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CHAPLER ONE . INTRODUCTION

{1} ‘the status of ‘I'race Fossils

A measure of the current
palaeontoeological status of trace fossils may be obtained
from the fact that not one standard English or american
tezt-book countbtains a single chapter on them .

Part of the problem is undoubtedly nomenclatural ,
since the naming of trace fossils is wnot subject to ICEN
rules as are body fossils , This has not , however ,
profiiibited the inclusion of such‘eﬂigmatic fossils as the
conocdonts in sowme texit-books .

To ignore trace fossils on
this basis is as absurd as to label their study unscientific
and vague since it does not conform to orthodox systematics .
Up to the present published work by the majority of British
geologists involving trace fossils has indeed been both
unscientific and vague , as it always will be when every
type of problematic marking is dismissed as either a "fucoig"
or @ "concretion® .

It is a sad vreflection that
over 80 years have elapsed since NATHORST (1886) finally
dewmons trated conclusively that the majority of so-called
"fucoids' were nolt seaweed casts at all . Wwhy then do we

Q
still encounter suchh terms in the geological liteq&ure ?
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There are probably two main reasons . Pirst , & reticence
to consult and translate the foreign literature , which is
monumental : second , an aversion towards studying any
'Fringe-science' which does not fall neatly dintc the

W"ralaeontology" or “Stratigraphy" pigeon-holes .

since trace fossils are only
recognisable as distortions of , and rearrangements of ,
sedimentary laminations it is clear that the other major
discipline with which their study is concerned is that of
Sedimentology . In fact a study of any deifinition of the
term 'trace fossil' reveals that the science is essentially
concerned with the confluence of the two major disciplines
ralaecntology and sedimentology . Whether this hybrid science
merits separate designation is debatable . iHowever , if it
is felt that a name is required it is as well to recall that
one has been available since 1827 , when the term “Ichnolegy®
was introduced by uUBaAlN BUCKLAND in his studies on crocodilian
tracks aAccording to wLaws of Prierity , it stands much
higher on the list than many newer branches of Geeclogy such
as Falaeocecology .,

Tite various aspects of the
study of trace fossils are shown in Text-fig.l . it is

designed to pleace in perspective tihe various miner sub-discip-

T

0

lines upon which trace-fossil study impinges .,
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{(ii)} The scope of irvace Fossils

whe English term 'Ytrace
fossil' , through lack of usage , never received a formal
gefinition wuntil 1957 , wheﬁ SCULT SIMeroON defined it as a -
¥ sedimentary structure resulting from the activity of

ann animal moving on or in the sediment at the tiime

of its accumulation " ,
The corresponding German term 'lebensspuren' has been in
existence since 1912 , when ABEL used it to refer to Recent
tracks and burrows , aund pathological yhenomena_, in addition

to trace fossils sensu stricto . SEILACHER (1955) defined

‘lebensspuren' as ;-

" structures in the sediment left by living organisms " ,

although it may appear that
the latter‘aefinition is merely a more concise version of the
former , there is an important difference ., SCUPT SIMPHON
specifically states that the structures must be produced in
the sediment " at the time of its accumulation % , In fact
very few trace fossils which can be observed in process of
formation fuliil this requirement , though most structures
are produced very shortly after the sediment has been
deposited o« But this is probably splitting hairs .

what is more serious is the fact that borings into
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hardgrounds (e.g. VulGy 1959) are cguite obviously excluded .
Here the borxings may not even belong to the same Bra as the
sediment penetrated . Pror example the unconformity of the
¥esulian transgression across the Mendip Island of Carbon-
iferous Limestone is extensively bored at Vailis Vale .

It would appear preferable
thherefore to follow SEILACHER's broader definition , within
wiich the following structures are included -

1) Vertebrate Tracks 2) Invertebrate Trails & Burrows

3) Vertebrate Coprolites #4) Invertebrate ¥aecal Pellets

5} Invertebrate borings into rocks and shells .

The distinction between veritebrate and invertebrate trace
fossils is dmmediately apparent , as is the distinction
between structures produced in soit sediment (1-4) and hard
rocks and shells (5} .

The difference in character
between vertebrate tracks and invertebrate trails is greater
tiian is generally appreciated ., Although both are the
product of animals moving " on the surface of the sediment "
the amtual fTootprint of a walking or running tetrapod ,
relative to the sedimentary surface , is a stationary oxr
'static! record {unless the foot was skidding or being
dragged across the surface). tThe vertevrate track is thus

.

the sum of successive footprints each of which reveals an




impression of the sole of the foot , often in great detail .
Thus by comparative pedal morphology it is freyuently possible
to approachh an identification of the producer : in the case
of dinosaur tracuks often the genus , and certainly the order ,
can be determined (e.g. BAIRD 1954} ,

With dnvertebrate trails however , the producer nearly
always drags itself across the surface , and the resulting
structure , though it may be well-preserved , is never a true

impression of the producer's wmorphology but a ovlurr .

‘this thesis is concerned
solely with dinvertebrate trace fossils . Consideration of
the fascinating vertebrate tracks Tfrom the Yorkshire Jurassic
strata are ocut of context here and will be documented

elsewhere ata later date .

(iii)} Historical Perspective

A comprenensive review of the
history of trace~fossil study remains to be written , in any
language . This is scarcely surprising , since it would
reguilre a pattery of transiators if the reviewer himself
were not a wriliiant liangulst .

A magnificent summary of the development cf the science

is presented by HANTZSCHEL (1962} in the freatise account .
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Tihe most recent extensive bibliocgraphies are to be found in
HANTZSCHEL (1965 , 1966} " Vestigia invertebratorum et
Problematicum " and the sSupplement Lo the YTreatise : the
fermer is noteworthy ITor complete references to type species

and for giving full synonymies § LESSERTISSEUR {1955}

: o N : . . 7 . e, o e ray
" Traces fossiles d'activité animale " and WILCKENS (1947} .
Much of the confusion
concerning trace fossils originated in the earliest days of
Falaeontology when tubular burrows were considered to be the
casts of seaweeds . Hany names remain @mn the literature

to remind us o0f this , names like Chondrites and Pfucoides ,

and a host with the suffix '-phvcos'. ‘the isolated works
oif scientists like HANCOCK (185Y9) 'on the Recent amphnipod
trails of the purham coast , and DAWSON (186z) on limuliid
trails were largely unheeded , and it was left to NATHUORST
(1873 , 1886) and James (1884) to finally challenge ,
independently , the plant origin of these fossils on the
basis of more complete studies of present-day forms .,

This initiated a somewnat
fincing the majority of palaeontologists against him ,
including most notably DE SarURTA (1879 , 1884) « ‘fthere are
still apparently some Canadian and Indian author's adhiering

to the algal school , aad even as late as 1938 PUCINI




publiished his " Froblematica Verrucaua " , in which many
incrganic markings were said to be of plant origin . This ,

in spite of a very detailed examination of Zuropean trace

fossils by FUCHS {1695) which reinforced NaThnURST's argument ,
and a fine work oy aBEL (1935} , not to mention papers wihich

were just beginning to appear from the aktuopalaontological

Tnstitute of Senckenberg in Germany under the gulidance of
RUDOLF RICHTEx (1924 , 1926} .

These studies continue to
the present day . They dinvolive work on the extvensive North
Sea tidal flats , recently increased in scope ‘to inciude
sublittoral regions (e.g. HERLwECKE & REINECK 1966) , and
provide much needed data ou Recent trails and burrows .,
whe work of the aktuopalaontological Institute , perhaps ,
more than anything else , as placed the study of trace fossils;
oini a truly scientific basis , though if any one contemporary
palaeontologist deserves especial mention it is SEILaCHER ,
toxr ingeniously devising the classification (1953) which is
now in general use , and for pioneering extensive facies

studies invelving trace fossils (e.g. 1958) .

The debt we in Britain owe to
the progressive approach of the Continentals should be
readily apparent from this brief historical review . it dis

indeed remarkable that one hundred vears should have elapsed
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between HANCOCK's (1858) article and the next signiticant

British ceontribution on trace fossils , a study of Choudrites

by SCOTT SIMPsON (1957) . the lone star throughout this
veriod was BATHER (1%1C , 1925} : though his papers were
seldom of undue length he was one of the few to place British
trace fossils on record and recognise their enviroumental
significance .‘

In publishied work on the
trace fossils then we have many areas of the world , and many
parts of the stratigraphic column , represented in great
detail in the foreign litembure . Examples which immediatelyg
spring to mind are the Cambrian of the salt Range rakistan ’
{SEILACHER 1955) , the wurttemberg Jurassic (RIETH 1932) , a
the wWestphalian Cretaceous (HANTZSCHEL 196M} and the Alpine :

5) . There is , however ,

\Jt

Plysch and Molasse (SEILACHER 19
very little pritish meterial adeguately described in the
literature , with the exception of early work on the
Carboniferous of Northern England (M'COY 1851 , HANCOCK 1858
and TATE 1859) ; the Mesozoic (BATHER 1910 , 1911 , 1925)
and more recent work on the Lias (SCGTT SIMPFSON 1957 ,

HALLaM 1960) and on the Devonian (GOLURING 196z2) .

Compared witin the dinland
areas Jjust meintioned , often of limited exposure and

indifferent preservation , the abundant coastal sections in




the British Isles witi their masses of beautifulliv-etched
material present wonderful possibilities for enlarging the
field of study of trace fossils in this country .

with so little written about
so many different kinds of problematical trace fossils in the
Buglisu Jurassic , and with the supreme exposures in the
cliffs of Bast Yorkshire and Dorset , this System appeared
eminently suitable for commencing a detailed examination
of trace fossils in this country . a refined zonal
stratigraphy , better perhaps than that of any other System ,
enabled bed-vy-bed precision to be maintained in widely-spaced
localities , and the meticulous studies of ABEBELL {1933 s
1947) , HOWARTH (1955 , 1962) and WILSCN (1949} facilitated
the accurate application of lateral variation studies

involving trace fossils .

