundant
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fossils, aar.ongstwhiah the high- pj,red It!erin..t!;a.1t gastropods are ver:r

eVident. In places the "Ner1n.,ea" appears to be preferentially align d.

Bioturbation and burrowing are also rife. Largely single, Bub-vertical

burrows, often filled with green)" clay, occur and are reminiscent of

the burrows of the Santon Oolite Hemberof South Humberside ( hton,1975).
Twoenvironmentally significant subfaeies are seen within this 1i thofa.eies.

Subfa-cies Cli This most striking subfacles is oomposedot finely-lam1na.ted

fine-grained, well-sorted peloidal. calcarenite (Fig.4.48). Outside of

the lomination, flSkol!thoe-type" single, vertical burrows form the only

other significant feature of the rock. Details of the laminae are given

in seotion IV.3D.e.
Subfacies 02 J Coarse, skeletal ooid-caloareni te bands occuz inter-

spersed wi thin the fine-gr .•ined peloidal calca.reni tea. These are

ana.logous to the "bioola.stio looooid beds" of Subfa.oies B2 of the Market

Overton beds, although their oomposition is somewhatdifferent.

In add!tion to the e subfaoies other minor Ii thologies complicate

L1thofaoies C. t·'or example, at Thistleton, an intraclast layer (equivalent

to the "round pebble conglomerates" of Braun and Friedman, 1969) composed

of peloidal oaloarenite intraclasts, some of which contain fragments of

"Kerin..,ea"t oooura within a peloidal ....ooid matrix.

LaboratorY description of the litholo~i~s

The principal oharacteristics of the lithofaoies that compose the

"type rhythm" of the Thistleton beds at Thistlet,m are hown in figure,

4.49.
IV.3D.e. 1. Lithofaoies A: This striking f~oie8. typioally an oolitio

bios})arite (r,'ig.4.50), is quite unlike most of the lower Linoolnshire

Limestone litho-t,ypes in being a ~~netone. with a very ooarsely crys-

talline sparite oement. Bivalves and brach1opods ( ometerebratulid.s)

are the predominant bioolaats, but eohinoderm fragments are also se •

Whether the original skeletal material is prea8xved (br~hiopods and

echinoderms) or not (bivalves), the frasments m.ostly have miorite-
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envelopes. The sphaerical to eub-ovoid ooliths ar bimodal but tne
vast majority are small (0.2 to 0.6 mm). l-10stare either "normal"'

or "superficial" in type, with skeletal or micritio (micritised?) nuclei.

The third most commonallochem group, 1ntraola.ats, are charaotoristioally'

large, crud 1y rounded and compos!te gra.ins, often oomposedof oolitic

rock. Somemay be oncolitos as they have amorphousmicrite rims.

Peloids oocur sparingly; in the only patch, where they occur in arrr
quanti ty they appear to have coalesced. giving rise to a IIpseudo-micri tic"

matrix. Their size, shape (ovoid) and included "exotio" granules suggest

they are proba.bly faecal pellets.

The rock a.s a whole is rathor poorly sorted but the larger, elongate

bioclasts appear to be preferentially alisned parallel to the bedding.
The coarsely to very ooarsely orystalline (see Folk, 1962, p.74) blooking

sparite cement is "late", as it post-dates the compactional features.
No early aoicular cements have been seen.

IV.3D.e. ii. Lithofacies Br At This tIe ton this facies is represented

by a bimodal oosparitc (Fig.4.5l), in whichpaloids occur intexstitally
between the dOminant, larger. reasonably ~eIl-sorted ooliths. The typic-
ally pale yellowy-a-reen, near sphaerical ooli the are "normal" or super-

fioial in t)~G.having either skeletal (often echinoderm fragments) or
micritic (micritiaed) nuclei; the latter are more common. Some of the
larger ooids are prr..)bablyoncali tes a.a the inner core of concentric
laminae (oolith) is repla.oed out arde by an amorphous micritic coat, ~ch

was proba.bly accreted by algae; simila.r gr .ins a.re seen in the Lea.d nham

Facies (Seotion IV.3A.d.i.). Other gra.ins, completely formed of amorphous
micrite, may be intra.claste. these are very l·a.re. The srrJSJ.land J..rreg-

ularly ahaped peloids are proba.bly polygenetic (fa.ecal pellets and micrit-
ieed ~s} Although not common, bivalve, gastropod and bra.oh1opocifrag-
ments also occur, together with rare ail t gra.ins. Two distinot generations
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ot spar! te are present, a blooking type intills the pOre spaoe lef'1; by

the earliel' a.oioular rim-oement.

The rock described above is from the type section and is typical

of' the ttideal" Lithofacies:8. Howeverin those seotions, where there

is no Lithofacies A, a subfaoies of B (Bl) replaces it and the typioal

B, retaining its usual position in the sequence, "beoomes"SUbfa.o1esB 2.

A1though composttionally Vel.'Y similar B1 and 1J2 are texturally distinot.

:El being a. gr ...instons like At 'I~'hereasB2 is a packstone as already

doscribed (see also Fig. 4.49).
SUbfaoies BI: This is a. gra.in-rioh rock in whioh ooli ths a.re ain

very dom..ina.nt(oosparite; Pig. 4.52). rtlost Q.1pear to be "superficial"

with mlor!tic nuclei but the larger ooida (range is 0.1 to 0.8 mm)are

ofton completely mioritised, making their true identity difficult to

detemine. Somehave asymmetric outgrowths, which suggests that they

m.a.y be oncoli tea but most, from their sph2.ericaJ. shap9 and size appear

more likely to be mioritised ooliths. .c..ven larger (1.0 to 2.2fJlm). more

irregularly shaped and oomposite gr ..ins are probably intraclasts bat these

are rare. SimilarlY' scarce bioola.sts (0.5 to 4.4 mm)of bivalves, aastro-

pods and foraminifera oocur, together with a few interet! tial peloids.

As in the typi.cal B faoies, tl,rO oements are also present here, an early

acicular rim-cament and a. 1 ter infilling blook,y type.

Subfa.eieo 132 t Al though the "standard" Li thofa.oies B is typical. of th1

subfacios, variations do ooour. For example at Sproxton,. a. burrowedoolitic

biope1 pa.ri te (N DB3a) is developed a.t \.his level. The burro of

this ketone stand tlut a.a mieri tic areas with inoluded t~ 11t and

comminuted skeletal gl'.'aJ.ns. Although nominally peloid-rich, m~ of the

polygenetic peloids (0.62 to O.3lmm)are probably roierltiaed, incipient

ooliths. Anumber of normal, superfioial and composite eoliths aJ. Q

oocur, together with a varia.bly sized (0.1 to 11.2 rn:m), dJ:vene oolleotion
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of skeletal grains: and rare intraclasts. 13ivalvesand echinodermsare

the most commonbioclasts but forama, gastropods and ostraoods are also

present.

IV.3D.e.lii Lithofaoies C: At Thistleton this fa.cies is composition-

ally very unt£Garl, all the beds are Skeletal pelsparites (I!'igs.4.49 and

4.53). The a.ominani;peloids, although fairly uniform in size are variable

in shape and "wholeness"I somea.ppear to have been "broken" but are prob-

ably'micritised skeletal fragments. Other, more regularly-shaped peloids

may well be mioritised incipient ooliths or faeoal pellets. Thepeloids

often ~ve diffuse edges, suggesting partial alteration to microspar.

Thebioclaats tend t, be bimodal, a. larger suite of fragments (>0.6 ).

composd almost exclusively of bivalve and gastropod sparite pseudomorphs

(vith micrite-envelopes) oontrasta with the peloid-sized fragments of

those two groups together with ostracods, foraminifera, braohiopods and

ech1noderms. The rare ooli ths are usually superfioial in type vi th

mioritic (oocasionally skeletal) nuolei. Oddsilt grains and large,

irregularly-shaped allochems (Intraclasts or oncolltes1) makeup the

remainder o£ the rook, whiohinvariably has a. mixedsparite-miorite matrix,

although someof th "micrite" has been fomed by the coalescenoe of peloids.

This li thetype foms the "ba.ckgroundsediment" wi thin vhioh the environ-

mentally aignifioant subfa.oies (Cl and C2) occur.

Awayfrom '!'1:istleton the beds of this facies retain a. remarkably

similar t6X~ and composition, which is dominatedb~ peloids, subsidiary

"b1modalftbioolasts and few other grains exoept for spasmodically abund-

ant silt. !t'or examplea.t Stainby and, to a. lesse extent, at Greetham,

beds a.t this level and of this lithofaoies are very rich in quart••

Indeed the bed at Stainb,y is probabl~ a caloareous siltstone. It also

showsquite clear evidenoe of being 1aminat d (aee Subfacies Cl).

Sub£agies Clc this typioally showsvery fine (sub-emsca.l ) pa.raJ.lel

and oro s lamina. tions, whichare olearly pioked out by differential
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are olearly distinguishable in thin seotion, where they usually appear
as al ternat1:ng "darktf and "light" bands. The "light" laminae &reoomposed

of slightly larger pelOids set in a sparite cement (maximum thickness amID)

while the "darker" layers are more mieri tic with smaller, perhaps more -

olosely spaced peloids (~ thickness lmm.). Similar light-dark

laminations are S8 n in the quartzose beds of this level at Stainb,y.

llthough t~e peloidal laminations are the most dominant type, bioolastic
and miori tic laminae also occur, together with micritic ltmicro-beds"t

which are as much as 10 mmthick. This subfaoies is thus equivalent to
SUbfaoies B1 of the t~arket Overton beds. The laminations maybe destroy d

by burrowing and bioturbation (Fig. 4.55).
Subf!9ies C2& "Storm. l~ere", rioh in ooids and bioclasts,and up to

15 mmthickness occur (Fig.4.56). Although they oour slightly in under-
lying deposits, they maintain fairly parallel tops and bottoms. These
too are often cut through. by vertical burrows (Fig. 4.57).

IV.3E.
IV.'E. a.

soUTa \fITBAM. BEDS

Introduction
The South Witham beds are characteristically composed of a sequenc

of massive oolits that, in places, are O&PP d by peloidal oalcarenit s.
The type section is a.t South ~"1tb.am Quarr,y (SK 917189. see Fig. 4.12).
where the thiokest complete sucoession (4 metres) 1s seen (F1g, 4.58).
IV.3E. b loaner TemHwlo(p"

The South Wi tbam beds have previously been inoluded wi thin the

Herin f Beds (Richardson, 1939a'? and 1939b). the Little Ponton Beds
(Kent, 1940), the Oolit s (Swinnerton and Kent, 1976), and the Little

Ponton Beds - Nermes. (P1so11te) Beds (Kent, 1966, fig,l). However,
their position within the stratigraphy proposed by Hollingworth and
Taylor (1951) is less olear cut. Figure 4.46 shows that in Thistleton
Quarr.y (SK 903180) the South Witham beds occur above the level of the
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"SandyLime tone Group", making them.equivalent to the "Pisoli te Grouptl

of lIoll1ngworth and Taylor (l951).. However, the "Pisolite Group"has

been ehownto be at different stratigraphic levels in different are

(see section IV.3D.b)J for exampleat South Withamthe "Pisolite Group"

ls a.t tha eamelavel as the Thistleton beds (Fig.4.46). This means that

at South Withamthe South ~itham beds are on a level with at least part

of the unit ocourring above the "Pieoli te Group" in the stratigraphic

suocession of Hollingworth and Taylor (1951), the "unnamedbed oon-

taining the Pholadom Bed". This ie supported by the similar! ty in

the faunas of the PholaAom Bed and the GreethamFossil bede, which

cap the South,';ithe.mbeds (Fig. 2.2.).

IV.3hl.o Geoe;ehioaland Geological Extent

Despite being easily traced around south I,inoolnshire. the lateral.

rela.tionships of the South liitham beds are poorly known. a featur

shared with the other subdivisions of the Greetwell Memberin this area.

The unit is thickly developed, as massive oolites, along the N - S axis

betw en Stainby (SK9l0233)and Greetham(SR933146; Fig. 4.12), but

thins rapidly westwards from Stainby (Fig.4.59) suggesting that it may
not persist far beyond its present western extent. In oontrast there

is no marked thinning to the east or south and the South IJitham beds

~ well extend a good deal beyond the knownlimits in both direotions.

The vertioal relationships of the unit are relatively \Jell known,

the South Withambed erosively rest upon the Thistleton beds and are

usua.J.lyBucoaded bY'the Woolfoxbeds with an rosive or "ha.rdgrotuldtt

contaot. In fact the unit is typically "oapp d" by a. hardground. whioh

at Graetham, in partioular, and Thistleton, has a. prominent fos n bed

(the GreethamFossil beds) developed upon it. (Fig. 4.1).
Unlike the older Thistleton and Market OVertonbeds, the South

Withambods do not. maintain a. fairly uniform thiclaless throughout south

Lincolnshi el the thiokness variations seen maybe due tOI
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(1) Original d ntatlon dUrer.nees .. the unit ls

th1ckeat where the formation, as a whole, is thickest and/or

(2) d1fferential downeutting b,y the Woolfox beds,aa th

contr sting equenees at Stainsby and Sproxton (SK 86625~) suggest

(Fjg.4.l) •

IV .3E.d. 13elg desoript1ogp of ~b1t lUhol9,B1es And tAUDI

The South Wltham beds are oomposed of two distinct but .,,&ruble

llthet 01081

(1) Lithofacies A - Ooid-pelo1dal calcarenite

(2) Lithotac.1es B - Fine-grained, peloidal ca.lcare.olte

IV. SE.d.i. lAtpo!'!g1ta As This is essentially a massive bedded grain-

rich ooid...peloidal oalcarenite. Abunde.nt ooids and 8ubs1dw,y bioolasts

are sot in a pelold-rich matrb:, the nature ot wh1ch ls gen.erally

diff1cult to determine in the field. The poorly-sorted rock IlI8Tbe bimodal

or show a complete gradation in grain size. Burrows form an integral

part ot the taoies. Although practicallT absent in the low r part of the

sequence, they become both more abundant up the succession ed also at

the tops ot the individual beds (South Witham Quarry).

hg. Although no detailed collecting has been undertaken, the tollow1D.g

b0d7 f08Sils have been reoordedl FpoladomD on1!8 CS. Sowerby) in

11:f'e positionJ MosUoli! 1mbt:igatu§ (J. Sowerby) J ....:L~~WlW~&:!:!9a.1...~~iIiW&

lqcett, art1culated t rebretulids, II 11; high-spired gastropods and.

solitary corals. Despite the 000as10nal OOCUlTnee of well prelel"Ved

farms like thes , the beds do not appear very fossiliferous. Most f'arms

a1'8 trag atey, 1ndlcathlg that the fauna, 1£ not d r1ved, ha been moved

around wlth1n. its "native" environment. Only rarely do ItM I~W" organ-
isms lik. lbo1'Qsm otfer contrad1ctor,. evidence.
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Themajor variant in this facies is a muchbEitter washed(clear,

spar1te oement), grain-supported, ooid-oaloarenite which fo~ the

lowest visible part of the sequenoeat Littl Bytham (TF013178; Fig.4.60).

A similar lithology for.msthe base of the South Withambeds at Stainb,y.

IV.3E.d. ii. Lithofa.cies ]3, Althoughonly thinly and spasmodioally

represented, this is an important part of the South '.fitha.mbeds, from

an environmental aspeot. It is analogous to Lithofaoies B of the Market

Overtonbeds and Lithofacies C of the Thistleton beds. Essentially this

faoies is a shelly,fine-grained, well-sorted, peloidal oaloarenite. Rare
ooids are soattered throughout the rock while the bioolQ..ststend to occur

in lenses and clusters.

Fauna: Although the presence of "Nerin ea" spp. typifies this facies,

:!\Starte diva.r1.oe.t! (Cross), finp.acsp. and Oresslle. ap. (both in life

position) have been reoorded. The fauna is not espeoially oommonbut

it is indigenous to the environment, in whioh tnese rooks were deposited.

Within Lithofacies B there is a. major Bubfaoies (El) and a quantit-

atiV'sly minor, but environmentally significant 8ubfa.oies (l32).

Subfao;es El: This has a less widespread developmentthan the "parent"

li thofaoies and has only been seen at Stainby and Woolfox(SI{ 951136).

Effectively it is ccmposedof fine parallel laminations ( 1 to 2 mmsoale),

the details of whichare outlined in section IV,3E.e, The laminations,

which are usually picked out by differential weathering, are often imper-

sistently developed and may be cut tbroU8hby single, vertical "Skolithos"-

type burrows (Fig. 4.61). The laminated levels may also be interbedded

with mioritio "micro-beds" (centimetre soale; Fig, 4.62), \,lhichare simi-

larly penetrated by the vertioal burrows (Fig.4.63). Except tor the

burrows (and bioclast ) this subfacies is devoid of fa.una.

Suht§.Ql!s12: Assooiated with the mioriti0 micro-bed levels, are

rare micrite and peloidal limestone flakes, Thesewhite lithoolasts ooour

within the moreyelloW' peloidal. calcuen! tea of Lithoreofes Bat sta.inby.
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With the South Witham beds, the sslve oolltes ot Lithofacies

A usually pass up into Lithofacies B (Sou.th Witham, Woolfox, Sproxton and

Waltham on the Wolds, SK 815253; Fig.4.l). However some var1i1tlons are

en; tor xample at both Greetham and Stainby, Lithot aies B eeeur

'Wlthin Lithofacies A, but in each 1z1stance the sediment is or the normal

"B" type - nowhere do such intercalations show the characteristics of

Subtac1es Bl 0 B2. heretore an idealised s quence through the South

Witham beds may be considered as:

(~) Fine-grained, peloidal calcarenite showing par llel

laminations and related features (Subfacies m). This 18 the top ot the

quance.

(2) Mediumto coarse-grained, ooid-peloidal calcarenite

sbowing abundant burrows (Lithofacies A).

(1) Medium- to coarse-graineci, well-washed, oo1d-ealcarenite,

with erosive base.

More oft n than not 1 1s not developed, 1ts place being taken 1>7 Litho-

ra.cies A, wh1ch has a helly ba El and 18 devoid or burrows when oceupyiDg

such a basal position. S 11 rly Subfac1ee B1 DI87be r plac d by" or occur

with Lithofacies B.

IV.3E.. labsratQt%,desgriptionaotthg 11thologieO

The princlpal oharacters ot the two main lithofacies are hown

in tigur 4.64.

IV.3E.e.1. , This tacies ls primarily oompo d ot

spar1te-c.a nt d oo11th and peloids, the t1 proportions ot which

vary quite ubsta !ally (Fig.4.64). Subs1d1aryintraolasts, biocl ets

and rare oncolites may slao occur. Etfeotiveq t lithotoies ranges

from a p loid-rich end-member, e.g. ke1 tal oolitic pelsparlt (r .4.65)

through an inter dhtte stage (Fig.4.66) to an oolith-rich nd... mbier,

•• g. peloidal 00 parlte (F18. 4.67) • All the lithologie tend to

bimodal, ooliths, iDtr Cla8ts~ onea11te. and the larser b1001&t. tor
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the larger aui lie of a.lloOhems. while peloids. and the smaller ooli the

and bloo1asts oomprise the "interstitial" group.,

Alloohem I The ooli ths are of three types: normal.. superfioial and

oomposite., The former two are mostly sphaerioal to ovoid in shape,
with either skeletal or miorit (mioritised?) nuclei. Micritisation

has affeoted the larger ooliths to var;ring degrees and it is only in

the smaller ones t, t the interna1 struoture is clearly seen. In

S'wQ :.BOla a. few asymmetric ooliths ocoun, The oomposite ooliths, which

Br the rarest type, tend to be larger (0.5 to l.4mm), usually inoorp-
orating two or more ooliths within an oolitio ooating. Ooea.sionally

two ooliths are "oemented" together by an intervening area of micrite

to fom ftgrapestones", but most intra.clasts are rounded, unooated

oomposite gra.ins, whioh tend te be commoner in the more oolitic lithol-
ogies. Both 0011ths and intraolasts may have partial, asyrrll.''letrio

oncoli ti.c outgrowths of amorphousmiori te and these, together with the

mleri tieation, Dlake the actual. "pigeon-holing" of some allochems diffioul t.

The interet! tlal peloids are invariably small and proba.bly poly'genetio i

the preponderanoo of regularly shaped ovoid of the 0.062 to 0,2 u:m size

ran Bug ste that many may be faeoal pellets. although others are more

likely to be micritised grains or parts of ains. Bivalves, preserved

as spar!te pseudomorphs with miorit&-envelop~8, are invariably the do

inant keletal group but echinodeDmfragments (mo tly spine ) are also
present. The bioclasts are alW3\Y'S "bimodal" and in some case can b

very large (a.3m).

Matrpca The Ina trix is prinoipally spar! to, which in TQ BOla.ap1l&8.1'S

to have been cryBtallis d in two phaSes, a spasmodio, poorly-developed

acioular rim-o ment pre-dating on 1nfill.ir1g blooky spar! tee No

s1m11ar development has been s en in any other slio. The unev grain

distribution results in some "g,raJ.nstone" pa.tch Sf but usually where

there is a greater quantity of interstitial alloohems there 1s mor
a.bundant micri t •
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IV'.3E.e.l1 Lithofaeies Ih This lithofa.cies, oomposed of skeletal

~eleparites, (Figs. 4.64 and 4.68), is very similar to those oapping

the l-'Iarket Overton (Lithofaoies :B) and Thiotleton beds' (Lithofa.oies C)

r.vthms. Ths rooks are well sorted with only a. few larger grains soa.t-

tered randomly within the dominant finer grained peloids and bioolasts

Larger skeletal grains (mostly bivalves). oncolites and to a lesser

extent intraclasts constitute the larger suite of allochems. The

dominant peloids, although usually oircular to ovoid in outline. vary

in sha.pe. ref'leo.ting their different origins; both faeoal pellets and

micritised grains (some incipient ooliths) are proba.bly represented,.

Bivalves are the commonest bioclasts but eohinoderm fragments,. ostracoda,

foraminifemand gastropods are also seen. The oncolites, rimmed with

amorphous micri te, are ra.r but consp.i.ouous beoause of their siz J

skeletal fragments, partially mioritised ooliths and "miorite-lumps"

all a.ot as oores. Rarer large .1.ntra.clasts, ail t grade quartz grains and

asymmetrio ooli the are ocoasionally present. Although predominantly spari te

the matrix oontains some micrite, which in places, ocours in concentrated

disorete masses, a. result of' bioturbation,

Subfacies El: This subfaoies shows most of the features typical of

analogous subfacies in the 'Elt OVerton and Thistleton beds. Pa.:rallel

and inclined laminations of various oompositions are the pr.i.ncipal feature

although these maybe out through by vertical or 8ubvertioal., sometimes ~.

branch1ng,burrows (F~.4.61), or completely obliterated by bioturbation
(Fig.4.69). The main lamination types are:

(1) Alt.ernatioDs of' pelo1dsl limestone. which although

olearly pioked ou.t by differential. weathering, are not readily s en .in

peels. The only real oompositional differenoe appears to be in iorite

content, although oooasionaJ.ly bioolaat ooour preferentially in alt 1"-

nat laminae. Usually these laminations are only 1 mm. thick 'but they

oan be 2 •
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(2) Alternattng yellowish peloidal/bioolastic and white
mioritic lamina.e are readily distinguished on both wea.thered surface
(Fig. 4.69) and in :peels (Fig. 4.70). The mioritio laminae, ot 0.3 to
3 mm thiokness, oontain few alloohems, oocasional bioclasts are seen and

in some oases the miori te is riddled with tiny spari tic spheres (diameter
0.04 to 0.1 wa)t whioh might be the remnants of algae or other organio
matter. In contrast the peloidal, spari te-csmented laminae, oontajn:ing
bioolasts of bivalves, eohinodems and ostraoods, some of whioh are

ooated, are grain supported, with little original micrite in the matrix;
these range .t"rom0.3 to 2.5 mm in thiokness, although most laminae of·
both compositions tend to be closer to 1 mm thiolmess. A little minor
scouring sometimes occuza at the base of the peloidal laminae but other-
wise the oontacts are ill-defined. The biocla.ets are usually preferen-
tially aligned parallel to the bedding even where they occur in the more
micritio laminae.

In addition to the various laminations, white mioritio ltmioro-beds"
up to 20 mm thick also ocoue, Bioturbation sometimes mixes the roior!te
with the underlying peloidal levels (Fig. 4.63). At Woolfox one uoh

bed shows very fa.int lamination in that .impersistent rows of brown p loida
mark the white rook. These miori tio beds are also out thro\l8h by vertical
burrow.

Subfaoies 52, At sta.inby rare white peloida.l and micritic lime tone
flakes ooour, whioh are 6 - 12 mm long and approximately 1 mm thick.
It is possible that they are dessioation flakes deriv d from the lamin-
ations of like-oomposition seen at this level, although no supporting

evidence has been found anywhere else in this unit.

G~lFOSSIL BEDS
Introduotion.

The Greetham ~'oBsil beds form a. thin lensoid.al unit. which is onJ.7
Been in three quarries (Greetham, SK 933146; 'l'histletonSIC903180; and
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South 1itham. Si 917189) in south Lin.colnshire. Greetham was chosen as

the type seotion because it is the thiokest (0.76 metres) and most easily

defined sequenoe. Tne two typieal 11thofa.cies of the unit, f089111£-

arous caJ.c11utite and a burrowed ooid-calcarenite, are seen the:re.

Former Terminology

The Greetham Fossil beds probabq corres pond to the Pho1adom.ya

Bed of Hollingworth and Taylor (1951) as the stratigraphical position
(Fig. 4.46) and fa.unal composition of the two units are very similar.

It is important to note here tha.t Kent (1966, p.65) mis-interpreted

the poaition of the l>hp1adom:y:a.Bed believing it to ocour " ••••••• at the

top of tho Cementstones". This cannot be the oase; the strata inoluded

within the Cementstone9 of Kent (1966) and oonsidered similar to the

Kirton Cementstones by Roll:I.ngw-orthand Taylor (1951, p.1S) occur betw n,
the Pholad0ffii! Bed and Crossi Beds in south Linoolnshire (Fig.4.46).
This indicates that the Pholadom :eed is present at the base rather

than the top of the Cementstones (Kent, 1966, fig.l). The Greetham

Fossil beds are therefore more oorreotly assooiated with the Little

Ponton - Nerinea (Pisol1t) Beds than the Cementstones of Kent (1966).

Elsewhere the Greetham Fo sil beds have been apparently included

within the Nerin a Beds (Richardson, 1939a1 and 1939b), ti~e Little

Ponton Beds (Kent, 1940), and the Oolites (Swinnertnn and Kent, 1976).

At Greetham and Tnistleton the Greetham Fo s11 beds rest upon

the hardground, ca.pping the South Withem beds. Ho,...ev r at South

Witham no hardground exists a.t that level, although &xtens1ve burrow1.ng

in the top of the South Withambeds indioates a. poriod of reduoed, it'

not arrested, sedimentation. The upper oontact of' the f08811 bed. is

less well lmownbecauae it is only olearly seen a.t Greetham, wh re th

Woolfox beds out sharply into the £'08811 beds, almost oompletely

removing tbem in the south-eastern corner of the quarry (Fig.4.47).



107

The rather limited geographical occurrenoe of the Greetham
Fose11 bede ~ tb r t be attributed tal

(1) later er081". re CNl b,r the Wooltox bads (F!8.4.47), or

(2) non-develop At due to the absence of a prolonged break
in sedimentation tor the development ot a hardground andtor oolonisation

by a FolUlc fauna.

The Or etbam F08S11 beds mq- exist outBid ef the study' area,

tor Hollingworth and Taylor (1951) recorded the . Bed in the

Exton district (SK925115) south of Greetham. Even in this 8%'e though

the tossil beds are sometimes aba nt (e.g. at Wooltox, SK951136. because

ot erosion ?) ind14 ting that tni xtended outhel"ly develop nt is by no

an ",ld.spr ad.

IV.3F.s, PJI9£1DtlAA pt tll! 11~ho;LuH'

The thin Greetbam Fo s11 beds have two distinct litholog1e8,

which have a sharply transitional. oem acta

IV.3F .<1. i. Wholm A (,ME) I Tb1s ls a white, highly toa.Uiterows

oaloUutite (b1cpel 1crit.), whioh coatain rare ooids. Th fUG-grained

aed1m.ent, con"alr.dng a prolific and diverse r una (M. seotion IV.51.e.)

ia also heavily bioturbated od burrowed.
IV. 5' •d .ll. Li£bolog;r D bmQ!£}: The ov r 13ing bed er POOl'ly

fossiliferous. They are honey-yellow, burrow d ooid-oalearen1t s. The

poorly-sorted grain , set in the m10ritk trb:, are pr1no1p&llt ooids

with sube1diary' skeletal grain , peloid. and posl1bl¥ rare introlaata.

Thi litheraale (and inoluded btrrow , mostly en as gr 7, 1orltio

atreaka) 11 very similar to Lithotic1e A of the GreetweU Me bar :in

central Linoolnshire.

IV.3 .e.
The speatacular13 abundant and diver. fauna of tha Gre.tbam

F08.11 beds 18 reetrict cl to Lithotaote A, the overl11ns beda of .L1tho-

fa ta. B are pract1callT barren ot bod¥ to U., altho h the)" er.

extensively burrowed.
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Figure 4.71 outlines the proba.ble ecological niches occupied

by t..l-J.eoommoner species of the Fossil beds' fauna a.t Greetham. where

'the unit ca.ps a. hardground, encrusted by oysters and Chomatoseris sp ••

The fossils. often in si tu, are randomly and prolifically sca.ttered

throughout the beds; if' any distributional pattern is discernible, it
is that the bur::rowing hi val vee t particularly Pholadma, appear to

be more commonin bed BDl than I1D2, where "Uerin,ea"spp. domina.te.

In a.ddition to the speoies listed in figure 4.71, worm tubes and "algal

tube" colonies are also oammonand extensive burrowing and bioturbation

haa affeoted the beds.

At Thistleton, the Fossil beds are largely inacoessible and little

oolleoting has therefore been possible. However, the oyster enorusted

hardground appears to be developed there too and Ilholad:2!5Y'a.fidioula

Jill Sowerby, in lite position, Pinna. sp. and terebratulida have been seen.

In oontrast no hardground has been reoognised a.t South Witham, where a.

PitlllQ.O'\mea_ - "Nerin...eau spp. a.ssooiation dom1na.tes the biotope.

However in all localities the laok of signifioant breaka.ge in the other

foms suggest that the fauna. is largely indigenoua to the Fossil beds.

IV.:;G. 'W'OOLFOX BllIDS

Introduction

The Woolfox beds axe "typioally" formed of massive ooli tea.

Wool£ox (SK 9511;6) was preferred as the type seotion because it shows

a relatively thiok (a.lmost 2 metres) and strikingly ooherent development

of the unit (Fig. 4.72).
IV.;G.b. Former '~exmipoloQ

The terminology, whioh has pl'Gv1ously been a.pplied. to the horizons

oooupied by the ~voolfox beds is rather oonfused. It would appear that

the Woo1fo%beds are probably equiva.lent to the lower part of the'tmnamed

beds" or Hollingworth and Taylor (1951); whioh oecux between the Phola.dom,
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Bed and Crossl Beds (Fig.4.46) J to part ~thB ds

(1 Richardson, 19398) and tbe Oolites (Swinnerton and lent, 1976).

Where the Woolfox beds tit into tbe SOhelll'J8 of Kent (1940 and 1966)

1s rather lese clear. At South Witham (SK917189) Kent (1940, p.52)

Ulcluded withintbe Oementstone I approximately 3 tre ot white

1 stone, occurring below tbe Or0881 dSI 11 10 :r ted be1n.g

classified in the Little Ponton Beds. The Cermntsto 8 would

ther tore be broadly equival nt to the upper part of t "unn d

beds" (Hollingworth and Taylor, 1951) and the Lincoln mbar and tbe

upper part of the Woolfox beds ot thie 11thostratigrapb (Fig.4.46.).

T ,nma1nderot the Woolfox bed is pre s bly qu1valent to the

top part of the Little Ponton ds (Kent, 1940, p.Sl) 1n this area.

Following similar rea on1ng 1t is possible that the lower perl of

the Cementstones and upper part of the N Bede of R1chard 011

(1939b) a1 0 equate with the Wool£ox bads. Oerta!n17 Rlehardson

(1959b, pp.466-467) discus s tbe ocourrence of tbe Ce nt to 8 at

South Witham at a level approximately akin to that ot t Woolfax

bed •

IV.3G.c.
The colfox bad • consitently overlain tv the Linooln

mber, re t upon the South ltham oreetham Fe ell beds (1£.2,.2.).

reslonby the Woolfox bede is thought to have re oved the Gl'Get

Fossil beds from ~ or a , tor in tanc t Qreatham (SK 933146;

Fj,g.4.41.) and onl,y at South itham ha an er0830 eon act bet_ n

the two units .o.,otbeen proven. Elsew the wooltox bads also

arplq truncate ~he South 'itlwn cia (F!g.4.'l2 and 4.73.).

Although the relat.1onah1p of the oolt'ox unit. with bed"

further north is unclear boca of exposure failure Sn t Grantham
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-Anoaater regio·, t ge ral atratigr pb10al evidence a peta

that the wooltox beds are lat rally .qu1va1al1~ to the Ieade

Ma bel' (FSg.2.2. ) • However at Ancaswr (SI 997444), "bere tbe

I.eaderuutm and Gr tvoll M bors in rr1nger, t I1thotac1esot be

Greetve11 ember are or b oentral Lincoln ire VPe, qirJa that

the lateral contact en t e I1tru and ou h L1.ncolush1re tao~

of the Clreetvel114e bel' OCour within th "h1ddn zo " (GranthaJD..

Ano IS e) , ost prob bl¥ around the Grantham • o

d1reot contact betwe n the Woo1£ beds and tba I.eadenham Me bar.

In other dirac ions t later 1relatlonsh1.pa of th$

Wooltax: beds c..re eq u,. nig tic: it 1. en 1D quarr1as at

the western, southern and IS 1'n l1rn1 8 of' ud;y a/upo

eating that the oolfox bed or1glnlly exten d he,yond tblt.

limits. 0 fir er conclusions c be draw beea of' the el"l'at1o

thioknes patterndisp~ d b.v he be s (r1g.4.1.).

,

at WU 1 de.,.10. at at

Wooltox, Cl etham, Little Bytham ( F 01317 ) and to a la. r extent

ataltham on tha Wold (K 815253).. The typ1cal 11tho.t cies (A) !.a

a 1811ov, r 1nedt rain-rich, 010.-0 le n1 • The do 1nant

ooid very ub 1d1arl intraclast d a let 1 grains

e nted by spor1t. 0 d ntary s ruot aha been n.

~_I Tho Jority of the fauna (solitary ooral • bt.-valve ,

atropod ) 0 otr1 10 U, occ 111"stringe%' " or olut re.

b1v 1 s ere us IJ¥ pita 1 such 01 r8, et1n1d and

mod1011ds. l¥ d nt-1nt11led art1culated bival •

although d1sart 1culated but who a1 et)
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current, t £I \IDa has not n tran ported tar. App nt:t, "Ja
.au" eolontal co.ral cl ps, wh!cb he: been bored b.1 tt~IISIDU.1l

d replaced b7 BP ite, e:l 0 oocur. lat1:

ot pitaunal su ft lcn-fi .ding crean.) .'OD» ot wh!eh pro w.,
ha a ble gre ofb111ty (pect1n1dblval.) ata

tbat tbe substt-ate " stable ( ohile oo1d8) and t

pro hll' ttlirbttlent to irltain a rea c bl.e rood upp,q Sa • AS1on.

The 11 v d aat ot tbe eold eubstr po1l\t to the w1Dnawbg

ot gon1c-r!ch "tws" b tbe d nt. which would probiblt

.po 1t re d1Dg.

Elsewhere ariat & ceo.. At lith Wit t re la an

tI 110 ,los" quen', a tine-grawd, well.... Ol'tetli· peloUal. ,ca.tcw..nlte

cont 1ning lev oo1da, pas 8 ual.l,y, :Into a t)'Pia 1oosa-

cale nita. 1'. 1nte ning sed ' , oold...

10Ual oaloareAt1e j wh1ol1 cont in so

p ,.".d ta. within whs.ch .wi., .waIi;JiM ..

PJl !.nellt.

oondltiolls on
wabing of the nt re ult!Da lA .. tb,s Dd !A. SA

the tr1tt. A 1mUar t 10 tbe

th!ck Sproxton a 62&3») the basal tit" Wi It_

tao a" up into v1l3 bu:rrowed. . a1npoor. . "!d calo ni.,

which • 48'13 micritic u. ( burr, are 1. th et

he South witham beds' ooid-oaloaNn1te .••) IA turn the

1nto a to eUu.ro oalcUut1 • 001d 8ft qui

lower halt ot thls bed but pn.ot!o~cu.sp 'er h!g :r
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1 fe. • this d ha an alNDla;en"

Wwasl2l1ta in lU'e poe i ~1o J

It'.

and ~el.r!r1d: noue fauna.

n bl.alw8 and gastropode eU

OCCUE" wall prase, d. Capping t m 1 al· one,

vhloh 18 impel' 'latentq 10 d vithin tbe 13' a.lq: paratJQg

t Wooltox: de' 1 stones d the Lincolnntical

d i alouth Wit and 1'88lJ' t Wooltox.

1st is .,dirt "ooid-oalc nt l l' it 18 tbe prolU'lo

~ 8 at the top or tbe bed that • 1t so aigniflcant. Altho h

both t sub Sdiary plVopod$ Cldinant pstaunal bl.'ftl aM

vhole tbe blval ... ·are all 'uartioulated od p"tireD kIlT tant ted

"OOJlwx,..up". In places a barec1. surta_ ot th:ls bed l'e.mblas ." t of

iUldSmu;;r.t.a ap,. (1 lamSn tu) ·and tsoak1u .P. val . a, IItJaa
that 01»18 CUft'leBt ha: d1aert!eul t,' cl md conoefttl'&' cl •

atlon aa bteakage aDd

WaI' are Aot ., 'J!7 !dent.

1'lIBrlmr wlth tbe DSla.!!fll*rJI:

I4Aco1nahire.
IV.IG.. It,tg:atoa; d,W.ionl, at Mw· 'l'bsa_"I.

another ~ 1 bla correlatlw

of the· Ltnooln· bel' 1rt eo

priftoip 1 t.at of t&e ",,10 1 Woolth ~ •• 11th....

t. o!ea (an DO part e, 'iB,.'.'•. ). are· utl1Ded in t1g\D'8 4.7. t

colt., the qut variabl 1ft be,

111shape tr spher1c 1 to cwo1d. Alth 'h

apertlo1al and. ranI' compost oo11ths

wit1c (m1crlt d?) ft8.~1iB.

"11ths t 0 It

the intel'ft4l \lOt ' taa, 14 ioh

le! but 1m.

cl
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OOoa.8lo11al patches ot temnan'b 1nt rnal st:lIo'UN. The letal

gral4e, &lth h otten 1eJo ,are DOt quantitatively aip1tioant.

B1_1"." pt'e$8rved as, spar!\e pseudO_.."ht wl1;h.1"1te.-eawlopel,

re tbe ost, 00 II tJpa. Beret let , compos1to iD.tr; clests Oft also

'$Ih The poorl,.sorted alloch9 s am set tD la cleafl sparlt10 __ nt,

wh1ebCJ7stall1d in two eU.stinet phases; apo01"l,.....,wloped

e!cw.ar rim· ,ment pre-de:bbu })locky.tJl)a of'sparlte. Ho ver

the two generat-lesot oe . At 'len aJ'8 not uld.qultous, fw on11 &

blocky 'emeat te se El at GJteetham and Waltham on the Woldt ..

t Waltham the expoaect portion ot the Woo11= beds 18

eo 0 <l ot le 1 ooep_lte ( 19.4.76) which 18' xtuNlq

atoao aD<l. gen&rall¥ quite simUar to tbe t,vpAoal UthQtao~8.

althougb btoclasta art· moM ~Ql'lt in the Walt'haJil fOOte. A I1W1'lbel'

ot larger ~t. cl.ut1e and oncol1tlep 1&s (1.0 to 2.,1.) alit 1'an

peloida also oe01.1l'.'fer; ot, ler gl'ellters!gn1tied' le· the

nature ot o~ the oolith. whicb in ddlt1or1 to a . olearll'
det'inedooh ntri.c structure, b.aft tl 4S.•t!nc~ l"adW t ,10. 'fh1s 18

P~ . 4 out \Iv ft4iat1Dg, dSs te,"col eft of In.,luded- ierS:
(Fig.4, '16. ) , hB lmportan.ce ot tilts ~ad1al .tl"UQt;~ 1ri ,be oo11th s t

si d by • ot he tn.. sotllF ,bg '.

ala It, the & nte6 ooliths

, co' du7" ClIolith (" .4. rt .). .f'_ ooU.tha
and the 11' is d18o\18 .d 10. c

lV •••

IV.'.a. ;mtr2P.~<lG9·
adeaham. Member:,compo.d of to •• U1t.¥'Oua, obaJ.k;r-

whlt_ cale.:'lluttte8" Ss AS'gUabl¥tRe most 41stlactl. and euU;y

va d unit wttiWl the .ntu-e Uno.lA u. I..lu8 , tf.Dn. b
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type Motloa at Howard f 8 ~ rry (SK 96252&), u le f

xpoe a thlok (a I1ttlB over"':5 ) and typ1cal with

a. cle_lJ d.tlaed top and ba. ( 1&.4.'1.).

In he quart' be n I4ncolnand ring ( .2.1.)

the Ieadenham Me bel' 1nclUdes a thkl seqwnce ot O1'g11l&ceoUl

s at1d rn 1ng .hales, C t dral ( •• 1.).

The lull d taUs ot this t d sub-div181anare db d In a

later otion (IV. )•

t d1st1Rctt 88 ot it. 11tholog' s, t

tea nbam moot' has not prev1oU91y noogn1 Cl as a

unit bllt appear to f, Clt lows- part of th& Ce ntst et

(Ke t. 1940 nd 1966. d SwSmlertoa an Kant; 1976), the Kirton c!

( .tcbardson. 1 ) and !!rt no

"c tato Jf probabl,- e 1Dc1dent cause the typical nt-

at 8 tac s cem aeta ~ with is lithol iss ot the un r-

l.tSrlg d in the Lincoln.. oater regia • I II. n ;twa]. tra\t-
ph1e d:1: (~.4.1.). now l", et d to tho lea ,.

tha tbf.c se·ot the "Co eta e" ( tor • le nt, 1940.

p.SS), ana that they t incl . d yo re! , whicb

baen atvlbllt d to tb 0 t dhl de ..nIIor IJncoln mbett/Ropsl,

de here ( .2.2.).

The ft tlonship '" n the Ie denham ber cnd it

Ce ntstone 01' R1cbard (1939b) and irton Oe ntat sot E I

(1952) 18 not no 8tr ightt~. tb8 oeounene of ff Ca nt-

nOM." t Lt, 1 1Icm ( 9SQ2SO)GIld 0 p. r UI, .mea '

(SI( 9'19427; ~ rl;r and 'ott t· ) 0 SOIl
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(1959b, pp.466-4(7) are a It oertainly 1"eoordaot the Rop.ley

Beeta (and al'ooiatad paJ."ta of the L1.uooln Member, Flg.4.1.) while at

South Witham (SK 911189) ttl "Oe nt_tone taciestt is developed across

ibe LSaooln

the 80uth Lincolnsidre eeMlltst0l188 of Richard OA (1959b) aN in no

vay equivalent to the l:eaden1uul mber; nor 1n ed an)"ot the

flCe aistones" (ot all previous 8tr&tigr phis ), that occur south

ot Anoaster ( e espeo1al13 Kent, 1966).

The Iea nbafn bar la not preo 11' equivalent to to.

Kirton Ge ntstoAs ot vans (1952) either, although 10. thy ca.

the relationship are rat 'I: monco plex. Evans (1952) does not

ppear to haw' defined h.is K1.I"tOl1 Ce tsiotta 1n acoJla1stent ma.nDGZ'

acrOS8 th ee8tra1 LiIloolnshire area,. and tberGfON the aaat

relationship «l' his unit to the siratlgrphy proposed baN varSes

acoordingly. For example at G:N tvell (TF 003721) the i.b'toD

Oe_nttones e brae the Ieadellham mber and Oathedra1 Bed., but

at I4ad nham itself heirton C& utstcmss include tbe .Ie. denham

, bel' and uch (all .) of' the overl3'ing L1neoln Ma bar d RopSl8,

dl &8 _11 (f1g. 4.19.). Although not exposed when ha completed.

h18 vork, the top of the irton Oe nt.tone. proj otedby' :van.
(1952, Fig.5.) would probabq approx:imate to tha base ,of the

ottIethorpt) JibeI' ot tbls stratigr Pto' (F1I .•4.79.)., bzietore 1t

would appear t at Evans (1 52) drew t ba.ot h18 irton Oe nu..
stoM at ore 01' lei. the le... l as the .aciGllham Me .ber tU'1d

1*0. entsbone." of eerl:iar vorkare (Kent, 1940, andl.966, Richardson

1940; and W118011, 1948). Howver, tba' top or his it. Cd be

demoastra ted t.o co1ncid with at le·t two 41f'tereDt hGrlacl J the

ha ot th Lincolo. Memberat Greet,..ll and the baae ot the
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Scottlsthor Member at adenham ( 18.4.79). T Kirt Cemant-

ston 8 of Evans (1952) tberetoro c let q out aorOS8 thG known

strat !graphical divisions of ceDUal Linoolnshire.

IV•• c.

Tlle le bel' ha e. I' lnti ly re trloted N...S

d1 tr1 ut10n from Linooln to Ane star ( 19•• l.), W N it. ~ 1"-

digit tion with the etw 11 19lnber (£I en in raUWQ1cutting,.

997(44) ug eta that ito:' inal depo itional 1 it dld not lie

h furt r sou • rmore, s tl» unit

either OPWl (. 0 2564) or Little ontn,

the In r ust :vG tId d 0 11 tweon till

not

littl. to ~ .eJouth,

local1t!s. and Ancaster.

Altho h he lat1vel,y r ric outorop to t ast end

p nts this "natural" outham margin being traced northvord ,

figure 4.80 aummat"i the probable d positional ends 1nd1aat. d by

the va1lable data.
In. the 1'18 of outcrop en L1nooln and therl..llJllDaJll

( ig.2.1.). he ado m r, wh:Lch rl the are.tlMll

mber, is suoc d b7 th Cathedral Beds. However, stvard,& and

south- twarde fro this are the Cathedral Oed" are cut out b;' the

Lincoln Memr, 'W ich co to dctly 0 t

bel." (Fig.2.2.).

IV.4.d.
The typical

whit c lollut1 (i

:re i tan ool4-calo n1 t with 0100

B) .. IJ.thofaQie B 18 I'l,ot d$velope at

the 1 an sao 10 ly' thin Iaa.oonllam

Allee. r ( U¥ Cutt ) ,

.....r......... of p , oha:J.ky-

le n

• (L1thofao1e.
(17 0&$116), re

d

m r

,in

it p ca

ucc 8slon, or ,
nbyanz :r-
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digltat1cn ot tho Oreetwellember. However, this in rd1g1tatton

and Lithotacie B are prob bly genetlo lly :related (Chapter V).

IV.ft.cl.i. IJ.tMtlcH'A: !h1s is the dominant aad charaoteristic

t ol$s at the Iaadenham ll.em r. 'l'h.1nlJr-bedded, chall9'-vhlte, I:ossll-

1fI rous oalcUutltes are interleaved with brown clay or marl

part1ng , whieh are 0 ten w 11 laminated. Occasionalq the partings

are black and more organic-rich. The limestone beds ver'1 in thi.k-

ne s from pprox tely 0.1 to 0.4 tree, altho h thay are usualq

about 0.15 mot:re. Alloohems are rare exoept ftr kele\al tr nts

(and to s11s); only a f w brown ooSd. and onoolltes are nt

although pel0.1ds may const1tut p rt of the t:rh inplacea. The

molluscan dom1ne.tedfauna 18 otten prolltlo and contain& Ula1'11 An'ib
torms (b~1g.4.8l'J see ectlon lV •.4.f.). Bioturbat:1oa and OUl"l"wiag

are rite and the lowest bed ( low Litho£ao;1as B) are <tW84terist-

1ea1J.¥ riddla-d with G09idrJ.i" ap. aDdiOOJhYcil ap, trace. (Fig.4.

82). W1thin tbese bed ,small 1 nses of bioclastic and pelo1d.-r.1ch

fjne calcaranitea, with gent1¥' coured ha aooour. The are

US lIT Cl few tena of mill tre lOA«and 5-10. thlck. Tbe1r

eian1f'iouee 1sdlscussed in. Chapter V,.

AlthoU8h t 18 tac!Bs W QP:tead, iaor V81"lat1ons,

ostly :1n the content and 00 position of t . loobam8, ooc~. er

exampl , at H m on ( 992619) t more ore nv-coloured, blue-

he ted oaloUllt are typU'l$d own "alaal tubeodulea".

Ho v:o, Buch var1at1on mo tJ.f 811gb and the r"COklwe "&d.u,
idantit'!4d as belonging to tha charact ",1 tic lithofacies.

ual. :ra.ther thlokBr

leadenham Member

IV.4.d.11.a· ··IlUU.lr..lUIl::&.oli'£l Thbariaat uuall¥ OOCUI's aa an :1t2.d1vw....

d (us IJ¥ 0.6 tree) low down in. the

ql»nce. T crGOJJtr-l$llow weathering, but bl -
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hearted bed generally ha a distlAct:1: basal layer (up to 75 mm.

thick) of sk letalcalc :1rudite. Bivalves, gastropods and worm tube

are particularly prominent components or this grain-supported !aJ'er.

which at Dunston (TF 053654) bas large sp. networks

covering its base. Abovethis, the bed beco 8 mare of an ooid-calca-

r nita, witli m-own oo1ds, one0lite a, skeletal tragments and peloids

occurring in the rather poorly.sorted deposit. The percentage ot

grain, never specSally high, d creases up the bed as the lithology

grad s into a calcilu.tite. The calcarenite does not appear to be

grain supported. So ot the bivalve , not1ceabl¥ ap., that

wer invariably in l11"eposition in Lithofacies A, Br "uproot d"

(although articulated.) in this bed; they lie parallel to the bedd •
..Burrows are ubiquitous.

Variations wlth1n this facl8 CB) gerally centre upon the

blooh tic basal l.tqer. For example, at Ieadenham, the basal portion is

an independent bed (0.25 tree thick), compo d of a fin ...gra1ned oalca-

r nita. No bioclastic basal layer has been recorded at either Gre twall

or Branston ('IT 025671).

IV' .4.. l.§bqrator: rJ §QiWSiOAO or ~be 11thologHS

The principal reature of the lithotac1e ot the Ieadenham

Memberare out11ned 1n. f18ure 4.85.

IV.4.e.l.LithotaQ,1e1 A: This 1sasent1ally a hi 1ar1t facies

( 18.4.84) which vv1es texturally from (dominant) 'Wackestones to

mudston. However, within the biomicrite a number of biopel parite

paokston len s occur (Fig.4.85).

rh biom1crit s have dom1nant bivalve aDd gastropod (otten

whole) ak letal ea nt, and subsidiary fJrag n S ot oh1n

(spines, plates and ossiole.), foraminifer , terebratulida, BryO}O~)
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wormtubes, es cally' (:ti~rAstrE'!la) (Sowerby),

and ostracods. Pre rvatlon is variable; essentially the caloitic

skeletons have survived unaltered but the aragonitlo t eta have been

repla d by secondary sparite. 1'I.a1l3' ot th bivalve ha mlorlte-

envelopes and most fora.m1nif'eral tests have been compl tely

mloritised.

Non-skeletal allochems are rare Jonly silt grains and

loids have been reoorded. roo siz and ovoid ah pe of the paloMa

suggest that they are probably faeo8l pellets. Tbe matrix ot th

rook ls invariably m1arite.

Variat ions in this biomicrite lithology do occur. For

example, bed C6 in ths Dean and Chaptor Pit, Linooln (SR 971735) 18

praotically devoid or skeletal allochoms but has abundant silt grains

and subsidiary mica and wood tlake s (Quartzose mierlte). The silt

is concentrated into oertain areas, which may be burrows or

"reflections" or bioturbation. At IIarmston, large (10 le 2 mm.),

Cil"udelyooncentrioally laminated onoolites dominate the rock (anaolitic

biomicrite). 'rhos have diverse but predominantly skeletal nuclei.

flo algal tu.bulas hdW been seen in. the mioritio 00 tinge.

In contrast to the grain-poor biomicDitcs, tb pelspar1t

lenses are allQQhem-rich. rhe skeletal debris is composltionall1'

s1m:Uar to that of the biomWites and the faecal p ll.ete are much

mo abundant. There appear to ha two distinot geno~ation8 ot

sparito COlOOl1t; the earliest forms non--~rroan cale1 (often 8010 )

o,yntax1al rima to marv skeletal grains, wUe tb9 later, more

blOCky ferroan caloite cement, Willa tho remaining pore space.

l'he scour bases and enera1 til-sorted jumble of a1n.s sugge t that

these lenses are the renult of m1nor torms or di turbanoes.
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IV.4. .11.•1;aitlaofuHo a. Although thi tacd.. nco •• 8 t

whole ot the bed, wh1eh interrupts the "normaln ad Dham Member

sed ntation, it is the baaal skeletal calc8J'EJn1te lqer that is

p t1cularq s1gn1t1cant. m the bio lsparlte ,len I in LS.tho-

facus ,thls b100la ~1o la1er 18 thought to the product ot a

storm, which, 11'1 thie ea ',wa. quit an port ant ewnt s 1!

atreo d &Jpo 1tlon O'I.r a wide area. the :NindeI' ot the bed,

pre. bq retlect1ng t res ablllsat10n ot oond1t1 a, iauch

akin to "normal" Litbotacua Ii. d_nts, althouah it tend. to

much ore grah-r1ch.

The .. 1 le,yer 1s a poorlJ'-wa bed b100p 1te (F1g.4.8e.).

tM· it rae 1 tal lloohems ar lar e and 111-.01" d, lthough

theft la a tendency tor tbe elongate grain. to align tbe .1w.

p allel to the bedding. The preaervatj.onand t1P80t bioola8t 1&

8, 1lar to that in Lithofacies A altho h the gra1l1. are muchDlOftt

flo. nt d. his pro b17 :Ntlsot. the d1fte nee between the

ohan1oal cS gradation auttered duzo1Dg tarm transportation and the

b10laglcal bNakdown atli cted 1ft. tbe lqooaal env1romaent ot Litho-

faoia. A. In addition, co act:S.onal tre •• bas tract d ... n qut

robust tr nts l1ka tube •
m10rit r , 80 ot which are pro bly mlorite .. nvel • although

others aft ala 1 aOONtionary ooat., 1. • oneo11te.. 'l'h1a 18 aDulT

te.ts

grain where tbe !cri e ooat e1\olo... t ...Sniter ..l

a1l1. (, .4.87). Intr 0148t8, Ut er.1ft and .hN

up tb "et ot the rook'WJ&raiD. k Coleb7, (s 981600)

... n in 8

peloid

the rock 18 a. p oketo • with ao,ou t eq\1.$l a.mGua.tsot .parlt.e an4

1or1te.Howe r, el.where the it. ppear. to 1»do 1Dant all..
the rock is l10t alvq grain.upperted. For in toea, at Ie de
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the abudant skeletal grain. are uch smaller, ore perfeotly ligned

parallel to the bedding aad. set 1n a mlorlt1c tr1x.

The owrl¥1m.gbed haa 8. variabla co position raag1q from

oneoll\e or quartzose biomicrite to quartzose biopelm1crlt. Tba

rocks of this laval generall7 have va:&71ag amounts of Gneo11te.

(ooliths). saletal gra1ns, peloids and silt grains 8l'1dare texturall;r

waoke tonee. TM1reluot the tran81tioMl per10d bet_ea tha storm

and rea pt10 ot tWleal lagoonal sedimentation condition.

IV.4.r.
TheollWlean-do 1nated. fallft. or tbe lJtadenhaa Me bel' la

ohars_cter1sed by 0010418 of fIl1,.:1ataWlal f1npa, Runtla PhUlipl.

fila, together w1th fbQJad,gna. Ikdl (J.30\181'0,.), f1Ali£W!lD W11tOUH

tor s t nuc1euot a diverse, benthonic biotope (F1g.4.88.),vh1ch

18 believed to be 8ade1l11c to the lagoonal environment, :repre .. nteCllby

the _libel" s Lithofacies A, tor a number ot reaeOD.•:

(1) The Waunal e..Qd sem;t;..1DtaunalspeaSe. f",.a,.,
P,l1rtta, P,t.mU:QriH &Ad (PhUllps) a:re lun.rlabq

tOWld, 1n lite posltlon.•

(2) 'lbsval • at the dloart1cul td bl'W'.lws a.l"\t wholat and

randomly orientated. Dlasrt1eulat10n appear to be cant1necl to ps,.

tunal and so shallow 1ntaW'lal spec» ••

(S) Few" tor .• u show ~ alp or or breebg •

(,,) The fauna shove no 81g11 ot 81 sor'Cing.

(5) It not 111&*1" tha faunal ele n1;1 ha... a rand.om

d1str1b,d;lon withk the 1ndlvldual beele.

(6) Thepe r 1 d ntologiaal ttio.g lusee t. that
81gnU1eant thllsportatlo1'1 ot the tauna 18 likaq to have oco1.1lTe'd.
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AlthOugh the litholical Uormity ot Lithofacies A

suggests that a1m1lar substrate conditions xisted throughout

Ieadenha. Member times, the fauna shows some important differences.

The basal beds, below the Lithofacies B storm level, were 1ntensivel.'r

burrowed, with GhoRdrik, ap, and ZgophYgps ep. particularly

pro inent. Rareq was the "typical" molluscan fauna (or any body

r08si18) developed at this level, where th slow deposition ot nutr~nt-

rich, fine-grained line mud must have been particularly oonducive to

the various soft ....bodied deposit feed re, ",hioh produced the trace

fosalls. Hav1ngrapidly colonised the substrate of the nascent lagoon,

the burrow1ng/feed1n.g activity of' these farms apparentl;r made the

IS d1ment surface too It soupy" for it to be st:Wcessfully colonised by

the molluscan spat. Th "infantUell molluscs presumably perisMd by

"burial-suffocation" or by aotually being ingested by the indigenous

f'auna, in what appears to be a perfeot example of the trophic group

amenssl1sm conoept of Rhoads and Young (1970). It was not untU after

the deposition of the starm bed, that tho molluscan fauna bees w1de13

established and the dominance of the deposit f, del'S weakened. However
"

Obsm1r1tep and other burrows remained quite commonin the higher

beds.

The molluscan fauna is an excellent exarnp14 of a"t -

averaged eo unit1'· (Walker and Bambaoh, 1971). These workers pointed

out the d1screpanoy between the lite-span of most benthonic invart-

ebretes and the t taken for the deposition ot the enclosing bed.

As the latter ls 0 much larger than the former, the fauna ot .ach

bed must encompass a number of successive populat iODS (each repre-

senting a a80nal or annual r8orui: nt) a.nd the related sariea of

communities, ",hos structur wUl f'luetuate (through t1.mo) with t.
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asonal/ annual oscillnt1ons in the fortune of it component SpeCiel.

Because of this, the total fauna of each bed repre nt tb Itt -

averaged community" of that substrate; i.e. the SUll ot thB var1o\1.S

co unities that m.q ha exist d at different times durin t

deposition of the bed. The seasonal fluctuations ill reoruit nt/

mortality, which would have modified the eo unity structure at any

one t "le lIed out" through time, and we

communityttfor the time-span, repre nted bY'that bed.. Such a

uec sion of populations (and its effect on the comm ity structure)

can be well Ulustrated by reference to the mi-Waunal ~~:J.aIiJ&

colonies. -lithin a single bed the posterior margin ot the 1ndiv1dual

fMma can be seen to be at 8. number ot difterent levels, which mu.st,

because of the bivalve's mode of lite (F1g.4.89.) oorreapond to

different levels of tho sediment-wawr interface. A number of

populations must tberef'ore be represented by the of each bed,

ae e oh aed1ment/wator int rtace level would have it ow population

(Fig.4.89.). 'this too ls til simplifioation as each calcUutite bed

would bav gro.dual17 oeumulated w:ithacantinuously vatying d nt-water

1nterf'ac level.
The pr nee of soft ubstrata in tho lagoon is olear13

indieat d b.r the predominance ot intaunal blval~ spec1as, Ithough
t asotl8..bly commonep1t una, aug ts that hoWe ts must alao ha.,.

en avail ble ( S,g.4.•90.). It \Jould. see 1 11' that lso provid 4

ttac nt for the h~h-level b'yssate d 11 1'& 1)

vhU the abundant shell d bris could have upportd orma like the

solitary coral and low-level byseate dwellers, somaof' which t1l8,1 have

l1v d ":r.re II in adulthood 1). Certainly there

little evidence to suggest that the substrate waa ever fkmenougb to



124

provide atdtablG attachment to'/} such.pects... 'aotw that 1l.\Q'

be responsible tor the ' clt70t brach1opoda, • tere tu11da are

abUn4nan~m tha almost Sdentloal 11thotacie. ot tbe Roptle, Beds

(se. tv.6A.t.), whe 1atW'Ull bl'f: 1 al!e .oaroe,s\Jg .tills the

presen. ot a rather t r "botto". Sal1n1'1.e not appe_ to be

import t a8 other t nohalSDe gHq>' (cO).'&l' and ,eohklc>!4s)

pre ut iD. tbe leade1'lham Member (FSg.4.88. h althO h few iD n ber.
furbUS.ty, anotl' p08.1bl control.... equal11 unl"-17 be of

theabUildan ot other suspension tee re -unle,. the aohlopoa.

_ft, BI able to cope with tbe condlt!cm tbe thDbS:al' .. ami

cs ,la. The :t."iadtngset FClI's1ch H.... t (1974) doot to

favolllJ'uch a oa ,anfI tbeHt"" a 80tt substrate see e the probable

rea OD tor the louolty ot brachiopods.

The, laacaellhamMembersee_ to have NPJ'Ieented a ftaeoua'bla'

P:' d1ctable *' nlltrSent-rlohenviroDIIIJftt 1t the 41"81t,. aad

eo o,1t1oo ot ' be ta\UJ.a

w1thiA the dtmaDt by aaposlt-t •• <ltra like !lMdalA, ft'CIl tblt

surf. C' ot tbe lid, a (by tbe sa.tr.opod 1) ami bf tbe over qlna
_tel" mas... '-he prolUlc euapenslonfe.dus, a mbad ,.tdies

atruotlJll8 ( ·18.4.90.). Howver, the ab .'clai1 et suapen8!oD re del'

aua••t. an. . le nt et eo ' tltioA that me 8\1t of P , :SA ttLll

blolo,t.eal.ly-aoo .4 a mble.g6 ( 1'. 1969). On c1o•• ,

o ion tho h the " n t be .1 Gridt, it ttrat
appeus, t. a tl 1»1' of ". oae.

(1) Onl.t a tev ot tbesWlpeaailm tee 1'1aN " ."ant in

PJ,;itata ad •

(2) Of tbe ,E.IJI1! •• " the dominant ~ • would haw take.



Its tood mm a le'9$l

nd would ret

than 1.13D11

c1' ntl te tel"t&

lo:lt1ng d1tteten tJ d1Agle 1

£IJIl~iUioIii!:ll (Walke'r, 1972). Tbe lattar two peole.

ut4 ha ta er t· sed nt/ r 111 rtf

(3)T uxt stabundant ~ in the a'fJ$rnble. (Sater.

ot blo I) after he T........."'. bt 1ve, would ha pro blT n t

deposit-re ding end he ·cn1veroWt (1) sp .., I'

would ba be n in d!l'ect 0 1;lt1oo with the SUI

.sting a fairly be. d vOph1c rture, "bel' t

nucleus or the 1.8

IIrnAltU'.' 'Dt 111 t
(Walker, 1972).

(4) C

NA'V'mAft, 1961) \fa p:robab~ co

tbeUt food t. d1ttel'eD 18 1.

&110
. ,101•• ,

nt .ur,t oe

11, 19'10).

.... ~....,. and

ot t

n

rOOds, or, in the oa of' t Mead

feedal's, tv to ft-uepend d. ~ tbe

Aa the dl.. r. osp8nsion ~ edel'S, ther then .U!WBWIA

.t...U16.tM .... iU- ir&' we probabl,v :ins:ig nit t 10

Nabla , the probls or then- ttca11ft on t ava:Uab1e tOOd ftSOUfi

waul be minpr' t, e '. 111 the . pq f

" d tood tt.l'. Tb Cl It.tatl..,. aS8 Qtot tbe "co '.1tt

,atruct "would e' to' 'ilpp d tr p ~ qUl:lnttt

ItU4!ea.

ral1 .be cSt r ut 10 t Uba. would. :It tq

nut!' n -rlob "tel'. ot .hte (or 17 olo.. ) Unit I, 1'I, a

aoft,u.trient-J'Sch lubets" te. tber rib.

o Ad1tlon•.• 4 . trio d po pb1c 1 cU.a rlbut10n of U b tae I

iftdloatt. a genuine Iq 1 t'bing.
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1

1t W I netic d that

peo!menl do to

ne r 10 cl -ri, the .-..~ ..

ft tbe1r orao-ventral ... alSped (Sc.,4.91. ~

81 0 Bav ,8, 1970) • A t10 I

D jn to thi 0 - rvatlo. T

cU.acusl cl in Appendix 4 and the "r.aw" dat on wb10b the te ult. f8

be cS ls ta ted in Appe cJS:. s. ..n lallT the ortentatot the

d01'sO-Vtntral 8 ot tb bi:.1 8 cS w1th pee' t

the pre_nat'

the 40r 1"

d lIs).

utI' 1 tn of the orga.n1a (. Appendix " t

1t 18 1 11' 0

v re bere might a

axaaof tha

n ot .ttt to tbe. In th 0

ntot t n1 n dOI'JOoii"ll~Ll

woul4 be 0

It

ot prey U nt- br
util1a!Dg tbe htva1w.t, :; lmed r ( .4.92.).Seoondly, .uch

anal nt "v1tb current" uld lYtlet1t t dlng

e191t Sa ot
o ae.

:vI!l.l.:vt!tB ( !g.4.92 •).

8t.n. (ot all t

0011 ot1on) dAdno conia nt~ Ut ce" d "'1-, tor 1t

la llke17 that the !Dha1e t o\lft"ent would be t.oppe4 duzw', be

ot tae CY ge, 1953). 0 , 1 po 1t1 ot

• nt" up 'am would D thereto" ba· •
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disadvan ogeous s it ~ht appe •

IV.4.
prete nt1al1,yer ntat d in mapeD to C\l1"rent activity, they

could used to monltor th pre eM and lSgrunent ot the ttcur:r n en

in~ elW1rc nt, tbat ht not reflect any oU:ttent aotlvlty

sed El 01 - 1calJ,. The would b1olog!cal p laoe n'

1n41cat s.

It obvlo tr

that ~ c ftt

Howverj this

Induced 0

r 1 dimen 10 10 1 tins
nt in tha

xlsted. Al tnatS: ll'. t ot
dhtan olOg1cslly"c~ed -St.\ the tiaal cllemlell

1t s, have bad an 1ntluonae on tbe lagoone. 1t n13 to re....
suspend the lillie sediment, wh10h 1e tbe reeult et the predoitlllbtl¥

quiet-water ttina_ The_ 0 nts

blot without av1ng atJ7 tlta b. the

VG at ' oted tbe lagoo _•

d nto1 ice1 reo •

be ton a potential xis b,y sue

ht be able to refine and .it)' t :r tand ()ooo

geo aPtv'.t he J whiChhad d

orit .ria. an -mp or il " pawontolo 1oal. data oould be d to 110

be d llmits or 14e1 1n a'" Ina the p 0-

envlrot.

",
LDaaennaJD. ColebT,

Greet 11 t r with tbe hi

.-"~ M&mbCtl". T ls h ftr!abUity 10 t Cl"

UiilSl.ua, and !n th relation of -ha . () tht
PM umad p laeogeoarapb,y" ot tb oon. Alth h et tbe \
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d1ogramosuggest 8 pre l'l'ed or1sntatioft exlft ,1'1 \fete eoat d

wban tbe data s sub3ected to Rq1eigh's et ot 'itormltl'

(Appendlx ) •

IV.4.g.1v.QsU191M1e.D,u Although:ll' ther inconclU$!: , t sutt
co-uld be 'ba fl. trom " DeS :hive point ot view, to i.o.dSoaw tho,

ab' ne ot sSgnltloant " tlt ctivlty vtthk1 tbe lag 1'1.

Howe r, the _thod is still c0tl8idered vaU4 and dOte.

glft8 El posltive ult (:t••6, a pref\trr d ortenf;s; 1() J ppEt 41&4)

1t might be t ediedto'~ solve tho problem.

IV•• b.

Although tb K1rton Oementst ',8, ot South U 'r.

the uOemntst en of the Idacoln - Meast r region ha:ve vadltlonalll

been grouped together, t 1 ha, , ill t·.lr mod1t1edtorm, .a

olas.USed -J)8rately, the IeadetmmnMember 1ec~l.ated wi'h YId!

ot tho K1rtoa Ce.fttst~s II! ber (Ashton. 1976. Un!t" la tboUSht to

be equS: nt to the L1rtcoln 'mber, Flg,.2,.2.).. Unit E and till

Iaedenbam 'm r are r'l'!mUIIlX' ill t t both an ee Q d or
alt mat 1 () S and shales" Howe- Z', tnt 11 t'l sho-w

Dum r of d1tteftltC\\ls. Fet' G!ltUtp1e. in 'Out 13 t ,haled Q'l't '~

pr . !nent thl:m t Y' ere 1n t!$a II\bt.-, com,r>r'~ " e ,ox teq
50% of the K1I"ton quen. J tba· 1 ·0De a than

ml" and nOdular,l1"

e ~J.nuous btds 10 pl _" OveraU tf» ".... tl

I"'ate .. olastlc Wl~n ' Un!' !nt @n'

tu:.t'therouth, 117P "ear It tloe1elw4.

aunall3- too bere eft ds.etSnctdu.»Uert.tleef b ,P1'DUt1c

011 ca f, ot tbe mbtr ls Got

ol1l3 sagle E.I!1__ .p. baa ·be 11 No~d

t lt~cnf"

b 1 .to .,
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altho h bundaht •

0013 pro ly et t 1 stone! sba contacts. h low dl 'I! it1

oyote~1ch b10ta ats that the K:h"tonOemantsto ,8 Me bet (Unlt E)

JII87 ha ea posit d 1n ok! h t -re (C r).'

d1t~ren s plus th 8 t rl1pbioal un

ph1c 1 lso1'l:l.t1on,0. the ,on

cho ot: para it

,ha
uaft'-d t

-tao It or South

, 1 ho h t t c
r t ph1cal qui nt.

In contras

a1 bo d4ry, the a~

can t

o thi ' orbitr u,. drawn nort rn strat 'apbS,o-

,ts or tb&!sa nham ,mbllt

,. In the r U '

eu t!ng et t Ano 8' i"; t 11 e!e '

ifttaN itate no~bwarc18 ' to tbe !ea dham).ttmber el6UutitGet

( .4.1.). a (this longsitt 'be

dl !.not ivtsion betn
11,vDW'YIOJ

but t \lp l' ," in ot
1ned because 0 t

C • In ~

1"4 1tatd.on is ,her le Ss ' III ~

'4Kr;Y ture of tbe Itth ol8e Stl

C old- '!ob 1

the loal :reSJla~n'II t la ut

n else it:, db
C.' .1.).

o h or .An

nmot r13 q\Wl'l1' to

in'fuu'll~1Jr ........ ~..... d

thts level, the Leflde!lhtUD filBmbe,,'

Cl nee ltl m.. 't7P1cal 0 11 n a1 LSneolash1ft

whol • p4: llartt1 ot s LQca
d. at 1 of
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AltO C4 and 0 ht to bo1noluded 1ft the lea Dham bar. Tbefttote,

at ost, onq Ul C6 could "pre.a.t tba aorthwardextenll ,<) t

Gteetwil Membe:-1ateN!gltatS.. Dove 1'" as tl\l$.becl t.. .. tSm.t.
gra1ne4 b1eolaetlc e lo. 0,1 , I2Jce the basal lQ'er.- of L1 hotaoiel B

of the laadenham raber, it ha. here beeD !Deluded m that liilh"aca,

and exoluded fro the GreetwII Kenf.", , etwell mbex-1nter-

(,ala' ..· 1$ the,,,.! re lie cl to peter out jut 8out.hof x.e.de •

Qenet1oally- h r,the L1thota~d8,.B l ,"1 (ater d ot t

1eada,rlhalll Mamba!').4 the Qreetwll maer 1no.slon are pr.babq

ftlated (Ohapterv) ontl theSr dlv110n has to .-.'het" al'bltral7

,., -d. (tn tb tranal\loDal oae 00 cl

lV.4.i.
At ,be top ottlie _ .6'tnbam Memberi;n the lJnQolA-~theringham

... a, tha a1 I'D t1rlg 1 s.. s!gnltloantll' odif»4.

b. ,hale. be~ Oft 1mportant and the lS-atm.., ,are mCltt'e

ar11laOGo • la adElttion, both l.tthologtaa aJe er with s ,lot&1-

Ol1coli I. f ,se dUleftll09S s\l8pat that th be4. IrJ. q_ettton ought

t. be eepd'atGd tt 111bOdy ot the adenham mbar. R~wr,

beeau.eeot the1r "18t1'ft1: reatrtc~d pographioal. and 01 hal

extent, tiled. been llaed at the 41S"rat r thaft, m, r

level (Hedbez;s,1976. p.S!, P .04). Tt

aN'Oonl .Nd a tor 1 .ub4ivlelon ot th Iaade.t1.llarl lit l".

IV. A••
Tbe kel.etl ...onool,t bearing ugUlac O\UJ lstOM W14

ehale of be C t val d haw the. str tot (0.91 trt8 thiek)

expod 1n the an and Chapter P1 • u.n.oln (S!( 9'1?7SS, 'Ja.4.94.).
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IV.4/hb. 1!9D'!i.t ,Atu:mus1Ra;.
The_ beds ha not previousl,. en 1dentU' d a (\

separate unit but have been included vith!n t11$ Xh'tond$ ot

Richardson (1940), the OG ntsto. 0. nt (1940 a,n,d 19&6) and: the

Kirton oementstones or~ens (1952)" Hovaver. Richardson (lMO. p.25S)

may' ha r cognised them as If ... t. ,. a band otsh 1$ tun ot little

mudsto pellets·' j al'b ugh it 1s dittlcult to ''9 luate ~ tMs
band c in 'OM e!on at et 11. L!ncoln.. 1 ' ton (1918)

ba ' included td.m~ eeee lte....r1eh ahal s Sn h K1rton Oement,riones

>!omber expo cl at t Manton stone Oompany 1!'f ( ;; 94(024») !lew

Kirton :1Il Linda Y' la partif)ular the C t d!>e.l ds 81 s to be

apprex_tel$equlva1ent to the top shale Sn Unit E of the. Kirton

OelllJntstones bel' (.A,lhtOll, 1975. fla ..I.), altb.ough a s1m:U.sr Bhale

band occurs hjgMt« up tbat unit.

IV., .A.c., Qlsm:AQh"OI~.u£1Geoa..tMl ,§&till'.

1hs Oat dral dfj oocur andwiched between tho L1n.eoln and

Isad.enham Mem ':re (18.2•2.) t~hout tbeu- tre. b10 extent·
L1ncoh sout ast'W d. to Metber' hd ( 053616). Altll.ouab t.

unit's present dlsttlbl1tion ia

ship with the

ry. at.ttlcted, Its general relation-

ts that the' or 'Snal extent of

tbe two eubd vlsloR8 may 11 ha

sw, rd d1tJapot

tCMloutt!c or t Llrl ' 1ft Momlber rather

en very b.n1lsr. OG~ta~1T, t

Cat....:L...•.....l ds ap~atB to be dUJ to

because tttyp10alft altM" de' Cl

baot the Ltneoln mber t Oolehf ( It 9 16(0)_

'. ftOl)io!k depositlon

er) tound in the

s1milerS: ,. or S ot ot the rsnoo 0

(Asnian; 1975) te 'bhe Oath 4ral

tst ' s . m1:e:t
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ex'.....n.-d m

lack ot

it is unlikely that th ' Cathedral Beds we

turther nor hvard t . ts

cent d. In cont\-aat,

ever deposlted south ot

ra1 cUt

de us 113 co :rl 'a rl8 ot
,sto. and s.both or which t.1.P10al.l7 cOlitaSn8l' Uk ous 1

t d

rtie1aUy t 1 at 8 and bale ap ar

ing ee ptlbl¥ into an be" 0 that 1n plt\ . s) .~

in her t in tc ea
ds.t ren ring, 1e d out t d1t~ ren re.

IV.4A.d.l. • 'ODcolltd.c ,~ Ulace 1

ak~ own trom an or1g1nel dm.' grey colour. tar oncol1te, b1o-

clast to • and r r woodf II and qUtll'tB rand - I

but wo dt.etrlbut10 hr. roo" sul r poor 'ortSq.

The d Snant on.colites, hloh ,occur in • propo!'t:ion J

nd to 1: took ohe.Jtaet r1etic .Iq_poek cl p arM • t I:f

butt...~ r' (bi n ')nand 0 tams t darker

h roe • ot 1",83' d Sn l1er

1ne, t ool:!: ( to 13 • 1rl d r) to

letal nuclei. ' n

l' the are to

fl

bq "!no

ho
In ot

nt"

ru of bi d 1M,.

CL to occur,

oli:

t wbols
11, biocle tlo

p o1ltlo ntho of

d bto.O but

lr1s ere he IS

WalClOADam M bel' le

d1 tu

zool 10 1 1
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COU\pl&tel;r absent. Bivalves, gastropods, eobinoder El acd wa,cbiop04

a1'e the prino1pal contributos-a to the skel tal de,l)r1s.

lV.4A.d.il.aJMtII the wU...lamuated sh.al.es are s1mU81:"l$ "speoklsdu

with o1loo11tes,"Who butt notour again and ",out 4t!'amst the b,Utck,

t.resh "hale OJ" pale brown-d1rt, khaki wathered surface ( en

espec1all¥ 11 at Wasbingborougb RaUvqCuttlng. TF 019702) t

co11 s appear to have 1:Geneoznpacte4 to form "butt streak" 1ft the ,

shale, whlcJhelso has fJwJ.d.te patchen of' taragonltl0 s U wts.

t'he 1 stone of t cathedral ds l1tholog , lq

1.f'orm, bo1ng skele,t 1...onoo11te or quartzose bkunloJ:'lta I

'lexturalq "he,. are waelmstones, a.lthcu.gh tho rocks t gra1n oontent 18

quite h1gh.

QraH'u ~olites, sk$l.$tal and qUlU"tt gl.'a1ns aN t dominant types

present, but ~orer, IS l't1.o!a1 ooliths, peloida, s:1.1t-gl"ad. flakes

ot white mma end black wOOd,lakas also occur. The sImletel.-oncolt.te •

the et consplououspain type, are normall¥ lal'ge (0...8 'bQ 1.2 .h
Most h:ye gl"O'W1l d:Lsoorde.ntlg and a trt Uy around skGletalnuelei

(crmoid 088101$e; bi-valw t gast"pQ4tA1ld brach!opod, ~aa-nts)

producing an 1r:reulerly he d but Cl'Ud".11'0 'd ~a!rt (le.4.95).

So retaltt the or1«1na1 sba ot t nUdl.e1. lntet't'fttlad alaol

tubules of t ~1earlJ' n \lithb the en '
1er ltlle 0 t1ngs 0' t oncol1 , (,

bl.oeas'tio gt\a!ns,~ I'labl, ttl cOlllPosltlon,. Gte

(0.2 to 3.2.), shape and pl"fJ rvation. Br ohlopOds, inCJ:r.ud~

punctate ,rebtatul1ds, Meln to tim dom~t #OUp, althou,gb.

b1 1ve., 'I stropods, w tl.lbe, 'irl11' ra, 0 tl"."Od$, 1lryo~ end

orinoid oes1elas al'e also pl"$ nt. oaloltic <) I) cts haw ~. 11
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rataiD d th Sr or5e1Ml 00· osit1on andstruot but the· or

er anitio groups lSke b~ al a and gaetropoda ha repla abella,

the.., oceur aa sp&rlte pseudoJ'flOZ'pba. or

not ha m!crlte-ol1'f'81opea whUe 00' leteq

micr!t d teets. Tb8 aUt to ¥err tine sand. 11'. datr1talqUtll"t1

r lna are lar ],v sub-round d and are rt -Dl1 distributed •

.GUi:.II' Thep me are cattered rand~ tbro hou.t t .ppear all

a "dk-tT', tiDoll' C17at lli.ne \1'1'1:. The !.ne are r q abUndant

ellG h or 0 010 1y packed tor tha rook to be grain-auppo:rte4.

a .ting bat be parS: be ne ·ph1c replace n J bit

toUow!.ng llao. ot evldenc em to support 'thllontentlon ( • •

(1) The 18 lar 17 co 0 4 ot equidSaanslo ~ala.

(2) :rew,laDe Ol",stal be dar2e. are preseAt, th .t.ndl"S4ual

C17atale ha_ "v8.'V7" lin.

($) 0 eDtaoW triple 3 . ctlmts have

gr ul.ar "voids".
)

tbe 00 blnatlon ot the oharacters, tha,.._ .ot t

m1orit. pat.s d the ato text sus '"' that tba OI'Sctbal

rh " s rew 1014 (pro bq 11 1 pellets)

al.o occur but a the

truct .... le•• , it

lon ot the tri1t.

n 0 orphlc e.

A tev areas ot

it" of ftllllWlt Id.orttlc are•• are

. libl.7 th t they to da. 1t14ant

o lle·" ghost.- haw been n Sn tbe

fOJlP"r p ex1R that

8tl¥ P
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11"81118 ha: bae trunoated l'U(lpetlDS that the outlJ.rteott (possible)

-lcinal 1'0:14hal be n "blurred" b.Y neo orpb1c qgrade.tlon.

COllaequentq, th _ue natureot tbe pelta area is 4!ttioUlt to

determtne.

IV.4A.t. iItFDI.!Ia.
The Cathedral 40 eoatraat IW1k1Dc17with the

toa.!.Utaro1l18 calaUlltltea ot th le danba· Mernbit:-. 1'b$ pr1r1olpal

d:ltt&rences bot eA tho two units aMI

(1) the Cathe_al de haw a. ate .. olaatlo .oat at, I

shown bt tbtt!n ..aed proporttcn ot ahal. 8t14. the

, atel' qutl1"t. content of tbe 1......' (ct.
Appanc!Sx2).

(2) th dOlll1twle or ske:Btal-oncolites Sb the Cathedral d.

(s) tbe af!) ft_ hom t almost harrenOat .dtal Bed et the

rich. _11uacan"'ordrude4, betl\hcmS4 laBUDa, which le 80 -.10&101

tbe leadeaham Member.

Theret\ • alt110 .h tilt l.6adebh_ Mamba. r s up utI) th

cthecktal Beds, aa U'lcant, it ubtla, OUnae ltl the en lltal

eo.clt.tuns ocourred. iS18a'6idll' a olaatie lDtl_ "4 .. d t. ,..1.
ot oar .. d ·ntary reI . , dd Btro,ed.' ,.bt. .00-

, vb10b eslated tis the Iea rtbam ~mber lapcm.

IV.I. QUggm._.

IV.a... kkdla'laD'
Tbe L.1AoolaMember, so-called beca of 1ta v!de a4

dlstrlbllt10rl and atrat1grapbtaal .!PitloM ,s.a co .. dot 0014..,

oalear&attea a.o.cl odeUdite.. 11 'Vel', \he Iltholeg.loal __ .'up of

the _mba.. 'f'al"1a. v1dequd .e _11 .a 4lat!notlw aen.al a1\4 oah

Ltaoo1Dshlr•• qUlA." tvo tn.paJUlent au.bfll"iaU>na•• alao '
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reoognl.d v1th1n the It, ~ Ropwy Beds ot m.Ul-L1noelnsh:lr& and

the Little B1tham bede toutbBEll Unoolaeb:lre (tg.e.2.). The 'sub-

dlvls10Ds aN 1)hSnl8-bedded •. whlte, toeaUU.rouaoalc!lu1s1tee like

tho . ot t. lea.rmam· mb&l".