The writer's primary objective
througnout the period of study has been to investigate those
ecological parameters to which trace fossils seem peculiarly
susceptible : particular emphasis has been given to the
possibility that they may be used as relative indicators of
deptlhh in shallow epicontinental seas .

Detailed {ieldwork was generally restricted to coastal regiomns
witﬂ.good exposure and was begun on the Yorkshire coast

(Text-fig.2) with a study of the Bajocian scarborough Beds
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e

and later extended to the Middle Lias Ironstone series
Blea wyke Becs and Logzer . pater field studies concentrated
oix the Corallian , where a study of the uvorset coastal
successions was undertaken chiefly as a means of testing
wypotihieses formulated in Yorkshire .

since comparisons between tue
deltaic environment in Yorksinlre during Namurian and Bajocian
times were at one time very popular , it was decided to see
fiow far this was true for the trace fossils . Therefore
a subordinate amount of fieldwork was undertaken oun the

Namurian rocks of Northumberland (Text-fig.2) .

The thesis is in three parts ,

dealing respectively with Techuniques , Systematics aund

Paiaeoecological syntheses . It is hnoped that complicated

terminology nas Deen kKept to the absolute minimum : a glossary
of essential terms will be found in the appeundix , together

with vaples of strata , experimental details and petrographic

data .
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Twy . FIFLD PROCEDURE

CHAFIER

(i} Cliff sStratigraphy

In any detailed stratigraphic study
tirere is wlwayse an element of ¥ getting one's eve in * with
the ioccai bed-by-=bed succession . This dis particularly
important in areas where the rocks all appear to be of one
type , as in the Jurassic of the Ledonian Jura wihere at first
glance there appears to be simply thousands of feet of
limestone . unly after close examination does it become
aprparent that every grade from breccia to mudstone is present
A similar provrem exists in the repnine Yoredale cyclothiems
where repetitions of limestone , shale , sandstone through
thousands of feet of strata necessitate an intimate iocal
knowledge of each part of the succession before reliable
correlations can be estabiished .

The magnitude of the problem in the
Britisi Jurassic lies somewhere between these two extremes .
It dis especialliyv acute in the Middle Jurassic of Yorkshire
wirere , witain the Pajocian Scarborough Beds , there are
severald bands of limestone which are superficially similar ,
and many sandsitones , any of wihich might easily be confused
with Lower and pMiddle Deltaic sandstones wihnidchh lie beneath

them in the succession .

'y
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The sine yua non ifor any study involving material accumulated
on the backshore at the base of lofty cliffs is thervefore
complete acquaiatance with the in situ ciiff stratigraphy .

Since most trace fosgssils ave best preserved im this vicinity ,

and only infreguently dn situ , the dimportance of " getting
one's eye im ¢ can hardly be overscated .

(ii) Loose ©Blocks

the study of loose material by palaeont-
ologists has never been popular , especially in view of the
errors of 5.5. puckman during the later years of his life .
However , a palaeontologist has to use what material is
available , he cannot lay down the conditions of study ,
which are determined by Nature .

vhuas , in the case of trgce fossils , the
area of greatest abundance and best preservatiocn is the one
that must be studied in the greatest detail . This area is
the "spray-zohe" immediately above high~-water mark (Plate l) ’
wihere the excellent etching effect of saline s?ray renders
this narrow strip most suitable .

Before beginning to study any individual
loose block some attempt should be made to ascertain its
'way-up' , since many of the blocks from high in the cliffs

will have overturned before coming to rest on the backshore .



http://tra.ce

In most cases this is reasounably simple , using standard
cross~bedding and ripple-mark criteria , as well as vertical

‘Ut —-shiaped burrows wiich are often abundant .

{iii} Methodological Seqguence : Quadrat Technique

Since many fallen blocks are
of tabular form {(Flate 2) they lend themselves admirably to
a standard observational procedure . ‘Yhis avoids any errors
of omission , and provides a basis Tor comparison between
blocks . The technique used was a modification of the
wuadrat Method described in AGER (1963 , pp.221-223) ,
incorporating additional observations involving mode of
preservation and sedimentology of the enclosing rock .
The dindividual steps taken in each instance were as follows :

1) Determination of ‘way-up' :

Demarkation of unit sguare metre on horizontal surface

&
S

3} Scale field-siketch of area to show 3=
a/ numpber of different trace-fossil types present;
b/ approximate percentage abundance of each;
¢/ characteristic ethological pattern of eacin;
d/ preferred orientation of certain traces s 11 present
A field photograph of each unit area seldom portrays
tihe total assemilage of forms accurately , since sone

are more obscure and lacking in relief than others .
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Q} Mode of preservation of eachh trace fossil to show if it is
a/ a surface trail or burrow;

b/ stuffed with faecal pellets or lined with debris;

¢/ more or less resistant than matrix :

5} Rock type of enclosing sediment :
6) Associated sedimentary structures to show whether rock is
a/ massive {original or due to excessive bioturbation};

o/ laminated (thickness of laminae);

¢/ cross-bedded (type and dimensicns};

d/ rippled {tyvpe, wavelength and orientation in relation

to trace fossilsj;

7} Associated shelly remains to show :-

a/ whether present;

b/ dominant species (eand probable mode of 1ife);

¢/ dindigenous or exotics

d/ degree of fragmentation, size sorting by currents;

e/ any forms in suspected life position .

Large tabubar fallen blocks possess one significant feature

wiilch renders tuhnem far more sultable for studying trace fessilg
!

than a simple vertical or sloping cliff-section . That is

the simultaneous exposure of both vertical and horizontal f

aspects of tie material belng examined . A three~dimensional

3

picture can thus be readily established and trace fossils with

a dominantly borisontal trend , like Rhizocorallium , which

would be very difficult to recognise in a near-vertical cliff
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face , are seen to perfection
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WATION ANL Ted SIGHID

IN THACE-FUSSTL Tax]

It may be thought that trace fossils ,
possessing no skeletal parts , stand little chance of being
sreserved 1 tihe sedimentary record . Yet tneir abundance
is guite staggering , for they occcur not onlyv in every System

from the rre~Cambrian to the Holocene , but in deposits of

masty different environments : from the deep sea , throv

picentinental seas , to the intertidal mome ; from 'brackish'

¢ freshwater regiouns , and even from continental deposits .

{i} The need for an inhomogeneous medium

Generalily , a pre-=
regulsite for the preservation of any trace fossil is some
degree of innomogeneity in the enclesing sediment so that the
organism effectively re-sorts the sediment . ‘iidis need not

always De necesswary , however , since merely by compacting

cterial within its burrow an animal may incuce a

greater resistance to weathering than is found in the matrix ,

aitt: the structure may wve etcned out satisfactorily .

Eal
L

similariy , & surface~formed trail does not depend on any

.

ity of the seciment in wiiech 4

; is impressed , for

as a distortion of a single bedding




" plane . Thus in apparently homogeneous Westuhalian suale

sinold trails like Belorhaphe kochi may be visible , even in

hered core material , so long as the shale is

toetally unwesa
figsile
Burrows constructed in very fi@em
grained seviments are often difficult to discern because of
thie unitor grain-size . whnas thie apparent absence of bio-
turbation in some Liassic shales may be due simply to a lack
ithological contrast ; or the distifnction may be on such

~

& fine scale as to be incapable of resclution by the numan

o

eve . In such instances techniques utilising slight changes
in the absorpiive cuaracters of the sediment particles , such
g lnfra-red photography or A-Ray radiography , may reveal

vioturbation structures . therefore , it nmay be misleading

te state , own the basis of field evidence alone , that

biotvurbation is absent from certain fine-grained rock types

entary observations may be necessary to prove its

existence .

Hot all fine-grained sediments present
tiuis problem , Lowever , for AENNEUY (personal communication)
has experienced no di i ficulty in observing Chalk burrows in
sawn hand-specimens , and considers that the problem is
generally overstated . this may possibly be explained by

the Tact that the Chnalk , toough very fine-grained is not

Lomogeneous , but couposed of varyving propertions of clay




feraminifera , coccoliths and shell fragwments whicihh are re-
sorvted by wurrowing organlisms . GOLURING {19066} has , how-
ever , demonstrated that staining with methylene blue conside
erably enhances structural detail in Chalk . vhis is due to
changes in porosity caused by the organic reconstitution of
tiie sediment , and the stain becomes preferentially absorbed
by the more porous regions . In this manner many traces are
shown up wialchh are only discerniple with difficulty from
untreated sawn surfaces , anomalous trace-fossil distrib-

utions may result from random use of the stain .

{ii)} Degree of re-working in relation to the

recognition of trace-fossil genera

the recoguition
of any trace-fossil genus usually depends on ité characiter-
istic geometric outline being preserved . Generally this
means that it nmust e preserved in isoclation from its neigh-
bours in a comparatively unobliterated state . Phe amount
of re-working of a unit volume of sediment will therefore
influence teo a nigh degree tlie adequate recognition of
different sorts of trace fossil . whus in strata which have
been burrowed only slightly it should be possible to identify
witir ease all itne genera present . In strate which have

been !churned' , nwowever , the degree of interference between




Bl

2

o

adjacent burrows is such that in most cases individual trace-
fossil geniera cammnot be distinguisned , and evidence c¢f organ-
ic activity may be evident only in vertical section , and

recorded as "bioturbation" (rlate 3} .

iils results in a dangerous situation ,
where the greater taxonomic diversity may be {subconsciously)
equated witi: greater abundance of individuals , especially
when reading descriptions of trace fossils in the literature .
Bxperience shows that the simple reference to "bhbioturbation®
is frecuently overlooked , or misundersiood as a 'sack' term ,

Chiough MIDDLEMISS (1962} has done sometiiing towards rectifying

oo

tire position .