Altho_A t_ 11tholoaloal vu-iabUit,. et the ber 8 tbe

de 19Dation of • str tot;pe dltt1cult, Greetwll Hollow QlIllft7, L1n.coln,

(TF 0(3721) bal It ohosen beoause 1t shwa il o1eGrll' detWd AS

"_lou" (1.81., Fig,,4.98 .•.) thrOUgh he oentral
LSnoolD.shU.'aole. In addltlcm, .. bfpostntotlPl, Sta:lntr (SE 910253J

'la.4.99.) _ been 1eoed to Ulu:strllte tbe south Llncolnahk'e f ole

and partia1J..lalttq th bert 8 beJS8 Un ,bat ~a). The Bop »ea.
aD4 tS.ttl.e Bytbambeds haw their 0WJl type .attoas •.

IV.1. b. lBII.C. brmllP1t&l.
Altbough s'rat~apb1ca1lr tbe most impot'tdt ft(tW \Vllt to be

de$Cltlbed, the Utaeol.n Me tar, has neve .. pnvlouslT taeQ . topl.." 88

a .. par te abdS;'1ieiolh It PPJ&r to haft 00li t1tuted part or all et
the Klt-toa cl·· (Richar4sOA, 1919b ea4 1940) t ca· fttet*,. Imf! Cr. 1

!ad.eKen'_ 1940 end 19661 rut Sw· nOD .rs4 lent, 19'CS).K~

Oe n'st • vitia:,49idlDbi:&&i Ilill& (VUSO!1; 1949), It~ OInt-

at • and 4'.I.l d$ (S"•• I, 1952)i 0011te. (St!li1'1.ftoft ·I\t.

1976), 1Dwe.. 01'0 8' 48 (Kent, 19M; ftg.l.) ud "UftD8Jl8cl bad" _fib
dar '.p" (Hol1Srlgvortband Tql~,. 1S51).

'\llNa L1rlcoln and Met~taclilam (rr 081(18),. the 1\4nd. 'I

le ocour. dia -q top ot tbe . m.bart which .a· .'.'.,
1tl toprnoat btd, tbe .f.Dwrcro•• s. Bed ot Ifnt (1966, i'sa.I.).

Howevar, deplt. tile taot that it is aluq. OftJ'la:la bt a 1lA .• 1ft oolite

C•• g. Ftg.4.100) tbe lowr boun.4U7 er t ._r "our. w1thb "ha

08.t U'lhcr, ba.. t :rnad. tbe cementertoae. 01" Klt-t. 0elX81l .at.... 1ft
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(i1strlct t

per pnrt ot the Of)

Inn rto Md Kent, 1976), the

tOl'e the Uncoh Member is equivlent

,. (Kent, 1HO and leaS; and

r Cr08s1 Bad (Kent, lSSe. fig.l,
:: erols1 d ot Kent, 1940); th upper part ot'he Kirton (le nt-

.'tone with (WUa t 1948), and ,he centr 1 part ot t IUrtOll

d6 . r 1ch rd (1940). At are t. 11, t r!nel s tIl"

pan ot the. &.iDJW

is quS: lent to t

.. (1962) pp

d8.o£ van (:).952), although turt r $outb 1t

per part et is. Kbto ( .4.'19.).

1.d be .ortan l"

11 .d it 8. -1tican a a atrat1graphloel d1v!dat

tor thevnole •
'!'be earUe%' workers may ha 1a cl the

be. 1 0011 0 t Uneoln mba" tef,~'-

on ere ot tbe
dv1c cS. n

two _quu.oe ot"Ce -fac1es" rock 111 1d-Llr1colns·he.

H \fer; t, -U1"G 4.1. howetbat the upper oelcllu.tlte dl ...1 10n (Bopahy

cle) ~ qult. etl" ttpoaph1calq tr he lOWDf (1$_

abe,,) that he 0011 18 an. l"-pre nt eti. n th tw•
.................ot he

11sotthele ne ur gad rreorto
" nt their "'Oe elf to on,

1939b) and 10 d, bee - . ot the r1od1coco no of e lctUtlte
Ja L.\nooln bel" of s uth L1Dcoklshu..

Un 0 eh '. at - h r le.,.1 t·l\'iftor.'rl

ot bat ~ Uncoln r 0Illr tnol • t
ltOe- nt t ,. If (Ken • 1940 and 1966). he PII' pert or be Oolite

(SwSmwrton and :6 n , 1&76) bit l' pt or
wS; h top" (Holl onhlor. 1) •
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Tl'Ie OIl t of' Linooln Member t "

event, which :tm1l 13' artooted tb 'dlttering ci!meata17r gSm .ot
SO •~b and ntral L1nooln h • ref"

of' etl" t!graph1o unitsl th Ob dral de, ade.a.btJm

Member and ooltox d (1e.2.2. ) • Howev r, .

titm soen d and the· unit I. B ede tv the 1

ottlethOl' l-tem r irl the outb ana t~ Und ,.

11

ctr 1 • No th ot coln; Unit 0 t:

et s be,. (Asht ,1975) to thought teo '

t L1nooln r, altho h 19n1t
d1t~rentiate the two untts.

i bia t coAt s of tm ion,t L!.neola m t

and t irlr .itorm in thio a (inc1 1nl the 0 ale,.

- ham - cS ) - pt tor a Jiotbab tbSzm1Qg Sa t

oUCh. Is little cl s to t 0-

Sl' phl.oal l~ El ot t

pre nt
m:lrrors be overall wag -out. of the t. tlon Sa

tv •• d.

the

MD_l¥ cnlr

t 4!.rectkl11.

The l'JAaoln HIm r Ss lithologically fir' ble. bee, ' ,

~lnc 1," Litt de.lcU

cS e ntl" L1noolnsh e,.

Hr, commo.t1to the wholo unit oo1d-

c Id n1 e 4.
et •

ot
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nite (LithotaC' A) oontain, a wide e:nq er 1n t3Pe.J OOidl,

bioclaste and oneol1te , 'Whichare generally pOOl'l3' <sort cl. rue grey,

hard, spl1.n ...,ry l_to bas •

1n content of the rJ.;v1na. but -colo . d ooid-

>, upbae 10

t a c 1Uutit

os ils.

w1th 1 b'N'JItm ooids, vb1ch nd to occur e1 r tandomq' 1ft

inclus r.
importance t e; whole blval ft h

~1IIi'I& (Phill1ps) nd .tY!Ii9JISmLi~a~LI C alo
to cl in the b1gher, mar c 1 Uut!: ic 1 ole ' oak 1$

ud-s ort d and tn>1t1sd b7 burrow ay te akin to boae

developed in t

ret
et 11 :mbe1', altho b'

,,"<1n "0 n" but tend to

.. :y micritic stre k 10 t.he.. k.

(S) T top d 1n this a (;: tb!;

nt, 1966), Ss cbara~r1sttcal.lr a y,

hearted ooSd-ealceren1 (Lt hersom, B).:twatdlJ d

.. t basal oo1d-caloarent but Sot nds to

dot

with .!&Q1DI...m~l! d tQrobl'l1, .waMDSUWULUJI1 (3.. w .,.) aDd

at, M.d1n 1t ll_ graJ.n-

in alIce een t,!oh, t. 11

ltho 1

th h obaH.o 't'. ttno ,la ,..m,bU,!i

in c ntral Linooln !.re. ftriations do ceo • At hI.s1~OJl (r! 992819)

t , coIn Member 1.



140

ooid-oalo nlt e, which agitat d env1ro nt than

n Iq th& ea in this owards the top ot th quan

howe 1crlte 1ntill d b1l1'TOWS end micrite lens (ripple

tro h infills) a1 ooocur. Avq from Harmston, the ettects of tha

increa d cit t!.on are progre.ss1vely lost \11th oaloilutlt put

or L1tho£8.018 B becoming pro" .nt towards Linooln. In the

en and Chapter Pit (SK 77734) th lcUut1to is 10 to 1t

et et~ et and !nol sal ply". a, t ther with

rich bloetr • xcop at Rarmstcm, Lithotaoio A and B

oonsist ntq dewl d bet en tho1-1ng m and Lincoln.

Sou wards trom I mston, a pronounced tao1es-se

chaQge occurs. In the de Moastel*-L1ttle P ton-Rop ,g1oD

( .2.1.) Lithotao 8 Arap1dl¥ '8 through t ..• ooid....

nt faoies of tithotsc 8 131I1to tbe p "lagoonal" oelo1;.

iutt "ot the Ropslq ds. No capp!ng oo~-oal.oaren1; (~hotao1e

B) is d volopad 11'1 this a.

IV.S.d.l1 •.~Iil:W.....u.:~~~~t At Std.nby, on the aou\h__ nem flank

L.inooln Member ha t following q nee Io the I Ropsl.ey lagoon" I t

(ig.4.99.)1
(1) be tw1cal 1, ooid- -le nl et )

also' ncomps.ssest rosillte1"O "lag" which ls eo ohel' e 1'1 tio

of \h mbe~ in south Uncclnsh1re. e dlstinctiva horizon is

.epeo!t\l 11&velop d et Stainb.r. whe ,be lo1tlod m!lmm-JJ&

ISp. coeur abundantq ,aa lron.-s (I in :v1l,r . at :red

ba ( s. lOl and 1(2). El wbtJi'e ( • • 953146)

OD~i18al80 occur t th lbut It la t

ho:tllOl1 so dle 1noiii and e8.s1".• that _

tr ble.
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(2) ADow tbe basal ,oo11t the

through a "transitional grtl1n,..poor, aaid-calcarenite 1l1to 1',

impurecalol1utltEts (Lithofa.cies ), that have small, artloulnte,

t br tulid a the do 1nant taune.l oonsti't nt. At tbe 1:7 top of

the mbe1" ooSd and 1 tal de 18 inorea9 in.

;,1 'Io1mre tbis rs10n to mo gJ:'a1n ...r1oh., buf'f-colo d

lithologies (moBtq ooid-e lcarenlt Sl thot'ac1es ) at tho top

the m r is 0 pronoun d and t· calcilutite

1 ss well pro nted. As '11th central ,oolneb1re., thts t: 018

pattern to related to t pre nee 0 oolit eho 1 (which

are not otually r pre ant d 1n the L1nooln 1').

stwarda ot t oaleU it ..rich Clip bam-Oa t Byt

ere (r .2.l.) he "olean" and "dirtt' ooid-calcaren1to 0 t

ottlethorp sequenc (F 0462(4) $ P nee of oollth-

generat.ing 80 ",be i'urther east. SimUerl,y the ore outberlT

G etha nd wooltox (Sit 951136) ct1ons. which ore d

by ooliths, 1nd1c, another shoal ott to t south (?). he nv!:rcm-

tt ot tho dBlld s· !tic oft t oio

ohtlngs tully discus d 1n Chap ..V ..

IV.5 ••

st dlstlnctt

l1tholo 1ce.l var1abllit1. In

t s v l.Y'

of th IJnooln bel" 1. lta

t1cular the t1t1 and

d th1 .. to r with the fUi."B:I;Ult1orlal

or1satlonat ot tba Ii hot ole ,

d1tt1cul t. c

g to to s111tero stone •
. ated ott as Rop y Beds and Little nVT."",=

aSn-supp. cl 0011 (, lch t1P·· 1 of the

oolt
n

the
of ., r)
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ha n s1gnated Uthof'ao:ie A. ma1n1ng "V 81tlonalu

11tholog e, compo ltlonall¥ di: r but xtur ll¥ wackes s,

haw en 1newpora d into Lithof'acta· B (B va signata. in

etlon IV.S.d. pr1r.oas:'1l7 because of' the l'at~aph1c 1mportan of

that particular 'bed, compo 1tionally and te ~alq 1t read~

mto al. prmcipal characteristics of Lithotacies A and B

hown.111figures 4.105 end 4,104, wh tho of the Ropoley

tt1e Bytham ds are d ait with par 11 1n er ct1ons.

IV.5.e •i. i 1s the ubiquitous basal 11tbofao ot
t bar', whicb usuall.y compo d of oolitio or blet 1 00 uite.

( ~.4.105), which are xtur 111' gt'ainst sa p oiwt

Oolithsare the 4 , bloo1ast , oncolf et intr olast
lo1ds 1130 occur in v ..lng proportion (F' e. 4.105 nn4 4.1(4).

The d1stinct!: Ipb&r1cal to ovoW ooliths . ohat'actert d br a pale

.sen -brown colour :d r 00ll n1$·5.0 "I.) t ha .

letal flUC 1 (0 biool st), 1thoh, loid.

otten the nucl 1 of t 1 oollth J ich

o d (Q DI). st ga pod {

e at bioclast i wih tor8JI1n1.ter

5, WO!.' t· ch1nod r tr

d s tone},

Altho h
ate 1 0 ocourring.

ictoita.... . ·10 •

letal t r1al p ned. OIlColit, wb~h

m1cl-ltl0 coat t ndlJ¥ 1dontU'1ed bl the~ acctetla

to 1ft d ot d

1n~aclasta •

nel' tions or
a11ce rocks are

nt= nearly, ac1culsr ru' Il-(!Iament Fedat a blook7

1nt1l11.ng oparlt • micrite is elso pre ni and 1 . domlrt nt at
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allochems and tbe total amount of grain ve'q 1n this 1t oieeSes,

enc a n bel" ot 11tholo 1e ,whloh are texturallT wac stone ••

usl~ do i.no.Dt (onco11t1c b1ope~1t ; F1g.4.10 ),oolite

espeoiall1 in the gra:1n.-rloh I1thol.og»a but t 'calci-

lutite u. b10cla t theoo t 81100 w1th Obooli

sub 1diax7 (oncollt1c b10pe 1er1teJ Fig.4.107 ..). loMs, wbich

he 11" "ariable size end sba ppeal' poll netic, oan be an

I"tent oon tltuent of the rock. In place the,

e ar}tdit e _ nt1l1 4 but ap er to ha e alescad to contr

the lcr1te tt-Jx. El. t "1 8J'8 n t.l8htls pac d witb a

Ipa-ita me.nt. A with L1thotao 1nq
pro Wed by bivel s, brachiopods, wlllrmtube.. torm\nU l'tt and

d th oncol~ tJpU' d "t ,

irNgular S' pe and dcordant owth-r , wh1chccat t a1n.

In ca. this ppoar to have en oolith ,wh1oh. pre blt

w shed..in to tbls "qUSatertf lWlr nt. Sa

thl'o hout.

-ain-r1ch 0. coll -dom1no.t d

1'1oh, grain-poor wac

thot 18

th
( .4.10) to a letal-

.4.107.).

imUar 0, 10h 11: ho-

108188 pt Lithofaoies S, altho h t

I tonal pr part

,,&thI" 010 If to Uthot cia A than at S' 11thotrpe••

ot eolith
l'

IV•• t.

fa - a ot tho Lincoln bel' appears to depend. oa torn '.-
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... trate-nioho and the tlener n of the enclos:1na d posit. Goneral.l.l'

th ro 1a littl sian of or tr sport t ion and ueh of t tauna,

.1t not actually II. ems to have been rawor d wlth1n Its

original a a ot colonisat1on. x0100 t Rap 01' d ~

L1nooln Me r Is onq p tohlly tos llifl rous, with tho t (Fln.

4.10 ) lor l,y con ntra d in tho moro coloUutitlo val. hi 10

pro b~ becauso the oollt re

proh1bitt to 0010 1ation.

our a octs of tho fauna Ol'e of part1aular not I

nt d an unstable substrate,

(1) r . 0 t

.o1all1 atr ..ing tor it

p. s c

mber in south aolnsh

bundant, 0 n oalcif1ed, ~~~~

.:I.l~~=:.11 and gasopod t •

dec leU d t p. ppoar as dark br J iron ...at d

moulds in track (F'1g.4.101.). All the fauna of thia ba al ~l

appears t-o have n !'rolled" but the ab nee of SA1tIt:ltoA """'\IfQ,O.C:r.~

~~'Dts a "Nworklngcr rather than lor -oal transport tlon. Tb·

d1 t ett ne G andtrn llity ot this horbon ha it t

rat~aphS4 1 le 1 10 1J.neolnsh

n on t81 0

south and nt 1 Lincolna •
(2) The maind r! of t Lincoln ~ south L1noolnsh

is poor 11 oasUit1 rous excopt for the 1 gely GP ite---o pl..aded

colonial clad and small, d1sti.no:t1: tEl tUl1ds+

moat4r art1cula~ d w1th p. ito or £i 0 ill and 1n pls

e. • Jooltox. w iD e1 r
•

ehlop

llness. ina! 1110 gtOUP;LIngg

espec1all3' a the7 occur in 1 r-9Mrcv, Ud..suppor d oold le ...

enS: .1.
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() I t Lincoln, the 10 r- nera, ud-sapported 001<1-

calc nite an impure oalcilutite show two contrasting, substra -
related faunas. Tb beds at Greet 11 contain a l1'lhcedepi-and 10.-

fauna a mblage ( • .10 ), which r ee s a so • t Dtable

ep burrowr and th rg lJ' who

(dis ticulated) v vas or t epi- and shallow in s,

!ndio that th fauna ls lad snous to the beds 1n wh1eh it ls

ound , :y comp SOft, at about the me horizon 1n t ~. and

hap r Pit quence, t re is a shell ccumulatlon that i d !.ne. d

by epltaUllal organ! (F ., .110)" This struotUl"$ appear. to

been e. II hell n blo.,trome J'at t' than a patch... e bce.aw.:e 1

doe· not tran ot a'tl1 d hlg plane and t e~als do not orm

........'-"'01". Howev r it 11kely that the 0 als lped· 0 stllb1l1

dead b1 al shells and 1nUiate tho devolopment ot the bioBtro.,

whieb tbefl provldad nicb s tor bard-sub rate dwellers like

§:l.~_WiJ~ sp, , sp. and sp.. ide Pl'ov1d

dobri tor the bank, by-seato torm • 0 en $:8800 ed 'W1th tho sott

betto assemble. St probabl3' also took advantage ot tb) JleadUy

vaUabl" ttllO nt sitos a.nd in turn co.ntr1baed to the bu1l up

11 ban. A\lq 0 the bio the t;pic 1· d

pl- and 1nl utlal, son ubatrate. es mbl also OUI'S et be·

and Onapt r Pit.
(4) top ost· d ot . Lincoln 1ambe~ 10 0 bWnl

Lincolnsh itI tho ht to the ID r 06s1 d or nt .(1900,

ig. 1.). !'b oontain tb.o typical (J•• W r),

.JiJ,!!\;~iW.1tIi~ sp. Ol"11»d by Kent (l94o, P.SO) ..

iV.S.g.
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the widespread traceabUlt,y ot its ba., wh1c:h forms a dSst1l'lctlw

I1thosvat!paphSo lDQ"1rerhor1eon. In additlon, tbe base et the

un!t appears to be a aigDit'icmt blosvatJgraph1o cU.•1cle,sepoab!Qg

th g,ly Subzone ammonite ltaUDas of the LlnoolA Member (and above)

from the dW1k,Zcm assemblages below (Chap'bet'nI). Together

the taetOt's ke the base ot 'he LtIlcoln Member tbe most 1mportant

stratigraphic horizon w!thln the whole ot the L!noolDf.IIldft U.e1soDe

Fo tlon.

IV.S.h. Ma'U Ii: "'1",,1&0118', the. UuaM VSvaE·.
wltMb tbe t4aeoln Membertbere aft two, pogftpb!calt,

1&olated ocetftencea ot a distinctive obal~lte calollutS: lithO-

taole., which 'WaRant Ncopition a. para units I the RoPa1e1

Bed. and Utt1e Bytbam betle. In both 0 • the bed. h larplT

gradational contact. with the elmtlop~ Unooln Remba., aa4 tba

l:bd:bsof tbe .1ts an aPbitnrs.q dat_4 la 1I8.D7 looal:1;t.s. Tbt

bOWlder•• ha..... en cbe a to pre ... 't "pur1t1" of: ,he auel-
lutlte lithofaoies vlth1D eaoh _It.

The Kopala, dl ha been ,i...n tormal natus be.. \be,

torm a gaograph1ealq and geologioallF eo rent lubcllv1alo.n (Heel et
19'.) • H WI', tilt Llt'tlelYtbam bed. ha.,. oalI beea artor&td

W 1 statue, oa of their re8vS4ted popaph1oal atoge J the

bede have oal7 liIM,. en in tbe Lttt~ B,ytham pit., .Aatt t aot

known whlthe.. thb reetrlo eel noe"'lee\·· tha!:f true

dhtrlbut ion or wheta... the bed. OH put ot a mo,. 'td•• preadUl11t,

tbe WOI' 1 termh1ol.olU'1iIOU1d l ..cUitate rq' DJ nola' .Ibange tbat

m1cht ne e1 a.4 wben the preble is re olwd. for le, 1f

the aula weft shewn tlo haw a w!del' ,U.atr1iNtloa ~, Ot)1!il4be

t liae4 !n tha 8IUD8.v.o'l the Rep., leda, Altemat·S:nll, it
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linked to the Rop ).e1 Dad , they would beo part or tbat unit 0.-

il ". ll¥ limited to the Littls ham erea, t iT would be lett

undivided, as part of tbe Uneola Member.

IV.SA

lV.SA.a. ·IpktSuqabn·
l1B Raley

Iutit •• with Sat ..le ~d marl partSng , coour a8 a len oM s.

within tbe L1ncoltt Me ' l" ot lIdd-LSnco1n hiN (F5g.2.2. ) • Rop leT

(1'r 00(364) ha en p,re rHd aa t t,-pe .,t!on beea It, OWl

re18t1: 11' thick (0.84 t .), 018arlT fiDable (Figa.

4.,1. and 4.111.).

. .
Rop.la, 4s and Ie it nham Member has resulted ira. tbaht Gla ·1tieat1on

t tt Ce n.tatone (Kin on dl) ot Richard '

(193gb). tim 06, ata ones et Kent (1940 and 1966), Kirton Oe utat' •

with ot vU on (1948) aDd l!rio Oe • of

u. (1952) • BowneI', tbe tvo 1t. Octcur.tdUraNn' atra s.-
I le Is, irrftr bly 'ooU; ot

I4ncoln Member ( ,4.100), and _ cu.•• SmU.r p aphic

dlstrl.butiona, tha op 1., d8 beiDa re Sc2t.a to -Lil1colAitbJft

(t. ScSI 4.80 4.112). re bea dlstl'ib 1oDcw.1"~ tha

Ropaay Bed pro blt to uob ot t . upper par'ttl)t be v~· ..... _

ItCe at a" 1t • .OI\ltb8rD

limit or the adenham Me bel', tbe Rop.le,. Bel It!.tu.te

pr et IlT 11 oE the"08 nt t .". •

Little p :toD (Kent, 19G8, p•.I5) le •• eq te with ,be UMola
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Member (inoluding the Ropley Sed , 88e Fig .4 •.1.) • Nowhere are the

Ro,.le7 ds qu1valent to the Crossl Beds ot aD7 ot the uthOl's

olted bcMt.

IV.SA.c.

Lincoln Me

H

Aa the Ropaley co 18-17 en loped within the

r, tbail' N-S limlt. are taJ.r13 eaau,- f1Dd(F1g .•4.1.) •

Wdistrlb lon ot t readil,y doe n d

beoa.. of outor.p failure 1ft thoa direot IS.

the~ eentr:-e ot ftlopne..nt 1a t AnO l' area; the

Ropeler d8 e n be demonstrated to par av southward.-ia

and L:lttle Ponton (SK 95(520) and Ilonbwuda vla Ieadenham (SI 962523),

although Sn each mstan t tbUm is ext l¥ gradual ( 19.4.112).

A the cont 0 8 betveen t Bop ley d. e.iJd tbe Linooln l' ere

ctloall1 11., dat' 1, the 1" 1;;sd pic d tor the ottbt.n and

sout I'll g:S.n of tbe beds 1ft figure '.ill ere the aat

poalt:lona1 U.l'd.t8 Of tbe'*lagoo at" nts. Although

0011t1o .a_nts bor r tbe "Ropsler1agooa" to' ~ north and'~t
the divs.s t_.n be wo tao' • le ot harp bee Hop ,.:1

d.8 present "PUft8t" de 1,0 n ot the "lagocm and rl-

pllar.l grab\-poor oolt tOl"fft a uazud.tloael t o. wt b
ita cl ooU.t (Chap rr V). Ho l',at CopperHUl

(SK 979427) the ptlOll to hte er tioaal pat :ttl. H

top ot, £1ncoln Maa r and 1IDk:now part ot tbe Pele7

11 "met by . he downcuttSrlg or tha Saar l*

•

or . SleatOri

blftlfts. 1'1»'

bel'
11,

ulatin.g 00 80, which <lute a~ ••

bit 11 li.th1tJed prior to ,. po.S.tb

dJmant.. a 1t baa d by bor

U,th-Wl11ed bore. et et out eharr>l¥ asaia '.

.. r 1 d, ppeara to



149

thechal.q-wblte oalcdlutitee (Fig .4.114.) • 1'be s!gnU.loaBCe ot
this downcutt!ng le dltlcussed In Chapter V.

IV.5A.d. Evlj 4!'KiptUn w.: 11'lWJ.oB.Sta.
The pale,. Beds consist of 1nterleaved, th1A~bed d,

white to grey oa.lellu.tlte and brcwn cla,y or 1 part2Dgli (1!2g.4.1l1).

Althohott&n devoid ot any in0l"88111o grabs, the l_atones oontdA

a variet,. et fOBSil and hloclast1e debl.-18, whloh haa mo8t~ be n

rived from the ak4DW.ftot b.raoh1cpod, biftlw, gastropod ami.

ooral skal.·tons, At so looalit1ee, Chth Ieadenhl.un, peloid. and

!neguluq-sbaped Iblonit1G bJtown oo!4s (oncoli 1) speckle the

rook; the oo1dsusualll OOOla" rancsona, Clatte"d at 10. olWit&r ••

Noush." do the allochems ;~,.rn a a~1tloant part or tba rock, the

bulk of lIb.1oh appears to 1x.l lcrlte·. , di.e.. te bur~ow and

common b1otiur'bat1on are aleo.'h

IV.5A.e. kdlSd&tM_~a. ~;U.W!Q"HI.

which textlJl!'ally er . vac1restones or mudatonas ( 19.4 .115. ) •

1V.tU.••• l. I In ddltlon to tbe dora1naDt, b~., fl letal

alloohems,rara 'Wood flak&s. miorltlsed coW and BUt gratas are

witb more 0 on peloids. Brach:J.opods, btl alw and, to • le.ear

extent, gastropod. aN the do 1neat letal oomponent.. f'J'.e bftoh1o-

pods mostly punctate t.N~at"u1id., "lain their ge hl skeletal

oposltlQJ1 and stl"UOture; but the 181'.17 arago.ltic <tU· et. are·
pre .t'Ved a sparlt pseudoorpb. ID the eo. ot tbe gastropod ,

the pseUd ."Phs re or two Id,n'l when the or ·5tlal !nte oa: 1",

of tha I·tl-opod has bean Willed with miori , the pseud ph le

ot the shell alOBe) but wbelN no Wll1ag baa taken place, •

aparltlo cast of the gar.pOd' ent1l'e vol·· bas reault d. liOl'm
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tubas, and O)OQ. 8l'6 minor con ltuen " The

ery variable in 8iM (up 0 10. .),

lV.5A.e.l1lt : t tr13 ppear to icrltlo but the an

p tohe ot 1l'lo!p1e·~ to micro par and a1 11 e . !critic

areas, wh1eh have .ulted fir tb. coa ot peloid ; t

ail and baps ot vhid sOU·at th t the" re probabq faecal pellot ••

letal grains

o.--erall; though peloid-co le eene d .not appear to he: n

rep naib1e tor h or he 1crit.

Th 0 11 P tabU, nchurn dn at> 8l'l!lft oot the mtct1.
atrG 17 suggest blotutb tSoon.

lV.SA.f.

po it n ot tb

1ft rtebr ts

nvlro ntal condit ions p 11 d the de

ops1e1 d8 nthon1e

Cl qu1t t· a nourished.. In e.dd.lt1t.u1 to

ha form tr It paley 4.116,-' , .Pu

~w.w2lU;" apt. (J' .Sowerb;y) and OJster (h n

to d at C r looalltk.. the t \Uta ,.Mr, 1lT ta tbo bt to

satt.red 1 post ...rnnr.uMn1

(1) be' e.e·iJ ·d.

rat10,

(2) w to aU .!ens of vo or •
(S) s t S OCOUi" in t· Ut poaS: 10 • o-t lit'1 t • •

() t d' rticula

" t' do or ntatiD. 0

would ha ocmer Db ted the
po 1t1.on.

ot b
nt 0 tvttl and 'ranillt'Vr~ft~ft~

bP chktp .•

(5) at Rop leT t
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1ngle horls ;. within ad,

aug tinS 11ttltt ourr nt sort1ae has OUlT8d.

ha al yer

atultd4,wb1ch

In gelle~ 1 the taWla GOes rudoml7 tt red tbl'oughout

d but 1n bed at opel, tbere 18 tr1p8l'tlt ubd1: ion.
/'\NIl¢1 pecked w1th pparentl,y

s 11 ert1cul, et ( ~ or

eaoh

t

pop , comrUed or 11. be ot pe: talls.

1 ap. e al 0 pre nt at thb le 1.

tu11dlt the bed la reft (ot

hiabest

W ot ,

als 1aticm. SU()h a t le d; would

em to exempl1t.1th -1me-a~aged co p\ Of Walr
end ob (1'97 ) tor no obvious I1tholOC.soal. nges take p1&..

v1 hin t

• 1larlt, ot t. ' 1
, ore. tm ow 11

nt reg

ap le1 ds depo ltlon.

11.0, ,.

xis d thro.hout the duration ot t

th01.lgb; - . ntolog1cal

~', r 1 ry pStaunal or.nls ,e8~o1alla' bf.' tu114.,

mi-W.UDal .lv.I: ,.oUusoa tm-m the pr1n. ~

•

t 0 tw;

of occasional wwuwm:&.4 'hi

.1 ..
po 1bUlt hat" nb·........."'l10 barninglt
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m!ght have baen· epou1ble tor the d1f'tes-enoe" Rm.eV(tJl',tho

dominant terebrat\llids, 'Wb1chhave mooth, thin bells, ,,,,ies1 ot

qutet- ter env1ronmnts (Furs1eh and Hl.lJist. 1974) showb ne ot tbe
daptations that slob end Hu:rst (1974) thoUCht !ndloat:1: o!

"sott •. udd,y aub ... tea", and it mar well be that the Ropsle)l'Beds'

.ubstrate v 8 tir withOut be1ng prohlbitift to ba:rrow1rlSJSb

compart.son \11$ l'.ead nbam . mbel' "~tom" ut have been qu1teSOUP7

'-e Chap J' V). In aMitton, the ped1cle tor .. illo. 01 t RQps1e,

braohiepods are qutts large, aug ·st1ng they attac . d t· .eel:

f1rm to tho ubst-l"ate (or hol.dtast).. How r tbate 11 llttle

reasou to us ,et that the ewong17 wloped pediclA tlecte4 at'l

adaptat!.oa to'!( turbulent conditions (urs1chand Hure.t, 1914) because

of tbe· nerald1montologtcal tt., pedicle is more1 11
to kW been retained to stabU.s.se the 8.11, tM.n-shl!tU.ed tel"e"'"

bratallda. wh1ehshowno other IIOl"phOlog1celteat1ft comp·:blble

w1th such fumctlon. !his role would seemappl1cable "saf'dless

of whether til bf' cb1opod w ,mall adult, or Juven11eet

Although 11tbolog1ea1l3 81111lu to th& leadeaham M$m~r.

the Rops1ey' cl ha.,... 11 aepar ted tl!' that 1t f, be tollOWSq

(1) Tbstwo subcU.vl.1one c>oou:.r at 41stbietll' dUt<Jreo't

8tHt rapbieal 1-0 Is ( .2.2.). Ftri • tb& eros1ve ot

t Un:ooln Mem.bilr,whloh ilwe1'!ab17 pal'tltes th unit ,la so

widespread that III cont· uous relationship bet en tbe 'wo l.s unllke13'

to hsvaeD oped.1 whft .•

(2) Tba 'wo UllltsM dis.1mUar ceoeraptW: tU.etrlbu.ttk:lle

(er. r!ge.of.SO anet •• 112),
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(3) A number 0 faunal d1tterences al 0 d1st1ngu1sb t

two litho ao1e •

In contra t the atJ-at1graph1eal cohe nee M Ropsley

8 and Lincoln r s a d by their gr datlonal con et

and the tact that the Ropsl.ey Beds &re e lotel,r enwloped v1tbm

m.ber. Desplt th the l1tholog1cal dlst!nct!: ~ne s or t

Ropsley ds warrants s . 1nd or 1ndlv1dual recosnltlo

IV.5B.
lV.SB.a.

The twa and oal1 otlon ot t Little B.rtham bod eee..

la Uttle Bytham Quan7 (T 0131'18; F,«.4.11'1), south ' olft8h •

The .hal~l'te, th~badded oalcdJ.ut1te qUln (0.'17 tree

thlok) la e leta13 10 cl wlthSn h l4ncoln Me r ( .2.2.).

%V.SB.b.

20th ce,lltUl7 VOl';· ra, the L!.~tle B,.tham· dl pro bly t d p&rt ot
the ds (R1obardsOA. 19S9a), a. ,( D, 1966),

Oolite, rtcn. d lent, 1'76) cl t "4 ~ • w1th

d(BoUJ.ngworth and Taylor, 1 1). r, whit

they tit into the d bt n (l94O) 11 not 0 ap' nt,

8 ner owit d the atl' tSDapbr ot 80 ft Un olnshiro. In

panS4ular t ph a1 I' ot the

eontuaed, at point Kent (1940, p.S2) ola ntst .,

oocUI'l"ed t (SK 91'1189) but later cl:b "n ...
the, c 1l'1 a l1ttle to the aorth ot Cbt sthor ", l.o. nOl."th ot

( .2.1.). As t r 01 d, it

dU't:S.cult to bow whet ~ tha Llttle Bit blaa' le 1 va. ~uptl,nl
by the Oe ntstone. or Little., to ot Ken (1940) •
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IV.S9.c. Qlogqhlt:!A1S<1 PtloJOsMiJ.lalnt ..
though ths t1ttlo BJtham beds are onq .en at Lf.ttle

Bytbam, s Indication ottbe1r poss1bleextont le gawd tl'ca the

q n IS in nearby' que.rries. ncomparable I1thotao1ea

developed 1n thG Uncoln em,berat SCottlet pe ('W 04620 ~ to the

north-east>. Castle !,ytham( 990180, to the "W9 t)or ooltmr

(951138" to ao fl· we$t) • i'bel'efi ~ it the L1ttlG B,-tbam 'bad.

art! par-t ot a larger untt, they can only Nally exp·nd to ~ •

southwards or sou.tb-estwards (r .2.1.):; although a tb1ft. ElC)ltt"'t.._'i'IIt'I:

projeoting ton;aue oould be di loped to \Ie ofottlethOtp'), •

Al rnat~ ~, t d rtJIJ$' just \

around Utt ",ham.

spS; the '-mUarlty ot the litJ!'tlt!graph1c po!t10l'l ai:ld

lithofacies of tho. and tho Ropel.y B&ds. there 18 no ,,,!dall" that
the two units Unk up, unless they do so ,,14 a ffWdGo" ea.t~

brano~ or through the possible northern ftto "t postulated abovo.

he L1nooln mbe~ at Lltt. ~h 1
l'eznSA1s nt of' that. nt Ropsley; a basal gr 1n-r:1obj ooM<liiCalbal'$nlts

rad.s up tftto p oalcU11tltea, W'htoh C'1'm th& UttI. ham bedl.

1.'he unit la compo cl ot a r1$,. or tbJn4t-bldde:·, ohalky-Vhtte

oalel1u.t!t9s kl which cnJ.t rare ooi4& Bcstred, toptfmt with

dom1Dant _letal gralnlh Onq ts.n, aUopod atJp$ to cortlmAm

lV.S.
%V.a.a.

The Soo\t1etboJ'pe Memberoonsist er .. VG.l'labl.esuite 01

OGi4-t.ar~ Ittholog!ee, wh!eh treqt»lltl,r" a= "'B1!la~~
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) . quen (.1 tree ok) at

20) 8 en pre cl e.G type

section. 1s s p and easll1 p!cktt out, (Pig.4 ..

1 ), t t bjna 1 1n 0 up

,co shire It et J it er1 drawnat tfkst

isb k in t s1 ( .4.11 .).
lV.El ••

nt ,. n w unit

1 de (Kent, 1 and

of 1 j .1.J y .... ,J.Ug

s part or t geo ph10al

not tho tJppet- and

d and T83"lor, 1 51) t and 4SUi~~~!£,JiiE2JWI*

thic ., t ml x-
( de t t of the Cro' 1 d. (Kent, 1940, p,.S • and

Holingwort and '1' lor, 1 1; p.l ) bt such a d e th t the t

obrlousl¥ not tr tigraph1call1' id nt1cal & n t 7

ml" probabl.y inclUde p t ot t unt. wh!.ch 'Wert•
ds. OI! lowe w' nt tree

ot tbe "S tUd stOll .. at Castl B,t (S 990180. ' ,Kent in

S11 ler, 1 8, p.22S) is now 1nlr part 0 the

f! mber. lack ot (!It r cS taU d et!ons

urI" compa1*1s n 0 1bl j but ottlathol:'pe I m

most llki 11 ncompa s t 10\lBJ."part 0 the 1 Ptfp '1! L!neolnehu.

" r l,y in out t L1nco shire, tor tho !at -

ships at Oastle Bytbmfi are typlc 1 t~ that a:rea. In co parison t

, DO 00 'ct1on at all wIth. OI'os 1 ds ot
crtic ( nt, 19 S, t ' • 1) norlh ot '.
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-shiN the ottlethorpe bel' OCOUl"s1o cl bet en the

l4nooln itaot upper I4ccolrl h1t'e II

(FSg.2.2.). Aloag" veste1'11 belt ot qU8rl'1ea rUMSN tl~.

tt WooUox: (Sl{ 951136) to· o:nen ( 9662&5, Sg.2 •.l.), the

mamba~ in ius t !rlr constant thScla-.. (pproJ: tell 1.7 tre.)

wlth =11' few $ at ".mUd"e~o 10, by tha r1,. Oe.eJtle B1t
Me bars tor elX'alTlPleat 'oolt=tbe COl'~l 1A the Uppe 'at d of be

Soott1ethorpe pq .........!'I...

qUSJ."r1e, he unit hie as (F1g.4.119) ftd bas a ,adat·

with ha Cast bam m r. This 1 'clearlJ' n 111the

seotion ( Sg.4.U8). r or b fromb1s he "1'. thG

la 10 bips co lexJ at. t Pontoa ( 9S 3(3), 1

Soottlethorpe I' Ea be n 0 le 13" .d he ... cst d .-

cut 1Dg ot tbe leatord ~, which 1 low in tha

Ls.ncoln Hem r C' !gEt, 4,.1. and .f,.12O). A parallel ait tlon to ill

is a1 0 en at COpperRill Quaft7 It ester (SK97942'1,F~.4.1:ta),

87435), tho d

. r 1t It.

whUe at
onq

"latS: ly 1

0023 and Little

la .n, witb
Ml1t.IAAD the 011\ .

To bot , . etrat\ lurcz.v .... 1oU le 1

tU - .,. cbes

er ,2.2 •.),. WoSOottletborj)8 d8wloped be

992619) hin 1

l4nooln 1'Jd - 1 v d to
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feather dge or e Lindsey Shale and this ls re lac d eastwards

the lime tone which ma,y be the most nort rn exten'd.onct the

Soottlethorpe l'1ember. This 1nter(Ug1tat1ng relationship betwen

th ,cottlethorpe and L1nd:l le bars er tul17
discus d 1n ction '£fl.7., Reg dless of the matOD etion, it

ls O'lear £rom pn ral strat~ ph1cal latiol1eh1ps that the

Cl ottletbo:rpa Mamberdo&s not persist tar into contral Linoolnshire J

its possible 1str1buttonal nei are d in t1gure .119.

IV.S.d.
In the typo section, the ottlethorpe r, vhich ha

sharply erosive be. , 1s ropro nted by following

basal p. t of the it 13 compo d at poorl3'-sort-ed (

caloarenite ( thotao s A).

shape. Bivalves. bracth1opods and; to a leaser extent, gastrop.oda

ccmtr1bute to the 8 1.t61 l:atiSt hich 18 onen a s1gn1tlotUlt p

of th rock. a ,-rich; oo1d-oalcarenlte cra into Q

ghin-pow, oo~-e lcarentto that is t;yp1f'1ad st.raw-colo, . d 001£1

speckling s 1', lor1tlo matrix (Lithofacies B). Tho POOI'l,y.~ 11

allochems; -which s . 1l.at to t ot t ha al tl holo • ~

an une ndistr1butlon tbrohoub roek. li hl th

le 1 1 quite sh 11.1. H her still :S.n the

or ains d1m1n1shes turtb$r and on:q a tewoo!ds oo(ttnt, 'cattored

in what 1. et 113 y oaleUutt (Litho o1e' 0).

bed 4" f'ossU11\nto with. cl' b~,

the leb;r ted ry t bJ:i! tul1d.

typ ing'

:r flect d tn this
taSrlJ'r p

ow . de the top; u....•...

",gram-a ,portd ooU!.'"
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in ins and deere 1n faunal content, such ttl and

top part ot the sequence a.te 'O'irtuall,y :J.dentlo 1. To o&xtGnt

howe r tbis try 1s ino. d gr t10 1 per 1 t

of the moot' is drawn at til tirt" ak" within t 001 tlo

sequmce that compo lower/Upper L1ncoln hiro to.o&

jUllotion here and in south... stern oo1nsb1re seneralJ.t (Fig.4.1.) .•

In particular, very s1mUar tr 81\ ns are n at Ca le!lVUflJiUlI

and ttle ham (1' 015178> • Howe r, m he

'SlpGc1ally Wooltex. Clipsham (S 761M) end Sta1nbt (

reV$rsal to coM...calo snit at t top 18 "

~oot lethor mr is tr oated

would appear trom th

It and the

Ie~. It

t,

~at ~ ."plythe erosion 1nvol
erosive base of t mber, seen at ottlethorpe, is not alwqs

read1l¥ de onatrated. A olq otten ;In. n

lJ.ncoln e.nd ottleth~ mbera, IthoUgh 1t 1

ot the unit " eroB1on

bas ta .0 place, 1f on~ aUght. Qlq t C. le nY~.U' .... ls the

ra1 or 111'0

, . n Little

1n a modU'ted na le

d 1 tran 1tlo11 £rom poorly ...,..........,,,...d;r .1.1.\-! 10 t 00_-._

to f08sUitl oUG0 lcllut1 d b1 art r

grdation, which q ll,y 11'tl1 a1n-p

ott •
apid

cle nlt pnn to grain-rich. 00_........"".

swIlne1:rioal,

nt , glv!ne

Ca .t'I).

etHowever, the ros1: ot tupper ldnooln
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~ ats \lha is seen 0 this sequence, altho~h the litholo los

1nvol d nth!l, the as those n 1n sou rn L1ncoln-

shire.

tho h 1n broad field rms the mbar 8p ara to b)

pr n d by' threo, 1 thotnc5as, in d taU t includ d litholo !ea

rep Gp et or 0 ositions a.
Con quent:J¥ t 0 div1d lSnes bet en t lithofaoies not

sharpl1 defined. ...8 nt1alq Lithofaoies A and C present the end

mbar ot a 018 grsd nt'. with Bnc t "trOll it1olw.1"

11 holog!es. UN 4.121shows t "t1Pieal" oharacteristic ef

soh of the 11thof'acie •

1 11 01 Of this t e

Ul-sorted, skeletal 00 arite (F .4.l.22) oontaining sUbs:1dia.q

1ntraelasta and r peloids. Altho h rather l.arg&, t oolith

r 1l¥ oognls d 1'1 h ir P llowish- en, cOfncenta"

laminae; they are not onoollterH

superf'lo 1 in typo, while the

have 8

..ost of the larger eoliths

lel' 0

000 •

skel tal sin

11lat rem- tul
equall,v "lor . ble 1n 81 t 0 161 id bloc

tint k't or slticn

but the er onlt1c shelL. (b1val

ual~be 0

placed

.nvelo· •
I"Uil.F11IlHnts and worm T'C,u_a

lar ,0 . oslo,

be oaool1t • It 0 h:in plac" lo1da
to lve a "pseudo-m1er1tall tr1x, qui oar .·1t& nte t
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zeck d on subs1d1a:r; ount ot micrite e ~ a.nt.

Textut'all1 the roo is a pac stone. Elsevher&, (Ropa(t..y). tb1s

11thotac1e is presents bT an oolitic b10pelsparlte (paCkstoM)

in which 1'1 ,lee: ooliths (O.G to 1.4. ..) Ilnd bioc til t with

m1crtte-emrelopes are s t 1n El we l-sOrl d 1xture or small skeletal

agmEints (0.1 to O.'l! .), 00 1th and dom1nant pe1oids,

uttar are probably po~ n tic, g a combinat1<mot faeeal

Uets nd m1crt d lochst or oollths. Si: 01'V'08 are tho moat

common tal t.r nte.
Although tbe ba of' the

L1thof"ao:· A nts, 11tholog

eel" ls u 117 OCCUP:h!d by

grdatlonal with t1thotnc1as
B can occur. For example. a"; Stll1nb7t th sal bed:lB grab....

rich ackestOM (b1o-oomicrtte) vith suo...equal oo11ths

and bioclasts. The mtraclast and peloid contents ere irarlable ..

A rather 'Uneven pos.!tl distJ.+ibu.tion r~su1t· .in soma sparite ...cemented

in-supported patcblUl. but a micritic Uk 16 usual.fba grain

cont nt aAd pre rvot ion la 'Y simU fttJPUal

lithol t.

IV.6.e.11.WrlbotlOaf",Jh '1'h1s faCies, baing 1nt&rmed1sl7. Ss

pro 'blr th most v !able of' 11. s nt1alq. it enee Pf,Issa

pam-r1oh. mu4-supporied rceks. v1th widely vary1r1g grain t3'Pe •

H veri 1n it u~loallttorm the fee 18 rep:resen Clbf a

leta]. oomlcrlte (F •• 123), 111wh10h elm tl1th8.ere

o1"thl"e catoltJrhuu ffnormal t w~ 'Obe (toncenvlc hm~ e~

the majority of the gram. "supt)1"t1o:1al", wbal'e thecce.t!Dg; rim

1ar n leu.s, and"compo1 fl w t 0 (:ra:rel¥ ') o1>llthl

have be~nl 1ncorp~ ted with anenolos oollth rtm.. In all .,

the nuclei are slr&letal (b1vul fJt braohlopods, ech~nJet
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gaetropOda and BrtP;30,?- vh1ch also occUI'a uno' ate4 gral4.).

Rarer, large, composite 5.P\traalaats and "micrite-lumps" (oneol!: '1)

are al 0 pre nt.. Well..paelced, gram-s",pOl't •• patches are en

with a spett1c ca nt, but Oftre.ll the rock has a 14tite trh

andia mud·suppC1'ted. Ve1atSons £rom tha tltlOl" "1nclu&u a

ttmixe4-gs.-alllft btom1crite (SQ 82), .hleh is a gra1a-rloh waeket

with ft17!ng amount ot sub 1diarT Ol'1oo11tea. 1r1tJtaclaste and eolith '.

la litholog la translt1.ow with Uthotae!es O.

lV"B•• 1U.•.W.1ii9.tI.MIQI This 18 perhaps tbe ledt vu1able ot

tbe 11tbotacie.. TM t",Mal lithology. a b1om:lcrlte (F!.s.4,124)

bas btmdantka1etal gl"8:ma allowing allgade ot 00 ut ... ,

which are probabl;y due pr~u, to biGlogloal ra'ber than chaA1eal

breakdown. Braohlop041 (te»ewatulW. and rhl'nohe_lllda) aM.

blvala

r_amastera, lWT~Jq_o.and eohtnod I'm boac ate are also Men. The

oalcU1c skeleton have Z'etaiaed theSzt ol'1g1nal compo8it~

strueture, but sparlte pwlomorphe repreeent the: tormu-ly U'agonlt1c

akeletonl, like hi" Ift.itt Poqg.D8tJe peloid. (tl cal ana tors.t d

grallla), oncollte8 aud o&lithe, lee up the rest of the ..U ..

Bioturbation 1a sugge ted by tbe "oh'flt'ne4 appearanc ot t :br.,

wh10h in s. places, appeal's to be d el"ping tr peloid aoaleo-

11 • al talo.t, peloii-ailed outl I 04ll be __ 111tba,...l ••

Th1a 1nterpretat1on 1 suppc:>rted bJ ,he ..,idea . 8

where .p.lt.-ca nt.d pelo1dalaJ!le8. pede lat,o whatappeU'e to be

o lesoed peloW. and tinen, in" 'm1cr1:' -wlth-pslo1d-outl:S.Deaf•

It 1a poael ble that SA iaatanoe. the rock

p okst fl although it DOli appear. ae

alloohe .....,.SCh and a.lloohsm-41verse l1thology 18 tr•• t\ioAel ,to

be "0
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the I1thologia. ot t1thot 0181 B.

IV•• E.
Only the calcUutlte bed ot the ott1ethorpe bel'

oon am a not1oeabl benthcn1c ta ; thls 18 d ina d b7 .i:6IIIam.

AMUlIIl' and terettratu11d ,

nted la 8 tabla ub vatt
Ji.lWwWailli\ d' b~ j tWWiUUW_

The or oolitic bedsprobab13 rep

oon it lone end oon quentq the beds are practloally barren.

WithSn the cal l1ut1_ , t un how w • of

• 1t1can\ transpOl"tattolh ot the peoSe. 8l'et1culat.d

( achlopod8 tad nt or geopetal Wills wh

1culated a1 b~ ,alve l1ke .... ~28l ..

dIp. ) n 8l1d h«fe a :rand . nt&t1on.

1•• not pret'l ent1al17 ftc z- 1"da".

;I.Ua. spec' na 8l'e pM ned with thoir

II yer. the fauna appears to ha: been

apart fro oolonial oorals, no tor

position ot l~ •

l10aw ap1ne Wan.

d locally be~ •

.. em to be in tbe 11.-

it,. or p nt .pita J xcept

ab t

ms,.W UDal) I

tor tbe

bUe, shallow Waunal) and

tor ' ust

d ut- t r

4,

terta • Colo!al c
(I . teat.. of the

,narrllR (o.e

4

by ".MYiUlilUl:f' ap., are
r her W11JiSWll.l. il__ ~&

it, vS: h t

. 1 d'l·.••tIIta~"A'"

an· 0..4 ,re at at Clip

W001Io... f se b1e rms incl an a .00·

and atr pod ..

!be foUow1q t urw. 1S.at ha. been co .Ued tr
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oolleotions IDa 111

Cs 91815).

aoh1opods

"

.. ......,,"") abun t

abundant

rye dan'

~~WE~~~~(~~~ )
J:&;.JaQIWUlWl (0 )

(Oox)

.l.ilrasltaU'" 'P.
aIlU __ A ap.

atropod

lJU~mDl.J.J~~&i d tbigny

~~~~~~ ..~~(
Cor • •

mlSUUs... '1'.
p.•

bel' en' of

1"13 con 't. ',de In .~bern
1;. 1940 and 1 6, BoUiWnJortb 41,

IQta that I

l4Doo abin (
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and \linnerton and n, 1976) i is ot oon idBred to d c~

equivalent 'bo that it or ina d to be fwd on 11 ot
A.prQI'~. 'l'he nasODS tor abandoning the ttCzoo81 . n

n d1sous cl 1fl Ohapter II and 1t is not propo -Si . j&rtl

the erg nts here. r the prmolp 1 d1tte n n

C1"'08.1 de and the ottlBthOl'pct (po_ta 1 t¥lc1 2)

limitations ot " an indez few tbe MW m r (poSnta !Ii

and 4) are outl

(1)

d . lowl
nt (1940, p.50) Ol'Sg!nall.y delori d Oro 1

ds 8 n .... usually 2-5

1 , freq ntJ¥ hard and .pl!n. rv, ~.b 1 'bol le IlJr

ht be # d a hSgbest bed of" Ce n.

trom t alleged soc' ion \lih be oa'
f1ts the mare lcrltlo b$ds p 11\ 1n the Scott t.horp$ lembe.r,

but aot the aber a whole. 1)1\'01'0 '4 tr . oa1ation with

AU~aa. the iar1tio beds of the In r CaD be

1ntegr llylated to ~ 0011 with wh!.oht l' uld

Sncorpora d to ~ a 1DglG llthomnt1graph1c 1t.

(2) Tlte ottleth r on13 OCO . 10. 'be

sou t.r 13' part or
at nd north of 18 d

restrloted than tbst ot t

it It,

litho tr tSar ph.5D 1t vi h1n which MCDill .DaD1OO

o h L1noo1nsb~.

(3)lth1t1 tba 0011t1o 'bad_ ot
, th

MU ......"'" .l.LUIIEIIRmm out op d

ibuts.on, whloh

,01

ott; th

aeh1opod n
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Kent (l94O) did not recordA.sJ'Qs,~ in the Ancaster Quurr!e , but

the pre at author has found as1n&le specSmen iD bed lQ E2, t

the castle QwuT1'. Aneastet:.

(4) The cla1ms by Holllllgwo:'th and T8110r (1951, p.19)

that ttlts abu.tldance !A the Cr,osal Bed, .. ~... ls wttkleatly

striking to obv1ate cootus1o wt tb h1gbar horkon t ls not sub-

stant1at d by tbe pre. at w k. In sout. et I4neoln~ AaJiDJ..

ls ottell str1klngly abundant in the 1crit" ot the Scottletb

Member (= !tOrose! den), but 111other areas 11M tb& u~osB1 de"

le 1 a,D.; sucb as Harma,tcm (no reo d land ltopslel'

(tew :records). tbe cognitlon of the !t(h-osll cis" tv tlm latt

a.buadane of A.K20si 1 by no an the toregono conolusion

HoU1nporth and Ta,ylor

The d1aadvantagee of hav1ng a strat1gl-aph1cal 6c1t be .4

ups tbe OCCun'911CSot so eluelve a roseU as AtStCQW appo~

patentl,y obviol2$ d tb$retore the replacement of the "0t08td. 4&"

(in south LSncolnsh ) fq t ottlatborpe M r le con!iJa do

Ge.IUT aM advantag 0 • In co ar1son to 'bl !taro .i

the SoottlethtJrpa Mmbe:ris «oohe"n' and :-elati'Velr easU, traoe4

Ilthoetratigrapb1c unit.

'rI."I.

lV.V.a.
N\1II!SJ"ouc:parrSe8 have been .xcavated SA ,be thlok

development ot tb.eL1ndsey Shale mber around linoll la 14ad. 1
(Fig.2 .1. ), wlwre the shale hal been uee4 in cae n' atarl\ltaet . f.

... a bel".:I. .... Clt. 01 t _quarrie. (Fig.4.,1i6J SMOOl4),

whlohshowe the thlobst tre.) IM11 '" b authW,
ha. be.a ch.o h •• tbe trPe 18etlon. It haa been prev:i.ousl1
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7 hale Ke bar, wh:tch was probabq t:1r.t

reoognised bt U' 8her (1890".71), ha en prevlousl)' called

1rton Shale ( nt, 1940, 198 and 1955; and Sw1anert and Kent,

1978) or ~ton Cement &'bale (1chudeon. 194(h WUaon, 1948; anel

nt, 1966). tJnl1ke all the otbe~ 'Iq propo . me bel'S, th1s '"

straticraph1oall,y cotac1dent w1tb tb unit 't la urepla.1!)g , onl.J
the has en ohanged beC&U18 ot the prier of "Kirton" ""

!slaten (1975), to tltle th Kirtoa ae ab t0b8a mber, invalidated:

re (aee H dberg, 1976, p.41, pt.'lb) and l.S.Ad1

Al:tbGtUghover4 _tres thlck at KiRon ( 94(014), tbe

lJAd y Sha 'Oh. to- aer a tra at Metherlogbam (fF 0$1616)

be1Oru1whioh it bas not been NO dad" bN baa en lit le

!.nd1eatioDgain.d ot tM ._~ t8 areal •• tent oause ou aide ot

the 180lated Kirton ._oIUNe, ,. _11 oeCUl" 10· 8outh-ea.rq

trend lbaar belt ot quarriea t.en l4ncoln and therlng.

(FiI.4.1.). Hvert "_ntqd q t Har_
(S 982619)baa expo.4 a po sible ctlon throuah the b.l', 1ft

this q~. IWldvtcbed between tbe Methe:r1qham and L1naoln

'Members, an •• ward-thloken!ng '1 ocours whiob JIIq' be the .lItem

feather ... · ot is Und_y Shale bet (Fig•.••127). It 'bhli
Snterpste tton is OOl'ftot, than HarmetoA .Dot only a t

Soo tlethal'pa *MbeJ' Saw,elle!' t1q with the LirlliM,. ~ mba.

bllt also Ulust:r •• the· Pl'obabla latbab1p of ..be nup,.. 0.0.81
Bed" to
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Another s1gn1.t1c t a pee to bet high! htedby the

Harmeton eeotion 18 that t thinning or the L1ndse;r Shale MeJml'xlr

is probabq stratigraphic. Nowere does too overlying z.rsthe..,iaghara

mber out down into the shale and:in ,t ld. t ' athered

contacts ppear gradational; hal pas s up 1oto micrit1e 1.

and tben into ll-va hBd 0011 8. No evidence x1sts tor the

) thel"irlgham bel" hav1n an eros!: base;.

be L1ndsey Shale yarlously overl s the 1rt Ce at-

stones 19mber (.n South H berside (Ashton, 19'15) and the L1ueoln

M mber in central L1noolnsh1rre, buto.\,way passes up to the

ther1ngham r (F .2.2.).

the Ll.ndsoy Shale is unique mong t the stra.t1graphlcal

subdb'i.sl IS ot tha L:1ncoln h1r L stone 111not be1n8 pr1no1pall7

composed or 1 st • 'l'be unit con 1st of own- ther1ng, blo.ck

shale, wh~b often has th:1n, 1mpers1stent l1meetc ds ocoarr1ng

ar th ba. 1 stonel hale contaot. er usU81J.ygradat1onal.

IV.7.d.l. ~ I fossil' %'0 mar13 hale is goner. Iq well

laminet d. the laminae be1ne b1ehl~hted b.1 colour banding.

Ceoasional small ooids, mloa t~ sand bundant shell deb.r1e ere

a1 0 p nt. The t xture of th ahal v Sas trom hard. tr1e.ble

and deo1dedlg shaq to a soft r, sticky, cl like e $is ncy.

The a oslt,j,on at tl¥:t eha sobte d from a mj;.

qwmtatt X.R.D. al¥sls 0 its RC ins l\lbl sid (55.5 by

wight of the rook). This 1nd1cat.d tbe et· tmo:t"1llo 1te

•• maJ phs. and m1ca, qunrtz end kaolinite at !nor p 8.

oomposition very 1mUar to t t r80G'l" ' d tor the hales.1I1 t

K1rton ea ntato , 1975) 4
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argillaceous calotlut1te. -vea rev "ooated gl'a1ns" and. latal.

t:r nts scatter d throughout the tr'U:. Ocoae1onalJ,y tha

l_stGnes appear ",0 have bad a blostr 1 or1c!n (Ct!og..balls ot

Richardson. 1940, p.255) with 00100141 oorals acting 48 the binding

agent.

In the past. O()casloDfll t1 t...l1ke &88Stt ( 1nr.J,orto

aa.d Kent, 19'16, p.4S) haw been eqoUDte~d dur1ng qU&rr,y1ng. The_

\181'8 ter otmatioD.s" b.r 'bbI q~l'l a . t,be7usualll
dipped etwatde at low angle in oontrast to t1:\$ aster clip ot

t stone. tore t advent 0' In l"1'1 qWll"J*,ylnc cha1que _

the n'alee Fat t1o.na" ware lett aa i.eolatod _.... s and CM $uch

retnll8.l'1tre d til 1ng \he e*U"l1 <ievelG 1\" et the ton ato

COlDPdI'Quaftt (8 940024. ig.4.l28). It conslfted ot a oruae1t
Iter_tins eeries of ~1$ a.mi argUlaceou l_stcmel, -maarer

wa14h were £os.1lbloev ••'lhe develop:ing maBsust have a &.n:Io

t • OOfttted manr sqUllt.re IJEJtree ot a tlOCl", tor the wll-exposect

.tern t&4 lias 22 _tre. 10 •

lV.7... rRUGA.
'l'M r the.r polf-pre d. h sUe ot tm Llttd ,.

~'bal.Membetcan be ,.olUic. aolleetlobs fro the bale t two
ot the qua.rr~8 at !(~,on (SE M0014 and SE 940(24) have,ielded

abundut tt, AUaDptll1.t1.IOD#o
(3."'. alker) and. 0 tracOi'!ti ( .. -. 1967) 0 thor wlth lbtJfJ

oommo.rt ap.. IP•• .DIliiI.~UJ.
EHE.IM sp ••R1owdeOr1 (1940, ,.258) .1 0 et .¥Il1aIL.aUllltl_
dtQrb~; ep., _4 (J.Sowerba').

An ev n more pJ:'ol1t1.c taU124 1s pre.Ai 1llthe ural.
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Format1onsll J espeo:1ally in the l:1mestono bands. The followblg

faunal l1st be. been compiled trom collect1ons from the "Fal

Format.ion" exposed at the Manton Stano Company Quarry (SE 940024),

Bivalves 1:;tul9n .. spp. (abundant)

.tQIII~ sp. ( bWldent)

.6iUwaillii.1lWi. op •

.Wtl&!aWAiti ep. (abundant)

stropod

6Iaaillull-;-jlg .illl (3. ,Walke.) (abtmdallt)

.bI$QrI~LklJds_& M~ otKl (abundant)

Corals

Barnacles

Pe.. bapa the most ip1t. an' ta.t.. of "he tauu I.... the
abuna.aa.ce ot hard-so t7la -related t.... ,_8asnp1e;; tbe
bl..alwl,' boi'erp;r, tnen , whUe ~QI

and §.114'QU. (a 11mpat-UJ. ga tropM) and 00 bu" 01$ f

ItJNl"* and all relish kard sub"a a. :ttappau.
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tormed ba ever which t tero1d corals colon d, at bil

the sub trat. This 111turn provided a VBr ty ot niohes or

organ is

more shaly

£er1' hard :rather tba.n soft substrates, wb1le the

as wltb!n and aro d the bl.ostr pro bl1
colon! d by the brachiopods such s (

and ostracods. On established, t biostromes at

enal' 1 sed nt surface but without noticeable

iok, 1965)

1n.e a the

m 0 ha

en thro hostile

th full. thio

individual biostro s

m r. At loue t 8 h vel',
d by s.hale, kUling ott th.a c ala

and BOft r bottom oondition prevailed ore turt r bloatr

vas 1n1t1a d,

IV,S.
lV.S..a.

1 thar1agbam mbel', oompo cl ot QO~ loarenlte8)

1 et it ot the upper LIncolnshire nOM in cenVal

Linoolnshire. T nacUJ" cs . albla and c1earq t.a. ..q n

~pprax telJ 2.4 tN. thlok) at tbe"lQgbaftt (r, 05$61 )

oh .. n a the ype ""ton (pSg .4.129) •

ACt prevlouslt be A No08ni cl • a

of' the up r Lt.t1oolAahlre b eppe

to ve be n inoluded s part 0 its te cl the ca r

at (Rlobards. 1939b, but nob pla 29A or B and. p.4,7S;

Boll1ngwcrrth and. T~lor, 1 51; cl nt. 19 j t ,.1. ) r

Tbis

de (Ken , 1940 J nt, 176). r

ster- d 1. 1

8" 1952). However.'

ow
Beds (a1ch8r4 on. 1940 ? f see 1 0

Kant, 1940 and 1968, ftg.l, and
•
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Methel"ingham Vl$mberbas neither the same ograph1eal extant nar

'the equivalent stra.tigraphical th1oknoss as these "older" units.

On the oon~ary, it usually oomprises only the lovast portion of the

Arleater/H1bald to,", daj or X8I1'!Ple only the lowest 2.1 ll»trosot

the:.ncaster Free stone expo d U1 tha L1ttle Ponton Ral1WDJ'"Cutting

(SK 950520; 0 nt. 1966,p.65) belong :J.c too new member.

Furthermore, the Moaster Freestone, seen 1n both Anoast 1" QU$l'ries

031\ 981435and S.. 97 27, ileo :1cbardso, 1959b, pla~ 29B

la not oons:i.dered equivalent to tho ~.ether1n&he.mMember at all, but

ls thought to bo part of the "higher" Sleat .. d moor, whio.b Ma

erosively rmovod both tho Blan1may and t 1"1nghaml~ml:ers at
peaster and therefore ass d an anomalously low stratigrapb10

paition (18.4.2.). 1'he J.no&.ster Freestone (lI; Sleatord mber) at

Ancaster 113not tb&retore thought to be equivalent to the lowest

part of the \lppitl' UDcolnshhe Limestone1nother areas, as pNv10Wlly

uggested bt earlier workers (see Sylvester- adley, 1008. tor
.eview) but should All'" been oorrelated with the 8tr~t~apblcal~

h1gb.e1" level , t t have usual17 en tched. vi1;hbe· e1' ~

(&1chaJ'd on, 1959b, plate 29B). Carrespoild1ns13. the Anee. \$lf Rag

at atel" has here bMn equated with stUl h!4her le le an4 ...

cl the o",ton Member in thla cl 8 1t1catloa (F18.2.2.).

IV,8.0. Q\!ICEluka1 tWaQe9Ja1a.J.iiAW.
sptt ving a w1d.. geographica.l cllltrlb\ltlbn (I!ttla

ont ft to Lhcol.n; and poss:tbq as fer Ilorth a. Ri.bald tow, Et

F18,2,2,), the th8r1ngham bar ls .ather poop4r expod. Only

thre. co lete queno!~. 1m n (Utile Ponton OuttingJ Ropeloy,.

TF 002364; and Metneriagham) azr1 ot the only Met... inpam CCeta'8
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dl£f1eult to doterm1ne any 'thlcken1ne/th1nn1ng trends, although

the Ropslel/13rllceb7 ore bas notic ably thicker et 8 than el.-

where (ig.4.2.). Howeverthis tIlq not be of any parttoul.ar

e1gn1ticence, a this area approx -t 1$ ao1nc1des with. tho th1c at

recorded Lincolnshire ~stone devalopment (Kent, 1966• .ttg.2.).

Oouth of L1ttla Ponton, the tharingbam mber has not

been reoorded. At Castle Bytho.m(.;)k990180), w . re the next

oomplete quotu::e t ougb this level ls

Member ha.s replaced the Mtlt r1ngbam and Blanlcn 'I 1,iem1::ers ( te:.2.2.).

tJntort &tel3'. th oontact between tho later 1 equivalents not

'1'1, alth.oueh in the 1ntel*W1'l1ng 41str1ots (bet en Castle Bttha
d Uttle Ponton) patc~ OOOUl"l'eA of tho lover part of tupper

L1ncolnsh1re L1meeton show that t C st1e Bytbam 1 ml»r fao s

oocupies the basal 2 ... 5 metres of upper L1ncolnehU*e L1RrlstoQa as

tar north as stainlv' (sx: 910253). therefore t Methorinslwn

moor must grad (1) 3.ato the Castle 13;ytbam Member s vhereSOllth

o Little Fanton.
Altho h cons1sten ly overlain by the BlanW1' l fA· l', t

Metbs:riftgham r, mber rests Upon ditfe:rtant units or the l'owt

L1ncolnsh1ro .tSmeatene # it overliss the L1a:dr le mbe%'

Uncolnawi tbsringham and t SttotUethorp& emile:r (118 .2.2.)

turtbar louth, v_rene t.hII Blanknel'/Metberingham l-1embir <YXltaci; is usually

.harp without not ub~. ost ( dgroUDd de lop at occur.

in so places; see 1«..e.) ,the nature or t lower cont et is no

'0 a.aUy oategottised. Wbea. the ScottlethOl"p8 mb&l'is O\l'91.*le.a

th tb r1nghamY. bar sohnee ha. asbalq (Rop· 1>'

indioating a m11dq eroat con act, BS does the shdp, b'regWl"

jUl.'lotlo.a batween the units at Little onton. In contra.st, the
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the oontaot tween the l. ther1ngh

var1abl,y looks gradational in t

and Lindsey Shal moor

t ld ( .4~150). espec1alq

as weathered faces, and this suggest ' that the southward th1nnSng

o he s la maY'1n t et be natural" rather than dUG to the eros1:

c!ownoutt1ng of t up r L1ncolnsh L~stone. owe r, vh1cb ever

Tn r 1. involved, it s I'JlS un11:kly that much ero ion bas eee d

at this level.

lV.8.d.
Ea .nt 11)' th M theringham d. of po ~ly-

o19n1t:1.cen ttaB i1W rous, cl oo1d-calc

oport1ons ot peloids in tbe

nlt.e , 'Wh1c:h

tru, these impart crude b odal:Ltr
to th rook. !owhere are d ·ntary structures en.

t lI.;otb.ering , the ha of the l' athering.

but bl -hearted strata shows la.rge BP. t.md other

horizontal bU'1'rownotworks peneuattng the nutrient-rich t1ruisey

Shale (jg.4.151). Abundant (JII. alker) d

worm tubes occur in t shale bat", n thi burrows. The eal le la

er usuall,y compo d ot clean, wll-sorted, sparit -cemented oo1d-

calcarenites, altho h 1n places t

1crlte-rich. Higher up, peloids

the 11m tonea, which e b1mode.l, 00'14-

very lowest level pp&ar mer

an portt const1t at or
nle:t top

of th unit.

El this r1Gg p t rn 1s not 0 obv1ous~

cl ve1oped. or exampl, ID Rollov ( 01(351) the 1

no 41 e rnlblepo.t. ¥'n t 11, with two eontr at 11tbol.og~

occu:rr1ng rando ly both laterally and rt1cally. .od$l'«Lt ·11 11-

sorted. parlte ...ee nt d oo1d-calc n1 and a or 13 b1moQal.0 id-

lo1d-e learenite. In the It northerly axpo between Harmst
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and K1l"ton in L!n.dsey, a detinit basal be4 1 lo-ped, vh10h

grades up into the more typical, 0014- lcaranJ: • t

a shelly, poorly-sor d "dirt),,- aoid...oalcarenite j mler. is 'b

principal matrix co ponent. 'l' una, with 0 rithi1d gAstropods,

~oi.1Wa..J~~ia. d 'Orb1.gn,y doth r b1velv s aecOlnallying the orten

prol1t1c (e.g. trton, 940014), tor 8 a. pro1nont pnrt

of th1s bed (0.•45 tres thiok), which was wr d t fIOpperero si

ds" by Kent (196 , t1g.1,.).. Southwards it

d1at1nctivenass, til at MetberiDgham it 0 ot

t b 1 tl'9 or SO ot rock ( 1«.4.2. se a1 0 1ohardoon 1n

Sylve ter- adle.r, 1968, rig.42.)~ However the p tc ceo nee

of a micritio matrix at his le 1, at 1 t rlDgb, .rors

quenes ot the more notherl1 exposures.
art fr the nUpper C'I!JlSs1 dO 19 1, the thel-UlglnaDl

mbar 1 notable tor its ok of fauna. Rare b1val or sastrol*i

trag nts a. se n and the ace s:1oMl epith31"1d, b\lt generally t

1nim1cal, mobile ubstrate appears to ha 1nh1 1ted benthonic

oo1on1eatlon"

.8.e,

The oharac1ierls e 11tbotacie or t ' therinBham r

is an 00 parl~ in wbich t d 1nant eolith and S 00' ted ollocbe

are usualJ¥ poorly sort d. Textutalq, t rock Sa a graSnst

(e.g. bad ~Q Hi, F!6s.4.132 and .l1S3). The mo tl1 Itn - n

oollths (so sUperf1cial and eo po t Ohe oae_), are 0 wo· iD

tl 8a a s 11 (0.2 to 0.5 .) 8111:0 n, pblil"ic 1

to ovoid oo11t • w1th ll-de loped con lltrio atructure con et

with larger (o.e toO.9 .) s 1.J.u.-l¥ eh -ped the. 1ft

which th tnt rnal t brio 18 hardl¥ discernible ca or m1crlll_
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... tion. 't'hls wofold group1n8 is not however ubiquitous and 1n

o more homogneous , nuc 1 0 both

n 1n m10ritlsed ooliths) vory in abe and shapetypes (rarely

us l1y oomposed 0 pe aids or bioe ts (gastropods,

bival s, Bryzo and eehinodorm tregmonts). 0 the other, suhsid1arr

lloch ms, not b1e tv their scarcity, the gastropod

nd hive. spar! p udomorphs(with micrlte-en lopes), echino-

derms, 5ry oa and toram1nifera never form a sign1tic nt part of t

roe· • ool1tes and peloids, on the other hand, can 00 important

oonstitmnts, whU 1n l'aclasts e ool1' spe.smod1oal13 present. The

oncoll s are g nera 11' d t1ngu1s d by t 1:r large ize an

a.morphousmicritic rims, whioh otten coat 00 iths d m1crlti d

bloclast • s "oncolltisedff ooliths tor a significant proportion
bed at 'let~ringhrun (Fig.4.132). Th$ generall¥ ovoid

peloids (polyg netic or in probab:I;;) orten ocour in elusters and

coal sce to prod Ifpseudo-m1cr1te patches". Twogenerations of

mnt usually b1nd the alloohe to ether: a poorly-davelopad,

early' 1. op eheue aoicular nt, 1n while e. di to

COal'a ly-crystall1n.e bIooq spar ita 1nrUls the remaining intra ...

granul p epaee ,

H!gbGr ~ the 1· t rineham sequence, thGlItn>1cal 00 parlte t

l!thotao 1s lost with the oolith content ot t' rook

d 101ds 0000 1ng me important. tognthal' with detr1t 1 Cl tz.

ohanges oulminate, t tblJ top of th t"pe aueee 1$1011, !.n a sUt

o 0011tlo pelspo.r1te (bed Q B6, .+.la2), in wbich ~ oneoll 8

and bloc ts nfloat" 1n the bundant smnll q tz

-ains. extur 111' the roc ls a b1modal p oksto .. The app nt

ab nee o.f'eoliths is d to their tfol'loo11tl tion". Altho b thls

upw d transition tr 0011 a to 18 ly
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on at :.etheringham (though it is pro . bl,y typl ot ntral

Lincolnshire), the mol' souther 1.v Bucca siena have 1nc.r aead

proportions ot 1nt~rstlt1al peloids rteontam1nat1ng" the character-

istic oosparito at so 1 vels.

The distinctive basal bed (= Upper Crossi . d), occurring

between Harm ton and Kirton in Lind y varies a good deal. For

example t Greetwell (TF 005121) it is 8 poorly ...sorted, oospar1te

paokstone, s:1m1l.ar compositionally to the more typical l·k)therinB

Mmber oosparltes, Itho "'h w1th ore Ud in the mntr1x. Tha p ek-

ston 1styp1oal at the !J.neol.n/Harmston ea as a whole. Hawver,

at Kirton (SE: 940(14) this level 1.s a biomiorite (w ckestoMi z."1g.

4.134) with abundant bloclasts of bivalv s, gastropods, rot 1nW a,

braohiopods, eohinoderms, worm tubes and ~oa.

IV.8. e. J23.ag,a§sicm.
North ot ~.$therjn,gham, th 0 rall homogen ity of tho

"sther1Agham Member is lost as 8. distinct, shelly, t!dsrt1'"0011 ,

oontaining ,occurs at the be of the unit. his d, which

can be tra .d as ter north as Kirton in Lind ., (1' 19.4.2; e also

5y'lvester- .adlel,1968. fj,g.42) d.1fteJ.'s from more tw1eal 140tbering

mber bed 1n its bundant fe. 81 content (R1ohardGon, 1940; P.255)

and texture f ra1 tho problem of bed' a stre.t h1cal

affinities; a problem up 1'1 which thol"e has been 110 %!eal agreement Sn

e past, or exampl at Kirton 1n Lind y; wh tie it iaost olearq
veloped, e "Up r Cross! d" G 1nc1Wod in tho 1rton

Richardson (1940; p.255), wilo therefor 1mpl d an as oc!at!G.t1 wi h

the II)w r Lincolnshiro IJ.mastone. HOWver 1n lat&r ",o:rit, be

oorrelated m~h of tb Kil'ton Beds 'lith the AnoastG~ t one ot t
Upper Lincolnshire stone ( Sf]; at r- . dls3', 1968, r .42.) ..
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In. oomparison, l\cnt (1006, fig.l and p.al) classified the ~d

3.ndiv1dually as the Upper Crossi Bed but grouped it with the

Hibaldstow Bads or the Upper Linoolnshire L1meatone.

rever seon, the bed appear to grad into the oolite.

of tho l1ether1ngham J.1emberand down into the Lindsey Shale Ham r,

so that it is not gonetical13 excluded tro it r unit. Ho ver, at

Kirton (SE 940014) the oolitj,e nature of the bed make it more akin

to the Meth&ringham Member than tho 11rDa tones or th u-ton Cement-

stones kemoor (Ash.ton, 1975; part of l1cherdsonts K~on de)}

ea U ot thio nod the faot that the most obvious lithologie 1

division oeo s between the L1nd~ 1 Shale and th lima tone a ,

the proble tic d h s been included withia the Mether1ngham Mm l'

here. Altho h this bro dly 10110118the pr d of Kent (1966)

the bed has not been individualised in 8ll3" wsy b(fcauoo its southward

gradation into th moor at Metheringbam 18 tho b'b sutt1cient

rea.son tor it to be considered as e. basal faoies lant ot the

}lotheringham Hember*

Although t inolusion of t enigmatic d W'1th1n the

upper Lineolnsh1r Limestone Oc.dl7 follows t later th1nk1.n of

Ricbdson (in Syl st r... adlel'; 1968, fig.42). relat1cnsh1ps

en at Hannstoa CSR 992619) demonstl"'ate t t te

correlation of the upper P8l't of the Ki:rton AflO$ tor

sw turt r south, uggeeted by ichar4sIOD Un Syl;' *1'- dley,

1988, £!g.42) ls un11keJ..y, rather the Lind. ynl<! mr (= 1:rtoa

Cemnt-Sbalo ot Richardson, 1940) appear tOquiV6 at to

Seottlethorpe l~m r and s such part er th la r I4neolnsM.re

stone s de:f'ined1a this t sie (Fig.2,l1).

At the eastern end or Harmaton 'Y, typical Metb.eringbo.m
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Mmbel' oolites with a basal Ifdit'tyft oC)sparite (= Upper Cl'ossi Bed)

overlie El thin marl, which 1n turn re&ts upon oolt

Lineoln Hemher. (he position ot these oolites iftlJnedlatal1 above

the dbt1netlv leadenham Memberoalel1u.tites le Vi s nodouht s to

the relative strat1graph1ca.l posit1cn of this part of the sequence).

Howevert towards the stern end of the quar the marl band is

largely replaoed b,y limes~one (F1g.4.127), \thieh rembles tho of

the ScottlethorpE) t·1emb1r turt 1"south, thls ls tho h to be. the

Soott lethorpa ember :interd1t ti w1th the very t flUB.tea. Lind :r
Shale !-1eml::er.. TMre ems 11t'bl t'Efason to doubt he e isten~e 01'

the IJndsey Shale at ttarmston, tot> at too ret1: ly nearbyquarr!as

of t-~ether1nghrun 4Jtd DuD· on ( 053(34) the shale is stUl .bout one

metre 1m1ek, havSng th1wted only ve~ gradually tram Uncoln. If

this correlation is indeed earrreet, theh firm eV:!.del\U'l'e i prov!d&d

tor the LUidsey Shale Member being 10. the lovar, rather than the

upper Uneolnshh-a t5.mestone Fig.2 ..2.h

Xam:dSaaen·
The Blankney Mam 7t ise ,sent1allr comprl d or thtnl¥-

bedded, pelo1da1,eol4- and qWlr'.. pe.lo1dal oalearen1 • the latter

otten spectaculal"l,y r1ch 10. It SPp. g 8tropOCls (F1&.4.135,.

" also 1ohol'dsQl'l, 1940, p,.249). De it taIt it n from

Blanlmo7 QUe.n7 (1'F 062592), the stratot,-pe of.' the member 1s at

IV .9.8.

Metheringham (1'F 053816) where a oomplete section (a~oxtmatel,

2.1 metres thick) is more cleorq seen (F1g.4.1Z6) J quarryms t.s

rareq cl: ep nough t Bl.an1mey to expose the be ot member.

However the 11tbotac1es seen at Metber:\nlham (quartzo. pelo1dal
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eaLe -nit s) is not oharacteristic or the "'hole ; and

postrat.otype t ne by lDng Bollow ry eT 010 51; ,.4.157)

n 1eted 0 illustr te t e twofold lithological d1v1s

0; e 1e of ..L1neolneh1r"

l' m r, t Bl lcney 4 mbar t a

d1scr t unit, \.Ih1cbwas· evlously undivided omt d

tb . ton (Rlchard on, 19·9b but not pla s 29A and B;

ollingworth a B¥ lor j 1 5; nt, 19se fig .1. ), t co. r ds

( n, 1 0, ~1nnerton d nt, 1976) and Sib Id tow ds

(Ric dsen, 1940 ?, d1ey; 1 69, r .42; K nt,

1940 d 1966, 18. 1; he f w r corded 10

ttrlbut d to the ld ds (minim tb1eknes 1.0

ugg et

Kant, 1940, p.S2 and 1966', p.65; d , 952, p.•329)

t both th tberingbam and Blo.ntmey Mem. 1"$ (ma:lt1mum

tr s a by J'.Dng tollow, se 414.2)

d within thatt, and toro the . lank.oe;y

en ven p rt ~ equivalent to ~
s r t t t ca. tel' at ot

p.47 ) is not litho net1eall1 lntod

00 d thic

are easUy

J.Jembe ls 1k

high r dB.

Anoa tel" ( loh~d on,
o !ncaa ds 1 wh

ther hom or Iankney mber

Ano ster ot ( b.).
.9.0.

,v a s,
IU 1, Gr tbe.m (SK 937 .. 2) to Dembleby

o bout the it t lyay

034 11; .2.1.).
t t r
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mber and 1s in turn overlain eroei 1y by the Sleaford'lsmoor

(F .4. .); r tloosh1pe t at

B y Mmbcr is d veloped.

Southwards from the Grantham-Dembleby district, t mber

con lste et l.y n wherever t

1s only seen at Little Ponton (Sit ~0520); further outh expos at

t is 1 particular 1 se8_r~ and it 1s not until eta
9 0180) is reached t t a eomple succession through the

hor1~ons
,

re; the strat aph3 ls quite different with

the r hav la rally replaced both the

oy V.eml:$t (F .2 •• ) • In contx' at" tlO'.rth-

le.nkn y mbar e n be : d1lr

uaee 11 ( 028519) bo Blanknsy and .~et· :r1nahom,tr 0 d vla

". re it ha be maximumdevelop nt of over two troth In the

quarr· s bipartite d1vis10n, typical .of' uncewell and further

outh, is cst, 1ng replaced by the mOl' homogen eua quartzoS$

yon Y18ther1ngh , t Blankney

f'ollowd: th pprox te lovel at twell is not co. s :LblG a.nc1 few

exposures exist north of Lincoln. However, in an abandoned qu.arry

j t outh of Hi Id tow ( . 973008; '1 1> mber

of t ther1:nghem and la ord

n 11thofac1e r mbl1ng tho

np1te tbe ettraa,tl1 no 8

to att ch too much ~d~n too his theory it would

ovidence ls

od d. If th1a cor lation is oontk-med, however, it 'Will show that

in ah . p eontra t to the 1 wer

h tory or th upper .L1neolJ1ah1r

colnsb stc ., 010· al

~ stone ot this no;rt rn region

vs s1milor to the r at 0 th county_
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At tbe1'1ngham, the tbJ.nl3-be d,,' 11ow1sb-or

we tbering, quartzo. peloidal oa1o•• J.te. (lJ.thOt.ot..), otten

--18 .1ch iD bSgh-spSred g atropod., tJp10 lJ.y t .. d

dwU ._.d. '!'bellt oontent,

• r. "do'.I'-lSbn e ncretlon.
lmt.lIAPttll. The 18d at UI'1"Ouuu.oWQl

at nSAient SD . 10 ._.

10 4 (FSg.4.158), deena •

'do ra" 11., nq

triable. 001ds cur In

Be id•• the ubiqutoUl. h b-.plNd .1 tha appear

o haw • pre~", d u.s a1 at (pee u,t Blal'1kb.eJ') ., w boaT
t08 U. • owever, .. c ot
vert 1 ow are 11 weathend, 10 blOOD ( .4.1!9).

Althoh "paJftdtf iD plea y1ew, coli' reNlI' haw

co et!.... lat10a hip. n n bet_ D d3acent p' • aDd ,_

ity ot t· • burrow. t t to be . the &lUlolW••

tIP' • 1ft otheI' local!: Se" •. tills ldad t. I1thO!oib. .q.n
11 ..11 ( op le J 0(23) be" bodI' f, ft le

8 Uarq reatrt.c.4. tl v J . Soul te II x-"
nbratw.1d n e. Blaakntty, and ._ilaz:J;r p" .' d .p1-

t; 1 bl,,81... olita17 _alia at "

ta at R sl,.. ID ddtb1oD, . b " obbq bud d. at btl

ot the Blan • be Son.

row, \JrSh as Dll6IJWll.9lIaa ( lch, 1&7.) al:Gll.OlMh

t ely been shownto •
, MAl'l'IbI!l· r ID mld- 00 bJft (Brfl~um:•• U to

•
t7P8l. At Brace by
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and oo1d-..calcareni s (Lithotct1e B) alterna rapidly up the

.. qt1enee, which 18 initiated and concluded by' oo!d-oalc n1: 8.

However, at mbleba' L1tho£ac1e B grades Up :!nSo A (In Cl terms)

well the r verquau 18 aeen.

IV.9.d.1. : The ee pact, pelo1dal Cl learen1

. 08t11' f'1ne cra1ned and wll aorta, w1th tf ,It J worm tube and

w ter-worn and tr&.gJ'llen d epifaunal blvalv 8,

and being t pr1ne1pal faunal le nt •

IV.9.4.11. I· b dal, oo1d-peloide.lceloarnlte

ounts et ooids tlo ting 10. peloid-rich

tr1x. So lal'P 1rr guJ.ar 1ntr olasta (1) also OC()\U'.

or Braceby, at Splttl ,a HUl andL1ttle oilton,

oo1d-dOlll1Dat:lt calcarenit It whleh !Toec· .d·. ll.7r

eat, prov1ds a third I1thotac1es type.

tv.9.4.W.I4thola,-H,QI This cons18 ot poorly..sorte.d ooU

nita. with and lat 1 grain..d drulnt17

bivalve. andaatropods. This teeSsa mq gt vat at the 'op .f

both t Spi tlegate and Uttle Pton queD. to' cl

apdlte-oc nted ooSd-o 14ar nit •

At Splttleg ~., the.. ore oold-rich beds ooo\w t the is

ot the 18qr171n& m4.cl"lt1c1 at··., whUe t Litle

Ponton .ssien 18 a 0 t nt!re17" 0 d ot the . air '1 Golf-tea

0); with 0D.ly be $1nl p·t haT an 1n0000a of

·he taolated upper Lincoln bire L1mtet _q_ eft

Hi ldstov in .uth Bum r id is Initiated bt d,

ol.ea~ ...wa bed oo!d-caloarenJ.te (Litho'aoie. 0'). that pas. lute>

b odal ooid-paloU-eal_, ni•• (L1thotaoS.' I). H1ghernUl 'bhe
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unit show latera~ .:r 1stont,

.q no s, 1n wh10b ooal' aln d, Ut- orted, oo1d-oa!oaren1te

with subsidiary lntrachts f.U1d skeletal grains {"N n, corals

d l' b1: 1 J var1ant of L1thotaoSe C} grad up into tine-

arsine, w ll ....sorted, barren peloidal calcaeenltGs (athot 0 s A).

aob rh3't 1s ofth order or 10 - 20 oms.. Tho \ilboI'-e _quaD ls

e pped b.Y a rlppd it of' olel!l'1~ cl, m rat 11 wll-sorted

oo1d-oalcaren1t (Litho 8018SO).

As the 11thotaoie are or akin to 'bhoot the Blanknel

Mmber tban any other upper in· d 1 r Lincoln hire

unit, they ha been tentat.t 17 ass~Md to thts mber.

IV .9 ••

the 131811kn11 mbar ts t1P1t~d by pel pari.a (titho-

facies A end At) whioh in . mid·Lincoln bb-a lOOal1t1es

sub 1d!ary ounts of 1xed peloid-oolith l_a (LlthotuSe a).

The qWUltltat1wly leas 1.mportantL1thotao1es 0 oolites represent

t oollth-do inated nd 0 the mbez"s oomposition 1 t .4.
140).

"N .9.e,i,L1t!J.0tAQ101 Ai This tQ,01ss 18 compo d ot ry we11--ew d

quertzo • .,1 1), which, in addition to h 10 ,

conta!n varSable ounts ot detrital quarte an iAOl" quaa 1tSss of

b1.oolastll and "11th. A1 hob apax-lte (e. poor:r.,-de 10 dt r1m-

nt p -date a block'$'tWilling sp ita) ole 13' do Snan

OWl' mioritG, the

ot the wit.

t 8

rooks are texturally packet • However, IIlUCh

resulted &0, peloid LJ~·"'.H"Uown. to
ina laok

O1'Sginal "sort s". Otbor peloid e:te poor a1 to ovoid Ct (tal 1)

r 11 shape range sugs et a po11g netic or in tor
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peloids as a WlO1e.. The randomly catter d, suhro ded to oubangular

quartz graSn eee : with minor Cl tlt1e' or wb1te m!ca.:tropod ,

bivalves (c at), 8cb1no rma, toram1n1ter and ostr oods

constitute the so b1oo1at , ",hUe t rew "nCD:"malooliths

outnum' d by incipient ,Which e not ea 111 d1 t1ngu.1sbed

trom the peloids.
11th from e ntral t1ncolnsh ,this litho!, oies 1s

r flected by thof'aoies Af I which 18 d1t£ nt1ated fro A by ita

lao ot abun&1nt q1.1S.t'tzud ~a1nstone teJtt ( ig.4r.142).

IV·.9•• 11. ,: The 101&1 and g'_.M;

( 19.4,.143) 0 this rae nd to be r oined than. tbe

oosperltes of t.1thotaoie 0,. The omtn nt col1the a Ut m
generally ne -sp rical \11th pelolO. 1 nuclei; many co d a

"incipient" and resemble large peloids in 'tBaI'J¥ oases. Variable

quanitlt1es or peloids acd b1ocl.asts ( )'P30.Q, b1:e.lves, sa tropode,

echinoderms and toram1n i'"e.) t et r w :th to , lar e, 0 n

irregularly ....shaped !Atraolast, ,m up tbe hlder or t rocks,

whleb are ce nted bl' oorl.y ...to--v rr-co 170178t0.11 bloclo"

nt.. An et 17, acicular r~ n' la 1 spal"od1calla' 10 d.

Textutall1 ~aklstan s. the ~Qcksve:t:'1 fto beSng b1mo 1 'oqu1te

11 ,sorted ..
'~_~fiW,;lAa........... This, the lea \ "typic If t C~8 ot '

bar, is ooa~ ~ grained than t 11:hol le, Cl' prh t;. 0 1»t

li' of, oSee. ~:S, it 1 dOftlSnatedhI ooilth but t eN ItbAgh-

e_rgy types with goodcon ntrlc laatlotls 00 tins ., trum,~
peloid flUC • Alth h ot of t oolith.

pbepical to ovoid. lea regul..at apes ' n in

rictal to aomposite oolith. B1oclas'ts are th ccmd 0 t abundMt

alloohems 1ft t ... let 1 sparltee; (

bivalve frapent are t OOIJlllllOJDe.t types b
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OCCUJ!". M1ner oun S ot 1nt ola t (le.r ,~ous m1orlt6-

1 s orao puit ins) and lnterstltSal, pol1gen tio loUe

ma up the re ·1nder of ina, wh1ch are Bet ht ID d

tr1x ot th .• S 1t.

is dom1nant r m1cr t , which po.rt17 be the product of

peloid akdown. AI with , a poor -de loped.,arl1' l':un-oce!IIU'1

·_dates 41' tal, bloc sparl •

h litho! :i.e 111 eli,"r ,the lan '1' mber 1.

d in m!d ...IA.nooln hit tts aoml:mQ rf-stioalll'

n1· ner Ut
Coal'S r-gt· ine ,Go1d-d 1nated sed

M th r1ng1u! n4 Sle tord "'1'J .!miler

10 Sa. also occur at the t of rt 1n. .d

Sleaf'ot'd Mem .t Bls.nkney l.1UAr2"V

W re do the . att in the thkkMsl n iD the Bl,~ug

e t the k1nd et Ii, .nt010 14al tt·

seq nee n in be Sle

tho iI'l t· Blanlm l'Mem. r. "tore, tbe dgmJLJmm.~1JIIof t,

.M. a

and con qUltntlt e lat value, to t" Blankn l' 101...... ,-.,. "bleh

ha en usd to t &'thewl pr ble tic et ' well)

into th propo d upper Lincoln b ato

!'II ' .•

selle •

In

Little Pcmton), w

thin bedd1ng and g

8 ( pit le '

t 1014&1 ' 18

Rll1 d

ral stre .aphlo 1 ,qUl.tft
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.10.

per Llnceln h1re

ham ( 9901 0;

rea 0 bl,' thle(2.9 tree),· 1earl1 r
s yielded O'

F.4.14S)expo
d b!l c sslbls

a

(Oh pteI' Ill).

IV.l0.b.

th r ham and BlaaJtneT Member of cent%' L1neolash1re, d, •

8· h 18 at t ". aetr d8 1 kal'S. la

constitute part ot the moster dfJ {Ke.ttt, 1940, • al··o 'Gilt ia

871 at r"';8rad1e,., 196a, p.23S; d Sw1nnes-ton and .11t, le'16} and

the ADcaeter ton (Richard· on, 19 eb; b . ot plate. 29.& BJ

Holl1ngvorth nd 't lor, 1 1; d Kent, 19 , 1'1({ .•1.). In dea.U

t type otlon is equivalent to lIlost 0 the atei'd

(Richard on, 1939 , p. 5 - dc2 ot thea ter Beda of Kent Sa

dl 7, 1 8, 1'.223) and p ot he cwrl¥· 0\ d

beda" (Rteha.:rdson, 1 ge:: lower part et Bed S or the Arles. or d.

oten' in 8,1 eter-Brad 1, 1 , 1'.22&).

,uth ot C et BJt , tbB lithoRr t pbT ot the per

Lincolnshire 1s complte t d by' t ro 1ft of

or t units.

1 1 .aeael! !en. (

ha

be n introduced to de Spate the

. adley, 19 e, tor ""Sew), whteh

d and o1MlI' tlGfwd

h1cal1y. or ot
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1939 J and nt, 1940 and 1966, fig.l) and Betton at (Kent,

1940 and 1986, ftg.I. Holl1ngworth ana Tqler .. 19S1),wh1ch

usually eonsiared to be tbeout rl,y equiva.laat8 ot , Mea.ter

ds,ha.ve r had their: northern gme deflMd,emd it 1 po ible

that the Oastle mb&rcould be partl,y equS: lent to t

unit al e, H ver, the bel' ls not part ot tha Cl1psh

a outliD cl bJ' Sv1nnertonand Kant (1976, p.58)aDd suoh 11 low

ruat aph14al position tor he Cllpaha at ha not ' allt
been dvoeated (Kent, 1940. 1'.61; ichard 011, 193 , p.42J and

d Tq1or, 1951, p",19) even bT Sv1rlDerto end nt

them.. lves (19'16, f1g.9). The posltio ot tb ()lips sto in

bs 8aba . propo d hare la d . aUS d!n .ot10n 1V.12~b.

oaroiVof atias through the Caltla ham " r

, • it dittloult 0 4e 'l'm1ne th bel" geograph1ca1

diRrlbution and to lucd.date 1t strattgPaph1cal relat1on8hlp.

Fr the avaUab1e exp... • tbe bel' appear. to OCcurt-. hout

ou.tb l4n.coln. hoe ( PI' t SIt 8662 3, to ooltox, K 961136) ..

Purthett north lt la 1'81'18 cl b7 tM Blen ther1Jlg

e bel' ( sltton" (

_a 10ft IV. •o.).Wlth1l1 t sou; h .LUlaoln hire urea 1'10 ole .... ut

thlolm,. 'f8J11at!.onsaN evident. ' the line et good

expo. 046204. 0 Wooltox) the l1t le

to thicken tr ca tle

a t

•

ottleth pe Me '1»1' of the 1 r LinoolntlhkoLS.ma,~n-
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is var1ableJ. at WOQl!ox. tbe SoU FertUltt QI.1Sr17,Cl1psham

(SI( 918154), coral. in tbe top of tl¥l Soot'lether

trunoat dt 1ftdleat1ng eros10n prior to the depoaitlon ot the Caatle

BJtham Me be!'. S1m11ar13ero.~ oontacts are suggs.ted bt tblt

8$qWtrtce is Spl"oxton, stem'" (SR :910233) and south witham (S 91'189),

v re oo.1d-ca1oarealt.s toset upon "lowel"-energr' oa1011l1t1•• and

gJ"hl-poor ooid-calcerenltes C !g.4.2) • In, contrast the ba. ot t
type S ot1011 (Oa tlG B,tbam) 18 arbltrar1l¥ dra_ at the til' t ak

within th grad tlonal seq ae t at ohara.ctorl anot cnlythe Jowe:1upper

Uneoln hir ,to s sloll at Castle Bytham, but al··;Otho

at Soottlethor' aDdLittle Iytbam (. Ol!178, r1cf.4.t).

\&aN en, the Gttat1e Bythem.Member1s cut !Ato ~r ...

l,.Sa unital the S1eatcrd Member t Castle. Sythata sad SGottletbOrl*,

when fttyploal" south 1.4ncobtshh-e 8UOC.ss1<ms ar .,"loped, and

tht Createn Meml!lel"at thrl S011 FertllltY' ~"Ollpsham "1s.4 .•2).

In this locality the S!&a:t_dMem~ bas appar&ntlt been n!llO:1'ed by

tbe dewnoutting of the ere.ton Mmber CIIIOlipsham Bads; .e sedlon

IV,12.'b.).
:tV.10.d. fMld .... Jmit.oy. It .a:li~Ma,li

The e7, gl'ain""'poert.md g&'i1n- ioh co1d-oloareai:s cl

lubs1dtar, oall1tttite ·of the 111uab&1' tJtequentl;y appear b

dlst1cctl 1U'3Nmge nt •.which ts O~a.ct.:' d bt' ~. 4tlcm.

At Caatle ha ; the ba ot the· bI:t is erblv_lI.l: dt \IQ w1thm

a .quea_of "olean", poO'Vl¥-sOl"iifJd, sparite..o.eement cl 00 id-

calcarenites (Lithofaoies. A). wh10hpa.s up. intQ.UdA!JlI btmodal,

GoY-do tnated 1"'.t • Althoh . Sable, the. bede

•• ntSal1.7 poorly.80l't.d, with dOl'l1iaartt 0014$ and iDwaclad •• ,

f.a 8 ore mi.o:rlte,pelO'id-l'ioh tl'b (Llthotac1e1 B). HlIb&~Rill
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grain-poor ooid-c lcerenlte end/or calcilutite (Uthotac1es C)

ooour, 1nd1c ting a turther reduction 1n 0 nt ot1v1"" whichSs

aooompanied b7 an 1ncreese :in the abundance of benthon1c OJ-S8.1d. ,.

Terebratulida appear to be t most 1mportant gro. slloc

at this lev 1. although quantitatively in n1t1cant. var1ab

\11th ool4s., peloids and 1lltJoaolast ; oootrr1ng 80at red ra.ndc

throuahout the beds. Above the cal.c)U 1te, the O\Jn"nt ett· ':ey

starts to incre again upwards to complete a 01'" , high-low-high

nergy cycla and art fl litholog1eal tr1 to be

calclluti e (the lcw- n l'a ax! 0 t ..) are placed b1
burrowed, mod. re,t· 13 well-so~ted, mleri\e-r1ch oo1t1-oalcorent s

(L1thofacies B),which r them lv ollowed by' P orly...sort d,

apar1te-cennnted; ooid-c lear nt (Lithotac1e A),.

AVfJ1 trom Oa '1 Bytham the IS)"mlDOtrtoe.lp ttet'l'1 le al 0

en at titt rtbam and Seottlethorpe (F1«.4,2.), alth h the

latter is a oompleteq oolitic seqllJnc without l.cU.utltel, the

"central energy lOll" ls fleeted 01117by an 1.rl.cNa 1n Jtl1crl in

the matr1lc glv!ng theooU.tee El "dirty-If appeernn • R ~t no

stICh patt rn 1s evident at the .011 _ rtU1ty t::'tmlft"v,Ollp bam,

'" the s cess n compo d of poorly-v , coW n1 •

througholl1;, although a more micritic lna:trh -ppe to nt !A

the uppermost 'beds. El where (Sproxt01'1, ta1nby cl \loolt_), 17
the pt ot e' m r ls seen, but here too. s;ta ' -rich.

poarly-was d ooid.oalcar.nit. . giv, 'We.:! to 1mpltr. caloilatite., that

JII83" qa1 f'ossU1tetoUB. t -roU; pita

bJ: &1 s (pect!n1d and. ) have n n in ':tt n to

gastropods, ,achlopods and burrows.
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IV.IO •••

Alth distinot l1thotac 8 n d

f he Caleta Bytham Mem r, they form pat't or a lilac gr dientn,

within whiob bitr817 division' ha n d:r -wn. .nd mba%'

(L1thot. 01$8 A and C) aft ta""l.7 re d1lT char cterlscd, but tbe

inte" 'n1ng t1tbG~. teD is di: r '. Therefore t 11tbotac~s

oharaot r1sti4 , vhow in r 4.146.. UlustJi'w

atS: I1tholo: .. round 1n t t 0 S peot.rwn. 117 ..

text - :okst .. n.

IV.10 •• 1. : Oh cterlstic Ut, thi is s, poorlq-

swted 00 parlte •• 1 7}, hloh s ub id,. &moun' ot b1.o-

cla t , irltraclastsd le1ds ,ss kted with tbe VfJq d !nan,

$Ollthe. qtd.te clo' 'bOQbd by- two

ne ations or nt.

pr -dat
Litt 1nl'stlt· 1 lart

ly-d "10 d, tao achous rim-ee nt,

ly-erystallin bloekl'spar!.te.

n and the rock :u,
tboring

d e ',nst

'n 10 tbe

1nstone. oltths in and. 1

mbor count r rt, lar r on s

.mierit1 t.ion end 0

t

1 r

bloc
1erlt

-e.:1n. The sp. :rical to' ovoidcol th lo14a.l.or

d om1nentl1 "normal 1n type, altho h

true ure 1ft so • A tew superficial

O()ooUt.'* ,. 810-

group, with blvs.l

cb1cpod an4

lelt la n'

and. nl" r '1-n

clasts are t cond ost abund t alloch
1-0,111 pr~'dc' Snatin , but e&tropod"

wo
s parlte-ait red b

p udomcrphs with micl'ite-8l'1- lopes. M1ncramounte or tntr cla t·
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and/or pol3'genet1c peloids may also be pre nt.

IV'.10•• ,.U.UtbmeSee llh Th1s facies ranges from loidal

oosparltes ( 18.·4.148), that ere text"'ll7 gl"alnstOll&8/paekstonos,

to h1.opelsp :I; s ( ig.4.1 9), vhlch cl0 to t paoksto /

wackestone boun6ru.7. 'lbe tor r llthol08:1, vhlob 1s 010$811 aligned

to Llthotacle A, ls b1moda1with tha small 1nterstltSal loWs

ccnt!' sting with tb& dom1luln' oolltbs, eu~s1cllary bloalasta (bt"Valvea.,

gastropods, brachiopod and toram1nit< 1"a) and . ry r intraclast ••

Th eoliths er ry a!mUar to those of LithotaoMS A, except that

some ha onoo11tlo out Mhs. 'rhe dlwl" peloids may well ha

po~g notio. Ath1 ad of the speotrum spar1\ 18 do Snant r

micrite, the ,tel" eppe h1g to result tromooastt.enco ot pe;.1o!«1'.

In m1crlt-~ areas, an "early rim" and "later blotleT' ca nt

"en. "Towards· .utho,faes.e. e mierlte become more 1rnportant ttl'ld

eventually dQm1hnt. Bed OBQ asb illustrate thl.s end of the ll~o-

logical range., It 11 d1tttcult to deoide whether tlds rock b a

poar!:v .. o.rtsd paokstne f!Ir WI1Cdr8 tcme, t· altho h m~t 11

clominant, much (I it apJ)()11l' to b w been ,",10. cl by peloid

oMl.eseenoe. Oompoalt1cnall,.. tbe ~GCk is 01048 to L1tb.ota.ob. C

hewa r, tor b100 ete (bt "8,9,}0_", bt-ach1opod , GCb1noMl'mrJ

and i'OI'am1n!.:t'eta) an the c t allf)(J}ms, toUowed. tv peloid,

the &_0\ abundance ot wh10h 18 d1tt1cult to deo1d$ becau.se or tbe 11'

coaleseen. in OWl 8 0 coU.thl,ve.ola S, oncoU.tee Cd'14

detrital q rtl ar aleo pre. nt.

IV.1O•••Ul.»seatl0aJa-21 Th1atacfas ls re nted by POC'4'l1-

orted 0011t1obiomlcl'ite ( • .150 lin whioholloltte. and 1>1.0-

clests ( 0 tq bivalves" «astro ods .an4 Bl7PJo~ ) ere b1 fer ,be
eo enest gl'atn t,yp6s. 'l'$xtura.l13' a WObst01le, the m.lort «1W8
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way to sparie in prot et d ereas under s1»118, and again 1t appears

as though some or the mlsrite ha result d 0 tba coale cettCe ot
peloids, wb14hto(lether w1th rarel"slltand 11141'1111d ooliths

mak lip the l' mamd r ot the rock. The O'fteol!te large t often

composite I and :r&Ul1dedgrains. MEU\V\re alga.l~oa_dJ llicr1tltl1ed

ool!:bbs ead uti' clasts. Although pox t-1I ovoid in ab ,

m.an, bave as

darker brvon. "1 a" d p1ct t ot Mh ••tion.

ot 0 :tatand1ng 1n'berest 1n the faun.ot the Castle Bytbam

Member are tb three '<IlI11Jsb~¥em.;3 ct. m~a:,( k:maa

ex.QU.) spec1mo1ls trom Castle Bytham. that are tbe cm.l,. present-

ative. at the ea1!! SubzObi ot t, b.my1ucAlA Zemeto Ye be.' n

The OeeUft'ellce of two ot the. spee_.n. high 1t'l the Oastle a"tbam

M her quanoe (F1gs~.2 and 3.4) nnd of a§hktmkAII ott

§...caliMlh Sue Undicative ct the youn r, Sub-

zone ot tlhe - Z J • Chapter III) low !a the .l¥iaa
SleatO'.Pd Mem~ (also at eaetle a,tham) allow. the \1pJ1lerboU114al7

'Of t mllA Sublo to qu1te n.arr 11'delSm1 ltl tbis

local!t,. and a hitherto
d1vis1cn of the upper L1n.colnshb-

d biost!'. !paphloal sub-

8tOfte to, demonstr ted.
Evidence cont1rm

ham Member

a s Uar

1s1aek

(e SI3 a ) tor t nber C ,le

.'
Tb nth 10 faUnll 1 dOld.nated by .pUs. 1 and. "0\ Ue.,

ftallov 1ntaUlUl.l 'clea C,s.g.4.181). Fev, 1t eqof \he f, aN

tOlad in lUe os1t1 - • and the, leta! de 5. and ffcoavax-up"

or ntation otdisarts.culated htalves s ~'J8tth t the botto _s
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tor It· at least, Oltt'Htlt washed. Ho w1' the ee ot

Cl.U'1'ent act1v1q prob bq variea, as rene ted \')1 the ranot

lithotaOies. Also the Clalcllut·1tfB' fauna or art1culatd _Ie"",

br tul1d.8 vas very l11tely !nd eneu to that substrate. Certainly

Q sub.,. t.....faWln r~let~8hlp is suggeste4 by the teMbratulid:s

apparent. l' strlclti.o.n tothle I1thota.c:las, wh1eh ret ot t Sr

disl~ ot turbU wt re and c.bU. anb.at 8 (Hupt and F\l'l'sSOh.

1974)• SSmUarl,. ttl oolon1al ooral onl1' em to occur bt the

Gold 108l'001t8 U.thotaoies, and they too, because ot thelP

pr terenee tor turbulent waters, may be substrat lated.

(le rally bc.ver, the p1f'llUl1al natttt'e of . uehot the ta\.lQlt(whloh

male8 1t mGre' susceptible to "'fIorldal and br ,aka ) and tbe

delinite, it sporac.u,c, current activitY', .sed nt-fauna

relatitmships 4!tticult to determw, altho h it wuld HeUl t'l'om

.eral pre_rv tStmaleon 14&J" tt.cm.e, tbat JItUahof the tauna bat

probabl1 %lotbeen transpWted verT ter. ID contrast, the die.

articulated 4.$:£91" valw at the bas or he stain que,n~

t at tty to itber the 1'eWOl"king ot the un r 171rl8 Scottlethorpe

Me her01! qutte •• tlve o~zoent$ dW_ castle BythemMember t_a

be. use ueuall¥ oec s articulated. wheft l' t is toun-d.

N .•10.g. QJ.l!guWp,

The O1'lq j.. problem co

let1onah1p with

ronlng the cale B7thara
strat. phlcal13Me ber Usa t.n t s

II

ere eleent1al.1.7 ooldw lGlre nit it might ha.... seemed. l!lQl\'I8

t"e&80 bl.e to have gro'UpGd t ~to tbel' In 1ng1e Wlt aG

previous corftl tlmuJ ten. d to do (

1968, tor review). However, quite dU"terent nvho .ntal
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con.c11tlons are retlected bJ the litho-and blofec1ee pre nt!n the.

units t 1l'l the Case 0 the Mether~ Member theoollte are \len- W3.shed

'and barren ot tsUDa, suggest1rtg a mob1ls,clI:rI"rsnt-swept substrate,

while a udd.1el", oreuble betto ls 1nd1eatd by oat et tM

.. (u..,o'. and f4\1naS of the Oastle Bytbam YiIBntbe~. This would tberetO'

.. em to tavour a eh s1f'lcatlon into pareto mbar8, ,particu:t.arl1' 1a

view Qf tbe _it's googl'aphical paration.

l'be Sleatord it. mber, the thie~ et single unit within the

uppal" Lheolnsh1re LilE_tone, is composed of a complex:ot lithotac1es

ot which skeletal and o01d-calearenltes; and l'Io.nco11t14!f cal~iru.diws

are the most common. Ottoss-ibedding is f:l::>equantl3' dvelopect. Copper

HUl WU"l'11 Aneastex- (SI{ 9t9427) was chosen as the. type S$etlon

because it is one of tbe few . qaeneas to show a aomp1&telt expo.a

succession (4.85 metres thiek) w1th a clearly' diat1ngu!.shable.. anu
top (F.1g.4,152). How~.t as it 1tJ representative of ·~p_t 'of the

lithofacies complex, C atle Bytham (3K 990100) el\d .f)'l.o.nkDe;r(Tr 062592)

have becnds ignated l11P'C.crtr&tot a to illustrate

other 11tbQtE1~!&s and tne Iii quences.

The no.m Sleatwd bas been dopted ,"ather tlbM

ot tt. ·mber' IS

avoid Il1.OT confusion with' well ...knovn fd1:ea,t .,

Rag units or earl1er term1nelogi~uH

The stratigraph1eal subdivisions proposed tOf.' t.heLtnco1nshiN

Limestone byeo.rl1er workers have been" tor the moat P8rl. poorly

defined. Few bounds.r~G have been deploted on masureCi .otlcmtl,

making it dl£f1oult to COJ'l"alate ex:e.otq the tfne",f1and tto1d:ft GV tl-
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-8l'aph1o terminologies. However, in tb ee or the lea£ord moor,

a I W ot1on have en published, wb1eh allow oerte.$n relations ips

clearl1 to be understood. or example. at Anoaster, the Blasford

mber is direotly equivalent to the Ancestor Freest .. a d by

R1cluarctaon (1959b. p.473 and plate 29B) I~wton and Scott '9 ie

now called Copper Hill y>. Ho vert such a relationship bet en

the &least r satane end the S atOl"d M,. r only applies to tho

go qua.rr1e$. tor, a ntion d 1n .c<blon IV.8.b •• t

oster I:'T'SI!5H'r.one0 ca tel' t 0 ..ht to bel to a ~he1"

1 tban tb other ds usuall1a trlbuted to tbDavat

Ane at r estone (or

L1tt1e Pen on ( 9

caster ds) by earlier worke's, e.g. those at

nt, 1966, p.65). urtoor • the

castl' Fre stone of 0 peon'e QuarrY', ilstotd 6ath n U' Aneast :r

(SK 992409. e lohBl"dson 19 9b, plate 2911) Q ~ta1n-4r' dose n.ot belong

in ' he Sleatcrd Mmbor (se section IV.12. b.) • lsewhere the on13

other bed,s that are known to be pr eise equivalents ot the Sl$ato

mber t ee, tel' de (part 0 is and 4 to 7 klcluat ) at Castle

ham ( nt in ,.1 ot r-adley, 1966, .225); 11 pert or ,th was

Sn.clud dint "Ra dst tJ of Richardson (19598.; ig.3.4,).

M g rally, Sle ~d m r d to qulv lent,

ill part at 1&a8t, to 'bhe Ancaster' Fl'eestone ud 'at Ponton Gflstropod,

Bed. (1nclud1ng the d) ot Richardson (1939 ), n (1940 and

1968); thee ster e one ot W11eo (1 8) and Ho1l1l1gvorth an·,

Tqlor (1951)J tho ITco , shel3.¥ oolite d p81Glltes ot at onton"

ot Holl ' h d Taylol' (1951) J the line s I'do and . at PontoD

d. of Sw1nnartan and Kent (1976) an& directly quivalent to their

easter ds at C at ty, cast r (SI 987435) d 1ihe Ribald '0."
Bed or tJ eh r (1890), lahardson (1940), ,nu (1940, 1946 1966),
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Wilson (1948), Swinnerton and K nt (1976),and Evans (1952).
, egrs-aph1cr' 1 and ('.eo19g1pal E&ent.

At Castle Bytham, a tlcomplete" upper Lincoln bire

Limestono succossion shows tl12 Slasford t".embar sandwk d bat en the

Or eton and Castb Bythnm ,omoors (P1g.4.2.). However, little to t

south, at the cooil Fertility ~uarry, Clipnham (SK 9'18lS4)~ the Slo ord

ember appsar'e to have en cut out by the Creeton .~mber, i.c.h rest

directly upon the Castle ~yt am l'ember (Fig.4.2.). S downcutting

mny persist southwc:rda. restricting the nleaford 1~em r 0 a:teas north

of Clipsh!>.m (see section IV.12.c.), where it is known to be widely

dewloped, prooobil as tar north as rUba.lds"tow (~K987455; Fig.2.2.).

3etwen Castle Bytham and ~shbY'de la LaWlde (TF 052570)

the member ls constantly owrla.1n by the "reeton 1ember, with either a

mildly erosive or lthardgroundlt contact ( ig.4,153). At Aehb itself

h ver, the Oreeton l40moor development 1s very thin and it appears to

be tidying outll; further north it1s doubtful if the et

pI'! served and the Upper EstUlU"ine Series probably reats d!rectq upon

the Sledord Iem r, altho h nowher ls the approp.r1a 1 secl

to confirm this hypothesis.

In con rast to the X"Olatl simplicityot the up r

bOWlde.ry or the aleat'ord Vem r, the ~lat1onahipG of it 10 r contact

er compleXt North of Castle Bytoom the baa of the it is 110 seen

tll <b-eat Ponton ry (SK 955305) I where the JMlDber re t

roal ly upon the Lincoln .ember of the 1 r I4neolneh1N on

( • ,120). Sim1la1' ext nat downeutt1ng be. occ:ulft'G,d at op' r BUl.

ft.nea tel' ( SK 979427 ; ig.4,llS); the Wils ord atbqwsn1es

(SK 987414 and SI{992409. see 8 et:t.on IV.12.b. and od16, las3),

to a lesser ext ·nt at Castle
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However, this downcutt!ng is localise~,tor mar nor- m1d-Unoolnshk-e

sequences, where the Slae.ford Mmoor rests upon the Blankne,r Member

Cl" .2.2.), aN seen in the que_rries between Little Ponton and

. mhleby Farm (Tr OM~7l) 3:00 in sections to the nm-tll of Ana ster.

Further instances of localised "ohannelling" are also thOUght to occur

at Creeton (SK999205), where an anomalously th1ck 81 aford M~mber

succession (over 12 metres) occurs (Fig.4.2.) and s.n the £K)uth-eastern

oorn r of Gretwell Quarry (TF 003'721).

As the .mOOr shows str1k1na thiekne sohsagee it i

difficult to elucidate its d.lstrlbution tv th1eken!nglthion1ne t nds.

The avaUnbl evidence shove that he th1est SGcft¥:)'nsccO'ut' around

Blankn.ey, Glt"eat Ponton. and C eten. which are 11 er ·8 where the

formation as El. whole tends to be at its thickest.

Iv,ll.d. lialttUf!S£~l?t~2S9', tb~!*tl1G:tOa;MI 1P4:1J!PA.

Al'hboUghtypically compored 0 eross-bedded oolites; the

Blear.d Memberis in faot a tac1es-oomplex, includ1ag Et w1de variatY'

ot I1thologias; 1.lhioh r nge fr "biohermal m!or1tett to "pisol! toft

oolites to peloidnl 1 nns. In ma.tl3' e ses th lithotypes 8l"G

arranged hl dist1nct sed!!M1'lta1'ySf!'q_nces amo¥ whkh bf>th COD' nlna-

e.nct tb1ng-upwards rb;yt s repr I nt d. ea. of' biG 00 lt1ty

the membert, taelss hAlve been d into rour maitt tJpe". wh1eh aft

repr n d. to lome elCt<&ntat least, by' 'the proposed st:ratot~lu

(l) CrGS bedded 0 15.tes

(2) Fb!ng-lJI'Wal"ds rh1thms

(3) Oaorsoning:-uvw&:t4e thythms

( .. ) tlBlohermalmi.otlt e"

Howver, altho b these particular qu.err 8: eft $ttat.~aphteally tm
oet important, thet do not Mlr cover the raJlto oftaol$e fir rh1truns
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seea.a.nd other successions etten prcwSd. better examples. For this

reason each of the tac1es groupings has been dlacU8ad with "speet to

"ideal examples" regardless of the1r absenee/presenae in the atrato-

types.

IV.is.e.s, 9!:os@-btddea9!lias! L1:ihot'g.c1ee gx:0!m A: The cross-
. .

bedded oolites form the most commonsingle lithotae!as type (Litho-

facies Al) of the whole member and although they constitute most et

the type section (F1g.4.2), Braunoewell QuarrY' CTF 028518) arguabl¥

shows the most spectacular development of this facles: th1ck cross-

bedded units (5.2 metre.s) of poorly-sorted, o01d-oalcirudltes and

subsid.1s.ry "'clean", well"sorted oo:ld...realoarenites are excellently

displayed (11g.4 ..1.54). The "rawft levels are part1eulal'l1' rloh 1n

oysters, although gastropods and worm tubes also occur. The quite

steep (mostly 10° to 30°) ,pl.anar toresets dip approximately east-

southeastwards (Fig .4.155) and show crude grading, whieh is more

clearly developed at Creston. Theee, the much smaller-ecale, eroS$-

bsdded units with low .a.ngle, slightly concave f'oresets "drawa..-.out"

into .bottom sets (F1g.4.156) have coarse ...gra1ned, poorly-sorted.

bioclastic-rich layers grading up into medium-gra1ned,well-eorifld,

even-pained 001it1o layers. Such tor.set grading, wh1ch is a 00 on

feature of this 13:thotaoiBs, al.o reflects the litholcg!.cal speotrum

of Lithofacies Al as a whole and together w1th the orose-bedd1ng, 18

typical of the sequence seen at Sp1ttlegate Hill (SI{937342), Little

Ponton RaUwa,. Cuttmg, Castle QUanT, Anoast r, South Raw:eby

(rF 029452) and the ral1w~ ou.tt1.ng (SK 957298) a.ndquarry at Great

Ponton, as 'W 11 as the pits aIr ady' mentioned. The fauna ot thtt.

beds is largely oommin'lliied,except for many or the maclu:m1cally

stronger gastropccis, and the abundant !!ellI seen in the rallwq
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cutting quBaoe at Great Ponton, where tf dgertCo-. ts oocur 1nstead

ot t Cl' typical tabw.e.l' var1ety. :tmllar "we e....set If are a1 0

seeB at Nortb Rauceby. (Tr 021474).

North ot these localities, the cross-bedded coU.tea. are

often rich in f'piso11ths", 'Whichcan be very large (50 x 20mm. seen).

t B a.nknay, sunb ~8.ins occur prol1f1eally within 8. "baoound

sed1mont" 0 ooid-calcsren1.tes. The resultMt poorly-sorted ..•"piso-

11ticfl oo1d-oale1rudltes (Lithofacies A2)dis:Pl&1'multf,.d1r ct10nal

oross-bedding (F1g.4.157) and similar crude tOl'eset grad to that

ot L1tbof"achls AI, th 'tpi$ollthslf tend to Qectr in the coat" r, ba el

layers &ltdal"'$ generalls" preferent Iq cono ntra'bed v1th1h d$ria1n

layer,. S1m:Uar eros bedded clc1rudite. alsooocur at Ashby de la

1e.U1'ldeaDd T'h son's Bottom QuanT (rF (}2665S), WMl"G an 1Iipor-tant

asaoo1ated facies 1s also. eelU

Aoove a tbick, aroes-bedd"d. "pisolitic" oo1d-cGl~1te

walt at Tho son's Bottolnj a parallel-bedded aeqUBtl~ 'et I1p1soU.tt.ctt ooid-

calc1ruditos occurs, ill which thin « 15 mm.) t'wa ~ .." ot v.b1te

micrite De developed (Fs.g.4.158), AlthOughotten p. utng

strueturelesa, SODIe faint parallel laminatiQn end al .tit el~gat$

"apat:oite....specles'~ b1eh be "b1rdee aU sW tUJl'$S, oan be n

(F .4.1S9, e asl0 section 1V.l1 ••h). S!mUar :1'8 ot wht~

f'mel,-1am1nated, 1ertt5.c limest~ are also oen at North italtceby

( .'1-.160) but t re the w tel'S ltleA801d" « 20 .), d", to

th scouring downot the 01"et'111ng ooUtGs. or COlt· nis or
ft~rence, t tc'it.u, ds hQVi been grouped tcgetbel' ae U\ho-

faoies AS.

IV.ll.d.ll. fMAne:,umr!ms .rQ;dl1lYl W.U!9tlSlt§ BUWlj. Un rl1!z1g
tb cross...haddad, "pisolit1eff ooid-ealcdrwUte at Blanbey are a
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ser5&s of three fining-upwards rhytbms (1 to 3 mtres thiokj 18.
4,161); eaeb 1s separated from the rooks below by an erosive base,

bu.t all the faoies contaots \iith1n an individual rl\Ytbm are gradatlonal.

E eh rb.vthm approximates to the Utyploal" seq noo outl1Jled below:

(5) Hard, oompaot" fine-grained, wll-sorted \peloidal

oaloaren1t~. L1thofacu,s 135 (top).

(2) A crude 13' bimodal, peloidal oo1d-eale nita, Litho-

erosf base, Lithotao1es 81.

Tho fore eta O.r the basal unit, vhlob 1n places have a peloid ...rioh

base er wOl"tdng ot unit be low 7), are low engIe, planar and graded J

Et sent1all1 coarse-grained, poorlr-sortGd adm1xt1.lr98 ot spsr1te-

oemented paide, intraclast·s and bioclasts grade up tnto wU ..sorted

oo1d-calcSl'@nitiJs. However, no such grading 1& aeen in t'he topmost
"

rhTttbm. lttbere the sMIlieI' {ttti'!!:m lSon. tenbratul:lds and bivalve-a}

ha al unit has notioe bly "d%' wn-outl1 bottom . ts, which dlp n-orthwucit!l

in oontrast to the outhetly dip of the eros-beds in the two 1 r

rh1thms (F1g.4.2.). 'The cross-bedding, which is pieked out hi
If " lined foro ta, is only poorly dev loped Sn Jw lowest

rhythm and the 1n~ ase in import· Qf Llthotac:1aa Hl up the

facies 132 and are oornposlt1oA811, quite lmU'ormthro bout all

three rhythms; some tlpisoliths" occur in the Ui'. !'most rhl'tmn, vh.1oh

ha complex burrow networks penetll:* t1ng down Into tt, like tho. &it

!learby' AabQy' ( 19.4.162). HO\)veri one ftot1csable d1t~ ,"en OCf)tIJ'S

in: 133of tho lowest rh3tbmj unlike th IdgMI' rbrtbms, it has a

l'8lat~ 1,. rich fauna of glohata and h1gh-spSrea gastropods,
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~oUf.:!r.~~~ and • In f ct this d.1s much mo kin to

certain le Is at orth u..ceby, where tine a.1nedpeloidal lca-

renltetJ, rioh in ,

J:;1qp.tJ1va1tia d large and small er tulids ocour in the t of
what is eSS ntiallyaan oolitic sequence. Generally the shell ds

t upon sh p surface, but as ny of th 0011'1e Ie Is

tl" ly thin, « 0.5 metres), with scour bases and f'al"Gr, b1modal

ere s...beddine, there is so relat1on"'hipto t lan.knGy tt •

altho ah th~ Rauceby tacies lac th rhythm1on1 an"ange nt.

""lsewhG o+' r v tions of the tin . s

are en. Fo'1"eumple;o cr-ose-beddad unit (.12) w1 hin the· Copr

rilll sucoession gr des up oma co se

ooid-calearer.d.ta into a f'1Mr, pure, even-· 1n.ed 0014-0 1 n1te •

S1milarly at oeby !.DngHollow ( ~ 010351) tr b"'$hape co

w1th "pisolitic-rich lAgs« p ss up into oo1d....calc . n1tes, whleh aN

1ft turn cut into by aneth r" gea'" soour. It. further '1ation

OCCt'l.'rS in d .11 at Oast· Bytham. \there the upw d tJo nsiti .~o •

.ain cont nt nnd concomitant 10 a ot

e.1h siZG.. A 8 11ar rh,ytbm; but laoking O$¢3!"OS 'bedd·

a1 0 n a.t Ropsloy (T 0023 ) •

IV.11.d,tii. • The most

r1k. kor 0 .r n r involve ' .pi 011 lett

:rook that dharaote :1stlo ot t Sleatcrd m r!a mid-Uno ·10-

.. As w~ h t t1n ....up d quell ., t W1v1d

00&.0' butt blt&r 1 t Gte

1. At HacGby' (rF 0285(9) tvo .nob pi aU.ilion r hms

are en but the be 01' the lower one 18 not expo 4; t OOMP tG
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qUGnc , approx1mat ly 1.5 ~ tree thick, (J4j e 18.4.2.), is

eempoead or a q nco or bimodalpeloidal ooid-a le nltee (with

layers rloh in "brW:"e&", artioulated .wS,lms anddisertioulatGd

........~~), within which :tar e "pisollt.hri .,ins 00 1nar sin ly

important until they dominate the diroont at the top of the :tl\Vthr.l

( ,.4.165),. The pisoliths m' sot in poorlY-Dorted ooid-calo nita.

Altho h there is an ~rall upward increase in the Ifpisollth" eon nt,

it 1s not nr-ad 1. as "pisolitic" la r Iso OCcur ith1n as· ntially

loidal ooid lear nit<;! le Is. Tho hase of this p 1.6u.ht rhythm

is rioh in rolled "Ne e "gastropods. The lowe 'rhythm t H b.Y
(Jl) sho\lS G. s1milar over 11 seq nee (M.thotao:1es Cl ......,.02 ...,. 03;

.. .1M). o.1tho h the 1 r portion nde to en ooid,...oal nita

with 1m rsistent gr d.edlayer' (< 10 mm.thiek) in hiCh ll-sorted

coid-oalcarenites alt.ernata with fin r 'ained pelo1dal- or bimod 1

peloidal oeM-caloarenites; Similar seq noes to those also en

at N wton (TF 041369) and Burton C glss (SI( 982254), whUe

interest v !ant 0008 et De bl by arm. Ther the b1ng-

upwards rhhm ha anerosi: b s 1 unit of' c~os ll.-sort d

ooid-calearfinites, \lhion on pasing up, 10· s ltscro mddlng and

co s nr1abed in t lar "pi 01 tht ins ( .4.1SS). a s i

rh1thm 1s elso en at orth Rauceby. A rurt r tv ; 1 0 seen t

Dembleby, shows tine' aba, vell-sOl"t~d peloidal calcaten!tes;

adin up Into oear ni s,wioh his ".
beoo Cl' d in hp o11thsu.. A rt r et d" t-sion 0 tM.a rhJt •

without t'lpiollt1c" top, is aleoen elae'trtnEul'o 11'1 t Demblebr

qlSnce and at Ha by. All or these vOl'iat1ons GO \10 1

repre nted in ftgur ,166.
At Castle ~hm occ
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in Unit J4J a bimodal peloidal oo1d-ca.laaren1te grades up into a

c,oss -'bedde it coarse-grained oo1d...ealcren1te It This does not haw

an erosive base.
IV.ll.d.1V'. tlL12t9b9rmal ~~gr!~fUi"1LtthpfaO'!HL-lIolm,l2: At Castle

Quarry, AnoasteJ', the l'elsti'\l'ely thin SleatOl'd Member quence is

eha.racter1sed by patch r era, which stand out in t quarry fa.ce as

unbedd, gr~y ce.lcUutite mas s. '}; ind1v1dual· :ef's ere only abo'llt

one metro h!gh and wide, altho~h it is poasible that ~ have bidden

1nter-eonneot1ons., Colon1al cor s apparently prov1de tbe bSndlng

amwork.. w1th1.n whlob El. lIlultit of b1val:' s and bt'chiopodS Ii; d;

many are pt"& ~ d art,1t.)ulated and unlxt'okeA; i.nd!cat tb .Ut

Q$soo1at1on with the "11'f'ing 1'Oef". or pe.rt1cule.r note amongst tb&

rauna are the abundant $ftCl"uot1ng serpulids and ~, aadtbe bot'1ng

Who.Qlu!a,. net.1" s~Uar small-seale, patch ~r. rioh In

oolonial oot'als,tQpl1l1 .e.ncl terebratul1d.s. occurs wlthUl a thlck:

oaleUut1te bed at Castle Bytham (J'3). :thoUgh laek!ng any biostromal

or blomal 10" nt til tb1n e lcUutlt horizon, s3milat" to t

o tle .lYtluun bed, a1 0 oacursw1thln th largo1,r eross-bedded,. ooll ic

atco:ess1c:m at C'Oppe,1"lIU1, Aneaster.

re tr d tellttD"e, a biostrome, 1 lopod vith1n

a 1 hi; brown, ble marl at he tGp or he fJlber 1n the Gl'$..t

onto ra11way outtin . quenoe. This appeal" to be compo ~d. sole17

or norust ,monos o1tio • wbloh 8.1. ca Ion 1b t un er-

l11ngcarbonates. hq thease in dlmentat10n rate,

relleoted 1>7 the

ooUl:dnot be estahllshed in the mobUe oolite ehv1ro.mrrmt, ftipre .. nted

by t re it 0 the Sle ord mbeI'.
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IV .n,e, • V:t1r!!tl9At! t:t rn ~9!ma~MibgtaQ"!! g~()!m3Ass: At the

10 lit!l!s ere th Sleaf'ord In r cannot be classified into one

or the major fac:Sae oups.the sed1ments are usuallr oo1d-oalcaren!te

w1th 'V'tu"71ngamount of subs:1d1ar bloclaste, 1ntraclasts and peloids

set in a largel,. sparlt1e semant. '3eott1ethorpe (TF 062(4) is such

ee 1t. Oeaaa1o 111, poorly...a.eveloped, cross-bed i.ng lltaJ' ba

developed (Little Ponton n", SK9:', 25) but genera.ll,. sed1menterr

str tu:re an absent. In the Itd~t1erfl ooid-calcarenites. tere ...

brra tul1ds, 1Mc1rgt and high-sp17ed gast:ropode sometiDe rlourtsh

(Soo t thOl'pe)" but these sediments are not usuall1 f'oss111feroua.

IV.lI.d.vi. Qiol2§-!!!!3f1il&ietmfi~t An important po1nteoncerns

the cross-bedding relationships ot the S1.atoM 14eIllber. The rna ()r

C1tOS -bedded units haw a so rly component in tbs1t' dip direction,

although occasionally herring-bone oross-bedding 1s also seen (Fig.4.

IS7) • Within the cross-haddad S0qUances that Will t)!e maj OI' scours

into the 1 r Lincolnsh1re L1mestone (Copper HUl. Aneaster, (hoeat

FontoJ1;Gl1d? Crgeton, e F1g.4.2) the crosB-bedd dips approx1mat 17
south-westvards (1g.4 •.l6S) herea 1n tho quaftee- that have not

scoured s1gn1f1oantly into the uadsrlyin8 teds the toreeEtts d1p

sou.'thwards ( ig.4.169) Qr eailt-southea twards ( _.4.155), In t

more complex rh,ythm1c facies seq n.a the oro ~beM1tlg ls nmlt~

directional, as xemplU'1ed by he mbleby saqtJ&n.M;lthough !toan

ppenr bipolar (F1g8.4.157 and 4.161). The possible stgn1t1ean 01'

these vsrkt10ns 1s d1seussed in Chapter V.

IV.ll.e. IIIXI:B,.SZ gtum:m1A1m,0' -am '~1holl&1el.
~ pt v146 cltt _-it,y, th I1thofaeie 0 the Sle Ol"d

•• r heT been resolv d into tour main gJ.toups. hieh their

in petrographic t&atures outlined below.
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IV. 1•• 1. li 2I!93&i-sttl!mt: ia oup 0 lthotaciae

encompasses the ltt1P~l1t oross-1:edded oolites (t1tho ac!ae Al) and

the quantltat1ve13 1es$ important oross-b&dded pisOlitic oolites

(Litho 6:018 2). The principal e acter1.st1cs ot both ~e ehO\1n1n

figure 4.170.

~~~~~tt..' A though 00 ltha always torm prominent pert or the.
grainstoneSt the vary ,bioelast eon ,nt gives a compostional range

from e n- a1ned oasparitee (Fie •.4.171), where b10claste fJl'O hard13'

represented, to b1o-oosparltes ( Se.4.172), wht'u'E)ooliths may ewn 'be

sUbordinate to b1oclasts. t~s ocour on a. bed...to-ted scale

or wlth1n a bed, where t set grading tor 1nstatu::e, can r$sult in

bloolast-r1oh and poor l~rs. Spherioal to ovoid normal eoliths,

shawmg wll-dewloped, ooncent1"lo lem1nae are tar c~t thM

&it11&1'superfioial or (verT rare) composite t7pes. Although peloids

predominstG, bloolast nuclei are Iso seen, and occasionally the

concentrS.c laminae extend to the ool1th t s coro with no nucleus being

",laibl.. 0 oit1c: ale nts ngst the bioolasts (1'030<;'-)

eoh1nodtUl"U. brachiopodst hi: alv s, astropodstv' 1n1t> .. a and worm

tubes) l'Gtain th$j;r ol'lginal skeletal structure and Qampo8'lt1tJn. but

the aragonitic forms arc PK

&.11the eke tal f'r'ag_nts he

d as spar~ tit p cma:t'phth Pr ot!oall:v

El m~1t nvelope and the· m01'O

elongate alne tend to be aligned. parallel to the d pO$ltbnal

surface. In addition to t ptoli.t1c. oo11ths and bioolaS'Ca. rarer

1ntraoasts ond ooeasionaloneolltes ke up 'the 1f minder of tbt reek.

The mostJ., rounded but k gular17"ehaped int:r;.oa_lasts V$ e1tl"••

m10rlte lumps CL'" composite gra1ne, $0 or whicb h f); dlsttftott .

oomposition and t xtun, e.g. pelspar~ paokstone at qUlrtzoso

micrite. HO'Waver#omeor the intraolasts hAw e. thin oolitic Gating
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and are technically superfioial ooliths. In g neral, the "pt:L1'$tl

oosparites ar well sorted, whlle the b1oelaB~-r1ch oolites are poorlT

sorted, except 1n the instances where some form of' grading (or ~ring)

hils occurred. In such a ease an open-textured (grainstone), generally

coar r-grain d acoumulation of bioclasts, intraolasts and ooliths

passss up :into a. mare closely-packed, finer-grained, nearly pure oolite

lay r. Althoueh Val" b1e in the coarser layor, the sorting is (tI3 ral4r

quito good in suoh gra d units. In 11 lithologies, an earl,;r ac1cul

isopachous r1,m...eemant, 'Which 1s especially wel1-devoloped t.U"O'U1'1dt
ooliths (but is often absont from th mier1tc-envelopes of tho hie...

clasts) predates a blocky spar1te cement. hi crystal size· of the !at ~

aries from rnodlumto very-coarsely crystallino (Folk, 1962).

!'he above description h 0 on prine· ll.y com iled from

the rooks from the Slea.f'ord l".omber of the ~opper Hill. Anccstor and

Creston sequences, where the member cuts dow into the lower .L1nooln-

shire !',j.n~)'stono. other major eross-tadded oolitic succoGsions,

suoh as Br Uno well end 'Spittl.egate Hill, where no such downeutttng is

n, are g h rally oomposed of flm1xed-gra1n" biospar:L •

g rally poorly-sorted instoll s with dominant bioelast and

17ing amounts of ooliths, 1ntraclaoto, peloido and oncollta

.=::~~~~_I The pre nee 0" oneol1te gt"ainc (Fig.4.t )

distinguishes this gt'a1nsto f'aoies, wh1eh is Ch ee .-1sed by croes-

b&ddedoneolitic oosparites (F1g.4.174; also 19.4,170) trom Litho-

tao Al. larg , rounded, gen lly complex onoolite , with all

ovoid or elongate ovoid aha • are usually co 0 d of micrite,. which

s a "clott d" o.ppotU'an • 910elastsl oolltlls Or' q rtz #line rli!\f

included with the gr in and this s eta an or1g1nal " t1ckinGsun•

he pt tor a dI near micritic rUn and ome hint of d1seordant growtb,
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ciroular(O.l to 0.2 mm.diameter most13) or el11ptlo 1 eperlte-

1ntllled TUgs e the on11 internal etructU'l"E6 a, altho h tinT
aparite-1nfUled (1) tubul 8 (6j1-w1de)occur in 0 grains. It

00 ctq 1dent1f'1ed the would suggeet that the gralos are akelet 1-

onoo11te8. '.rbe re 1D~ alloobem are incipient oollths (aupertlo1al

> normal), peloid., bioc! .. 'bs (b1ftl ,gastropods, eobin

brtchlopoda,anet toromiaUera) aDd rare intraolasts. Together with a

rew mco11a, the ottn torm the upper, f .1' 00 p8l"lt1.c le,yer ot
th graded conpat. the lower lam1n. being oomposedalmostexcluti 17
ot oncol1tes. Sort1ng within l.qers 18 qui: good, but vhe no

lAqer1o.g18 n the rocks are poorlT sorted. .Altho h there 1. a

ub1qu1tous; late bloolel' nt, an earla' 1sopachous ce At s.s on~ .en

1n t finer 1 rs; it r rims the oncollte8, altho h an ae1cul

ce 1'1t lSnes the krdde of of the Internal 8.

"th.tu •• ,~. Within the thb, white m1crltlo warer a. (FIg.4.lS8)

or Tbompson' Bc tom , t1ne-sc 1ep aUel lam1na.t1on 18 en.

Inrta1n pate's the laminations "buckle" QP lnto1cro-mo ds,

wh1ehha appr 1mateq 4. relter and an 8 • basal d - tel'

(F1g.4.1?5). Altho08h tile 1Dterna1 t brio otbe "hOlfuontal"

parallel lamlne.tiOfla shewa lcrit1c lam1ns (0.1 to 0.4 • h1c),

uch of "hleh appear. to be ooal.e "4 peloida, parated'b¥ du-

00 t1DuoWJrime of "lnm1nar f, ne v. (F1g.4.176), the n I ot

mounds ere hev1l7 teneau.ted and the lamina ot 111
diatin.gu.1sbed. The sp .ita-Willed fen ae t lwd -ery ,

11, irregular torm. (0.1 x 0.1 .) to lar.ge nd 41 t!aot 1 s.ne
ones (2.6 mm.lofts, 0.2 • hSih), 1n which the btl • \en \0 be

gular and aear-plaliar, anet the top h ore 1rreg n....e.,_
packed pe wite w1th rare b1oelast. ( at17 tor8lJl!nUer ) .lU! oolt h.



208

enolo •• the

m t 018 . d a. , wi h el.oagate

betag la .s.naz. "bSl-d .. ,.." (et. Bh1nn. 1988a).

tho h Uar lamJn cl,··· ltSc nv . n Er

th .. (F .".leo), 0 oleu •• 1de tor t-

olltea la preaentjt '1' do not ha". •• ocla d ffb:lrd )Ntn - •

ers d . 0 h and ICO d 1I1to by b. 1& cl 0011tlo

the lattooahlp «: 0 t r wlth the .. tdl4

'VOUI~.blT v1th tl1e "

4." .t
• pIe).

a1; ll.y prod d.

BltmkDe.vI whlch t1P1.t.r til taeS-a 8fOUP, Ol'O.s-btd et 00 art a

de !ato pel.puttel. Bow"!', e. each l"IUghtl¥

dUt.nnt. the h1gbe.t

1t are t dlaeua.. d.

, • t:r

ot tilt. rhJt _ shown iD. t~ ••1?1. !hr. bout 'b rbrt" ,

sa8' cl two • ot

."11' bopaokOU&t, clou1ar rim e' PM""'4Ia •• bl00q •

be."l IJ.t.ho.ta Se. (1). e_ Srled:.oa .. .adM

oo.parlte ( .lg.4.17S)le prlaolp l~ CCIIPOd or tthSsb-e.r81" oollthfl,

1a vh!ch ,be !ntrnal fa' io 18 lqWl7 olau, ,hie ot

oolitic c • \11th both nd ftoW

0011th. ated. t r aft .... 8

latter •. t. le 8 regul..bape.. lo!4. tbe

n.lel, 8 .' 1l_r 1ft rt1c1el colt.tIl bUt .. 1etal
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and so oo.liths ha no obvious n 1euet all, the lam1nae

extending to the cen_ ot the grain. 1dea oolith , a f, w 1nter ..

st1t1al pelo1d1Jalso .eour. to ether with rather ore e 11'1 ...

caeta (rdcr:1t -1 8 or co os1te grams), oat ot 'Whichha a thin,

0011t1ocoating and techtdoalq superf1cial ooliths. The actual

ba ot this rhythm is aleelet1 pelsp ita, compo d or r

po .4r-sorted oggl. .,:tion ot dom!tJ.Mt peloids, b10clast (bivals,

g tropods, r bratul1ds, 1PJq~ ostraoods and tw 1n1te.ra) and r r

1nVIlClaS&8 and ooliths. Ut also occurs. Th1a 8ubtacs",.

pres bl;y repNaents the rewOl-kd top ot the p vlous rblthm.

L1thotacie B1paa' e up into a peloid 1 00 pnrite (Litho-

or crudely d1tterent1ated into 81M1qer.. fhG included ooU.ths

(do 1nant), peloid , 1ntraclasts and b1oo1aats (mostl3 blval_ ) torm

8 transitional 18018 betweentb oospari andpel.putt "eM-

m ra" ot the rhythm. Capp!ag the t'h,ythm Is 'r1 v ll-am d,

pelsparite (Lithot; ol8e BS, 18,4.180) hleh 1 d 1nated var blT-

shaped (pol3genet1c) peloids 4 Ub SdJ.ary b1ocla,t (t· ami.n~ ra,

blval 8 and ostl'Aood ). S~un d to subangulnr detrital quart.

gr 1ft. alo ocour. D2I r tar !nu. J'a, wlth 1tl d - let

are strlk 17 abun t iD th1s taoie ••

D;lt:.iIWD.LlB....1mUWliBUaDiIII. In a 41'1011to the l1thOlo r
eaoh rbJt , whlohenel" iationa bl

the NiltUN or the rhyt a al a whole tAcitea. orall SA... iD

energy 00 lt10na up

following tact .. ·•

(1) The tblckDa it (Utho c .• 81)

1norea s with e eh dUCO ding rh1thm (r .4,.2.).

(2) Text~e.u, t h et rhyt le c .
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rainsto J the l' r rl:\Ytbmsincorpora packsto $ and iVen

okesto s ,

(&) L1thotaoie. as, the peloUl-rloh rbythnt top has a

t xt 1n the lowest rbft , paoksto

textUl'e in, bdddle rhyt ,Dd et _ninet text Sn topmost

rbtt· •
() Within L1tb.otacSe B5 or the two lowest rb1t

detrt~al qUArtz ,la qui c n (the rocks
•

)

but 1t 18 pract;1calq b .nt 1ft that teeSe' et rhyt •

(6) T i.e reaeonabq coldg l¥!,n, noue

benthon.Sc fauna pre ,nt m L1thot oSe. B3 of the 11 rhyt, 1b:l

is Aot en 1n higher rbythm •

'the pes ·!ble Sgnit_Uc~ variations

character" d by tbe 10. ocluot1onand adual upwat4,!n a. Sn

oncollte ab dance. AlthOughs' Uu d related seq nees ere n

el_wheN, t rh¥tluna e.a apo,d Ha.J

osuch b3' rhybhm1e d d . low 1 Qhalt tel'-

!.stice of its l~ botaoies (Cl ~ CD) eh 4.181.

basal P tIP 113, b odal

00 part ('F1g.4.182) 1ft wh1cb.a large sd.e ot m1ctlt1 d,

'0 O¥'oldoolt h ocour with a oup ot 11.1' elloo, II (, ostll" ooI1the

and pelo1t1 ). Qc 1 bS,001a • (bi., and t Uti! l' ) lao

n. 0011tb; which

type. The .d'ite ,

41' !aot

00 alway b od ,
a!nat

u17 oloular rUM:e_

,
~r.J«nt gl"aSn

4 Sa two

" bloc

.8liQltlB t 18. '

eort d oncol1tio 00 pari 8, m wh1ch be o11tha
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00 n, he ooliths er fJ ,1lsr to tho El 1n L1thct ea ' 01,
l'bough nOIre haw been nee ntedtl to form gra st .' , grains, whUe

acquired. ncollt1o coat 1ngs Olld so torm

in onool1t1c t3J)es. !be ot11.81'two gr06 of 1U" r, mwitlo

om 0.04 to 0.2 • in d

ction IV.ll.e.,,) L1thotacie, .42) e.re
ro' d and e1th r k .gul 17 ovoid (3.9 x 2.1 - .)

nt-a the rock.

Ja:liAW&ll9.W.1 he app , poar - orted onoolltlo 00 put ( ' •

•185) differs in numberot- . spect fro L1 hotac!s 02:

oncol1 mo .olitb., miol'1:

pan e and the rock is text ally packston '. l' s,phetic 1 0

ovoid coli-ths, vbloh are

gast.ropods

sto er
and the

1. till 1'1.

lt1c r
n 111 clas

nclosing oncoll,te

pacst

1.80t lvq.

t,. an ~lJar,

o1cular

the 1ns1d ot

nt 1 Cl original oid; vh

pre. 10 wifuin t

ob'1loua.

01 at in. tntenal twotk of - a1"1 ..

(0,04 to 0.08 • 11 ) r diat1ngo'O:bV d. fro

a1Il'. 0 egg t tbat so ot t gra!nl b:J

onco11 or n rhodolS: e • Altho h !crt p1'WJd '!nates, m thlt



al2

mOl" "0 nU Br s the US 1two g rat os of

recognised. S at le. ot tb

coaleeoence •

e nt an be

sult of peloid

te· er a n berof var tltm tb1s e er n1ftg-

Upwards mod 1 (- ot1on IV.ll.a.1i1.), 1noludkl. &ling in

the 1 part jor 11tholo 10 1 ariatlon

to therh1thm. lth k5.nd ef'

rhythm is tnit' cl b1 . 38 ill the De blab)- It

v rr pel par1t

b· od 1. lo1dal ap it ( e.1nsto ) J the

• where

~to a

f the bed 1a

in. 0.1 0

havlng a

late to tb kiad Q ( ,

"a n • qWlh t aga1a '

1, oo11t1o blo la (packs ) in· 0 an 00-

sp· t e (gJi'ains\o. ) 16 I'l t Castle d 34), In tb18

at tho top of: t bed (oncoUt&-

IlI.l1. • ~ • M.i&J.WDSW!Ji:SD\YiLJIU.

tne I

1&. 11 0-

(1) cp1ex M!:.nn..t'A1lI

ty of Al'lllrP1ts,,p;- &tel', 1ft

nth ·10

not

r

r1eb in body to. 11", bUt tl», 'aN
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usually burrowed end!or biotut'bated. Co.mpositlonally t 01 ra.nge tr

poor4'-SOl" d biom1cr1t s) througb blopel.m1cr1: It

(wackestone ), which ·ore composed of ra1r~ II-sorted, ovo1d peloid.

(0.062 to 0.15 • r &) and assoo1at d bioclaats (bivalve, braohio-

pods, gastropods, toramin1t r'8. up 0 1 ..2 mm,), to wll-sortGd,

keletal pelsparit (p okstone:), which ha a. combirlatlo of pol3'-
enatic lo1ds d inc1pient ooliths (joint 12 r , 0.002 to

O.~l mm.), and bioolests et rebt'etulids,echiAoderms ~ to 3..2.mm.) aU

et in a d micrite and spar1to matrtJc ( 1cr1te do :1.nant).

Nelther ot the 11thot)"pos are q .tltati 'l:3 important.

IV.ll.t.
The vid 11 held boll9f that the at Po tOll .... ~ ....._

Beds are the Y'oungest unit at the L1ncolnsh1re result d

in the - at Ponton Gastropod Bed .s.ng oorrele. d 1: b tbe

units en elsewhere s the Anenster Rag, Cl1psham Stone and ldon Beds

with Bar ok Rag C e Kent, 1966, r1fHl.). Such fA' co .

is not followed he J the .stropod Bod.so.nd their "pisolltJ.c"

equ1valnt (Kent, 194-0, P.5~), e inel m

nd as \lOh ere considsfid equ1valen1; to the stt&.ta that \&I ly "our,
d1atol¥ 'below t .10 et its nt10ned hove. i. .. t the

ttAncl.at-et'" et lewl" .. In particlllar, the G trop-od de

thought to bed:S.re ~l,. equivalel1t to tbe.Ane r t Coppe~

HU1, Ailoo. tar( 1cbardson. 1959b, 1'h473 plate 29B); which the

t pe ction ot . SleetOl"d Me ~r; ca to bot the Nata I-low

the "Cl1psb 48" at C tle BTtham ( 1chard on. 1939 j

3,4,) .Tb1s N. nil has ben d upon a 1'e xatd.natlo ot
lithol 1 &£t1l1tC $ of the beds d tb vat phic 1 la1oa-

hlps .. ft U. .he new17 oJ!)nedq~1' at GNat Ponton.
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tho in l1thof'neie (croP'" c1d d, sk let 10011:1) ot
t Gastropod d is re,. 11 to t t eo mos 0 he

S tord F..emberat G1'eeton, and to lee r extent th:06& a. Gappa" BU1,

!neaster. of g str pod ,t t 5. su po d to t1P1t:f

th unit ls not pertScularl1 not1eeable in ~ r 11wq cutt cct1on

at Gre t Po ;ton (SK 9S72S8) 4 1n v w of' t r tbe'r v1deap ad d

o n prol1fic oeet.U.'Ton 0 gaetrop 1 w11$ . to' la,

not bly 1n h Creetn':! 1111
t is thought to be tu ...

e acter1st1c dir'ec 1Gn·ot t S ord

nte og a teat'Ul'e of the Gotropod

c t11)1. 'With t1nCLUM ..LUI.

ntis t01: t e propc <I .~"'CJ."~iW,

oolt· s; t

• us t. g nere1

ds $.ppe to be qui

mbel",

at sti.paph1e.

UntU re nt13 t

xpo d in the at oton

ba . of t1:1e,

ion and tbe r,

no

about its stra aph!.o po 1t1on d upon inf;Q"tn'af&l'" *""~'~""r

• 1 t p.85).

d8

d tlo.n hip (ct. . n , 194O, p.

!n the nevly' 0 d Great P ton

can d:trectJ.r e CS, et

Lincoln}l.e r, at tb· 1 r IJ.noo shire

similar Nl tier sh1pto 'h t

ot

be. . or he IJJ:tcoln

llVlL9.2!&l.!A ( $6ct1on .5•• ) ~h4~_

stra ilraph1o:L 1; B81l1"01H113 as typic 1 11

08.10 ute lie t

t, therefore, the

loUal

t~ t

stratigr ph1c position 0 he' U'I'I't'II<'U P ton

Uncoln



ds can be an} they do notoceur above equ1.valents or the out l"

Freestone as suggest"Sd by Kent (19S6, fig.l.) but at tb same level,

dOWllcutt1ng deepl; 1nto the lower L1ncolnsh1t"e I&Destone (F1g.4.2. ).

Such a strnt1gJ'aphlc el

association of the lm:a.m~~

nt is SUpported by th$ postulated

dB (~ above the Gastropod SeAs)

witb the Oreeton Mem r sequence lsewhere ( e section IV.12.8.).

Although the new evidence allows tbe Great PontOQ Beds to

be more raad14r ass1m1lated into the 11thostrat1grapht ot tNt tormt~n,

18 does raise one problem) that or the total th10kneas of tha 1.d.nooh.-

shire IJ.mestono 1n this region... :Kent (l94O, p.Sl) tnte~d that the

~ser'1at!on of the 'b~l' units" t the Great PontoA d$. in t

s.rnc1ina1downwarp south ot Grantham: could lu:eo'tmt tor the ~o.nded

th1eknes,a of tho formation recorded in a we 11 at nearb,y Booikby

Pagnell (SR 972508; KAnt, 1940; p.S,,). However, as it ft1IW _ems likelT

that theso units are n-ot strat.igrapbice.ll.y ldghel' than the majorltyot

t~ upper Lineolnsh1r& UlMsto.ne, an alternative explanatlon. to;: the

thiekening must be stlught (o.lthoueh am-elbal varp1Agis tlot oomplet.lr'

dismissed, se S otlon IV.1.2.g.). :rhe th1ck.en:i.ngof the know &ub-

divisions of the tOl'mnt1on $SeQ the' most 11ksl.f eal:lS$. fa;, ~ls,

at Creeton, the S1eaf~d t· mber s&qusnco 1s Pl'aotieallr 12 t1'08

thick (ba.Se unseen),altbough elmwmre it tlfmll" exO$- $) mettefh,

When orJ,e "members that at w!cd.nnllf1 the tormat!on 15 <mlJ" 40 _~e

thick, and usually con.s1derabl)" lees, it1$ not d1tt!cult to 1M

the co-development of la tew such expanded quen· s ~ucins the

aeee.aary th1eken1Dg.

·r 11, there 11tt1&&00n to een t4er 'bha

Ponton Be4sas In aD¥ wq unlq_ (8M also _otlml IV.12.). ~ the

d1mentologieal and strattere.ph1eal eharacte:rtstlos ot the bcJ4&appall"
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to e t tI w" Sleetord Mera r, with which

classified.

The Creton r, prino1pall1 e po d of Cl'QSS- d cl,

skel 1 and oo1d- -learen! is t 1'0 at \lbd1vllonof' tbe

I4noolnsh t:1t'tlol1. Altho hembe:r tEL e lte

£tom ere ton l' (SK 9992(5), Castle (S990l8O) has -. 1'1

chosen &s the type o1i1on (4.8 thick) Sg.4.1 5) the

Creeton quence, 18 d81.1gerouslywo sslble.· llowever, as tM eto

mbar ss10n atstle 18 lnoomple ,

adopted as the boundary .. stratotype (. dberg, 19'6, p•.!4.) f;

t-op or tb3 m -I' ( ~ •• 1Sa).

o1se uat aph:lc aU; with which the Ore

-bar 0 be -lated to lSbr 010 le " known t the

q\llJlrr1es arc d Moe. ter (se. 1ehardson; 1939b, and Swirlrle . on and

n ; 1976), t Oe.stle ~ pi1; iobardson, 19~ ) and t

onton HaUway Cutting ( 9S'129SJ ent. 196 ; p.•SS). At Cappel' Blll

Quarry, An 979421, De on and ott • . ), 1i

~e r ls d.lbtectl8' qu1valen\ to the Ancastr Rag; as deftaed by

lohardson (1939b, p.473 and plate 2 }J detintt1c 1ch_ 0

been roll d D7 nt (1940 d 1006) and WUson {It ,it

and Oast ., !ncaR -t ( . 987 35). (11'1 SWlnD8JC't·

and Ken: , 19'6) ha. r ntlT re- d the .Ancuiet+ ; t

U4rJ!7, the areat Ponton Gaa oped d, cont1r .ins hia. 1:J1

8 stlon (Kent, 1940 and 1006) that the.. 0 unite WI' le. _a1

qtrlvalents, a oOl'hlatton tbat is not toll d ., ( action
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rv.n.r.). On the oontrtU7. the Ancast r Rag 0 the P.noa tar quarr1e.

ls belie d to be equ.1valent to the at Ponton ds of

Richard.son (1959b) nd Kent (1940 and 1968, p.65), and eon_Quantla'

olso logous to the uppGr part of t "ooarse ehBlly o-o11tes end

plso11t s of Great Ponton" of Hollingworth and Taylor ( 951) and t

at Ponton ds ot 1nnerton and Kent (1976). The son tor thu

oorrelation are discuss d 1n section IV.1.2 .g.

spite th exaot equ1va nee of the Menster Rag and

Creeton !~mber at Oop HUl (F~.4.187) such a relation hip doe not

hold e rywhere. For example at 'l'homp on's Quarry, Anea tel" (here

call d the Glebe QUarry, \Ulsford Heath, K 9924(9) the C;reeton Mom

1nolOO e not only tho Aneaster Rag of Richard.son (19:3 b. plate 29A)

but so his Ancaster eest<me. ThiB implies a correlation bot'Ween

the Aneaster Rag of Copper aUl (as defined by Riabar son, 1939b,

p.473) and the Aneaster Rag and Anoa$ter Freestone of Wl1sf'crd Heath

(as def1n<1d by Richardson, 1939b. pla tie 29A). The oIlow1ng

consideratlon er thought to !pOrt this proposal:

(1) A dotailed studJ' ot the th1clmesa of' the Ancastel"

Rag (Richardson, 1959b, pla.te 29A):in both WUstord quarries (Fig.4.

187) shown that it thins rap1d4r down tr over:3 trs to under 1

t1'9 towards Copper Hill unrry, 1nd1c:t1ng that it un1 13' to be

the sole equivalent ot the Oopper Hill Anoaster Rag, which 1s nQsr~ 5

metres thlok on13' a little l' 1 k away; unl ss the

Anoaster . is developed 1u isolated poe ts. It th tter

sugg t10n is the co then the ee tel" ?re stone ot Ooppor ttUl

would ha to tide n rapidly up to encompl1 the 11 ford flncstr

Fre ston from the ilpper ~stuar1no rlos at Cop raUl, where s
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two units ara praotloally in contact at W11stord ( ig•• 187).

Alternatively. the accepteJloe ot tm tineror Anoaeeer Reg as a

laterally 1mpers1stent subht!!es within t.he underlsing unit impllas

that the Oopper HUI !~eaS't;er Rag 1s equ1vnlent to at Bst perl or
the WUsfard Anoastar Freestone.

(2) Although on the evidence, ava1labl.o it 1s 1mp.oss1ble

to say wh10hof the two possibU1tS$s is most l!ke13, the vork or

odie (1855) tends to ftm'>11r the tter exp nat lon. AS his section

shows, Brodlo (15 , p.,S4 and see 1lg."hlS8) saw tile t Usttrd q See

at a t voon they Wl'e excavat-ed te a much greater de'pth t.u1das

result ha wO able to ~o d bed.s that c1e.r:t.ty th re" t1oneb1po

between the ,.rUstord .9ath and Oopper HUl saqmncest E senti.ll.y

Bed 2 or odie (1855) ls equl'q'alent to the An~al9tor Rag of Rioberdson

(1939b, plate 29A), whlle Sed 3 represents the WUsf.'I.'l:td Ancaatel"

Freesto!m (R~son, 1959b, plate 29) and Sed 4.. by its desarlpt:t.on,

seems to ... the \.J11sford equJ.val$nt oE the Oopper FlUl AncastGl'!

Freestone; Qspec1ally as lt rests Upon "so't yhl atc " ( d 5 at

odie; 1855) 'Wbleh cannot ~ anything other than too tUrton ment-

st01't&$ ot lU.chardaon (19S9b, p.4'15); as llOQt~ Ltn.cOln&h~ RO.

facies appt'cx!mate3 to such a c:lesorlptd.<m. Ther'&tttre;, pt."or the

"Rngstorton $ubtao!es at th top (Bed 2 ot ~odio, 1&53), . WUs!aJIId

Heath eeqte_ is re~kab"" lSke tbat at Cepper' Rnl eF'.4.168) with

the Anoastet Rag or Copper RUl 'being equivalent to the" !neater

he stone" (1ncludmg 1U1t3tUJwt Rag Bubte.ou,e) of VU,lord Houth.

($) On general lithological pounds; thette msU.ttle

againB" 'hi! e~l t1on. as both the Ooppa!" lUll Ancaster Rag t1tid t.he

t:lUs£0r4 Heath Ancutet' Ft'eGftC118~e esscmt1ally oompo. ot
oospar1tes, a.lthough it ls true that the Copper lUll .4s ~ much
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more etr<mgl1 d$velo d. orOtU.,- C dding and more skeletal de :lih

Ho ver, oross.· dd1ug le en in the WUs O1"dAncamr estoM,

with toresets dipping llcrthwards b like ~r to those tit the

caster Rag at Copper 11. S1mUar~ e tal-rich ea liMal 0

present, 1.nd1cat1ng tbat the differences with the Copper BUI Anaaster

Rag are 8 matter of' de~ •

() suhs141sr.1 f'aeter in this D'I"·l!'l'mll!lnt is 11 :t 1.n the

Aneaster .. of Oopr Ul end 11aord He th nd Measter ton

01' Wilstar H$ath (all =: Oree en Member) the cross-bedding d~ctlon

is predom!nantly to h north ( • .18 ), vh in the caste-I"

eston of' opper Hill (= S1 atGl"d Member) 1: is dOln .tl.1 to

the south (Flg.4.1 a).

Il'l t light 0 his re-1nt 1"prGtation tha eontentton ot

Kent (19GB, p.S3) t t "It seems .. H •• unlikely that the nAnoaatel"

Ragtl ot Newt· nand Scatt t s , onl¥ $0_ a ..20 Ie t abo've the

Cement tones ( leha.'rdson, 19!9Bd,.'73) Ie tMSMI bed as that at tbe

op of too lima () at Tb,ompscm's ~YI as h ~ou1d involve very

et .p e nne l1na or: strong tb1nn .or wh10ht re 1$ t preeen:' :no

ev1dence 1n1d ...lJneolnsh1J.;e" appe4t'1 to be unfoundod. Admittedly,

th two" ca·· ergs" , to s . extent, ditt. nt llthol.ogMs,

'but they dO!l:p er to tottm pt or sinsle . t. aphJ.eal unit. AI

tor tbt.t:1r :relative atratigrapbl.c ~ ht bove the Ce.mentstQMS,

r ur 4.188 a owe t Anc stel" Rag (= 2 and· or l'odiGj 1153)

at Thompson's QUal'ry to ha ·oalJr 5 the ee ctstG1l$&,U

wi hiD the t~ure et 15 to 20 t t glven Kett' (11&6, p,6!) ~

CopperHU1. urtrmore; the comparat1 thlob.es tor the ~. 1ft t,t

or 0.6.86 mtr 8 tltb son's rt (. de 2 and $ of: . odle,

18 ) d 4.89 me Ii at opper Ul (vbere the top ts net _en) eft
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hardly 1ncom atib14; th re is no d to 1nvoka 11 on th1nn1cg"

or n ~7 de p cbmmell1n ". Bowver, t rapid th1nn1ng of the

Ra stOM su.bfe.o1es ( d 2 of' Brodie, lSS5}over a f.'e'Wbundred metre&;

(Fii.4.l87) shovs that such thickness variation are not unknown,

whUe the erosive downoutt ing of the caster Fr estone at Copper UUl

is evidence ot !'channell tt in m -L1noolnsh1rEh though this

downeutt1ng has long en r cognised (Ricb!ll'dson. 1939b, and tant,

1940 and 1966); t rull extent of the rosion is only app.ree ted

hen it is ali d that mucb of the Lincolnshire L1n'sstone ha

been removed (F1g.4.2.) and not Just El little of' tho 1· r Lincolnshire

Limestone, ElS implied by Kent (1966, f18.1.) .It 1s not tha bEl ot

th up r Lincoln hire t stone which is doing the dowcuhtlng, bat

an horizon within the upper Lineolnah L1mesto , Con qU9nt~

the apparent tJ.lw 1 vel" ot" the Ancas r Freestone and Rag at Cop~r

HUI does not Sigll1f'.y tlreal" low stre.t~Q.phical lev 1 at all. It

one accepts this, then it 1s not . a onable to find,:t l'hOntpson t s

Quarry, Upper Eatu ine rtes sitting directly ~ lateral

equiy nis of the Monstor Rag or Copper HUL

There is ono oOlls1d&rat ion that might 00 thoU{!ht to contl!cit

with the outl1n d h,ypot :i.el the total th1ekness of pe..

L1ncQlnsh1re stOM in cas e.. Kent (1986. p.(5) tate

that fthc thickness g1 11 by surface ctions tU .. tall eons1del'ably

short of the total thtokne Ii) s proved in near by 11, eomo (>, whuh

show up to 60 teet of :rag' and piso11t1coods and treton u

the OementstOMs of the r JAncolnsh L1rmstofi.tl S8ot1on

llluswat,$d tu Bred (1853) shows a total ot 11.,73 t.1'eS ot Wlpe~

L1noolnsh ton at WUsford Ii th, compered. () probable

maximumor 10 metres at Co per Hill. Aa t· t 0 ct10n
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de onstrab18 out out parter tb Upper (coD.aervat~ 17 eat,' ,ted aa

4.5 tr ) and lowel" Linooln lUre Lstone t the 18.5 ~

"nearby 118ft vhleh fI81 be outside the zone ot tfohalln lliDgtt doe

not 0 ble ~ incOJbpa'blblewith the trat1graphlo sche

prOpel» d here.

At Castle Bytham, thOr a"on M 'bel' t directly analogous

to tbe Olipsham. ds, ot Richardson (19398,p.42.),. atiag. that . ha

Clip bam Sto should aleo be boorp ted with1n tha

olaaaUicatlon 'that is (l0P_« be. the ne-nee. lflthJatbt Cllpsbu

tJ'PG ot t'ag .eleoiea (- cl 2 ot l85!)

8 bat en at Thomp on'. Quarr''y is 00 ide, cl go' aUpp

01" t carrel tion_ In th1 oa.. , theret... thl Oreaton

Me r ~ 10 equivalent to the 01ip amBed ot Kent (lMo). tbe

ClIpsham Stone ot Swhmerton aftd leo: (19'11) en the ftooar shelq

oolites ud pisolita. o£ Cltpeh ·ot Bol1!agwo:rth ucl '1'83'101'(1911).

AlthOugh tbe Ore tOft mber i en to be the l0tlllgaat

suW1y1slon 0 the 14AcolAehll'e &tOfte tion ibouth and. mid-

LincolnshJre, north ot Sleat 0 cl it la aot • 8iq tre.oed. Thl$ is

prifllarUr 4 110 th 'uctty ot upl»r lJ.nooln h1te t at 82Q>O'ure.,

a1 hough 8 n In p1t vbeft" nit ble" sbatipaph1c 1

the mber has Dc>t alwaylS be n ",cogft1 d.