(ii1) The i1wmportance of disgenesis and weathering

‘I'hre trans-
ition from sediments with even lamination , rarely disrupted
by burrowing organisms , through *mottled'! sands to apparently

apomegenecus massive sand has been reported from the Mississippii

Delta region by MOURE & SCRUTCN (1957 , §.27&3) and shown to

be reiated to jucreased Dentheonic activity . We must there-

fore beware of agparently homogeneocus sandstones in the

o
4

sedimentary record , and if possible chieck by means of X-HRay

radiograpity tieldr internal structure . HARMBLIN (1965) s

aware oi tids , A-rayved over one hundred sandstones , but
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o

Ffound that only 8% appeared massive due to complete organic
¥ By

It is prowvable that although the

stes Trom the Mississippi Delta region appear , in

tireir unconsolidated state , to be homogeneous , they would

in fact after diagenesis and subseguent weathering as a nard
rock not apgear so . This is because thie process of dia-
genesis is dnvariably helpful , as are the agents of weatuer-
ing , in enhaycing any slight differences in structural

detall . Thus the compsrable state in the fossil record
giould be recognisable on account of clay stringers and dis-
cordant wisps of sandstone which will have been differentiated
i the process of fossilization {¥late 3; .

Although diagenesis and weathering
may hinder the geochemist they are helpful to the sediment-
cologist . It de highly probanle that the Liassic bicturbation;
shown in Plate 4 would not have been visible when the rock
was unconselidated , but preferential diagenetic enrichment

of calcite in the bDurrows has given the rock a distinctive

mottied appearance .
{iv} Confused preservation and rate of sedimentation

‘“the varied

degree of "churning' exhibited by fossil sediments has often

o Rt




peen used as an indication of the rate of accumulation {e.g.
RIDULEMISs 1962} , presumably because the amount of re-working
caused by &a unit number of aniwals is dependent upon time .

However 1t is also dependent upon the number of animals , and

egually , tThe same degree of re-working can be aciieved by

bt

numbers o

o}
3

great animals working for the sane time .
Tihis 18 a facile statement , but a brief review of factors
infiluencing tne distribution of burrowing creatures at the

present day siould demonsitrate its validity .

ol

most creatures have very narrowly
defined ecoleogical limits within which they tend to be very
abundant , and cutside which they are generally very scarce .
Moreover , even iun their optimum =zone organisms are distinctly
gregarious in habit , so that in one layer of sediment , all
deposited at a uniform rate , population density may vary
greatliy . ‘Thie burrowing decapod crustacean order Thalassine-
idea {Text~fig.3) provides a good illustration of the
fastidious ecological reguirements ef one group of Recent

N

DUrrowers . ithey are comsidered here since their character-

istic burrows can be more easily recognised in tine fossil

¢

state toaan taocse of other burrowers .
GUBTAFSCN {(1935) has shown that the

deptinn distribution of Upogebia deltura in the fiords of the

swedish west coast is very restricted (Table 1) . Tihe main

vesgtricting {factor is the occurrence of suitable substrata »
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BURROY

TABLE ONE .

Upogepia deltura IN THE GULLMAR

{ Date from GUILAPBON 1935 )

Gasevii kKlabbau Bssvik Finsbo Garvik

G - - - - -
IR
&
2 - - - - -
. -~
i

10 X 184 Li5 - - &

12 4 115 50 100 -

L3

14 - 6

T
(@]
he)

i

16 8 - - - - -

e o
Do - - - - -
Dy - - - - -

of animals per haul shown for each of five statious

alcng tine fjord 3 ying dredge metbthod used .

Garviikk is situated at the inner extreme of the fjord .
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and these are limited to a narrow wzome in the rayidly deepen-

fiords , but are wider amongst the skerries .

ing

Since tae distribution of hi denisities of burrowers is

rvestricted in this way , it is clear that any conclusions
about rates of sedimentation in the Swedish fjords based on
the degree of "churning” are liable to be in error .

Just how rapidiy Orgaﬂisms‘caﬂ
completely rework sediment when living under optimum condit-
ions is demonstrated by MACGINITIE (1934) in his study of

Callianassa caiiforuniensis . This creature , unlike Upog enLa,

is a deposit feeder , and its burrows therefore ramify to a
much greater extent in the qguest for food . It is ome of the
most abundant animals in the muddy sloughs and bayvs of the
west coast of Horti america , fulfilling a function analogous
to tikat of the earthworm on land . Macginitie calculates
that one animal excavates from 20-50cc,. of Sifted sand in the
course of 24hours , and that , on tnis basis , the population
reworss the waole sediment to a deptin of 30" in 240days .
Certainly , if sucih a stratuwm were encountered in the fossil
state 1t woula , if interpreted in orthodox fashion , be
tuought of as marking a prolonged non-seguence or a very sliow
rate of mud accumulation .

Tiie corollary is probably still more
significant . Since this organism , living in its optimum

HOTLE reworiks tie same sediment every few montns , it follows
$
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that all chance

%
2

ot the preservation o0f its diagnostic burrow
form (Text-fig.4) is lost , with the result that upon fossil-
ization only a confused "biocturbation® eiffect could be noted .
We therefore have the paradox that due

oif pre ration tiae ¢l

tc the vagaries
aracteristic trace of an organism can
only be discerned witere 1ts activity is less than coptimal .
(vj "Fossilization rPotential" of nearshore emvironments

actualistic studies
recent years have tended to demonstrate

in Geology
crdinaxry

in

that it is the extra-~
event wiich is of the greatest
& sin

le

0y

significance . ‘vhus
severe stoerm accompanying a tidal surge may in one

day erode many cuovic miles of nearshore gsediments wnich have
taken centuries to accumulate .
of

-1 £

race fossi

b=

In this way a whole
potential t

suite
récord

ils is lost to the fossilﬂﬁﬁé may
been so lost in the geological past .

Quite clearly , the
suallower the water in wioich a sediment is deposited the
no

re likely is its removal before fossilization . ¥gually ,
tiose burrows constructed nearer to the
chance

of

surface have less
preserved

A relative scale of #fossilization
mwotential® be established

Cax

its importance has recently
been stressed by GOLI 305,
estimated LI

(1560} has
fossil record of snallow-water sediments
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represents only 1L/10,000 to L1L/100,000 of the total time

invoelved . I studying Recewnt traces , therefore , it is

to comsider the likelihcod of theldr preservation .

Conseqyuently a bias is to be expected in the trace-fossil

scoxrd towards forms origlnating in a low-enersgEy environment
¥ [t €. 3

-y P )

and the relative abundance of suspected shallow- and deep-—

water types of trace fossil eventusily eserved in the

sedimentary record wmay not reflect in any way toe abundance
¢i the populations which formed them .

The degree of protection of a marine
environment is thus a major Factor in determining
the preservation of trace fossils . Wave-~exposed coasts
rarely hwave shallow burrows preserved , 1if indeed any are
Tormed imitialiy’, Protected estuaries , lagoons and:

stand less chance of naving thelr near-surface features

rewcoved LY erosioen . GELT (1929 @.2&) has shown that
conditions are very Tavourable for the wreservation of trace
fossils along protected coasts of western Austraiia , where
at Chilli Creeik , nortnh of Beagle Bay , the tidal rahge is

28 feet and the area set free by bthe ebb is seven miles wide .

whis coastel striy by mangroves , is teeming with

milliions of burrowi and Welgelt's observations on
the mode of preservation of ftiie burrows mare wortih gquoeting -

¢ Accomodation to life on landg nas already made

1t thie decapods proftect tuenselves at

such marked progress €
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thie start of the flcod tide ., Ucywode and Mictyvris therefore
remain in their burrows during the flood tide , the entrances
covered and the water-current stopped with sand ., The

winking crabs are able to clouse their burrows , lixe other
species , with the big main claw (Textnfig.B} . But the most
revarkable benaviour is that of Uca , which closes its burrow
during the flcod tide with a seilf-made round 1lid . ‘This
benhaviour enavlies us easily to understand thnat it is possible
under specific circumstances ;, for widespread extermination
of amnimals to occur . At the same time tlhieir burrows can
sometbtimes be preserved during excessive flooding of the slime
and mud area lying behind the lagoons ¥ {(translationj) .

Such lagoons are often also areas of
yuite rapid subsidence , as »iHBEraRp (1953) has demonstrated
along the eastern seaboard of america , where silting at the
rate of 3 feet / century has been in progress for thousands
off yvears ; so tiiat traces , once formed , are soon covered
by sediment .

Regional subsidence is thus an
important factor im the preservation of trace fossils .
Subsidence is considerable in the vicinity of a prograding
delta , and may explain why trace fossils are abundantly

preserved in deliteic sediments in the geological record .
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{vi) Bffect of grain-size on trace-fossil prescrvation

Thie
detail of preservation of trace fossils often correlates with
the particle gize of the sediment within which the structure
is excaevated . Crustacean burrows demonstrate this relation-
shidlg . A crab , for example , may extend its burrow by
scraping material Tfrom the walls with its vointed claws , and
although the very sawme process may be used to burrow in muds
cr imn coarse sands fﬂssii burrows preserved in the latter
would never show details of the original scrape-marks whichn
are always preserved in the finer litnclogies .

Plate 5 shows specimens of the

supposed crustacean burrow Rhizocorallium . In the Middle

Lias Tronstone Series of Staithes , Yorkshire , scrape-marks
are preserved in great detadl (Fl.%ﬁﬁ} in a chamositic siderite
mudstone , and again fyrom the Bllerbeck Bed of Staintondale

{(PL. 5 )} , where they are impressed into kaclinitic silts .