(062592) 1:1&48ve"l!1 near the top of '

le, B141!lltne7
10n(ot.al

th1ckn '.nt.
1966, t1g.2, vltbSg.4.2.) aH expo.. d but no Oftetoo

seen. Howe r, 11:·' to the ·'GUth, t hb1.de la lA
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on El " rno "s p ero

r litho-
r d,

nl 6, 1

not 0 surp1s • H uet

i ot r Uy 0 1ous.

........._......er sien ( 1nnerton an 'la)

ortb 0 t be

untU it is·m to avour

it o th$ tr

( 6) d

IS

nort an

nudat10nJ dar

t Et depc:si t ton or

ive .,

r unit
-

pr Estuarine r:te.

In m ..14neolnsh1re j he rton

to rest ros1: 13' upon tS1e ·ord~. m.ber,

ap are 0 as er

ham

tbro h the S· afwd rr. m:r an into

.) J as w tnassed at .Uity Q

1n ortha1np onsh!re t' ldon &I,

with the Olipsham. ds (Rlcl'l.nt'4sorl, 19$9a)w !.eh

a s cut down thro h 1 r, horizons 0 t lJ.neolnGb

an even thl"oogh the 0'1' ti~ (Ta.;r or.. 1 ) •

eorr atlon propo Cl bf1ehardsoll (1 a) 1s correct. it

that th 510 ()ltd '0' r 1. restr1o·· d to area 'h of 01_....._

eau of the eroat

Altho h t 0

e on Mambar horbon.

str· profile \f; £11' 11' ad1ll'
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part:1cular Ul at th t 1n wh10h I letal

calcirudite

litholo 108

s up into U-s ted oo1d.-calcarenl Sf both

iJ1'l1ler "or t grading" 1s al' 0

en at Oorby 01 n ( 7244) and Burton Cogg s ( 982254), w re

The Or ton

ot cho thel at two'

1arltlo. altho· b 10. ea.chun.1t (Kl and K2~e 1s,4.2) tendsto

cas t 1"6 is a ta_11 rapid transition upw ds into

sparlt-o metltedoolites.

oro sa- dding 18. .n

as'bwa:rda . d Quth"", twarda

ry (r1gs. 4,18 and4.192).in d1tfl I1t P ,

eucces lons t Wi1 or

tac ' a B (direat~

pla . 29A bllt not 29B)

(qut

• 1959b,

1y 1ft an 0011 :le Lt batao A

Rlohsrd Q 1 1939b, pte 29A

ae det1D d 1..... aL"'-~A ....... 1939b~~Q~. fbut not 29B; and t

p. ?Sci plat 29B, • .193). Altho h this ut hip of

,. b oa ,sub-

bed or e n uub-bed ale, as at Ca le RtPt;l\£Ir11. That

WUar j Litho! 018 . tor

J :t

r 14tioneh1p w1th IJ.thot 18 1 .be'
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at I1tho-
ngross" teature

at Us ord,

, d K3b) Lithet ole, A and B . 1mp~ :'

log1oal xbre within the s bad, which

be grouped into e lther Litho! o!ea A or B..

vith!n the do in tJ¥ calc
Lithofacies , len 8 or beds of Lltho1'1 aias Cd be found, and

e1mUarlr. within L1thotaoie • 48 of IJ.thotaoies· B be n'.
tv .12.d.l. ls la llClN

dd d:clennn oo1d-calenr nlts. Altho h t
and eft n so we11 sorted tor

t xtur • S o1dhry letel

v lth su dSnate worm

1ns ( 1nl1 blvd B and

0C'I81~ tr ftts) en

Iso OCcur 10 leas 'Well... ort d patches.

the crosa-badd1n. 1 not 0 lous ~ i~:tto the wU ..mI.

quarries but t the nearbJr Cop r HiU Q ,Ancaer, bular

ero 8 badd ' type (.. 1g&.4.152; pr$domlrlantl,r north.

dipping fGH ta, 1a.4.189) ere en, ,otten witb ad.d ~se.

in which itM'r coar so-grained 0014 or 8 1 1pa111 p up in 0

tr-gr ined ooids. In addition, the tore t8 t dwell'

Ol!.psham (SK 988160) are, nt13 low angled and pla.nar, \lhich. vi h

the ver,. strong par n of ftplorun''' gr in '1

"bon to

n~",p1A • BOut

1rl

t~.afltjM"lJ dip

&atarlydtreot~
Uen r carded tar th tao

"LT, Clipsham. epec1ally 1n

IV.12.4.11,. B. At WUoto:rd ttl,

atr1ng, 'but bl ... 1& I!

d, coar

altho h 1rl tall it s t sub! c1e:u
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",*_IUIII&o.II,*,1 A poor l,....aorted, k:e letal Go1a-oaleSr1te In. which

the able 1 dna (dominated by' blvd: 8 and gastropod 14th

ub 1(1181'1brachiopod. eal and eeh1nod rms) rooida

1cUary 1ntrola t • rock 1.8 n parS; •

"1IWi&~&..II=t re. 11' ll....sort.d. ooid..dc a d ealcarenlte

19n1f1co.nt w unt or eleele' a1 br1a

in d) lte... ted•

.c.uuenv1al13 t wo t la t .

a~1II'nA.a wi h b10elas I > 001d la.

c • 82., In both

haI1 1n

proport1G 8 ' a
ubtacie'. a1 and

two
WUsfor, 91 nd to

and tbro

B1dewll

noolu n . lat10n hip

• with

up into B2. both w1 An !ad.l'fY 3.

B)

de

A

u.btaciee.

dd1ng direction appea:.ra

i;.wJlfoIl'Dtlt

t ~ 1'b1 (SI 95955'1),

atIlT a 4!re ioI1 l'

to vary geo ,.

d1pp to

B

.4.1a}.
tr

1111

V~;Ja' I'll d1ppilic.

a 'rul 1101t_
otion, fr.

f

A 0 Ce.g. H aebT u' KImt,

.4.1 6),

le ,at Lit le on' ( 132 ) the 1 ds.,
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1Dt!m.:lJBl' are #olbed4 dotb SGtmh. st (80

bedding leo, tg.4.197) but are 0 po d or lIP

Convers 17. at Copper Hill, ester, tb who

rr1ng-bo crOS8-

1 Lihotao1e. B.

of the bel'.

oampod ot ,ho oies, bas oros nor, dll,

without asoutb-weest '1'17 component even 1n the lowst beds. Such

"anomalous" l' lat10n hips are not 1'9&111 so UBusual when' oonsider.
hat L1thotao A and ~ pr n the ". m re of It e :ltional

cantin and t t treq ntly er litSed b7
Baht ID 0 lon (,t .4.196). In 0 part of t quarry

t" ,tul1d...rlch L1tbotao B bed (t t d to t at)

practically cut down onto the af'o:rd mber, r ov1ng all 19n of

Ltthofaa1ea , which ha tore ts d1pp1ng to t. 1'bereto.re

t abence of a. sal uni eros ddo to the oh- t .d .not

be so 'eO' cl.

ot even tel" 19niticanee in ' be H by a' ion

ho vor; 18 the nat of too Utbotac1e beds, the,., GM abua tqo
r!ch 1n t atul1ds like tbe are t Ponton , Bed' ot nt

(1',0 and 1966~ which' dlpp'

outh- tv d8. or SAt. B

co' oalt1o t 7 n 1nclud cl 111tbe er ton r" xt thia u
in cl t ee ,t a equ1v ,le4 sot tb Be no

nearl,y so eog.raph1cally ft' tr1etdu ,t (1940 aM ,1966) 4A 1ft.

Altho h j.r b h 0 hby la .aaUm.u:f

t

be t1' c d southward flto

'outh 1£ t

~u.a ...u (19S ) pr'

IV.12.e.

The co 0 It 10 1 v
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lations in the lEtt!: proportions ot
oolltb. and bloclate oompQsingthe 1

oompos d of dominant ooliths. 1dSaty b

(.oh1n1PJ~ bivalve, gastropods, arachiopod•• v,, ube. d

totam1n1tl ra) and 11101'q lt1& or intr clasts, 110f whleb

e 10, d. eerq, c1.oulas.-ti pacbO\tS r -- nt
and d1um-to-coar 4'-Cl"lstall bloc W111in perlte.

oollthe sbov good cence.nW!4 structures cnd alho "

ap r 1 to ()Void 1n I t h

(or sp 1"11 1) grains exist compare with the C atl.e
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B,them m ra' ooaparlte tar in tance. Although S ooliths aft

con ntr1call$, 1n.a hro hout, witho~ showing aft3' obvious

nucleus, ost haw peloidal or bioclastic (eoh1Dode" • pstrop04s 01'

blval.. stls') nucla i, the tor: r be 1ng in the j_it,.. "Normal"

'type. clom.laatebut I rt1.c1al aaeSc' oalte oollth are pre nt,

ether vlth xo dingly r· IIV'ftIIIMt 10 type- (ct. , 1962).

In tbe high at bed expo d t Ca.stle nYnllJllm (0 Q 14) the oollths ha

, 1lT .. ina, wh1eh luueat baring or ear17 01ut1on, a. all

of tbe "elm"ba'ftMn It are Willed with he later blocky nt.

Tb oo11ths of he \tU.'Ol'd H 'ath Uthafac1e. A are

80 what ditter nt ftiom tho cl.acrid above, iIlg 11e1' (O.~ to

0.5 mm.) and "pel.idal" In ap nee. This appeare to be irl.lt d
to \lbiqu1to icr1t1aation, althob 0 ot tbe ooU.h 8l'8 \qf8'"

t10181 vith 'n~ peloidal DucL 1. 1'hla varSa ion la • oeiate4 with

laok ot oro ...... dtUng, 80 tJ"ploa.lot \lSUal Lithot cia. A

00 part " and its signitloan' 18 41 OtIS cl in Ohapter V.

IV.12•• 11.> lJ.th",'Hll p: The poorly-sorted b108parl _ (11&.4.201)

0,1 th1e taoie. u. a180 '

ce n ion litce Uthotao

I, which owo

dominant bioola

Ml' t!.one ot

uaual17 ahov..A.
qUi e alig ntpal' ,11e1 to the d poei ional I tace

.n ot 80 large, In. l1'-Elh cl gl'ains Ii.,., the rock ..

'fW7"O n xture (1g ••• 201t. Bl.uw, gaeVopod. bl'achlopod,

tottamln1teraend .oh1aodetm fir ,'nt. all pre_at iD ~

prop0l"t1oDs. A 18 ral17 t ca 1n the Mnoolnahift atODl

he ar Ofti' le . U ' .) d a.
ps ud' pha with JA!4ri.:, ... - lope., vbUe t

tbleb- orSgwu c os1tloo andtruat • altho h tha" .

bored by alcd.he sube!disq, usuallr lll.ictt 1eedoolltha of all
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the thre type"

to predominate.

1th1n tu diver ffJ:rq of "wafls1t1&aal" ooap.arltea

n l.a1et" 11, which"fleot toreset gr ding in ca 8. In

most oases ooar r ...gra1aed.. allelet l-rleh gra1nstone layers paa.e up

1Ate finer; p\1!'Er oolit1c layers,. thus reflect· on a small -eale the

I.1thotacie B.... gx"ad1&A. How r, another feature blue thls

1'.1 ti.oneh1p to so. nia s:lgnit~aat quantlt:ias of' 1a\ors-tltial.

1crl e occur in he 00 parlte l.a7ers.t Which oan ,en to ha: been.

1ntroduc d tr nsuspension" as it MSOI

(1) t cm tops of' luXruon\ planar grains,.

(2) show level upper urla.cos,

(3) be ott n absent trom the underside ot gl'ain 'f wba"

the OCtenlt"l'el1O$of aaearl¥ r1m-ocement indioates the tor_t ptGfImlee. ot
en _s.ginal vold.

However. its assoe1at1on vith tha depolt1eDal env1re nt 18 "fleeteet

0,. l1h1 restrt.cttoD to "tam layers, a taet whlob iends to tQ10 011 .

&.D¥ poa. 1bUl'tlof t .1ng vao silt. UU' "1qeI'1r1g" or

grading. 1nvolvS:ngconiraating s1•• ot oolith 1s •• n In the ere 'on

, bel' at Copper Hill; Moan 1".

1'be fauna or the ~ton Member 18 domSna~d bf ganropod

and bival 8t w1th trach1opOda, .chin er-m• o_als, Bqe" Md W02."Il\

tubes 810 belllg"pre n' .cl :111 va.I'1'i.na. thougb ~ tI.t111,y ,sllbOl'd ,

pt'op kml" Anpw ant deviation from 1)bu eo_tar a'

tuUd. bJ tar ol1t1c fa J.e
toll 1ng la 111&", comp1led from coUeet'-e mae ~OJI DUewU

Lodge Qlaarl7, (U1psbam. is aonsWered. typ1cal ot the unit's f, :un" a
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ole, espec1all3' L1thotac1es B (I&e also Richardson, 1939b, P.4.f3V

tor faun. 1 list fro beds belonging 1n the ere, bon IJfomber). In. mo

cases onl;' tentatiw 1d&cD.t1t1catlM$ haw been attempted ~uue et

he uncorta1n state 0 the \axon of gro a invol'Ved aG :U.\tle

modern S1stemat1c work baa 'n undertaken; the lde:nt1ticat1ons

largell' based upon the W'CXt>ksotbllllps (lB29), orris and ~tt
(1850-5$); -catt (lS6S);udl.eston (1S87-1896) alld C. end Al'keU

(1948-50) •

Bt elvia. alul. ,SIt·BtP~1PbJll1ps
flail, 'JimQ·H SOwerb,y

'fila." .IS.J.It.. PhllU.pa

AdCM sp.

'_Y2RM p.

194WUJI ap.

gUQ~.' sp. and other BreAds

WIlEAWliWI' .pp. (VW71abun4ant)

.lIW6I~~~1Wa 5werb;y

p.
u'.Q!j!Bi.UjLl'" P •

1l... 1iIiIU... - fl .pp. ( nau lata)

~oI:AloI"', 81"

-.:t:.aa sp t·

Spec- ,ne '~~~~~~ .•n '~

ot Hudlo tOll (1 92) and It.lSSIsU~~Kf _<>Up ot

Hwll ston (1994) it
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Braohiopodal a number ot terebt'atuUd and rhrnehonell1d. s~e1e

various tre.gme,nted tests, spine s and plates ot

regular ech1no.i.dshave beemrecover d.

Cn1de.ria, f:r gJOOntary specimens ot corals including a

thamo.asteroid-type colon181 form a small pert of tbe

leWla.

El wher
oS81c1es, wom tubes and Bryzoa haw also n re·cordl d., wh1le at

areat POfttcm. \:f,W91t~llUY·;lmM,ta Muh--Wood atld Mu1r-

WoodappeU' to be the_ly l'l d spee1es ,,:it]d!). the Pl/'ol1tio ta'Wl&et

the lInbrat:tall. Bacls (~ nt, ISSe, , •.6&).

As tbe d1#lOntological •. "'bing suggosts, tOO fa .. 1$

exo\lo, its WQns~ted J1AtUl."e being 1ncU.eated by the rolleving feature"

(1) The pftMrvation of the taWla is po.. ) bftfolkap an4

war aN Pl"omJa~ntm all rosell groups pre nt. lven I .trcp.alli

pe:fhape chail!.cal17 tna strOngelt skeletal co c: nt (ChaIVGI, 10M)

are hr... and fl:uslill_ shows al.l gre.4atleas 1tl the smoothtq ott
ot 1ts c~ tteri.at:lc Clr1'U.Ul\Bnt. n atbn ot ot.l' groupo U

s1mUarly atfeeted.

(2) S bJoaohlopOdsand all blval'V'$8a:H dbart1cnlate4.

(~) btauna otten showscurrn' 1n4uoed .!entatioruIJ

,he 181" r .,.1 .. '0£ \d:is8rtlcuh'bed 1>1,"1."., otten OO'Ui conve.. sUil

uppermost, the 1IUft" ftttab1epo.slt1oA. In addlt1on.helaW\a1a

otten I'tconcenv.'bedtt, 1.. as toreset l.aas 04 coa ql8n.tl¥ laYk. a

"Bat·· .altt diltrlbutlon tht'oughout the r.,k ... lob tJp1tle WlceaGl1I

ta_as lSke tho or the 1& denham Mom.&-'.
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(4) There appears to be an element ot aort1.ag1D

that ~ w big spec n are usua.lly pre nt.

(5) The fauna 1s compo d. ot epifaunal and shallow;

largely vag!le, Waunal speeds Ii wh10h would be the groupe mo t

susceptible to tran portatlon by strong currents.

IV.12.g.
L1ke th Sleat01'd Member, the Or ton M mber 1noorporat

beds tht were previously asSgnad to d1ttarent strat1gr pb1cal le ls

b7 Kent (1966, lSa •• 1 and 2) and Richardson (tig.42 :1n Syl ter-

Bradley, 1968). The principal dUterencea be n the correlat1.on

ache s presented by the. earl!er workers arui the pre at author are

shown in figure 4.202. EBaent1alq both Richard on (19398 and 1959b)

aU Kent (1966) ugeteci tbat th Anea tel' Rag, Clip ham St<me am1

Wldon dB (with Barnaok Rag) " re oad~ qu1val nt to the ~at

Ponton aaltropod Bads (with the:1zo pi' 011t1o equivalent ), whet'eaa here

a oorreht1cm ot the Ancaater Rag and Cl1psham St (the weldon d.

occw: out ide ot the study area) with tbe Grt Ponton .w;a:a~1M&

Beds ls t :vouted. Th Or at Ponton Ga tropod 0.8 (and t !;t poll ic

equivalent.) have been a sSg cito the Slaatord mber tor Ha80ft

d OWl d earl1er ( etlon 1V.l1.£.).

1'he propo d re-al1gnmant ot the ds ha

been s sted by the ev1d ncegai d from l'8-appral al ot their

l1thoswat1gr ph!.c relationships and re-evaluation or tb age

Nlatlonsh1ps ot the nclosed t bratul1t1 tllUM. ot the ~jar

realons tor the apparent geog%'phloal restrlot1on ot the DI:&5Il3l5liUA

Beds (Kent, 1966, f1g.1)ppeara to ha be n that t,he it'. prinoipal

cwac 8,,18tlo, the prolitlo terbr tulld tauna, has only , en

reoo 1sed in a tev looa11tus around Great Ponton (Ken • lHO, P.SS) J



the ae4lmentolo 10al setting ot the fauna appears to have' 'n le#1 17
1p d and thar ,tore t of a 11thostrt1graph1c link ..

overlooked. 'l'be r bratul.1ds are t in eros bedded, k8letel oolites,

wh1ch haw tore \8 dippblg pprox tel;y to the ooutb-west and north-

east (1... d, ntolog1cal features quite t1P1cal of iSh ere.ton
ber). urthermo' t at t top or the Raceby Quarry, a

l"1ch horizon OCcut' , wh1eh 7 be the estern DSion or t
'l)n!Fatw d8 retemad tp Dr Kent (1940, p.53) • peclall,y flS ish

8ubdwl.sio loeelq ,ob -ls down Ulto the lower division (F1g.4.196;

0; also ctlon IV.12 .d.) t Aa thi horizon unq stlcnably

belong in the Cre ton ~1emberit lao provid s a direct t& link

hetwe n that me bel' and the ' do at Great Penten. The tore

the . 8, ant Ha bt, ean eon ' d a a looa1

vvlant ot th "normal'" ere ton M m r - 1t 1ooli., ana it wou.ld

seem reaSD ble to xpand tb 1nterprot-atlo.n. to 1801\12 the 'in

body ot the Bads t at Ponton, spea1alJ¥ II thek

overall 11 hostra '!graphic con-lua1on (

under171ng at Ponton .bopod da show s1mUartad 8 and dO\1t1-

outt relatlo. shlps to tbe Sle ford btl".1 WAJ ct10n IV.

12.t.).

bel'. \h pr bl. of the Ii ulSd, the

II the,. 1"8 "ho~bt to be indica t~ oE 70

,I'&lll' El sigMd to t 'II t or the t01'matioa. Howe 'lithe ftl1dlt,

1'14 0 wh1ch th . t1" t1ar P to 1 • en

quae s.cnab eA nUlll t"' o'oount. Sz-.tl3', it ap ~8 to - ben

the prol1tlo cone AtI"atloli of braeh1DpOd in th& Qreat Paton a
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rather than the faunal oomposltl0 t has t :vo d the ds1gnat1on ot

t as a parat stl' t phie unit, lle~-

scl accumulat10as IBO eee :1n the Clips 51:10 (0· a'on Mem .l")

at M dll ts, Clipsham and ad . broughout uoh 0 t .up oolD-

entre L.1onstone•

None ot tho. s ller aocumu1atlons have been assign cl to

the d , de pits the preeene ot COlMlOJ) 1lypee(Mu.1r-Wooci,

1952)., Cl ()ondl3'. and. r' p of greater tmpor, ee J is tbeoon ntlcn

that some or th brachiopoda re' mblo urulesor:1bedpec1es tram ,t baaal

Upper Idr10r 0011 hnd (Ken , 1940, 1',51), 1mpl,r1ng

cla po lbl$':re pt!"e

than aM seen elsewhere in the Lincolnshire t at • No cl taUed

taxonomic work on tb brachiopod. o1ltsMe that or Muir-W cd (1952) ha

beon at mp'od, so the Iavidnce" ter this o01'1clu.slon$ ler l,v

speculative_ 1m! d, Nu1r- ood (1952, p,114) fJtated ft .. u.L1ttcoln.

eh1r L1I:resto peele •• ,.H.. a1 tinet frQ tho of tb Int.r1oi"

110 t ,aott. olas (010 ), S r t and Dcr t a

11 Yorksh ", sug ating t t a~ po 1tt laillQll eo.

t oolnsb (1.er 4" as d v

gene a and pee -) nd croups e1 at, rather ,

po1at 11 Ulusilr'be by king 010 r look at tho works ot

l-1u1l' ...Wo04 (1952) it

rev of \b$pec1oa and non or the

Muir-Wood (1952) er strlct d to the ... ~~_ da and

m us equa.lq appl~ to the 0 r un1:

'OO1lltm Qaa'br

.. even hougb t a re

ds by!en (1966, F18.1).

81J3' •

(Ol1psbem S

wh1eh the

oonsidered to

tiona made fro t
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Also, 1n dSa.usa h affinities of t new sen at Muir-Wood

(1952) did not oduce evidence to te: our an Upper (.8, impl d by nt,

1940. p.5l) ther than J1.11ddle Interior Ool1te nag." (19 the ammonite

ev1deno uggests) tottha acb1opods. on tbe centr 1'1 in tha ~

of t Muir-Wood (1952) eta: d be; ,he et

relati: I ot this l1'oup have not been found in beds '1'0 r than the
L1as.. 1'1:' th ,the nus w: e stUl ssie dto the u., Up l' ltltel'

0011te" (M1I'11P-Wood.1952. p.124) j whioh ugge s ~athel' c1rcul,

re Boning; on gene%"1 stratigrapb1cal grounds the rooks, from !ch

tb braChl-opode r collected thought to belc to t ' Upper

Inferio:r Oolite. tb reto the fossil extracted !'rom them also

probably Upper Interior Ooli in» ageD and thus the Benoe ot the
toalUs t ads to contirm the suspected tJppet' Inferior Oolite #lg .ot

the rooks.

In oonelu.elon heretore, the b.raoh1opods f'l'om 'bhe

ds do not appear to provid ut.flc,sently stro tor
the separation of t . Beds fII' the rest 0 tho upr

001ft .1r oa the·, suggested bra<Jh1opod ,

is bT no ana unquivoo and. tor the most part j 8 Ua%t t y} eee .

in ot r Uld e t.ha.t have be n pIa at lower le.

It would m that tbe btachiopod aoc ulat s (as tr po , d
aasemblag fJ 1n cross-bend d 0011t. ) r t1eot t 10" 1

h1stor.1l"atheJ' than s:r:q blo Fat epb' 1 8 ss~ or,
Ponton area. and as fJuch,Qi& Dot of an;v pe t a1an1tlcsn_ a \1' ti-

aphi 1 Ut.

In tJlle b noe or
s to t n to litho tra1ar h10al ppro ah. and' ,a

discus cl earljsr, t ev nCft ·trongq- f'avout' the 1nolus1Dn of t,
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Great Ponton 'Eerem:atsla Beds in the creeten Member. Adoption of

this scheme howe~$r ans that the rather r stricted geographical

distribution of the Great Ponton IIre~atuJI Beds advooated b.1 Kent

(1966, fig.I) is no longer acceptable other than in a biofacies Mnse,

as th Creeton Member (without the prolific ter bratul1d. fauna) occurs

betwn Ashby de la Iaunde and Clipsham and possibly a good de 1 further

south 1£ the Weldon de really are equ1v lent to th Clipsh Beda,

as postulated by Richardson (1959a).
Apart trom the Gr at Ponton Te£!wtj~ Seda the tatnoWJ

building stone locality of Medwell's, Olipsha , poses a problem. L:1.ke

the Aneast r Stone of Wilsford Hath, the unit's base is not en.

hindering an understanding of the unit's stratigraphic relationship.

However, at the nearby Soil Fertility Quarry, Clipsham, there is, 111

addition to an old pit, showing a t)"Pical Clipsham StoM succes iol'l, et

MW tae exposing lower levels. Thi appears to have been thrown up by

a minor fault separating the two pits. At the top of' the n w fa there

is et strongly cros.... dded, sk.eletal ooid-oalearenite unit, which ha,

cross-beds dipp1ng southwards, as .&re the cross-beds in Lithotae$s. A

at Medwellts. For this :reason, and its generald1mentolog1cal aature,

the succession at the SoU Fertility Quarry is oonsidered te be tbe

basal part of tha Clipsham Stone and therefore the ba 1 part ot the....

Creeton Mmber.This oorrelation (as the Creeton lI.embe:r)ot th upper_

most beds at Castle ~ham with the Clipsham Stone follow that
suggested by R1ehardson (1939&). However the oontention at nt (1987)

that the Clipsham Stone in the new pit of the SoU Fertility Quarry 11

the sole repr nt t1ve ef the upper Lincolnshire Lime tone oannot be

accept d, for some 3 tres of upper Linooln h1r Limestone (t

Castle Bytham Member) exists between it and the Or088i Beds (included
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in the Soottlet nrpe

Notlon.

her ), tha occur ne t base at th

In oonolusl.on t et ,the eme tr evidence

favouring inol us10n 0 t G at Pont .. Bad, Cl1peh

Sis , Aneaoter Rag and Ane stel" Freestone of YUetord 8th (

1ohardson, 19",91>,pI e t9A) in tbe sma litho trat1g,r ph1c unit,

ton ber, along with C 8alona, wh1ch occur

south of Ashby d rewa. Th&r~ 1 no sound ev1denee tor

aoneid ring that t Ore t Ponton l?ede OCcur at a higber

stra !graphio leve 1 than aU other unite w1th1n the l4ncolnsh~

stone, as sug, sted b,y Kent (1 (6).

ailed 11:1 this chap r

repn_nts a majOt" tre:t1grap ical rev! ion of 'the Uncolnshlh _

sto!» Format1oD. keept tor tbe irtofl Oe at Shale (bere te:r.-medthe

mber),a et tbe 1ta proposed b1 Kant (1966,

tig.1) have been Ntawd. His term. have ben abendo.ned becaU881

(1) tMY denote units which,. never popel"11
des1pated by t,-pe otl<m8 (no &.urecl I8C lon. IIUlustrathgtt the

.tl-a igraph¥ ver e r publs.., cl).

(2) nOD ot t .new suMly! u.. (I IP Cl. ctl,JJ

evea 0108811', to th ait ibat tbey have :repleoed. he "ten.1 D of

the ·014" would ther tore II oontus1on.

UadMYShale Ma bar tor. the sinal. n:eept:l .. to 'hie, 1'_ nartII

having n c eel because of the prior 0. It 1rtanW ( Ashton,

19'15) •

(s) er atlon or a W 00

... (1 'to W8!1I' nt t ereotlon ot a cample IT new, rtdAoloU 1ft crrcSal"
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that the ambiguities an4 uncenaint:1es 1nberent in the Hold"

tsrm1nololQ' (see Sylve tar-Bradley, 1966, tor Nv1aW) could

removed.
Tb new 11tbostratis:raphq' has

the rcognltioh et two horizons (tbe base,s er tM Lincolft ana S1eatord

Neml»ra), which have all d 4ou.n~-wide carl.' lat10n (Figa,. 4.1. and

4.2) • Although th baSQ ot the Sle:aford Member bas b'len r oogniSEJd as

lecall¥ important betare (as the base ot the Aaca tel' El tone at

Aneaster far exampl$), the ha. ot the Lh1eola ~mber bas .wt baen

prevl.usly !."lilHlogni ad o.nd tb.o~ tore Sots si(tatt1esne$ bas never been

apprec1ated. Here, 0WEt'¥'t',111le cor.uddered to of .t\mdamental

importan. i.n the tm.derstand1ng et the int.I'nal relatlcnsh;Sps of the

all 11'bhosbat palo correlations. T aubsequent"oopitibn of

this horizon a tbepro~bl.e d1"ids betwe'reeks et ilat!Hi &!la
~~~I.!WiZ, Zone e.g. Ma oal;y compo' d' d its imparton e. Wl1»hin,he
broad :f'raJ1ewuk pl"oviad hi tbe tvo major cOl'relatlw hOl"izons. a

Rumbe:r otothr levels ha" en recog01.d, whichhave a114 tl'le

1ft rven!ng parts or the formation to ha further subd1\pid&d,.

sp.:I;'· t w~ "vision 01 the atrat·,· rap.". propo d

by Ken' (1966) tbtrb the nw sCh$ represent. , he bt-_cl tw¢t<Jld

division 1nto uppel' ana low,r Linoo1n&ld~ .t4msstc betUl

oonsidered valid, ltbough here too the relationships are Bot qu1te

a Kent (1006)mrlaap4 tball. ln tha foUowing crbial8 the mnJOl'
oh es in th $tl"'atSar~ ot the lower and Upper l'J.neo1nabko

fJme tone er item.i cl sn4 1 r/upper rel&t1orleh1p 18 d:1seUBsed.

lV.lJ5.a.
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subseotions ls that proposed by Kant (1966). The details or tbe

:revisions disoussed here ere given '-n the "Formar Te:rm1nolcgt' S9otlo111

of tbe newunits describ:Jd earlier.

(1) tween LSJlcoln and

been shown to oceur at two d1st inct stra1d.graphlc l$Vel~h; Tba, do not

eons 1sten\q torm the ba ,·of tM t01"matlon. In south L1ncolnshh-e

th "Bloo ds" have bafln lnoorpOl"at d 1I:1tothe Sproxton fem~l', "'hiob

ls the basal unit oftl1e formation. Around the Lincoln distt"1et

however. the "alve Bedstt oocur with1n the tarmat10n and have '£»6n

differentiated as the WJongb1' d m thia stratigraphic sahElbl,. The

:reoognition Qr the two "Bl Beds" lnels within the Mothel*insham

(TF055616) otlon has UluS'b:fated the ..oondensed"nat-urear the lowest

part ot the UncolnshJJ.oe JJ.rJ:estol1e around Unoohh The en11i:romDa1'1ttal

sign1t1can.ca tJt 'this "CM' n tlon" haa bten outl1ned 1n seot£on V.2 •••

(2) Tb "oognition ot c.er' in 16t&raU, pe:rs.utent

erosive levele ~ south Uacoklshir has alloved ,be local subcU.vS,alon

or the Great_Ii embeJo. vhioh is approximately equ1valAn.t to the

tor .71l1' tmdlvlded ItLittle Ponton Beds" and th! !it geop ph1ceJ.

equi1J'alents.

reoognlt.ion ot tb lJncoln Mm r bas Iso shown thatha "ca· nte1ioneu

are not con. 1stentlT d.velopea oros.s the OOUbty. ,. t rlnQl':,"

"Oelll8ntsto -facies" rooks belong 1n two qu1te .PBl'& . 11thost~at1-

graph10 un1ta, tho· older and l.er-gel' t)'t 'Wh1chhal

ad abam M mberJ the yotWg$l' oonitutett the Ropsle,. as, whicb . a

tormalt d su.bdlvu1on at tM lA.Moln M mbeI'"

(4) 'Fhs Cat-i1edl'-al Beds hAve been t'8oogn1 cl as a
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distinot! and laterally traceable unit within tbB Ieadonhamli1c!mbe:r.

ds do not appear to have en p.:Nv1ou ly ecogn1ood.

(5) The correl tive re-alignments r sulting :from the

reoognition or the Lincoln ~etllber va show that the "Crossi dstl

ar Qot II cobarent unit (see also soction U.S •• ). In south Lincoln-

shire he "erossl ds" ha: on inoorporated 1nto the ~cott thorpe

lOmber, lihUe in central Lincolnshire they constitute part of the

"U per Cross1 d" a be n inol dint

} th r 1ngham J1ember.

CS) The Seottletbo:r:pe and Lindo.v Shale ~Iembe:tohave

en shown 0 be approx :tely later1 equ1valenta hat a, en to

1ntard1g1tate at Harmston (SE 992619), F()l' this rea.son the Lindsey

hale Member baa baen inoluded in. the lower Lincolnshire .L:1soostone

(et nt. lS68).

IV.13.b.

t 1ve scheme has shown that thtil j er erost

le 1of the format! n occurs within the upper L1noolnsh1re L1nestone

C or t e 10 £ d r) , rect~ ly pl1:t1n 1t into two: the

o r p t is

l'lSlncers, wh11e tl» le ord and ere ton mber compo the ;younger

per ,10 • 1 lowr/ upper Lincoln hu.-. sone j 0 km 1s

r J...y orosi, and ne r s .n11'loant~ o (a. nt, 196·). T

r 1 t lon toot he 81l"'O 1 e base of IIAnc l'Jtor sto.t1aIJ at

.t of th d 1''Os1: oruon (" c ster

,!:Iora.all· on" := Slea.tOl'dMemool" e: Ancaster) he. shown that t down...

cuttina tha is tor t r than pr v1ousl.1 appree.1e.tedJ 8. S 1£10

part of tbe up r, aB vell much of t lower L1ncolnsh L1rJDst ,
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has n r moved. ratiaraph1cn ly th retore, the fill stor SQct10ns

Br aae lous. Similar v re downoutt by tho S atord. mber has

al 0 been d mcmstrated at Great onton.

IV.15.c. «.
The real1sation that the Anoaster s e ion

no 101.1S ho.a 1nv lida d muoh of Kent' "Upper Lincoln hbe atOll: "

con latUm and tl"m1nology. therefore refer nee to hi "Anctlster

FreestoDi ff lev 1 1n. this otiGn apecU'icalJ,y axol s the aotual

!lAncaster i estone" of 'Arleastar. In the ligbt ot this tho major

d et

(1) he lowat part of the" :OBster tone" level oan.

be subdivided into the Castle D;rt ror 1n south L1ncolnshire and

the Methering and lonkney Membersrurtmr north. All the units

undGl"l:1e the maj01"erost', le 1; whioh forms the base ot the Sleo£Ol'd

Member.
(2) The up r part of thoU Moaster Fr st "level

oonstitutes the leator'<i Member. At An.oa.sterthe !lAncaster tlestOl'lG"

is dSr ctly qu1valent to the Sloetosd M

(3 At owncu.t
seen at J.ncaster occur , the Slear d

qu!alent to fJ

r b3' thoro j it 18 tb cater at 'an not the ~ ster

It t at 1s eons1de ed to equival nt to the fI 0 :ton Ge.tropod

d 1t; this contrad1ots recent ug etl by Ri nt (!Jl. S\tI1emvt-on and

Kant. 1978).

to hat

ct17

(.) A further, le 8 onoun· d, rost le 1 .p

or tha to of t Lincolnsbire stone tr t under131rlg unit •

At Ana St9f', t Or ton ember 1 prO~sen d b7 t If cas r fI,
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while at Great Ponton it is equi"alent to th 'Great Ponton

o SOllln ev enoe is thought to exist tor suggesting

that he ItGreat Ponton dsft are· 1'ounge~ than the rest of

the L1ncolnsh1re l'Jloostona (0 • Kent, 1965).

(5) "Clipsham stone" 1s also included in tl» CreetoD

Member, altho h hare the correlation i~ rat r more tEtntat1w.

relationships w 10h the subdivisions proposed b,y both

Kent (1966, rig.1) nd iohardson (!'ig.42 in lvester-Bradle1, 1968)

have to th$ MW formalised 11thostX"atigraphT are shown in figure 4.203,

together with the oev blostr t1graphle divisions.
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OIAPtSa v

Bm.·_AUOIi411an&\'ltitIUXSj ·fZ·_ ·.Billa.Lltle.
Dwttlf

v.i, mB0RUQlDI
Tb. developmeft. ot a 11thostrat.igraphS:c trwol'k ls a vltal

,...reli\lISs1te to, ,ala.o-eavtrOJllllefttal. anal1eU., How,"", the OCourrenc•

•t s1mUa- tao!es within d1fterent st"at1grapldoa1 unit l"alsea the

problem ot vb ther to dlscuss the en.1renmantal IAtwP"'tlas mbe~

b.r m.bet. 01'to pnerall about speo1t1e18.0""'",8., "a.41.s8 ot
'thell' Itl'atipaphS4al pOlitl..... 1& thla ..lta.p_r the t... appl'... ohhas

be... adoptea sa4 tbe _l'Iber& Mft been dealt witb chl'o.n.ologt.ltellr. 'WheN

appropriate two 0&' mo mbe,s hltbeeft di;SQu.. dtoptMt. labu, w"
lUIatt •• haa been_i. to pl".eent;a 00_"8t pfAtura of the ohangbc

.nvtronmantal patte'nsthat Ooo1ll'l"ed th:r01llhou.t the &lposltiOn .t tbfI

t_matlon. tJuaoesssry "petition Sa disoussbg l~taeles 0001l.n"lqU1
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d.ltterent stratigraphloal units b be n 1 ' ,ely avcd.ded by croes-

refer nee. Tb ditt Nnt aspects ot deposition, retl 'ted tv t
2Adlv!dual mbers, ha.,. .en thoesised ina f1Aal o1;loa to prod ..

a model Ulustr ting the llkel,y overall nvirOl1JllB:.nrtal-tt.lag p valent

duri.ng tb posltion 0 t t 1;lon. Dl broad s th- L1n.colnshl.n

L!mast taob th btto "prenr nt depoe.ltlon along a barJ' I'

. oastl!n.. w11lohwas de loped 0 tbe western -!n or t , East Mid1ands

paulo sea. Tbe upel'postlon of barrier dposlt (up., L1nco1neh1re

u's one,) UP01\ ttlagoonal" d ttts (10\1$ ... Lt.noolnah_·' sto)

•Oftrall tr s1,.. nat for . t1oft's

d nta17 8\14C. slon. Fo "pre nted. t1dal

flat j quiet-" t 1'10 AaI, agta ,4 lagoonal, Idld baft' ...., oomplex.

Hnua"'r uhe d:1v1dadinto n r of nvh-a nt.

V.2. W lm!9SrrIQRAL-llmommr&§,OJ'm,SP&ITW am,AUfYlLL_=
V.2.a. iltreAeft1pD

the ulJe.- desQl'lptlon or the hal", h1gh11ght$4the

0_ ,hlo&1 ditt. ftntb.t, ot it lithotaeie J t11& rhrthmioal t !ea

sue' lion ot eOllth Uacolnsh!:reontr sting with th ran do mo le of

ntl'al L1tloolashu. ( .0tlo». WitS). Tb: l!thotaoi.e-s 01 each e:phSbal

iNsion haft 'ben dealt with 1ndlv!dual17. The natUN and v." tibn et
the rhlthmieal .. q nee (wlthin whleh t Spl"oxt Member ;ooOUors)ha"

been .'- oussed in terms of an !de-al rh1'bin. 00 pod ot an up,.%' t14a1-

flat pWtio and 1 r. oftn blpenlte, ubt!4al p<xrtlon" aoh· -;t1eft

n iate,p"t d s p_teq del fA oo~1&oa, de wlth 1mUar ftl

II1...uotuli8niliS.QOIlWols on tbe l"hytb.rD!oal "_ntaililOD haw alao _.

el1 -us d. '1'he, S.ncip 1env!l"o nt

Unco1aahu aft' ha beln interpr .t cl. comp cl wlih the 8 \ltih
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L1acolnsh1r .I&C1$8.
V..2.b·b, "HealBb;rj;yft91 *' Gr!!'mU ",.,cC -gRab 14Dtsa6DPbkt

'rha pr!nclp 1 oharaete'latlas of tb "!deal rbtthm" ot tbe
Gre.,t 11 M bel' '" d p1cted in t . 5.1. and tb lad1v1d -1 litho-

f801$ oC thG strat~aph1eal unit.s that.ali spond to each 11tllolac1es-

poup shown 1ft rig 5.2. ler

al.loe d,y . n glr A In seoti0 , IV.S.

Although tha id .al rh.V\ is haSEJdupon h· Th1stletOll beds"

sucoa'tsiGnat Tbil tOD ($lt90318O), It ls ftot 1dentloal to 1t tJ'J! .eJfI'

othertber, lt 1 a QO Uat1:o1l of t tat s, cba:raotvl ma
t '... 11s ira all co,ded B ot1c.m t this ls pQ11;1cul. 17 t ca. witb

Itthot oles- oupS. Altho .h 11tholog1c 1at1onsOCO~ to agNatel'

1.81' ..nt within ach 01 t l:ltMtaoiea-group, 115ls t, .

OGn lstentocc\'lft'e!lC of the peloidal. facies 0 grroup 3 at the top of eaoh

rhlthm (.leO pt ~ Weoltax .d) that t,-pttus th ) petif 1ve suo., ions.

la 'be most , .... 41 t.1"U eaoh l"b7tbm can nvl aged a8 lowaJ:'oolltlo

cU.vislon and at1 upper ptlo1dall1rnestone division (ct. Armstrong. 1976)J

the le.t r parated fto-G It OVU'q , h1t. by ltbtr -dpo\l'lCl

.. harp eroBi: be. . . (r • 4.73).. Altho· hilt 01 gJ.oa1ll' . he

unitOJ'III, the paled-dal 1 ona ot group S cont.iD & 'ft1'Soabl. 1#8'1 t
sublao •• , emo. st. whloh \he pat' 11.1 and oros ..

h lite) t 1t1oaat.!be l.am4Dat1bft8 'lwq

the """ top et '••ch "q_.)I, a Gow", the .' al ~h3thmn, but

feeta-lot.' to the" oup-;a 1.... 1ft., Thej.or... t!casu the !deal

art re1 t d to variatloft SA8 II 1.. rlIlt ) r tbtr than 1atua1 or'tu~ts

w$.thb. 1ndlv14Wl1I'h7thm • altho h he latter also 00". (, a 1Qn. l\f~$.

and ,4.1.). the. haft 11 been (1'. . cl in .otkm V.ft.'. an4

possible ,. aoas , iabil1ty ha bHl1u.tl,_ .'
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V.2.0. 'Cl, inbDtet.t1on If' iM "141Al BUjibm"·
No def1n1te o~trUt t~ este.bl:tsliirJg the b

water caJ'bor1as -xists outsSde the tidal ' O~, w re a nwn rot

atUl' 'S 'oogn d as unequ1VC1 a1 1ndica;or ot ~ 1 ast partial

rg:ec.e or aae,1al:tntl' ne in I'n tidal flat (

Shinn at &1,196 'J 'd Gin burg, 1915). et th ' ' stt

(Shinn, 1968 ), 4e f.ccat1On lat - s, lamlnat1c s, ,- cont ttlpOl"aneous

dol mit (and ass-oeia ,d - P ltlc millet-us) end a18al stromatoll.'t$s \

spec1al~ Lo" an t eli 1 64) ha't1$ 8.ner lly n.onsid d as the

most llabl$ tw, inte~,t1ng ancb4 ~ar'bo te ,nvu-o ntllt (Ltlp~t ,

1911, Lucia, 1972, Wilson, 1915, Qin 1:U"1;19',(S" p.2S,). (II vel',

not'll Clr th ~ &.1; ,trlot " tl) t!cial ...tlt d.po itsJ tor

• '16,

and S, h" 19'13). r tore so eomb1natlon ot, t', - 10 ' £i aturad,

etM!' with an und r ' an,Ungof the overall sed_n'tolog14al ,tting,

aft •• 'd to det I'm , an. ano!&nt tldal nvi:ronmant att.atetOf'Uy. In

abOw teattU' s. wh1ch m t ot ~ 'inQr$ t1P~alOf

supl'tidl e.nd h ,r' 1nteriidal ,tt:wgs, t idant1t!oation ot 4 ,low

int,rtldal/high subticlel ,.ala 111dolent Od"bOtlatesue atollS llotteA

cU.trloUlt to - tabl1. h (r.- , 1972, p.188). alhough the p~

1ft rtSdal ' 1 sed nt la OD possible!.' l'''1011 tn ln, 1968) 41

01' sUCthditflow.tt. i most 01 th :rh1thrnioal~.po, It.d bellow

wat. .. c . bo:t. qllats tbat· ~ In <loe n~ 'j 011tJupr ....,""~

,·tw;e.l"l.stio (e.g. taport., 196'and 1971. Mat'_. 1981, bbl, . ,ef,
, .. 8Dfl. r.rs.~, 1 69. and Glbsb, g, 1915), lew Ole! a laoklag .SUGltl

olea-...(tu.\ evidenceof.,., "" haw CUll 41eo'Wu.d. (b s.. wn on, 19'11).

:ru.tbe!1Do:N.. JDan1' 'ot the destWlbed,hit,' tad .".po"lt ••

oarbon t.• seq _us(sab C1'Oles), the ar1d an4 ' m~ 'Uo.:a1 tt:lng
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has n mphas le fro or h .ld el1mat s ap er to

less common (but liort"maf)., 1915).

Desp:!.t the almOst oolet of the key" t at ',s, t

id! 81 ,hgthnt ot r ls lie d tor8prcts nt

ehaUowlftg-'Up\'1a1'ds seq.ne'. wh1ob. eu1mmated 1ft low intert1dal deposition

(L1thotac1es-gro~ S, F1g.S·.l..) .The asons tor this !nte:rpNtat1en

are d1sous cl below.

1 stones ot this group. e .pplng th ld a1 l"~, have a n bel' or
atureth t ·ar' lo.d10 tlva of t1da.l.-tlat d poslt1()nJ th st 1mportant

Br,. parallel an4 crees le.m1natlons (rSs.s .1,.) • '!'Mae usually'

a1t le'tlatans Of mWl e-poor and m1crlu.rlohlam1De" Tb: micrit ....pool'

1atfl1nae ()()fitain prolific grain ...suppol'ted pe-lo14s end/or b1"l.,&t8 set ·111

a 01 spar1tio ce n J 1ft eon_a ~. the m1erlt-l'lch 1 .!.tute con~a!Arew

e.ll~h a, xcept 1n n pert touter type or laminat1on; 'Wherepeloids

us.l.l1 ell r than those in th!.ntetven

sparl-ceroontec1 (tor dtaUe etta s lV.5Q•• "ll, tv.3D••• l11,

nd 1V••••• U.•). The elt ~Mting C lO8l'nlte-oalol1utlte lam1na. Ut

con.aid ~ analogous to the t1&.l rh3'thmlt ,8 ot biD ok and S!.ngb (1973,

p.108, o·ompa.re spec 111' flg.l84 with r .4.69) ,. wh1ch are ot the e

80a1e, ach lam1.ft .. being appJ'OX l:y 1 • thlok. Es ntlalll' the
,. cl l.a\Yera" (An this ca peloidal end/or hloclast14 lamlnae)

deposit d b7 t1ds1-o\U' nt aotlvlty, whUe the " ud" (101"1tlo .)

1s d poslt d trom . \lipan 10.0during etand- tUl pha', ot h1gh OJ' low

w~er (tranepc>rt .~oces Dot Klein. 1971). 'I' . pr terrtd l~12llt8nt.

pahlle1 to the badtiU" and conftx...upwardattlt ot the b1oc1ast, in

the ca10· nLta la lad, mphasls tb role 'otourr at b tbl Ut

deposition. Such aAor1ain 1. oons!s\:at with the " ~ent" alter., tlDg
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peloidal laminae (see section IV .50.e.ii) and the micritic" icro-beda".

The pelo1dal laminae are near-equivalents of th,e flevenl,y-laminated sanda"

of Reineck and S10gh (1975, p.109), sharing the1l' poar definition, which

1s a result ot the compositional similarity of the adjaoentlam.1naeJ the

peloidal laminae are only olearly seen on weatheredtaces (se F18.4.54

for example). The th1cker micritio Itmioro-beds" of this lithot oies er

probably expanded equivalents of the more"normalumoo.laminae (Reineck

and Singh, 1975, p.lOS), although the tine one-grain thiok stringers ot

pe loids, which impart a vague lamination to the m1cr1t1c "micro-beds" in

some cas s (see section IV.3E.e.il and Fig.4.63), invoke compar1sons

with the "thinly-laminated muds" of Reineok and Singh (1975, p,ll.2).

Finally, the cross laminations are quite consistent with a tidal-flat

origin, as they probably represent migratory ripples in som cases (Fla.

4.54), scour-and-fl1l structures in others (Fig.4.58) and even migratorr

small-soale shell bars (F1g..4,,59j of. Friedman and Sanders, 1974). There

is no ev~ nee what-so-ever to suggest these laminations are cryptalgal.

The tidal-flat environment, suggested by the laminated

deposits, Is supported by" a numberof other sedimentological features.

(1) Rapid and usually small-scale rt1eal s d1mentary

ohanges that occur within the predominantly laminated subtaeie$. For

xample, interspersed with the various types of tidal rhythmites, and

thicker micritic Itmioro-beds" ar storm bands, whioh ara typic 1 coar r

grained with near ...parallel planar tops and bases, the lattel" slightly

scoured, thea deposits are usually Qo1dor bioolastic 18181"0, 'Which staad

out as coarser band within the fi.n& peloidal caloaren:S:b.s (Fig.4.,58, .t.
Laporte, 1971, table 1).

(2) Minor eour-and-fUl struetures, exe,mpl1f1ed tv the rWl-

nel-shaped features sen in some equances (otion IV.3C•• i2). w re

considered typical of tidal-flat deposits by .laporte (1971, table 1, . e
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1975, ,.295 and ' section V.2.c.U.},. i•• the blotu:zobat d pelepartt

repr nt subt14al d position whUe the ~!nated d1ments aN th&

ft·ault ot intermittent floodlng an4xposure (!at ,. O~ rupratidel).

Altl'l18tlY9l,y" the gastropods fl'l8¥ also b.&vebe n Sat.nidal and simpl¥

d stro)'ed tb lamia tion by theAl' vagUe ml-1nf-una11lte-stTle.. Th

abe .,. ot th&gastl'opod fro - tb lam!n ted cl At pI' eaelt r

h1Pot - ls, Itho h 1t pethape Andloat, tbat "htS;: 11' low poslt1on

t _u:red 111 the t1dal-tlat "g to'fthe group Stal '8 S . whC)l&.

! ' is BO -onalet .t :Mlationsh1p "we n tb laminated and bioturbat d

lime tos,. wbl4h occur a a tiandom mesate ancl th. Mpre nt .,1thal"

dittenn.t peets Of aJJ8 nvJ:roUli!tnt., 01017 adjaQ at

env1ro nt, par: of whS4h • on '. t!dal tlat (= laminat cl 11thofacdes) ..

Cel'ta. t: unal ete" which ' not 1n th III

v&dan , Iso upport a tidal..tlt !n'erpretatIo1U

(1)1'I-a_ fossUs. the ~ows tha'b out through th lamina_cl

s d -nts(FSg.4.S1) :aft most13 ' "!eal an4e~tcel, €I nel"e.lq

s1qle or I'aftq lmo.nchin ; aU teaturts, t,p1ca:l of FQtots'.,.

b'L'll"l'ow,of J!1 shallow !tel' ,tS:ngs (H ekel, 1972). S!mUar ~

pell.et ...WUl$d '~tiQ 1 blU"l"oww d fro Lksslo tAt "!dal-

t t d.poslts by Oo,1cOhS et .(19'5). In dd1t1o.n

cJe· . :ructloa ot t!.eft by bloturohuaflstio

~ at ot tMal t1at(Shifta t al~,19 9).It

(2) TbI lowtU stv ot the taun J It " 88 . :ropOci ....

otten "Oftla' body to -Us peent. E n with

low 41: rsit;', hlob, in "un able"

(S)

Uowubtld 1, pos£b~ It'nt iatert!d'l
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gastropods de' otten 010 ·IT assocSateci with such cl Ilt (5.g.6.48)

ana DI8.T. by their .m.s';"WUb 1 habit,. be 1"8 ponslb1e tor estro1'1ns

the lamlDaew
Although tha lem1batlon » the pt1nolpal ~ tee 0 . whlch the

t1c1al ...tlat !.ft' rp"t1oo is ~. 4, QM OOOUl" 1rl <»th.1" tt1tigs sucb

a. "tua.r!as ena, in sO oases,delta ( wok and S1hah, 1913).

nel' 1 ed1JBn ologlo 1 Cl noe or the :rhythms. w1th he 1M1uded

1M to sU .' olearq t:'Veut a arbo· t t1dal"..tlat •• 1rolUll&nt.

Howe' l"I the are a nwrtbe"ol not bl ti at s, equall1 ohar' ot.r1st1o

of $.& 1eat,and ~n tidal llats, th ;b. •• au .SAg ~o ". t\lell

_bel' l'hIt· and their· b , noe W8.l"#anba dU~Wla!on a.n4 80.

Cl l1tlcat1on ot

owl cl • ot modern ouba :t. tldal ...tlat atat1on. la ba cl upon

nareh OA ~ks (It> an et al.•• 1914>' the Pu lan. Gult (Pur 1',

1 '15) f ,1ot1da ( . espeo1all¥ Gins " g, 19M), and Andto X land (

eape tallt inn 'et al.., 1969), whQr ' paHC!!ontemp()renous 'olom!te,
"b1tdee,,",s", 'wi QeD,' lnat!oae, aal !nit." Ill, tidal

chanlwls ap Q1" to be the s an 1ih:1eh the
tatiGl'l ot isnt t,1d41 tlfJ.ts m h

" orsq lam1nat ,

batf.ons and

~ at req1diN '00' t..

1nnal.(1969) ctleU'lI' demon .... t

'r,nA._ It '1'

In rbJ6hmali,
of th other oharaotel'lat1o

(PlV's'

n " at
~'Plt'llll' . al) 'Mbos on!b'_._ ".... cl la

et~' ) ,&8 ..........,-..,_

This O,b.11'VI!i 'flitWi

$" G1'ld

sml8't!IJt~1a.d
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Ginsburg and Her&, 1975) anti anoient o_benat. eett1ng (!aport,

1967; Matte", 1961J R hl.. 1967,' Wan! ss, 1975; and ~ no,19" ) J

the camparatl .. absence ot ~tlol1s k1 ,ha inten1dal and sballo\.r

subtidal zones has been 1ar 17 attributed to the destruottw ao'blvit1e'.

ot Waunal orgenlsma (Sh1lm tal., 1(69). Despt· tbta br,' egl'e nt,
such a tt la not consi&tnd .nable tot the

I'~t. " wh1ch are be~d to "P - .l'lt a low ill ·l'tidal....bJ,gh aubt1dal

_ttina tor t toll$wtna asoast

(1) The ," .'twaU mbel" rblthm1tes 1um a1t aq· en $hown to

c~.,sp_dclose17 to clast t,1d&l rbathmt .a de :rlbed b;y J\e!neok cl

$lbgb (19"); th rh1t It.s$bal.low water 0l'1g!n ~s ,not th&r tOft,

eonsSdtred to b doubt.

(2) '!'ha p 1M" ~,Sonor uch 1am!na_ddepo 111"le t"leal itt

the low 1n nidal zone 01' clast" tidal 'lata,. altho .h.tb b!gb

1nteJl'tldal and auDttA 1 .poslts er usual.ly 1eeltJrtg 1n PJ'bter,-

sed ntal7 etructu:rea due to b~DU aotlvt.ty (van atl" . ft. 1961.

but ot. Klein, 1971). Supr:tidal 1am1tlation 1s lop, d but le

Nadi.t, dut\dahable fl' Slltertid 1 t1P& by 'ts ~gu.1.al'lt7

(van straaten, 1961).

01 10 ation feat.. , "bs.cl _e" aaet '3¥
dol01te &G ttw, ".11 Membal'd,poalta, ana. ,""I)' ., f li'JUtTowe

is thought to attSe t. again ~ 'lwir ' . tag Upr tidal depo It. The

PftM of 8p .~ . icl't· and palo!dal1 ton': tlakr B .~ stab..", doea,

hCM'ftr, wtea.te the· pro.dlll:" to end/OJ" poracU.o ,iec ,tlea

e•• • :L.,I. in n!d:al. Sucb.flakes ten t,o bet enA

rr1ldman.196 .) their Cp t , WOuld'b~tOft S'l1I8eat ·n· ~

po it1on" 'a 110 t1dal tlat ..

. noeoro ..t:la 0# d,fttololMal teat ,«mob.
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s cour-and ..tUl struc'bures( section V.2.0.1), l.nd1catas a tldal-

flat orig:l.n t~some of the group 3 .cl· ,nts ( Iaport , 1971).

(6) The &ssooiatlon of marine ttHNm At", gastropods wlth tb

lamitlatea nts (FAg.4.48) .SUIgests that a lower 8h~taQ. or1g1R

'er tb lambat10ns le l1k:tt4t. ant S't\li1es on Il « sUS ~.et
tbat a h1ghubtSd l-lov Arltenidal habltat la not urna cm blAt tor

t sa tr,opode (M. keJ";personal 0 1ctlon).

(6) The p , _nation :lD the Naoum,,1" For tSl (earbOaU'erons)

18rdDat.4 sedJ.Ult' (below lemlnat cl (lo1om1'-8, whlch ~

abuadant "b1:rdse e" aad Q$1coatio ' ~ atur ,,') has an ported b1

Schenk (le6t). H oon 'ide d t m to"P , nt ,tha low ,Stl tt1dal

envuonment. S!mllai-l¥., other lsmt.nlte' ~ ha, be DOQri' d til·' modern

h h subtAdal .,.tsags 1>7 Logan (1t?) , although tMy ha' ofteD A

des ''''0)'94 bt .lOtutbat!oa .•

Tb.eppuent $Oal"ot" .t an,iont oarbonat analo' S ot tb

1D rt1dal/ ubtldal rbtthmlt contra te sharply with the pre tlorlal

"001'4 ot s1mllar o1astSc d_nts and s~atldal osrbOnat lamSn.!t's.

'rh" mq be d. to a oumber of tactOJ':e. tn lDod•• n oatbonatet,f,dal tlats

(t. ample Shlort et 1.,. 1989) 1_ ·ud .ems to be ttl ptedom1rl8nt

.dblent type, apart tr t bAshere rgy tt '(le s to.)J
welWetUed rbtthmltea wouldm unJU:al,Jrto torm Sa 8uoh 4ep. S: , and.

oo_q,.a"qU at aAO_Dt ."Sass weft a1mUar. oarbon·t tbrthmlt

.. be geauJMly !'aN. Hew... ,,', U the Gre.tw11 Me ba, rbTtl'Un:1t .It

lora 0 olast1c .'1 -- ls taken.. e' 'p ttwtb.er, 1t could bt

iD d peloldel oal0 -111t. . would pa ill 0 caloUutt ••

hiche " ·hOrttao'" paraUelSftg b· , ·ton .,

mud.. ell in. eat. o1astto 'idal flats. In 'hi ca ,and ~_ ~.

t nt the ,oaalble etl et ot .graines., .tha· le ftO ..... oat wbJ'
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»Cl.slble" sedbantet1stl-.tu.reS should not be NP1"9. ate. in.

Qubone.t'A t1dal-tlat seq_lloas ana p:rese~d lA the low !ntaJt1dal

zone as theT 8l'Q In a.ta,nt o1ast;le swoesslons. !he astr_lw )tole

ot tb Wauna (Sb'l.rin et 1 •• 19 I, Sh'1nn, 1975 .,. end IDgan, 197)

should be DOmore etleotl-.e 10. cm1"~' thaD. olasts. seqUSftQes,. Il\

tb ligbt ot od ~A ,oolcaS4alvOI' on faunal cli.ftrs1tlte(San4trst 1968,

• also Valentlmt" 1973), ita 'me unl1lcel.;y that 1ihe mOll'Gtl"opSoa.l

~b8nate settings WGuldha: Et p,ro'l1tJ.e Wauna. ,.ban even theS:t

t.mpel'8.t. olastlo C WlteI'Pd'"tS, ,tOl' 11;,1 tb' unpl'84lctabUlty ot tidal

envl.t-onmants (w_ther temperate or ~ ,p,$.cal) ..at.' .,~tbaA eny $!mp1e

'.rat 'oClt'llrol that ft, , gw.at eft the dl_rslty and <lensit, of' faunas.

Bowe:wl", !on the Oft tropical (mod&l"A) oerwaat •• ttt.gs, ~J'salfAlt1

1s ~ f'reqtlmtlye"OO$'it.,..a., eA. alrtm "net to t1...-,1811 (eae t•
• zaple liagan ,&ad 1JIJ•• , lt74), fto&e tircm the "swlotlve at't$n-t5;on ;01

l!lfU"irlep:n4:t_s (GaI'ft't't 1SfO). 'PIle "battlkl;tt effect of algal mats

S'tabUlsas sed_n'b a.nta ~ with the poss1bUity ot Sru)l'.anlo

PM'o1pltat1.Orl,. lad.. tba&tposit1Gnot 1_ iUd, 6tt:CJtlwl¥bSaa_

the _d..I1'1 •• bonate 8,,"1 towtds 1Qg a "mud"'athW th$Ji "miad'l

tidal flat (lla1ne.crkand Sbgb, 1913). Finallt, ,be aisence ot pbJ'stou
lam!aat1oae b ab.SeAt oarboaatetWal tlats _,. 'be the ,..ult or
iAtar,ret1l blas, the~ ap~ft'b ftstl'f.ot!on t. supt'atSdal 'i\t:l:ngeat

the p ,nt ~ JJlq ha..... 'ncour .ea - dibxe.ntologA.sts to follow etl'alght-

i'otwat-d analog".. .,W ~le, 2l . no (19''15)"8d~ attrl'llnD4 hal"'
, ,

Ilthote.o!ea 1 '4_11't8 to aI' fil\4 baaoh"*I"Sdge 'tt1n1 $~ to

tbO ,des~lbed: by Sbllm '!b al. (19G9, without offOtiAc IllIPpm~

evAd••• (.\her than that ,he ~a ••• ' partly 4GloJI'lltU.d)lm1

deou, tion le tUl'ElS or "bb'd 's" l' app.. n'~,",.ft'_ fl.' dO tbtl

seGht,s occur witbSa El U_$s!lm that mU e •• d m_~PM'\&t1oa
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llkiJ.:r (op.clt., fig.IZ.J.3). so doubt u.st 1iheret(Jl"e b;) att thad

to her- lnterpretation. Thus ltho b omtalgal !.Datibn ' have be n

w1del¥ d to d e~e.te ano1eat 1nt ":laal $ t:h!ng, DlI' Schenk (lSa?)

ha olouq e.ttr1buted pqs!O:al lam1nations t'o non..~utJ1at!dal ,tlng.

ven ca pt!ng 1>he low 1Dte:tldaJ/hSgb 8ubtlda.10l!"~~ I. the

et II m~' I'blthm1t e. the ab n or bigher tidal Z01\i (Ol' ..sth."

their 1ndioatol'e) raqu.1:res some eons iderat lon, peo1aJ.lF 1n v w of

t Ut vlde ad q neGa" e 1oo!A, 1972

and GSAburg, 1975 for :rev ) • In the ea I'

t a,pe to he hree poseibl& reasons f~ tha b n

(or high int r idal) "1nd!cator n ( s1eeatlon· at

fJUtomatoU.t s, "bird ~G", and .penaco:tmpol'! ouadol 1t).

(1) 0 PI'S l'Vatitm/ 10 nt,

(2) El"oslve"motal tv the eub_q nt bEtAs aslo11, whlctb

lalt1at s tbext 1'h1tbm (~sJon),

(5) The I "_apl:d..o'!l !s,lt 'lonet tb: south Ltno lnshAre

os s in ,..le.tlon to

'a,nor).
h thelmo. c'

d. 100 ,ton . attn, sa a fi" thu" atla lake,,"
tbat the . btr d ftts 8i1CpOtf . , it

poslhla that the we11-... d peloldaloalo '!Alta 'Waft U "eap otall,

OondUb1.... to It ,.j icr1tto· ft\ would be.

Pun.r mdQhoke, wb10b a1 odewJ.pllbti.q , ouslJ; are not ftoL1II:8.Y

'veloped, ',IS in apo d 1llUddi' ·4· nts, M.Btadahaw (pe~80' 1

1oatton) o1a ,that,onl1 Ob 'to ot uoh Cl' ck . ha.. 0 .", ..

move!' 200 peJliatooe,· n•• s 01 1 ina Ii tidal-flat ..pos.lts ot ,bt

Great .tuar1De le . '01 tel$. ·"lad. la the been ,01er ,olW\s
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the prinoipal meohanism tor the generation ot desioeatiol'l flakes and

there tore edgewise conglomerates is lost. However', the few tlakes tbat

are preserved appear to be lergely oomposed ot pelo1de.l limestone,

suggesting that the sediments were n.ot eompletely unsusoeptible to

"drying outu ..

The present-day restrlotiol1 of algal stromatolites to harsh

environments 1s mostly due to the feeding activity ot grazing gastropods

(Garrett, 1970; and Gebelein, 1976).. In partioular etroDgly cohesive mats

are on1,. developed in supratidal and high intertidal environments, out ot

range of the intertidal browsers, although lowr intertidal and su.btidal

mate ooeur in the hypersaline parts of Sharks Bay (Logan et al., 1974).

In subtidal situations, where mats are onl,y weakly developed (Seottin"

1970), disruption by burrowing organisms pI' vents slV' preservation or
algal laminations.. 'rhus algal stromatolites, tar back as the Mesolo1c

at least, probabJ¥ refleot· high intertidal ....supratidal environments,unlesB

there is clear evidenoeot b,yp&l"salinity restr1cting the activity ot

grazing mollusos, as in the present-day Sharks Bay. As abundant

gastropods oceur in the Lincolnshire Limestone and no evidence ot

b,ypereal1ne conditions existi, any algal mats (11' any were developed) may

well have been restrioted to supratidal zones.

trB1rdssyes" may not be represented in the Greetwall Memberbecause

the peloidal sediment lacked sufficient coherence to support the voids,

which seem to be most oommonlyde loped in lime muds (Shinn, 1968.).

Alternatively the ubiquitous biogenio reworking of the sediment ~ have

released gas bubbles, th.at could have produced "birdseye-vugst,. ('!'he

wett1ng....cJry1ngmethoo of formation is considered unl1kely in the abeena.

of other desicoation :features.)

Finally, the absence of penecontemporeeous dolomite could .1$0

be d1rectl1 related to the sed1Jnent',s position on the tidal tlat~a8
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Se nk (167) 1nvo d r bls laminite. The is no mOdernreoord

,of pen oonte &~aneOUS dolo :tlsatlo.n OOOUl't'ing in low httart1dal

~d!ments. it01il8ver, Et Gacand taotol" lD03' be of'. gltaate..- importane ._ft.
cl_tEh Althoush arq dolom1te ts not :restrlotad to sem:t""ar.id~ ,,.

01: tea (cr. Sh1nn et el., 19 ' J S e 9.1 0 'olk Isnd, 1975); It, 1.

more ad1J¥ de'V'&lopGQ!n such settings and 1t in ht '1'eto that·

'tho aor humid Middle Jurassic ol1ma vas . 1blt1: to w!dsp ad

dol.om1tilsatit'>n. Qarbabl:ty one haabaan ~OO". dad 1n tb$, mrgont '

deposita Qf'tbe G at Oolite 0,1: Qntorda~ (p~# and ~.nkyno, le, ),

althO h th geogt"aph1cal set Sng was owat cUt t to that sa n &n

Ltnoolnsh. ' '_ Dorag ( dlozaani, 197:5) and 1m,

eoh ohe.llnethods of dolom1t1.se.tlon {Folk and land, 1975) do not ' 'm

appllob~ 1n thls (JaSE!l,e1C¢~t that rain' wai ~ dUu ion ,he; perhap

CIa. d lomedololn.it tlon b ,sup "tidal envt\ronmante (Folk and I.tmd"

19'5. p.G5).

Although t a perM!,' cOllt'l"~butoi7f1o" 1n ha a ,

the sUpl"at1dal (or h~1ntet't1dal) teat .$ the most eas1b1e sot\11Ul

to' be tha no-de 'lop nt(_ rvatn) of tha'b p.' iou.lat

nviro.nnent 1n tha 8 QfJslone elOItnUJ'tedJ W'1 x:p·tton sorted '" 1
t ot :rv1den' t t l ...t1at po :te. ow !.oh •

to at only t ..love-r te:s:>t1dalenvir 1'1t.

4t)1n.oSden~Q in'lfolwd 1ll poS\ula 1ng

of aU ' G ht al p081;·$ d ,8 thG

, ~m.ova.:t
on'et or Et oh

en td.ng 1'l'\Ybhm dls" cUt hi as pose

of .atidal I has 4

• In ;le a 1 or 10 (Hal' ,
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gre :t, the tndl.vidual tidal-flat ;zona could haftll ~ extensive.

-at" in ex ss of he 16 it w1d h ot thG Andros Island. tdal tlats'

(Sh1m1 et al., 1999) or the 10 Ins. Of the Persian Gultbktlas (Pu:rser

and eiboldt 1993). Therefore $tt the at' r . str1ctad . la "4 bJ'
t· south colnsh1re outcrop (t l.y ~ traced f,

15 knuh) 1t l$ posai.ble that ol'1l$r'ha low hltett:l.dal _4 Ubtidal

("I) _ 1,e. although the t1dal tlats 1'e pro ading south

L1ncoln.sh expo s so sit d (eeaw) "hat they, , ined

lthero subt1de.l .~ just: lntert1dal e-venat the ,t'haSgh~1'f or iSh sloa.

M expo d tlclal fla .zones

ett .V.2.d.) .•

ID mne}: 10m the group 5 I1thotccies pro b~ low

1ntert1del ee e of ano1ant t~l-tla.t complex. tb$ allee of I!l.O'rG

erg nt eon s ~1ng due to the geogrphieal posit 01' the ezpo.

3n rrelatlo t() tho owrall ·o.r 1ihe nflata«, wh10b .mau htrt$. .en

oantI'Gd to the 'st ,(and/or outn-wst) of p"'n~ o~tq>s. 'tbe

act hat th tidal-flat cl' postt p . r1<l......'hM...

. 0'1! the ab' nee e.tr7 idal Ohann' 1$, which ougb;'

I h . qnoes,. toJ' SbiAn et al.,,, (1.96 ) pohtt dQut ha:

the trans as:' flat . tlat .

d no tidal ehanMllh A1 ~ it Itnr to

(al .. and ", 1916, p.107). :O.ep1te the m~!N,~,g

in.dtvid 1 !dal ...rlat nee:s. trhrb . torm pat't of: eA ran
s c ssiol');J the ca an nt t. ", flats

..,
(lap , 1971)II . ss:\; r~hl ~*sh~ tth$
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V.2.o.!.!.!. 1£~~2'iiRmI:SSWllrMi _2;S!ml~OH@Mli#4ei4'RQ,&tel Thase
fatties gttoupa appear t.o l'$tl$C!lt d:1tterent tt8g1tat£on~1$tI wlthUl the

sballow sll.bbtdal zon '.. ''1'b$ ~!n(tt)al ee4imntd7 and faunal

ob aotGr1st,1cs or theM two rao!a~oups o:N sh,Q'til'lla :rig\rN! &.1. Md

the It.thofaoia·s,ot the 1ndiv1dt1al swe.t1graph!¢al units ~th~h be~ to

eaob ~ are shown 'in tigU't'8 5.2. The loo 11.1ab~' moJ.luslls',

terebratuUde ana: ,c~als, and the presence of BJ1Y,0joo. and eohiaodG:rms as

awls "fleet theow~all ma:r$nenature at the S$4imen' Eh

,tA!hetalku!::grO',m? 21 Tbis, the 111Gt'1 agit~tionn gt'olZlp,le litholog1eally

Yat4ed, ~anglngt'ros1lt1 b1om1cintt"s; to oosp.e.ritQs. acwe'l1Q:t"f thel'oc.ka

arema.inlT bmodal or pOOl"ly-sO%'ted paeksto%les, hav!J)g predommMt w
~b.ble proPOI-t1ans cl ooliths and peloids set h e. tlpoorly....waaba4"

mat",1xotsuba:1d1ary micrite and sparlte. Var~ oth~l"pah types

(one;c5lJ,.tes. bioCllasts, 1n.traelas'bs) also Qe¢\ll1 1n the pa.ek:stQr:l$$,

The geneFsl POCl'" sorting et the allochams, and tM pJ'e~ilf;U'},.f)t

SOlnil p:ctm.)l' micrite !.n the matrb sUfJg~·etsa low 4e~ lilt eglta\t~,

tu, ,does the l.al"geJ,r 1rldigenous tauna (moved bub wltbont $~n1f'l¢,a!lt

large cale post-.mo.rtem transp>or,tntion) but th presel'l .. of bor·btc
(mJ;crl,e~trveloptuJ) and a.C'cret3.nc (onoollt$s) algae el$a;rq Wl,cav a

oha11ov ratherl'" thand:&ep tlqu1et" 1'l.'\dronmen'\, w1thin t pht>t1ce"

(Bathurst;, a67h-). SWUlchatt (1969) claJ.mrtd t· ..en eJ)\1Zl4ancoot elI;el

~d patnes~atAd ciGp&sttlon S:n.wa: ,\rS la. illeS? _tJrofJ deliP

and ' rbab~ l$es tha. 15....18 tree. e: m.1o'1'1 atto:Q ot 1)be aUoche .

le \ttlde, ad and:ln. d 'bnk:al of th1a group otl1tbQfeo!4s, 1t .'•

l£bq-. fa~otallr 1n ~,w o£ tbe!.:tt 3\%lCtapoaltlen '1:0 the 1n~~W$l

4epeslte,that th.. d_nts woN' laid derw $n V1 shallow wtel'.
01d9,m'1'; the low tta1l1on. 113~cted in ..teet t ,oUfti'eh'b-Snd_d

~atloDs :kt tbe 1ntsrM4al deposits and 'ho p~. nOG.C1t 0lk:a1i..t. it
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Moat auth.. s have att ..l1:rlD~dGncol1t~:U!l t¢ saltat d $ub\;~al sett1l.gs

(X.gant ·1., 19M, CbbG,1eIn" 19'6, and tucker, 19'1), althOugh \_

ortcol1.tr3s·.();t' th1s tae!e~~llP do nc.t sat1efut .. ut tit il\\o Iln7 ot
I. "modea deswibad by Logan :1) al.; (19M). 11&7 us 'l¥ shew 1th1n;

dbe .. daR"O. aa~t.t1Q (Wovth l'1ma al'o'Und n.lelt~sed Or a'be.
allochems, and 'tho,Be ~at.$ suggest en 1'r:fe.uJ.ar, .athEJr :alow~,

p:robab4r iaiuced 'by Gftq \.Galt _610%" episodic &gl:bat101h A s!mUtalr

low-agitation 'mrbo~n' !.$ also ~geerbe'd bf" 'tihta compo.ttlt e.n4 (W.,-
l'~) ~t ...ioool1ths,,$lld Ugra.stOntl·t alloc_me, as well a ' t-

ab_dut burrws. whioham sa A 1n these fa~d9S (. el! etl. V.

a .t.) • Grap$stOMa'quka & pel'iodot st blU.ty t~ b.tel'-panuJ.elo

eo at '.ion to ta'b.f.& 4. (IUing" 1954, Pur""~ leSt end Bathut's'Ci.

1975, p.,1S2). WhUe tb$ eo poslte (= ompountl _11the 'Of 061"0001" 1964)

and s~t ..1c 0011ths s:iaUarq 1Bdica:fsa onlT eplsed!.c a~tati.Qn.

O~ozz:l. (1964) \lnTisaged txt..Wsot ooliti.tlm.\ (:reworking) l.n1)e11'Spel' sed

with quiSscent t_s whenqp0gation (toWd OQc., ,~h' meah$alam

'me pe:t"Q'lI' a one bteat with tbe Gl1eatwell Mambai' svWenoh 'the tett

a rita oo11tbs. altho b AoWt·re ~e:r ss"exiteme" sI 'bo~1ee

discus d "'~maft (1962), $~ the .,.ral Uaee of Qv1QGn-

£avourJ.ng a ld'aeJr stable ,$Uba~a; • [Q., 1& hi·

htgh qlt.atkm, with \lbk' I110demonocl:l.te$ .81'& mCllUGnffla' assoola_a
(lOgan et al"t 19M) a.n4 it la possible tbat' theM Ju:raesa \1J'ltol!tee

an I1et .~ 'logttu to tho- fi .ount&fpar. "

O&U.~ .ften ~.a:te ~ laoms aad, la alidltlGtl to\_

compost.to .1JJ"t" theft al"& 'OlIO otber mam t". .' -).aMs •• t1:eW.
Tba latte~ " ,.lat' 11 thin ooUt14 coattqs U'u the 11... 1$1,.

which atte Wi' ll.Yblbo1a-s's or_ott.nj i#~t (m~'l,&a,) lIfaUs.

S:ll.ar; tihlalu ooated ooliths vltlh upelo1dUft ;1'.m1&1(_4 aeeoclat& .
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81mbi. lBsoon, WheN the subat'f'ate ~ stabU!sad: __ .GubtMal gelatU1()QS

algGl. flats (Bathurst. 196'1..) I: and in legootle in ~ ftJHJ!a.n Qult.

(LoJ:teau anel PurS&l'. 19?:a) ,', Altho~h Be.thWl"st(19a7a) olaimad. an .la.
~ til ~lopeant; tor his ,iba, 'ben tends, in the DshQtllru\ oarbona

areas, to be a genet-al, duct.ion An ~th 'bhe Rum l"S ~t oo.11tha ej

th. tblokness of' the .' l.$.'to eoatingsewq from the ~h4t ttlf''imlent

QolltbMrat~g shoal.s toward th less agitated Q()11tie~apestone

tae1e.s (No llet al._ 1960).Sl1ob a ta·eiflS pad1an\ wotlld em to titc

tba L1n.oolJlsh:1re L,\m$,&tone situt .n, for the ~.n(la of ttnDrMl"

ooltthe (:which~\11nablV(W$w Sn :et', , aGitated vat,"$) 1n th!.s I c!El$

IIJuggeataa degne ot flwashlng l,nfl, altholllh t a ,li~Q grovtl~ of Q!.Q;

superf!o,W t)ol1.the (0.£. BnthtrJ.'st. 1967a) is not rul$d ctt1;. In taat .

tha ttoncollt1cal~ GoateEl oo11ths" of this hcles Ul_l'st. the tvo-

stage lite Cd." man;r of the alltJObir s.

The paup 2 lithohoies 'WOuldtbaretQft seam t.o cor1r'(tspond to

the ttsta'ble sand ha_tt"ot N~:r\l1ellet&1. (1959; =: oolttlc &nU

;(11' f o1e's of Plw~. 1981, El a180 Bathurst, D'1i. p.l21J ..

Muchoe tJ! Et stabU.tty may haft _1\ dta to the iJl'G$$t1. ~f ~latinous"

subt1dal s, whtoh oapable' r et b1U.s!.ttg 0 boWlt mmcW 11 tu.

allaU..,." tttorbulttnt cotuUti4lJ1s ( .~,f 19S5, tll.sil, 198! .'i 19G70, al'l4

197&. Sool'ftn, 19'701end 'WOOl:U). e~al., 19'10), ~spl"lQsfV's.na .f};(,)

~s 11 r plIl"esen (Bathurst, ~ Vc),

d'tI»le,ater p&rtot1!caJ.ly and at& &stroy'Cdbl' bm'ov!ng. pro 1'11_

iI1llft IS cl qltatttm ha~ ,b$enNSpofts1bl. r-O:rl"'ollAne t. "oncolltoa"

ana NWOJ'.td.ng t . ot f"oamplex hi' tm ~$ , cl

t"~Jl w11&1\ l)lt.th. W~ waahed Into' tha "lege; U .&.I, It le

post. 'Ole that the fIq.t-wat 'I' onc.lite·it ot the Ire ..t.u Me llQ
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,%'0 e}!l!!i!1g£1u& 1im sv!danee tOtr ge.~l"ElDv stable~ lOtl-&urgr sttbstrat$

oonditions, with Olt~ episodic asit1lt1Qn, is l?l"O'Ifid~d by the presQl'l· et

suparf10tal oo11t:bs, aompos1t$oollths, gl"ap$tOM' .a.Sns, Ifqtdst-watar

oneolltefSft and well-developed btf.t"l!tOW'systems. Peo~ sOlt'ing and th&

pre once of' sonn mud suggeotsinettialant winbOtd.llg. HOw:eWl"l m:ant

of the ab<>ve8Jfain types :t'equ~ periodic agitation .()tf l'al\tbrld.ng .~

bet_on periods of qu!ascence, and the oommon oe¢u.r~en~ of nttormta.JJl

001i; hs bld1eate s traflsportor ffex:tltlc'~ gl"a:i:ns into this envfroruoont.

fhaganeral stab111'10f these sbal.lov--water su.bat:tates tomsFobsbq:

provided" the pftS9.nce of subtidal gela:M.noU$ algal nuats. which VJtii).

peJ"1odtoally daetl'Oyed,. allowing ssd:1mant "'W~ldt4t to taka plafie.. this

'i1J1J:1 have happe119datd1tfa!'entplaoes at ditta_nt timeS. A broad

ualogy ean b9 dl:oatmwith the S'bablesand habitat 0: No'WSl.let al. (1&59),

and Talbot (19'14) ha.:adasmbed utO$sUtt e:xamples 01' s1nlUer taoJas~

Which ha also related to aUbt1dal"roo.t..oon.tl"olled stable sand subst1"at B.
U1ihogag!9s"'&':OJ!:Qf. The btoap 'lti¢ (low :rel:te!'shell 'bank) and

oospe:rlt!c grainstones or this f'ac1es indicate a m~ ag1t-ated

e:nvttozunant. Current activity is ratlaotbed in the w1ml.owingo;f Inud"

the ali.g~nt of' gra:ms parallel to the ~dd1ng (usu.al13oonw~-$:td"

uppeJt1l10&t) and, at fhist1eton, w"YI!t'Vile oross t.-dcUng. Fm-thermOl'$

eubatra.t mobility is suggested by too Nlat1i7e soat'clt, ot burrows ud

th pl'eponde:ranoa 'of mo-bile, epU'aunal suepenst.on ~ eda~a within the

fauna... H~V9I'l.~nW (lora! o3:umpGwre able to su:rviVQ, 'Wh1eh·ati '.8

$6alllst "al11' unstahlo(h:2.gh enar~) conditions.. his UthQ!'sc19s

pr.bab~ rfJpresa.nt . 6 stag near~t the ocl!t shoal $a. 10 theonarl1

_adient of Neuell et al •. (1960). although 't ts not ~;u.J.uivQ}~nttotH



nunsts'bl,$ ooU,tesand habltat" of Nwll e·t al. (1959).

TogetbeJ? t1vJX'&~ Lithof",oles groups 1and 2 ",1'0sent a f!at.1"

l~nel"aT. martae su~1dal dopes!t, fNlgeet,J: of a protecteCi

eavircmment (tidal flata belngkad1aat1w ·ot poteete4 sh~lSae , '.aer,

19'11)., wbloh is f).tinged on th& one sid at loast by tWal flats,

(L11hofac:l.es-p,cllP 15), dd pi'eG bq award 'b1' a pttowottng 1'I'ba;nttei' ,

on vhtch the maJ0l"1',. of the eoa f '$ IJ!f1,1 was <ll&stpat d"

V.2•• 1v. ~Jii!".¥!a!n jr~I' Alth ~ RafP contrast'S are

80 time round locally wlthiB rhrtbms, the maju ""ides "~ t1Ett:.. n

I'hlihms, and can 'be w1dall' traoa4 (11«.4.1),. Uual~ ~ ..aroo1.- ba s

(F1gth 4.7aafi4 .?I) or haI'.~d.& (1.l'1g"S,&) p.vate tM .1ntertWal

taciotf of tbe lower rhytbm hem the s\lbtidaldePoslt 01 t ~1'17idg

l'1l)tthta. The ~ounds at$ ftotextens'1wlt' hipo' cl ttl plan" xcapt it

Wal1ihamOJ!)tbe WQUe ('1s, I.i.,), pdcmq raft boNa .. eac,uetetG beve

be'n .. n lnso __ ctlons, it has no\ "8 ban possjJ;,le tMMtOftJ to
determine tbe pfto;\seex;tent or the bardg~Qund8f 'lien w1thk W1.vSdual

quar;,:1e4. H~ve:r at Waltham,tM har.oUlld has 'bMn¥tenslve~ bettI.,

$ftdtoatSag lts":q>Gs~u 1a s~,i4el conditiO s {ao.ldl and Kall'lliattOlak,

191., Palmer and Fursich, 1974; and BramleY', 1975 ).J ana tbe ... are hitl's

ot I1ll earlr aoio~ tfrSm"G -mat that mq have bad 'or' ·.Sn

(PD.,., 1969; and Sb!.n.n, 1969). Howewt', tbis 18 " no --,aM olouJ,y

developed and eYen 1'8 s1mUe:t. thoUlh be, ' ....._".l.ped l'iln oe:r»ats

~ ._a !rJ haF4pounQ (StairJ.bt>. t ' 'f1ert 010.• paok - 01 tu pel»W'

and pftJ noe ot :t.ntentdal DlHrlt. ! ltCliltl4.ult,. d t

tote, lnt, hip. ,be prlul.n 01 is6p oho er abo_
at ~a.4.n contacta ('_ ., 1989)oa_ot bit atlstaot.u,. dad,..tt

(ot, luhlch aid hltlal', 197&,,). How".. tbe ,"seno.,ol tNt apcra4lealq

developed .ely .ma1'l1, ani the 'almal GV .. ~' -.
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V.2.I~v. in1!!EPJ:&j!,1:w flPAs; :B'lle~tftd!al lir'dufft The repEHllld._

natve or each I"bytlm is evldent tram the superposltion et '1nte~1dal
upon subtidal dQpoelts, l"Gf'lQotmg tM progtadat~» of t1dsl tlats .ut

into apt'oteo-td lnsb011 embaytnant (~ig.S44r.). In tbe tdeala.so 1t la

Gnvlsaged'that tho hSghsr-arutJ'Q" subt:idal d$posits (gl'nl.1pl} Wl'e

deposited farthest offshore 1n a ll101"e asltatodnvJ:ro.mnent. which p.ssod

ahQ "ards it.tto a $table (alt;lal mat sbabUlsedt)sarui ;reg-t an. f!nallT

tnto t:1.dal flats ot the lower shorefa.ce. st;o:~ 'Itle¥ pe,rtodicalq ha119

arlee ed ell fa"iss bu.t tbe most disc6:rnlble co;r,dwaa left on thattdal

IUl'bs. hwe'IMr, tb1s idealised pattel'n n&$dff soma qualUloatlm'lt as'tba

ent!re sed1.rnentaryrol'probablr OCeup:tesa ~oteoted ttlag.e:onrt, aU .r
the eul::ttldal depos,tts er' relat!veqlflot-1sDa$'gTi and $) s1rnUer as not

to slgaity se~at bat~tr14 z s along the lba envisaged b1ltw1rl
(1985) • ca'\be othe. band. the fFametolm 1'a.c108 (gt'0tlp 1) pOSli~l\r

repre,S(tnt area.s without a atab!.U"afng t o~r Gr' tho tJj)~t t

e.g!$a. d, ~!e:r oone (wMeh os ,ci ft~ be cbe,.,,,). The tact that t-h$

gramsto s ~ad$ latGral~ (1na num'bei"of 4,-ot!bns) into tw!eal

paokston.eG of ""oUp fa 81" uas agaSnst a ed.n~,l' be.~trk ~le.tlonsb;lp.

HfMfIle1".. the <ne~all pa: tel'll ot 1ntt\lttUial dsPQ ,tt,s pt'ogt'ading ov.:t
sllo\!dal sed_nile is ",slid dd whtft _en, thEt h!al'l$r- Jle~nfl_dtJ.8

(poup 1) al\'m;vaocour at tke baof tba rhtthm.

Ee.-ohrl\1thfn 10 te:rminate4 b1Mtlewd tran~Baiml as the lute....

'bS4al faclaa are e~st 11ove:rlam bt subtidaldepoelts.. ~ e~oslw'

base or hd,grotltd cott, ot bet, en X'b,ythms is b&l!'d t. ' eent
~Msglestd ..ve pham Of each Z'~ (Sellvd04. 1970; aM falbG'tj, It'S)

nnd 'tl\e~fo1'9 th& rhythms elI'9 of the a~triQ ABObJ!6t;pe'WM-n ~

developed, e. tn10al teat~ of shallow wt~ eeboaate f1Gqu.$SlteD
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(nurt Etl» al..,.' 196', 1'1114WUscn'l 19'1). :n.1tlg tha ll$~ standstill,

regJessbm pl"o~eds in th' ! .·.~ot ,Mw4 tldal-tlat prt>gt'$otloB.

fAllS tit 'tpM,sgl'fJs:sl"IG pha ls e. pe..104ot aagatb'e sec1blttat!cn ,ana
re8ft 810n a t!m9ot~csltl_ sed_ntatt.o~.

V.,2.d. JttE~Jts,t£O!B iaJSlgl I~ "IWi,j.,B,>i_lBt_U&l1 AP~
trcm the incorp.a1l1on :of th~Odell MambO¥'1ftto tb. lowe" l'h1bhm (oe:)

v:tth the Mu' t Ovet'tGl1 beds, the in v~t.etlona \e114 to be or .~,
rather than Jdnd, and ,illl be' at s~!sed un4&1'14 'a1 and v'Jnlo

change., the,torr, fleet ge!tkt1Gs v1th~ tbdt:f:duallJ"h1tlwe, ,he
latte~ t_ n swhythmst,

V~2.•••1. D~,~S! I!m\!lll AlthcNgh O:ClmpO d ot an., l. toft, .t
th.Sp,.~on mba1' repsenttt asubttdal pb se.td!le tat:WlI

,. dta.l.y a!'terth. inltial "UncolAshlft timeat tn.as, 'sslontt

andl. theret ... ma1Qg(Jus to tb lower ,ets"£' the 1GUl\gM'alJ....C'.lleAa ..

l"bttM' or the 4net;ell. Hatnbll'. !he q'M"~O.composltlt>A .t 'th$

SPl"'Olttflll Memba" ls Pl'sbabl7 a d_ot :resll1t 01 tMfEJ,,_klng of thE)

md.."lY1nl Gr_th. 'tUlmatlollprior to th$ .sta)Jl~A' ot ctlJlbonatl

t\ ftte.tlM, tore: 11 a. ken stoll 0 ht 1 ".~ tOUPP:r6 s the..

eupplTot t$r~1aenous_terlsl .. ,.,a18_ ba" la~l. It m1ght _

ar:,' 4that tbt pw nee ,or a;<1q, oterq1a \b ,~I·roteD, St

II 0\8 the calmlftatJ.ou et tha htt'tSie.1 trdsgft.$s10a("athN' tha:!l lust
pauae, in Cltd_aiatlen), e.n4 that tbtt ~ket ~l'toll ""d'S$1OM

"pnllt the ra@r4!uuJi phs', Cft.Jl\t"'. it ' 1,·' '17 tbat he

l~l,lag ~oastalpla~,","eea~d • t_ .,_thmn 110Mat~" wou14

bw. W n ~ap1dl¥ flooded, and the'b tha Spl'btoa' m"1" 'ls b$at

onaiS"n4 ~uaan qld:, 1411tdepo&lt ot th pelf)!daloG$.d $le~et\!$

ot the bJgbel' 1"h7fihm$.
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V.2.d.1!.. , aoh n,thm

has 8 d1ettnotlve 10' nt, wh1ch ad.iJ,y tzoe. d ~

Llncolnsb!re. or SDJDple, masst: oolite.s ~"Uytbe SO~ lit_ beds,

andeU. oaloUutltee cbaJ!iaote,1setho basal pon4on of the Mar ' t

0ge"t'ton ds. . pt tbls 8 ne2l'al ~orm1t"j ".1.a'iOas in the

thickntl anti C()ntpoltlon: the rhlthms do .ur, ?'he 10\18st two
rb;rthm SntaSAa !IDly eea ant tblckDes • but t ,'10 1" S vtrq

quite wiae17. tor mst the uth Witham 2.$ to 4.9 _""l_
in tblo1mess. but as th v_!atn ~gely. Wr07 tho oft

f. 'ion a a 1iih(!)la, the,. are pJ'obl¥ ttts!gnltloant. Coo,l!Jlt1~

bigbe, rlQtbJne that shOw the greater 'Y81'Satlon"notablr

the &d1o' v lopnt f poup 3 l1thotacias in t Soutb Wlthem cis

(r1l.4.1). H vel', tThlst to· int l"$st1ns

wstwards _tU at walt ' 01'1 the ".,ld., it ls .ai'~ tv1ca. th!ok e

1•• re (PSg.4.1.). e lamlnat.4 hoJ'lzons areU delopeill at

Waltham this thlo ,Jag Sa.Uoat· pe. tel' "slmlt to the anoient.

.ereltne. 11 hI. lkb! ' Uread tben wetel'lr

would' possible, as p " est.cI by _adshaw (197&, f!g. 1.),

tho t lsola'to ot t f· '

'o0D$1 ,10" to, r ra' t•. upport .~ Sat< ten I

eolith witb a radial text ,,:t whteh ~ been broken .' -

!nc.twpoztate4 (a ' 1 ,'OU~· . ,O()O lilt

nth Witham .tts ,ValthtuJl. Such ooU.thsere u,.
al _k d with b;vpel' allG1lake (. tal., 1918, an4 · ,19'14)

abCl1\ auld t t ,he, ..,10 dl',

po dontbeh .... 1',

wbloh they . toed \Ill

'i4al flat·. As SA

lq to nv1ro nt, tbl
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ODliths haw most l1kely been washed !n tr thei1'

and mcorp -ated witb 1ne OGllt sin a shallow s

V.2.d.1ii. !luSsol __ ilMS ,:Ja, ' •• "b:dIvHt 'Altho h the kdl.!d'tlal

(1) , pro

hat £1thofsc!a&oo\lft"n1rm. S lea up (an appl'OX

tidal proportion). le ls e~mpl1t1ed qystaiDby q neeJ t '

peloidal lSu$stones of group 3 total 40% Of rbrtbm C1.: (Spl"oxtOll Member

,Ma:t t Overto. beds); 25% of f' of ~ ,and

absent from Ll. (F:ig.4.1.) ili

. .'(2) tbe pro . ssl'V9 loss of lAthote.c . ' 5 the ........"JR

1t 'ls I'tpft8entd Srl all lotel1t1es ~ riQrbblu cC. aDd f a1!'&

• d bat le ~ sp adtc~ tt d in 't and: is c lekly

bnttr ,Ll • '

intlwn oft pr.t)·ading!d 1

.remressl'V8,
pulse_ ' 'fJDlY mSn. tluotuat'

t tU

la the OV'e'rall ~ I . q.n

"in 80 ,', lnsh1n.

Th11$.Bell ttans, ssiotl, which tAt iat&& aM 1'byt: 'f" s ..

he lae:b {vS;h re d tD the oltth l.4nc lash·" ,a)

1 nadoe. not PQg.t'ad s fI or ' ,(1ft

'v, .......,~13' 10 (F'-I.6,.5.). 'ebB .ulm· ' '10 of this

puleat
tt pots,'

n 1ft tbe looltoa bed , tme:N ao :tnten' , 1-

.tell ,he ",U!l hl" at ot



daCMa s in sueoessi:- rh7thms UfltU1t1s of little con quaaoe in

tbe South W4.tlinmbeds (Flg.5.6.).. fhe I!at of the s't\btld&l ,d pass.ts

also shows a chang tbro.h t_, th$ €tiltS" biOm~ltes, (L1thJi>taoie A)

or tbe Market Otret'ton 'beds ref'leet V91Jy' low-. rgy cOltdltlens, b.a all

the sea. ~ame mOlteand more dominot the .'qu1va1ent le19I 1ft hi«~.

rbrthms beO~ ,g~atn ...rloh and was pro. bb' 8u:bje,tedto gfeater

t\U"bulen (with a co~apond1rlg deNa. b qUSl't,e eOl'ltent eau '01

wWOWing). Ovel'all, the t~, the m"lf;sion of south l&lcol.nsblre by

tha Uncolnsh1:re Lime.stone sse. was soh': d t.n e. !lumber of advanfiS·

'It ,2.th OsnS£ola'It?t.~b!~k Md~~9'WD'
ThsJla ta M:'al agreement that s~tl'1ca.l. ,gt'e'sal~

dlmnt&l'y rbfthms .eJ!e a common&.atU;JlliGot peirogen1e a sslona,

aad that, in e;dditien to enlb$'i4~noa (tOo ~serve \he ll'$~Ii) OIDe~

Qont1"ol is "'q~i to produee th rn,thms (WellSt 19BO; gutt et al.,
196', SeUwoli, lifO: and.W:11s011, 1915). Duff et al. (1961)proposed

d_l1t817" li teotoaism (1ntlud!ng s\'lbaideltce),ustas, end climate a

the oat l~kely ot such cQntrols (et. tillson. 1975, lhlU). As aJlrreaq
eut.l!ne4, t-ha Meal rhythm .S6&$. in "nth l'J.no&lnshu. SQ eons5:de~ to

h "eft in!tlated • strans, ~slon, 'sulttag &omac.lt>J."at4

subsi4enee, and during ,he easulftl stilJ.;-stand (atttl' tha 1'8,p1d "~1atiw
l' Sa. sea lsvel) ace .nlatlOn apJ)ar$ntlT out.stti.pped eul).sYe •• Md

t "baiDtt eerac1ual1,y .... till.Gd bt the prop d!ng t1&11 tlS:tHs

(ct. 'albot,. 1971)..,Titus tU Q:r:e\lwll Membl~l'brtlmts _ulA be

etW'l aged. Be It :NSU;' ot t .QtOJ)l.o (suJ)e1denoe) and .d!lJeA~ (ti4al-

flat p. .a.datSbD) , s .s. HC!)wwr, \h$ tiOthms the'mt»lw$ aa4 e

a8s«tlaW dlmaat&l"3't<tat, . s .. e.g. d!.m1fdsb1ttg pre. n 'orq.. I,

suages'b an owzoill net 'bVd-sgN. lon up tho ,$Wlftf1ls1on. AlthCJtlglt this
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c~uld ha'ds!mpq resulted fro:" a loealwd teotol'lio etteot, 111.tean

increasing rate of ,subs1den~, ,he "aOI~lt1on of.tleUBtat1oaea lG~l

,ise at thls t_(lallam, 1969)pro.~ Ii a"atly alte~i\atl. (..

ooatrlbu.t(17) tlQchanlsmfIR thQln~tlsing Bu«ess or the, pulsato",

tJ'rulsgress!en. :Des,tte the dUfeftDO$S 111 seals, tbe r-h7thtns dlso_sed.

br Bellwood (19?O) and talbot (197Z) J'Spreeen's!mUa~ oltuatlona, tbe

lat.;, espee!all¥ so because tbe gradwredueticm ot ta:t'J",1pnou.s

Wl\)'in~een In tha LSncolAshbe Lime st_on~ rn,thms ' aloo noted lv
Talbot (1:973).

In adci1tloa tAl contributing to the eonvol ot tbe Ore t 11

M.m\Xtr rbl'thmet, \6oton1 ems to ha," bad v16 -l'" a1pUloance 18 ,be

d5.sp081t10n of the L1noelnshbeIJ.nlli;etollG et tbat t ,(!U1lIMiI EO.J

erSg. 5.'1II) • 'J.'bB ~et 11 and. IQacS nham. m.'b$r sue ,., ions ot
."tVal tJn.Qoln.~ reflect a pall_l lubetden.ce (see .ct!cm V.5.),

whioh cOl)trasts shal'p~ w1'h the pu.lsat1ng s\ibs1dentJeot s~uth

Unoolnsb1re J the Icwmat10a t s eucoe.ss!.on 1n central lJ:noolnehtre • ..,.

no .i'or" $keft;, ,except 1n its sou:the~.npart (Anae.e.. " ....Xeadenharn),

wh ,re the are twll "'"%srulonham M:mba!' cont et U Ifta1": do tv a ~d,

whleb ltIa1 be Quvale1'lt to tM ~0\1ad ,.atinS \la" Sodh Wltluam_4

woolt= bedee El etlon IV.I. '.l.). Fa:r\w,w , ,_ Lb:C(),J.Q.ah1l!e

UnQ,tcne .. quanes of tl~al tmoolnlSh~ le ·cond$n_4 I'JlaU'fe t.
ollth t5.n(JolnehSire (F!g. S.1.,) ami \lut Grea\harJ ,_.,ion is _13

.spo,adic:a.JJ;v &lwloped nonb ot le nba. C,' . , • 19521 . als, .t

1n Sv1rmerton and Ken', 1916, f3c. 5.,7.)) a'b QrQ.t.l1 tha UA~oln*u.

~sto: elts 4*nJ.y upon tha NOI"t; tonlir"cm.st ... , ~ l4ncoJA

d1str:t.ct in partlc'Ultlt1, and QenuaJ. Linoolnshire

"coattan at!on" decree. $ southw8I'4e fr' Ltacoh) appear ~o ha. &0 "

8Jla rela:tS,wq stable sr. Illot na,gativ. subideA9 (Gr_' ""km
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and lowst Linoolnsh1re ~st . t_8) or pad.l eu s!..&lnce(later

S¥9tteSZOne '_8), whUe south L1neolnsh1re lDii.*rwent 8i'Etat$l"', it

apt odic, aubs1deao _ Thus the Linooln . a .app~ntq aoted BS a .1-

awll t.. pari of' the 'oolas, at least. only- sUDcumoing to marine

dS-at t:1on 'With t 1110 asing I succsa" of t 'L1neolnsh"'e atone

trans.N ion,. 'he Gr d 1. 1:f' sp~J:'I~diotinOl)' 'i.na of' Grantham

·...- .....tion and 1 at Uncolnshke Lime tOM outh'WIWds (t.rom L1ncoln)

s, 8sts that the aw lllIla¥ have b3en tUted 1n. that d~ot1on (.Ric~ on,

ue Sylvester- . adl:ey,,1968, tl8- 42, and WllsoA"l ., fig. 9.), eltho 11

thestruet'ur8 et 'Ghe. "'s 0

althOugh the "Hoot_ Uplitb of _ultfal IJ.ncoln·

to alt.et the p. ,sent day truot 'ot be.£in -olneh1re ~.,~

(Sw1nne,tton ' , Keat. 1.16) f it pl'o bl· It'Ol"iIDll a canvol
., dulauat!on 1& DOW al. (I sta'bl1s cl.•

Lincoln occurs oA ,faulted $One ( ...\1 e.l 'nt) anti the P noe

ot tunbe.- tautts ( .. ,) avayo t 52. p.aS2) ~' ns the

poacdbUltyof aln1.-' 11 . fault-conbllAtd"altbo' b again it

ust geo1 1041 la" a

deratood tor ~ politi - c ftolusl8ft '. to

wu. l\(lkS, t _9.) and 10

42.) iIld1date Jm.141\ rap!dl.t thlo .•

. 96e, t II

-'., h ot LkloolA,.

~ fault 0 'Vol is ao\ beyoM the realms 'of' po' 81\)111: • tn sU(lb

the bleok would tUt south s wha' its, ' vould

1, alt ' tion Linoolnsh

0& ,

ublt811t1ate th1e Sdea.

11 11'1 arIr .. mid Jur. 8810 t

itte 4r
a diet " ot pro bU!:~.
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V.2.£.1. 2 In. marked con rast to the rhythtn10al arr nt

·0£ the lithofacies in south Linoolnsh1re. tnosaof the· nt 1

L1noolnshd.re, GreetwllMem'bel' form a mosaic, :in which no per icul..er

pat zn m,B been discernible. Essentially two oontrasting tae' s t

ex1s1a L1thQfacSas A, which 16 a var1abla collecticnof "oolit!c'"

11tholo ·1&atypified by oomplex, branching b:-ow systems,. and

L1thofao:les B, which has El. more uniform pelo3.dal composition. Both

aonsid r d to be subt:1dal.

E ch lithofacies has 'teen arateq interpreted. belowan

t s·Uioan of pSl't1cularl1 notable teat· • sUGha the 'bllin"OW

. rt' t mat have be n discus ad. he ortanC\l of a.gby d, which

ls tb onl3 co sistentq ~. ogn1aabla hor~oA in th1s Si, ha ale·, .

11 outlined.

adenbam F c1&s ha ha n so-called bslcause of 1ts pa1't1cular13 good

develop nt at lead Marn, wherethe most .otaoular exampl$eot ~

co :lE burrowfstms are to be seen (Fig .• 4.18.). As "hola t

11thotacias eaec aesse an array ot "oolitic' 11tholo:ies, vh;ich ",,"'1_

o on o11t1cwaos'bones ( .g. oncollt b~i) to 001110

( .. fa a
within vh1ohOGlon1al and soli:t;tU'? cal _ gs opods# blval Sf

tebltatul.!d andltalaal' ,. col'nies" e iall1 pro ,nt (

unal

'it t10n

within ubt1dal tt1ng (ot. V.2 •• 111.) II

onerlfJ1 gr d:iant 1sst 0 w\.'ISq 11).', d iv\he

,
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and tha general poor SOl"'ting of 'the allochems. towards the low-ene~

end of the spectrum, an esoont1ally muddy d, nt ls omina d b,-

skeletal grains and Ulownergy onoo11tes" (of'. V.2.0.111.), T~~n

18 PI' S _bq low in these as and the oneolltes have 1r.regular

shapes, their 10wrnal struotu.re does not compare with an:t of the modaa

described by Iogan et al. (1964). In the b. .r-energy sadinents,

allochems bcoom px- '6s1; l¥ shun t, bet. r s07t d and. v1nnowed.

Ooliths form a bigger per,eentage of the owro.1l 11 m oontent

eF .4.25.) and often compoSQthe nuclei otonool:t Sf which nd to

more spherical 1n these litholQgieGJ thls mq 'be El. product ot the $ha,

of the n .lei and/ .~ the greate1"a itation to whleh the

lxten sub3ected. 'I'bs o.o11ths ar~ variable 111nature bu.t .ma:ny are·

~t1c1aln, whioh la consistent with heir low-energy ~ back-haw

tt1nihQ,~ fl"om the major t,*,bulent "lith.. ra.t' ~o. (ot.

N wll -tal •• 19GO).

1'hr3 laok ,of turbulence, a$ 1nd1eat d qy the ohax'ac rist!ca

of' the d_nts, and tha largeq 1ruUgenoua nat't.lrOend compo s.titm of

the talllla, augge t d position !n qtd8t-wat tI· nvfro nt ot b

ealhit th The P1'Gponranc ,or alsa.e 1nol1col1ws and "mleite.

tt - 10 t Indieat th t, 196'10 and Sw t12,

1969). , whole tao""s comparesfa~ably with the IlstJab1e Sand

Hab1t 'bu . f' ewell tal. {1959t == 0011\10 and Fae s of

utd.v, 19 IS), although tha 0 'aphlaal ,ettq le qtU: . d1tfe .nt.
, tw 11 lIlbEtr 1s mo· 11kelv to luzve be. n dopos1ted s.n (l'ad

J on pro . c' d 1nsha ,sot an of ...$1\0 'ban :

V.7, end V.8,).
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what may be poorly-preserved examples of these burrow systems, their

most spectaoular development, as open burrow., occur in the oentral

Lincolnshire area. The burrows, which have a circular cross- etlan,

varying in. diameter from 3 mm,. to 8 mm., are arranged in complex

syat ms that often penetrate to a depth of over 0.5 metre from the top

of a bed. VJ41ly Y-shaped 'junctions, where the diameter is greater than

normal, typ1f'y the Byst m. The burrows appear not to be lined although

soee of the open ones have a veneer of limonitic material that gives

them a smooth inner surface. They can occur open or micritio-Willed

and all graduations of infilling are seen (see ction IV.5A.c.i.).

Although the burrows are inclined at all ang1 s betw en th horizontal

and vertical, most have a strong vertical component (Fig •.4.18). TM

burrows occur in v ry dense oonoentr tions in so beds; th density of

burrows and ooourrence of branching are equally concentrated tween

tho top of the bed and the limit to which the burrows penetrate. It

ha not been possible to determine the nature of the burrows aperture.

The above characteristics show strong similarities to modern alphe1d

and call1anassid shrimp burrows (Weimer and Hoyt, 19&4; Shinn, 1968b.

Farrow, 1971; and Braithwaite and Talbot, 1972), speciallY' in that tb 7

have relatively narrow burrow diameters, multiple branches and tr Quant

direotional changes , In detail however it is diffioult to match the

!.eadenhamFacies burrows w1th either of th se modern ,"stems.

morphology of the burrow system, the ab nee ot a burrow-lining (but o.f.

Shinn, 1988b, p.8S9) and perhaps the sUe of the leadenham Fac s burrow.
(but ef. Braithwaite and Talbot, 1972, p.276) rule out the p08s1bUit7

of thait' having been excavated bl callianas id-type shrimps, In partlo\1l.ar

the I.eadenhamFaoies burrows lack the initial rutar",vertical, penetra.t~

shatt (Bralthws.it and Talbot, 1972, p.276) and distinct horuontal

:room- and - gallery systems (Farrow, 1971, p.475.
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and h1nn~ 1ge5b. pi.eS4; and 1'1,. 10) of tho ,esll!anasaid "stems.

However, the unlbwdphe1d bun"ows, wh10h broh . 1f6' elo, to t

d nt-wwr tn... tace and haw multiple, '~8ul.ar sta bratlO

19 b), se Ut to prov a ,ttar e .~1 J alth h he too

th6 and ebe.peof t~ ~ow ... osa-ooct1on (cf, rarttow, 1'11, ,.482)

18 not d, bl.e. l'li. narai the &denham, actes s~ , InS

are maIler (b'l.1rl'OW d tel") end '~ un1t~ oomplsxthM 'ha m'jodeJ.

S'9' te SJ they so em to have stronger' rt .al eontpOllB:

omalle, burrow d:ta ter than so thonJ.M 'ttl » whlch tna¥

have ba n tor1!Dd by a1pha1d ' (' 1ah Md Pa ,f 19751). H~ r,the

presono '0 . El strong rtlcal co ()l).entmq

qu.1et--water env1ro ats he; ',rt1oa1 aomp nt

(raftiow, 1971" p.48G)et' Alwrnatt 13, eateas~ h()ll"l~nt 1 syst ms

ha a result of a thJ.n d tl't . r (ep.olt. p.490)•

Despite tho ~oad s,im~1tY' 0' tha1eadenlilam ,otsfJi ~'

to :rn ehrlrnp burr

d1t:l\'Ul' ' ., remain to' astdo.ll'bt on '

s in partloul ',sutt1o .nt

.xact oomp ,10 , ,'I'M 0: igi.nato:r

be an undetea-m1neishfo1mp"-l1ke cruatacan. ~OW$ OaMo't be

ad1q te'd wlth ~ !chno' nor (ct.' 01' FUts1ch and

19'.Jand urs1chj,1973, 1974band:1978).

Env!x'o nt llr th b,' owef1t diq into' . " ()

quSbt-wat .'~ lagoo 1

Alth> 1ft

'lSe 'J hiM, 19S5bl

tt!ng ell"'!$$: cl It»! M "l.ul,'lihaJl ac', ,

btftows 0 ocour intenidallg ( b '. Sl'l4 HOlt.

a ow, 1971)hY' to" 8 down 1t1t,o the 8' ,1,
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bu:rrew systemsatl"Qng~ favowt sbalte· '4 ls.'0ona,l $ ttiAgs (FelTen",

1971, Plh4S0 and 488) lit Furthemore, the p1"9,settee 'Of open s,rstems

(of. Shinn,. 1969b). togathell' w1th t11& higb tnmow dens!t" ~

refl.ct slowratesD! $&d1JnantlltlC>A and E'lal"13 lith1t!oatlan., Tbs

presence ot the open burrow systems (associated 'With a hardgroun4 at

one level) and densest 'buno", ~onc n.trat:1one in eantr~ Uncolnsh1:M

We" the ~etwell Mam'be:r 113 *,alatlvel1 eonde& d (or. south L!noolnsh:!re,

lis. 4,.1.) 'Would em to favour' this pEG,P(tsal, In 1l10st ~spect$,

theretore ,the ev1dtncre frOll1 the burrows t&ll1es "'"1th th env1ronmetl.1al

sott1ng(quiet-vateXOt bl3.ek.ba.rrie~ !asoQn) t.e~1nodh'olll M litho--

tac~s. and eerta1u 1e'\1$10,r'ich ttl the burrolls, a~.,~mp~able to ·the .

mol' stable areasot the"" '1· sand-ab ta" ,0£ Farrow (19'11,ot .•

uP'latform Inte:ri~ Sand Blanketn or :Ball, 19&7; and 'al\h'Wa1ts Md

1albot,.' 1972, tig.2.)',

V,.2.£.1v. ~~:t.n,pfy.¥h~-iB(WQles F.la!). IJ.thOtaeie"

B is al.tnost :in"O'uia'bq eompGd ot .t1n$....gra1ned.~ pain-suppOl'tsd

blopelsper1taa (packstcmes or gra!Jlsto1'lee) t itlllldob 1" o'Ol!ths, wood

flakes and oneJol1tes complement the dominan peloid. _d ub$1d~

b1oo1aste. Althsugb burn!"O'W's~gene~l:r r e, a lomat_s pl]olltlC

tatmal assoe1a.tt.on of ~, 9!bQi~t1and!' .' "tIPif)' tm f . s.

A unlQ:_ QeOU;H'el1a$ of' pal'al.l41 l.andn.a:t:ton haa baen. we~e4 U ~ \\ad

at laadenham, ot.hsrv_ $edimen~ atruet~s _ la~lt1ns (~ aee\w.

tv.3A;.C.U., and lV.51.d.:!1. tordGt Us). This 11tbotac.1as !s eloaell'

comparable with 'the tmlam.1nat&d palsp ite$ ,of U1:hot Q!e... ~o'tq) 30t

the Seuth LU.oolnsh1re Greetwll14embar' ($!la F1g. 1hl.).

AlthQUgh absen of })oallal ~ations aid thea

aesociated teat\ttGs (me S$ot1on V1l2.~..i.) w~1d: {3$Qmto p~ol. the

poss1bl11t;rthat ~a\ieposlta 8:" t:l4al...tlat $&d_nts, tha2l: p_m
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s1mUarity to the unlamUla d pelspar1tes lOt south Unoolnsh1re

sug.gasts ~t they we;redeposited in very shallow sub Mal eond1tl.ons.

As the rocks aile grain supported and we It sorted, they have proba.b~

suffered more agitat:1on than 13 generally the ease with the L1tho£ac s A

deposits, El pcssibUity that is supported by"the preservatiQn of

Lithofaoies Bf S fauna.. The low-diversity tauna. is 1nvar1a.blq "m dtt

and the bivalves are disartioulatad, often appearing to ha prGferent!aU,

aligned in one diraotlon (the main speoies are all elongate). The ... MM

are a.lvlays uprooted, although the fauna 1s l'a.rQly bro~n. These i'a.otws

suggest 'thut persistent but .f'ah-ly 10 nargrourrants swept the 6.l'G4,

while periodso£ increased ourrent activity we·· responsiblE) tor t

uprooting of the finp; (and f' rv:UljSi. ?; ef'. Fursich, 1977, p.548) ,. It

1.6 also tnte:reet,1ng to note that the very Shallow subtidal back-ban .~

environment postulawd for this lithofueias (and th$retore its .tamm)

is s1mUar to the habitats proposed for compara.b1eCorall:tan spee!e:s by

Furs 1ch (1977) ..

In p'\ll"il.y d1mentolO'g1cal terms, this peloidal tac.1es la

readily oomparable ",ith those of tb shallOWloons of be 'l'rue1al

oast (cf. Pursrr and Evans, 1975; Evans et a1.,1975; and P~se~ and

~au.. 1975, fig. lO) and of very shallow subtidal e tt1.n,ga 111t .

ahama.s (of,. Ginsbll.'rg and Hard:w, 1975, p.200). Compared to L1th:otac1e

• this lithofacies would seem to represent 1!1' shallow weter (J .

ubt1dal) in uhich eurrant ...act1vity ls persistent (sorting" faunal

al nt) and oeeas. ionall,r, qui strong (f1nn, Uprooting) ..

•2.£.". by d 1 an

important strat igraph1cal horizon in centr 1 Linoolnshire, that is

s ntt.ally composed of a basal t~ rained' and. tJh10h a s up via

a quartzose peloidal calcarenite into a peloidal oQid-calcerenite (tot'
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d taUs e ct10ns lV.5B.d. and IV.SS•• ). nv1r' ntalla' 1 .

tleet a 1111)1' regnast p se.

dvelopmant. there is e decrease in the det1"ltal ~tz COli ntct t

bed suggest1ng that tbeclast1c e01ll"ee was et pr.cbablg sltuot cl til"

Uneoln (or turtb r north, see section .1.8,11 ..), WM" the p

of deoay:1ng It tin. oln Hightf have had an Wl nee. It seems

fro ge' 'I):' 1 str t1graph1cal ~vid nee thatfu3tl
Hjghll tU d fJouth'f.lard

:tram t1nooln and thus., as it was slow4r JOVer.c by t L1ncolne!'dre

t1me'st transgression, the Unooln er; Et was thblaat dt.s\r!ct to

me " d ntat1on. As the agby posited

at . r (in of dim&nttU7 b knees at

• land llU17stUl have 1st dolo

s', the "High" e" t1ml.

tCD> L1no 1n (_st~ ?) •

Hower, a· the lack of exposures pwnts t gee tlT or .the Wftagbr
d being detarm1nad, th1s propesal is onq tentati: ~ torwtJrded.

Thls •• ,sslo.a '.. '1 ha: numUea\e· it_It 1ft S~h

H b9.s as the hoJ"I'C Hem r (Ashton, 1975) wUe 1nsouth

L1n.coln Yr Bed le. 1 co1neitlas ap~t) te~ with t~ to,
f the regresslw r tun of the 'lldstleton Cia. Tbu'S . 3. tbre'

sad. n~ provinces how s 'of gzoeesiorl e.pproxSma ~ the
t t althf> .,chan Of' each ole.stto bflux dUTer.

V .2.t .vi. During 31' t .s t

. ubs of t ft&sQC1Ulgn t1nooln High produced .sh ~ 'Ubtidal

(!otltU.t s tn . ntral t1ncolnh en. two' 18 11thef,a.o s

an.r dis mlble p t., I'll in

d1et;'lbut'-<m Qf he lithottlO' ba"
of t batbymatrie lat n$h1pe~ 1.t :is 1

s deposited in a. shall.O\IOr, mo. cln"'l'ent- pt env1r
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!loweV$!r."t LlthotaeJes A itself shows a .~ Of ttt,.-bu..lsaa8 l1!)'i1Qls",

wllSah ma.y M'f& btt;n dp~late4altbo ~1tQJlIOSUl'Q to CUft!'<mt 1101;1'9'lt1

b'egerdl.ss of 4epth) .od. equally \11911eIql1a1.n tJ!e d1tte:rel'1 s seen.

09al'all the· to . the _n.tn.l Unco1Bshlft :U.tl\(~tatt!e8 Ellr$thoughiito

retltu'i' depollt.1tm in «lUll nt aU '. n'lltronmntsot Cl "1&"1.'1)$11 qUSst.

vater. shallow ~k ...barl'!&!l" "legoo_", an on9'ba . ut a1.so s~nedb.Y

the faunas of tbErr 11tho:fac1es.

Qsu1P1!taa.
Depoa!tf.ltl durlng the .arll'st~aot th L1noolnsb~

L.stone transgression was gres:'~ 1ntlUIiUloed b,y the "Linooln H1gh".

1bltlalq, it ppeal' to have" stated" the 'trU$~$e1on an4 to ha.
beon tlanked to 15119north alild soutb b$'more 1;'., pldly SWl$$dlng I1baslnsff,

.... ,. _h of . ."_a1 L'1n«ol!lshke n •• t.denoe exists far tb, lcwst

stl'atigraph1e_l sUOd.!s·ions·ot tm tormat1Gn th$t aredtvelope4 Sa the

"ba.iDe". In d. 00•• the "Iigh" also ll&eame subt!el"pa, a1t~h I.ta

tfttlmllGe on .a_ntatton did not _aSQ" tt ~d El retatl'V'1Sl4rstable

SlHa of padual sPsSdenca, upon wb!ch a tflbii)QQ. of tuo·subtSdal l1tho-.

taeus, " cl ,posl_d, fA rnarlmdeonU*ast to tM rb,rthtn1c ll,t deposit.A

seq' noes t;)t stJuth l!noohleld:re. fl$. l1n,tbme !'Gaul'",. tlroma

eo birlatt.on It episodlc e.coelel'ated aubsid8n and t1daJ;.:tht

prepadatloa d_dn« the alit ~ stUl •.nd4e. !hi "L1Dcolrt 111gb"

1mtJ:ret... Gauseda pcpapbJ,oal po~atllm ot the d_a~ taeie&

duriftg earlSat 14aeolnsh Llrnal'bOlte ,. s. 1M Utho$tlnt1ptaphio

Sw). sidoas b; south, oen . 1 end I1wtb Llncclnohbe (of.. Ashttmj. 1976)

all hOWd"'t1l:)0t dUtGt1'ell s tl-om ea""h ·otr, ~ tl$ctlq ""sr' tiGns iD

'bhft 4epo$I:U.cm.al 'n~tre J\t. Although· 'polarlBti

the ~ speas1oaoon'b1t1.d, It f.Ql"aSst.d untn t. onat ot LAno.la

Member deposltion !n lIsduul2..l Z~n tim •
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AlthG'Ugb.tho' I)Linooln Ilgh*' asserted a profound Wluenee

upon eed_n'l;e.\lon at this t_, th~Wlt~ of tha .pc-el'. Sndiaate

tilt pl'eSenea el! an O'tt-ehClle barrSer (sa. '. otlOlUI V.,. and v.e.•) ,whJ.Ch
wsp.obabq the s1ng1e moat impol'tantoon:brGl oA.4 lltatlcn ta. tu
tbicolllshbe tlme$tone.. Both \h$(DISt1\.oa1 eons1(le"'atio1l8(~1n" 1965)

and the utual em.s'tenoe of lQ'WiiOelW~8Ydspo :lts, .e~h as' tWe.l-lla:"

l"hytlulllt s and It lagocmallool1t&e la tha 1. at puts of thetorma'tt.cm.
SUgpl,t that tim ~rtar 'WasGfltabllabed t"Jlj- 'the e· t of .tincolAehjft

.L1nestona.posttifa (ot\ Purselt, i9?S, ).Mt). 1he cew.1tPlll!ln" fil

t banter &flati~q. .,U'Elwd a laIoonal a ftom

tha fa ~I" $£ t '.J'tXtasslo epe iP:kJ _a ,(H lie.m. 197&). !n tact; \he

1i4aoolliabf.M l:i!mss'_ .d1a!aAts oan \1& ~ grOUpedu.'ob1agoonalt,

_poslts (l~r LSnoolasl.tba uMe\', ) and' ~~~omp1e. ,sad, 11',
(up,,~ J4nooh1s~ ~at .. ). fttsup&I';P' i:blon of the la,te" ,. ••
t.he ,~ •• 1tm1ca.s tlUlt tbe t. _t,lcm, .s a lloi&;, n .... -· .Is.

t:rans~ls1'V6 at.14 esion. However, mkol" iNss~ • sush fl

iiht! t3:.deJ.,..tlat lflVthma of th~ ~et"IGll Memb&r., ex'e also "0.....

wlthin the f~mathn's; qno a.

With tb.- tbl lldec .tf ot ,ha ttun~la' tiigJ;ltl. ,oat~· -ii' I!SflIU.
et· n.ta\l011 1n the JAncol,Qsh -' le oomplc,

thtyoUl'lger S't3rs:\''-apld.ca). units ..·taot th& .aC1T .1a.n4wari ad~

·of 'bhe 01\ -abo" tao bel'smltQt~ avoastl basinl~ ca. uh4tllf
. .

aUite. 1l» Mt\ll'e et the envtr~n'h rep~:'a.4 in ,•• fac!&a .

belta dis-flus -d In the f'olltrw'kg, etions of tbulhapt.,.

V.I.
V.$.a. IIlIsd"I".JMt.aat,'St Ihl •• LlIiillatd1ta.

AlthOugh most of the lew. a.n4 ..nCb ·of the ~r Uncolnsld.",
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Linastone can be bro 413 zoetet'l9d to as back..ban~r or "lagoonal"

sed1ments, c:mq the leadenham Ma bel' and parta of the Uncoln Memtel'

(ROp.leT Beds and. Llttle Bytham beds) _"deposited 5Awhat aN·

eon.1de d Qlaae10al qu1et-water lagoons ot 11mlted geograph1cal

extent. (Fig. 4.1.). The dSmel'lte of tbe Ieadenham Member t3'P~

qu!at-water biomicrite· (ct. Talbot, 19'13), in which an otten. prol1tlo

1ntaUDals present, tha I_nela of th .cl_nt, (oaloUutltes) and the

lar ·17 IP ,Ita fa' test1t7 to a proteoted enviroDIIBnt, oOl'lI:lstent

with tbe back-barr1et- lagoon ttiDa propo cl here ( a1 0 . ct10n V.8.) •

De.pite the groal UbU'ormit7 .t the Ieadenham Hembl~ deposita,

a1gnUloant "IarSat1orla ocour, both in ~. d_tlts and tauna, wh10h

pin-point t.mportent events iD the h1etOl7 of tbe lagoon. The event.,
aD4 the Del'al cl . ntaJ'T env1ro nt, tlee d tv th1e unit; -

t1soua 4 £a t~ .toUow1:DgeeGtions. T11e a1gn1t1catl oftbe ea_'ctral

Baa. Is 160 outlt.ned. F1n.alq, an ._11De hbtory at .. lagooa. i.e

attempted, in whloh tbe cU.,nt817 'eaturea and palM08colOg1aal a

(.... etlon lV,.4.t.) are*awn togetlitl'.

V.•5.b.1. Dw seO_aot tM 1I149.0Je,.' The JIdottlt. Cl" 1_ mud

wh1ch edomatas this be» le tradltlonally •. _ ~ <1 with quS$ te:t,

pJ'~cted "lagoowtfttShgl (Newll, 1955, N_11 tal., 1959) Pwd3',
1963, Mattbaw " 1968. Stookmaa et1., 19S?, Bath - at. 196'1b atl4 1975.

P\Jraer and EYerus, 1973, Schenk, 1915, 8Ild WU80il,. 19'15)., .. lthOh be

geographical ttiq. or tbe lag 8"" not &1..,.. been etrlctly

oomp' b1e to tbe l8adeDbm Meml:8, eit,t,loD.

'!'be ptec 1a1n of the 1" ftllUdrl. an 0 n q .tion
(Bath_at, 19'15;1'.276). It would appear that in the ... i.e

.. tt_, cu.lt. ~.nt ohanleme ot .1gb tor the 1_ tIUl4 pftd.om!nat.,
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although. ell meohan1sma IIIS3' oontribute 1a t1fI7 cme·U$a (or. ~, l.9tm'J

fig. !.). 1D.organ1c preoip.itatien (Bath ... t, 1&'15, ,.204 and p.276,

aleG ~, 1963),skeletal b:rleakdOWft (Matthews., 1966) and algal

decq(steckman et al. J 1967) are thought to bechietlT l"$Spon,s1l>le

to!' :l.ts produot1cllJ: although geoldg'icalll" the end products (m1erlte)

would be 1nd1stlngu1ahabla '(Matthew» 1966, p.452). The preva11ins

cl tic oonditions and geop-aph1oa1 aettAagof tha Lkc()lnsh_

:umestone sea; together with its abmtdan1;ta\UU1 probablt provided

std-table '0011d1t1O'0:8 t_ all the mtcba.nlsu to llage beanopc!tl'at1w.

O1'1ly the 'l.weakdown of !.awn brat. aula tOIls, mostly by the 'lIIOrk ,o"t

boring alga. (eeeseet1on tv.4.e.t.), can actuallT be det4rldrJed fr_

thdn seot:lon sit.Uesl the .xteo,o£ ita contribution b 1ndetermtnable,.

'l'be 1;'ola'of tbe other possible Jll8chanbtts remainl *'Prown.

V.&.b.1i. 'l2a,se4.ntgz IJ.wma•• o(liI ..!ldtDbnm,HftiDI 1'be mala
obaraC'tel'1atics of the skeletal mUlIno... and vaebnOl8.(Ltth.tr c.a

A, tie. ' ctlons lV.t.d.i. and IV.4••• 1.) ot tbe Ieadettham Member

Indioate slow .,dtmntat1On onto a soft, stable subat,ate, tloorbg a

lqoonot uncertb" but probab~ shallov depth"

.eb•• , %n addition to tho ttn..as ot the .a._at (see .o"loa
tv••••• :1.), tbe abeenceot clll'ftnt-biduceci structure. 8\.tI&6.t a la.

ot turbulence (of .• NeweU et al., 1&59, UId Purdr. 19G) _' Tba app8ft1'1t

laok ,or p"ferzoed .Ssntatton amona" the a "'11 iiDD' spelt.ne et
the lagoon ( $Icttcm lV.4.,.) might bet oOJleSdtftcl as .\Jpp02:"t ,.

such a vtAlw, lthctu.gh thls kUtd et l'l$'gatlft ev1dence Od_ ... 'be

.01101.1,"_ AlteaatS:ve1y,tbt abUbde.noe or "'.i.tor. Dd the laot

01 bNakapia 4laan14ula.tMtWt/or "lIlO'Iecl" apecaiaa. (--'lI' .pS-
laUDalepeo •.• ) doescO&ttrm III p.ral laeltGt eutll'ent et!,.!." ~
enough to SCOut o. tl. atauna • _at'lspm theepUIl" .• t.plt1cut:t,
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(ef. Fureioh, 1977). Furthermolt'e the random orien~at1on ot the

skeleta 1 fragments suggests an environment where biogenic :reworking

predominates O'V'arplV'sleal forces (cf. Ball, 1967). Howver periods

of inereased turbulence and even major storms are documented in the

sed_ntary record of the lagoon (see section V.5.b.iil.).

§Sdiroantation Rate: The extensive bioturbation and burrowing of the

sediments, toget,her with the epif'aunal enorusting of probably I·dead'

benthos indicate rather slow sedimenta.tion rates (Fur 1ch, 1977). A

simUar conclusion is implied by the accumUlation of sucoessi,"

generations of benthos within a single bed (et. Sa il>old et al., 1975);

the resultant associations e:re, gocod examples of what Walker and Bambach

(1971) termsd "t1me-averaged cammunitiesll (see section IV.4.!.).

NAtp .of ipbs~r.' The substrate was undoubtedl;y soft because or
the abundant fauna. (body fossils ,and burro. and biotut"Oatlon t"a~s) J

bard-substrate dwel.lers 'Were restricted to inhabiting sheUsol deed

organisms. HOWevell';a. many of the Waunal mollusc·s ~fe probab~

tl1mmobUetl types (Fig. 4-.90), the substrate is also likely' to have been

stable, for 8 s!.gnU1cant amount ot' sed1rrent movement would st1fle the

normal teedhlg aotivity ot such groups. It might also, be ugued that

a degree of "tbmnessll in the substrate aided the butl'ow ..s.a. no

burrow-wallre ...Wopcements, like those adopted by .Qri1J.k\GagIA -.18
S,871(We1mer and HOyt, 1964) tor example, have been seen 1n e.rrt' ot the

burrows. Such stability could have been a productot the alaw

'dimentation rate (which allawed. a degree of earl,y I1tbitica'b.lon,

of. Fura1oh, 1977, p.347) rather than vegetat1on"b:1n.d1ag, vh1ch i.e

seen in so modern lagoons {Newell et al." 1959. and Braster, 1975}.

However, dGspil.te the presence ot herbivorous gastl'opods (ftg.<l.90),

subt1da1 gelatinous a.lgal mats (Bath~st, 1967e and 1975) mq have
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a.1ded the stabilisation to soma extent, seagrasses having not evolved

at this tim (Brasier, 1975). 'Whether or not algae ple.1eda role, the

stability was mainly due to the absence of pl'\rsical agitation (except

tor periodic disturbances) because of the protection afi"orded by the

ott-share barrier (er. Purser and Evans, 1973, p.225; and see section

V.7.).
MgdernAnalggue : The ganeralenv1rollfJ:Bntal conditions prevalent in the

Ieadenham lagoon are readily' comparable with oertain areas of tbeGreat

Bahama Bank: the Muddy'Sand and MudFaoies ot Newall at al. (1959) and

Mud (probably Pellet-Mud) FaoSes of Purdy (1965); although the overall

environmental setting ot the lagoon is much more 1n keeping with that

of the 'l'ru.oial Ooe:bt's lagoons (cf"Pt.trser and EVans, 1975). The mud

is thotlght to have acoumulated !on a wry protected back...barrier zone,

where slightly deeper wtet' existed oompared to that 1n the more

agitated oolitic areas f'Ul'ther south (0£. Wooltox beds" see sectlcn

lV.5G.d. and V.2.0.1i1 .•). Depths are not easil3' calculated but it

appears unl1kely that they were great because ot the lithologic

assoc1atlons. Certainly' s1mllar taoies accumulate ott Andros Isle.nd

in depths ot less than three fathoms (Newell et al.; 1959). The sal1n1t;r

was probably aot tar away from "normal marinetl because, althCugh

molluscs domhated the benthonic communit1.es, echinoderms tmd tex-e ....

bratul1d.s are found as body' tosal1s and .eryoJ~ have been seen In th1 n

section. In this sense the Isadenham Lagoon is quite unlike the Truoial

Ooast s1tuat1o.n, vhere a combinatlon at high evaporation rates, minimal

run-off and lack et ciroulation have led to increased .alinlties

(PUl'ser and Evans; 1975, p.223). As the BAjooian olimate was probably

more humid and oizooulatlon also probabl1 greater, b1Persal1n1t~s did

not apparently develop in the Ist.uienham Lo.goon to any great degNo or
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for any length of ti • Conversely the ef'feets of' the L1ncolnah1r$

Limestone transgression probably reduced run-of'f' signifioantly- in

this region, (altho h the hinterland wa.s probably low-l3'1ng and not

theref'ore heavily drained) so that h3Posalinit:1es did not develop by

freshwater lnf'lux (but see seotion V.3 .d.) •

V.5.b.iii.IHtettupt10ns as the regoop,l ~d1mantationlstOrm Bedsl tnltil

fa:irly recently storm bads have not been widely reoognised in the

dbantary record. However, with the increasing avaUabUity of

1n£ormation on modern storm deposits {Ball , 1967; i'erkinsand

Enos; 1968; Goldring and Br1dges, 19'13}, fossil examples have becons

more widely recognised (Ball. 1971; Brenner and Davie; 1975J and Kelling

and Mullin; 1975).

W1th1n the "typical" oalcilutite sequenee.s ot the Ltadenhsm

ember_ there are two lithological vait1at ions, which csn be attl'"itb~d

to storms or minor periods of increased turbulence.

l;11nor "stormtl lenses, Minor lenso1d be , composed of poorly-sorted

biopel parites with a packstone texture, scour into the background

6alcilutite sediment at several levels. Tba character1st:io of the

lenses strong4r suggest that they are a result of minor and vefy

localised increased turbulence. AlthOUghthey do not t'eallJr em to

warrant qual1f1cat1on as storm bed ., they do refleot a degree ot

agitation in xcess of that considered typ1cal for the lagoon. For

convenience, these are termd 'disturbance lenses".

MilS et2rm mg. Widely tra~8.bl.e wltld.n the adenham moor

sued s ions is one bed, whioh appeal'S to be tha pl!'cduot ot ~1:f1cant

storm. It has a twofold compositional sUbdivisioru a baSAl poolfl1-

sorted kel tal calcarenite grades up 5.n.toa w4oketone, wh1eh 16

predominantly oomposed of b1oo1asts withY'tU71ng, bu.t subsidiar1,
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quantities or peloids, quartz and oncolites. Together these litho-

logies constitute Lithofacies 13of the member (for details see seotions

IV.4.d.1i and IV.4.e.11.).
The basal skeletal caloarenite (with mildly erosive base)

oontains a diverse array of s.kGletal al1oohems, which are much more

heav1~ fragmanted than those of Lithofacies A, ref'lectingperhaps the

difference between .meohanica1 and biological breakdOwn. The oomposition,

size and widespread occurrence of this sheet ...like deposit, are all

suggestive of a storm origin (ct. storm lag or Brenner and Davas, 1973;

and see also Ball. 1971). It clearly represents depositio21 in h!gher-

energy coruU.tions than those n01"mallyopeJ:!atlve :in the lagoon. Although

the bioolasts otten have random orientations there is a tendenoy tor

them to be aligned pal."allel to the depos1t1onal surface in sorne areas,

a feature alsO itoted by'Brenner and Davies (1973, p,1690) and Ball

(1971, table 1) even thoUgh such order 1ng might be cons1clered unusual

for storm deposits. S~118%'ly the often extensive amounts ot interstitial

mud (et". biospar1tes of storm lags of Brenner and DavieS, 1975) Sl'e to

be expected. when a storm re-works a soft. muddy' substl'ate. Indeed the

high mud content of the stOrm lag and the s:im11M'1t;rof the inoluded

bioclasts with those of the rest 0.1' the lagoon suggest the st~m re...
worked the lagoon f s sediment and taws rather than transport 1ng in

Is!gn1t1cant quantities of material from outside.

The s'keletal bed passes up into vaokestones, wh!eh 8.l'e less

readu,. 1ntel"preted. In certaSn respeots (iracressedabundanoe ot
allochem ·and ocourrenoe of.' uprooted fHmi>, these betls appear

transitional between the storm lag and the normal lagoonal hd_nts.

Although the subsequent burrowing would have obliterated. &ll1 original.

aed1mentar;r struct\ftsthat m1ght have bean present, part Qf the '
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vac.ateM' be4 .may have ttled out from suspenslon. in the wake of

the storm. Altel'Mtlve~. more agitated oonditlcns could haw pe,rs1sted

tor om tlm after-the major e"~l\t, bef"G1"G "normal" lagoon condltloAS

re-established thmselwl. The latter P1"oposal appear. to take soma

support &om the tact that at the lagoonts southern margin. (mCElnter)

the storm bed horlzon oorrelates with the Greetwll *mber lrtcu:rsion

( 19. 4.1.)" which 1taelfl.ndicates that btghsr e.nergy conditions had

encroached upon the lagoon t s periphery and. persisted tor aomet_. The

We:renee 1.13 that e. period or mol"Oa.d agitation tol1~d the ma.b

eter: (beeaust 'Ora al1gbt deerea 1h the barrjerts effeotiveness 1)

andflnormal" lagoonal 00 dlt!ons \ION !hot re-eetablls cl' .dlatel,y.

V.3...~9!tr,o_AlI atilt Qatha8A4 ilae,
The ·.dlT c'.arable 11thologi&e (I_stOll fabala

a.lteI?Mtlone), and paftl1el dist:rlb\t\ion of the Ce.thedt'al Bed.8 md

IeadeMam. Members,.geet 8. 81mU ... ,poss deposlt10Ml env~td~ tor

tbe two .ltsf Cl lagetm. The: res-trlotlon of'the Cathedl'al Beds to the

northern area ot th$ Iaadenham Member oUb-erGp ls, b part at l.aen, aue
to the devncutt1ng ot tbe L~eoln Kembel"( seet10n IV. A.(4).

H0W8ftr. 1ftd taU, ,be 01"e a number of d1ss1ms.:ts1'lt1tis between the

two units, whioh :suggest .t!nite, 11' subtlfa c~. 1a the· nv:1tonlll)%).t

had 'bakeD plaoe." Thtl on t ot Qat·hedral BEldet" dl'fptJIit.km is

olmraetsrisati '" en Wll.'l.X of tJlalt~8 with the shahUJ beOO1ri1t1g

propol't:kmally muohmcre stgn1t1csat than theY' .·re ib the Ieadel'lham

Member, and detri\alquart.z (wlth acctmlpa.t;r1ng Wits mlca and wood

flakes) fdmUu1T 0 Sa tn.. ll:m&atolleth,t the Dean and OhfJpttp Pttt

IAnooln,. this Wi. \fa htJ1*al.dedby an inereaci qu.a.rt. eoatent in tbfa

h~he. lagootlal limesto.s, S~tttirlg that la mStJ.ortmd local1sed

regftss1an ill the UnoolndtstJ*lot mar laav& ~~l'espOtnd,bla r. the
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d pesit10n ot the Oathedral ~ed • Alternat:J.: 1,., the 1ncrea d clastic

1nf'luenoe could ha ooma ho the north (e etlon V.3.d. and ct.

Ashton, 1975). In either caee the elastica would ha been

seee pan1ed b7 a fre bwat r influx, wh1ch D18Y' have been respen 1ble

tor the 108 ot tho prolific molluscan-domiDated benthos of the

ade. Member. No banth01:ic Spec n have n 1n

Cathearal ds, alth U8hmar1o.etenh 1 groupso occur • bie-

cla tie pa1n in thin ctlon. The 1.q.lest 18\1 ot tbe Iaadenham

1'1& r .. Cathedral Beds environment lQhange thereto t is that 0 a

"silting-up" ot the llOrthel'A part ot the lagoon, r, throughout

tCatheClralds, skeletal-onco11tea (tlQinIM1"n ....type tubules,

seetlon IV.4 • •), comparable to the calcareo,ue-wallad-a).g l ..tUameDt-

oneol1tes de crlbed by e r (1976). are abundant. Such onoollte ha

been a~ibuted to an nagitated hallo. su.btSdal environment;' by Ie del'

(1975, p.225) but it seems d4lt1oult in vjaw of the ral 11tho£ac!e1

cba:racterist1cs; to accept this Ullq et 1on1llgq tor the Oathe~al Beds t

examples, clearq th shale aDd a.rgUlac 0 1 8, lacsk1ng a1'l1

sign ot it tlcm, not daposlted 10. turbulan envitonJlllnt. d

the pro 1nence 01 b1scu1t- haped a .letal-oncolt 8 8 se ,by

. wi h t mod rn l'hodol1.tee ( 111nl and G1naburS. 1971, ...

J;lVv.""",l13 rig. 12), ..at r lower-. '»gf condlt1.on , although it 1&

po aible that 0 or he tlatten mq ha n d to ub quant

co action. Sml1ar17 t presenee of ,1M a11111_ ehould ROt be

Heap d tor e.letal-oncolitea without euppcqtt1na v1denoe, ,.

t 10. ot the tead nham lagoon bentho mWlt have been the t'eaul'b of

a0Jll88colog18al t otar,of whlch reduction J.n 11n1t1 would .' ,.

quite 11keq (la view or the d_nt~ •.v1dance).. Although leder

(1975, p.•219)
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he did point out (op.cit., p.2l1) that the nearest living relatives

of the calcareous-walled-rilamentous-algae under discussion, were

calcareous blue-green algae, which nowadaysinhabit freshwater streams

and lakes (see also Fritsch, 1950); the apparent change in habitat ot

this lineage being a result of biological competition from the Rhodopb7ta

(red algae) in the Cainozoio (see l1Ql'lty, 1972, for d,etails). .Although

a marine interpretation is usua1~ proff~red for similar skeletal-

onoolltes (cf. Imbrie et al., 1984; and laporte, 1967), Hudson (1970,

p.55), influenced b.Y the work of Black (1955),has commentedupon the

range of salinities modernalgae (and b.r implication fossil torms)

tolerate, although in this case tbey 'Werenot calceous ...walled-

f:Uamentous...algae. Thus, it would appear that whUst most of these

skeletal-oncolltes, from lithological and palaeontological assooiations,

occur in marine sal1nites,the algae mayhaw had the tadility tor

living in other, notably Jleduced salinities in the past (as their

relatives do today). A clastiC and acoompanying freshwater intlux ls

therefore tentatively proposed as the reason tor the deposition ot the

Cathedral Beds and the dastruet1onof the stable Ie.denham lagoon

eoosystem (see also V.3.d.).

V.3.d. ACO!9J?§E1sgn:w1th~he §ou1ehij~rs1de SUb::env~gn.nt.

Within the isolated Lincolnshire LiDwstone sequences elipoeed

around Kirton in Lindsey, Unit E of' the Kirton Cementstones Member

(Ashton, 1975) is cons1dered to be tha lateral equivalent of the

Ieadenham Member. The lithofacies of this unit are broad.ly comparable

-with those or the Ieadenham Member (both are composedof alternating

limestones. and shales), although in detail the beds of Unit E show a

number of differences:

(1) Sbales form a greater proport1on of the ovenll sequence;
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the shales ere usualq subequal 1n thickness to 'the 11me8toJle .

(ot. Ashton, 1975, f1g.3 with F1g.4.1.).
(2) the l_stone beds sometimes lose tbe1t' eOAtS.D:d.""

passing into a M%"l8sot lar nodules.

(3) the 1 tODe' show signs ot .oo.adu7 aceJ'etlon.

In all the. re' pecta the Kirton Cementato .. (Unit E) shale/
11mest'One al rnatlon.s .. simile to those of tbe Blue L1a. ot J)Q t,

and both pr'imary and cOJ1datTprocesses are thought to

contributed to their tor tlon,8.8 appears to be the e . in t L1as

(Ashton, 19'1S, p.427, and ot, Dutt et al., 1967,. pp.163-168).

Unl1ke tb Bl Lias and the laadenbam Mlm'blr, the bedot

Unit E laok a dlwr benthonic fauna. Only - ha - been

found in the UmastODeS, althougb bundaftt o.Vacoda and g,'Im1le are

present 1ft the sbales, g~iI9,t.s ocours prollt!oally throughout (Ashton..

1971, p.42?). It would m therefore that s!cI1Slleant eco1osloal

d1t'~ renee -ldst be n the K5rtOD lagoonal area and the z.a&efthllJl1

!&goon, reg_tiles ot vhether tbe Kirton ,suo••• iemsre,," •• ' '

northern eil:tenslon of tmw leadeabam. lagoon Ol" a tMall;r 1.ndependant

lagoon. Tb8 1tIcrea d importance 'Of .shale. 111the KSrton . quslUt8,s

8 greater rr1genoWJ 1ntluaft ,with the d lmplioat1.o1'l

that tbe shales are a reeul.t 'at clastic 1mpul' euper!mpo .. d upo tbe

t'baolcpoUDd" preo1p1tatlon ot calcium o81'bonate (et. Duft et el... 1967.•

p .187) • 'l'h1 propo. 1 in turll 8 .ata the po•• lbSl1\7 of tlMlhwa r

Wlux whUe the oocUft"8nceat pnit. 10 the shale. (Ashton, 1975,

p.427) W1oate, pro ble lackot oS:roulat3.0n and ... tagJw\t bo1;to

oo.nd.ltiofiS, Tbe"Cl d faunal 41"" 'lt1 (,et hJ.Qbdanlltla. In thl

shale.), could theft fore be explained .. the I*8ductlmJ. 1Il ealaJ.tF an .

_lIJi,lillll..·c6 O1.ttrs woul4
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probabq be able to tolerate ~o.slmlte8; a Idghtbe ostracod. Ae

the organism responsible for prGduc1ng the QhcmUIJI,' USC6a ls 1.1i'1krJ.own

(Simpson" 195'1. and KeDllSq, 1975), it 18 posslble that it toolnfq' ,

e\.1l"1haU_. although ~bQpdr''''tra uauslla' aaocSat d with

marb d1ments (Simpson, 195'1; SeUaober, 196'1, and Kenned3', 1915).

Tbe ,tU'eaaround Kirton theretoreba: 'reprented' leg' onal

aett1ng, 1I1towhich the Wl. of f1ne-srabd clastlos and f10eshtr

used s duction An laUnitie and tempOl'"8l'1 eel tion ot calel

carbonate precipitation (et. Duttet al., 196'1, p.16'1). 'l'be pradmit,

ot the Tortabtte Jur8.Jc Delta provideda "sdi' eo,.. f,0J:t t' 0148t1o.

(ct. Aabton, 1915), altho h t.run-ottcould all., C "'0111 the wst.

The 1'aot01:s, together with t teduc d o1l"oulatlon, Snh· bt.·d 001.18 tion

bt' st stenohal1D& organisms, al ho h tbe pte noe of

QuPwit:-GhpDdrl,,'_ostracod a•• oo1atkm. probabq .an' that the aalmlte.

'Are not much below "normal I

V.S.e.

Towdds the nd 'ot ".,." Z t•• , .t.a41eUba!denee

ot tbe decqq l1I4rloolnHigh" (see otlon V.R.e.) and '\be ~aslrlg

tft ctt 88 ot tbeort .. hore barr r-compl.ex (ct, ... ' r . haDe,

1971., p.226). wb10h JD07 haw be pa.rtq emergent ( at10n V.1.o.v.),

pr.,1ded the "17 proteoted .ttlag Sa whleh the led'llhaa legoon

dewaped.

Dus-Stlg tbe earlJ etaa- ot 1,. exUte.1I08 tbe lqooA a l'ap1cU7

~oloDtaed tv a dl..,r.rrnq or ott-bod d nt-honlo , wh14h

exten S: 17 ~O'WIcl heub.t:rate. Altho h 1art r bIt oth6r ~ow

are pH nt,·ZQlplWaol, and ltumdri:tIf-1 ' a an' partt.cularliJ con. 1cuoua

at th1a lewl, an allOO1at!o not w1del3'cop, d, vlbualt. (ot.

Sel1aol»l", 19M. () oed and ~rauet 1972. b\tt .. 41, 19'5,p,.861) .•
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The abundance of the· dspo it-tee " (s" on, 1957; aDd 0 0Gd, 1971)

undoubtedly indict Et that the lagoon t8 _d nt waa J1uW2ent-r1ch and

that it acoumulated "latiw13 81ow11. liowvel' ,tb$ir activit1 pl'obablT

l'8sw.ted 1n the prevaU,ubstr te ootdngoupf" and theret

prohibitiw to succes rw. colon' :ti0D b,y spat of otbIWbenthonic tor;

that are .en in h18her '. ds ot the lagoonal Bucca ion. WMtbeJ;"tspat

per1shed bt 1&1- utio atlon" or b7 tM lad. enous fauna

not clear but the sit tkln woul4 em to e:xempl~ tlle"troph.!.c group

n.sallsm" t 01'7 of and Young (19i'70).

Follow1Dg th1e ,l,y period, a jar disrupted the "normal

lagoonal sed DtatS,on".and, 'W. if depo,s1t·4 OftI' muah or the
are (et oionV.S.b.t1i.). Tlllsst cl ntat10nws or ,d

by a north noroao «it ted South L1noolnshh-e

facie,s (~etw 11 Member) into the sQ\lthEtr,n end ot the lage Il, altQuad

Ancaater. HoweverJ after an eneu1ng

which re sutti4iento ·oot pee

ltated conditions,

n , ,\1t$t...tr d, nt'ation

was I" ... atabl1shed and 1 ' nd. 81owl.r begu to aoc~t again. 1'h1s

t ,howe r ,a mo11usc-dom· Wd. "ounitT' I .tulJ3' 010' d the

lagoon, altllo h ott-bod1ed WaUl'1al SpeC1e4:t'e &'Cm e.en· !cUD ,

e pecialq •

The diver benthonic &a8ootat1cm (= "t-t:l'ag

c un1t!ea" of Val_r and Bambach, 1971, • ctlou IV.4.t.) dG. 1Dat.a

.4IliKlLJua_ ccoup1e.d an aft8:/' 0 n1c • . p \£I..wllil~iII

We. 1, s..Wa'lmal tf.a.,.JUlWBJ.aS pttatllelshall.ov \A&i.olllilli ... .,

(PKOllt1tsJsm)

the
c ., Ilrt:IIBllnted (F!g.4_90).. lD· ditto,

~ d' -types, which d 1ft.
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their tood tx-om IJIan1 different lev$.le abaft the subtr t ..vater

in ."face ( Fig. 4.90; endotion IY.4.t. arul Walker; 1972, tar
genenl theory) '. C b!aing the taotU!Iwith the tnt.. ton ,gabd !"re

th l1thot oSes; the env1roJ1lXlt!tnt of the lagoon can ised

as: an area of low turbulence and . low dn'batlon 1ft wh10h bl¥
nutr:lent-r1cb. watere of or ne - .Unlt1sJowrlq 80ft,

stable, nutr4ent-r2.ch; mUddy'substrate. benthonlo associations ot
th1e'predict blatt envtrooac1ll' Cl mp81"ablto those £It the

Cret c cue Comatloheenrocks (Goodland one) iscW!I d by ott

(19'12). Bettons, red that tho,se ie. . a8 . fleated a stable,. twhuls ..

tree nvh-o nt of mode,~atela'r1ch re 'ource J ry 1rnUar oonoluaUme

to thoBe chtawnbare.

ls stable ,en itt nt re d hro hout t er ot
leadenbam be~ te, wMa nvlr"cr ntal Chenge COIlwlbutied to s.'s

4 tructlon., 111 tbe nOl"tbern pert, ot the lagoon (L1nco. . l"U1g )

t, Wl. of a.. ,tics (mhlorte ·18101'1) rmcl .• 0411;

Usw mpedtt he lagoon and tr039d i " 'table .co a

V.3.c.). ~ kel:a'ba1-onotJl1wa te ab

nwo n' ,1 conditions ot the o:t drel d. .pi! 'hi .~.
oonal" g' per ist ,d, and turthtr .outh "not 1"

ntatl.on oont1n\Bd. H r; \fhethtr "aUtlDg up" (

8 t position) 0 lng 4n 1ts "normal eta! "the;w' ~IU' W .

campletelq awqyed b1 the "001it1o SUI' tI., whicb . faid d tb

ot Unooh dnt tlon. sure, wbJ.ch tho

n the I)roduct 01 a sb.ort ...te lagOOJ'i1 d i!dgr..tion ,$.I ,.

Cl) lex (ten- d. U e otion V.4.b•.l1.). obli_ at d

aedilllaatal't pt_I'D.. "tel" tbe etle"teot tbe -ga bad W' 4, • .be•

• nvU-a at 1"$8.. ; dif~ ring con idel'ab17 h- that ot tbe lat

qisg·I•• z t_s, aa... loped.
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V.4.
V.4.&. .IPkqdw;Mm.

Altho h w 13 var1able, the 11thotac

can be grouped into two broad eat -,.ie J '!'the "Ltn.coln Mam r Oollt elf

and t calcllutlte of the play cS· od Ut le ,-tlwn a... All

I1tholo Se gra4at:lDn omoo11tlo gr wtones to fossiliferous t!\W1 tee

n howe 1'.• and he subd.l,,1s is arb1tQ1. Ent1a~,

Ropsley-type to .Uitel"ouS ealoUut1tes .pre nt pure lagocmal

deposits, .1mllsr to tho dascl"'l cl f.ft t Ieadenham mberr(. sectSon

.3.), while t "oolites" pre nt tbe more gita d (16\ still low-

energy) nv1l'o at, marginel to the main lagooo areas. In br .

11 of tbe Uncoln l' depo its .re tt lagoonal" t a thel ace - ulated

in a oteoted ale- 1&r ituation.

In ,be tollowtbg d1sCJ sien the sub-ea lro nt. "pre_ftte4 in

the "l.inoolnr Oolite " and Rep lay lagoon caltdlutitie,

Via 4. paJIQ l¥.tithO' h an out1_ envh-onmntal I!J3nt' s18 ha beeA

attempted lt1 the conelw!ng C'b101h

V.4.\').1, J The w1deap ad d1strlbUb1on end ,. bllit7

ot the It, botb 8trat~aph!oal18 nvir ntalq

importaa ,spec1all;y' it b1o;ntlgr ph1c 1 . a111'J.y 11

doc Ohapter ttl).o tb ell'rirOnDBD a1 pOint ot .Saw,

tbe tact . 11 a ftl"ti14 1 tacM ttern 0

be cl :tm1l1ed and a crooa rae.... to' ~tte ted (F!a.i. ,.). Altho h

the 11thota.de ow t l' ndency to polar iD .0 C ,avat

outhern I4noohl h t7J)GS, the c-on'tt'ole e1'1la

d1etr-tbut1one to have operated in ha h area , Q.d tbef;

genal' lis t10n abcllilt t, w'ole co -:by can tede. " - the



l1thotao1e patterns er' outl1ned the s!gn1£!.can ' of the loo11te

is disc sed; tids bed is cOmlllDn to the whole member (F1g.4.1.) and a

it rest,s e~o :i:ly upon a :r1es ot dltf"e nt 'W11ts; its o:rSg!it would

em to wa~ant. so. oC>mI'l¥ilnt.1\ 18 on13 after he depo -1t1on ~t this
rather un1£, ha 1 00111;. that the oomplex aole' pattern or' be ....

of the Lincoln }~m r developed+

alooUte t t
Uncoln Membe&418 usually oompo d or poorl,y-soited. oneolltiL1 Of

skeletal oosp,ttes, wh~h ha: a ry' .d alice' m cont nts bt
dcU1l1ontoa011 he, a1'ying quan'l1l. a, onc.,l:ti-,

1nw clat and pelQids cc ur (U hOfael.es J . -otion xv.i ... 1.).
Texturally J 12he oolite k e1tbet packstone Or a ~b'io. • Ie $ou.tb.

Lin olnsh1re 'he p1etlDUS 11, 1s

chal'acr1sed 'bi oalo:Ul&d ,,;jJIUUUIlW...· fA", coreJ.e ('le '. 4.101 att4 '_,102,

'0 ilon tv.5...) ..

In ist1l.atlon the .011 would hot sp0olall, $'
nv1ronmen al~' it could be di13t!bl'ibl1ted to '

area of 1). lagoon ana d lllI'ed to 'ti " facia.. la tblit 11

mber (Lt at c!ea- oup 1, at, v.2.c,..il1.).]; tee1

1en:l.tloaA is h!nted a: bJr lies lilly' at loA " . ~ ..

number ot di.tt. ·ftnt 1:1;hotseta'l aphtcal

unit· (Fig, t.l.). 'this hip t . lite, 'W

pt sevos t entire I!8glon to· bla et t 4Ilegootml -s, ft, ,;b:1ch

d &. loped by tbis 'b ) •

U.mes;a new, le 8 0 aphio:u, polw·t d lagooaal S .vol: d,.

Altho h the ba. of tb Lincoln Member 1 "81:, 1; ,. d! .... of eire)"1orl

slight and no ign1t1cant c1 baa n fi900gftifJedJ
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bstead there appear to have been a reworking of the prev1Ouell'

deposlted sad, ftts. Tbs Dat'lft or the basal shell leg in aouth

L1nca1nahure would seem to support such proposal (.Mction IV IIS.f' •) •

'l'be problem ls to detel*tn1fte 'What kind ot"ewnttf or necbanlam

destroyed tbe ex:bt1bg xwSronmental pattern, without s1g~it'1eentl,

altering the gross en"ltroJUDental reg, (IQI' lsponal . d nts 110

" d1ately above and btl.w the baaaloo11te in one looa11t1$8). It

ha been argued.l.where (see section V.5.b •.111.) tbat tblt t oSsa ptterns

Involviag 11thel :!sa snow,iag 01111subble .heng$8 1rJ ".ne1""87~lau

(11k.., \h088 An the L1m.ooln mber) mq have no real Id.gn1tloence. The,.

represeDt_l1 tOl'tu1tous sect10ne thtoUgh areal "be.,. the ladie. tdgrated

eomplexl3. Such p ttelnl8 ha:... usualq onq had « .1..ocallsed OOOUfttG •

This 8vent "blob 1nltiatd I4noo1n mber dbe:n:batton ba. baen

doe ntedcG1In .... wide and ia the,,'oreef lilajor ellvhomratntal

.!p1t1can.; i . l1etthat S$:tJt1pported G1 tts assOO18tedblo'ltratJ-

graphleal ~tance (Chapter XIX).

S£mUEl1'11thotac~8 to the basal 0011 aM .,~

a.socia d with t h1gh-(tn.ergr leI' 0011&1 bel of tbe
Me1tbar1nghanl and " &tIe ll,ytham bel' ( •• ction V .e.b.l. a1th h

tblT are also 8'p !nglT en m .. et 11 Hem·r. :tn t.h&s'b e le

tel"'lD ; the m!.pat1on or thla Mab-emerg . ck"''belrr1e. belt &00.1 the

014 lag onal qate. could ha: prod_a the t o~ pat, rEi .. ell.. fbe

rUcr tlon le unl1kelJr to have "11 oataattophlt laOaua of the Ilb n_

or llajOl" d ov.ttUJg and the lackot '0·0.. ddSng 1D the be. 1 oolt •

In Ological SI it la t!eco cl an ne .ntH I a 1Ili&IC,1l"1I

the baftiier,. III (... atlon V.,.) labdward. wh1oh8

ott-&bere la :laa belts UpOl'l ar-sh - "lagoonal" .eli.nt. Theyo.,., L1i1ooln IIlbe.t .. d1alentl 1tul10 t.. that the eft et of the pul.
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'Ii 8 short-l1:9'&d ·aDd 'hat hgeonal d ntatloD

(ae seet1o.t:l V.4.b.t.11., t»low).

AlteJ:natiwq, the J'event" could t» envisaged sa hre'akdcwn

in tb barrier system of the tin» (%"ecoded by the .told: ba' of thl

L!aeoln ber), followed by a rUxi of t.nCle d agltat.1on (be.cS~loolite)

before a new barl"1eJ1 eomp'l.eX!developed. to proteot theeneu:1ng l.qOQilal

qate ' of tbe L1ncoln mba!'. tbiepl"OPO 1 ems le s 11kell' becauee ot

the nat ' of the .d -nt· wI: cb the 't-l1ke ,tl7 ot t· .

sal oollte and t evidence' or "working Cm' 'd allOCbe oontent d

ll-lag's nature, se seo 10n :tV.5.f.) not a~ consistent w1th

epos1t1cm. hl an unprotoct d ',It a. HSgbe:r- ne· posits are to

be •• csted (Irwin, 1965)" This s , le erg nil would , em to refute

anot l' ,1atlon en this the , • tbat he :rosS; sa of the mba.

'ked the landward, .sage of the barv1e~ it It, vhSch ,Vd. placed

by a condcompleX that provlded the protGctlon tar tbe LAncolA rntltl'

oons. However,t features of the basal OOillt are 0OlllP_abla with a

tempOl"Q'7 lagoonward pul t' 01 'be '11 1--00 le. '!!be "'pulsation"

I&a: 1'1 tr1gg Jed b.1 a .m1Do:rtran 'gre 8, - (, ult trom
aa lera:ted sl1bs1d.t;t '1) or the temp' , ., breaching .of P.t ot t

~. t. III .it r '(tall Ii t& 'Ia'l"I ltat10n

ftsulted, Ii.

toll" d 1I1h1cb. lowed the

new . 'nvUo_ atal patteI'll

"plated,

"tton of' 'bl;r

oonal eondlt1m:ls to lop,ltb U8hthe

e Quite d1s1nct hoc that wbloh 1t ba4

, t al oolS:

IDOVe nt ot
ot the Uneoln· tJ coN "

barr I vb h

ub.tpntlt,· the ~
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a dUtel"8nt geography to the C!):'ig1nal. Tbe caot the barr1&r'

_nt 18 thought, to ha been either a minor tran .• aicn or tbra

tell!pO'.rary' ach1Dg ot part of the 'barrtar.,

V.4.b.l11.· I The d_nts of tha L1ncoln Mamba.,

l¥1Dg beta t baaal oolite enoompae Ii ratl or 11tholi wh1ch,

altho h broadly low rJ$~gy, refleot vary1rJg degrae- or bottom asita.t1on.

Oolitic _ainet ,,(L1thota.oie A) grade, through an e:rt:q ot s.n r-

d!a17 11thol!es, 1ntogta1n...poor letal wacke tone'$ (L1thofaC!a. ),

whloh are almost Wen Socal to the lagoonal raciaso! th$ Ropalel 4s.

at, 117 the" 18 a tworold div1s1on klo . ,1n. po1'ted,

larae17 ooU.t1c lithologies (Uthotao!es A),. a.rul mud-supported QDocl1t.1tt

or otoole, t1e-dondDattd limestone (L1tbof; oiea SI e otiens tv .S.d.
and IV.5... or taUs). tact& reflect ditte nt sub-

env!.r nt80f a lagoonal, baek..~r tting. whuh can be litho-

10gl.c81lT c d with the "Stable Sand Habitat" of l' 11 et al. (1959,

a1 0 Purdy, 1968), and the "Plattorm In.terior Sand Bl.a.nkst" ot Ball

(1967). As the tall ot similar tacta 1». both tho Oreeti«tll ( •

ct!on V.2.0.1U ,d V.2. ,U) and Scottletho _ MaJn J: (1;) ot1o

V.$,.b.) have been d1scusdt so lelllth. 1t is not propo d 1:0

re-lt.rat them he", altho b attnt1cn ollght to Deoe' d on the

ve17 c_ .noe of rlqldst-water OflcoUt 8D (ct. ot1on V,.2.c. ill)

In the wac_a1;e 8 ot L1tbotaoiss B. It 18 the d1atl"lbtcelon ot'1':;,' """lila

tacies aDd it ,s!gnlt1oance that 1 con red of pr_

The tttraasgI'881wt' nt, which pt orO'88 ,he Za •

lagoonal , blanketed tho whole ot I4nooln h ' with anaolitic bed.

se4', nt 7 ,d on this bual oolt, ,

"tleot aNaa wherebOth« able dimenter1"8_8 existed and tho

wheN the tac1e --It 'oscUlat .et to fro. To ill . 1'a tb1s, tbe
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quen a in two a wUl bad us' d in atel' dotaU t the Harmston-

L1nooln. and Scottleth01'pe- tbam d1stl-lcts ( F:lg. 5.8.).

1M UKm§$QA-I4Qg:o;JARkLKk1i t At Haron tbe .."O~o "Unooln

'Mamber ,. (F2g...l.) is almost GO ,-letely oompod 0 "clean

oollteatt (Id; otdiaB A) reflectSng agltat.d substra oondit1on.a. This

con'b'sts toftth the Ut,-ptc l"q_nce S,h hl most G'tlWl' e nual

L1noolnsh lcxta11t1e ' ( - ot1on Itf.S.d.l.), vbe the 'oolite

gra s tbro b btifttowd oolll1ortte to b~1t&8 betore 0011tlo

l1tholggieacap the -q\)3hCle. The '#<M Of' 10 11' ot ,~ 'b1o- '

iortte (about the iddl& of he ttirt' " t

l~all'b, f.s avq h':om Hru*mston, i.. tbe Barrus'0» oo:U.tto uoue$ 'ion

PN bl3 p nt an ooltJ.c shoal wh1:ob pe .. ,,1 ,cl t~e hou,t,

Wi no. upon t11& .cl_ntat,ton 01 $1ftO'll'ldibg aft.a. Av., ~ .-

oolite , , l1aQG:nl. conditio 8 - b1 to lop,

!.c ca - co ) t .,per 18ted thto hout or tbe

Unooln Mamba,. t ,,'Wh1J.e 1h ~ra (.&1ncoln

• At L1ncoln t cl b,-

ott- 'ultstra fauna; 17 .q~ - nt to that of t I.e nhem

Mern'bel'"(ct. p .,, 4.90 '.l(9) • In 'ddition, vithu t Dean tad

Ohapt r Pit, Pbft1l' adap d to 1 on, hSl'd
u.b va -a CU.mpet-l1ke et1"Opoct. Gel1UtU,lt btft1 .) 1s al

ell (... Motion lV.6.t.). Apart fro the la Ropa1Qy lagoon thl

"lagoonal pha .. v. latt'"~ -: lt 5; , 0011: II>

l"lob to!. (Lt hotacda.) iUaUY oUl.e;, 4 a a

(ct...O.L. wn OD" 19&8). Whether the lDO'ft.llU.t • .,. cl" ~t~
atibutable to the colt 10 BhGal such aston" t. not ' ~.

bub the7 Ulutba'99 tie.... e~ ot 80_ ot 'M 11th...
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a

(Fig.5.a.). The IJ:nooln lIlber seqwnoe 10. the Cl!p caatle Bttbam-
Llttle B;ytbamaNa oon ain very low-GHt' lagoonal ante.

aet 8, however, towards Soottlethor and coutbwerda t~. the

Vooltox :reg1tlli, 0011 $ P ogre s:1:.l.;y

tU t re:Le little in ths W8:$' of Illagoonal O41c11

Th1sug .st;8 that lmUar H~sto ..1 oolite eh 1. oOOU1"l"ed ouad

o t1eth c am a lit le to t c so~hor &tbam (c 10 lV.s.
4.11,), a both ii-he areas are dom1ntd by ag1ts. d oolite peslt.

V' .4.0.1". post-basal Qo11u t_s of the LtAc.oltl

ember tfp1tted by oolSi ah la and lagoons. n

tM con medn 8 er a qu1e~ tel' ne:~. 'IAh~

l'e lee d latlve do . ot thB sheal Cl' la .' t tbat
pytlculru" t_. Sucb d_n'bf117 patterne em to qu! . t,,1o· ot
baak-~1e~lagoonal tt1n;s (0£'. P ~ and Evaas. 19'15, .an4 E'Yd8

et 1., 19715).

V.4.0.1. JW.W!QIiatSIU.......imUL'-9I~m.9~~~.r&IM •. t Altho h

1\ ,..

-,-tit aal 0 d1tteot) pp11cb to

co , le s Utioo de lop tl.ncolttah1ft

(see ot1ol1lV .5B) • In both <la ._ tho b~rt'e .pos!.'. __ lA

a ot lisdted o8l'aph'._ 1 U, olft tnto
the n ·;coln

ban'1er 8:tuat1cn, of
b,

1tt
en no od by Sa an (1971) bl . out.. ,.

1 ha Qtt
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tegOO . deposition has been propo d beo of the

geographlcaUV re tr1etedooour n or pure ll!oo mud . nts,

containing an often prolific indj,geaous benthos, SimUe:rdapo.sits haw

en tradit1onally- a saciated with quJ.et--water sed ntat.1on!.a Itlagoonal"

t'b1ng ( 11, 1955; Newall et al.; 1959; Purd3', 1963# Matt ; 19Ge,

stockman et al•• 1967Ithurst, 19670 and 1975, Pur r and-MSt' 1973:

h9nk~ 1975,. and Wilson" 1975); altho h the tt. oonaft ha.". ftot .Iv s

been in strictly oomparable geographical . tt1ngs to tho at 11M

opsl 'I Beds.
Altho h t.ho preoise ar1g1n of the 1 mud

Qontentious lasue (Bathurcst.. 1975, p.276) t it ls 11k;11 that utb1e

cond1t1ons x' ted 14 the Repeay IqOOll tor aU the maJor 1:' :ud

PlJ"odua1ng chan:lsms (inorgan1c preoiplta~lon, algal ,or kele,t 1 lftak-

down) to he contributed to ita f· :b1on. HO'WewX",it 1. b1 1\0 ~.an.
olear whether tba,. aU d~ (or.. section V.•3 ",1:>.1.) •

faoias ami henC$ posttional Gn\V~o..tment of the Rep .81 Beds 0

11er' to those or th ad nham Me:mbe:r (ct. V..3.b.t1.) '01).11 an
out~1ne ot the fJl8.jorpoUlt wUl '''iterated be •

turbu1e In. he leT

lagoon is lm:U.cat d b7 the fmeB$ss of tl1e

cu;r:rent ..1rui d struotUl'l\l&. and tho tnd1geneua nat

Altho b f.w £ El ha . 0,8n n ( 1n~

1Ok 0

of the 'auna.
the ,baQtbo le

.pit unal), the fauna· tho t to hav sutte «little po t.mt'mM1ft

tl"nsp or 'tat. n .auae,

(l) ahlopod
rat1o,

(2) tew to sils ow signs at weer Ol". ~
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(5) the d1sartieulated valves of the b ivslvee have a rwom

tlr'Ssutat1on.

(4) the terebratul1dspee1mens of the . e;rJlj .speoies haw a

wide s1m range (with1n a tdngle bo:rlra.on); this s-uggeate a laokof

ourrentBort~.
'rheae cons1iJ.erat101'U3, together witb the general abundance of the tautla,

1ruUcate ry stable eond1t1ons,. in what must have been Ii. nwr1M lagoon

tor stenoha1in.e group.s euch as braohiopods and oorals f'f>l'm Q

sign1t1cant palI\ ot the b&ntbos. The £1ne balance .t-wean evaporation
and run ....oft, p~1d d by the prevaU4ng Bajoo.:i.e,n41imate J togatbe~ ,with

mu'ine c1roulatSoon vie. the be.1Tktl' tnlsts <.. ctlon V.1.0,.U .•). 1$

thought to have ma1nta1ned mal'_, sal1n:ttlss 1n the vert protec~d

ttit3.gfJ (ct.et1on V.I.b.U.,).

tlIslftln'ltlea DliilP Aga1n the fJl"eseD.ceot encrustQl"s,sUCh as (ifpt&H,

suuests tel.atlvely sJ.owd$m&ntat1on J'ates (FlXts~hj 1917) u does

the bioturbation.

lAilD at·:faII. 8~rdQt Although b~owing blva1 s have bien

collected they aft· relatively tate.. This, togetMI' with tbG predQflt!aance

of epit'aunal speote., ew.mests that the substl'at& mar hot have i);, n aa
conducive ttl! b~ow1ng as that ot the Ieadenbam Mam.bIn'-.. 'Tb!t! problem

is ~ tu.llv db.usa :la the followin..e s'Ubseet.ion (V•• ·.e.111.).

Desplte tbta l1tholoct.l slmi.larlt7, the bent.b.onf.cra~a.a of

t adenham and Ropsl.ey lagoons are quite dUtuat1t. The nature aa!

s'snifloanee or the d1tfe":naea'af$ dlseuseed b ii, following (ftlD-

seotlan (V.4.o.iU .•).

I.Il!.mLJIll11?&WUl' As w1th the Iead.t)nham I.e:goOI1, 1M sen ralu nt f'I

fae 1e or the ftopsleySeaaee 'ha equated with t~. of thtli ftt4u4Sg Sad

and Mud Facia." (Newell et al., 1959) or "Ms and P&l-let-Mud Feud.e"
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(Purdy. 19 $) ot -h _ are· t Bahama Bank, altho h the 11

environmn1ial setting of the lagQon(s) is more 1.n keep1ng with that of

the Flor:Sda (cf. BtlSan, 197a) or Truc1al Ooa t lagoon a (cr. Pur·_. and

vena JI 1973).

ha already been sug sted that the lithotac1e , pO It10nal

nvit" nts ·of the two-it (end th&.tJ.ttle ,-them beds)

similar. The over 11 gao aphal it , lack of turbulence. low

dJment tion t;ta and substrata conditione all appear to· al J ~

thD 1nd~noU$ t unas of the tvo units di££ r. Tb dUTeren El . both

ta2COn.omictlttd. ore importantly in. tht oa , eoolo.leal. 'l.'be lee.denhMl

mbar fauna is. dominatd tv Waunal and semi-Waunal mollU$C), 'WhUe

the Rope1ey ooa benthos is ohaziaote:rd by pifaWlal tere -tu11ds,

wh1cJhotten Gee 10 dellS populet1on.s. In this speot 1111$1psral.lal

the fa enlwn OOth l:n such app

wh:r should two oompl&tely dU'h:tent nthon.l.o t unaa - .- lop"l

It !a d1tt1ou.lt to anvia ge' a _le re Bon or the tt Mn

tt s

nth n1c faunal. dlstl"lbttb:tcns

eons1cired 0 sub wat- J food 8~p

turbulence ( end et ley, 1971) t _ r w1th .~ ()' 01

of en !r nt -1p <l1etabU1ty <

eal.in:1tr

,

unitSI it " pos ible that t 0011 QOul.d

red d l~ltie _ 00.- 'Of tb.& domSna60! ·of

ooourr nlte r -gu.t ar $ohlnodee (but l8r" l.917). awrasts that

thls was un1 -. la' t have be .n tbe ea, ~ &n8~'
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actor of tood supply is ditfioult to evaluate. Uttle i certainq

knovn about the food ot tossilachiopods (ot. ura1ch and Huret, 1974,

and. Stesle-Petrcw!o, 1976) and how it relates to that of the bivalves.

It might be arguecl that the first group (molluscs or br eblopoda)to

beeom e tabl1shed p:t'$clu:led eolon1sat:ion by' the other by' dorn1nn.t1n3

the tood suppl;y but such l1n.as of rea oning lack aIl1 sound te.etual

basis, dd at best oan only be eODcddel"edae . ry' spectul:ati;ve (but see

urs1ch, 1917, p.S81). Apart from th$ al1-embro.a1ng concept or
env1ro . ntel pr d1ctabUity ( :1:'8,1968), wh1ch does not ' al.l1

em relevant to this problem.. only the sub rate re me as a possible

control.

Althc>Ugh the etfeot ot substl!' teeond1t1ons on benthon!.o

colonisation ls 11 doc nted (o.g. Rhoads and Young, 1970', and

Fursioh and Hut-at, 1974) j Furs1ch (1976a, b) has reeent~ Cast "-

consid 1"able:doubt on eiml'list1c o~lattons ~twen aubstrato and

bantbonio taUM,s" He discovered tbat similar (Upper Ju.ra$s1o) taUllJ,J-