The same trace foussil is also illustrated (Text-fig.5)

preserved in different lithologies . Within the Scarborough
deds the wall sculpture of Bhizocorallium is discerninle in
silty limestomes , thwough not im calcareous grits . The

Callovian exanple from Cayviton Say shows completely different
weathering characteristics in wanich the burrows are less

resistant than the internal spreiten . Comparable litnologies
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from the Lorset Corallian present similar Rhizocorallium .

amples From the Calcareous Grit ]
of Dorset and the Ironstone Beries of Yorksihire are two
extremes of a coutinuous series of preservational tvypes .

the two ende-members are strigingly different in trace-—morphol-

s

i odt dis not surprising that they have freguently been

-~

OEY an

parate trace-fossil species , Hh. conrnine and

B L S
Lireated as

Rb. Jenense . YEIGBELT (1929 , p.27) was aware of the danger
oif this practice of species discrimination on tae basis of |

Cerences . He observed that exawmples Tfrom

preservatbtional Jdif

Ay ieyverys din the Upper Chalk , such as the Loeneni-marl of

the Lower fEmscherian in Halberstadt , possess an indistinct

sculpture comparable with "Moor's lines on a pressed marble

cylinder” , winereas wvccurrences frowm other Series are often

completely devoild of sculpture . A8 he says -

" s ... tie preseryvation o7 sucih Yine di

Gdepends in o

degree upon the nature of the

ST O

moeaium # {trauslation}) .

s

Thixotro: wriation and dts dntfluence on preservation

{vii;

Since Welgelt was able to distinguilsh

Ridgocoral . dws witiy various degrees of sing of the wall

preserved in tihe same lithology , it follows that some cther

countrol acts on preservation 4in addition to the




gross graiu-size of the sediment . WELIGELY (Gg.cit.gg.zb}

considered that sgpecimens with pronounced relief and strongly

rounded ribs were dmpressed in more plastic and less firm

riaterials . Hecent experiments shwow tiaixotropy to be the cause
The concentration of many burrowing |

cix

mals in gregarious clusters on intertidal flats results

from tielr burrowling ablility being controlled by toixotropy .
CHAPMAN (1949 ) has dewmonstrated that the lug-worm Arenicolia
maring is restricted to areas where the substratum retains

ter to keep it soft (Plate 6) . The change in

thixotropy across the mudflats is in no way due to any change

in gralin-size of tne sediment , for identical effects are
produced vy slight changes 1in the slope of the sediment
surtface .

Yhis may well be the cause of the random distribution of many
vertical burrows in the geoclogical record . HALLaM & SWETL
(1966 5 p.l&ﬁ} , for example ; attribute tire absence of trace
fossils Trom certain parts of the Lower Cambrian pFipe HRock ,

lithiologically no diffevent from the rest , to inappropriate

tiixotropic cox tions for burrowing , tﬁéugh admit it could
also be a function of preservation .

‘Phius the ecological limits of many
burrowers initially may be controlled by thixotropy , while
others iorvmed contemporaneously beconie ooliterated by

subseyuent Tlow of the 'gel'~like sediment .




feN
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tThe role of thizotropy caunot be fully
appreciated without a consideration of surface-formed trails
sucii a8 those produced by the gastropod Littorina , and of the

11

varions modifications of greservation creatved by the chianging

thiixotropy of the superficial sediment . RAYMOND (192z2)

described tioe trails produced by Littorina ; HANTZSC éﬁl (1938}

presented a more detailed and well illustrated account .
the trail is slightly wider than the aperture oi the gastropod

z4

ir of lateral ridges between whichh occuy
4

o

aud is bounded by a p
transverse ridges bowed forward in the direction of travel
(#late 7a4) . '‘nere are many variations from this basic
pattern formed on a muddy surface . RAYHMOND (gﬁ.giﬁ., pedluj
mentions tnat Littorina , when travelling in water , forms
ateral ridges whichh are high and broad , and tramsverse
riuges are absent ( #late 9C} . ‘The absence of the

transverse ridges may also be a function of thixotropy ,

o
et
st
(o)
%

since occasionally fail , apparently at random (Flate 78}.
Thelr absence may also be due to more than one animal
progressing along the sawme track , as T have observed on
mud-covered yocky foreshores neay Whitoy , where the mailn
trail becomes markedly overdeepened and the lateral ridges
pronocunced (Plate 7Cj) .

identical phenomena are to be found
iz trails produced by other creatures . ‘The amgﬁiped

Coropnium volutator provides a good example (HANTLSCHBEL 1939).
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The tygical trail has a beaded appearance (rlate 8a} , though

this is often lost due to subseguent thixotropic flow of th
muddy sand {(plate 88j .

Comparable fossil trails are well-developed in the

Carbonitfercus of Northern Bnglaund . ‘they appear to be absent

from the British Jurassic . The form gione moniliformis TATHE

ia very similar in its beaded character to the Recent

Coroj trail (Flate YA} when fully preserved , but it is

4

ranied by a form wirich 1s unbeaded and

fregquently accon

wossesses marked lateral ridges . The twoe forms are seen

togetiier at swath Beck liusn on the Moor House National Nature

Reserve {(iFlate 98B / )b) in & flaggy fine-grained micaceous

istone . It is also very noticeable that forms of

Crossopodia are prewent heve in w

generally characteristic of this {trace-fossil genus are
lacking . Tidis also may be explained by a tihdxotropy
untfavouravie to the preservation of f{iune detail .

These Carboniferous trails show

considerable morphological dissiwmilarity , and their

icin the tTransverse striations

dissociatea sbucy woudd lead to their being placed din differ-

ent trace-fossil species . Congilderation of the range of

preservational types exhibited by a single Hecent trail

clearly demons that thixoctropic variation can easily

»,

account for widely differing trace mor

ology .

Counsequently it is unwise to establish finelyv-~discrimimated
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& e
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trace~fossil species , sipould be suffic-

itently broad to cope with such exigences .

{vidii} Compaciion plienoiena

3]

of compacticii may occur .

[t

TWOo Types
Yhe first is syn-depositional , where an originally hollow

pehind its wroducer : this is clearly releated

collapses

to the tudxotropy oi the surrounding sediment . ‘The second

is due to tie welgoit of superincumbent sediment , which may

tunnel outline of some trace fossils .

, Pl. X¥I/1) nas illustrated a

ites from the Beleuwnite dMarl of the Dorset

Lower Lias , where tne initially circular tunnels are now
clearly oveid in crosg-sectlion . Commonly tiis may occcur

% ~

s pessively driftec imto a burrow systewm

wiere sedim

1 not been actively Pl CPOoWing organism .

Wiere wlugging has occurred , nowever , burrows tend to retain

-+

tonelr true cross-sectlions ;3 in such instances there is often

load deformation arvrcund the structure .

Thalassinoides fwrom the Lower Cualk of Hunstanton may even

aloug the burrow walls (A.J.300Y8L

LOW

personal communication 1966} .
Uompaction distortion effects are

tias slight din trace foseils compared with tiwe considerable




8]
[{:S: 3]

crushing walcn v ococur witn shelly fossils , where tectonic

also cause great difficulty to the taxomomist .

fet)

I3}

{(iz) “Prace fossils & Stratiaomy

oa

Dince

ny osuriycws aire

ment for food

produced deposit feeders exploiting the
it dis not surprising that many are related to organic-rich

carbon is known to be strongly adsorbed

s 80 1t is to be éxpeoted that many trace
fossils will be preserved at the interfaces between sandy
ang clavey sediments . In fact tne “sole tréil" formed on
thie lower suriace of a greywacke is a wery abundaunt type of
trace fTossil . Uthrer burrows are constructed din relation to
tire local ground-waater table . Tri thids case alsoc a clay
underiyving a sand will give rise to Y"sole trails® .

Hence many structures mayv be
reiated to the lowexr boundaries of sandstones , rather than
the upper , in an altermating sequence of flvsch-iike sediments

(e.g. SCUIT 1966} . It dis thus difficult to distinguish

sana casts ol suriece trails whichh were impressed 01 clay

from internal traces which were produced by activity at an

ailrveady established sand/clay interface . HBeilacher , on the

witi living aniwmals , nas demonsirated

tirat traces Tormed withdn sediment {"imwensgurem"} are more




7 preserved . This quality is difficult to assess
ot natural cases since it reguires somethning

preserved for comparison Thus to use

miviology {19644 ) tiie distinction between a
& i $

po~-reliel amnd a positive endogeneous

roo-relief {(Text-fig.6a} is eguivocal . Moreover , their

AR

paration from epi-veliefs is freguently aifficult ,

ially wilen tue ‘way-up' of a specimen mzy be in douot .

Regreitacliy it must e concluded tiat

theoretically sound stratinomic

1:1

{(Table 2 is often difficult to

witi hypo- and epi-reliefs . Sucit a. sclieme
does explain the great variation in the tvpe of preservation

“ &

one trace Tossil as a result of censtructe-

o

WL ted out +tihis vhenomenocn in tae Lilobed

llery Gyrocaocrite , well wnown Trom the German Jurassic and

the Jritisn Carvonifercus {Plate MM, . He observed that

variaitions gsnown on Text-~-Tig,7 were the resuit of

NG

\O

Jead action of

)

ciearly taey did soet merit

s nor did Ll remaining preservational

Tihie ambiguity assocliated witihh uypo-
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siligitiy simpler cla

2 a5 an albtern-

f{)

S . N PR
Ua=-20% ) could be us
seirves to describe any trace fossil

- i

odnt , and may be used in conjunciion

-

witin common gecslogical and etliological observations .