can occur :in dU'i"erent substrates and d1f.f'et'ent faunae 'fi141f :1nhablt

the type of subswa • .be 1ttel' st.tuation is' ea .!re.

However j it 1s PQssibls thl!tt the su.bstlte.tea mq haw sUb1lle41tfa ..

which e not ded1lO1ble om he available 11tho:wg!cel.t !a. 01"

example, it ' '. bb be that the 1eadenh$m Lagoon ubd~t1' .$ too ft aot.1Prc
for sue eM terebratul1d ...spat colonisation. Q to t
burrowing (of. .oad and 0

ab no ot e$tl 1ve b l'owhg in tM .bPslell.egoon l>l'

subswate on lrth1ebthe "bhtulkl spat could colon,

The ro. . of Itholdtast tt mut also be t en Into COllsUe . tlon &r1

8uoh Ilrg nt, tw epifaunal spec!aa. 11k t\ll1da, llytt oh

them lves to' holdtaets rat r than di:'Getl,y onto the sub trate ..
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In view of the number of imponderables It would appear that

a. detailed fauna.l analysis of the tvo contrasting lagoonal faunas is

requi:red before a solution, or mere informed g'l8SS" Ca.1\ be made,

supPQs1nca factor ~thar than chan aotualli' contrQlled the

develop nt or the two r unas.
V.4.c. Lv.o • The general litholog:Lcal s1mUarity t8tween tbs

sediments of the I.eadenham and. Ropsley lagoons suggests siJ'ltilar

depositional env1ronrrents: very protected, bac&-barr1ar lagoons .•

Depslte this simUarlty, the faunas of the 'wo lagoons quit

d1st£nat, raising the problem of whether eo tlbiddenlt ecologloal factor

differentiated the env1rorumnts of the lagoons 1n BOlte su.btle ;et
significant manner 41

The eros1," base of the L:1nooln Memeer recorda a te.rnp~

lagoonward pro adatl.on of the ·ott ...ahore barrier complex. which resulted:

in the deposition of an oollt~ blanket fleX-ass the whole county, and tha

destruction of the e~d.sting sedimentary reg1m. Yo ow1ng this "ewnt"

a new sediJoont pattern developed, which reflected Q. ather complex

env1r ntal mosaic. Although essential4" en. a of continl»d qu!et-

watol", back-burrier cl pes it ionJ di£ferent regions _re dom1nElted tv
oolitic shoals (e.g,. I~ton) or eene (e •• Ropsley). The 1riter.

fling areas bad "mbed suecesslonsfl, which reflected the tluctuat

1nfl nee of' oo11t shoal or lagoonal ood_ntat1on th;ro. h tina. In

general terms, the zenith of lagoonal develo nt waa re ebed around

m1d-L1neoln Mom r times. A cruds tflC,ieS P of' this t1me is shown

in f 5.3.
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Dasp1te their I1thologicald1.tferences, tho L1ndooy Shal&

and Scott1ethorpe Members haveoo II. grouped together because they

broad stt'atigraph1cal equivalents (Fig.4,1.), wh10hrepresent

diftel'$.nt a.speotsof the 8a,tIl;) back...ban.'ierellvirorurent. Doth

display tot\t,\1reS typioal of qu1et-wter sed_nta.tlon, and !n thlu

respeot 8l'e quite onatacte,lst1c of the tfl$goonalJ d posit.s. dC)ttlpoizlg

the re t of the lower L1noomsh1re ~at,o • Tho ~plcenBn et
limestone (Soottlethorpe Mem~r) tw shale (Lindse, m~t)

northwards at this level 19 tho ht to big d to

SOt1thel'ly iiltllJonae of the, Yorksb.:1re Dslt . at th1e tbd (ct. A htofi.

1915) •

'rho aul:l-envblotlm3nts ·of eatili 'un"t ~ d!.s()ussed sepat 17
below and bl"011dcomparisons are made with the rest ot the 1 ..

Unooln b1:re stone hl a eoncluciing seotion.

V.5•b.1. 'ottlathOl'pG rnbeti lsoo.rDpQ d vt a
wid Val" t10f l.1mestoila 11: 1101ogies, Which canb!W~ , d

mto three lithotac:1&8t A, B and O. Ut of'ae A is typU!e

a1n-~1c POOl'l3"-sorted (skalee.l) oo1d-POkBtOMSJ B by

poorly-sorted oo1d-wackestonoa. and 0 by s le· 1 waIIllxeC~

be 7rI ossl1iterous., Altho·,hall t

1 rat conditions (sed1Joont 7 st uct ~

e t-gy .grad1ent (A to 0) b

of
at), El d~ ..·I ~u..w.1K

o1ally 11

reflec d tv the deotea of 110 . ske t J. alloohe· a (A to C)

obange from grain-supported (A) to moo-supported xt (B and 0,
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see ctiona IV .S.d. and IV .6... tor lithological chttaUe). In broad

terms the l1thotao:le can be matched with the "Platform lnter:1or Sand

Blanket" of Bnll (1967) and. the "Stable Sand Habitat" of Ne\IGll $.t al.

(1959), altho-ugh the g ograpb.1ca1 setting 1s sOJOOwhat d1t.te~nt. The

Soottlethorpa mber taoies e thought to have been deposited 10 a

protected back;- . riel' env1rorurent more aIdA to the lagoons of

Truc1al Coast (Purser and Evans, lSn).

V..5•b.l1. t The poor-solt fug and. lack of vMs-

spztead wUmowing 1tL the Lithofacies A et nts ls 1nd t1V$ otqu!st-

water ditool'lt tlon, comparable with that sU8gest d tor the 1 ra
ubt1da1 oolites ot the Greetwell mbar rhythms (c. . V.2.e.U.l.).

The p dominanoe of mud ~supported lithologies. in Lithot Ses B an4

0, which 1n oxtreme caMS are· lack in all but bioolaotto allOChems

(some or Uthot8cie C). SQg st even more tranquU deposition'"

enviro~nts than tho envisaged tor the Greet\feUmt1t.l' oolites.

In tact the ued~nts of' t L1thof'ac!as B and 0 et t~ "WL-"'~

betwe n the low-agitation oolites and the "true" lagoonal oond1tions,

as tWitted by the caloUutltes of the . adenhammber. 't'ba

reduction in allochems and the inc ·asing predo:tnana r b~olal!lt&

l' oolltbs, reflects a lack of agitation be10lld t n !n

Gre twe11 mbor.

This litbologic ohange 18 mirror.eCl b1 the O'tttn~'b

occu;tTenc , h Lithotacii) 0, of n in(U~nous nthas, vhiobhOW8

fev signs ot s:tgn1t1csnt transpDrtat1nn. Most of t .. dhlo •

articulated, while the d.UQl"t1culat dB·

1 blv 1"19 11ke and ere un~' 11

ha a rsndomOf'Sentat1on (not preteriGll !a.lq con .-up) • ::En dditlon,
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spines (Rudw1ok, 1965) mtaet. AgaSnst thls, tew rorm. round in

their position. ot lite, although .s moat are ep1taunal speo18. th18 18

not SU1'pr1s1rlg.. Most bl.val a would 'be expected to be1SOIII8

cit.sartleulatedsoon atter death. it tMY ocoupied ep~ unal n10he ,80

the high, evid noe ot dS.ss.rtlculatlon is 110t, In itself, partlou.l.a.l-Jir

19a1f'1oant. At most tbeHtore the move n.t of the benthos 8 '"frY'

loeallsad.

The sdstrate Hpre.nted !n UthotaoD C ust ha.. .en.

aof't a8 well a8 stable (unagltated.) beoa ott;be co_on occ:1.D:Teftee

ot shallow WaUl'l8.1 and sem!":1nfau.ua1 specles (l.al;W."'II~~ lalf) al

well s the "ale 4.'1> burrower. 11lcePh9lg.s\91gaiJkt1;1 alii ... ,al

burrowing. Fur'tbemore, the replaoe.ment of an a~ophSacl pedlo1e by

spinel ami "shell tb1ckenqtf i .8 the pr!no1pal stabUuattoA

meehan1sms in A. "",,! ( e R\Jlw1ck, 1985), la 1rld!cat.l'ge of ,ha

presenee or both 80tt substrates and quSat-vate~ envtr· at. (ott

Fura1ch and Hut'st, 1974). However; there must also have been an

abUDdanoe ot hoW. t8 avaUable tor he .pUaunal td._l >1, t.n....
bratulW. and col.n1al ooral •

MOVSng up the eMrgr crad1ent awq from Lttllot o!a. 0';

evidence of agitation is most Obd.owsl¥ ret1ected Sa ,be, h1cfeas1na

~anoe of eol.ith. Although tbe aupert10Sal ~. could ha..

developed !D the "lagoonal", ttiftg (Bathurst, 1967a), and. woul.d ha:

be n tJp10al ot uob an nvirQ ut (Pu:rdt, 1985..,Uet al., 1960,

and B.l1, 1967). t 000. ot Cl "n 1" ooU.tb. is 1n41(ut'j:

ot washin~ htODl the hiehel'~..nerD' .rati:1 .Cet. . 11 t 81ft

1960). !his tberetOte 1mplSes at least per1ocU.ee0n41tSoD. Of

1nCl'ea.dltatlol'1. Aleo the pre_nee of alloebellll, auch at oaooli ••
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Md composite oolltbs, requ.!r1ng at least ep1sod1e:pel"!ods ot
agitatloa(ar. Caroazl, 1964) 1'&1.8 the problem. of whether the

substrate riabUlty 1st 1ft part, induced by subtidal gele.t1nousm.ats

(Purd3', 1965, ~thurst, 198". 196'10 tmd 1975; otfin, 1970; d

eumann tal., 1910). In. the eaot the tttbotaoSes at tbe mudd1'

matrix. s .. geste that oOl'lditit.>Aswe. so tranquU that tbe~ was no

sd to 1nvoketbe preseneeot euch t" altho tbey mq Dei) t

leas hei xtsted. In contrast. tbey Jll87be e 4 to xplaSn

co b1nat1on or "aglta ed" endunegitated" tea:bure m L1thote.c· A,

vh1ch is ve'q s!m1lar to tbIJ Ore.tll Member 0011te& la thts .... ot

(cf. ot:ton V.2.c.S.U.)..

V.5.b.111.' Aa tbe I1thotac»ft ot ba ftI.-'1! .

though'b to . tleet en bJcal

d1strlbo.t1en ought to g1ve some ide· ot tbe tlU4ttatlGn of ei1.lrowaeatal

conditions tbro.h t1m&,. or example the typeotlatl owa an
A...~B-A rtical laeSe 1nWlI'
int rp:reted ae an snoro eblEnt of' the h1&he~ne~ be.ok-~r f, ••

( re akin to tboee ot tbe· Ce"'~ Brtbam. Membir'. ..~j.o .V.e.b. )
ottoa he area, t Jr propit •• be· !n\ewted b,ra . ' ....atablta: nt

ot 1 oonal contiS-tiona IIlSdvq t~ the period at po 1t1on.

HOWIIrftI',this 1s n to be too 1mpl18t!c . \f' w vbentbe , cit",

pattem' re lookedet in 4etall.u.atq, althoughthe •• .r tbl
mbar 1 US . a, \7P1t1e4 by 11 hol.og1eaot Lit oaa4ea A, wac tcme.

aldn to L1thotc 8 B . t • OCd~ that '11 tbh tb

the fACts. belt. "IV no .' eorddAUOWJ a ·,haarta at ~ OD

tlml't OOAdly, nd 1IlOJ.ie ~Mtll' t the It!dad" A-n-C-S-A pat I'll

ott n We ks down Sn detaU, eape 1a.lly !II 1dd...:t4nool!uJb.Sft (CastlAl

QUtln'I', .AIlea.tel', tor ~le, Cl cticA IV .6.d.) ,wbere L1tbOt ,:le 0



310

is otten not pre.aent at all. 1'h18., and ether atrnUn- ~1at1ou,

1ncU.cat. that the facia. distributions we complez an ' not relad

to simple osoUlations ot broa4l1,y N-S aliaMd parallel f' tdila bel s,

At beet, the l1thotacle patte·:rne can be conside2:'ed ,w.itsg be

fluctuating Sgrat-017d" et1cm ot he sub-eny"'OIUI)Iftta

by thla low-eoerU tacSas-aomplex. The thl.-e. llthotaome 8ft ,"11'
arbitrary dl,,1s1one wlth1n the f'aoSee cont1n ,t' '17pJ:'obahq dU Dot

have I_d telationship in .ps. or t1.fllt, but obanged. 0 ntinuousl.y !n

V.5.b.!.v. • 10",.. "'BY' tae lex n 'd bt
d1m$nt oon 11 nt \11th tbe ~OIdlIftle8oo.nalft baok,.

ban»!" llOelo of enTiro nte enT1& dae t tr &tpoelt:tonal· ttlDg

(ot'. 881' and Evan., 1973). Lt hologloaU, tbey Iso comparablAl

w1th tbe"Platf01'" Interior' Sand Blanket" ot the Bahema" (Ballt 196?,

elso Newil t al... 1960; and ~ t 1965).

V.S.c.
V•.5.o.1. Qwo,Atlap, The IJ.nd"Y' Shal lePN4~t1F oompo.d ot

bl-own to••lU,t'ero 1.\.8, 13' sbale, at hough t.w uSUla 0\.18 1 at

bud 180 ocour, pal'tlcularl;y towards tbe ba of' tbe urd.t. Tbeoht

1Dol\lble res!dueot the .sheJ.e. cont1Mcl moat· rID_it. a & . or

pha • and mic' ,. quart. aDd ol SAtt 8.1n01' pba (to%' . u.•
.. ctlDD. !V.1.4. ).

protct.ed en.vi.romaaat. Although Itucb.concU.t1oll are to

ot d1tte,-niaettSq., the atrat' ~ phtoel _'
U anumt. ..

be Ur.nd1

_b Metherlqballl am
Lb.oo1n the me bel' 1 undttl'lain by otbel' lo.... ne PlaC~lu «Opo.it

(LSnooln mbar, _action, V.4.), and CM~l&1n ., t hisber-."
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back-barrier d_ntof the MethermgMm fflba:r ( ct10n V..6. b.) ,

'Which are in turn OV'erla1n ~ unequiweabl.e barl"'ier d nts(Slodord

Mem 1";

nuti: 17 th1D L1ndse.1 Sbe.le .quances undoubtedl,. formparter \ha

back-barr r lagoonal.ooeo lox. It .bt theretON. be that t

p9l"a1sten of t.be shale nc:rthwa.rds to Khotcm in Lind - ., b ~tJm

for the barr t' extending Sa that, c!irection too; 411' hoh t 'b1g

nergyback~~!er
Hlbaldetow, none of ,

4!mmt belt ha been cogn1s&Cl" tar ftorth .,

"israph!cQlJy h1gbe:t Mite (0 baft'tst

xpo d Aorth of Lincoln. H ri',the lowo~ eolnshin

ions of South _ber ide ( t,Oll, 1915) qui:

similar to tho tu:rth.e1" cn.tth. sug-ting co ali b1e ,poal'blonal

env1ro .uta (qufst... tel', bac -bo.rr!e1")" altho the northefZq .,' at1c

kltl. nee; wh10h la sponalble tor t Shale' northeR tlUo' n!fte"

doe., complloate the piQt in thls_ g!on (cf.. dt·1(m V.S.d.).

pS; thls uPl"ote ted:tt " eel ~obable !at1wc 0: c1a' to trora

tM north. the e is b.d1cat,~ et ..!ne H.nithuJ, t "' t. no
vrldence to s et that duct1cn lnal.1alt1 OCllc\1'trt4,

n case in Unlt E the K~Oft c'otstone

otto V.S.d.).

la ut tbat aft adapted to both eott and hardrsu' . ate(. aactlDn

IV."I. ..),. Pl'ifto1pal- Qta 1 C: ' ntsOf the $'hals.; INCh &$

ar13 Sn4~at' of a ott su 0 ".te (:Rudvtok. ) ,

shallow-W 1 " tn.
t,lI epifa al 'bt ". ,
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doubt that the principal 8ubatt'ate repreean d b.r th shale vas Bott.

yet proba~ stable beoau AI ,aui la unl.:1.kel,y to hrl ha n able

to copewith excesst turbidity (Rudwl0'k, 1985).

be stwaml1ned bye blvslw , like D2rJmQDlJ dO suggeat

ourrent o1ilvit,rhcrwev r, as do the aNill aeculat10n whichpr !ded

the" cl Ubsti'ate n1ebesut notab13"w!th!a the IJ &.1 Format1ollstt

(see sec"~n IV." .d.). The uFalae Formations" w

initiated by' certain shell flO urnulat10na be~ stabUl.sed tv
tha stel'o1d 40'1' 1 colo 1se:bions_

on wb1.l)h such ferma as •• W~W!l&.1tJ:Mu.

.=wiWIi.' gtgA20m'QA and eou1dthrive, to with goa.

~n c'les. 'Tho blostro 8 probabq &t.ct proud ot' tbB ~oUlldi.rag

soft shale substrate, althoUgh without s!pJ.f1cant tel t. Beca,

of this they beeame It...rpetuating ~OJ:' the 1r 8lbt leftt1.otl va.

ut:r1cient to uap turthe.' Us, whil th 0 t '. n
prolific indigenous t una prCW!d4d bUhdaat addlttcmel

the it" .. d growth, In 'hi WilT the ft alM .,,"

eempo cl ot ~gul.ar 41 ttftat10ns of tb b1oatJo fJ lug

ahala , we uUt up (thaT rld bra hout 1 tblo ,I'

ot thashale). H~ ." at 'hl'SoUS t f perto!' t biDs' a ...

"swarqpad" by' shals, vh1ah probabq kU1ed ott tb& '.ala (til,. Alt.

1977).M brG' bt a mpo.aJ!y hal, to tbeird de lop ~.

tateral o~h and re ..colonise.1U.on . an ..........;1;9'

blo_ probabq rt-inlt1at d 4 10 '. Tl1e

blostros cOV'ered • tees or a of th floor, oe I

~ct8ubBtJfa_ l 'lands" 1n a 'S ot ott abale.

V.S.c.i..,. • For B ,_U now the

occurren of ntmorUlon1t In' Bath nian ha c C1.1latloa
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about the likelihood or Jurassic volcanism 1n the north European area

(Hallam and Sellwood, 19G8)J a posslbU1ty that hasines turned to reality

b7 the cUscov rT of volcanics in the Middle Jurassic of the North Sea (.

Kent, 1975a for r view). This has tended to cement the oonviction that the

Jurassic montmorillonite ocourrences owe their origin to voloanic activit,.

(Se11wood and Hallam, 1974; and Bra.dsh 'W', 1975) , although Bradshaw (1975) and

Am1ri-Garrouss1 (1977) have warn d against a simple correlation between the.

tWG teatures. Although the pr senee or montmorUlon1te in the LindseY' Shale

oould be oonsidered as indicative of Bajoo1an volcanism, espec1al~ as

a soe1ated volcanics occur in the Middle Jurassic quences of t Narth Sea

(Hallam and l1wood, 1976, p.514), 1nsurr:1oient work has 'been done to 11nk

categorically the Lind y Shale montmor111onit with volcani m, Furtr work

is required to oonf1rm or refute this possible assooiation.

V.5.o.v. QeSg1us10!ll' Overall, the Lind ey Shale environJOOl'lt se s to ha:

been one of protected, quiet-waters in a baok-barrier, "lagoonal" envi:ronment,

which 'Wasoolonised by a variety of marine epi- and Waunal benthonic speeds ••

There dOeS not a.ppear to have been all,1 reduction 1n salinit1' assoo1at- d with

the clastio Wlux from the north, which was responsible for the members'

thlcken1ng-up towards South Humberside.

QOB91usismg·

Although a full synthesis ot the environments ls given in at ion

V.8. at the end of this chapter, it is perhaps 'Worth summarising the tlnT1ron-

mental pattern seen in the lower Lincolnsh1r L1.me tone. The subtidal pOlitI

V.5.d.

or th lower Linoolnshire Limestone r fleet quiet-water deposition. kl a. .. 0-

teated back-barrier nv1ronment. Within this lWooenergy r sine, a num~r or
agitation 1 v Is, attributable to dittor nt hTdrodynamie condlt1oru,. cu be

r cogni ed; th rOJ'lge from the "classictl lagoonal environm nts, repre nted

by the Ieadenham J.i mber and Ropele;r d to the agitated fIr 1rlst of Litho-

facie -group 1 of the Greetwell Member cyoles. The pack.tones and waokeat0118'

Of the Sproxton, Greetwell, t1ncoln and Soottlethorpe Memhet' re aant the
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intermediate levels in this agitation-spectrum. The Lindse,. Shale Member,

litholog1eal17 distinct because of the increased influence of clastic input

from the north, is clearly' "lagoonal",

These "protected environment" are thought to have ocoupied a shallow

subtidal belt between the tidal-tlat deposits ot the et and south-we t, and

the h1gh r-energy- baok...barrier and on.. banYer sedimant belts ort-shore [(eastwards).

V.S. Tijl!i mpQSITIONAL ENYmOUNTS QF TIjE METHERINGHAM. BLANKl1f1Y AND

V.S.a. IntI' pductlon

Is the olean oolites of' these units are sandwiched bet'Weenthe

Itlagoonaltl deposits of' the lower Linoolnshire Limestone and the barrier

sediments of the Sleaford Member, they oan be oonsidered as carbonate analogues

ot the I"'ba.ck.. barrier clean sands" at Dillon (1970, ptS7 and t1g.2; see also

Kratt, 1971). Having acoumulated in the lee ot a proteotive barrier, the

oolites retleot agitation levels intermediate between those of the ourrent and
'Wave-sweptseaward barrier ana the "quiet" lagoonal waters inshore. In broad

terms the l:1thof'acies can be matched with parts of the "Platf'orm Interior Sand

Blanket" of Ball (1967; see also Newell tal., 1960; and Purdy, 1963).

The nature of' parts of' the Blanitney Memberpermits some qualific-

a.tion of' this gro s environmental tnt rpretation to be made (e section V,6. c),

8S do the differences in the various lithofaoies, compoeing the Metheringham

and C stle BythamMember (see section V.G.b.).

V.G.b. Sub:enykOEU11!nts ot tM V@therinsham and Castle Brlham Members.

The oolites of these two members can be split into two broad groups.

the Metheringbam Member and Lithofaoies A ot the Ca tlo Bytbam Member

constituting Lithofaoies-group 1, while Lithofaoies B and C of' the Castle

Bytham Member oomprise Lithofacies-group 2.

V.6.b.1. Lithofacies-group1, In ita most typical form the Meth-

er1ngam Member ls represented by oolitic grainstQ s, which
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I'etlec,t aglte.tu.n levels 8\1tftotent to vmaow lme. b" net to

sort tbe sed "ils .to e.G1 eppree5ab1.e$nt. (II."0'''' tV•.9.e.).

\l?he abeell~ or SlfI CU.Ult817etr,uotutes teetitus to tbe 1aek of

the highaJ"4&n.e:rgyeonditions.en 1ft tu barr." -d: nt· •

Bowever, .1ft compat:1so'ato tae oolites ot tm l~l' L'1neolnshlre

Limes.tone, 'be quantitative ,dc;mmece or "normal" oo11the 0'V$l' all

other aUQ4bems (t-ogether wt.th·the grainstone to:nt~) augcpults

greateJ" p,oxUd.tr ·to ·tbe C)o11ths,t, generatlw out'Ce ie. tlei!le:.rr!er

(Newall et al.., 1960), whUe tbe abeOnce ot benthe>sbd10ate _ tM

presenoe ·of ankd.m~al mobU&sWlult1"ate ( seotion IV.i.d. J end

et. Sellwood BAdMoKe~. 1974)t that would begpeotedto .

obare.cte"i . 811 !:mued,late back-bf.u!T1et .tttog, whate .,; " .....

vaebSnss probab1t""q_nt. In this context the oo:l.lths Of tbJ

Methe....lngham ~1embl'"are taut. ~ti.w. 1"btty oneaOleW iiiM

duts.a.t _oup.u a~set' IUlte. (0.6to 0.9 mm.) et baaftly
1l11orit:f.sedoolitu,eonk'a81i with a smaller (0,2'0 o.S mm.) _oup,

wh~h show geocl ctm.OellVlc &tructure. It_ beJ :__ t ,hl :'illa ~&.

the impe"lstent vult'"""" oUft'enta, he.v!:nglarp~ 101 ,'bbG~

G.'gy ~se_ the ~Se't ate onlt able to ..at-tate (~."a>tha
llD~ool'th l'egularlt,.· tbe Wget OJ\I$wb!4b ft_m ,~bUo

tfft 10Dllf period, ,: more. . 48111' tlattl!lo~4n tv .rbsg.la '!!

AlteJtaatlvely C. as vella.) tbe a11la1l$, 0011th8 ., be tWQ8porte4

mtiI' ~q_ntly. l,e•.they mAgb1;. be . pt to ~ the ,"*'..&-
J.l) ..,t.e.us pe,iods ottlood and ebb flow,' *'1 ~.$tb.a ...
"ft..... t_1I1 f-mmobUl' t-c1/ lODge" and loqa"perioli'. 1!nUl.~ ..

olean13wa»b8d 001ite8 probably ",ft.n' what Ball (3I&71P.562)

ca ide"d: tbe theoret!oal ... ldge~t between the a"'tJ4l ld,"ne'l7
barS's.r .aSs.\sand 'lito otthe fflPlattOl'm h:.l"iR $aQti Blaaket"
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that have biogenic l'evorldng outstl'1pping current "working. In

such oolite ( = Metber1qbam Mamber and Llth:otac!el A ot Oatle

s,tbam Kem.blJl') tbaC\ift!'ellt aet1vlt;r, msUft1ctent to toI1n

IIktd!mentarystructures, is nevertheless able to prohlblt wlde ,"'ad
oolOl'11eat1on 'tV producing an ag1t tad sub trate J blogenJ.c NWOl'kSftg

1s thus elStdnated.

V.6.b.i1. U1ibtfgMfeBlPUP_ g. The oolitic packstones (L1thol! 181

B) and tosaUSterous vaokestooe (Lith: tae 8 C) ot thls gro

refleot ttqu1eitt· envirODJDeftts than" to" of group 1.

b1 interstlt1al ad. the wUer r of n le a U...

lotted crain and the ooourrenceot _ . t1'1C oncoli.tU

oub~h8 Oft the allochems all 1ad1oate a 'ductlon!.n agltatlon.

FurtberfDOft ,he senoe, alba it spal"inga,. ot detstltal aUt

empbaa.1see t. lack of wlruiOWing, while bWrovSng and b1o-tutbatb

reflect the dabUiaatia ot the substrate. Ce1"taZll the ~l8noe

or i.nd. ", rebratuUd An L1thotaole. 0 pb1Dts to a tab'l,

stable .. this po ot aohlop048 ute th '~to 41s1ba

mobU. sub.Wa I (Fursich and Hurst, 19t4).. Whether thu

S'babUtlcm va a16a4 bt, 01' 8'ftnbdd by '1atinOWI aubtldal

aleal .. t. (pur,dI'. 1983, Bath. t. 19a,& aad 19670, oHIn. 19~J

aJi4 eumann.et al., 1970). 8 8\1888. ter iJOII8 of tbe tlfeftiwll

MembeJ-' 4_nts (. ct10n V.2.d.ill.), is noobola.. How.,
t .pre.nee of' 'oolt Ii which "

(L1thotac I 0) cl indlet t11$ ~11011· ot al ..

and a sooSated . w u1d not be untett.o' ble. Tbe
p

of ,be qu1et-wate:r 1P8 diloUe 'Cl . Gree' 11 mbu' (

Motion V.2. .ill.) t1ack1 the -1l.-l.am . tea in: ftlal 1t:tUOt' '



317

ot mfdern agitated water torms desorlbed by lDgall et al.. (1964).

V.6.h.iii. • Aa with many of the lower IJ.neoln h~

Ltmea'bone;lJl)1ta, rep ntat1: 80'£ vat'1ousllaglte.tlonlevels"

pre nt, retleot1n the mSgrat10nor oscUlation ot the '9'&:'10

back-barrier envJo~Dt8. Itt. the stratotype of tbe Oo\le B1tbsm

Membert tsc:lea pattern is tJ'1cal, the !nlttal aglta d

gra1nstone tao~s graduall;y tetreat_ ~ the 8fta. to ba '"paOla:
b.v at bla 'leaoona.l' tac!ea, wh1cheupport . lar, l1' epJ.taUbal
O1"hallow tate.\.Ulalbanthcmlc as oo1at1on ( sectlon IV.lO.t.)..

The. t!.n uvn. are replaced bT he hSgher-energ po 1'te. Whather

the dltter1ng' nv!r' nts reflect ' tbrmetrlo gr d nt le nO'b

v~ntJ clear 11', tl!lei'e 18 no d to 1n.vo deeper

abet t ,Se.' and shallower tor tbe ..a!.nato". It,, he

CMJ''ben1e:r (or tbrGegb-bdTJeI') CUl'I'efttethat most 1·1, WI_nil
"

tbe ~ of tac1es deposited,. Howe r tbe per81steDt occ~noe of

oollts.c atnato at thili sU-at1J1,raph1clevel iii kdicafl'veot a

V.6.0.
, '.

the available t"ld '1denae, baW ' ~ (Sle ....

mbe.) appeid'1 to ha be n a :tg nt hl a.aval L!ncolnabke (••

otlon V.'I.0.""). It irlte sthlg to n '

Me'ber~gham aM. BlM1aJt1. the ,lankne, .mba·!" la compo.de'

.4 lfqlla1't..r:loh pel P6l't· packs ef wbJ.oh

tM unlamico:tcltt pe lap it a of the
gPOupBj

d post cl in

it 'Would not

,5.2.). As the
. ,., eh 'UOW ~

ble to '1i" et

tho h' to
et

" la

V.2.o,So.)



numberof features support such a view:

(i) the pelsparites are r1ch in "Nerin,ea" gastropods

(F:lg.4.155), which probably preferred shallow waters (M.BarkGr,

personal communication).

(2) somebads have dense colonies of vertical burrows

( ee seotion IV.9.d. and F:lg.4.139). These are generally thought to

be single tubes of the Skolithos type, although it is possible that

someare paired, the absenoe of spreite suggesting affinities with

Arenicolites (cf. Knox, 1975b; and Fursich, 1974b,c.). In either

case, relatively high-energy, shallow-water deposition is indicated

(Farrow, 1966; Se11acher, 1967; Heckel, 1972; Crimea, 1975; Frey,

1975, table 2.1; and Rhoads, 1975).

A shallow subtidal envu-onment is theret'ore probable tor

these beds, although intertidal deposition is not entirely ruled

out; obviously such :tnt nsive burrowing (Skeltthol and gastropods)

would have readily destroyed ~ sedimentary structures that might

indicate a low intertidal setting (the lack of desiccation featurea

would seemto makehigher tidal zonas unl ikely) • In the light of

this evidence the. detrital quartz appears to ba a IIconcentrate" in

the well-sorted pelsparites of this back-barrier shore zone. th

barrier prevented its movementout to sea.

Further south, awayfrom the area where clear evidence of

barrier emergenceexists, the Blan.kneyMemberloses its quartz

oontent and signs of extensive burrowing (although this is elus1:

in quarry faces, even at Mether1nglwnwher the be t examples have

been se n on a weathered blook). Instead, with an increased oolith

content, the pelsparites (grainstones in this area) mergewith thoe

ot the Mether10ghamMembar,although Uhrin; a" gastropods stUl
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occur and peloidal l_stone; predorn1nat" It may be that throughout

their ocoun-enc , the peloidal calcaren .ltas ot the BlankneymbeJ'

repre nt a shallowI' ubi cue of the baek....ban-ier envirOlmlent

but onIT whe t barrier is e .rgent • typic of a

n, In south Lincolnshire. the tot 1 ab nC$ of thia

tao:t.eama;y' indUs_ tb parsistent s ..senceol the barrier ..

v.G.a.
Fro a:cotnpartson with odern wwk ( U et al_, 1960j

Ball, 1961J DU.lon, 1910; and. Evans tal •• 1975) it would. ap 8l'

that the laeSa. of the three lat, to 5, baOk...

:rr'1er nvlto" nt. t :vG' and ou:rrant ct11ty ha buUt

up a quen .ot oolltA.c8~ahurtoM8 and subs141arypelsparl' s·.

In rt in al'e. , the 1att r ~ nt til shallow su.b 50
d posits of tbs back<-

Desp~ th '0'01 dGtWo on Soloce:na bafttle. 00 11-

1 8, la S: 1,y little i cnm ot to s11barl'ia.. " ( . 1dae ,
lJ)'16), and no .1 tor \: 1r in: l'pN' .t.1on ,tbt

d ntary .eoX'd has so f, r • ~ d, altholllgh both f)a,,!e. t al~

(19'1) and Iton (leG') havtf pt."otreftd models tor ,p8dbl" et
a:1tuat1on. Most worlrlUNJ ogre. that, in addltlGn ,,, their Sal'llal

comple;d.• (J1n~1eh, 1969;and Ks- tal., 197$). butie

pc it can be most eaa1l;r rocognieed b.1 tbe taot that the,

p8l'ate lagoonal from ,ottshore marble . .41menteq qUIll.. (He,",

and 'tJr1. 1987, Potter, 1967; !de; le6S, DloklAsofl tal." 1972.
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and Purser and Evans 1975}. Howe 1', the dUf rent1atlon ot

the elngate t10po it1onal- tr1ke-sand ...bodies" (we1d8, 1968) 1I1to

barrier 1alands, bars, spits and tidal delta. i. le.rgelt depend nt

upon a reoognit1on or the component part. of auch complexea

(Diokinson et al., 1972J and Kumar, 19715),which wUl often hav

beeR oompl1cated 1n "fossU" situations by r working and eroaion

(Ho1t and Henry, 1967). Thus there atlll rema1na a good deal ot

truth in the contention ot Hoyt, (1961, p.l125) that It ••••••• our

tacUity tar recognising anoient barrier dimenta is imperfect •••• It,

although the increaaing amount ot work on modern barrier shorel1ne

is alleviating this problem.

In the oa ot the Linoolnshire Limestone, th widespread

occurrence of "quiet-water" d1ment J 1I1clud1ng tidal-tlat and

lagoonal deposita, in the lower Lincoln hire Limestone, indicates

the presence ot a protected ott-shoref'barr1er" upon which most ot

the lea' wave and current eneru must haw been diasip ted. The

occurrence of mature carbonate deposita, containing an arrsy of

"high-energy" sedimentary structure (ct. Potter, 1967. and Daviea

tal., 1971) upon the "lagoonal" sediments would em to

repr nt ucb a barrier, although lat r upl1tt and ero.ion robbed

the Bajoc1an equence of any younger deposits that might ha...

represented t~ oft-shore marine portion of the ideal barr1er

sedimentary association (Hoyt and Henry. 1967, p.84). The super-

position, with a marked rosiv contact (F1g.4.2), or barrl8r

(Sleatord Me bel') upon lagoonal aequenc • :la typical of iran gr • 1:

barrier oomplex I (D1ck1Dson t 1., 1972; and Pur r and ET n •

1973). Furthermore th gradual. 1t rr tic, increase of high-energy

conditions up the Lincolnshire Limestone succession (culminating in
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,
thp S'I=af'ot-d and Cr-seton Mpmbers) reflects the lateral passage

seaward from LagoonaI to back-barrier to barrier conditions. The

seclimentary assoc tat Lons would therefore seem to point to a barrier-

coastline depositional envdr onmarrt and the following discussion will

outline the criteria for believing that the Sleaford and Creeton

Members represent different sub-environments of the actual barrier.

V.7.b. Barrier Islands vs. Offshore Bars: a Terminological

Controversy.

The f:larliPr inconsistent use of various tl3rms (barriers,

bar-r-Ier- islands, bars) relating to offshore sand bodies prompted

Price (1951) to propose a standardised terminology, pllrt of which

suggested the following restricted usages:

(1) Offshore bar: any normally submerged bar formed

offshore.

(2) Barrier island: the island(s) of sand, or sand and

gravf:ll or shingle, lying offshore. It is separated from the shore

by a coastal lagoon or "sound".

EssentbJly this simpl~ system d.ifferent:i.ated suhmergent (bars)

from emergent (barrier islands) sand bodies and it became widely
•

acce pte d in geomorphological studies (Hoyt, 1967; Weide, 1968; Md

Kraft et 1'11., 1973). However, in ancient sedimentary sequences, it

i~ not aIvays easy to delineate sllch a f'undamerrba I division (Davies

et :::Jl., 1971, p.SS}.), especially in transgressive seqmnces where

aeoI Lan dUMS and othp.r emergence indlces are LtkeIy to suffer

marLne rl'lwor.kine (Kr%'lftet aL, , 1975, p.~50). Therefore there

appear s to be a pLace for a non-definite term (in terms of emergence)

that can be applied to offshore eand bodies, which protect inshore

areas, whAre quil'lt.-watp.r sedimentation can proceed. ThAuse of the



.gene:l'al term "barris%"* \IOuld seem to fulfil. such e. role. 4S Davies

et al. (1971, p.,551.) suggested, o.n:a it is adopted here It In "tos:sU"

eituations mora preoise knowledge of the depositional Et11.vi:ronrtlents

eould be qualit.1ed, i.e. the term "barr1er island" could be use'

when energena& oan be d&monstratGd (cf. Palmar end J'~n~s, 19'?S) or
alternatively, lIof'tsbore barn might be used when Gmargenee catl 'tG

olearly sbownnot to haw OOOU1"l"&d.

The application ot suoha. blaAket tel"11lavoids certain

othe,.- compl14atloas" such a,S tba oholce 0·£ a term to d.eaGri:b8 a

ba:rr1er that ls bOth etlSt'gente.nd subtrsrgent along ditfeNnt parts

of its development (or. Purser and Evans, 1973). urthertnore its
usa evades tlnt1mpl1cations ~oncern1ng the C')VeraU sed1mentata'

reg1ne that tllEl use of bar migh.t have. ban1er> (b:t :tt submergent or

emergent) suggests a pl"oteeiied baek-ba:tr1er a:rea. wheNaa We24e

(196S) 1mpUed tbat flb$l"St! have normal mar1nesed!ments on boths1dee,

wh10h 1s not always the qase (cf. Ball; 1967).

V.7 .0. §~PtkPwQctl 9'· lbIbltH£! ~§l'MA:5?I!3IM!;ti;t.
V.7.0.1, : In brea.d teJ'tn t:

oomposittM and complell!reltd.l..onsh!pa of' the l1thotaoas. dOmpQs:iJlg

the Slaa£oN.Memb9r (ot. l.e.pott&. 19 9) suggest. dpo 'teton '!n a

barrier oomplex;which. '118$ \tanqt;'ess1ve, as its ero$'s~:r-

pos1tton upon the fflagoonu" sed!mec:fUiI of the ~ Unco.1nSh~,

~8tone i.n41dates (D!.c.k1nsonet 8.1., 19,72. and Purr and I ne,

19'73 • ) • or the most part e1ear evMClU1CG,of' emrgencQ b mS$'ing

(but see .ot1on V.'.e.v.) and, althOttih energEult !n4~s '$5 pro.

to l'tvorkmg as transg~ss:Lon pJ"()()eeda(Kratt et 01., 1973), 1t 1$

likely that munbof the baniel: 'Wasin tact $ubtterpnt, es~cuU,

111south I.4Ilc:olnsh1re. However, the barr:mr toraedl a lJutt!c1ent17
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persist nt ~ ature to red in ollroulat1o and allow

"proteoted" dimanttlo 1n it le. and in this 1$

able with
Barriers er general4' compl$lt featUX'e8, noo a a1bg a

wide yar1ety of ditfe nt t1b-environt ( llt 1967, D :v

1.1,.. 1971;att, 1971, san, 1975, an tal., 197 J ~ t

1.; 1973; 1<: I 1973; Pu:tr and Evan I 1975J1dg ,'. 1176),

wh1cb~,tho bt by' so (Potter ,1967, p.352) to be extre ~

difficult to clifte- nt:1a !a the "fossil" atat6.1tho caei"tain

cognition 1s q ntly ditt'lcult " po alb to achle, a

d (3" or Elubdiv1s1.on of tha bu1rier-Qomplex le pO,BEli. ,I after

detailed t cl 8 anaJ,yfJ' (et. idgs; 1976) and it
ntity 0 of the s\lb-ieh'f~ lit (I t lJ.nCJt)lb.-

sh1ro ',~ bsrriel" COI1lp~xt ~le" ..1Dlet; bar"!.,, bate, on-

ba.rr1er dl'a' ohannels. and 18...._1'181' rbTt luN'e _n

or bed kl t1» ,allowing 18otioa • : the..
6ub-envu-o nt (tidal &Itt s and spillovers), 'l'ePft;ierbed Sb tbe

·ton m r; 180 1eo d 1a r etloD (V.7 .d.) •

V.7 .0.11., ,_ lti t,

'BlIPO d at Meaet., Cl Great ~onton. t· :teat.'

down 1oto be lower L1o.ooltt-h1re UM.eo J lA bOth

o .el¥ eight "'80

Blankaey, the tngsnd Soottlet

o .rJ.nc J.n Me r,

tratate,u1ftleJ1t to the

pe Mambll". and he . pet p"

A111ho the be

S not .,0 d at eton,he exa.g JII&d

thlckne a or _ bel'geirba that it. too DI83'" brUl. •__ ~

d outt • G'W8 r, DCO le &trai8hPhlcal

quanoe. 11 bet n "he. loo l1t • ., 1ndtca tbat the 4~
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-eutt:1ng is only loealised :In a ....5 d~etioil, whioh suggests

ohann 111n.g ( .4.2 ..). unrort tely the general distribution or
expo s prevents the preoise mon1~or1ng Gf this nchannell1n8~ in

an E....W direction, altho· the available evldall.C t :VOUl." aNE

chanD 1al1gJunent, as do the "1rt-channal" elrosa- dd1ng d1teet1ona

(burt a N tre oannot be rulad out oompletely). Thus, t

t~ sectiolls~ which p1.Uloture t uno 1" ba:l:T1er q'tBnQes, ·appe

to rep:e nil the barr1e:r ...1nlet ohannels, a conolu$ion 'W':1eh1.s

support d by too as co1&:ed . d1mantar, " 'q~nees.

tespite their h1gh p1'Iesenat!cm potent1al. (Hoyt and *N7,

1967) the nature of "tos Uti bs.rr1tu.·.1tllet quanoes ($Onet~s

e lled t14al channels or tJdal inlets) 1s poorly'documeIlted (l(Ulllar,

1975), ltb h rn tidal ohannel!.n. oarbona ' &
have baen desCl'1bad (Jkldt'ich" 1989, Basant 1975; Purser Qttd Evans.

19~; and s et al., 19'13). In general terms the ~ss ...be d,

oolite and s letal oolite (LS.th&taem Al. ot1-o.n IV.

11 ..8. i.) of the 1nlet qtDnoe 1n the Sleaford Member comptn'e

r&vou:rab~ w1: h the d nt ...type de sop1, cl fro . t'blll' ttl

Bah.a and' s1an Cult tt1ngs. The 181'", 'IT tabulet cross--ba,r' d

ts WID, t inlets pro bl,f P

eM tad mag~4.ppl.es (or posslbl,y b"a .... he.rm.el bars), the m*~n .

counterparts ot which been sm'l d b;y Basan (l9n) Evans.

et al. (1973). The ts range up to l.5metros thick &f1dhaw. moil,r
oplanar tore ts dtppmg t 14..26" Although the

le:8S then tho cited by othel' \Tork.$ts (Ba an, 1973, ,.41)

J'1ndl'1ohJ 19 9). the 00 on p, n 0 Itt t--· ditlgtt (ot.

Klein; 1965) lug . st that they fU'Ie pxoo bl;r avalanche dep.osAt

(Imbrie and Bucllanan, 1965). Howver,at Ore ton, .trlIm1 et t
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concave f'ores ts have markedly "drawn-out" bottom sets (as7lltotic),

indicating deposition bT higher velocity currents (Re1neck and Singh.

1973J = accretion deposits ? of' Imbrie and Buchanan, 1965). In all

three localities where the channel deposits are en, faresets

dip approximately south-lIestwards, suggest1ng landward-facing lee-

slopel and a tlood-tide origin. ObaervatioJls on modern barr1er-

inleta (in oarbona'te and clastlo regimes) have shownthat megaripples

can "tace" ither seaward (Hoyt and Henry, 1967; and J1ndrlch, 1969)

or landward (Hoyt and Henry, 1967; Basan, 1973J and Pur r and Evans,

1973), depending on the dom1nanBeof' the ebb or flood current.

However, Basan (1973) has noted that the garipples (and bars) in some

Florida channels were inaotive and in so aa s stabilised b,. marina

grassesJ he attributed the:S.rorigin to hurricane or otber storm

periods, when current activity would be higher. The "h1.gher-energy

tareseta" ot Creeton may suggest a storm origin (in part at least)

tt1r the Sleatord Memberinlet deposits, although stabilisation by

grasses aould not have be n possible 1n the Jurassic (Brasier, 1975).

How ver, megaripples normal13 form in the lower flow regime ot

chann Is (R !neck and Singh, 1973) and J1ndr1ch (1969) did not suggest

storm deposition tor the garipples he desoribed. It would ppear

th retare that both "normal" and atorm currents ha probabl¥

contributed to inlet d po ition in Linoolnshire; although the efi ota

or both were most likely episodic.

The Mgaster Bar£1er-Inlet: The hOlster quarries expo the beet

example or a barrier-inlet quence. At Oopper HUl the chann 1

haa scoured down into the Ropsley ds (Lincoln Member), producing

an uneven ohanD 1 rloor, which was either OOQ olidat d prior to the

erosion or nted during its xposure in the oharm 1, s

abund t··Utb9P1lMall borea cut into the eroded s\1l"taoe (the bores
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are not related to the strlltigl"aphlo li$dtUn,),. As th$se beds are

blomior1tes it 1s n.ot possible to detel"mine ~ oement tlol1

relationships, and tbe l'1"esenoe of on~ "H:a9~atf 'bo1;re$ means

that the channa 1 flow ma.r have been only "i'Srm"t'atbta1" than "hard"
(Goldrbg and Kazmierczak, 1974). Ho\avel', at 1Ihe nearby Castle

Qua1"l7, the equall;r uneven. and hardened ohanne 1 floC) (vith

Q WrShggba&,n borings) has been out in the oolites ot tle Seottl$ ...

tharpe Member nnd the genesis of the cement,s can be deduced,

although an early isopachous r1m-cemant suggests that the' h~&n1t1g

'W s probabJ,.y aoh1eV'Gd !on f1 submarkle sett!.ng (0£. Ken' 11 and fuckett"

1913). it dees not tell us whether the hardening w s priot' to, Of

post the chB.nne1 cu.tt 1ng. Hard subst:ratQ·s w1th1n chann le M.vsn

no~d in modernsett1ngs (Sasan, 1973; and Evans et al •• 1913) bttt

the mechanism and tindng ot the hardening has not been etudMd.. ThB

f'actthat lagoonal ."d~nts have been cub !nU> at OOPP&l'"nUl

indicates that eltMrthe barr»r-1rllet scoured Q:0VIn 1ntoffol(lel*"

baok-barrier esd:Lmantsaa it m1gr ted shQrewards or' that Its ~ ...

cu.tting extend ,d into the lagoon to form lagoon ,ha.ttMle. vhUb

eecut' 111the t'rua1a1 COast (Ivane et al .., 16'15) J !n all probab111t7

beth prQ esss were op6xoatlve, although onlJr this barr· r.1nlet

sequence is preserved. No q~ls 'WeN seen 1n tMteadenbaJn

Y..emberdeposits.-

ChaMel-1ntl11, Ja\~lr cross-be4a$d. C)olltec Bl'id

abt1&t;al ooltteswould ~m best attr1~d to m1grs:tq, 1nAd~

tardons mg~ipples (BaEU'Ul, 1975;and Ivans et al., lin). H~W'l',

at Oastle 'It ·rr \h re are a nUntte:rof patch re t, nolo.a. 'WlthSn.

the h1g~ne,,€W oolites and ·tMM are analoiOUS to thestnall

trinc1ng reefs that occur (llons the .sa "lag.on" ch~la et tM
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'l'ruc1a.l Coe.$t ('vanset al., 1973t p.253). Equivalents ottheea

have not been seen a.t either Oreeton or Great Ponton ..

De its the difficul'ty 1n 4eterming tho geograPb1 of

t· le and the ether channels, an apprmtinr(lte. 8W-m: axis ls sugge ted

by the cross""bedd1ngdueotion n v1tb1o the ehannel ( !a, 4.188),
although these results boomt.he 1nterplay of the j.n,...obaM1 e nt

regltms end thG inlet' eonf1gurati.cn (Hoyt and Hen:t7, 19(7).

Furthermore. the existence of e. tidal delta buUding out north ....

eastwards, whioh 19 pre_rved in the Cl'eeton Memt:e1"overl.y1ng t .set

AnoB.JSterchannel sequences .. also supports such an or1ant tion (see

seotion V.'.d,i:U .•). Fl-omthe strat1gJl ph1cal r lat1Dneh1ps 01' the

Ancaoter and Wllsto:rd H$ath successions ( El seo lon IV..12.b.) Sot

ems probable that cb.annell1ng also ocotl%'ro in lattr area

and therefore the e~lt 1£ ot"1entatri St~REt must have had e

width et 2-3 ld.l.ometres. unless the dowcutt1ng e-ncompasS(lt4 a d$~

ot .barr1er-k.llet .tdg1"at1on. AltsJ"ootf..wl1 a NW.. S <'hatm.el alSgmti!l}nt

would reduce the neoesSU'1 width oonstdstabl,y, alt:hough f'lHll1 .1191'&1

strat!gra.phio and sed!nentolog1oal oonsid$r.atlons !JU!)bat1 ot'lsntat1tm

,ems unl:1Kel¥. A w1dth Of 2...$ kilome'tNs ter ~te~1nltttei 18 not

~asonabls tor Qeorgian ctoastal 1nlatsoen be olxn.· 5 kUonatros

wide: (D1ckb!Bon et al., 1972), whUe SG~ at tbe: Tl"wd.aleoa$'b

cbarmels ~e several kUQmetares b width (~QU aM PUrser. len:
and Evan et al. j 197i5). RO'W&V'G:t,oth$ttcarboMte baftt4&:r-4.nlDts

ore much smalls .. « 1 kUolltrt,XleJ· e J~ich, 1969, and BeaM,

1975) {'.nd tbere·fore :!nlet-migratlon 1Da3' have been operat:1w (but

B, discus ion below). In terms of depth the An4aster ~t (and

indeed ~be creston and Great Ponton, examples) uwll. wlthAn tb3

11'r11tsob~d :1zl modern settings; depths ·0£ up to la metres haw
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b3 n OOl'cle d 1n th Georgian Co et 1nlGts (Dickinson et al., 1972)

wile the lagoonal ehann Is of tb9 'l'ruoW 00 st range down to 10

metres (10 u and Purser, 1975; and. ana et al.~ 1915) and the

mal 1'-60 le Bluaf1sh Channel 1l'1 14):,t"ida (Jindrich, 19 9) is over

5 tree dap in places. t most the cast r In t ls unlikely to

001'0 exceeded 5 metres 1n depth.

~t..,.£;W!:iWUU!Wt:a~~!Jt..,j~~~t Although Hoyt and m'Y'

(1967) pointed out the high proservat1on pot ntW ot barrier..;1nlete,

it was not until the 'Wor of K (1973) that a odel fo:- the~

co n1tion s a.dvanced; outlined a channel-spit uno quonca

(op.cit. f .6.), whloh was based upon 11 migrat:lng ehs.nnel qatom..

In fly speets this model p allelled that 1"Ol." end ring 1'1: r

sye1io s. AS none 0 the Sleato Memberinlet successions ehow

such a,omplex seqmnces, the LinoolDsh:11"e inlets not thoug~ to

have ntigl'ated to M1 extent; altho h tbe-y ha'v 0 scUlated ok

and forth ,over the same et, SUCh osoUlat1ons could help to

xplain the width of the Anaaater Inlet it it had a . o:t1entat1on.

Brid s (1976) sugge ted that und r t conditions 0 relat1veJ.r

ra.p1d basT1Gr retre t
"

1nlet ndgrat10n rdght be: . !:lima!. .utb \Jgh

the sharp besal contaot of the L1.neolnsb L1mesto bar r

.le ~Jq 1nd1catea ita traasgrossi . nature (er.. D!cktnson

et al., 1912, 1'.208), the apeed 0 this landward migration is 1Gs

easily est ted. 'b nee of toroehore sands (no l~l&

beddinfh < 10°, hils been obsel'V d h the Bleaf mter)' d tho

ot lati: l,y thin q~noe « 10 trees n it
the 3le .ord and Ore ton mba~ a Qombined) a et1ve at
st&ad11,. tranagreee1ng narrow bar1"iers (0 ..2 to 2 Uomet .,

Bridge· • 1978) but the pro b t1m invol; d (asa 1fig 0 - ammon1:

\

\

I
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ZOIle approx1metel¥ equals one mUlion )'e&:rs, Bee Hallam, 1975,

p.2S) 1i large ccmpared to both th inlet mSgrat10n rate and

barr»r migration. rates discussed by Bridge. (1976). It ma,y well

be that tl:le Sleatal'd Member repre nts tbe last (and OD.l,y ODe

prel8ned) ot a .ries or barrier-complex qlBDC8S that mq ha

developed during .t1noolnshiz'e L1mestone t!mas.

Regardless ot the t tactor tbe 1npoint 1"8 1n that

the inlet quences seen, whUe contorm:lng to tbe broad d1ap.ost1o

teature outU.nd by Ho'" and Henl7 (1967) do not rep.resent the

complex "migratory" SU8C8S8iollS deta1led by Kumar (1973), and tor

this reason tbe LSncolnsh1re barrar-inlet. are not thought to haft

m1grated to allT great extent. Tbis conclusion is support d tv the

preaenoe ot the lower stratigraphic units, wh1ch have been rem0'f8d

in the ohannelled areas, at all the 1aterven1q localities.

V•'1.c.111.9n"Barr1e1 Sed1mep;~8c The cross-bedded units that compo.

LithotacS.e Al and A2 ot the SlaatQl'd Member( e section IV.ll.d.i.)

pose a number of interpretative problems; tho assooiated with

significant downcutt1ng (Anoaater, ereetOD. and Great Ponton) have

been interpreted a8 barr1er-b.let deposits and discuss d prev1ousl1'

(e ct10n V.'1.c.U.). The re 1nder, to be de lt with bere, can

be classed as "winnowed carbonate sands" (ct. Tyrrel. 1969, and

Laporte, 1969)..

Although the banie'r-inlet . c!i.nte haw tore.t. dipping

un1torml7 lOuth-westward. , the on-barr1er depo it. display a varlet)-

ot cross-bedding direotions, which praot1oall3' alway have a major

southerl3 component. In detaU the major unit. (princdpal~

Brauncewell, Spittlesa HUl and Little Ponto.) haveouth ....aet r~

orsoutharq dips, wh10hcontra t w1th those of the barr1er-1alet



----
330

deposits. Th1a sttgge \8 the probabUlt, ot 10118 k1nd ot longshore

carrent activit)'. In present-dq coastal situations, wherebarr»rs

ere actively' 19rat1ng under tbe WlusnCfJ of longshoN OlD."l'ents

(ot. Ball, 1967, Shinn, 1973J and Kumar, 1973) it ls co n to t

cross-bedding reso1Ted iDto two d1:reatlonsl one refleo,t1ng onshore

ourrents, "Moh mq be 1n channels, whUe another, at approx1matel;y

tOO to tbe tirst, retleots the longshore accretiolD ot tha be.l'rur
(or. Ball, 1987, rig. 56.). Although the oontrasting oro.....bctdd1ng

d1reot1oDa ... n ta tbe S1eat01'a Member (ot. F!g.4.1Ga wlth F!ca,
4.169 and 4.155) P088ibly correspond touch a Ituation, tbe actual

nature ot" the "longshore-accretion .4_nt8" is not clear.

IDngshOl'8 ourrents are usual.l¥ associated \lith splt

deve10· 1'1t aoross barr1e:t-1nl.etl or into open e bqmenta (Kumar,

1973, and Sh!rul, 1973). The p""ious 41801188ion on barrier-iDlet

posit (see aot10n V.7.e.11.) concluded that no barr1er-!nlet/

plt-comples eeqw..ftCes, lSJrs tho described bJ Kumar (1973) Wft

reco Disable !n tbe ShatoM MembltrJ only barrier-1Dlet deposits

appeared to be pte nt. Ind4 the tact that the "longsbore"cross-

beds or the Sleat .. 4 Member overlie the back..barrier peloidal

grainstOMa of the Blanlme, Me .1" (Fig. 4.2.) 11 qu1te out ot
keeping w1th KUIIIaX"ta 1. However, 1t ha. r tbel' "in common

with the obea»r-beach cerat10n 1IOdel et Sh1tm (1971) I thl. too

involw. ap1t developmant but in an 1ttahore aett1ns. ~ spit

depoeita, wb10hare oharaoteri cl b)t "teatoon" ore .....bedd , with

dip dbect10Da ranging thl'ough 360°, are otten oomplAttelr replaced

b7 tbe simpler cro .... bedded unite ot tb "ohenier" (&8 a.ocret1on

cont1A".),.The , therefore, c to rest UPOil tbe tidal-tlat

deposits that accumulated in the le ot the apltdUl"irlg tb8 earlier
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stage of ohenier development (Shinn, 1973, fig. 10.). Although no

tidal-flat deposits appear to be present ill the undarly1n£ Bl.a.D.lme.r

Member, hallow sUbtidal oonditions were probabl3' typical ot thia

otlo11V.S.e.). Despite tba attractiveness or thls theOi"T

the BCal ot oros bedding and angle of dip 88 n 1n the Sleatord

Memberunits are not consistent w1th tho.. deaer1ted by Sh1nn (1973,

p.181. or. also 11, 1907). In partloular the IUbmarine accretion

aets (Shinn, 1973, p.191) are too l:L-soale and there are no

equ alents of the lC)Wo;olanglebeacb ..r'-dl depoBits, although the,
could have been rempy,ed by the on-go1l'lg transgre sion. Further

the ea:rl;r ubmar1ne ee nts ot the Sleatord Member po it. 8l'e not

eon latent with a ohenJor origin. Although the otltic1 ~uld

not be le 118«1 at tbe spit-platform mod 1 d scribed by K\lIIlIlt(19~,

p.281) t aga1n it is d1ttiou1t to envisage such ao~t1on 1n thts

part1Qulal" tt1ng; tb spit would hav to be buUding land1llard

pr1marlq, over it own le - d nts rather than into inlet

situations.

In the ab noe ot a satisfactory Qomparl80D wlth aQ)" sp1t-

acoretion *1s, the cross-,bedded units haw been compared tOlub-

a q~oU8 dunes ( g&ripple), bars and ridge that could haw

mip ted along or at an angle to the ba.rr1ar's long axis, although

o beds haw a dip moreCon.Went with a croas-barrar Jd.cration

(towaNB tbe south. t). Thus a setting simUer to the ItMob1le Sand

Belt" ot Ball (1967) could be env:L.e.ged. In part1cular the ss1: .

~ lanbe ts n at Br uneewel1 (over$ t Ij Fig•• 154'
oould be readUr tcb.ed with the "ridges" de cxribed by Ball (19S',

p,,558), Ithough the exact nature ot the cross-bedded units

d1ttlcult to determine beoaUM of the uneena1nt, of tbeSit se tr.r,
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(et. Shelton, 1967). However, at Bt-aunoewell the tore t8 ot tbe

major :vawahe units occa8siou.l.l.y dlp in tha "opposite" direotion

(or. Thompsoa, 1957)suggest1ng that the "r1dg .. ere some Jdnd of

compl x-bars. Other, lea maasi: features, which s t:1maeO"VerlJe

the jor unit -t oould ha n parasltic subaeq_ou.s dUM or

malleI' bars. Wlth1n a very shallow high-energy tting such .a thJ.a,
the esterly d1pp1ag unit (e.g. Thompson's Bott QU8r.t'1) are
probablt attributable to ebb-tlowing currents, the tidal s1tuatlon

being de on trated tlOt onl1 by' tha w1de 1"aqe of ero a-bedd,SAg

cU.reot1ons bu:t by the dsc1dedzy b .od 1toreeet direotions 88n t

Blankney (F!g.4.lS7).

stratigraphically this kSnd of facies belt (Sleator<i Member)
"migrating 1a.ndvord, would be lq)8:eted to overlie its ow "le "

d posit. ed th1s 18 the ituatlon Men. HOlIlever, the pre.nee ot

two· jor C1'os....bedd1ng d1re~tlon within the 1I8mbar' depos1i} a
ugg t s1gnU'1eant longshore oornpoaent to tbe prec1orn.1nantl,y on...

shore eu.rrellts, vbich crOSa the barrier and tb8mselves mh't. both

bb and f'lood.-t1aal act1,.1ty (se al 0 seotion V.*1.d.) •

V.7 .c.lv. t At Braceby tong Hollow

Quarry the l,owe$'bpart of the Sleat'Ol'd mber is Oi.araot.tlsed ba'
broad. but relatively shallow « O.S . Ute.) chantutl-llD Goura,
which are Will d witb oolitee ud an Itlcollt1c lag deposit. A riel

ot the. channels, whiob trend ppr_haat.:ty B-SW; ~cur in "ction,

and ..ch downouts southwards iAto the below. The 1nti1lJ..Dg

b.owithar crud crolls beddiq (dipp1Dg tOW_de tbe SW)~'I

s ·11- 0 la, lens-shaped. "wedge .•", whiob IJS83 ftPMsent tott rq

miaratlDg lUgoid ripples.

'i'b.e gEt 1'a1 s et the channell .. to ether with theil-
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very dist1nc::tive and prominent lag deposits and Willing ooUte ,

compared tavoUl.'nbq 1II1th tbs "local dra1na cha.J:UlGlo"ol so

South FlorWa hnlte (Basan, 1973, p.47). Such ohanMla tU" thought

to torm b7 the headward er08ion ot channel distributaries (op.alt. J

and ct. al,c Pierce, 1970, 1'.231.). 111iORWEI -covered shell debris

eharaater1sticall3' forms the lag in these modern channel, and thue

prO'f'i.dea a reacly aompa1"iaon w1t~ the oncolit S ot tha Braceby' ourl

( e also Geb$le1n, 1976).

As the Braceby' channels drain south- .twards and are

loeated n 81' the bale ot the Slaatord Member, tMY wer.e presumably

draining the '*back" ot the barrier (of. Pierce. 1970) and voul4

therefore be overlain bJr more on-bel'1'1er d1mnt. in tran 8~

sequsnoe, as is the case bere. The landward orSsnt 'bien ot the

rippled aAd oroas-bedded 0011 It WUl1ag tbechafUlell oould haw --

rea.&lted ~om either over-l;xu!T!er flood-cu:rre1'1t activity or, more

probabl3' ebb-flow drainage, in. which the retreating vater would have

been concentrated into the chatme le end would haw con18quentq had

velocities high enough to produce the bedforms seen, in the back....

barrier tt1ng envisaged, ebb-flow would atUl have produced l.anc'lwu>d

"taGing" bedforms. In contraat the over-batTier tlo()d1ng would.

ha_ be n IIlOl"f) w1dlq diaper d and therefore leos treat!.,.,

alth01,Jgh it

cros ....bedding.

have bEtas responsible tQr tbe leas 'Well-defined

v,7.o.v. ttla:£r:1er Isl:pd"SedWnt,F stzkipncgt9tia;:.Uaa At

Tho peon t s Botto ry 1n ClAtr 1 Lincolnshire. 11. . bel' of thin,

whit micritio bed (LithOfao1e A3) ooeur within a . riee of th1nlJ'-

bedded, oftcol!t ...rich pelmiel!',!w. and oolites, whto. owrlie a th1oJc,

crols-bedded oncolitic ooeparlte sequence (Lithofaoies A2). W1th1n
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the miorite beds both parallel laminations and "m1cro-moundsft

(Fig. 4.175) have been sean, and the ha.ve been tentatlveq

identified as algal stromatolites (see seotion IV.l1 •• 1.). Bet n

the icr1t1e lam1nae, laminar ~. nestrae occur, the 1''b1rd ye ft of

Shinn. (1968 ), 'Whoattributed their 0l"1g1n to shrinkage trom

axposUl"Eland d siccat1on.. Taken together these teatures 1nd1oat

deposition 1ft a h h 1ntert:1d 1 or suprat1dal environment (le.porte,

1967; Shinn, 1965a. Ginsburg, 1975; and cf. Pa.lnBr and J nqns, 1975).

Asthese laminites and their assoa1ated "birds leS" occur

bove undoubted barr1erd1ments (Lithota le A2). theY' provide

firm avid nee of the barrier's emergence (ct. Palmer and Jenk,rns,

1975) and in parts of central Lineolnsh at lea.st, the baniar

could be e ss1t1ed 0. true "wrier island" (cf. Price, 1951).

~'slltih\l1i~ .$If "Egtge·U Ho~i'OII": FirmDv1d.noec! '~mer8en:de!.It

re trict.d to the Thomp ont s Bottom oeOU1'renC8 of algal stromatolitel

"bird yesll deposits. Howver,at North Ienceby, similar par:al.l.Gl-

lamiAated, 'bh. white micritic bade (see seotion IV.11.0 .i.) occur

within oo11te quano, which i part1ally ero u;;..bedded, 1.e.

typical on-barrier d1rnents. Although no Itb1rdy-estt 01' "micro-

mounds", suggestive of' a1&o.l growth, have en reoognised 14 the

diments, their gen ra1 teaturea (lam1natlo11st thin. dd1tlg, m1orltlo

composition) are rem1a1sC8llt ot the "l'dor1t1c 1oro-bedsu et tbe

tida1-tlat poelts ot the Greetwll Member ( • section V.2.0.1.);

it 1e tb re.tore ugge.t d that the NorthRaune by d1ments ~igil:l&.ted

in a !mUsr environ at. Tb very-sharp g1ns at the wn1cal

bUl'l'OW8, punching thro h th lcr1t., and s iWl;r sharp scoured

MS of' the downcutt1ng oolite , 8 -g at that the mJ.crite

quite well consolidated prior to t'be· p8ncatratlonsJ eu.oh
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consolidation could have resulted from dry-ing out. Thea two

l~alitie8, 8 kilometres apart on a due N...S line may have therefore

tormed part of the same barrier island or have been l"epresentat1w

or different islands within a barrier chain; as no barr1er-1nlet

s quences are know to Occur in the sequences batween the looalities,

the formal" is oonsider d the more like l3'.. Certa1n4tmod I"I1 barrier

islands are often aoneid rably' loo· r than 8 kilometres (Krat't et al.,
1975; Pur rand E'O'ana, 1973, and also at. Pa r and JenkynB, 1975,

fig. S,).

he . dearth ot such "a rgonoe indicos" could

be the result ot •

(1) natural scarcity d to lack of barrier islands

(2) non...pre rvat1on: all such relatively- "subaerial"

sture. expot5edon barr . 'It islands are su.bjeet to reworking and

destruct10n if' the barrier system is transgressive (et. Kratt et al.,

1973) •

(3) non-deteotton: these small-scale features have on4'

en ob ned 1n s .11, abando d quarries \lith heavi.1¥- atbered

taces. Moat of the til 19hbour1ngpita are lar • and act.ively worked.

)2epo§1tioual inlkcmmntt Whe seen the thhnes « 20 mm.) and

strict d lat ral ext nt of t micritic horizon suggest t t the

iorltes we deposited in transiant "protee d" are s, probablg

ephemeral barrier-top ponds (of. Dickinson et al., 1 72, p.200) or

abandoned barrier distributar1e • tio la was trapped follow

t ot mr ion at high tides or during storm (cf. Perk!.t1 and

Enos, 1960), and as it ttled oat alg may ha Ed d in its

trapping (ef. Palmar and Jenk,yns, 1975). In t period follow1ng

tidal r -treat Or"or aDe1tUlCS, the "ponds" wer f)JCpod, dried out
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and des1ecated, resulting in the formation of' "b:1rdRyeS" and

possibly the "buckling" ot the algal _ts, wh1ch preduced. .xe.gge~a_4

areas of' "feD etr." beneath the "mW0-DlOunae".

Preservation of' such ephemeral features was probabq due

to burial e lthel' by subeeql.8nt 8tor or h1gh tide depGsit.1on,

although the "ponds" -1' have 8\ll"'Yiveda JlUlllber of' period. of

•• 1'8101\, depelldiftg on their geomorphC)logyand situatlon on the

barrier island. The 00981"_ eed1ments .ould have been deposited

b.r sheet wash (et. Imbrie and Buchanan, 1965) or by ripplft igrat1on.

1n either case mmor scour occurred, and 0 of the m1crlt1o

aediments vere lost. A s1m11ar k1rld ot setting was .env1eagttd by

Palmer and Jenk;.vn. (1975) tor barrier-top deposits 10. the ar.at

Oolite of' centrel England.

V.7.0 .vi. ».mJ!r Sag_HIU t1IJs NJd.kfllQP!UII' Within t.u.

facies complex ot the Sleatord Member, l"hyth.aU..oalq-4epoalted

sed_nt" (ABO,ABCtJP8) are prominent 1n .. nwnber, ot looalities,

Blankne,. aDd Haeeb7 expose particularly important sucoession.,

although other, le.s strikingly rhltbm1c .. queru•• al"8 MeD elee-

wheM. The possible or161n. ot the BlenkMy (fhlng ....'UpW'tlrds)end

Haoeb7 (oo&rMn.1ftg ...upward.) type. are discualBd .parat.q below,

and the ge•• s.s .1 the remataing, ht.8. di.tinctl..,., l"h;vt11maare

oolleett.,.ly evaluated 111a thlal ft~.ctloJ1.

l1BWwoJIPWKS\! Rl'jnlJl" ,'I'" . H;LllkIII. :Em.. Although th I' are It

number ot dUE.renee. _twen tha t~e t1n1ng-upwa:rdtl :r~bm.s at,

BlankMy (ae•• otion lV.ll ••• l1.), eaOh .... nt1alq thovl a

tabular cro8s-bedded ool:ltic pa1aetcme bed (L1thotac1as 81) pa.s:lag

up 'Via alllked ....g:ra1n lithology (L1thef'aous B2) hto a compaot, title ...

grained peloidalll'ainsto (Uthotaoje·a 1m, •• "ot1Qu lV.U ..d.ii.
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and IV.ll.e.i1.). Tba rqthma, vh1ch are between 1-3 tre th1ck

(F1g.4.161) each have erosive ba a, although the boundaries with1n

:1ndlv1dual rh3thms are gradational, Taken together the. features

suggest that the h1gh-eneru basal bed records an event which

1nt rrupts the "normal" baok-barrier d ntat1on, a t1P1t1ed b7
the underlying Blankney Memberdeposita (see section V.6.0.). As

the rh7thm1o pattern ls a gradual reversion to d1ments (pelo1dal

l_stones) ot broadq Blankne;r Membertype, the remainderot tat

r~hm records a re-establ1shment ot the baok-barrier env1ronment.

Thls interpretation 1 supported by the sandv1ch1ngot the Blanwy

rb1thms tween the def1nite back-barrier .dimerita ot the Blanlmay

Memberand the detinite on-barrier diments ot the re inder ot

the overlT1ng Sleatord Member (L1thotac1e.A2J ct10n V.1.c.111),

which in ltself indicatea a leeward barrier posltion for the r!vthms.

Blaar1ngthis in mind, it can be se n that the inol'easing importance

of the basal orosa-bedd d 0011te in e ch su.cceast . l;r ,-ounger rhlt ,

reflects the approach1Dg Wluen" ot on-barrier (high-energy)

conditions, as does the 1ncrea d w1nnow1ng (in ucceselw rh1'thml)

ot the L1thot cie. B3 sediments (grainstone in highest rlvthm but

packstone 01" even wackestone 1a lower two rhTtbms). Thus the t1n1ng-

upwards rhythms appear to retlset osoUlating nvuonments (barrier-

la oon) on the lee-side of the barr!er, which i8 graduall;r advanc1ng

aorOS8 the are It ot the avaUable polaib:Uities it vould em that

the ryhthms CQuld retleot altel'llat1ng barrier surgee (Lithofacies

Bl, w shovers ?) and lagoon re-advance (Uthot c1es 82 and 133),or

80 kind or lee-barrier di tributary oharulal qUl!lIlC8 (ct. Bridge.,

1976, 1'.354).
AlthOUghno actual chann.el tom has t.en seen in any ot
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tbe rhTthms, Shinn (19'13, p.l9l) pointed out that JdcratOl7 tidal-

channels would not nec88sar1l3 lBave El ohannel form 1n their lower

reaches, but produce a "sheet-like'· deposlt s1mUsr to _ander!ng

river channels. In such a cale the con1'i.rasting northward. and south-

ward oross-bedding directions seen 1n ditterent rhythms (F1g.4.161)

could repre nt opposite migratory paths, l1'1ag at an ang to tbe

main barrier axi (s· d to be NW-SE fro the predominance ot

north ....asterq or south-west rl,y cross-bedding direotions in tbe

barrier d_nte). However the tne ot Grelss-bedding an (F1g.4.

161) ls not 8113 oonsistent with such an or:1g1n, and the ohannal ...

:I.r1till might alternativel3' :retleot bedforms, produoed by flood Or
ebbu:rgee, a postulated by Br1dges (1976, p.S54, e alao Baean,

1973), the laok of ohannel torm being due to the or1eatatlonot the

exposed ot1cn.

An It"Grnatlve model tor the rhTthms 18 provided by

waahover tans; the arosa-bedded (lOo_lSO d:1psostl¥), well-wa hed,

oolltic land. in ts up to O.8e metres thick would em to be

reo.lllo11l.lbleoarbonate analogues tor the olast1o w abover depo ita

delor:1'bad bT Kraft et al.; (1915, p.M3) it The two lower rqthals

,hOll landwarcl-fac1ng tore tl (acnlth ........tward dipp1ng) and the

increa .. ct 1mport nee ot thl. level 14 the younger preaumabq. ,.tleet.

its greater prox1mi.ty to the barrier. Attar eaoh vaahover inour 101'1

into t back-barrier nvironmant, er lmercondltloalll re-eatabl1ab.

theruel a acros the are and lagoonal .. cUment enor ch ""1' tbe

ah r deposita. Despit t .ttl' ott M.a of thia model, the

uppermost rh\rthm p nts problam 1a that ita Oro ... badl d unit

"taaea" northward - the opposite dkeotloa to that expected in a

normal waahover. Such an anomal1 alght be expla1ll8d 1ft • number ot
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way.: the complexity ot the barrier' IS geography, 80 obvious :1n

modern settings (tor example .• Evans et al., 1973) 1 not easily

determ:1ned 1n th "tos.U" state, and this could acoount tor the

"opposed" cross-bedding direotion; secondq, th rhTthms ma.r have

ot-iginat d near El tidal inlet (not exposed), whieh would be El reedT

aoUl"c. ot conflicting current directions (cf. We1de, 1968), or
th1rdl7, El flood SUl"p (wh1oh vould give an "ebb" direction 1n

back-barrier situation) mq ha produced El "wash...on", tran .port1ng

baok-barrier oolites (bom a lagoon shoal 1) towards the barrier. It

would appear theretore, that de pita the uncert 1Dt.r ot the1r

pree!.ee origin, the rb7tbme reflect oscUlatory conditions on what

oould broadly be clas do as thG le ...side of tho bUTler. the,. are

overlain tv the h1gh-en r{fr, Cl"oss-bedded unlt ot Lithofaoies JJ!.,

which presumablT d18 lpated most or the .a· a.nerg)" du:r1ng thlt

"calmer periods" represented in th upper parts at the rhythms.

Coe.rsea!M-WNwsRhythm@, - HaQ!hr bpsp Theee rbytbms,wh1ch can

be over 2 tree th1ck. are defined by an upward. incre :1n oncollte

contentJ bSmodal, oolitic grainstone gra gradually up into

oDool1t1o ...oo11t1o-packstoI1ge (aee seotloD8 IV .11.c1,iii. and IV ;:11.

e .111.), wben the large oncollte@ (up to 50 ilC 20 .) are vary

dene l1' Qonoentl'ated (Fig.4 .163) • No sec11menter7 structure are

normall3" Hen (except tor one rhTbhm at Dembl.by), but··tb ha. ot
the rh,ythms are r08ive, and 80 ha a ab ll-lag, rioh 1n

" " gastropod.. Only- epa:rs fauna ot "&tEa •• ", ,0;;' ~_

and 81sart1oulated t;1goaM shelle occur within. the :rbtthm'H

In the b n ot .. d ntlU'1 IStruotUl"eB, tbooon t1t nt

partlolea prov1de tbe oalT .,.idenoe tor interpreting the condltion.

or deposition, and oncolitaa would there tore seem to b& Cl"uc1a1.
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Unf'ortunate17 they ere not readi17 matched with the oncolltes (or

rhodollt s) described fro either odern (IA3gan tal., 1964;

Boael1!nl nd Gin burg, 19'11. and Gebelein, 1976) ot' Mclent ttinge

(Pugh, 1965; leeder, 1975; and Tucker, 1977) because they lac'le aD;Y

clearly defined internal lamillat10n orcert1n calea eus structures.

However, tb y appear 1dent1cal to the grains bo the Frenoh Bathonian

figured by Purser (1915, rig. 38.6.), espec1allT as both have s1m:llar

1ntr -granular Vllgs. The Bathonian examples also occur in coar n1ng-

upwards oycle but a8 the oncelit 8 are distributed in both the sub-

t1dal and tidal-flat portions, no simple environmental latlonsh1ps

can be at rmined fro them. Furthermore th evidence tor upwards-

sballowing and e rgenoe, that typ1t1e Purser's Bathonian 01'0le.,.

haa been ga1ned trom 1n penctent oriteria (op.olt.; pp.SS8-340), n

of' which aze pre nt 1n the L1neolnsh1re rh3'thms. In taot the upper

part of' the Haaeor rhythms bas what 81"8' probabl;y ax"q. marine

ee nts rather than the beach-rook types descJ'lbed by Pur"r (1973).

El whe , Ft.e •.L. Wilson (1975) has outlined other coax' ning-upwards

C1'cles that $l'G capped by oneolite-rich sediment but 1nsutt1c1ent

details were given to make an quate 0 peri on with tm Hac by

Motions, although the 0110011te8 were not thought to be s1mUar;,

(R.O.L. WUson, personal oommunication, 1977). In the ab nee ot

anoient er mQdel'll analogue. for either the 010181 or this particular

type ot onco11t (rhodolite?) on11' gEl ral en iro ntal comparisons

can be dr wn.. However,the available oomparative Wormation tOl"

oncolltos 1.s scant and ry rept tit1: • P:raot1calll 11 authors,

in the ab ne ot oth I' 8'd4ence and ptre umab13 influenced by tblt

early work ot ltJgall et 1.. (1964), have attrlbu1!;ed "tOI'U" onoollte.

to agltat d low intertidal or shallow ubt1dal nv11'o nts
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(of. Laporte, 1971; Halle,., 1975; !seder; 1915; and Tucker, 1977).

This oonclusion bas been based partl,y upon d1rect observation

(IDganet al., 1964; and Clebelein, 1976) an40n the general pr1ttoipal

that quite high turbulence is teqlrlred to produce the muu·...sp.r1cal

ttalgal ....balls". No refinement of this r8.tber broad environ nt has

been oftered, although Oebelein <1976) has noted that lag concentrat "

of oncolltes occur in tidal channels, a setting apparen.t:iv tavou:red

by rhodolites teo (Bose111n1 and Ginsburg, 1971). The bltml«tt

acqeptance of such an environment for all anoiant onoolltes,

especially' those lacking good internal laminatlen, bas al:read;r been

~abl,y commented upon (se. section V.2.e.l11..) and he" 4gaitl it

pre'slults d1tflcult1e s. Within the Raceby rlqtbms, it is the 0110011te-

rich 14,.18 that are the less well winnowd (packstone vs. grab-

stones) and rtt8.1V or the O1lco11tes aft not st:t'1etq sphero1dal Sn

shape, which by analogy with modern rhodolites~would suggeerbredWlGd

nergy conditions (BoselUni and Ginsburg. 1971, fig. 12), hawver,

now bere eN tha grainstones cu'sco1dal or flat. Against this the

den concentrations of the Haooby onoolltes (F1g.4.165) far exceed

the figures given bt Gebelein (1976) tor modem Bahamanooncentra~1aJ18,

where turbulent oonditions were ponulated to e:xd.s1i in wt r depths

of less thall one metre.

The almost complete abseneeor sed!meat8l7 struotures from

the rhythms suggests that the rb1thms are products of 8. lee-barrie ..

.. tting. '!'be ero iva basee, \liiest a. gx'adual m1irat1on ot t)olite

shoal laSoon'WU'd aW8¥ from t barr.1er perhaps, vh1ch implies an

upward-shallow1ng or~ln tor the rh;thm, with the onoo111;,.

con_avated 1n the shallowest waters (cr. R.O.t. lIUson, 1915; and

GebeleiA, 1976) II Howver this does not neeesee.r1lT mean tbat the
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onco1itea ocol.U"l"edin the most turbulent oonditions (ot. rhodoll

occurrence disoussed by Bose11inl and Ginsburg, 1971); it lllSJ' well

ha been that the oolites, being in sl1ghtq deeper orlJlON

lI'expo d" water were subject to stronger agitation and that the

oncolites weN 80 thing ot a "lag" deposit, collecting 1n proteoted

eha.llows on the lee ot the barrier ... not ven nee ss'lrU,. wre

th y grew (ct. WUson, 1975, p.440). Movementmq have only' ocourred

dur1ag storms and theiJ" ,dense ooncentrations ma,y have acted a.s

battle to some extent, reducing the ef'£! ets of' w1ru:J.owing.Contin "

trans re sion re ulted 1n their reworking and inoorporation into

Lithofacies A2 ( e eectlon !V.Il.d.i.) whU$pe:u,lodlo storm oould

hav< j ttlsoned so into on-barrier dra1nag channels ( e section

V.7.c.lv.),. This model is rather t ntatlvel¥ forwarded in the absence

of f'1rme1' 1nterp tat iva ev1denoe J ,be se, and indeed most ot tbe

ancient nsubt1dalll onoollte would .em to req'l1:'e muchmore dete.Ued

study before their origin (depositional environment) 18 8atlsfaotor1ly

app o:1ated.

r.;;;;;;;-......-.: .. iIIiMi' Most ot the minor rhythms, d oribed in ctl.ons

IV.11.d ..11. and IV.11.d.il1. involve gr datlonal lithological ohan&e'

within individual bed. The loss or a111o~ d:imentary structures

mq be associated with tho tae2$ changes. Suoh rb.;rthms not

alway in repetitlvequences lik. the Bla.nkneT and Hacebr types,

but . occur within uo 81on. that expo ot r I1thotacS$e.

The !nor :rh1'thmscan broadly- bet cl sitied into two type: tho.

with erosive base (usual~ fining-upward,,) and those without

(usua1q 0 n1ng-upward) • The for r, mplit d by the &1

bed ot the Saatard Member t C etle BytbanlCa oros . d oolite J

ctlon IV.li.d,ii.) are probable flwashovere" (et. Kratt et al.,
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1973), which refleot the high n 1'1$3 deposition of barrier deposit

upon back...barr:ler dimnts; the eroa1: bas indicates tran port tion

1I1to a nto ign" environment. the latte.l"l wh1ah are generally

pe1oide.1 l_tones grad1ng up into oolites, usually lack dimelltar;y

structures; although ero bedding '1 ooeur in the ups- part. The

rh3thms most probabl,y reflect the gradual oscUlation or facies in

tb.e relat1vel1' protect <i, yet 11thologicall3 cU.: re env1rol'lmnt, on

the lee-sid ot the barrier. In its simplest oonception, 8'UOh a

rb1thm might be thought to :result from the gradual lagoonward :Jh1tt

ot the barrier, tb gradual upw d introduct lon of oro So- dd1ng

being a respen to 10crea d ourrent '1e1001tle, which may have

re ulted £rom the shallowing produoed bf the nC1"Oaobmentof the

barrier. Colleet1: ly therefore the minor rh1t r pre ...nt fo· U

xamples ot tbe vert oomplex faoies distributions, that t1P1f'1 the les-

ide ot l1lf)d rn carbonate bar.Jier-cOmpleD (Pur r and Evans; le73.

and v s et al., 1975).
V.7.c.v1i.QoD9lua!qpSI be tacias-Qomplex oompostng the Sleaford

Member r pre nts v 1st,. of env1ro nt, wh10hc n be found on

modern carbonate barriers. In part10ular it baa been possible to

d1st1ngu1 h n barrier-inlet q no s, which prov d _a-

1 goon link t and on-barrier , that afford! d proteot1on

from the main torce of the Jura 810 . 8.

d nte und r171ns th 1'181' ne

batt r protect d than other, and this h

It la cl a:r from the "lago ona 1"

th t so :re

be n smpha1sed by the

10 a11 d occurr ne of uprat1dal depoelt , indic ticE •• rgence

and t~ue barrier islands. S Uar17 th ralat1 s' ot T1enarl1"

provided. b7 the preeence/ b ne. ot oro s..beddina ha's 8nabl d leward ...

ban r env1ronmant t such al the rbTt 10 quenc&s, to be'
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11' not impossible, to parate the two. However, as the lacSas ot

the 18 two ub-env:1ronments have d1fterent (to so extent)

relationships with tbe associated tacus in the overall barr»r

enviroJ:lJlllent,stratigraphieal relationships provide a po sible thad

ot d1tterent1at1ng between deltaic and aplllover ead1menta (the tel'

spillover bused bere in the nae implied b7 BaU, 1967). For

example t14&l deltas 1lJJq torm at either end ot tbeaascolated barr1er-

1nlata (Dick1nson et al., 1972, p,198h they 19ht therefore reat

upon tllagooaa1t1 sed nts (it a flood-tidal 1t) or upon tore-

barr1ar/barrier/barr1er ..!.nlet aed1manta (it an ebb-tidal delta),

aas· ing traJlsgr8 a1ve barr1ar eituation; ..a is the case in tbe

Lincolnshire LiDlJstone. In contrast, _pU10ver .. d1menta woul4 be

expeoted to occur on13' on barrier or back-barrier d nts (of.

Ball, 1967). As the ereeton Member1avar1abl¥ reats upon the batTier

sediments of the Sleaford Member (north of Cllp ham), flood...·Udal

deltas are unl1kel3" to be represented in the Creeton Member (tor 'lha

problem ot Clipsham se. seotlon V.?d.v.). Indeed the recognition

ot onq three possible barrier-mlets within tbe barr.!' syate

(He .. ot1on V.".o .ii.) an that ,..n bb-t1dal c1elta tormatlon

is l1ke13 to have been restricted. Such ebb-tidal deltas shOuld

have preponderance ot aeawrd-tao1ng sed_atu,. structures

(J1ndr1oh, 1969), whloh 1n th1aca .. would be approx :bell' north-
eastwards. Ot the three POllibU1ties, only the Ana .ter Inlet

appear to ha". produced s1gn1t1cant ebb-flow c1.elta (and. Great

Pont 1). .All tbe other Oreeton Me bar 10cal1ties expo

.C8 lion., wlth predo !Jwltq louth-wsterq d1pp!Dg tore t

(landward tacing), that reat upon barrier rather than 'back-barrier

sequences; they ust tberetore be consU!ered a. oa-banier feature
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so thing akin to spUlover lobes (ct. Ball, 1967) ra.ther than

tlood-tidal d Itas.

The Greaton Member oan be tentatlvel¥ divided into two

major eub-env1ronmentsl tbe ebb-tidal d Ita ot the !neaster-VU tord

area and the Spillover :£Dba el'lviroDJllnt, which ls be t exempltt:1ed

bl' the Castle B)'tham quenee • Each or the aub-en'9'1ron.manta 18

more fully discuss d balow, whUe tb:t more proble tical "queJloe

are compared to to! "!deals" in conolud1ng seotion.

V. '1.d.1U.Ebb-TidalQJ;I:ta Sedi'nt81 The Creston l-iember .. quen 8

expo cl iD the Anoaster-Wilstord district are thought to repraaent

an ebb-t1dal delta co plex which bullt out .awards tro the mouth

ot the Anc ..at r Barrier-Inlet. At both Copper Hill and CaRle

Quarries, Anca tar, the lie bel" is repre nted by croas-bedded

"clean" oolites &ad skeletal oolitea (Lithotaciel AJ • lilect10nl

IV.l2.d. &ad XV.12.a.i.),vhloh are rys1milar to that ot the

modern Peraian Gulf Oolite Deltas (et. Evans et al •• 1913; p.251,

and lMeau and Purser, 19?5, pp.284-2S5), although the Unoo1ft,~

ooliths t nd to be tiner gr&iued than the.. sor1bed by Lcnau

and Pur .. r (1973, tig, se )• The oro.s- dding, whleh • a str

northarq-d1pping componeat ( ",.4.189), ocours •• a tabular t

ot S-5 tre. ampUtUde (F1g.4.152). the planar tore.,. dip at

approximateq 20° (range. 12-25°). Although of' a larger seale, the

cro.... btdd1ng cone ponds to the d81t tore.t bed ot J'1ndr1ch

(1969, p.S'S,.. &1 0 BrUce-, 1976) and repre .. nts the major

outbulld1Dg lobe. ot the delta. T· sp ad ot tonaet dip

direction. (F1g.4.189) 18 to be expect.d,.a he dIta lobes tan

out on lea't'1Jlg the coni"1nement ot the barr1ar-1nlet (ot. E'I&I1' t al.,

19'13, tia. 10) ,. which Me 8aar1l,y pre-dates the &tlta 1D thl



341

develop nt of' the barrier-complex: (Purser and Evans, 1973,

p.220). The Buperposition of' the ebb-dominated tid 1 delta on t

tlood-dominated tidal ...inlet deposits (Sleaf'ord Member) at Aneaster

(Fig .4.152) clearly demonstrates this temporal relationship

strat1graphloal1y; it also illustrates the transgressive nature of'

the barrier-oomplex as a 'Whole.

t Wilaf'ord the Ore ton Member is less not1.eeabl,y eroae-

bedded and haa two distinot lithof'ac (see section IV.12.d.):

the p r oolite taeSe (Lithofaoies ) ls tiner-grained (medium

calcarenite) than tho of the Anoaster sections. This, togethar

yith the lack of distinot cross-bedding and wid spread mioritisation

or the grains ug ata a leas agitated reg1ne more in aping with

the out r-d Ita environ1'lX:lntot I.oreau and Purser (1975, Et fig. SB).

How:Jvr. downoutting into this tae3es is the simUdypoorly cross-

bedded skeletal-rich Lithof'acies B, which occup1e a wide seoue

( ". 500 metres) with a maximumdepth at S...2 metres. This scour

ap ars to be aligned -SWand could th r ore repro nt an axial

channel within the delta complex; a proposal whioh is supported b,r
its stro ~ scoured baae and bioolastic-rich s diment inti1l

(of'. ID au and Purser, 1973, fig. 5D). Although it is rather wide

the wUstord "ohannel" 1 ot the rume order as that desoribed by

.Loreau and Purser (1973, tig ..4.) and its depth was s!mUat4r

oomparable. (op.cit., t •~.).

V.".d. iv. Sn111ovor lobe Sediments: The Creetol'l Membersuccession

at Castle Bytham hows a qlBnee of eross ...bedd d oolites and

leta oolites (Lithofacies AJ sea a cion IV.12.d. and !v.12.

e •• ) that have ore ts dipping predominantly south- stwards,

although north-easter l' componnt 1s also pre nt ( ig.4.191),



-------
348

In dataU, this and similar sequenoes have a baaal ssive un.lt

(2 I18trea thlok at Oaatle Bytham) wh1eh dips south-wstwardsJ 1a

both s1ze and oomposition. this woUlt1 appear to correspond with

the large spUlowr loba. en in the Bahaman oarbonat. province

(Ball, 1987. ,.558), although no u:ial obam1el features have been

reoognised. The de" lop nt ot an oTster ....norusted hardground on

top ot th1s unit SUBlest. that 1t was immobiletor lone periods,

wbich 1s o.ons1stel'1twith Ball'. observation that such large

structures are only"moved" or develepad during storm periods

(Ball, 1967, p.560), although hurr10anas have also been known to

erode spUlovers (Perk1lls and Enos, 1968). S1mllarl1 the preseno.

or interstit1almwite, which .. ttled out trom 8uspenalon durSnc

calm period. (... section lV.12.e.i.) !.neUeate. periods of

1mmobU1tytor the otharcross-bedded units, overlyirlg the basal

spUlever. Tbe higher .. ts tend to be smaller « 1.25 trea.)

8l'ldha... e It.r south-we.terq or north ....asterly orols-bedding

direction •• the,. p.retnmaabq repre ••nt smaller apUlovers or «a-

ripples, r!ding upon the baok ot the spUlner structures.

The ba.a! units ot the Castle Bythamand saUer _quen •• ,

are invariabll' landward-f'aeiDg (south....westwuds) and theretoN tbe

mOlt powel"tul. and dOll1na.nt windl (and tidal ourrent.) must have

'-en on... hore, a oonelus!oa tbat 18 supported by' the orientation ot

the aed_nt817 structures 1n tbe bet.rrieJ'-Oomplezaa a whole. Th18

i8 to have been expected. tv during Bajocian t!.mal, Lincolnshire

lq in the path ot the NETrade Wind. (Smith et al., 1973). However,

the b1pol.al"eUl"l'ent or1entat1oa. ot the higher co.ts 1n the ..

Greeton MemberIUGce.aiona reflect a stronger tidal etrect, vhioh

!Iq haw bee. a tunctlon. ot .pos1tion Sl1.hallow" water.. This
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bipolarity 1& also 1Aterest1ng tor another reason, th8.t ot tbe

pos1tion ot the spillovers on the bar:rier. The term apUlowr lobe

(Ball, 1967) or v.shover tan (et. Kraft st al. f 197$) suggests

transportation ot sediment. over tbe barrier into the back-barrier

lagooD, and this i8 the ea with ma..ny of B ll's lobes. However,

the Oreeton Member spillovers rest upon other barrier d nts,

which by their gret.Er diversity and 1'ftlationBhlp with If lagoonal!'

depoeits probably represent the lee-aide of tbe barrier proper -

a8 exe pl1t1edbt the Castle Bytb.am sequence, where tor xample

baek-barr1er patch-reete IU."e .. en (ct. Pur.r and Evans, 19?!,

p.218). Howhere are the Creston Me bar spillovers en to reet on.

back-barrier'sed:1ments (except perhap at Clip ham, .• section v.
'l.d.v.). It ppears 11ke~ theretore that tbase spillovers 8ft

ost~ on the windward s14.e (seavard) of tbe barrler, where the

highest energy cond1t1011S xist, and ebb " 11 as flood current

are able to P"Qduce s1an1ticant sed1meniary structU1'88 (of'. Ball,

1967, tig. 9 and p.599), The major atructure probabl,y lace land...

wards becauae of the pre do 1nant storm direct ion would, in this wind

belt, be from the nortb-east. Inshore from the .. spillovere, on the

lee-aide of tu barrier, the Sleaf'ord Member barrier d1mente

acoumulated and transgreesed over the back-barrier led_nte, Thus.

the progreesive vusgras ion ot the Lincolnshire L1aeeto _a

.ventuallJ proY:1.daaa stratigr phio q_nce allowing, atOastle

Bythalll tor example, back-barrier .. d nta (Oastle n,tham Member),

overlain. l1'oai'9813 by leeward-barrier c1epo its (Slsatord Member )

and .. award-barrier 88d . nta (On.ton Me bar).

V.'1.d.v. QOUlua&onn ClAd QutnaMmg fragle!sa Altho h the two

aUb-enviroruaents uggested tor the Ore ton Me btl' er quit.
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feasible in the looallt1e d1s0U8 d, it ls aot always so easy to

relata all the other Cree,ton Member suece sians to the two models.

The Castle Bytham types like Creeton, Burton Coggles; South RalJceby.

North Rauc 1>7 and Little Ponton (7) are tairJ¥ readlq matched,

ca· both litho1osically and sedSmento1ogicalq the,. are

1'$lat1vely unitor J 1t 1s probable therefore that theY' repre nt

ry I 1lar sed 11t81'7f. atures. spillover. (At ere.ton,

add1tional d1menta ot t Slaatord Membsroverlie the poslliblA

inlet depos1ts, suggesting that the inlet was inoperative pr1er to

the deposition ot the Cre.ton Member.) At the SoU PertUiv

Qua1T1, Clipsham, similar lithotypes, w1th aross-bedding d1i'ectlona

towards the outb-east rather than the south-west, rest upon the

bao.k-barr!sr d nt ot the Castle Bytbam MemberJthil 8\20 Ision

mey represent an act 1 spUlover or wasbover rest1ng d1reotlJr upon

"lagoonal" diments, or altematt 17 1t might be env1aaged as

flood ...tidal 1t (ot. Kratt et al•• 1973, t1g.7.), tor which no

1nlet has. been expo d or reco ni.d. The variation :Ut cross-bedding

direotion could be explained b,y a number of factors, not least ot

which coulQ haw been a more eaat-wst al1g nt ot the 'barrier at

the outhern end of t L1noolntJh:b.'eL1DBstone Gulf.'0,

The re 1n1ng, mostq m1d-L1ncoln.hift locallt1ea tend to

have, 111their ba.al part.s at least, south-weater17 cli p!ng croas-

bedded unit, which 18 ott n out .into by uauall1 north-eaat 1'11-
d1pp!ng, Ikelstal-r1ah beds (e.g. Old So rby and H oeb;r Lodge

QUarr:l.e.), Such eequenoes mq be ht.d to the me tel' or

po albl1' a Qreat Ponton t1dal ..d ita oomplex (the two mqhaw

ooaleac.d). The pre nt outcrop d1atl'ibution and the 1.nhe:rent

complexity ot tidal-d.lta sl'stems (ct. IDftau and Pur l", 19?3,
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fig. 4) make such an idea possible, although d1tficult to determine.

V..7.e • •• Or1g1Q of the amitE.
At the onset of the deposition of tha Unoolnsb1re

Limestone 1t is possible that two of the opt1mal coad.it1ons tor

balT1&r development (offshore bar or barrier island) ex1steda a

broad, low-relief' coastal plain and slow regional subsidence (N !de,

1968, P.408), and that a th1rd, longs.hore drift, mq also haw baen

operative, although there ls no f'1rm evidence to support such a

content an. It 1s perhaps not surprising theretore that a barr1ar

ooaatl:1na evolved. However, even though a suitable tt1nl tor tha

developtt\~nt of a barrier ma,y have been present, the aotual mechahism

ror its formation ls more oontraversial (Schwartz, 1971).

The 01'1&111 of' barrier islands 18 stUl cOlls1c1ered to be

someth1ng of an open qlJ8stlon (Reineck and Singh, 1973), and

Schwartz (1971) has advocated the aoceptance of multiple causal!t1,

whioh encompasses all three of the most w!.daly proposed JDBchan1sms

of O£ig1l1:

(1) Upbuild1ng of offShore bars
(2) cutting of !nlota throUgb spit.

(3) Submergence of ridge-like eoa tal fi aturGl
Although the latter two have been wUel1 aooepted (Hoyt, 1$67;

Weide, 1968, Schwartz, 1971; and Bridges, 1976), the eD8rgen_ of

offshore bars to form barrier islands has llot been 80 tavouloabJ,y

reoeived (188 espec!alq Hoyt, 1967), exoept whena reault or a tall

in a level (Hoyt, 1967, and Isont7ev, 1969). Ea nt1al17 Hcyt

(1967) doubted the "ott hore bar theort' because Of the general absence

m barrier island ae.quenees, ot beach and shallow ner1tlo .positst

that should have d veloped. shoreward of the growing, yet stUl
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8ulxDergent bar. He also pointed Ol1t that experiment have shown

that waves cannot aggrade su.bmarin bars to the point or enel' nee

(HOTt, 1967, p,l126), althOUgh be conceede1d (o,.oit., p.1127) that

small-scale barriers oould develop by upward accret ion ot bars ( •

also CurrS3' et al., 1969, p.70). Iat r otvos (1970) outl1Md

evidence suppott1tg the development or barriers!'ro ott hore bars

while Pr.1ce (1965) had alreadT indicated the possibility at storms

playing e. role in the "emergence" of bars. Certainly on lener I

oonsiderations there seems no major e 1denc to prohibit such El

cb.anism. Hoytr~ major resenatlon ... concerning the lack of marine

led1ments shoreward. of the barrier, pro ely rerlects too D8l"1'OW a

view of the effectiveness of "offshore bars" (cr. Price. 1951), a

barriers. FU-stly. it 18 too naive to suggest that even au_rgent

bars cannot modifT sedimentation on the~ lee.ide, a 18 clesrl3' tha

e in tho carbonate areas of southern Florida and. the B~s

(Ball, 1967, and Ba.san, 1973). The degree of effectiveness 10

producing horew8l'd "lagoonal deposits" will obvious13 cl pend upon

an· her of var1abl.es, amongst whioh the amount of' run-ott, tho

.v poratlon-preo1pitation balance, the abe Of the 'bar, and the

number ot inlets (prov1d1ng lagoon..mtU'1n co.ntaot), could all be

1mportant. Although all ·of the features ot til l1Mar1ne SaM Belt"

at B 11 (1967) are ubmerged (e :red at high tide, ot. Hoyt, 1981,

p.1126) many of.' the charaoteristios of his "Platform Interior Sand

Blanket" are directl.,y attr1but ble to develop nt in a lee-barrie.

enviroMlBnt (Ball, 1967, p.575).Seeondly, on a low-rel1et co eta!

pla1rl undergoin marine transgresaion, the oftshore btU:"would

de lop .arq on in the sed1me t 7h1sto17 (Irwin, 1965) end

tbaNto back-bar sediment t10n would pro . b17 never Pl'ov1d the
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beach and shallow rit1c deposits Hoyt(1961) consider cl ueh en

integral part at this d1mentary regime. T· ea u.1ng growth ot

the bar would onl3' 1ncrea its effectiveness as a banier, and

the "lagoonali' nature of the back-bar sediments would be empha loed.

It ems most unl1kely- that the d1tf'erenc bet en a fIbarred" and

ttbarr1ared" ooa tline could ira distinguished in t d1mntery

reoord ot the lagoon, as the d posits 'Would refleot a protected

environment, which could ha resulted in elther ease , Perhapsonq

the xlstence of a back-barrier shoreline oould re sol . the iasue

unas tm fauna 'W s taken into oons1deratlon. Even here though,

tba "lagoonallty" of the t una would probably fleet the climate

rather than the typeo! barrier, tor run-ott oraporation

g 1'a1l3' determine s whet r the lagoon ls to be bJtpo or hJtper-

El 11M, s la the Ca in unbarred eabrar-ine ett1ngs tor fJlIe.mple.. It

ls only restrioted mixing with open marine vat rs that is requ1red

tor the olimate to art< et liAity and such restr1etion could

sult regardles ot 'Whether the barrier was. rgent or not.

The bnoe or bok.barrier mar1nepos1t po 8· proble

wlth all the mod 1. ot barrier i land format1en, except perhaps the

"coaltal-r1dg$-su.bmergen- " ~th slsor Hoyt (1967) to:: 11

though the "plt. ...bftaehillg" eban1sm \la8 adopted. by Br1dg•• (1978),

ha had to advocate non-depo itlon untU t.he "sed At t2Nlpit (=

barrier, op.o1t., p.352) W 8 veloped, 1.e.. ok-bal"r.r mariae

Cl nts wore also ab nt in this oase. The.-eCoNlt appears that

the le.olt ot back-barr1erma:rine .d!ment 1. pro b4" .ot a crw1al

tact01' in the under tandlDg of barrier 1.laad to mat10n and that

in 11 l1kelihood, their ab" ne will be "no lfl pdles ot

whie er ehanism was operative. As tb&vailable ev1d.ence d I
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not definitely preolud any of the proposed chani-ems of barr~r

island formation, it would seem w r to aee pt the more oatholic

approaoh of Schwartz (19?1).

In the case of the Lincolnshire Limestone e. eombin :tion

ot tidal-tlat, lagoon. and "quiet-water" sediments sre aDdwlohed

betw en the stly non-marine dl posits or the underq1ng .antham

Formation and the barrier sands (Sleaf'ord. Member)J there is no

evidence of open (unrestricted) marine deposition landward of t

barr1er_ although tha fauna ot the "lagoonal" daposits contain

"normal marine'· elellQnt (braohiopoda and. s eohined .rms). Th1a

sug ests that fairly e interchange exist d twean the 'Iprotected"

area and the open. sea, vhlob tempered the etfeets ot 6'V'8.poration

(ct. Persian Gulf, although ,there was probably 8 humid cliJpaw 1n

Lincolnshire dUl"ing the Middle Jurass1o) II Part rmol'e, e 1nation

ot a low...l,y1ng hinterland and tha affects of th

gresslon probabl1' ant that tew riversot eny SiM drained into the

area, so l\rPosa11ne conditions did not result. HCJWever,tbe barr1er

1s known to hav bean emergent 1n piae:es' ( e seotion V.7.a.v.) d

oauld tbere:tore be classed as a barrier island, so :r8strlctitm

cannot be denied. Inde d th existenee or the t1de.l ...tlat deposits

o low in the Lincolnshire L eto succession indica the

pre ence ot barrier !l'om the on t ot sed nt t10n (ct. r,

1975), although the restriction of "pure" lagoonal deposits

(Iaadenham Member, Ropsley Bed and Little Byt bedsJ e chap I'

IV) to higher stl' t1grapblc le 1 (and sc1f'lo ograph1oal

reg1cms) 1nd1oate that the barriert, tractive.ss Ina:reaaed with

t (ot. Purser and van, 1973, p.226). 8· C lly 11'1 c nu 1

Linoolnshire. It is interest1ngto l\ote that the vide tor the
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barrier t S emergen i· in. the area I1S the naximum.development

of' the Ieadenham Member lagoon. Tbs f'aotors) would e to favour

the barrier de loping 4S an of shore bar (submergent), wh10h

then aggraded through t veatuall,y to bee rgent 1n central

Lincolnshire (at least), although e1 ",here it mq had

submerged throughout its existence (g neral ab noe or barr· r beach

d1ment , see sect10n V.7.c.).
The barr1er itselt shows little 19n of having been Pal"t

of' be oh-ridge ,stem (ct. Hoyt, 1967) t tor sine the <i1ments

are ina carbonate a, 1nvar1ab13 owing e.r11 ~1ne cements (

seotion IV.ll.e.) t it is unl.1k8ly that they borde· d the "clastio"

ooastline of the Grantham Formation. The Is no ev1denc of

remnant ol1an d8po ltion or any te:r strial cUments (or beaoh-

rock oe ats); which p.\1ght be expected if' the L1neolnsh1re Limest

sea. aurroundi'$d rather than reworked this nascent "barr1er leland"

(of'. Hoyt. 1967). Furtherm.ore no 1"e480n for the gradual establi.sh-

meat ot restrict d lagoo 1 condItions is pro 1ded by thi
lther.

ohanlBm

As tor the spit-breaohlng chani ,it 18 dUt'loult to

en !sa how 01' where the or1g1nal pit syste dewlo .<1, even 1t

longshore o1.Jl'rente vel' able to perpetuate it. The cubonate

composition of the barrie .. pre 11 s the W rene. ot fluviatile or

del a10 sour of d 11t !.n1t:lat1ng the outhvard gxtowth ot a

barr1Br trom the Ywkahbe d1ment8l'y provin (cf. Br1d.&s, 1976).

thaI.', the de lop at of a :tiee of bar j at a a1gn.1t!edi breu-
Of'-slope of'tsho (or. Ball. 1967) i en1l1 d.. and t· une n

growth of the probab~ provided the re tur a BOW n in both the

sed nts ot tho barrier and its protected leo-side watera. the
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removes the need of an external sediment suppl,., wh1eh is so

nece sary tor the develop nt ot a c14st1o barrisr system and so

important to any mod1tor the origin of clastic barriers.

V.r.e, Qg9cb,1on,.

It would appear from the above disouss10ns that the

Sl.eatord and Oreston Member' deposits represent an offshore barr1ar-

complex, in ",hloh a number of diet inot iva su.bo-env1ronrrentsean be

recogn1 d. In broad terms, the high-energy faciea (the large oross-

bedded aets ot both mmbers) pro}) b1;r rep1'9 nt prom1nent sad1mentS17

teat on the windward or seaward alde ot the barr1sr, where the

main mar1ne toroes were expend d. Exeapt tor the Anoastr ebb...tidal

delta (part ot Creston Mmoor) most of the. feature are thought to

be larp sp1U09'$r structures or ridges/oomplex be:r (cf. Ball, 196'1)

which predom1nantq "faced" landwards beoau of the PNva1l1ng North...

Easterly Tr de Winds. Howe 1", the ourrent d1Not1ons, as 1nd1cated

b7 the erose-bedd d units, are complex e.nd it is possible that in

addition to the onshore or oro s-barrier move nt (probabq south-

westwards 1t barrier-inlets are an oOU1"aw guide), ebb-.a!ld...t1ood...

tid ourrente and 10 ehore dr1tt (south or south-eastwards)

complicate th sediment movementpatterns J the other 1mportant

ractor g rning such movements, t geo phT ot the barrier,

remains l.ar ely unknown. OceUP1'in the in the lee ot this hiah-

neru 'belt is a oomp1exof relativelt protect d 8ub-eD."lfir n's,

that are represented b7 variet;7 of lithofacies, se 0 wh1eh lutve

been interpreted a$ vashovers, local drainage ohmln Is an.d oneo11te

sho la. The pro 013' migrate t1'8 IT a the barrier's oonfigur-

ation changed under its steady progNss landwards, and rh1thmJ4
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replace the lee ...baI"r1ar rhythms; the £orm1" are differentiated from

the lee-barrier deposits b7 their lack of cross-bedding. In central

Lincolnshire, suprat1dal deposits, resting upon J1igb-e rgy facies

(Sleatord Member, Lithofae1es A2) have indicated the existence ot
a barrier island,while elsewhere the I1trcmg t!del influence

reflected in tha cross ..bedd.eddeposits indioates that most of the

'barrier's sediments re deposited at or near sea level.

Throughout this disous.ion, onshore d:h'eotlons have

invariabla' bean reterred to as south-westwards, prime.rUy-beoause
,

what little evidenoe exists to indicate BajOci..a.n land areas,

favours a !cndon landmass and a possible shoreline to the west

(or. Bra.dshaw, 1975, fig, 1 j and se seotion V.2.d.ii.). However,

it 1s possible that the IdJloolnsbire Li«estone sea oeoup1edan East

141d1andsGull (Kent, personal oommunication, 1976) but even it this

were the case, there can 1;)e little doubt that the western shorelinJ

of the L1.noolnshire L:i.IlBstone&!eawas Itproteoted" by otf-shore

barriers.

Tna ratlJer eeleotlc approach to the 1nterpretat1on ot the

sub-environments and development of the barr18r model has be:en

necetud:tiated by- the d.euth ot tlf08SUn examples of bats-tel' sequences

(Bridges, 1976) and the geomorphological b1as of muobof the modem

resefU.'ch. although ~aft at al. (19?3) offer a reflteh1ng conti'a-

diotion to this. The Truc1al Ooaet work (Purser, 1973) haa also

offered Jl1Wlhcomparative Wormatlon, bu.t ID8l'lY of the (f1l\Y8WieS"

of these barr1ers remain unaol: d. Because of th1s and tbe ~Nn"

oomplexity of barriers, it is ~rhaps not surprising that tbe deg e

of certa1.nty a.ttached to the individual interpret.atioru, offend here ,
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varies aORewhat. Barriers, both anoient and modern, hold .ms.ny

future ohalle1ll8S tor tbe sedimentologist.

v •8. QQNC1pSICIi§p MiR9NMENUL SXNTHESJ;;§.

During earliest Bajoc!an times, the slowl,. aubsid!l1g East

Midlands shelt va .ngulf'ed by a ahallowpe1r1c a, in which the

Linaolnslilire Idmaatone For tlon was deposited to tor part of the

"carbonate fr1nge of the London landmass" (Zagar, 1975). It 1

possible that, at its southern end at le at, this fiE at Midlands"

epeiric sea may have had the morphology ot a gulf (Kent, personal

eommunicatlon). Land or "positive areas" friJlged the northern

(Yorkshire Delta); •• t.rn and southern a1des of the aasoeat gult,

which pZtobablyopened out north-eastwuds. Whether a south-at rn

OOM ctionx1 ted with the ttSouthern England Carbonate hO'V1ncett

re ins UlU"eaolved.

V.8.a.
The transgression of a shallow .80 serosa a ntlT

aubs1d1ng~ low-gradient shell •• provided an 1dea.'t tt1ng tOJ! ott-
shore barrier' develop nt (Welde, 1965). It 1 possible tb t tbe

barrier .volved fro the oO&18sonee and up-build1ngof bars, wh1ch

developed initially at 80 aignitioant break-ot-slope (Irwin, 1965,

and ct. Ball, 196?), ott-shore trom the .. 'as Ws.t.rn coastline_

Present knowledg suggest. that tbe lODg &Xu ot th bar:rier 'Vas

Olt probab13 aligned N~-Sf. The development et the barrt.r

.tt.ctlve4r split d.po81t1en 1I1to two _111 prvviftoell baak...barrier

and barr1er-oomplex, althouah .ch province contained AWIlberot
\'sub-env1roruDenta. Aa "back-bel!"r:l.erMd1men;tat1.(Jn1. reoogni8.bla

throughout the 10lrl8rL1ncolnah1n LillIe atoM,. the ~1er-compl.x

must have evol cl at or near the cmeet of the formation'. deposition.
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Although, in broad terms, the baok-barr1&r environment 18

represented by all the sediments older then tbe Sleatord Member, it

also has a bipartite division. The gieg1t§1 Zone age sediments

(Sproxton, Greetwell and Ieadenbam.Members) retlect a 41tf'eren:t

depositionalreg:1.t!e to the younger (01a111 Subzone) units. For ease

of dieoussioneach will be dealt with separately and an attempt made

to summarise the entire lagoonal setting 1n a f1nal subseotion.

V.8.b.1. §ea1mntat~on gm:ilns liisga.ul agne i_~HDepositUm

during these times was geograph:tcally polar:1sed by the 1ntluenee ot
the "Linooln High"J effectively sou.thern and central I4nooltxahire

sedimentary provinces evolved. At the onset of sed1.rrentatlon the

IY Linooln High" persisted as a positive area 1n central Lincolnshire

and sedimentation only proceeded in the Bouthel"n province (Md North

Linoolnshire Basin), where a series or regressive rhytl'l..ms 'built up.

Each rhytbm ws initiated/terminated b1 a transgression that resulted

tram a period ot ace le1"ated su.bsidence, such events have 'been

reoorded by erosive levels while the actual sed1an.ts ot the rbythm

tetlaet the tidal ...flat prograu.tiDn out irlto sheltered, Bubt1dal

back-barrier waters. In central Lin.oolnshiZ'e during tbis tine the

"Luooln H1,gh"gradually Buocumbod to the transgression Md its

continued, steady subsidenoe produced a shWlow subtidal faoies

mosaic that eventually gave wq to "true" lagoonal conditions, In

wh1ch 1_ mud waa depos1'tod an4 a stable oonthon!o taUtla thrived.

The g%ladual subsidence (and. deepening ?) of this area contrasted with

the episodlo subsidence njerks" of soubh Lincolnshire. S·t;ratigraphical

considerations, suggest that the "Hight! tilted southwards and

consequently the junction between the provinces was gradational rather
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than swpl¥ def1nad.

Towards tha olose of this period, tbe central lJ.ncolnsh1l'e

la80oo. (Ieadenham lagoon) graded southwards into more agitated

environments, whloh were tw1t1ed by "lagoonal" oolites. The

oontrasts probabq ref'lect diUerenoee in ciroulation, whuh ?ariad

vlth the degree ot through-and ...crnr-barrar "m1x1ag". Oertai1lJ.y tbe

in barr»r-111lets were concentrated in mid and south L1ncolnsh1:re

and 1t 18 Gilly 111oentral Linoolnsh1re that evidence ot barrier

• rpnce exists. The south Linoolnshire barrier was probabq- alwqs

awash, at least at higl vater. The pre_nee of' marine stenobal1ne

banthollic groups throughout both area , showsthat a comblaatloll ot

through-barr1er !xing and tbe prevaU1ng Sajocian cl1mate maintained

the back.barrier salinities at OJ' 010. to "normal" mar1ne.

V.8.b.11. StdW9!dHP during,!?DIU SJkIQP, !i_I' '!'he sI1M'.,
Zone I8d1mentary region wa. abruptq terminated at the erosl_ cm.. t

ot tbe. t_s, when all of Lincolnshire was blanketed h7 the basal

oollte ot the Lincoln Member. Thls" vent" 11 thought to haw

resulted trOll tran'gl'8sst "pulse"of the barriel' ao,os. the

agoon.. Although no "true" barrier .. d.lments are repreaentedl tile

basal ool1te of' t. Linooln Memberla s1mllar to the "ag1tated baok-

burSar oollte belt" repre nted by the Methar1tigum aild Oastle

Bytham Members (upper L1neo1nah1re LUBatone).

M(i)N tlP10al lagoon.al condltioAe we:re so~ re-established

and a oomplex of deposit1Gnal env1roWllellta: evol ... d, ranging fl'0JI

muddT, lagocmal areas to oollte ahoale. However, ooli ... be~_

1rloreaa1agl.y important (shoreward encSl'oacbmallt ot barr1ar aOl'Os.

lagoon.) and the low-eneru lagoonal deposlta gave war to tbe

"agitated 'back-barrier oolite belt" of the Metheringham and Oastle
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Bytham Members. This belt is thoUght to repre nt the d1ate

back-barrier zon where agitation w • both mo· intenl!: and more

lrequent because of the greater proximity to cver-and-through-berr1er

current activity.

V.8.b.1ii.t1,Srpbologr 9t tn! !.ogo,n, In general terms the lagoon or

back-btarr1er area, can be envisaged s a broad ( 1n1mumwl4th :=

8 kUometr s), shallow-wat r aJ."ea, £ringed to the wst and south-waet

by tidal flats, which abutt onto low-ly1ng hinterland, and east ...

wards by the ott!lhore berr~r-complex. WithSntbe lagoon co plex

d nt8l"y faoies pattern evo]; d in :re pon to VaJ.71ng hydro-

dJnam1c condition , which them lves retlect the d g!'8G ot and

proximity to over-and-through-barr1er currents, and perhaps n depth.

Su.ch complexity ls quite typ10al of back-barrier sett1ngs (ot. Purser

and Evans, 1975, and Evans et al., 197Z). De pita the complexity,

two main flenera" or facies belt exist. the more inshore. low-eneru

zone is dominated by mud-supported lithologies. and the 1mIDed1ate

bacll-barr:ler, high-energy belt, where gr in- upported lithologies

predom.1aate (Fig. 5.9). "True" lagoonal ud are S plobab:t., develo d.

in areas of maximumsheltr, whl.ohJMJ' ha:" resul cl trom greater

barrier protection ( margent), d eper ut r, or removal fro in

current mOWI!II!U,ts,or a comb1Ratioa of two or all tbonJe.

V.S.c. Borrkr E;ykoNMntp.

The erosive base ot the Sledord Member ' fleets the

transgre.a1ve nature ot the barr!8r-complex, which ischaractel"18ed

by a multitude ot tacie ,repre nt1ng the 8.1.001& d au.b-envlro l'ltl.

Despite the complexity, a number ot the_ oomponent.....nv1ronmentsha...

been oognised and a crude b1partita divis10n can be de w1thwhat

might be termed leeward and windward features.. HO\I8ver,t barrier
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owes 1ts origin to complexbars, which mar ooour in either ZOD and

retleot the Wluence of lOAgshore

aotivit,..

11s ebband tlood-ourrent

Sleatard Memberbeoau it resta d1rectJ¥ upon the baok-barr"'r

d1menta. Tbs nature of' the facie and th91l' relationship sugget

that the lee-aide ot the barrier w 8 a wide, low-gradient area, often

quite wll proteoted by the high-energy depos1ta of the windward side.

Ee.nt1a.ll¥ tb leewardenvironment is typ1f'1ed by rbatbm1callq-

deposited led_nts that reflect tb8 oscillations ot the barrler t 8

ft 1rme1'" :margin. Iagoonwal"d advance wamostll' the . salt ot

"washO'fer", although slowly' migrating oo11te shoala, capped with

oncol:1tel, might also have performed a ailJlUar role. d ntal7

trUOt\U"98 indicate that lagool'lward (toward the south.. et) c_rent

move nte predominate. The area was drained by "lagoonwani facing"

dr inage obannels.

This kind of' en"ironment seem to ha... baen pmlcUL8l"l¥

11 de loped In id and central Un.oo\n .hJ,re wheft there i.e ev!den

ot baxTSar .1a1s.tld tflr :tJlon. It oould. bet tberef'ote, that swsh

deposits 8l'8 oBlur properltdeveloped beh1ndtu prO'beot1on01 an

• rgent barrier.

V.8.c.11. H&ndWd FeumA* The tend to be found 1r1 the higher

parts of the SlJitatord Memberand the 0" ton Mamba .. , tbelh10at

invariably ret upon le.-batriet t: e:bUl"e • The env1l'o nt 4.

oharacte:rl d b7 large. 0&18, or08 ...bedded un1ts that repre_Dt

complex bars and large IpUlover (.a.su Ball, 1967), ae features,

which are perhapsonl,. oved or 1tloantly add d to dur ato I,

provide the maml'protect1ve barrier", uponwb1chthe & s energ
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vas dlBsipatecl. Although there 18 a predomuwuie of l.a.ndvar4-taclag

structures, so of the bars and spUlovara and tbeu pal'aalt1cmga-

ripplea taced .award, ref'lect1Ds ebb and flood cu.rrent activit)".

IDngaDore curr nta alao exerted a degree ofWluea. on secUmentat1on..

this complex pattern, typ1t1ed. by the OreatoD Membersequan.s ot

south L1ncolnsh!re, is parallelled in 80 modern BahamanenvirGnmellta

(ct. Ball, 1967, fl£. 9.).

It 18 in th1a vindward belt ;that tbe upward growth _d

emergence ot the barr1er p:robabl¥ ocourred, tor thesuprat!dal

"barrier lsl.aad" depoe1'. of central 1J.ncoJ.nah1re"8tupon a. aeawa:rd-

facing bar.

V.8.o.il1.Bor£1t£=WS90D l\e1at1ppabSaI* The degree 01" emerpnce an.d

lat r 1oontinuity ot a banter eonvol the decree ot lagooaal

"atl'~1on. In tbe ease ot the Linoolnshire LSmeatona 'ba.:rJ-Se:r both

faunal and .dimentologieal orite1'l$ have enabled tbe 4epM et

testr1ct1cm t. be qualitatively assessed.

It ha. bee_ apPQ"ent trom thi. ~11 that qu1te

a1sn1t1caat oontact exlated bet.en the lagoon and the "open"

8,.11>10 aea, beeatll8 atan.halb ID8Hae benthcm10 O1'gan18D1S eccur even

in tbe molt "lagoonal" .d_nts Ca.g. t.adenbam Mem.,,). Although

the Bajocian cl1mate mq ha... contJ:'ibuted to the 1altanuce of

marlM salJaltiea (balanoe of evap01"ation with ra1r1tall anc! run...oft),

it 1. the be.n1er-ialets and ewer-barrier cUlWnt ot1'''''.t1' that la

probeb:t,. tbe priJJJar)".. MD tor the marlae or ne....... _ .al!D.lt1e ••

Deapite thu, c1roulat1.on must have .en rem1crb.ct tor IftlW"

llloonal (11.l1t8 (15.. ud8 wlth .table IQ",. benthon» fauna.),

like tho.. ot 'bhe Ieadeabam Member, 'bo ...... baen 4.",1.4. In

general, however, such .. d_nt are concentrated SAoentral
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L1ncolnsh1re, where tbere 18 evidenoe of the barrur' 8 emargen

and a general ab.nee of barr1e1"-1nleta. In more aoutherl;y area.,

where the discontinuous aDd .u'bmer nt ban>1er existed, tbe back-

barr1er .. dJment. are do 1nated b7 "lagoonaloollte .., 'Whichreflect

ore open c1roulatlon and greater agitation.

Central Lincolnshire therete>re prohe.b;q had a distinct!:

land- a profile, with a l'eltr1oted lago n passing _award into.
a 1"1 nt barrier 1slands. In contrast, soutb L1n.colnsh1re probabq

had a su.bllllrgent barrier with tar more open .. a-lagoon 1aterohange

and con_quantq a ore agitated lagoonal nvi:ro nt.

V.8.c.1v. Dapglltioa §eavKd or thl IJmil£=Q9lp:),ta' The upward

truncation ot tha L1ncolnah1re Limestone, reulting f'rom intl'a-

JUI'8ss1c move ftt, bas removed an uak:nown amount of Bajo6!an

_diments from the East Midland. suc••• 1on. Therefore tbe lUlture ot

the .. diments award ot the barrilr remain W'lkncvn, eXCept for tbe

Aneaster region, wbere an ebb-t1dal delta (ereaton Meml:er) ,"10pe4

at the saaWU'd mouth of the Anc eter barl'1er ..1D1et. Th1s..,. ha...

been a complex 4elt tad b7 tbe Great Ponton iDlet as _11.

V.8.d. &uk_BB1 Model.

the ~ eiesot the L1ncolnshh"e L1IIeetODe tepre nt a barrlar

shOftlSne, the low-.qing h1ntetland (to the _et). tr1nged 'b1 \Ual

:rlat •• pal d ~ hto a broad. lagoonal area that" • bordered OD

ita •• 1"d (east) side b;r a partl,y ergent b.att!et-co lex. The

barrier val tranave1" .. d bT inlet.. at lealt <me ot wh!4h (Aneaete,,)

d loped a s1pitican\ ebb-t1dal lta t ita awardmouth. A

reoonstruction ot thia ftAYiro ntal tting 11 8hovn lA tlgure 5.9.

As the Lincolnshke IJ.meatone succes.lon shows tbe barrier-oomplex

tao18e superposition cl ~on the lagoonal and t14 l.tlat poslt.
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th formation as 8. whole records a marine transgression.

V.s.s. p1seuslion.

The complexity ot the lagoonal faoies,spec1allr with

the erosive event at tbe bas of tbe L1ncolnsh1:reMemberdestroying

one reg1me and lnit1ating another, rai s tbe problem ot whether this

modal (i.e. one berr1ar and ltl lagoon) ls sufficient to explain the

d positional conditions throughout the whole of the Lincoln hire

t1mae. Alternative odella might have the erosive be. of the Lincola

Mamberrepre nt1ngr

(1) the breakdown of an 1ftlt1al barrier; the eros1: base

and baa 1 oolite ot the Linooln Memberreflect marin rework1ng

before the evolution of another barrier, or

(2) the landw rd mJg;rat1on ot the arly barrier r1gb.t

aC,,"OSB the lagoon, no barr1er .d1ments are repre nted in th1s case

but the erosive base of tbe L1aeoln Member mark the barrier t s

migI' tl0AII

aRch ea a s\lb quent barr1er .vold to "protect" the

later lagoons Subzone age d1ment) • '!'he evidence d1scua.d

arlier (see espec2all¥ aeot1ci>nV.4. b..U.) aUls.ete that neithel" or
the.. altornat!: s rean, tit the v1denc and that a. baft'r/

lagoon qate probably cUd perlS1et throughQut theent1re L1ncolnsh1re

Ur.stoneperiod ot deposition.



QUA'TEI II

ggutUslll,S.

VI.1, .IIS! QV Ai4§·
The principal objectives of th1e :re.arch project haw been

to d velop a 00· rent, tOl'mal1sad 11thostratSgrapbT tor tbe

Linooln.hbe .u.me·stGD8 ...Format1oa, and to determ1na tbe nature ot the
eftVironmeats 1ft. which lts depOS:i.t$l.d.Durb\g the COUl" of 'btlh

work, td,gn1t1Gaat new e.mmoalte d:lscowr:t.. were made vh1eh protl\ptea

tbe v1sion ot all the ammonites knowa to have bael reo· red flrom the

IJAcoashire Limestone. In the l!aht or \b11 r8'V'1s1on. the,.., .atI'ati.-

grapldaal sign1tiGanoa ha. _n ~as .. s.d. Tbtee ma1n llnel 01

re _oh have tbeNtOi'e n ·put"sued. ~lostht1stapbt;· llthoetratl.

SI" phT and :laoSes ana17s1s. The pl'i.nol,al C).nelS-ems • .,1"1.".d from

.80 of the fields have I:leenpinpoiated in the following .0tlonl,

and a !et 00 ·nt has b$nmade on the a . tilat ' most l!blr

to be protltable tor Mare :re.... b.
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VI.2,. DIQSTBATIGBArHX'· 9QRQ,WI.ONS.
New Ammonite d1a"over:ies made durtftg the CO\'&r or th:t.a

re arch stitDul.a.tad revSew at the ammonite f'alJM8 of the UnoomshSft

L1maatcm.e. In addition to N.. am1n1ng all the "CO cl epeo1llltne

(determined tram an exhaustift llteratUl"e arcb), vh1chweN III

ava1J.able. tbe :ldent1t1oat.lonot rthfJl' mpec n., notp v1oual,.

inoluded in the literature, has also been Hv1 cl, (The taxoaom1o

parter th1s work w st,q carried out by Dr.C.F. '.sons). F1ne.l~

all the specimen. haw 1'1 aesigMd to the l:r re peetS: Wilt of tbe

newl3' propoaad litho tratigraPIit 1b order better to as·' " th81r

aignitioal'lce in dat,!rJg tbe tormatlon. T1w maj,cn- .ult" ot tlab \H'&'k

ha be n ~ lad below.

(1) The prevaUJng bel.1st that moot the t1.noolr:umhe

L stem was of akg,.' Zone age (Kent,. 1965, aDdn10r ,.4 E, Una-
nnett. 19'13) hal ,en pudiat d. There at leaat three dist1nct

ammonite fauna' in the t tion that are indio tt "ot t
10_. and both tbe "1J.&9 ad ilu''!ruU~l&Sub. 8 Of'the MIIWQlI]'

Zone.

(2) A no nit a have bee reo red born the 10 t

l1tho trat rapb.1osubdivision (Spr_on Me ber») he ot
the t tlon 18 not rtainq ,.own. However,81fJIJ1CiIll; 8. lndfAatl ..

ot Z been colleo d tlJo b_1.. "cUatelT

above the .se or be Uae la ' , .r,
the areetwU and :taad&11ham Membezol. The

tbaret has a t
previo l¥ been eonsidel'e4 to be the Oa••

leval.
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(:5) The basal ,oolite or the Linooln Me bel' has 1'~ld~d

a number of ammonites belengiDg to the s\tbgenera ~So~~;W£

ot t