Burrows preserved

fig.ba) mav offer wmuch dinterestin

(Text-

stratinomic evidence . SCOPMT PsON (1957 , pr.b79-a81l) ,

whiile making no prefence at an all-embracing classification ,

aas recognised

stratinomic tvpes of preservation in

Chondrites . Thnese pave subsequently been widely recognised

styate obther than the Dinantian and the Lias Trom wiich

tiey were initially described . The four tvpes are shown on

s, and each nave i gical connot-~

1} Diagenetic preservation - wiere there is no change in the

tygpe of sediment Tilling

e burrows (Plate 4};

generally indicating guiet conditbions with lack

of pemecountemooraneous erosion

2} Bed~junction preservation - where a change tawxes place in
tite type of sediment filiing the burrows
{¥late 10); sometives accompanied by slignt

cnecontenporaneous erosion indicaved by

removal of tile mroximal shwafts
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3} Concealed bed-junction - where the sedi

burrows in shale , overlain by siltstone

icating considerable local winnmowing following

ilthological change

preservation - wiere the sediment surrocunding the

Turrows ias been rewmoved to leave a pile of tubes

as a2 minor intraforma rlomerate 3

Fal

geiinite erosion and tiie removal of

Lde

surface from which the burrows originated .

nents and are

Wiereas types 1 & 2 represent low energy enviror

common in the Lias and tae Carbonifercus Limestone of South-

West gland , types 3 & 4 occur in er energy envirconments

[

and are found , for example , in the Upper pmsian Lynton Beds

and the Givetian Lifrvaconike Beds 1964 , ©.137)

wiere tuere is a complete absence of near-surface trails .
dere burial preservation , unkuown in the Lias , is cowmmon ,
and intraformational conglomerates composed of the tubes of

Arenicolites curvatus {(Text-fig.9) are also found in the

nelghbouring
The presence of derived trace fossils

may seem a iittle slarwming , in view of the fact that ome of

thelr greatest adw tages iz generally considered to be their
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cruly An situ nature compared with shelly fossils , which are

frequentliy current-sorted and de not represent auntocnthonous

ately different

1ife . Howevery , trace fossils arye so con
in thelr derived state Tfrom thelr mnormal mode of occurrence

welly FTossils that they are easily recognisable .
o % P L el

Moreover , tihese occcasional occurrences of trace fossils

gresevvation reveal the nature of the

presevrved by burisa

M
ot

burrowing process of the crganism . The burrow systems must

cleariy nave Deemn strengthened in some way to make them more
resistant than the wmatrix enclosing them . in the cxamples
Just mentioned it is logicel to assume that the walls cf the
burrow were iined with mucus during comstruction . Tnn other
burrows , plugging with faecal matter may produce greater
resistance to erosion aund the structure may be sufficiently

conesive to become dncorporated in later conglomerates .

5

Tias HECKER (1965 , w».118 PL.XI/3} records avundant

n

derived Hualzoelitis in trausgressive basal conglomerates from

K

tie Pelaeogene of the Fervgana Day region of Central Asia . as

tihese are aerived steinkerns of the stuifed crustacean burrow

Andwccorallium aowever it dis possible that coellophanous
5 3 E i

vy nave given the structure added rigidity .

pregnations

This secretion 4is kaown to be couviocusly mroduced by wresent-
EA £

YT 196, p.T763) .

day vurrowing decapods {WEIW
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CLASSIRICAYION AND THE TAXCROMIC »ROBLEM.

(1; <Classification

It is impessible to classify trace fossils in the
same manney as body fossils. this is because many
different traces can be produced by the same animal,
depending on the type of its activity, and on
fortuitous properties of the sediment. Moreover,
adaptive modification has led to the preduction of
similar traces in completely unrelated groups of
creatures. thus amphipods, annelids and hemichordates

nay all produce similar 'U'=shaped burrows. Secause

fosf

of the widespread possiblility of homoecmorphy any
classification wihichkx attempis to arrange trace fossilis
acceoxrding to the morphology of their producers is liable

to be erroneous.

Ciassification should ultimately be based on
ethhological criteria, the morphology of the trace being
interpreted as the result of a particular type of
benaviocur. #Hany of the earlier attempts at
classification {e.g. 7UCHLS 1895} usefully grouped

various morphological types of trace fossil together,




o
\‘a H_)
cih as tne 'fucodds', the 'heiroglyphis' and the SPpreiten-

7
a4l
e 3

'i

termed the "darkest and most

vurrows {(which SUCHS

enigmatic area in the kingdom of the problematical

iis¥ }, but failed to recognise the ethological

fos 1)

€’)‘:
41}

significance of each type. Later classifications have
peen along similar lines, with a number of groups of
approximate familial status being created. RICHTE (1927}

applied a useful distinction between 'Uf-shaped burrows

with and without Spreiten (Rhizocorallidae and

arenicolitidaej, though some difficulty was experienced

witenn applying this scheme to certain Jurassic burrows
from Yorkshire. RICITEA was also one of the first to
stress the inadvisability of too narrow a grouping of

trace fossils.,

Ael (1932) presented a very

Hevertheless,
detailed subcivision of trace fossils with isolated
examples of each type, but failed in his 'superordinal?
units to create a system which in any way improved that
of Fuchs nearly forty years earlier. This lengthy

classification has found little FTavour.

A classification is essentially an artifact
contrived to aid human thought. aAccording to this

definition it should clearly be botih useful and usable.
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Une which mot only overcomes thne inherent difficulties
of a particular group but also takes advantage of any

svecial

AT

3
£

culiarities stands the best chance of becoming

I

generally asccepted. wuch a classification was proposed
by SBILACHER (1953a, pp. 4324-434) and has not subsequently
ween dmproved. It iavolves five units of approximate

crdinal status (Text-fig. 10, TABLE 3}

ee

PABLE 3
{1) DCHICHNIA - dwelling burrows: constructed vertically:

may be simple or 'U'-shaped:

(2} PUDINICHNIA ~ feeding burrows: extensive systeums
reflecting efficient use of unit
volume of sediment:

(3} PASCICHNIA -~ grazing trails: spirals and meanders

reflecting intensive use of unit

surface area:

{4 CUBICHNIA - resting trails: outlines corresponding
roughly to shape of producer:
#

(5} REFICHNTA - crawling trails: produced during

directed locomotion by vagile benthos.

this classification has several advantages. It collects
ecologically similar groups of trace fossils together,
s0 that the growp of resting trails (Cubichnia) is as

valid for the extinct trilobites as it is for Recent
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DOMICHNIA

FODINICHNIA

PASCICHNIA

CUBICHNIA

REPICHNIA

Dwelling burrows

Feeding burrows

Grazing trails

Resting impressions

Crawling trails

BAJOCIAN NAMUR!AN

Yorkshire Northumberiand
Arenicolites Diplocroterion
Teschichnus Phycodes

Crossopodio

ABSENT
VERY VERY
RARE RARE
Gyrochorte Gyrochorte




arthropods living the same mode of 1ife. Because of
this groupling, questions concerning the nature of the
trail-producer are of subordinate importance, and
seilacher's classification does Jjustice to, rather than
circumnavigates, the peculiar properties of trace
fossils. ‘Lhe classification enables any trace fossil,
evenn if it canuot be identified taxonomically, to be
placed din a meaningful category. It has also proved

to e very useful in distvinguishing variocus dchnofacies,
each characterised by a different ecclogical assemblage
of traces and each apparently indicative of a particular

major depti zone (SEILACHER 1964b, pp. 307-314}.

Uccasionally there has been a tendency in the past
to read too muchh into the complicated patiteras
exinibited Dby trace fossils, and there have been a few
attempts at a 'psycho-physioclogical' classification

{e.3. HUNIY 1932, DBESIC 1940) shown in Table k.
4

Aj TRACES B} TRACES AT DELTH
1: thigmotaxes (meanders 1: tubular galleries

and free

spivals)




o

"Ut-siiaped galleries

Z: homostroghies (meanders ¥
and
obligatory
spirals)

4: phobotaxes (stelliiforms, 3: ‘'pocket' galleries

corymbiforms,
pseudocoryn-
biforms,
chondritiforms )

Ls: straight iines {(simple, L dirregular galleries

ramifying )

Apart from the surprise of finding Chondrites among the

surface traces, there are other more fundamental grounds
for not adopting this classification. as LESHERIIBSBEUR

(1935, p. 17} says:=-

“i.'incertitude gul regne en bien des cas sur la nature
- - - » 3 - - . /
des stimulus mis en Jjeu, ou l'absence ou la pluralite
de ces stimulius permettent de condamner ces

- » o o £ 5 - I3 i s
classifications, gui font dl'ailleurs d'inevitables
TN - - .
emprunts aux criteres morphologigues®,

3

Furtinermore, as SEILACHER (1964b, p. 300) points out,

ssurface trails and burrows are Tundamentally different
only to our eves. ¥or many benthonic animals it makes
little difference whether they creep at the surface or

along beddiliing pianes dnside the sediment, and for the




paiaeontologist it is often impossible to differentiate

tiiese two types ol motionv. {(c.f. p,4+ja

Clearly then, any classification whose chief
distinction is between surface and sub-surface traces

fte.8. LI

PSSLRIESsBUR 1955, p. 19, tab. 5} willi be
difficult to apply, and may often create misplaced
emphasis. Thus Seilacher's classification remains the

mest easily applied and the most meaningful.

Recently attempis have been made to rearrange and
"improve' Seilacier's scheme (MULLER 1962} by the creation
of '"mew'! superordinal ranks dinto which Seilacher's
original terms, and several additional ores, have to be

fitted (Tablie 5j.

[‘
(%4

TASLE

1) CIBICHNIA Muller - eating traiis:-

(i} Bodinichnia neilacher - exteusive tunnei

systems;

{(ii) (Mordichnia mMuller - biting and gnawing trails;

{iii) Jrascicihnia weilacher -~ grazing trails:

MUVICHNTA Muller - moving trails:-

Hn2
S

{i} Repichnia Beilacher -~ crawling trails;

{ii; Cursichnia wmuller - running trails;
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-~ swimming trails;

;
g

{ivj Volicania muller - flying trailss

3 QUiEsichais Muller -~ resting trails:-

(i} CLubichnia seilacher ~ resting impressions s.S.;
(ii) pomichnia Seilacher - dwelling burrows.

whis classification is very sound theoretically, but

laciks the brevity and ease of application of seilacher's

simpler sciieme: the Volichnia must constitute an

exceedingly rare group in Nabture. Uther terms such as

‘yuleticimda' do not improve an already clumsy

terminology, and the inclusion in this group of the

pomicimia seems a pgeculiar choice, since vertical ‘U'-

shaped burrows often show considerable movement in

response to penecontemporanecus ercosion and

sedimentation {e.g. GuLoRIiEG 1964) and are not

geunetically connected witihh the Cubichnia.

(ii} :listorical pasis of the taxonomic problem

ihere are many anomalies in trace-fossil taxonomy
since structures which are now undaerstood to be
inverteﬁrate burrows were considered originally to be
piant fossils anc bBecause the Law of FPriority applies,
many nomenclatural inconsistencies cannot be avoided.,
Mawy genera and species were created on the basis of

tihie shiape of tie presumed algal "thallus? and
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at which the branches diverged.

according to
much of this division was too narrow. ‘there are thus a
great many superiluous names in the literature and
tirese are scattered throughout the world in palaeo-
boetanical, palaeontological, stratigraphical, regional
geclogical and field excursion accounts, This mneans
that the establishing of complete synonymies is a
lengthy tasik and much researchh is unecessary before the

i

creation of new and reliable trace-fossil taxa.

The world-wide distribution and the very loag
time-range of the majority of trace fossils are very
important factors to wear iun mind. "New!' species
founded on isolated, indifferently preserved specimens
are particularly suspect, and the warnings of JalMES
(1884) went unneeded for many vears. In view of the
current iunterest in trace fossils it is as well to
reveat thems -

"When every turn made bV a worm or snell, and
every print left Dy the claw of a crustacean is
descrived as a unew addition to Science, it is
time to call "haltl!' and eliminate some of the

old before waking any more new species,”

{(iii) Recent trends in trace-fossil taxonomy




Pwenty synonyms of tue trace-~fessil genus Chondrites

I*IR

PuSCHEL 1962 wW.187;

are recorded in thie Treatise {Hs

sixteen for the spreiten burrow Zoophvcos {idem, o

‘e

e

220}, wvhese ave probably the two worst examples.
problem cf generic synonymyv has now been alleviated by

the publication of the trace-fossil part of the

B
&

Trossilium Catalogus?

965j, though species

discrimination still involves extensive counsultation of

foreign literature,

Many autnors tlhierefore prefer mot to designate

trace-fossil specles. HCUDT SIMESCN {1957, p.L4d

O

J
concliudes that: "in the present state of ocur knowledge
it is doubtful whether any advantage is obtained by

attenpting to recognise dichwmospecies within Chondrites’,

15 (1962 did not attempt to designate species of

RBhimocoralldum from the Lower Creitaceous of australia

because he was unable to consult tihe relevant German

{1961} publisned original

literature,

formal descriptions of three "nova Forma’,

scantnoraphe, Helicoraphe & Megagrapton, from the

Folish Yilvsh without specific names., this practice
may become increasingly popular. Other workers, fully

accuaintes witix the worid literature, still prefer not

to recognise distinet species of trace fossils.

61



er Campanian

(1904}, in his study of the Upp

o 2

trace Toussidls of Central Jestpinalia, formally named seven
trace~Tossil genera, but only differentiated species in

one, raleocdictyoi, and then on the basis of size, a

criterion not favoured by oithier workers.

In view of the widespread morphological variety
whici: may be creaved by fortultous properties inm the
original sediment (vide Chapter Four) this "lumping"
is sensible. Uccasionally, however, it has been taken
teoo far, and attempts heve been made to name tracks
and trzils simply as 'species' of one genus Ichnium.
I this case the lack of refinement is a drawback to

the use of trace fossils as detajiled facies indicators,

Provided that "artificial' elements in trace
moyphology can be satisfactorily eliminsced, and that
the variant is of sufficiently widespread occurrence to
e useful in facies studies, there appears to be scope

for establishing trace~fTossil species. Within the

trace-fossil genus Whizocorallium, for example, the

species R, commune falls into the "artificialy

e

category due to its diudistinct wall sculpture being a

function oif the grain-size of the surrounding sediment

{vide supra, p.3%): Qh. uliarensis (FIRTICN 1958, 9107}




is & vallid species, hiowever, since the coiling of the

axis of the "U' distinguishes it from the type species

e, dn whatever lLlithology it 1is preserved.

At thie present time two opposed concepts of trace-
fossil nomenclature exist. The first stems from those
autizors who decline to name trace fossils fTormally, not

wishing to create a taxonomic system ocutside ITCEN

jurisdiction (e.g. RAYD 19613, p.lQ?;. This ideo-
logicaelly Jjustifiable procedure suffers from =z
considerable practical disadvantage, for expgerience
shows tisf unnamed forms usu ally escape nctice din later

El

idlterature.

The second concept is adopted by those authors who
recognise tix some form of systematic nomenclature is
desirable if progress is to be made. In order that any
newly created trace-fossil name should be readily
ditinguishable from a trie Linnaean species, it is
recomgmended tigb the suffix Y~ichnus" be added., If th
nasie aiso symbolises some morpholiogical peculiarity of

the trace fossil {e.g. Sagittichnus SEILaf s0¢ muach

thie better,

{(iv) Taxonomic characters in trace fossils
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Just as in body fossils, thiere isno unifermity of
status for any one taxonomic character. ‘The direction
of burrowing of certain trace fossils, for example,
apwears Lo some woerxers to be fundamentally important,
and to serit geuneric status. Taking 'U'=shaped spreiten
burrows, 1t seesms to me that there is a basic‘differeﬁce
betweenn those which are vertical, and generaily found in
coarse clastic sediments, representing the dwelliing

burrows of suspension feeders, and those

which are horizontal, and gemerally found in rocks witl
censiderable admixed clay, representing extensive

feeding burrows {(¥odinichnia) of deposit feeders.

{195%, p.448; evidently did not consider this
¥ Vi 3’

SBILa

sufficient justification for retailning the form

sl L1870 feor vertical spreiten

Diplocraterion L0

A

burrows, placing the type species L. parallelum in the

1636,

earlier trace~fossii genus Rhizocorailium 2ENK

Conseguently he refers to the form as Rhizocorallium

parallelwn (TuRBiLi 1870},

1962,

Most subsequent workers {e.g. GOLDR
Pex3%; maintalin tuat thie distinction between vertical
and borizontal spreiten burrows is a fundamental oune,

ana should be recognised at the generic level,




>
H

sertalnly 1o one to date appears to have considered the

5 dis

form of the horizontal socphvcos

seems likely: we mav vet see the

as "goophvyvcos prectusH

‘The distinction between vertical and horizontal

directions of burrowing nas not the same sigunificance

b
e
@
e
[
=

P

ple structures as in the more complex spreiften

£

DUrrows » Planolites montanus RILCH

1997 is a simple

horizoental sand-Tfilled burvrow; rlanolites ovhthalmoides

an essentially vertical burrow with an eye-

like halco. whe much laurger burrows of the decapod

Callianassa are likewise distinguished at specific

level according to tie dominant direction of burrowing.

1891 has

vhe tyoe gsuecies Uphidlomorphae unodeosa

v vertical attitude, whereas U, boroeensis

1965 has a domimantly horizontal orientation.

size has neéver been a popular taxonomic character.
as already mentioned {paul} two specles of the honeycomb

network raleodictyon are often distinguished on the

basis of size, ¥. giganteum FERUzsl and p. minutum

Al {BalCu 1939). In the vertical 'uU'-shaped

ourirows, however, no such size distincition is possible




since variaricn is coutinuocus, unlike the discontinucus

Gay (L9934, p.Y}, in

variation of raleodictyor. WisE L

hils vedescripbtion of the tyyge species of Diplocraterion,

., stressed the great variation in

e parallelum gy

turrow depth anc leugth of examples from the type

borison at toe type locality.

A@mOCIEg bThie Pomichnia it ds the nature of the
agserture of the burrow which is of greater taxonomic

wiracteyry is

importance taan the absolute size,
generally considered to nave generic signiiicance. ‘thus

guisied from the

viplocraterion 1TURELL L8706 is disti

1893 by the presence of

similar Corvophioides muiyh

funnei-siaped apertures: monocraterion puifiiL 1870 is

simiiarly distinguisaed from BKolithos iaiLbBian 1840,
pince these vertical burrows are usually found in
littoral sediments, it follows that their apertures are
freguently truncated by erosion, so tihat the nature of
Eroded

the ggperture is mot an. ideal generic character,

examples of Monocraterion are thus indistinguishable

from skolithos,

Attempts lawve been made in the past to differentiate
the two on the basis of the degree of crowding of the

burrows, though in view of the wide variation .in burrow

oy

o

leep
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density shown by the type species, 5. linearis, tiis

mast not be thought of as a diagnostic feature. HALLAM
& LWEL {1966, p.102}, having stated that "the degree of
crowding of a given trace fossil hardly seems a
satisfactory character im the diagnosis of that fossilv,
proceed to point cut thet in the Lower Cambrian of

Durness pKolithos is "Tfrequently but not invariably

closely crowded" whereas ponocraterion is more widely

spaced than is usual with Skolithos and never closely

crowded?, Clearly this character may e useful locally,

Dowever undesiravle in & diagnosis.

Some palaeontologists have expressed alarm at the
considerable stratigraphic range of the majority of
trace-fossil taxa, which are kpown by the same name in
thne Cambrian as im the yvertiary. Since it is possible
tinat these structures were not produced by the same
organisu, oy even related organisms, it has occasionally
been suggested that different names be applied to the

sane etnological gattern wienn 1t occurs in different

parts of tne geological column (e.g. HOWELL 1957, p.150).
There 1s absolutely no justificatvion for this practice.
‘wrace fossils are virtually useless as wmone fossils,

and thelr one supreme advaantage, that of facilitating

long-range facies comparison, is entirely lost b
& & b
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{v)} Taxonomic procedure in the description of trace

fossils

I

To describe any trace fossil adequately it is
necessary to comnsider vhree factors:- the state of
preservation, taxonomic and ethological aspects of the
specimen. Clasgifications nhave been proposed with each
of tunese as the basis. In practice, however, only one

can oe used and here the classification proposed by

AUHER (1953, p.432=-434) is followed. lie recommends

the method indicated in Table 6 for describing any
given trace fossilsy the selected example is the

horizontal crustacean burrow Hhiwzocorallium from tihne

L,ower Lias of Helmstedt.

tthe most satisfactory example of taxonomic method

in trace-fossil study is withiout doubt GULURING's {(1962)
account of the Uppey Devonian trace fossils from the

Baggy Beds of Worth Uevon, IHis description of

Diplocraterion vove {(op.cit., pp.235-245%) could well be
E 2 /

used as a standard for subsequent taxonomic accounts;:
tiie detailed steps involved are shiown on Table 7.