~~~~ Zone. The. widespread d.ewlop.m t ot thl Uthostl" ti-

graphically' impol"tant level re1 8 the pos lbU1ty that it al 0

form a sjgn1t'1cant biostratigraphie divide, pe.rat1nge.nd

~IOI.CJ~~ Zone age rooke.

spec ne et higher levels, notably !War the top of.' tho Oastle

Mom r (upper Linoolnshhe IJmestone); suggests that the SUbzo

of.' the . Zone may tangs up to th ha of the Slea£Ol"d

Member; th1s 'Would encompass all the members q bat n the base s

ot the Lincoln and Sleatord YlSmbers (F18. 2.2.).

(5) Onl¥ one e.mmon1tehas been "corded from horbolla higher

than the Oastle Bytham Mem r I the ct. wh$.oh

was reoord d trom the lOWGl'part ot ths Slss.tord-mber at Castle

Wtham. his ammonite 18 1rid1(:atl Of the "'~_i;j·IA·. Subeo of

sued s.ton otin the Castle ~

two
appra1mata.4r twotres apart and t:ltTe~1d t

Member, s gests tha thts bot~n marks an impottant blo&trat~· ph.1c 1

Javel. Further fJv1den 1 obviously ne dad 1n OJIQs to ritt Ol-

refute this s gestlon. H~ver. it 00 et, it would an that both

major str t~rphical div al 0 1mportant bio tt t
d1 ions.

(a) upper pnttt ot t leater Mem r and ba ",holo ot

minburn ege of the format:10t.1. therefore re,mains 1n4oubt.
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or the tirst time it s n conclusively mon...tl"- ted

t t th t10n 'oan be eu .t,,1ded on the

is or its ammonite t unalh It 16 a1 0 now known to s a1'1 not on!?

he ~~=.w; Zone, but both of th subzone s of be RSiIS~~~ Z too.

phlO 1 divide.n v1d nee it ppe that the jor bw"Onp
ms.,y coincide' vi'th important lithostrat ~8ph!cal boun· Se.

V1.5.
~aUed logging of all the :t'sllab1e L1ncolllsh1N et

sections within 14ncohshbte (and neighbouring Ie1cestersh:' ) baa

shown t .t the strat1p'aph,y proposed ' Kent (1966) is un ·.nab:tt,. It

haa therefore bien replacea witb the revlaed I1thostratigrephlo aohe

detUed in chapter four. The pr1n()1psJ. cbaftetel"istlo ot the new

cbe • whidh bas tean ected 1.0 t guidelines. augge·ltett

Red l"g (1&76). have be,en oUtU,aed below.

(1) In Uncoln hke it ha' en pas ible to ubdlv' the

Lmoolnehtte u-stODe OI'mI1tton into len mm r. A DWl1'bel"of

theee ( t 11, Ie de.tlbam and Lincoln). also ha dlertlnot stib-

division· ot tbe!r own, Whloh have either ban dee1gna d t"Dl'JtnA.J...l"

101'01' lly pending on tbe eriter1a Uponwb1ch 'he,y have it

8etabllahed. Apart tram the Unci.,. ah la mber (::II !ft. Cement

Shale) none of isba new unlt correspond p ciael,y to ana' or" sub-

dlvi!o!l8 suggested by Kent (1966). and t ,.tore new l'minoilo
8 aleo be n introduc cl to dena' pblc i: 8.

(2) 'fhe be: oldest· bel'S (SpJ'oxton. et 11; Ie 'Mam;

Linooln, SoettlethoJ'pe and JJna_'y hale) one\l11ute tbll lOWG~

tincolneh1re Llmevt ... will tb ~ .. rift (Oa t Bytham,

Methel"1ngham. Blank:rl&y, Sleatora and 0 'Oft)o

L1ncolasah1re t1mesto • The upper/l r dlvU,!cn



to the Upper/lower Lincolnshire Lirrestone subdivisions of earlier

rm1nolog1es ..

(3) In South Humberside the lower part of the format ion

has a dif'terent stratigraphical suacesslon to that seen further south.

The details <€ this northern sequence have already been repo:rted

( hton, 1975).. The Northamptonshire al!'ea aw1ts detaUedexam1natlon.

though many new interpretations have been forwarded 1n th

rev! d 11thostratigraphlo sahene, the most notable t).owdiseoverio

ha m

(1) The recognition ot two d.istinct levels that pe:rmtt

county-wide cowelation. These are the erosive bases or the L1no,oln

and Sladoi'd Members.

(2) 1'he base of' the Lincoln. Mom r ls considered to be at

fundamental importanoe 1n tho understanding of the internal

relationsh1ps of' the formation, and it has en adopted as 11 (tat

level tor all lithostratigraphic correlations. The dognltion ot its

probable biostrat!graphio sign1f'1oance has compounded its lmpot'tance.

Ne it r this spec1tlc hot'!.zon nor the t1ncoln In r as El whole, have

been recogn d pl'Ov1ously.

(3) In addition 'bo its eOX'1'elatlve vaIm, it i no real cS

that the base ot the Sloaford MembeS* is responsible tOJ+ the major ~

cutting aeen yith1n the l'.Anoolnsh~ Limesto 4) There has 17 *11
any s1gnUloant erosion at the la r/U,pper Lincolnshire Laton

contact.

(4) The Sproxton Member whioh 18 the ha ·1 unit of the
t t1f>Jl in south L1ncolneM.:rewa found not to loped

over muoh ot central L1noolnsh1re. 'lhe lowtst pd't or the ~~tf.on

becomes progressively Qttenuated towards !4ncoln. where a "aoruien"
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Greetwell Member sequance is seen, There is ftO uniformly c.ieveloped

basal unit in. the Linoolnsh1:re Limal!ltone, as vas previously thought

(the old nBlue Beds", ct. Kent, 1966, tig.l).

The jar difference between the new strat1graphlo sohe and

that propo d by Kent (1966, fig.l) are (this list exclud 8 differences

attributable solelY to the adoption ot a formali d approach to litho-

stratigraphy) :

(I) The nalue Beds". which re thought to have be n

ubiquitously dev loped basal unit, have been shown to be long to two

a.parat stratigraphic levels. In south L1ncoln hir ,wher tby do

form the base ot the tor t ion, tbel' h ve be n inoluded in the Spraxton

Member, whUe .in central Lincolnshir th l' eontitute an int rnal

subdi: 1sion of the Gr twell Member, th Wragb,y d. This aoes not

oeeUt'"at the ha of th formation.

(2) The recognition ot the tundamentall¥ important IJ.ncoln

Member has enabled the following stratigraphie re-alignments to bed ••

a) 'rhe rtCementstoD e" er now known not to form

singl unit aCl"08S tbe whole county; the"ee ntston s-tao1e111 rocks

have been shown to belong 1n t\1O parate stratigraphic units that are

lW81'S div1ded b.Y the ba 211 oolite ot the Lincoln Mmber. T

I.eadenbam Member constitute. th older "Cementstonea-tac1e " unit, "hUe

the younger torms the Ropsley Beds, whi.ch are p t ot t Lincoln

Member.

b) The ItOros 1 Beds" do not tor a coherent \mlt it In

outh L1ncolnshir t ,. have be n shown to form part ot the

Scottlethorpe Member, whUe :1n central Linoolnshire the "Lower ero sl

B d" ha. been demonstrated to be an integral part ot the Lincoln miler it

The "Upp r Cros 1 d" baa been 1ncorpor ted in the MetherlDgham

Member.
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e The Scottlethorpe and LindI&3' Shale Kembel's aft

now understood to be later 1 ~qu!valentetQs they ha... be.l'l shewn to

1nteNigltate at H8lI'tnston. Th1s ehw& 'that the Kh'tOll Oemet1tShale

eb.o\1ld haw b& ,11 included in. the t.t lower" rat_I" tbsn tbe 'Upper

L!neolnsh1ft Lhoo_on ",

(is) he Cathedral Beds" wb!eh tor a 4t.stittotlft a!td

latera.lly trae able aubdlvlsion of the litarl.enhamMenber. &W bOt

p vlousl1 been t8oogl\lS$d.

(4) The IfUppe~Llncolnsh1re lAmstoneU oan. be eubc!l',.ldGd to

a tar greater' e~nt than ha vlouslq en "cognid.. Tba.

eros~ base of the SlealOl'd Mamba.. f~ El nat1il.tal blparttw d~leton,

the lowar pert of wh1ah is made up ,ot.tbaa'inabam, Bl~, end

Castle Bythani Members. Nene o! the has., p'rwwuslr en l1'4!u!ogalea4

es _perate member The Sle&fo1d and Q~Eiton Me,rnbers compose tbe uppet

pan.
(s) ~he Slaa:fol\i Member enoompaa s th$ tlAn.ate li'tGEH!Jt, :r18"

or AnoaBte~ and the "Great Ponton Gaatropod Beds", The 1;ie llgnmant

otthe It stropod ds" wlth. the «Altea, te.. ' (lstene" eontfad' tl the

tbeofY tecen:tlr proposed by Kent (in S,,1anerton arM! Kent; 1918).

tn~se!t!.ntt that the IIAncast r was equtv'8lttnt to the II at' !l1ton
Gaat~pod de".

(6) !_ Slaatrwd Membet is apoas1ble tet the msj()t"alve

dowauttirtg seen in the tormation. ~ .gre.of 4~u:ht1ng 1.8 tar
gnetetl than P:NvJousl1 thoUght UM the e ,Pl'ec .uidiv',

of the ~pa.. 1ttoolnJlblft ~.to_ ha . iJhOwn ,bat ai Arlolte., fo..

eltaJDJ)ls, the Mttl1el'1nghmn ttl Blann)" mbel'S ha" been :H~d 4'

wU &$ aU ,_ .lower LS.ncolnsh~ . I stoned taJli downEUImU-

14ncsolnMember. A s1mtlaJ' 4egte-o of dOWACutt1fta u••aat GlNat

Ponton. (FSg.2.2.).
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s the Anca tel" U of Moa tat', be frG1-eat Ponton

'as" (thls oontrad1eta ent t Ii suggest 1m1, e. point 5

a ) and 'Ol1p ham one". No sound v 'is ho ht to

x1st tor sugge ttng tbat t' "Gr. t onton 4U:IJI:d1rlA
younger than the at ot the Uncolnshb-e L. atoM.

VI ••

The analys:Ls of the Lineolnehtre L1mest.e_ taO». pre., rId

in the previous chapter pre nt t first

interpreting the d positlollal emtiro nt of the format1on. Altho, h

palaeogeographic !ntsrpretat!o1'18 ha ,been hampered b7 the oODip1'es.d

d1stri, tlo ofouterops, tt, ot the 1'acies In rt1lal

nee haenabled many sub-environma t to be tecogaid, aJld an
. ,ra11 anv1ro 'ntal 1'bo be propod. The tesu1 Bot tbe

env1;roDlMntal J.nterp t ~lon have n 1: m1. d low.

(1) The IJnCOJ.nsb!re Linesuon orma'b n as a WbOM

pre nts a ",ans ss10qe qnca with ott ..sh barr1er-co la

d nts at uponne~shQ' ,ff go lu tldal-Ilat 'po tt••

(2) he ha 10 environmental ,1 invol:aan Interred

"lagoonal" ,that aa p Of' oted by of' -aho btu'r s.

Inlets thrOUgh tm ba:rr1a:o prov-id: et cpan oonnect. ,,11m t Et

Midlands ht 0 ( • 5 9.) I

(5) f mrh-on n ly', t b stlon \la p11t

into southeX'D.andcentll'Ell LinO(')lnsh1:t'e P%'Orlnce ,

a) ov1n : 8. q oe of 8S!

pr nted 1ft the Sproxton and Greet.ll mbe,.'



Cl nee. Each rhythm %'arleta tidal-t1a.t progractat1on into a

shallow. subt1dal, protected ttlagoonal t ea. The rbathm are thought

to ha been inlt1ated/wrmSnated bt a t1'an ss1on, which sulted

:£'ro a period of ace lerat d subsidenc. In this area tberefOrG,

subsidence proce cl Cl 1nae ria& of episodic "jerks".O - s m tbe

nature of successive rhythms sugge t that ,ha tran gressiOtls' wo '

~as1ngl.y' suocess·ful.

b) e ntrelprav1n¢e t th1s are. 1m etrattgraph10allT

condensed 111it 10 r part; t'be SprOlt'bon 'mbar and part C)f ' ,

&reatvell Membelrate complete13 absent. This 1s thought to to dlJ;l to

tbe the s of' the d14nco,ln High" I that acted as positive area d1.tr1ng

this per1G)d. Attar tinal", being overwhelmed 'tv tbtt Lincoln h1te

to titans 881on, the padual su.bs1den of tbe, nnigh" prod d

a mo 10 of IGlstl-vel,y le nergy. we agitated taoie (Greet'll

Member). vh1ch fin 117 gave w to "tr\B" lagoorW. (lima mUd)

deposit ion U..adenham Mem 1') •

(4) The "polarised" d1mentatlon pat~ vas $.u.bseqntq

destro,ed at tbe on t of Uno,om mbsr times. Tho ro~, or
thts un1; 1s thought to rep:re nt sho1"& rd. d"lllAQe,(st' lnd (\?)

of the bsrl"~r-co lex e.oross the lasOOh (the m r t s be. 1 0011'

abU.a%" t,o the nldgh-ene~ baok...ba:T r collteaU ot t

and Castle Bytham Members)"

(5) l.egoonal ntat1tm OQtt CUB stabl! . d, and

the tac1ss of the IJ.ncoln fleet

1tat 4
oolt hQals.!his k1nd of '

thro hout the ensui.ag per10d 'Whenthe m '%"' til

po it d. The· l4ad '3' pro ,bq "flee d. en intlwc ot t!ne
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ca :tics southwards into this baok-barrier setting •.

(6) he ttbatter-owashedtl ooli S ot tb

Oastle BythamMembersreElect the more agitated oonditions

date ly behind the barrier.

(7) The overl1$ng Sleeford and C eton Member

the barr1er-eomplex iI1sel1. It bas baen possible f to a xtG'ftt, to

distinguish _t en the au nv1roruoonts of' the le end v~

s:1ds of the barrier.

(8) he pl"1nc1pal aub-anvh'o nts of the berriI!U;'-eomplex

d in the S188£o • barrier-inlets;~· .....lslandcop

d1ments (evidenoe at emergence), ootnplex on-barrSar ~,
bfUn'llsr r~hms and on-barrier dra1nag6 ohannel •

(9) The prino1pal aub-env1rolUOOnts of the berriBr.co lex

reoognised in the Qreeton mber are. an. eh}).ot!dal delta la .~

Mesetar region and large spUlover lobetructure ..

In the most g Del" 1terms therefore t1 e major tUW!t-OmMlt8

have been reeognid: t1dal flats, lagoOrtal (!n whleb the 'If!:!

conditions wery v~1ab ), and oft-shore r-comple,

addition; the· cognition. of the fI Lincoln High" (mint... 11) and "

ettect on n at10n during earliest L1ncolnshSte

VI.I,.

of possible .. aI,

m which rut·· search would pt"

them_Ives. The. can be i2<l_1'II6""

(1) 1he. taxono 0

d as.

1 the benthonic la 1 mM,nnil ta Ut

ur nt d Of revision ..
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(2) With such rev1s:1Gn, teWlal anal1sl$ would pt'OV1de

peater insight into furassie faunal a.ssociations 111 pnral and tl:Je

env1ronmental interpreta.tion of the L1ncolnshire- I..b1estOl.':letaO!eS 1n

particular. The presenceo£w.ii'" faunas in sombitr-s and tbt

general absenceo! large ..aaele trancspoi*tatkin in , unI'. ~s
many ot tha fox-mat1on's faunas ideal for suoh studie&, eepeotallF

now \& 11thoetra.tigrnplloic framework and envh01lllQntal model .b.a.w

(5) Although s.igni£1.cant advances haw ,been made :tn. t~

blostratip:ap~ of the formation, the Be'arch for ammonites is at-Ul

oonsidered to, be of paramount Smpor'bance. Tha min1m_ and ~bUJtl

ages o,f the formation. a..re $tUl to be resolved, and eontbmat1Gnot

J1lal'l1lithostrcat.1gx-apbio oorrele.tlons are still needed.

(4) The Northamptonshire area l'(tqu~s detaUied r'evltd.on to

establ1eh its 11thostratigrapbio and env:1ronJlJ&nta.lrelatlonh1ps with

themQre norther 11 sa-q\18nees.

As with all re.arch projeets ,scope rema1ns t~ tur"bar work

in' ':-t81o aspeots WC; red d~1ng the main st~. In the ca . of
the l:.tR'ColnshU:'& Limst011e the "low-energyQD.colites*' prOV'Sdea ~

such field. AbOveall however, the L1noollish1.re L:trnaatoneprovido en

excellent rosell example ,of a carbonate barr1eJ1 $h~11ne. 1'h$

detailing ot the cbaracter1st:tca of the Qetual balTM~Comp~ would

porhaps be more ftluable than 8n1otbar e~glo 1tem of aroh

una.:ttaken !n tbis p:rojeet;o
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The distribution of the Aalenian/Bajocian rocks (cross-hatched) 

in eastern England. 



Fig. 1.2. The generalised Middle Jurassic succession 

of the East Midlands. (compiled from Ashton, 

1976; Ashton and Parsons, in prep.; Kent, 

1975b; Parsons, 1974a, 1976a, 1976b, and 

personal communication; Sylvester-Bradley, 

1968; and Torrens, 1968.) 
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Fig . 1. 3. A generalised cross-section through the Lincolnshire Limestone Formation, illustrating 
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~ig. 1.4. Map showing the major thinning trends of the 

Lincolnshire Limestone Formation. (Principal 

sources of information : Woodward, 1904, 

Woodward and Thompson, 1909; Whitaker, 1922; 

and Evans, 1952.) 
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'rig. 1. 5. Correlation chart for the Aalenian and Bajocian 

successions of the Cotswolds, East Midlands and 

Yorkshire Basins, and the "Oxford Shallows ". 

(compiled from Kent, 1975b; Knox , 1973a; Parsons, 

1976a and 1977; and Sylvester-Bradley, 1968.) 
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Fig. 1.7. 

Fig. 1. 8. 

The subdivisions of the "Inferior Oolite" 

of North Lincolnshire and the Lincoln district 

proposed by Ussher (compiled from Ussher et al., 

1888 and Ussher, 1890). 

The broad groupings of the lithostratigraphical 

s ubdivi s ions of the Lincolnshire Limes tone 

proposed by Hoodward (18 94, p . 174). 
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CHAPTER II 

THE STRATIGRAPHY OF THE LINCOLNSHIRE LIMESTONE 

FORMATION : GENERAL CONSIDERATIONS 

TEXT-FIGURES 
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Fig. 2.1. Location map for the Lincolnshire Limestone 

sections measured during this study (the 

code for each quarry is shown in brackets). 
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Fig. 2.2. Schematic representation of the subdivisions 

proposed for the Lincolnshire Limestone 

Formation. (In Figs. 2.2. to 2.8. inclusive, 

"cross-hatching" indicates "gaps" in the 

succession. ) 

L.B.b. 

G.F. b. 

R.B. 

= Little Bytham beds (Lincoln Men'ber) 

= Greetham Fossil beds (Greetwell Merrb er) . 

= Ropsley Beds (Lincoln Member) 

B.H.L.M. = Basal Hydraulic Limestone Member 
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Fig. ~ . 3 . The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the South Hurnberside region. 
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Fig. 2.4. The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the Spital district. 
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Fig. 2.5. The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the Lincoln district. 
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Fig. 2.6. The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the Ancaster district. 
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Fig. 2.7. The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the Grantham district. 
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Fig. 2.8. The stratigraphic terminologies formerly 

proposed for the Lincolnshire Limestone 

in the Stamford district. 
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Fig. 2.11. The distribution of Acanthoth;;'oris crossi 

(J.F. Walker) in the newly proposed 

subdivisions of the Lincolnshire Limestone 

Formation. 
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Fig. 2.12. The contrasting stratigraphies proposed 

for the lower part of the Lincolnshire 

Limestone succession, exposed at Greetwell 

Hollow Quarry, Lincoln (TF 003721). 
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Fig. 2.13 The contrasting terminologies proposed 

for the generalised Lincolnshire 

Limestone succession of central 

Lincolnshire. 
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CHAPTER III 

A"'MO~ IT E. 
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Fig. 3.1. Details of all the ammonite discoveries from 

the Lincolnshire Limestone that have been recorded 

in the literature. (Errata: S. (Fissilobiceras) 

fissilobatum should read S. (Fissilobiceras) 

fissilobata.) 
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Fig. 3.2. Details of all the ammonite discoveries from 

the Lincolnshire Limestone, that have not 

previously been recorded in the literature. 

(Errata: ~. (Fissilobiceras) fissilobatum 

should read S. (Fissilobiceras) fissilobata.) 



IDENT IFICATION 
LOCALITY 

TH IS PAPER MUSEUM CATALOGUE 

Sonnmla (Flsstloblcer3s) cf. ov3/is 
Sonmni3 sp Cas tie Lime Quarry 

(Buckman ex. Qu.) Castle Bytham, 

5. (F) cf. oI'3/ls(Buckman ex. Qu.) Sonnmia sp. Lincolnshire 

Hyperlioceras (Hyper/ioceras) cf. 
Hyper/loceras sp. Grantham, Lincolnshire 

discoldeum (Buckman ex. Qu.) 

5. (F) aff. f issilobatum (Waagen) 

5. (F!ssiloblCe.-3s) sp. 

S (Flssilobicef'3S) sp. (as this paper) 
Leadenham Quarry, 

Lincolnshire 

5. (F) af f ftssilobafum (Waagen) 

H (Hyperliocer3s) sp Inde\. Hyperlloceras sp. 
Wragby Road Quarry, 

Lincoln 

5 (Flssilobiceras) sp. 
Ropsley Quarry, 

Lincolnshire 

S (E) at{ marginaf3 S Buckman 50nninia (Euhop/oceras) sp Greetwell Quarry,Lincoin 

Hyper/iocer3s subsectum 
Kirton Lime Quarry,near 

H (H) subsecfum (S.Buckman) Kirton -In- Lindsey, 
(S .Buckman) 

S. Humbers ide 

lOde!. Graphocerat ld fragment 

Impression of Graphoceras No identif icat ions recorded 
Sprox ton Quarry, 

Leicestershire 
(Ludwigel/a) sp. 

Leadenham Quarry, 
5. (Flssllobiceras) sp. lincolnshire 

~-

HORIZON 

10 feet above the base 

of the quarry (ie. coral-

bivalve bed) 

? 

Unit 0 See 
Bed 1 Fig.2 

of this 
Unit 0 paper 
Bed 1b 

? 

Bed 4 (equivalent to 
Bed 7 of Richardson, 

1939b , Fig. 40) 

Unit D Bed 1. (See 

Fig. 2 of this paper) 

PRESENT LOCATION 

Collect ion and Accession No. 

C48800 

C48801 

C 73373 

BMNH 
C80403 

C80404 

C80405 

C 80406 

ZK 771 

IGS 

TNN 212 

LCCM 41.38 

SM 352 

18' 1975/3 
f-

LM 
18' '1975/4 

In private collec tIOn 

of Mr. Marsh, 

13, Dryden Av, Lincoln 

REMARKS 

e.G. Adams CoHect ion, 

1956 

EA. Grantham Museum 

Found by Mr. D.Theaker 

and recovered by MA In 

August, 1976 

DIscovered "in situ" on 

G.A. Field Exc,SepU976 

Curated WIth specimens 

cited by Kent & Baker(,381 

CoU('C te d by 

Dr.J.A .Dickson in 1973 

Found by the Rev. 

Cutts, 1942 

Found by museum 

staff 

Not ava ilable for 
detailed examination 

o 
~ 

~ 



Fig. 3.3. Location map showing the principal localitites 

in the Lincolnshire Limestone, from which 

ammonites have been collected. 
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Fig. 3.4. Correlation chart for the Lincolnshire Limestone 

sequences, from which the majority of ammonite 

discoveries have been made. 

Key to lithostratigraphic units: 

K = Creeton Member 

J = Sleaford Member 

H = Metheringham Member 

G = Castle Bytham Member 

F = Scottlethorpe Member 

E = Lindsey Shale Member 

'" 0 = Ropsley Beds 

D = Lincoln Member 
,/ 

C = Cathedral Beds 

C = Leadenham Member 

'" B = Wragby Bed 

B = Greetwell Member 
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Fig. 3.5. The stratigraphic distribution of the main 

ammonite groups in the Lincolnshire Limestone 

Formation (courtesy of c.r. Parsons). 
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CHAPTER IV 

THE LITHOSTRATIGRAPHY OF THE LINCOLNSHIRE 

LIMESTONE FORMATION 

TEXT- FIGURES 
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SCALES 

On the text- figures, which are photographs, the following 

"scales" have true values of: 

hammer = 330mm 

lens cap = approximately 50 mm 

pencil = approximately 160 mm 

felt-tip marker = 140mm 

man = 1.B metres 

On the photomicrographs the "bar" scale is equal to 0.2 mm. 

These scales apply to Chapters IV and V. 
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Fig. 4.1. Lithostratigraphic correlation chart 

for the lower Lincolnshire Limestone. 

The base of the Lincoln Member has 

been taken as the datum level. Each 

member is denoted by a capital letter 

in addition to its name: Greetwell 

Merr~er is B. Formalised subdivisions 

of members are characterised by a 

. , 
"dash": the Hragby Bed 1.S B. Informal 

subdivisions of members are usually 

denoted by a secondary letter: the 

Market Overton beds are BA. Within 

each unit individual beds are numbered 

and sub-beds lettered (in low case). 

The diagram is in the back pocket of 

Volume 2. 
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Fig. 4.2. Lithostratigraphic correlation chart 

for the upper Lincolnshire Limestone. 

The base of the Lincoln Member has 

been taken as the datum level. 

Individual beds (and sub-beds) and 

lithostratigraphic units are denoted 

in the same manner as for the lower 

Lincolnshire Limestone. 
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Fig. 4.3. 

Fig . 4.4·. 

The type section of the Sproxton Member 

exposed at Sproxton Quarry (SK 866253). 

The top (arrowed T) and base (arrowed B) 

are indicated . 

Trace fossils seen on the base of the 

Sproxton Member at Stainby Quarry 

( SK 910233 ). 
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Terminology proposed by Richardson, 1939b, fig. 40 Terminology proposed in this thesis 

bed. 

9 

10 

11 

L.E. S. 

Fig. 4.5. 

0" 

3' 0" 

2' ." 
0' 6'· 

Clay Bed 10" to l' 3" 

Limestone 

Blue Bed Sandstone 

Alternating irregular layers 
of grey, calcareous sst. ft 

3 and sandy clay 

2 

o 

m 
1 

o 

bed. no. 

A3 

A2 

J 

b 

aL·· · ·· .J 
c ~·:~· .. ::t:· :; ·:· 

. . .;...;.,.;.;.;. A1 b . .. 

a I·. i/.~~:.~~ .j 

L.E.S. 

L.E.S. = Lower Estuarine Series 

Black shale (= bed 8) 

Creamy- grey micrite 
(=bed 9) 

(J) 

'"d 
~ o 
X 
t--'] 
o z 

Transitional lithology ~ 
gradational ~ 

Very fine-grained, steel ~ 
~rey sandy limestone ~ 
(::: bed 10) 

(including Richardson's 
bed 11) 

The contrasting interpretations and terminologies applied to the lowest part of the 

Lincolnshire Limestone Formation in the Sproxton district. 
o 
c.n 
(;) 



Fig. 4.6. 

Fig. 4.7. 

Photomicrograph of a quartzose oosparite 

(bed SNQ Ala), typical of Lithology A 

of the Sproxton Member. 

Photomicrograph of a quartzose biomicrite 

(bed SNQ Alc), typical of Lithology B 

of the Sproxton Member. 
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Fig. 4.8. Photomicrograph of a quartzose 

biopelsparite (bed SNQ A2b), typical of 

Lithology C of the Sproxton Member. 

059 



I GRAINS 
LITHOLOGY 

% OF TOTAL MATRIX TEXTURE 
ROCK TYPE SIZE 

C 37% peloids mostly <. 0.062 

6% bioclasts 0 . 4 to 3.0 1J1.m 
Sparite 

Quartzose > Packstone 

biopelsp2.rite 
2% intraclasts 0.35 to 0.7 mm Micrite 

13% quartz silt to v. fiDe sand 

B Ferroan 

Quartzose 4% bioc1asts 0.2 to 2.3 mm dolomite Wackestone 
biomicrite 36% quartz silt to v. fine sand Microspar 

! 

fifter micrite 

A 
30% ooliths mostly 0.25 mm 

Quartzose 2% intraclasts 0.6 to 2.0 mm 
Sparite 

oosparite 7% bioclasts o . 19 to 1. 3 nun > Packstone 
9% peloids 0.09 to 0.14 mm Micrite 

19% quartz fine to medium sand 

fig. 4.9. The principal Ii thological characteristics of the Sproxton r.~elJ1ber. 