Godldring method emphasises the considerable value of




detailed trace-fossil study in the understanding of
sedimentary processes. This wethod is followed closely

in tinis thes
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TAACHOMIC pPROCBDURE FUR DESCRIBING TRAC

{Fodel from GOLURING 1962).

Seilacherian ¥Bcological type.
zenus, aAuthor, Year.

Generic SYRONYVAY .

Tyiye Species, author, Year.
Generic Diagnosis.

species, author, Year.

rlates and Text-figures.
Eclotyyeo

Tvepe loecality.

Introduction.

Biagnosis of species, if new,
gescription: -

aj general b; aperture and walls
Bthological interpretvation.

sedimentological interpretation.

E FOES5ILS

c) faecal

Comparisons with otiher figures examples.

dgeeocurrence: iocalities other than type.

Geological position and range.

Based on description of uiplocraterion yoyo.

(23]

pellets.

q
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ClihrfER 51X,

AANG BURRCYS .,

(Domichnia ;.

The Domichnia are abundant in the Pritish Jurassic:
both simple zwnd Ue-sipaped vertical burrows occur. ‘The
latter have bLeen described from the Middle Jurassic of
Yorkshimre by BATHER (1925} and from the Corallian of

(BLL {(1939}. Occurrences from otiier horizons

sucn as the Cleveland MMiddle Lias, EZllerbeck hed and

4illepore Bed have not received adequate study. The

to!

simple vertical uyomichnia, probably because of their
rather nondescript anature, have not been treated

adeguately in the literature.

In thds study the following 'genera' have been
identified fzxom the Yorkshire and Dorset Juragsic:-

srenicolites, Diplocraterion, Corcphioides, sSkolithos

and Laevicyelus. HKulindrichnus, believed by HALLAM

{1960 to beiong to the uomichnia, has not been

studied.

Complete synonyms for all 'genera' will be found in.

L1962,

Vertical U~shaped SBurrows

(i)




.3
(=

Arenicolitidae RIC

Arenicolites SALTER 1857

9
Type species: Arenicola Carbonarus SINNEY 1852, p.l92,

#l. 1/1; discussed by RICHTER (1924, ».137).

5L 1962, p.Wwld3=-4;,

Generic diagnosis:
U-shaped, thick or thin, rounded or
compressed burrows without spreite; walls unsculptured,

sculptured, or lined; perpendicular to bedding plane.

arenicolites statheri BATHER 1925

FLATES 12, 13, 14: ‘Text-fig. 11.

¢

A

1925 Arenicolites statneri BATHER, p.l198,

iiolotype: B.ii. a2bl2, a vertical section.
rFaratvpe: .M. ARLLY, a déuble opening.
I'yvpe localitys southeast of Blea wyke roint (45/993012).
discussion,

Vertical U-tubes are found in situ in the basal
sandstone of the Bajocian Scarborough Beds in the cliffs

t Ravenscar {45/990010}, ‘They are abundant in Ffallen

m

blcocks of this sandstone, especiaslly at the type locality,
though they occur at iftervals southeastwards along the
coast almost as far as Hundale roint (text-fig.4o0},

where they are occasionally accompanied by clearly
related Spreiten burrows which must be assigned to

piplocraterion {Text-fig. 1&j.
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{op. cit., p.1l86) was emphatic that iun the

grase 2

true form of arenicolites statineri there were no Spreite,

but tie space was often filled with collapsed laminae
{right-hand burrow in rlate 14/A}., Since these are
continuous with laminae in the surroinding sediment they
cannot have resulted from any activity of the burrowing
animal. Bather's dinterpretation of the trace fossil is
snown as Text-fig. 1la, which is explained as follows
(toc. cit. p.187):~

50 long as the creature lived and filled the bottom

of the habitation, it supported the super-

.

incumbent saund. put so soon as it died and decaved,

or percinance it had migrated or formed anocther

burrow, tihen the sand between the limbs ef the 'U!

would gradually sink into tihie tunneli below and the

laminae woulid sag'..

whis phenomenocn has not been observed in other

devonian form A. curXatus

nor ihas it been found in

arenicolites from thie Lorset Corallian, Its origin may

provably be explained by an unusual thixotrop_y of the

original sand.,.

arenicolites statheri occcurs in a massive,

laminated 4' sandstone {Flate 12: 5.8.35 of the writer's




b4 6
notation, appendix wable 1V)., Tt is well-sorted, with
the average grain-size 0°1 mm. in diamter, and wholly
composed of angular guartz: although the laminae are
cccasionally marked by carbonaceous blebs the rock is
net fissile. 1he burrows are often vreserved as tube-
casts in full relief, fiiled with massive, un-laminated
sandstone (middie burrow, rear limb, rlate 1li4a ), though
generally only one limb is preserved in this manner,
the cther limb showing clear evidence of the sedimentary
laminae being drawn dowanwards (middle burrow, fore limb,

Plate 1lhaj.

it seems most likely that these represent the
plugged tail-shaft and open head-shaft of a burrow

formed similariy to that of aremnicola marina {(e.g.

WELLS 1945, p.170; SCHAFER 1962, p.341l; vext-fig.

12a, B). 1he base of the 'U' is also occasionally
marked by a plugged tube-cast (rlate 13}, though there
are burrows where there is no evidence for the U-~tube
having possessed rigidity. It is thus probable that the
burrows were lined with mucus, though no intergranular

material such as sericite has been found replacing it

{c.f. GOLDRING, Op. cit., p.254). The tube-casts

clearly retain sufficient cohesiveness to withstand

incorporation imnto intraformational conglomerates
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Abb. 174. U-Bau von Arenicola marina in gut rutschendem Sediment, Der Wurm hat
keinen Freflgang (rechts). — Original.

Abb. 175, U-Bau von Arenicola marina in wenig nachrutschendem Sedimenti Der
* Wurm muf} den Freflgang (rechts) nach oben vortreiben. ~ Original.

Abb. 269.., Am Grund einer dichten Are;’picola-Siedlung haben sich die in den Fref-
trichtern abrutschenden: Schille angesammelt und-bilden eine kontinuieriche Schicht,
, On:iginal.
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suchh as those recorded from the Baggy Beds (Text-fig.9)

by GOLLRING {op. cit., p.ZhS}, such counglomerates are,
however, rare in the scarborough Beds and ne derived

arenicolites statheri are koown.

There is no evidence for a fuanel-shaped aperture
to the burrow: nor for any annulations of the wall,
This may be due to tize proximal parts in every case
naving been removed by erosion, but the energy level of
the environment suggested by the sedimentology of the
surrounding strata does not indicate that this is

(1925, p.186) appears to have dis-

agceptable,
regarded the probability of some slight contemporary
erosion in occasional iﬁstances, for he writes:~
"Whatever may be the depth to which a tube reached,
ends
the upper buds are all cut off sharply at the
same level - i.e. at what was the sea floor when
the tubes were fermeé”@
according to sather then the tubes must have remained
circular in section right to the surface: certainly
there are no ringed apertures as are found in

viplocraterion arxelli. “The maximum depth attained - is

A

45 cm., the average varving between 20 and 30 cm.

{terminclogy as in vext-Pig. 13} tite length varies

between 4 aad 64 cm. and the tube diameter between




1
Text-fig. 2. Reconstruction of a partially protrusive, partially retrusive specimen of Diplo-
craterion yoyo sp. nov. One free tube.is shown opening to a normal aperture; the other tube
is shown as having been plugged before erosion and sedimentation took place.
A

rext-figure 13.

Plagram showing the terminoclogy used in
the descriptiom of vertieal U~shaped

DUTTOWSE

Model = Q@Flocr&feriéﬂ'yqyc,

lafter GOI
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0.8 and 1 cm., faecal pellets and castings are unknown

{c.f. viplocraterion arkelli). Arenicolites statheri

ocours gregariousliy. @ﬁe/burrow density is easily
measured by the transverse plugged slits (Plate 1hB)
which are commouly found: it is never very high, the
maximum recorded being 30/sq¢. metre. Generally it is
of the order of 10/sqg. metre.

Btheological interpretation.

e fact that the burrows oceury in an ortho-
guartzitic sandstone, devoid of admixed clay, suggests
that the burrows are the product of a suspension-
feeding organismn, probably a polychaet worm, rather than
a deposit feeder. e absence of faecal pellets
strengtiiens this supposition, since these are copiously
produced only by deposit Teeders. ~1the worm evidently
secreted a mucus lining to the basal part of its 'U'-
tube and to the tail-shaft. It was unable to adjusﬁ
tiie depth of the base of the 'U', though may have been
able to extend thne 1imbs vertically if covered with
sediment. All burrows descend to approximately the
same depth {c.f. rlate 13} and there are ne small
burrows. from the inability to adjust the desth of
thelr 'U'=tube bases it ie possible that a
simultaneous kKilling of the burrowers took place

when appreciable sedimentation overcame the area of




colonisation. the polyvchaetes would thus appear +Ho
have been intolerant of freqguent severe erosion and

heavy sedimentation, uniike Ulplocraterion, wiere

o

o

burrows are usually found at all depths and stages of

format Lo,

The planes of the 'U' in arenicolites statheri

are sometimes found to be closely aligned (Flate 14B}.
Similar aligoment, but very much more pronounced, was

{op. cit., text-fig. 4, p.246j in

noted by GULLRI

arenicolites curyatus from itne Uevonian. ¥ have noted

tie souse phenomenon in large piplocraterion arkel li:

ks

(poWB) from tne vorset Coraliian. Yo my knowledge,

no explanation  of this Teature has vet been published.

if, as ias heen surmised, the two ayerturés of
these '"U'=-snaped burrows were respectively inhalent
(ead-shaft ) and exhalent {(tail-shaft), then there
wouid be an obviocus benefit to the amimal if its
castings, when removed by currents, did not pass over
the inhialent region. HMaximum advantage would be
obtained with the plane of the 'U' parallel to the

maximum current directiom (Text-fig. 118; and the

exhalent opening downstream from the inhalent. ‘fhis
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Y
is tihe criemtation commonly obhserved in the field. If
the respective positiocns of the apertures were reversed
the situation would be distinctly disadvantageous to

~

tae animal, for faecal matter would tend to driftv into

4

dimentological interpretation.