, 

I 

o 
(7) 

o 



Fig. 4.10. Correlation of the lowest part of the 

Lincolnshire Limestone Formation 

between Greetwell (Lincoln), Metheringham 

and Sproxton. Note particularly how 

the evidence from the Metheringham 

sequence enables the "Lincoln Blue Beds" 
/ 

(= B2 of this diagram, see also 

Fig. 4.32) to be distinguished from the 

"South Lincolnshire Blue Beds" 

(= Sproxton ~lember at Sproxton). The 

former are a distinctly different, 

higher stratigraphic unit, which has 

here been termed the Wragby Bed. 
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Fig. 4.11. The basal conglomerate of the 

Lincolnshire Limestone seen at 

Greetwell Hollow Quarry, Lincoln 

(TF 003721). The conglomerate 

occurs at the base of the 

Greetwell Member. 



06,J 



Fig. 4.12. Location map showing the main sedimentary 

provinces of the Greetwell Member and 

some important localities. 

LGHQ = Greetwell Hollow Quarry, Lincoln 

MQ = Metheringham Quarry 

LQ = Leadenham Quarry 

RQ = Ropsley Quarry 

LPRC = Little Ponton Railway Cutting 

WWQ = Haltham on the Holds Quarry 

SQ = Stainby Quarry 

SHQ = South Witham Quarry 

TQ = Thistleton Quarry 

GQ = Greetham Quarry 

HQ = Woolfox Quarry 
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Fig. 4.13. 

Fig. 4.14. 

The type section of the Greetwell Member 

exposed at Greetwell Hollow Quarry, 

Lincoln (TF 003721). The top (arrowed 

T) and base (arrowed B) are indicated. 

The hypostratotype of the Greetwell 

Member exposed at Sproxton Quarry 

(SK 866253). The top (arrowed T) and 

base (arrowed B) are indicated. 
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Fig. 4.15. Isopachyte map for the whole of the 

Greetwell Member. Isopachs are in 

metres. Basic data is taken from 

Fig. 4.1. 

19 = Greetwell Hollow Quarry, Lincoln 

m = Metheringham Quarry 

1 = Leadenham Quarry 

a = Ancaster Railway Cutting 

lp = Little Ponton Railway Cutting 

ww = Waltham on the Wolds Quarry 

sn = Sproxton Quarry 

s = Stainby Quarry 

S"1 = South Witham Quarry 

t = . Thistleton Quarry 

g = Greetham Quarry 

w = Yloolfox Quarry 

lb = Little Bytham Quarry 
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Fig. 4.16. Semi-schematic correlation scheme 

proposed for the lower part- of the 

Lincolnshire Limestone Formation 

between South Humberside and South 

Lincolnshire. The sections given 

for specific quarries in the Lincs. 

Lst. are to scale, with the base of 

the Lincoln Member (or its equivalent) 

being taken as the datum level. The 

Grantham Formation and Northampton 

Ironstone are not drawn to scale. 
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Te r olinology proposed in this 
t hesis. 

TerminolorY pr oj:oser. by Kent, 
1966, p. 6S . 

Upper 

Lincolnshire Limestone ..... 

.--
SCOTTLETHORPE MEMBER 

Acanthothi ris cI'oss i Bed -

LINCOUl ( Ropsley Beds 
Cements tones 

MEMBER 

* * 

GREETWELL MEMBER 
Little Pont on Beds 

m ft 
3 .. r'10 

~5 

.... BJue Beds 
0·10. 0 ? 

.... 
? 

* level at which correlation between Kent's and the author's own 
section was made. 

Fir.. 4.17. The contrasting terminologies propos e d fur th e lower 

part of the Lincolnshire Limeston e: at th e Little 

Ponton Raihlay Cuttinf?; (SK 9 30 3?O) . 



Fig. 4.18. 

Fig. 4.19. 

Complex "open" burrow systems, typical 

of Lithofacies A of the Greetwell 

Member, seen in Leadenham Quarry 

(SK 962523). 

Complex "micrite-infilled" burrow 

systems, typical of Lithofacies A of 

the GreetHell Member, seen in Dunston 

Quarry (TF 053634). 
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Fig. 4.20. 

Fig. 4.21. 

Coral head (arrowed) seen in Lithofacies 

A of the Greetwell Member at Leadenham 

Quarry ( SK 962523). 

Complex burrow systems, typical of 

Li thofacies A of the Greetwell ~lember, 

seen in Lithofacies B of that member 

at Leadenham Quarry ( SK 962523). 
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Fig. 4.22. The hardground junction (arrowed) 

separating the Leadenham and Greetwell 

Members at Leadenham Quarry (SK 962523). 
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I 

BED 

LQ B6 

LDCP B3 

RQ B2 

RQ B1 

Fig. 4- .23. 

ILITH~ICAL I GRAINS 

LITHOLOGY % OF TOTAL TYPE MATRIX TEXTURE 
ROCK SIZE 

44% oncolites 0.7 to 2.5 mm 

1396 bioc1asts 0 . 3 to 2.7 rrur. 
Micrite 

A Onco1itic biomicrite » Wackestone 
4% ooliths 0.36 to 0.84 mm Sparite 

4% peloids 0 . 09 to 0.22 mm 
traces intraclasts -

20% oncolites 0.66 to 2.0 mm 
Micrite 

A Oncolitio oornicrite :> 
Wackestone 

32% ooliths 0 .07 to 0.7 mm (bimodal) 
Sparite 

5% bioc1asts 0.14 to 1. 8 mm 

57% oncolites 0.7 to 2.0 mm 
Spari te Wackestone A Oncolitic pelsparite 10% peloids 0.062 to 0.19 mm ~ (bimodal) 

6% bioclasts 0.2 to 6.0 mm Micrite 

4% ooliths ~ 0.4 rom 

6396 ooliths 0.8 to 0.48 mm 
rarely larger (l.lmm) Sparite 

"- Skeletal ocsparite 
9% bioclasts 0.16 to 2.8 mm > 

Micrite 
Packstone 

4% intraclasts 0.4 to 0.7 mm 
-- ~--- - ----~ 

The principal characteristics of Lithofacies A of the Greetwell Member in central Lincolnshire. 

i 
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I 
BED 

LDCP B2 

LGHQ B5b 

Fig. 4.24. 

ILIT~ 
, 

GRAINS 
TYPICAL 

% OF TOTAL MATRIX TEXTURE 
LITHOLOGY ROCK TYPE SIZE 

36% peloids practically all< 0.125 

22% bioclasts 0.062 to 5.6 mm Sparite Packstone / 
B Bio-pelsparites ::$> Grainstone 1% oncolites 0 .35 to 1.5 mm Micrite 

(bimodal) 

traces ooliths 0.19 to 0.6 mm 

55% peloids practically all< 0.125 

12% bioclasts 0.062 ·to 4.4 mm Sparite Packstone B Oncolitic > (bimodal) 
bio-pelsparite 3% oncolites 0.4 to 1.5 mm Micrite 

3% ooliths 0.19 to 0.6 mm 

The principal characteristics of Lithofacies B of the Greenlell Member in central Lincolnshire. 

, 

I 

o 
Q) 
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Fig. 4.25. 

Fig. 4.26. 

Photomicrograph of an oncolitic 

biomicrite (bed LQ B6), typical of 

Lithofacies A of the Greetwell 

Member, seen in central Lincolnshire. 

Photo~icrograph of a skeletal oosparite 

(bed RQ Bl), typical of Lithofacies A 

of the Greetwell Member, seen in central 

Lincolnshire. 
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Fig. 4.27. 

Fig. 4.28. 

Photomicrograph of an oncolitic 

pelsparite (bed RQ B2), typical of 

Lithofacies A of the Greetwell Member, 

seen in central Lincolnshire. Note 

particularly the oolith cores of the 

oncolites (arrowed). 

Photomicrograph of an oncolitic 

oomicrite (bed LDCP B3), typical of 

Lithofacies A of the Greetwell Member, 

seen in central Lincolnshire. Note 

particularly the interstitial incipient 

ooli ths (arrm-Ted). 
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Fig. 4.29. 

Fig. ". 30. 

Photomicrograph of a biopelsparite 

(bed LDCP B2), typical of Lithofacies 

B of the Greetwell Member, seen in 

central Lincolnshire. 

Photomicrograph of a biopelsparite 

(bed LQ BL~C) typical of Lithofacies 

B of the Greetwell Membe~ seen in 

central Lincolnshire. 
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Fig. 4.31. The type section of the Wragby Bed of 

the Greetwell Member exposed at 

Greetwell Hollow Quarry, Lincoln 

(TF 003721). The top (arrO'fled T) and 

base (arrO'fTed B) are indicated. 
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Terminology proposed by Richardson, 1940, 
fig . 29 

SILVER BEDS 

BLUE BEDS 
calcareous 
sandstone 

clay and yellow silt in s tratified layers 

BASE BED oolite 

phosphatised pebbles 

Terminology proposed in this thesis 
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Fig. 4.32. The contrasting interpretations and terminologies applied to the lowest part of the Lincolnshire 

Limestone Formation at Greetwell Hollow, Lincoln (TF 003721). 
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Fig. 4.33. The Metheringham Quarry sequence 

(TF 053616) showing the Wragby Bed 

(arrowed WB) and the Sproxton 

Member (arrowed SM). 
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LITH~ GRAINS 
BED TYPICAL 

% OF TOTAL LITHOLOGY ROCK TYPE SIZE 

5% Ioncolites 0 .8 to 2.2 rnrn 

3. 8% Ibioclasts 0.3 to 2.4 rmn 

/ Oncolitic 37% !peloids below 0.15 I!lIri MQ BSb -
biopelspari te 6% ooliths O. 5 to 1.1 rrm: 

3% quartz silt to v. fine sand 

2. 2396 quartz silt to v. fine sand 
/ 

LGHQ B2b - Quartzose 21% . lPeloids usually < 0.125 rom 

pelsparite 
9% Ibioclasts 0 .125 to 1.6 nun 

-- - ------

Fig. 4.34. The principal lithological characteristics of the Wragby Bed. 

MATRIX 

Sparite 

> 
Micrite 

Sparite 
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Micrite 

TEXTURE 

Packstone 
(bimodal) 

Packstone 
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Fig. 4.35. 

Fig. 4.30. 

Photomicrograph of a quartzose 

pelsparite (bed LGHQ B/2b) , typical 

of Lithology 2 of the Wragby Bed 

(Greetwell Member). 

PhotoTnicrograph of an oncoli tic 

biopelsparite (bed MQ B/5b), typical 

of Lithology 3 of the Wragby Bed 

(Greetwell Member). 



093 



". 



Fig. 4.37. The type section of the Market Overton 

beds (Greetwell Member of south 

Lincolnshire) exposed at Thistleton 

Quarry (SK 903180). The top (arroHed 

T) and base (arrowed B) are indicated. 
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Fig. 4.38. 

Fig. 4.39. 

Laminations seen in Subfacies Bl of the 

Market Overton beds (Greetwell Member) 

at Stainby (SK 910233). Fine peloid

rich/peloid poor laminae with "single 

fossil stringers" (arrowed 1) and 

coarser, parallel or cross laminations 

of alternating bioclastic-rich/bioclastic

poor laminae (arrowed 2) are indicated. 

Alternating bioclastic/micritic laminae 

seen in Subfacies Bl of the Market 

Ov rton beds (Greetwell Member) at 

Sproxton (SK 866253). Doth parallel 

and cross-laminated sequences can be 

seen. (Blo ck from bed SNQ BA 5b) . 

Note par icularly the irregular bases 

and flat tops of the micritic micro

beds (arrm1ed), which have suffered 

later scour in some cases. 
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BED 

TQ BA3 

TQ EAl 

Fig. 4.40. 

LITH~ GRAINS 
TYPICAL 

% OF TOTAL MATRIX TEXTURE 
LITHOLOGY ROCK TYPE SIZE 

19% quartz silt to v. fine sand Mudstone 

A Silty biomicrite Micrite (without silt 

3% bioclasts 0.2 to 3.0 mm Wackestone 

mostly > 0.5 T"m 

7% bioclasts 0.2 to 4.8 mm 

A Biomicrite 
2% peloids 0.031 to 0.46 tmTl 

Micrite Wackestone 

1% quartz silt to v. fine sand 

The principal characteristics of Lithofacies A of the Market Overton beds (Greetwell Member of south 

Lincolnshire) . 

o 
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BED 

TQ BASc 

SNQ BA2 

Fig. 4. 41. 

LITH~ GRAINS 
TYPICAL 

% OF TOTAL MATRIX TEXTURE 
LITHOLOGY ROCK TYPE SIZE 

41% peloids mostly < 0.125 rom 
max. seen 0.3 mm 

7% bioclasts 0.09 to 1. 6 rom 
Sparite 

B Pelsparite ~ Packstone 
2% intraclasts 0.6 to 2.2 rom Micrite 

13% ooliths 0.4 to 1.05 mm 

1% oncolites 0 .9 to 2.6 rom 

2% quartz silt to v. fine sand 

13% bioclasts 0.15 to 4.1 nun 

35% peloids mostly 0.025 to 0.031 
Sparite 

B Silty biopelsparite max. seen 0.3 mm 
> Packstone 

traces intraclasts ~ 0.4 mm Micri te 

17% quartz silt to v. fine sand 

The principal characteristics of Lithofacies B of the Market Overton beds (Greetwell Member of south 

Lincolnshire) . 

o 
CO 
CD 



Fig. 4.42. 

Fig. 4.43. 

Photomicrograph of a biomicrite (bed 

TQ BA 1), typical of Lithofacies A 

of the Market Overton beds (Greetwell 

Member of south Lincolnshire). 

Photo~icrograph of a silty biomicrite 

(bed TQ BA 3), typical of Lithofacies A 

of the Harket Overton beds (Greetwell 

Member of south Lincolnshire). 
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Fig. 4.44. 

Fig. 4.45. 

Photomicrograph of a pelsparite (bed 

TQ BA 5c), typical of Lithofacies B 

of the Market OVerton beds (Greetwell 

Member of south Lincolnshire). 

The type section of the Thistleton beds 

(Greetwell Member of south Lincolnshire) 

exposed at Thistleton Quarry (SK 903180). 

The top (arro,"Ted T) and base (arrowed B) 

are indicated. 
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Fig. 4.46. The contrasting terminologies and 

stratigraphic interpretations, which 

have been applied to the lower part 

of the Lincolnshire Limestone at 

Thist1eton (SK 903180) and south 

Witham (SK 917189) quarries. 



Terminology proposed in this 
thesis 

SCOTTLETHORPE 
r.EHBER 

LINCOLN HEr-!BER 

Woolfox beds 

South Witham 
(SK 917189) 

1---....... . 

Greetham fossil beds c== I----i 

South Witham beds 

Thistleton beds 

t---

M fT 

2}6 

010 

Terminology proposed 
by HollingvTorth and 
Taylor (1951) 

Crossi Bed 

"unnamed beds" 

Pholadomya Bed? 
Pholadomya Bed 

"unnamed beds"? 

"unnamed beds" 

Pisolite Group 
Pisolite Group? , 

( 8-10) 

Sandy Lime~tone 
Group (5-17) 

, 
Rag (4-6) 

Thistleton 
(SK 903180) 

?--I~--i 

? 

.. .. . *,* ..... 
l.f.~ 

* Correlation level between author's own section 

and that of Hollingworth and Taylor (1951) 

Terminology proDosed in this 
thesis 

Greetham Fossil beds 

South Witham beds 

Thistleton beds 

Market Overton ceds 

SPROXTON MEMBER 

~ 

o .... 



Fig. 4.47. The erosive downcutting of the 

Woolf 01< beds (Greetwell Member) into 

the Gl"ed~~m FossIl beds (Greetwell Member) 

seen in Greetham Quarry (SK 933146). 
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Fig. 4.48. Finely laminated (arrowed), peloidal 

calcarenites typical of Subfacies Cl 

of the Thistleton beds (Greetwell 

Member) pictured at Thistleton Quarry 

(SK 903180). Bed TQ BB3 is pictured. 
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Fig. 4.49. The principal characteristics of the 

lithofacies of the Thistleton beds 

(Greetwell Member of south Lincolnshire). 



LITH~TYPlCAL 
BED % OF TOTAL LITHOLOGY ROCK 

47% 

TQ BBS C Skeletal pelsparite 
17% 

2% 

traces 
3% 

45% 

TQ BB4 C Skeletal ~elsparite 
8% 

1% 

3% 
55% 

4% 
TQ BB3 C Skeletal pelsparite traces 

1% 
5% 

54% 

2% 
TQ BB2 B Oosparite 

2% 

10% 
7% 

50% 

TQ BBl A Oolitic biosparite 6% 

7% 

3% 

GRAINS 

TYPE SIZE 

peloids 0.062 to 0.125 mm 

bioclasts 0.062 to 2.7 rom 

ooliths 0.3 to 1.1 rnm 

oncolites 0.7 to 1. 8 mm 
Quartz silt" -rn u -!=iT\A c::~rrl 

peloids mostly 0.04 to 0.125 mm 
max. seen 0.3 mrr 

Ibioclasts 0.05 to 2.8 mm 
'Ooliths 0.3 mm 

quartz silt to v. fine sand 
peloids 0.062 to 0.19 mm 

~ioclasts o . 065 to 1. 6 mm 

poliths 0.09 to 0.3 mm 

!intraclasts ~ 1.8 mm 

~uartz silt to v. fine sand 

poliths 0.2 to 0.7 mm 

bioclasts 0.18 to 2.6 rnm 

pncolites 0.6 to 1.6 rnm 

tintraclasts 2.2 !PIT' 

Peloids 0.031 to 0.125 mm 

~ioclasts 0.2 to ~.8 rrm 

poliths mostly 0.2 to 0.6 mm 
max. seen 1.1 mm 

tLntraclasts 0.8 to 2.1 mm 
lPeloids <. 0.2 mm 

MATRIX 

Sparite 
~ 

~ficri te 

Sparite 
~ 

Micrite 

Sparite 
>-

Micrite 

Sparite 
> 

Micrite 

Sparite 

TEXTURE 

Packstone 

Packstone 

Packstone 

Packstone 

Grainstone 

~ 

~ 
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Fig. 4.50. 

Fig. 4.51. 

Photomicrograph of an oolitic biosparite 

(bed TQ BB l), typical of Lithofacies A 

of the Thistleton beds (Greetwell Member 

of south Lincolnshire). 

Photomicrograph of an oosparite (bed 

TQ BB 2), typical of Lithofacies B 

of the Thistleton beds (Greetwell 

Member of south Lincolnshire). 
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Fig. 4.52. 

Fig. 4.53. 

Photomicrograph of an oosparite (bed 

SWQ BB 1), typical of Lithofacies Bl 

of the Thistleton beds (Greetwell 

Member of south Lincolnshire). 

Photorricrograph of a skeletal pelsparite 

(bed TQ BB 3), typical of Lithofacies C 

of the Thistleton beds (Greetwell Merr~er 

of south Lincolnshire). 
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Fig. 4.54. 

Fig. 4.55. 

Very fine parallel (arrowed 1) and 

cross laminations (arrowed 2) seen in 

peloidal calcarenites, typical of 

Sub facies Cl of the Thistleton beds 

(Greetwell Hember). A weathered face 

of a block from bed TQ BB3 is pictured. 

Laminations typical of Subfacies Cl of 

the Thistleton beds (Greetwell Member) ~ br 
bioturbation. (Bed TQ BBS is pictured). 
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Fig. 4.56. 

Fig. 4.57. 

Storm layer (arrowed) seen in a laminated 

sequence of the Thistleton beds (Greetwell 

Member). The storm layer is typical of 

Subfacies C2 of the Thistleton beds. 

(Bed TQ BB5 is pictured). 

Single vertical burrow (Skolithos? ) 

cutting through both laminated and storm 

layers of Lithofacies C of the Thistleton 

beds (Greetwell Member). The weather'ed 

side of the block (bed TQ BB5) figur'ed 

in Fig. 4.56. is pictured. 

116 



Fig. 4.58. The type section of the South Witham 

beds (Greetwell Member of south 

Lincolnshire) exposed at South Witham 

Quarry (SK 917189). The top (arrowed 

T) and base (arrowed B) are indicated. 
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Fig. 4.59. Isopachyte map for the South Witham 

beds of the Greetwell Member. Isopachs 

are in metres. Basic data is taken 

from Fig. 4.1. 

lp = Little Ponton Railway Cutting 

ww = Waltham on the Wolds Quarry 

sn = Sproxton Quarry 

s = Stainby Quarry 

sw = South Witham Quarry 

t = Thistleton Quarry 

g = Greetham Quarry 

w = Woolfox Quarry 

lb = Little Bytham Quarry 
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Fig. 4.60. 

Fig. 4.61. 

The South Witham beds (marked SWb) 

exposed at Little Bytham Quarry 

(TF 013178). 

"Skolithos"-like burrows cutting the 

laminations, typical of Subfacies Bl 

of the South \-litham beds (Greetwell 

Member). Block pictured comes from 

bed SQ Be 8. 
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Fig. 4.62. 

Fig. 63. 

Micritic "micro-beds" (arrowed), typical of 

Subfacies B1. of the South Witham beds 

(Greetwell Member). The block pictured comes 

from bed WQ BC 3d. 

Vertical burrows (arrowed) cutting through the 

micritic "micro-beds" of Subfacies B1 of the South 

Witham heds (Greetwell Member). Faint lamin at i ons 

wi thin the micritic "micro-beds" are arrowed (:2). 

This is the polished rever.se side of the block 

{bed WQ BC 3d.} shown in Fig. 4.62. 
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BED 

SNQ BC4 

SYlQ BCla 

SNQ BCl 

TQ BCla 

Fig. 4. 64 . 

LITH~ICAL GRAINS 

LITHOLOGY % OF TOTAL TYPE MATRIX TEXTURE 
ROCK SIZE 

50% peloids 0.031 to 0.19 mm 

1290 bioclasts 0.3 to 3.6 rnm 
Sparite 

B Skeletal pelsparite "> Packstone 
3% oncoli tes 0.5 to 1.5 rnm Micrite 
3% quartz silt 

54% peloids 0.045 to 0.22 mm 

Skeletal 5% ooliths 0.2 to 1. 4 mm 
Sparite Packstone 

A '> (bimodal) 
oolitic pelsparite 1% intraclasts 1.2 to 2.8 mm Micrite 

10% bioclasts 0.125 to 8.3 mID 

40% ooliths 0.2 to 1.1 mm 

18% peloids 0.062 to 0.15 mm Sparite Packstone 
A Peloidal oosparite 

10% intraclasts > (bimodal) 1. 2 to 3.3 mm Micrite 
4% bioclasts 0.1 to 3.2 mm 

9% oncolites 1.0 to 1. 3 mm 

57% ooliths 0.15 to 1.1 mm 

12% peloids usually 0.062 to 0.125 Sparite Packstone A Peloidal oosparite max. 0.125 rnm > (bimodal ) 
15% intraclasts 1.1 to 1.9 mm 

Micrite 

1% bioclasts 0.19 to 2.9 mm 
- - -- --- ---------- - -- - --~------ -- ----- - - ---- ------ -----

The principal characteristics of t he lithofacies of the South Witham beds ( Greetvlell f-!ember of south 

Li ncolnshire) . 
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Fig. 4.65. 

Fig. 4.66. 

Photomicrograph of a skeletal oolitic 

pelsparite (bed SWQ BC la), typical of 

Lithofacies A of the South Witham beds 

(Greetwell Member of south Lincolnshire). 

Photo~icrograph of a peloidal oosparite 

(bed SNQ BC 1), typical of Lithofacies 

A of the South Witham beds (Greetwell 

Member of south Lincolnshire). 
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Fig. 4.67. 

Fig. 4.68. 

Photomicrograph of a peloidal oosparite 

(bed TQ BC la), typical of Lithofacies 

A of the South Hitham beds (Greetwell 

Member of south Lincolnshire). 

Photom,icrograph of a skeletal pelspari te 

(bed SNQ BC4), typical of Lithofacies B 

of the South Witham beds (Greetwell 

Member of south Lincolnshire). 
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Fig.4.69. 

Fig. 4. 70. 

Parallel lamination, typical of Subfacies B1 of 

the South Witham beds (Greetwell Member), 

destroyed by bioturbation. The block pictured 

comes from bed SQ BC 8. 

Photomicrograph of a stained peel of a 

laminated calcarenite (bed SQ BC 8), typical 

of Subfacies B 1 of the South Witham beds 

(Greetwell Member). 
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Fig. 4.71. Trophic-Substrate niche chart for 

the Greetham Fossil beds (Greetwell 

Member) fauna from Greetham Quarry 

(SK 933146). 

S = Suspension feeder 

D = Deposit feeder 

G = Grazer (herbivorous) 

F = Filter feeder 



BED 

GQ GQ SPECIES 
BDl BD2 

x Astarte minima Phillips 
x x Ccmptonectes s p . 1 

x Ctenos treon cf. rugosum (W . Srr~~h) 

x Gress lya sp. indet. 
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X x Lima (RegaLlima) ool;tica Lycett 
X x Linsdallia suadrata (J . de C. Scwerby) 
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x x Lopha s p . l. 
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Fig. 4.72. 

Fig. 4.73. 

The type section of the Woolfox beds 

(Greetwell Member of south Lincolnshire) 

exposed at Woolfox Quarry (SK 951136). 

The top (arrowed T) and base (arro'fTed B) 

are indicated. 

Truncation of the South Witham beds by 

the Hoolfox beds, seen at Stainby Quarry 

(SK 910233). The contact is arrowed. 
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Fig. 4.74. Photomicrograph of an oosparite (bed 

WQ BE), typical of Lithofacies A of 

the Woolfox beds (Greetwell Member of 

south Lincolnshire). 
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LITH~ GRAINS 
BED TYPICAL 

% OF TOTAL MATRIX TEXTURE 
LITHOLOGY ROCK TYPE SIZE 

70% ooliths 0.15 to 0.6 mm 

r,;Q BE A Oosparite 1% bioclasts 0 .19 to 5.0 mm Sparite Grainstone 

2% intraclasts 0.7 to 0.75 mm 

.... 

79% ooliths 0.2 · to 1.0 mm 

GQ BE A Oosparite 3% bioclasts O.S to 2.4 mm Sparite Grainstone 

traces intraclasts ~ 0.7 mm 

Fig. 4.75. The principal characteristics of Lithofacies A of the Woolfox beds (Greetwell Member of south Lincolnshire), 

.... 
'" c,"l 



Fig. 4.76. 

Fig. 4.77. 

Photomicrograph of a skeletal oosparite 

(bed WWQ BE), typical of Lithofacies A 

of the Woolfox beds, showing ooliths 

with radial fabric, which is picked out 

by "columns" of included-micrite. 

Photomicrograph of a skeletal oosparite 

(bed WWQ BE), typical of Lithofacies A 

of the Woolfox beds, showing a broken 

oolith incorporated within a "secondary" 

oolitic coating. 
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Fig. 4.78. The type section of the Leadenham Member 

exposed at Leadenham Quarry (SK 962523). 

The top (arrowed T) and base (arrowed B) 

are indicated. 
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Fig. 4.79. The contrasting terminologies and 

stratigraphic interpretations, which 

have been applied to the lower 

IJincolnshire Limestone at Greetwell, 

Lincoln (TF 003721) and Leadenham 

(SK 962523). 

L.S.M. = Lindsey Shale Member 

R.B. = Ropsley Beds 

C.B. = Cathedral Beds 

N.I. = Northampton Ironstone 

,', = Levels at which correlation 

between the author's own 

sequence and that of evans 

(1952) were made 
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Fig. 4.80. Isopachyte map for the Leadenham Member 

(including Cathedral Beds) . Isopachs 

are in metres. Basic data is taken 

from Fig. 4.1. 

LDCP = Dean and Chapter Pit, Lincoln 

BVQ = Branston Quarry 

DQ = Dunston Quarry 

MQ = Metheringham Quarry 

HQ = Harms ton Quarry 

CQ = Coleby Quarry 

LQ = Leadenham Quarry 

ARC = Ancaster Railway Cutting 

LPRC = Little Ponton Railway Cutting 

P.Q = Ropsley Quarry 
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Fig. 4.81. 

Fig. 4.82. 

A Pholado~a lirata (J. Sowerby) seen 

in "life position" in the Leadenham 

Member at Leadenham Quarry (SK 962523). 

Plan view of a block (bed HQ C3) from 

the Leadenham Member of Harmston 

Quarry (SK 992619), showing Zoophycos sp. 

(arrowed HQ 12) and Chrondrites sp. 

(arro'\<Ied HQ 13). 





LITH~rCAL GRAINS 
BED 

LITHOLOGY % OF TOTAL TYPE ROCK SIZE 

16% ~ioclasts 0.3 to 8.0 mm 

LQ C5 A Biomicrite 9% !peloids 0.062 to 0.28 nun 

1% jquartz silt 

6% bioclasts 0.25 to 1.3 nun 
LDCP C6 A Quartzose biomicrite 

8% quartz silt 

7% pncolites 0.6 to 1.6 mm 

CQ C3a B Oncolitic biomicrite 36% ~ioclasts 0.4 to 4.5 mm 

4% tpeloids mostly 0.125 rmn 

3% jquartz silt 

34% J:>ioclasts 0.5 to 4.2 mm 

CQ C3a B Biosparite 
28% pncolites 1.1 to 3.2 mm 

base 
usually 0.2 to 0 . 8 mIT' I 6% lPeloids 

I 

Fig . '-r . 83. The principal characteristics of the Lithofacies of the Leadenham MeJT'ber . 
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Fig. 4.84. 

fig. 4.85. 

Photomicrograph of a biomicrite (bed LQ C5), 

typical of Lithofacies A of the Leadenham 

Member. 

Photomicrograph of a biopelsparite lens 

(bed LQ C9c), typical of Lithofacies A 

of the Leadenham Member. 
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Fig. If.86. 

Fig. Lf.87. 

-----

Photomicrograph of a biosparite (base of 

bed CQ C3a), typical of Lithofacies B 

of the Leadenham Member. 

Photomicrograph of an oncolite biomicrite 

(bed CQ C3a), typical of Lithofacies B of 

the Leadenham Member, showing an oncoli te 

with silt included in its amorphous 

micrite-rim (arrowed). 
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Fig. 4.88. Species distribution chart for the 

commoner forms present in the 

Leadenham Member (Lithofacies A). 

Species with the wider geographical 

range also tend to be the commonest 

forms. (Some "absences" may be due 

to collection failure as sample 

sizes are variable). 
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SPECIES 

Bivalves 

Astarte minima Phillips 
Camptomectes laminatus (J. Sowerby) 
Camptonectes sp. 1. 
Grammatodon sp. 1. 
Gresslya abducta (Phillips) 
Lopha marshii 
Modiolus (Inoperna) plicatus (J. 

Sowerby) 
Ostrea (Catinula) ampulla d'Archiac 

Oxytoma sp. 1. 

Oxytoma sp. 2. 
Parallelodon hirsonensis (d'Archiac) 
Pholadomya lirata (J. Sowerby) 
Pinna cuneata Phillips 
Plagiostoma pontonis (Lycett) 
Plagiostoma oolitica (Lycett) 
Pleuromya ~niformis (J. Sowerby) 
Protocardia sp. 1. 
Protocardia sp. 2. 

Gastropods 
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a single 

bed 

Fig. 4.89. 

-c 

2 

-----1 

Probable sediment
water interface during 
life of Pinna 2 . ---

Probable sediment-
- - - - - - - - - -A water interface during 

life cf Pinna l. - --

Schematic representation of Pinna colonies in the Leadenham Member . At the hypothetical sediment-

water interface level B, it is apparent that Pinnae I and 2 could not have co-existed because 

Pinna 2 would have insufficient anchorage and the sediment would be too close to the posterior 

margin of Pinria 1. The bed's colony must therefore represent a number of distinct generations ~ 
---- Q 

of Pinna that existed at separate times during the bed's deposition. ~ 



Fig. 4.90. Trophic-Substrate niche chart for the 

fauna from Lithofacies A of the 

Leadenham Member at Leadenham Quarry 

(SK 962523 ). 

S = Suspension feeder 

C = Carnivore 

G = Grazer (herbivorous) 

• = Common element of the fauna 
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Fig. 4.91. Pinna cuneata Phillips colonies from 

the Leadenham Member of Dunston Quarry 

(TF 053634). Note the near-parallel 

alignment of the dorsa-ventral axes of 

the bivalves. The block pictured comes 

from bed DQ C7a. 
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direction of water current 

EC 

Posterior view 

External view 
of right valve 

direction of--------~ 
water currents Posterior view 

A = Anterior 

D = Dorsal 
, 

= Posterior 

EC = Exhalent current 
IC = Inhalent current 

Fig. 4.92. Diagrammatic representation of "advantage" 

gained from current alignment by Pinna 

cuneata Phillips. 
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Fig. 4.93. Palaeocurrent directions derived from 

Pinna cuneata Phillips related to the 

isopachyte map of the Leadenham Member. 

(Isopachs are given in metres. The 

palaeocurrent directions given are 

"lineations" and therefore are 

"symmetrical". (See Appendix 4). 
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Fig. 4.94. The type section of the Cathedral Beds 

(Leadenham Member) exposed at the Dean and 

Chapter Pit, Lincoln (SK 977734). The top 

(arrowed T) and base (arrowed B) are 

indicated. 

Fig. 1I.95. Photorni::rograph of a skeletal-oncolite 

" bearing quartzose biomicrite (bed LDCP C 4), 

the typical limestone lithology of the 

Cathedral Beds (Leadenham Member). 
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Fig. 4.96. 

Fig. 4.97. 

Photomicrograph of a skeletal-oncolite 

quartzose biomicrite (bed LDCP C/4) of the 

Cathedral Beds (Leadenham Member), showing 

the intertwined algal filaments (arrowed) 

present within a skeletal-oncolite. 

Photomicrograph of a skeletal-oncolite 

bearing quartzose biomicrite (bed LGHQ C'2) 

of the Cathedral Beds, showing neomorphic 

spar. 
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Fig. 4.98. 

Fig. 4.99. 

The type section of the Lincoln Member 

exposed at Greetwell Hollow Quarry, Lincoln 

(TF 003721). The top (arrowed T) and base 

(arro\-Ied B) are indicated. 

The hypostratotype of the Lincoln Member 

exposed at Stainby Quarry (SK 910233). 

The top (arrowed T) and base (arrmled B) 

are indicated. 
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Fig. 4.100. Massive oolite (arrowed), forming base 

of the Lincoln Member, overlying 

"Cementstones-facies" rocks at 

Metheringham Quarry (TF 053616). 
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Fig. 4.101. 

Fig. 4.102 

The heavily weathered base (arrowed) of 

the Lincoln Member seen at Stainby Quarry 

(SK 910233). 

Close-up of the weathered base of the 

Lincoln Member at Stainby Quarry (SK 910233), 

showing decalcified, iron-stained moulds 

of Thecosmilia sp. 
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BED 

MQ C3 

MQ C2a 

MQ Dl 

Fig. 4.103 . 

LITH~TYPICAL GRAINS 
MATRIX TEXTURE LITHOLOGY % OF TOTAL TYPE SIZE ROCK 

9% oncolites 0 .28 to 1.7 mrn 

0.2 to 2.8 mrn Micrite / 10% bioclasts B Oncolitic oomicrite 
(T!luch Wackestone 12% ooliths 0.4 to 0.7 rom 

T!licrospar) 
10% peloids 0.09 to 0.3 rom 

41% oncolites 0.4 to 2.4 mm 

B Oncolitic 
3% bioclasts O. 15 to 1. 4 mm Micrite Wackestone 

biopelmicrite 
12% peloids 0.1 to 0.4 mm 

20% oncolites 0.8 to 2.2 mm 

28% ooliths 0.18 to 0.9 mm Sparite Packstone A Oncolitic oosparite >"> 
5% bioclasts 0.2 to 3.2 mm Micrite (/Grainstone) 
7% peloids 0 .2 to 0.8 mm 

-- - -- -- - --~ 

The principal characteristics of the lithofacies of the Lincoln Member in central Lincolnshire. 

~ 
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BED 

! SQ Dlc 

WQ Dl 

Fig. 4.104. 

LITH~ GRAINS 
TYPICAL 

% OF TOTAL l-'lATRIX TEXTURE 
LITHOLOGY ROCK TYPE SIZE 

7% oncolites 0 .6 to 3.6 nun 

Oncolitic 14% ~ioclasts 0.4 to 6.2 mm 
B biopelmicrite Micrite Wackestone 

2% poliths 0.6 to 1.2 rnm 

12% ~eloids 0 . 062 to 0.2 rnm 

55% poliths 0.3 to 0.8 rnm 

11% ~ntraclasts 0.8 to 2.9 mm Sparite 
A Skeletal oosparite > Grainstone 

6% ~ioclasts 0.5 to 2.2 mm Micrite 

2% ~loids mostly < 0.125 mrn 

The principal characteristics of the lithofacies of the Lincoln Member in south Lincolnshire. 

~ 
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fIJ 



Fig. 4.105. 

Fig. 4.106. 

Photomicrograph of a skeletal oosparite 

(bed WQ Dl), typical of Lithofacies A 

of the Lincoln Member. 

Photomicrograph of an oncolitic biopel

micri te (bed MQ D2a), typical of 

Lithofacies B of the Lincoln Member. 
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Fig. 4.107. Photomicrograph of an oncolitic 

biopelmicrite (bed SQ Dlc) , typical 

of Lithofacies B of the Lincoln 

Member. 
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Fig. 4.108. Taxonomic l:Omr-05 jtl~ chortfor the fauna 

of the Lincoln Member ( excluding 

the Ropsley Beds ) . 
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Fig. 4.109. Trophic-Substrate niche chart for the 

Lincoln Member fauna from the Greetwell 

Hollow Quarry, Lincoln (TF 003721). 

S = Suspension feeder 

F = Filter feeder 

C = Carnivore 

G = Grazer (herbivorous ) 

D = Deposit feeder 
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Fig. 4.110. Trophic-Substrate niche chart for the 

fauna of the Lincoln Member biostrome 

seen at the Dean and Chapter Pit, 

Lincoln (SK 977734). 

S = Suspension feeder 

F = Filter feeder 

G = Grazer (he~vorous) 
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Fig. 4.111. The type section of the Rops1ey Beds 

(Lincoln Member) exposed at Ropsley 

Quarry (TF 002364). The top (arrowed 

T) and base (arrowed B) are indicated. 
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Fig. 4.112. Isopachyte map for the Ropsley Beds of 

the Lincoln Member. Isopachs are in 

metres. Basic data is taken from 

Fig. 4.1. 

HQ = Harmston Quarry 

MQ = Metheringham Quarry 

LQ = Leadenham Quarry 

ARC = Ancaster Railway Cutting 

RQ = Ropsley Quarry 

LPRC = Little Ponton Railway Cutting 

SNQ = Sproxton Quarry 

SQ = Stainby Quarry 
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Fig. 4.113. 

Fig. 4.114. 

Downcutting of the Sleaford Member into 

the Ropsley Beds (Lincoln Member) at 

Copper Hill Quarry, Ancaster (SK 979ij27). 

The erosive contact is arrowed. 

"Li thophaga" type borings penetrating 

the tqp of the Ropsley Beds (Lincoln 

Member) at Copper Hill Quarry, Ancaster 

(SK 979427). The borings occur at the 

erosive contact between the Sleaford 

Member and Ropsley Beds, and are 

infilled with ooliths from the 

Sleaford Hember. 
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Fig. 4.115. Photomicrograph of a biomicrite (bed 

" RQ D 1), the typical lithology of the 

Ropsley Beds (Lincoln Member). 



Fig. 4.116. Trophic-Substrate niche chart for the 

Rops1ey Beds fauna from Rops1ey Quarry 

(TF 002364). 

S = Suspension feeder 

C = Carnivore 

G = Grazer (herbivorous) 

F = Filter feeder 
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Fig. 4.117. 

Fig. 4.118. 

The type section of the Little Bytharn beds 

(Lincoln Member) exposed at Little Bytharn 

Quarry (TF 013178). The top (arro\-1ed T) 

and base (arrm·red B) are indicated. 

The type section of the Scottlethorpe 

Member exposed at Scottlethorpe Quarry, 

Edenharn (TF 04620 1,.). The top (arrowed 

T) and base (arrowed B) are indicated. 
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Fig. 4.119. Isopachyte map for the Scottlethorpe 

Member. Isopachs are in metres. Basic 

data is taken from Fig. 4.l. 

HQ = Harmston Quarry 

MQ = Metheringham Quarry 

LQ = Leadenham Quarry 

AQ = Ancaster (Castle) Quarry 

RQ = Ropsley Quarry 

LPRC = Little Ponton Railway Cutting 

SNQ = Sproxton Quarry 

SQ = Stainby Quarry 

SWQ = South Witham Quarry 

WQ = Woolfox Quarry 

CSFQ = Soil Fertility Quarry, Clipsham 

CBQ = Castle Bytham Quarry 

LBQ = Little Bytham Quarry 

SQE = Scottlethorpe Quarry , Edenham 
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Fig. 4.120. Downcutting of the Sleaford Member 

into the Lincoln Member at Great 

Ponton Quarry (SK 935303). The 

Sleaford Member/Lincoln Member 

contact is arrowed 1; the Lincoln 

Member/Greetwell Member contact is 

arrowed 2. 
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LITH~YPICAL GRAINS 
BED % OF TOTAL LITHOLOGY 

ROCK TYPE SIZE 

14% bioclasts up to 8 mm 

CSFQ E3a C Biomicri te 
5% peloids 0.02 to 0.6 nun 

2% oncolites 1. 3 to 2.2 mm 

29% ooliths usually 0.2 to 0.8 rom 
max. 1. 5 nun 

RQ E4 B Skeletal oornicrite 
6% Ibioclasts 0.2 to 3.6 rom 

4% intraclasts 1. 5 to 2.1 rom 

15% oncolites around 0.8 rom 

51% ooliths 0.3 to 1.5 nun 
usually 0.4 to 1.0 nun 

LPRC Ela A Skeletal oosparite 5% ~ioclasts 0.5 to 2.3 rom 

7% !intraclasts 1.1 to 1.8 rom 

4% tpeloids < 0.2 nun 

Fig. 4.121. The principal characteristics of the lithofacies of the Scottlethorpe Member. 
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Fig. 4.122. 

Fig. 4.123. 

Photomicrograph of a skeletal oosparite 

(bed LPRC Ela), typical of Lithofacies A 

of the Scottlethorpe Member. 

Photomicrograph of a skeletal oomicrite 

(bed RQ El~), typical of Lithofacies B 

of the Scottlethorpe Member. 
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Fig. 4.124. 

Fig. 4·.125. 

Photomicrograph of a biomicrite (bed CSFQ 

E3a), typical of Lithofacies C of the 

Scottlethorpe Member. 

Biohermal domes of Thecosmilia sp . (?) 

corals seen in the Scottlethorpe Member 

of the Soil Fertility Quarry, Clipsham 

( SK 978154). 
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Fig. 4.126. The type section of the Lindsey Shale 

Member exposed near Kirton in Lindsey 

(SE 940014). The top (arrowed T) and 

base (arrowed B) are indicated. 
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Fig. 4.127. The stratigraphical interpretation . 

proposed for Harmston Quarry (SK 992619). 

Note in particular that the Lindsey 

Shale Member (formerly Kirton Shale) 

and Scottlethorpe Member (including 

former Crossi Beds) are considered to 

interdigitate. 
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Fig. 4.12B. 

Fig. 4.129. 

A "False Formation" exposed in the 

Lindsey Shale Member of the Manton 

Stone Company Quarry near Kirton in 

Lindsey (SE 940024). 

The type section of the Metheringham 

Member exposed in Metheringham Quarry 

(TF 053616). The top (arrowed T) and 

base (arrowed B) are indicated. 
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Fig. 4.130. 

Fig. 4.131. 

The gradational contact between the 

Metheringham and Lindsey Shale Members 

seen at Greetwell Hollow Quarry, Lincoln 

(TF 003721). 

Thalassinoides sp. (arrowed) and other 

horizontal traces seen on the base of the 

Metheringham Member at Metheringham 

Quarry (TF 053616). 

203 



LITH~YPICAL GRAINS' 
BED 

LITHOLOGY % OF TOTAL TYPE SIZE ROCK 

'" • 
48% oncolites 0.75 to 2.1 mm 

Silty 
13% peloids 0.062 to 0.125 mm 

MQ H6 - oncolitic pelsparite to 1. 3 mm 7% bioclasts 0.15 

2% quartz silt to v. fine sand 

43% ooliths 0.4 to 1. 3 mm 

21% oncolites 1.1 to 2.1 mm 
MQ H3 - Oncolitic oosparite 

10% peloids 0.2 to 0.4 mm 

2% bioclasts 0.3 to 2.0 mm 

0.2 to 1. 3 mm 
55% 

MQ Hl - Oosparite ooliths mostly 0.4 to 0.8 mm 

18% intraclasts 0.6 to 1.4 mm 

5% bioclasts 0.3 to 2.6 mm 

Fig. 4.132. The principal characteristics of the lithofacies of the Metheringham Member. 
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Fig. 4.133. 

Fig. 4.134. 

Photomicrograph of an oosparite (bed 

MQ HI), the typical lithology of the 

Metheringham Member. 

Photomicrograph of a biomicrite (bed 

KLA HI), which forms the basal bed 

(= former Upper Crossi Bed) of the 

Metheringham Member in South Humberside. 
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Fig. 4.135. Abundant "Nerin, .ea" spp. (arrowed) 

gastropods, which are the characteristic 

faunal element of the Blankney Member, 

seen in the Metheringham Quarry (TF 053616) 

sequence. 
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Fig. 4.136. 

Fig. 4.137. 

The type section of the Blankney 

Member exposed in Metheringharn Quarry 

(TF 053616). The top (arrowed T) and 

base (arrowed B) are indicated. 

The hypostratotype of the Blankney 

Member exposed at Long Hollow Quarry, 

Braceby (TF 010351). The top (arrowed 

T) and base (arrowed B) are indicated. 
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Fig. 4.138. 

Fig. 4.139. 

"Dogger-like" concretions (arrowed) 

seen in the Blankney Member at 

Metheringham Quarry (Tr 053616). 

Plan view of dense Skolithos sp. burrows 

from the Blankney Member of Metherineham 

Quarry (TF 053616). Possible connections 

between adjacent pipes, which may form 

vertical, U-shaped burrows, are arrowed. 

210 



LITH~ICAL GRAINS 
BED % OF TOTAL TYPE SIZE LITHOLOGY 

ROCK 

53% peloids 0.062 to 0.125 rom 
MQ I A Quartzose pelsparite 3% bioclasts 0.062 to 0.187 mm 

13% quartz silt to v. fine sand 

51% peloids 0.031 to 0.37 mm 
mostly 0.062 to 0.19 mm 

/ 9% bioclasts o . 12 5 to 1. 6 mm BLHQ Ii A Skeleta~ pelsparite 
mostly 0.125 to 0.25 mm 

3% ooliths 0.15 to 0.37 rom 

2% quartz silt to v. fine sand 

23% ooliths 0.2 to 0.85 mm 
mostly 0.25 to 0.4 mm 

BLHQ 12d B Peloidal oosparite 42% peloids <.0. 2 mIll 

9% !bioclasts 0.15 to 4.4 mm 

4% intraclasts 0.8 to 1. 8 mm 

51% ooliths 0 .2 to 1.4 rom 

SHQ 16 C Skeletal oosparite 9% Ibioclasts 0.2 to 5.8 mrn 

7% intraclasts 1. 2 to 3. 7 mrn 

8% peloids 0.15 to 0.25 mrn 

Fig. 4.140 . The principal characteristics of the lithofacies of the Blankney Member. 
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Fig. 4.141. 

Fig. 4·.142. 

Photomicrograph of a quartzose pelsparite 

(bed MQ I), typical of Lithofacies A 

of the Blankney Hember. 

Photomicrograph of a skeletal pelsparite 
./ 

(bed BLHQ I1), typical of Lithofacies A 

of the Blankney Member. 
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Fig. 4.143. 

Fig. 4.144. 

Photomicrograph of a peloidal oosparite 

(bed BLHQ I 2d), typical of Lithofacies B 

of the Blankney Member. 

Photomicrograph of a skeletal oosparite 

(bed SHQ 16), typical of Lithofacies c 

of the Blankney Member. 
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Fig. 4.145. The type section of the Castle Bytham 

Member exposed at Castle Bytham Quarry 

(SK 990180). The top (arrowed T) and 

base (arrowed B) are indicated. 
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LITHO~YPICAL GRAINS 
BED 

LITHOLOGY % OF TOTAL 
ROCK TYPE SIZE 

20% oncoli tes 0 .9 to 3.4 l!1JTl 

LBQ G4 C Oncolitic biomicrite ~ostly 0.9 to 1.8 mm 

23% bioclasts 0 .2 to 9.6 mm 

8% peloids 0.1 to 0.45 mm 

?% ooliths 0.45 to 0 .8 mm 

61% ooliths 0.3 to 1.4 mm 

CBQ G4b B Peloidal oosparite 
11% peloids 0.062 to 0.15 mm 

4% pioclasts 0.3 to 0 .85 mm 

57% jooliths 0.3 to 1.0 mm 
CBQ Gl A Oosparite 

8% ~ioclasts 0.4 to 3.0 mm 

12% intraclasts 2.1 to 3.2 mm 

Fig. 4.146. The principal characteristics of the lithofacies of the Castle Bytham Merrber. 
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Fig. 4.147. 

Fig. 4.148. 

Photomicrograph of an oosparite (bed 

CBQ G5), typical of Lithofacies A 

of the Castle Bytham Member. 

Photomicrograph of a peloidal oosparite 

(bed CBQ G4b), typical of Lithofacies 

B of the Castle Bytham Member. 
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Fig. 4.149. 

Fig. 4.150. 

Photomicrograph of a biopelsparite 

(bed CBQ G3b), typical of Lithofacies 

B of the Castle Bytham Member. 

Photomicrograph of an oncolitic 

biomicrite (bed LBQ G4), typical of 

Lithofacies C of the Castle Bytham 

Member. 
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Fig. 4.151. Trophic-Substrate niche chart for the 

Castle Bytham Member fauna from 

Castle Bytham Quarry (SK 990180). 

S = Suspension feeder 

C = Carnivore 

D = Deposit feeder 

F = Filter feeder 
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Fig. 4.152. 

Fig. 4.15 3. 

The type section of the Sleaford Member 

exposed at Copper Hill Quarry, Ancaster 

(SK 979427). The base (arrowed B) and 

top (arrowed T) are indicated. 

Oyster-encrusted hardground capping the 

Sleaford Member at Castle Bytham Quarry 

(SK 990180). 







Fig. 4.154. Large-scale cross-bedding seen in the 

Sleaford Member at Brauncewell Quarry 

(TF 028518). Such cross-bedded oolites 

are typical of Lithofacies-group A of 

the Sleaford Member. The south-east 

face is pictured. 
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Fig. 4.155. 

N 

3 

n = 26 

Palaeocurrent directions indicated by "foreset 

dips" measured in the Sleaford Member (.Tl) of 

Brauncewell Quarry (TF 028518). 
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Fig. 4.156. Smaller-scale, low-angle, cross-bedded 

oolites seen in the Sleaford Member at 

the Premier Lime Company Quarry, Creeton 

(SK 999205). The concave foresets are 

"drawn-out" into bottom sets (arrowed). 

The north-east face is pictured. 



--- -
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Fig. 4.157. Palaeocurrent directions indicated by "foreset 

dips" measured in the Sleaford Member (J4) of 

Blankney Quarry (TF 062592). 
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Fig. 4.158. 

Fig. 4.159. 

"Wafers" of white micrite (arrowed) 

occurring in the parallel-bedded, 

"pisolitic" ooid-calcirudites of the 

Sleaford Member at Thompson's Bottom 

Quarry (TF 026555), central Lincolnshire. 

"Birdseyes" (arrowed) seen in the micritic 

"wafers" of the Sleaford Member at 

Thompson's Bottom Quarry (TF 026555). 
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Fig. 4.160. 

Fig. 4.161. 

"Wafers" of white micrite (arrowed) 

occurring in oolites of the Sleaford 

l1ernber at North Rauceby Quarry 

(TF 021474). 

Fining-upwards rhythms seen in the 

Sleaford Member at B1ankney Quarry 

(TF 062592). The boundaries between 

rhythms (denoted Rl, R2 and R3 ) are 

indicated. Note particularly the 

contrasting cross-bedding directions 

seen in these rhythms; the east face 

of the quarry is pictured. 
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Fig. 4.162. 

Fig. 4.163. 

Complex burrow systems (arrowed) 

penetrating down from a hardground (?) 

within the Sleaford Member at Ashby 

de la Launde (TF 052570). 

Dense ,concentrations of "pisoliths" 

(arrowed) at the top of a coarsening

upwards rhythm (Sleaford Member) 

exposed at Haceby Lodge Quarry 

(TF 028369). 







Fig. 4.154. 

Fig. 4.165. 

Coarsening-upwards rhythm seen in the 

Sleaford Member at Haceby Lodge Quarry 

(TF 028369). The top of the rhythm is 

arrowed (T) but the base is not exposed. 

Note particularly the increase in 

pisolith content up the rhythm. 

Coarsening-upwards rhythm seen in the 

Sleaford Member at Dembleby Farm Quarry 

(TF 034371). Note particularly the 

cross-bedded lower portion of the 

rhythm. The boundaries of the rhythm 

are indicated. 
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Fig. 4.166. Schematic representation of the 

variations seen in the coarsening

upwards rhythms (Lithofacies-group C) 

of the Sleaford Member. 
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Fig. 4.167. Herring-bone cross-bedding (arrowed) 

,seen in the Sleaford Member at Copper 

Hill Quarry, Ancaster (SK 979427). 
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Fig. 4.168. 

Fig. 4.169. 

Palaeocurrent directions indicated by 

"foreset dips" measured in the Sleaford 

Member (J2) of Copper Hill Quarry, 

Ancaster (SK 979427). 

Palaeocurrent directions indicated by 

" foreset dips" measured in the 

Sleaford Member at Spittlegate Hill 

Quarry (SK 937342), near Grantham. 
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LITH~ICAL GRAINS 
BED 

LITHOLOGY % OF TOTAL TYPE ROCK SIZE 

72% ooliths mostly 0.3 to 0 .45 mm 
ACHQ J2 Al Oosparite 0.2 to 1.2 mm 

tcp 1% bioclasts 0.25 to 1. 0 mm 

mostly 0.4 to 0.8 mm 
40% ooliths 0.3 to 1. 2 rom 

ACHQ J5 Al SkeletaL oosparite 12% bioclasts 0.3 to 2.5 rom 

19% intraclasts 1.1 to 3.2 mm 

6% oncolites 1.1 to 1. 4 rom 

40% bioclasts 0.2 to 5.4 rom 

ACHQ Jl Al Bio-oosparite 
28% ooliths O. 25 to 1. 3 mm 

6% intraclasts ~ 1.6 mm 

47% oncolites 0.8 to 6.4 rom 

BQ J4 A2 Skeletal oncolitic 16% ooliths 0.125 to 0.5 rom 

oosparite 2% bioclasts 0.3 to 4.6 mm 
5% peloids < 0.2 mm 
4% intraclasts ~ 3.4 mm 

Fig. 4.170. The pri ncipal characteristics of Lithofacies-group A of the Sleaford Member. 
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Fig. 4.171. 

Fig. 4.172. 

Photomicrograph of an oosparite 

(bed ACHQ J2 top), typical of 

Lithofacies Al of the Sleaford 

Member. 

Photomicrograph of a bio-oosparite 

(bed ACHQ Jl), typical of Lithofacies 

Al of the Sleaford Member. 
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Fig. 4.173. 

Fig. 4.174. 

Photomicrograph showing an oncolite, 

typical of Lithofacies A2 of the 

Sleaford Member. The oncolite occurs 

in a skeletal oncolitic oosparite 

(bed BQ J4). 

Photomicrograph of a skeletal oncolitic 

oosparite (bed BQ J4), typical of 

Lithofacies A2 of the Sleaford Member. 
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Fig. 4.175. 

Fig. 4.176. 

Fenestral micro-mound (arrowed) in 

the algal stromatolite "wafers" of 

the Sleaford Member (J2) seen in 

Thompson's Bottom Quarry (TF 026555), 

Central Lincolnshire. 

Photo~icrograph of "birdeyes" (arrowed) 

in bed J2 of the Sleaford Member at 

Thompson's Bottom Quarry (TF 026555), 

Central Lincolnshire. 
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BED 

BQ J3c 

BQ J3b 

BQ J3a 

Fig. 4.177. 

LITH~YPICAL GRAINS 

LITHOLOGY % OF TOTAL MATRIX 
ROCK TYPE SIZE 

67% peloids 0.062 to 0.28 rom 
B3 Pelsparite mostly 0.062 to 0.2 mm Sparite 

7% bioclasts 0.125 to 0.43mm 

1% quartz silt to v. fine sand 

46% ooliths 0.2 to 0.85 mm 

14% peloids 
, 

0.062 to 0.4 mm 
B2 Peloidal oosparite mostly 0 . 062 to 0 . 25 rom Sparite 

10% intraclasts 0.9 to 3.8 mm 

3% bioclasts 0 . 3 to 1.6 rom 

63% ooliths 0.25 to 0.75 rom 

Bl Oosparite mostly 0.3 to 0 . 6 mm 
Sparite 

10% intraclasts 0.8 to 1. 5 mm 

4% peloids 0.062 to 0.125 rom 
- - -- ---- - - -~- ---

The principal characteristics of Lithofacies-group B of the Sleaford Mewber. 

TEXTURE 

Grainstone 

Grainstone 

Grainstone 

~ 

~ 

r.o 



Fig. 4.178. 

Fig. 4.179. 

Photomicrograph of an oosparite 

(bed BQ J3a), typical of Lithofacies 

Bl of the Sleaford Member. 

Photomicrograph of a peloidal oosparite 

(bed BQ J3b), typical of Lithofacies 

B2 of the Sleaford Member. 
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Fig. 4.180. Photomicrograph of a pe1sparite 

(bed BQ J3c), typical of Lithofacies 

B3 of the Sleaford Member. 
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LITH~TYPICAL GRAINS 
% OF TOTAL BED 

LITHOLOGY TYPE SIZE ROCK 

31% oncolites 2.7 to 20 mrn 

HLQ Jlc C3 Oncolitic oosparite 15% ooliths O. 3 to 1. 2 mm 

3% bioclasts 0.4 to 2 .2 mrn 

6% intraclasts ~ 1. 9 mm 

44% ooliths 0.2 to 0.9 mm 

HLQ Jlb C2 Oncolitic oosparite 
23% oncolites 1. 0 to 4. 1 mrn 

9% Ibioclasts 0.125 to 3.4 mrn 

74% "boliths" 0.125 to 1.25 mrn 

HLQ Jla Cl Oosparite (bimodal) 

4% Ibioclasts 0.25 to 2.2 rom 

Fig. 4.181. The principal characteristics of Lithofacies-group C of the Sleaford Member . 
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Fig. 4.182. 

Fig. 4.183. 

Photomicrograph of an oosparite 

(bed HLQ Jla), typical of Lithofacies 

Cl of the Sleaford Member. 

Photomicrograph of an oncolitic 

oosparite (bed HLQ Jlc), typical of 

Lithofacies C3 of the Sleaford Member. 

Oncolites are arrowed. 



254 





Fig. 4.184. Photomicrograph of an oncolite, typical 

of Lithofacies C3 of the Sleaford 

Member. Intra-oncolite "vugs" are 

arrowed. The oncolite occurs in an 

oncolitic oosparite (bed HLQ Jlc). 
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Fig. 4.185. 

Fig. 4.186. 

The type section of the Creeton Member 

exposed at Castle Bytham Quarry 

(SK 990180). The base (arrowed B) 

is indicated. 

The upper boundary-stratotype of the 

Creeton Member exposed at the Premier 

Lime Company Quarry, Creeton (SK 999205). 

The contact with the overlying Upper 

Estuarine Series is arrowed. Note 

also the cross-bedding direction in 

bed K2 (arrowed CB). The north-east 

face is pictured. 
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Fig. 4.187. Thickness variations seen in Lithofacies 

A and B of the Creeton Member, and 

Sleaford Member in the Ancaster and 

Wilsford Heath quarries. The author's 

own sections are compared with that 

measured by Brodie (1853). The 

terminologies previously associated 

with these beds are illustrated in 

Fig. 4.188. 

B = Lithofacies B, Creeton Member 

A = Lithofacies A, Creeton Member 
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Fig. 4.188. The contrasting terminologies and 

stratigraphic interpretations, which 

have been applied to the uppermost 

Lincolnshire Limestone of the Ancaster 

and Wilsford Heath Quarries. 
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N 

5 

1/ 
Castle Quarry, Ancaster (SK 987435; = Ancaster Rag"). 
n = 10 

Copper Hill Quarry, Ancaster (SK 979427; = "Ancaster 
Rag"). n = 21 

Lithofacies B, Wilsford Heath quarries. n = 7 

o = Lithofacies A, VTilsford Heath quarries. n = 1 

Fig. 4.189. Palaeocurrent directions indicated by "foreset dips" 

measured in the Cree ton Member of the Ancaster and 

Wilsford Heath quarries. 



Fig. 4.190. The downcutting of the Creeton Member 

into the Castle Bytham Member seen at 

the Soil Fertility Quarry, Clipsham 

(SK 978154). The erosive contact 

between the two units is marked. 
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Fig. 4.191. The Creeton Member succession at 

Castle Bytham Quarry (SK 990180) 

showing the variations in palaeo

current directions, which occur 

at various levels. 
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Fig. 4.192. 

Fig. 4.193. 

Cross-bedding in bed K2 of the Creeton 

Member exposed at the Premier Lime 

Company Quarry, Creeton ( SK 999205). 

Note the cross-bedding direction 

(arrowed CB), which contrasts with 

that of the same bed shown in Fig. 

4.186. The north-east face is 

pictured in both figures. 

The Creeton Member exposed at the 

"Lincoin Trust Quarry", Wi1sford Heath. 

Lithofacies A and B are indicated. The 

Creeton Hember is overlain by the Upper 

Estuarine Series (U.E.S.). 
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Fig. 4.194. 

Fie. 4.195. 

26 

"-7 

Palaeocurrent directions indicated by "foreset 

dips" measured in Lithofacies B of the Creeton 

Member at the Lincoln Trust (SK 987414) and 

Glebe ( SK 992409) quarries, Wilsford Heath. 

"-·14 

Palaeocurrent directions indj.cated by "foreset 

dips" measured in Lithofacies B of the Creeton 

Member at Old Somerby Quarry (SK 959337), MedHell ' s 

(SK 988160) and Bigewell Lodge (SK 968145) 

quarries, Clipsham. 



Fig. 4.196. 

Fig. 4.197. 

Conflicting cross-bedding directions 

seen in the Creeton Member at Haceby 

Lodge Quarry (TF 028369). The cross

bedding in the lower unit (Lithofacies 

A; arrowed A) dips south-westwards 

while that of the upper unit (Lithofacies 

B; arrowed B) dips north-eastwards. 

Herring-bone cross-bedding (arrowed) 

seen in the Creeton Member at Little 

Ponton Quarry (SK 931325). 
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I ILITH~YPICAL I GRAINS 
BED 

LITHOLOGY % OF TOTAL 
ROCK TYPE SIZE 

31% bioclasts 0.4 to 7.2 mm 
HLQ K2 B Biosparite 

11% ooliths 0.3 to 1.6 rom 
mostly 0.3 to 0.5 rom 

33% ooliths 0.2 to 0.8 mID 

ACHQ K AlB Skeletal oosparite 18% bioclasts 0.2 to 6.8 rom 

5% intraclasts 0.5 to 2.2 rom 

71% ooliths 0.2 to 1.0 mm 
mostly 0.4 to 0.8 mm 

CBQ Kl A Oosparite 1% bioclasts 0.7 to 1.4 rom 

1% intraclasts 1. 2 to 1. 7 mm 

fig. 4.198.' The principal characteristics of the lithofacies of the Creeton ~1ernber. 
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Fig. 4.199. 

Fig. 4.200. 

Photomicrograph of an oosparite 

(bed CBQ Kl) typical of Lithofacies 

A of the Creeton Member. 

Photomicrograph of a skeletal 

oosparite (bed ACHQ K), a transitional 

lithology between Lithofacies A and 

B of the Cree ton Member. 
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Fig. 4.201. Photomicrograph of a biosparite 

(bed HLQ K2), typical of Lithofacies 

B of the Creeton Member. 

275 



Ancas t er 

missing? 
~ 

. 

Ancaster 

Rag 

Ancaster 

Freestone 

Fig. 202. 

Richardson Kent This thesis 

Great Ponton Clipsham Ancaster Great Ponton Clipsham 

Great Great Great 
Ancaster Clipsham 

Ponton Ponton Ponton 
missing? missing? . . ? 

Terebratula Terebratula 
TlUSSl.ng. 

RaE Terebratula Beds 

Beds Beds Beds 

Great Great 

Ponton 
Clipsham Ancaster Ponton • • ? Great missing ml.SSl.ng. 

Gastropod Beds Rag Gastropod 

Beds Beds Ancaster Ponton due 

Freestone Gastropod to 

Ancaster Ketton Ancaster Ancaster Clipsham Beds erosion 

Freestone Beds? Freestone Freestone Stone? 

Stratigraphic correlations proposed for the uppermost Lincolnshire Limestone by Richardson and Kent~ and 

their re-alignment in the stratigraphic scheme proposed in this thesis. 

() 

~ 
M 
>-3 
0 z 

~ 
3: 
tll 
M 
:;d 

en 
~ 
~ 
'"'j 
0 
:;d 
tJ 

3: 
M 
3: 
tll 
M 
:;d 

'" -.} 

~ 



Fig. 4.203. A simplified correlation of the li tho

stratigraphies proposed by Kent (1966), 

Richardson and the present author. 

The newly proposed biostratigraphic 

subdivisions are also shown . 
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Fig. 5.1. Diagrammatic representation of the 

principal characteristics of the "ideal 

rhythm" of the ~reetwell Member. 
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Fig. 5.3. 

.... --~~ 

Bored hardground surface separating the 

Thistleton and South Witham beds 

rhythms at Waltham on the \-To1ds 

(SK 815253). "Lithophaga" bores are 

arrowed • 
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Fig. 5.4. Diagrammatic model for the deposition 

of the "ideal" Greetwell Member. 

Prograding tidal-flat rhythm of the 

Greetwell Member. 
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Fig. 5.7. Schematic representation of the thinning 

of the Lincolnshire Limestone and 

Grantham Formations from south 

Lincolnshire towards Lincoln. 
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Fig. 5.8. Schematic representation of the 

distribution of the main facies 

types, present in the Lincoln 

Member. 
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Fig. 5. g. 

quiet lagoon 
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APPENDIX 1 

MODAL ANALYSES - METHOD 

Representatives of the main lithofacies of each lithostrutigraphic 

unit have been "point-counted". A minimum of 200 "points" per slide 

have been counted using a "jump" interval of 0.20 mm. Although the 

detailed results of this work are shown in appendix 2, certain of the 

a!lochem (and quartz) figures have been re-calculated as percentages of 

the whole rock (including matrix and/or cement) and incorporated in the 

lithofacies charts, which constitute certain of the text-figures in the 

main body of the thesis. These percentages represent a "guide" to the 

proportional make-up of a "typical" lithology of the particular lithofacies 

in ques'tion; they are not meant to convey any rigorous, statistically 

Valid compositional "average" for either that particular kind of lithology 

Or the "parent" lithofacies. However, they can be seen to substantiate 

the generalised Folkian terminology used in the limestone terminology, 

although slight variations exist because of the terminological modifications 

preferred here; these have been discussed in Chapter II. 
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APPENDIX 2 

MODAL ANALYSES - DATA 

U) 
E--< 

(/) (/J (/) 

LITHOSTRATIGRAPHIC BED 
I ~ j (/) (/) (/) E--< ~ ~ 

::r:: j Cl H (.) N E--< E--< 

UNIT E--< H ~ ~ E--< H ~ ~ 

H (.) 0 0 p:: p:: q; 
~ 0 ~ (.) E--< q; (.) q; E--< 
0 H ~ 5 z ;:J H p.., 0 
0 .ill p.., H 0' ~ (/) E--< 

SPROXTON MEMBER SNQ Ala 60 14 18 4 38 23 46 203 

SNQ Ale 8 1 72 119 200 

SNQ A2b 18 III 6 40 33 94 302 

GREETWELL MEMBER LQ B6 12 39 11 131 100 7 300 

LDCP B3 95 16 61 126 2 300 

RQ B2 11 17 29 171 26 46 300 

RQ Bl 190 28 8 13 12 60 311 

LDCP B2 1 65 109 2 6 117 300 

LGHQ B5b 8 35 164 9 2 12 72 302 

Hragby Bed MQ B5b 19 25 III 16 10 25 98 304 

LGHQ B2b 17 42 45 39 57 200 

Market Overton beds SNQ BA2 25 69 34 23 50 201 

TQ BA5e 39 20 122 3 5 6 64 41 300 

TQ BA3 10 57 233 300 

TQ BAI 26 6 4 365 401 

Thistleton beds TQ BB5 4 34 94 6 14 48 200 

TQ BB4 2 23 136 10 42 93 306 

TQ BB3 8 109 1 9 26 47 200 

TQ BB2 161 6 22 7 30 25 54 305 

TQ BBI 18 151 10 21 100 300 

South Witham beds SNQ BC4 1 36 150 10 5 24 77 303 

SNQ BCla 16 31 161 3 12 79 302 

SNQ BCl 119 13 54 28 29 9 48 300 

TQ BCla 170 4 37 45 9 36 301 
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V) 
E-< 

V) (/) (/) 

E-< W :§ 
LITHOSTRATIGRAPHIC 

(/) (/) (/) E-< W w 
BED ::r: -< ~ H U N E-< E-< 

E-< ....:I H ....:I ~ E-< H ~ ....:I 

UNIT H u 0 0 p::; p::; -< 
....:I 0 ....:I U E-< -< U -< E-< 
0 H W Z Z ::J H p.. 0 
0 p:) p.. 0 H CY ~ V) E-< 

GREETWELL MEMBER 
Woo1fox beds WQ BE 210 3 5 5 77 300 

GQ BE 238 8 6 50 302 

LEADEN HAM MEMBER LQ C5 48 26 3 223 300 

LDCP C6 18 1 23 258 300 

CQ C3a 108 12 22 10 150 302 

CQ C3a 
(base) 102 19 85 41 53 300 

LINCOLN MEMBER SQ Dle 6 43 37 21 193 300 

WQ Dl 165 19 5 34 77 300 

MQ D3 49 39 39 36 237 400 

MQ D2a 2 10 36 124 128 300 

MQ Dl 79 15 20 60 12 114 300 

SCOTTLETHORPE MEMBER CSFQ E3a 43 16 6 235 300 

RQ E4 87 17 1 46 13 139 6 309 

LPRC Ela 154 16 12 22 30 69 303 

METHERINGHAM MEMBER MQ H6 4 21 39 144 5 21 70 304 

MQ H3 173 9 39 82 97 400 

MQ Hl 164 14 4 53 65 300 

BLANKNEY MEMBER MQ II 10 158 38 24 73 303 

BLHQ 11 9 28 154 7 7 95 300 

BLHQ I2d 68 26 126 11 70 301 

SHQ 16 152 26 23 2l 26 52 300 

CASTLE BYTHAM MEMBER LBQ G4 5 68 23 59 152 307 

CBQ G4b 183 12 32 19 54 300 

CBQ Gl 171 25 5 36 63 300 

SLEAFORD MEMBER HLQ Jle 46 10 92 18 115 19 300 

HLQ Jlb 133 26 15 69 57 300 

HLQ Jla 148 7 45 200 

BQ J3e 14 134 1 51 200 
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(/) 
E-< 

(/) (/) (/) 

E-< ~ j ~ ~ 
LITHOSTRATIGRAPHIC 

(/) (/) (/) E-< 
BED ::x:: ct; A H C) N E-< E-< 

...:l E-< ...:l H .....:l ~ ~ 
H H 

H C) 0 0 p::: p::: ct; 

UNIT .....:l 0 .....:l C) E-< ct; C) ct; E-< 
0 H ~ a z :::> H p... 0 
0 ~ p... H 0- ;:0:: (/) E-< 

SLEAFORD MEMBER ACHQ J2 
(top) 216 3 4 3 77 303 

ACHQ J5 119 36 18 58 4 65 300 

ACHQ Jl 84 120 18 78 300 

BQ J4 49 7 15 140 13 38 302 

CREETON MEMBER HLQ K2 45 122 1 14 218 400 

ACHQ K 100 53 21 16 35 75 300 

CBQ Kl 354 3 4 4 135 500 
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APPENDI X 3 

Palaeocurrent Data - Cross -bedding 

Locality Dip directi on (in degrees) Amount of 

magnetic corrected dip (degrees) 

Copper Hill, Ancaster 

(SK 979427) 

Bed ACHQ J2 240 248 17 

245 253 21 

240 248 12 

240 248 26 

235 243 10 

235 243 9 

210 228 17 

230 238 14 

245 253 15 

232 240 11 

Bed K 060 068 20 

048 056 22 

056 064 23 

304 312 19 

330 338 20 

319 327 15 

045 053 23 

035 043 19 

050 058 18 

035 043 16 

050 058 24 

350 358 18 

328 336 25 

320 328 21 

334 342 15 

340 348 17 
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Locality Dip direction (in degrees) Amount of 

magnetic corrected dip (degrees) 

312 320 18 

055 063 16 

095 103 16 

076 084 21 

125 133 20 

Castle Quarry Ancaster 

(SK 987435) 

Bed K 022 030 22 

000 008 22 

354 002 12 

055 063 24 

082 090 17 

039 047 22 

068 076 15 

045 053 16 

078 086 · 20 

022 030 25 

Wilsford Heath Glebe Quarry 

(SK 992409) 

Bed K2 323 331 17 

323 331 18 

321 329 15 

306 314 16 

345 353 20 

Bed Kl 345 353 shallow 

Lincoln Trust Quarry (SK 987414) 

Bed K2 010 018 20 

320 328 20 

Brauncewel1 Quarry (TF 028518) 

Bed Jl 095 103 15 
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Locality Dip direction (in degrees) Amount of 

magnetic corrected dip (degrees) 

085 093 16 

090 098 19 

080 088 16 

082 090 18 

075 083 20 

083 ' 091 15 

135 143 18 

090 098 14 

080 088 10 

105 113 15 

132 140 22 

132 140 24 

130 138 23 

128 136 22 

193 201 20 

090 098 22 

100 108 30 

110 118 26 

100 108 17 

080 088 15 

135 143 20 

140 148 19 

115 123 17 

130 138 26 

Spittlegate Hill Quarry, Grantham 

( SK 937342 ) 

Bed J 201 209 27 

200 208 17 

200 208 31 

212 220 28 

175 183 15 

170 178 12 

228 236 22 
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Locality Dip direction (in degrees) Amount of 

magnetic corrected dip (degrees) 

208 216 19 

208 216 29 

210 218 27 

185 193 12 

Blankney Quarry (TF 062592) 

Bed J4 170 178 12 

215 223 14 

180 188 25 

285 293 8 

244 252 15 

258 266 20 

265 273 21 

037 045 10 

052 060 12 

020 028 18 

015 023 15 

030 038 25 

190 198 10 

063 071 15 

255 263 18 

298 306 18 

335 343 10 

030 038 9 

010 018 13 

270 278 21 

275 283 14 

230 238 12 

Old Somerby Quarry (SK 959337) 

Bed K2 036 044 21 

021 029 26 

058 066 17 
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Locality Dip direction (in degrees) Amount of 

magnetic corrected dip (degrees ) 

Bidewell Lodge Quarry , Clipsham 

(SK 968145) 

Bed K 064 072 19 

062 070 18 

047 . 055 21 

061 069 21 

058 066 23 

037 045 21 

058 066 21 

051 059 23 

Medwell's Quarry, Clipsham 

(SK ge8160) 

Bed K2 085 093 24 

034 042 17 

047 055 10 

Castle Bytham Quarry (SK 990180) 

Bed Kl 230 238 21 

252 260 14 

246 254 16 

240 248 21 

240 248 20 

24 5 253 17 

280 288 19 

262 270 15 

270 278 16 

262 270 18 

232 240 22 

260 268 19 

255 263 23 

260 268 11 

232 240 19 



30 -.1 

Locality Dip direction (in degrees) Amount of 

magnetic corrected dip (degrees) 

204 212 20 

230 238 14 

252 260 19 

265 273 21 

270 278 20 

Bed K3a 030 038 10 

017 025 9 

050 058 12 

045 053 24 

042 050 16 

053 061 15 

050 058 18 

035 043 22 

040 048 19 

030 038 14 

035 043 23 

010 018 10 

000 008 15 

060 068 14 

060 068 21 

Bed K3b 195 203 10 

215 223 16 

040 048 17 

Bed K4 245 253 21 

252 260 32 

238 246 13 
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APPENDIX 4 

Pinna cuneata Phillips - Palaeocurrent Readings - Method 

The dorso-ventral axis of the protruding posterior margin of Pinna 

cuneat a Phillips was measured in each case. The measurement taken was a 

"lineation", so that, for example, 090
0 = 270 0

, and unlike the conventional 

vector rose diagram, a lineation rose diagram has been constructed for the 

readings from each bed; such a diagram is completely symmetrical as each 

reading has in effect 2 values (the diametrically opposed vectors). The 

lineations therefore reflect the alignment of the bivalve's dorso-ventral 

axis i.e. NE-SW. All specimens were in situ and in their position of life. 

In an effort to avoid bias produced by sampling, measurements were 

taken from as many quarry faces as possible. This effectively avoided 

producing "face alignments" as specimens with the dorso-ventral axes 

aligned parallel to the face are more likely to be seen than those 

perpendicular to the face. 

As the data displayed in the rose diagrams was inconclusive, the 

data was statistically tested to see if there was a preferred orientation 

displayed by the bivalves. Dr P. Diggle of the Statistics Department at 

Newcastle performed this work and his results and comments are shown over

leaf. Essentially the results are inconclusive but further work (bigger 

collections) may prove to be profitable. 
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Rayleigh 's test of uniformity, and estimates of mean direction 

Data Faces n R approx. P. mean direction 

LQ C7d all 27 0.053 0.93 32° 

" S,SE,SSE 26 0.093 0.80 29° 

" SE,SSE 24 0.118 0.72 15° 

" SE 21 0.158 0.60 39° 

LQ C9b all 19 0.288 0.21 46° 

" S,SE 12 0.369 0.20 47° 

" SE 8 0.713 0 .02 26° 

LQ C9c all 31 0.252 0.14 58° 

" S,SE 14 0.383 0.13 50° 

" SE 12 0.563 0.02 48° 

DQ C7a all 68 0.151 0.21 75° 

" NW 47 0.243 0.06 68° 

" SW 21 0.148 0.64 128° 

CQ C3b all 28 0.218 0.27 79° 

" E 15 0.093 0.88 90° 

" S 10 0.403 0.20 60° 

LGHQ C6 all 22 0.193 0.44 2° 

" E,W 20 0.190 0.49 2° 

" E 13 0.427 0.09 151° 

" W 7 0.714 0.03 40° 



Notes 

1. Conventionally, p-values less than 0.05 would be regarded as 

significant. This may be misleading, as we have conducted a 

considerable number of related tests, and the results will 

not be ind~pendent. Thus, I prefer to regard the p-values as 

summary statistics, with low values suggesting that further 

investigation might be profitable. 

30 
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APPENDIX 5 

Pinna cuneata Phillips - Palaeocurrent Data 

magnetic corrected quarry 
reading reading face 

(in degrees) (in degr'ees) 

LEADENHAM QUARRY (SK 962523) 

Bed LQ C7d 132 140 SE 

015 023 SE 

115 123 SE 

120 128 SE 

005 013 SE 

166 174 SE 

083 091 SE 

110 118 SE 

055 063 SE 

032 040 SE 

088 096 SE 

172 000 SE 

166 174 SE 

037 045 SE 

055 063 SE 

014 022 SE 

060 068 SE 

030 038 SE 

080 088 SE 

075 083 SE 

179 007 SE 

140 148 SSE 

152 160 SSE 

000 008 SSE 

116 124 N 

052 060 S 

100 106 S 
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magnetic corrected quarry 
reading reading face' 

(in degrees) (in degrees) 

Bed LQ C9b 089 097 NC 

059 067 NC 

010 018 NC 

027 035 NC 

155 163 NC 

066 074 NC 

078 086 SE 

030 038 SE 

000 008 SE 

041 049 SE 

007 015 SE 

028 036 SE 

039 047 SE 

007 015 SE 

135 143 N 

087 095 S 

109 117 S 

081 089 S 

088 096 S 

Bed LQ C9c 116 124 NC 

085 093 NC 

084 094 NC 

096 104 NC 

005 013 NC 

172 000 NC 

003 011 NC 

112 120 NC 

039 047 NC 

040 048 NC 

104 112 NC 

120 128 NC 

060 068 NC 

066 074 NC 

017 025 NC 

066 074 NC 
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magnetic corrected quarry 
reading reading face 

(in degrees) (in degrees) 

090 098 SE 

050 058 SE 

172 000 SE 

060 068 SE 

052 060 SE 

046 054 SE 

053 061 SE 

054 062 SE 

036 044 SE 

014 022 SE 

064 072 SE 

145 153 SE 

165 173 N 

108 116 S 

150 158 S 

DUNSTON QUARRY (TF 053634) 

Bed DQ C7a 116 124 NW 

014 022 NW 

161 169 NW 

063 071 NW 

083 091 NW 

072 080 NW 

058 066 NW 

078 086 NW 

092 100 NW 

026 034 NW 

093 101 NW 

095 103 NW 

154 162 NW 

138 146 NH 

060 068 NW 

123 131 NW 

088 096 NW 

160 168 NW 

031 039 NW 
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magnetic corrected quarry 
reading reading face 

(in degrees) (in degrees) 

026 034 NW 

093 101 NW 

069 077 NW 

054 062 NW 

062 070 NW 

072 080 NW 

051 059 NW 

069 077 NW 

014 022 NW 

169 177 NW 

170 178 NW 

120 128 NW 

142 150 NW 

065 073 NW 

160 168 NW 

013 021 NW 

123 131 NW 

090 098 NW 

157 165 NW 

076 084 SW 

156 164 SW 

010 018 SW 

137 145 SW 

140 148 SW 

007 015 SW 

113 121 SW 

132 140 SW 

108 116 SW 

032 040 SW 

082 090 SW 

089 097 SW 

042 050 SW 

005 013 SW 

121 129 SW 

167 175 SW 

120 128 SW 
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magnetic corrected quarry 
reading reading face 

(in degrees) (in degrees) 

100 108 SW 

029 037 SW 

024 032 SW 

104 112 SW 

098 106 NW 

011 019 NW 

076 084 NW 

047 055 NW 

064 072 NW 

034 042 NW 

160 168 NW 

041 049 NVl 

051 059 NW 

COLEB¥ QUARRY (SK 981600) 

Bed CQ C3b 073 081 S 

072 080 S 

051 059 S 

083 091 S 

078 086 S 

103 III S 

153 161 S 

033 041 S 

008 016 S 

025 033 S 

148 156 E 

126 134 E 

022 030 E 

104 112 E 

105 113 E 

138 146 E 

029 037 E 

086 094 E 

065 073 E 

046 054 E 
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magnetic corrected quarry 
reading reading face 

(in degrees) (in degrees) 

093 101 E 

038 046 E 

149 157 E 

161 169 E 

044 052 E 

090 098 NC 

129 137 NC 

094 102 NC 

GREETWELL HOLLOW QUARRY, LINCOLN 

(TF 003721) 

Bed LGHQ C 6 110 118 E 

145 153 E 

150 158 E 

163 171 E 

027 035 E 

055 063 E 

105 113 E 

090 098 E 

170 178 E 

147 155 E 

164 172 E 

171 179 E 

042 050 N 

145 153 N 

080 088 W 

047 055 W 

015 023 W 

039 047 W 

032 040 W 

011 019 W 

062 070 W 

150 158 E 
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N = north 

S = south 

W = west 

E = east 

NC = not recorded 

SE etc. = south-east etc. 



FIG. 4.1. 
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