£

Small-scale cross-lawination is the commonest
sedimentary structure in the sandstone containiag

arenicolites statheri. Clayv-flake and other intra-

Fa

formational conglomerates are not found, whereas ripple=-
maris and occasional rain-prints are common {(Plate 4b ),
Fenecontemporaneous erosidn, judging from the
sedimentary structures, was slight; especially in
comparison with the environment associatéed with

arenicolites curvabus from the Uevonian Baggy Deds,

where wedages of highly micaceous conglomerate commonly

contain deriveda tube fragmente of aArenicolites

(Text-fig. 9.

The association of statheri with minor ui-

e

conformities within 4 sandstone implies either that
the burrows, after consitruction, were all truncated

by ereosion to the same level; or that the burrows were

initisted from ome borisgon during a pause in

]

sedimentation. The fact that the burrows extend

n
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peuneath these minor unconformities {(¥late 13) to

considerable depths (20~30 cm.) favours the latter
yvpotiesis, though a centimetre-~or-so of erosion
accompanying the deposition of the capping sandstone
may have occurred also,.

the fact that trails formed only a short distance

beneath tiie sediment/water interface are found withh A.

statbheri suggests ithnat penecontemporaneous erosion

was not great. Flate 143 shows tune obiigue picinia

turyolithus and the small vertical Uomichmia Laevicyclus

assocciated with the sArenicolites.

Je Be WILSCOH (1905, p.20) has pointed out that
many of the infaunal specles in the solway Firth have
only become establislhied in recent vears follewing the
attainment of eguilibrium conditions within the upper
mad~-flats. ‘Yhe lack of sufficiently long pauses in

tiie deposition of eariier sediments was considered to
be the reason for the absence of any infauma. Thus all
burrows could be related to ome horiszon, thne existing
gurface. Wilson's theory that vmany of the spparent
complexities din the study of fossil burrows in

sectlons aud cores tnrougn laminated sediments may e

understood if an attempt is made to relate the mones

of burrows (0 promivent bedding planes'™, is evidently




suppoerted by btire occurrences of arenicolites statheri

from the Scarborough Heds.

Arenicolites curwvatus GOLDRING from the Levonian

4. S8ftatheri in possessing convergent limbs

LSO —

and Lavis am elliiptical tube cross-section of smaller

diamter tihwan the Yorushire examples. rHoth forms extend
to the same depth, and both occur in massive sandstones
in wnich other trace fossils arve rare. Shallow Repichnia

such as Curvolitibus and simple Domichnia like pLaevicyclus

do not occur with the bBaggy form, where all near-surface

structures are absent.

arenicolites Graptolithoformis o (1931, PelGi)

from the silurian aand a. sparsas SALTER (1857, ©.203)
from the Uambrian are very wmuchn smaller forms, the
latter hLaving a tubve diameter of only Zmm. and a density
of over 10U burrows/s¢. in. They are associated with

ripple-marks, suncracks awnd rainprints.,

CEeTpULa COompressa bl { 1839 possesses a sgrongly

tapering tube, a feature not found in other arenicolites.

T

Arenicolites Tranconicus from the muschelkalk

shows a distinctly funnel-shaped aperture and is only a

guarter the size of tie plea Wwyvke form. arenicolites

subcompressus i&gﬂﬁwﬁbﬁ 1859} from the Zechstein is

nearly twice the size of the Yorushire Hajocian forms.




A pooriy preserved form from the penciiff Grit of

Dorset {Textwfiga4%;, descyibed below, hias a more
guadrate burrow form, rather like the L-shaped galley

of a. marina described by wBLLsS (19453, ri. | ;.

Compared with tids arenicolites statheri more resembles

those U-shaped arenicola burrows figured by SCHAFER
41, fig.175, p.551, fig.269; Text-fig.128C).

e form described from the Lower Lias of Somerset

and porset as arenicolites lvmensis by Cursik (1931; is

a Corophiocides, althougn it was maintained that the

internal gpreite was produced by sagging of the laminae

{op. cite, pP.l3j as envisaged by BALTIER (vide supraj.

the Spreite, however, contains some guantity-of material
from the overiying stratum, and the individual festoons
are discontinuous,

c. . arenicolites sp.

roorly preserved J~ and U-shaped burrows occur in
tiie unconsolidated yellow sand member of Upper ¢xfordian
Aencliff Grit on the Jorset coast near Usmington Mills
(Text-fig. 4. Novdefinife tube can be obsérved, for
the structure is only rendered apparent by preferential
oil sta;ﬁing along the burrow limbs. Individual cross-—
sets of sand can be followed inside the 'U' and no
traces of spreiten are to be seen, so the trace fossil

clearly belongs ©to the areniceolitidae,
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evidence of upward or downward migration', { GULD

4 .

1962, p.235).

e

uviplocraterion arkelli sp. nov.

riates 15, 16, 17. text-figs., 14, 15, 16, 17.

Holotype: specimeinn £ig

Text-fig. 14G).

wvpe locality:s W. of Redcldff roint, Dorset (S¥/7l@517):
Dacksihore.

YYLe Horimons upper gritstone deggers of Hencliff Grit,

Upper Jurassic {Oxfordian).,

Introduction.

vhe synonymy and terminology of Liplocraterion

cussed by GOLI

J]

have been Tully dis

G

G (1962, pp.235-239)
and need not be reviewed herve., Within the 'genus',
Goldring has distinguished two types: a retrusive

form, where the animal moves upwards in response to
sedimentation; and a vrotrusive form, where the animal

moves downwards in respomnse to erosion (Text-fig.l3).

The burrows here assigned to Diplocraterion have béen

described Dy Al who consicered thiem to be

the produact of marine polycniaet worms. they are
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cically preserved as slits on bedding planes {(¥Flates

Foop o R
LD e AU,

LAAAENOE LS .

A verticald '"Ufw-shaped burrow with a laminated
septum of sandstone, siitstone and faecal pellets:
retrusive and protrusive Torms sometimes occuyr in the
same DUrrow: retrusive form dominant. PFree tubes
generally present; apertures funnel-shaped, ringed,
Flugged tubes Z2cm. in diameter. Average length 15cm.
{(b=21lcm. ). wWidth 3-3cm. Dbepth 18-3Ccm. Composite
burrows formed by rotation about the vertical axis
fairly common. Limbs of 'U' generally indistinct.
galls unsculptured. Specimens usually occur in

massive calcarecus grits in which there is some admixed

silt.,

description,

Frotviusive Fforms. ‘JPransverse sectlions througih the

mo=~bell shape, witiy tire two

i

septun sihow a narsed d
civeular tubes clearly separated frowm tine septum which

is obsexved as a series of curves parallel to each
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PLAN VIEW OF A 3' LONG DOGGER

1>

Density : 6/m?

One composite burrow

8 30 cm

Density : 12/ m2

Simple burrows, some
dumb-bell shaped

The burrows do not descend
perpendicular to the cross-

bedded unit
[o] is 30 c¢m
e ] e ]

D PLAN VIEW OF COMPOSITE BURROWS
IN ROUGH PARALLEL ALIGNMENT

£ OBLIQUE VIEW OF BURROWS ALIGNED
~ IN DIFFERENT DIRECTIONS

(o] [ 30 cm
[E e )

E

[[1]

PLAN VIEW OF COMPOSITE BURROW

SIDE

cm

VIEW OF RETRUSIVE BURROW

E &8 G after

Arkell

The plugged inner tube
cast lies above the
laminated septum

193¢
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aperture {(Text-Tig. L15a ).

wetrusive forms.

sransverse sections through the septum are generally
sausage-shaped; a siight dumb-bell constriction is
sometimes seen, but it is not as pronounced as in pPpro-
trusive forms: (Text-fig. 1844,5,0,8,F), These cross

sections are by far the most abundant in all the

Jurassic Diplocfaterion examined: {Text-figs, 15 & 16;

late 17}, awwdLl (1939, p.456) remarks that the
dlaminae are all curved upwards also in the directiom
of the shorter axis {rlate 168) so that each lamina
resembles an inverted mudguard of a bicycle™. If this
were completely true then all the burrows should be
retrusive, but he furtiier remarss {Qop. cit., plt57)
that the vinner U in each burrow....may be anywhere
within the laminated area, from top to botrtom, and it
follows that the movements of the worm that laid down
the laminae were not regularly upwards or downwards but
fortuitcus®,

Sections parallel to tihe length of the burrow
enerally reveal parallel sides (Text-fig. 14G;
Plate 16a), with the laminae between composed of

alternating festoons rich in faecal pellets and sand.
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rhe laminase are rarely continuous across the septum.
Uceasionally burrows with sides counverging downwards
cccur (Text-fig. 14C). It is noticeable that they were
constructed truly vertically, and not perpendicular %o
the cross-bedded sediment through which they penetrate.
{It is possible that they were comnstructed perpendicular
to a once existing horizontal unit, now erodedj.

Free tubes are wusually found (Text-fig. 14C, G;
Plate 16a), though plugged tube casts are comparatively

rare, certainly much rarer than in arenicolites statheri.

Apertures.,

The original apertures have been preserved in
several cases: they were observed solely in sections
parallel to tihe bedding. The apertures are seen as a
series of concentric rings composed of coarse debris,
faecal pellets and sandstone in varviang progeortions
surrounding a central core (Text-~figs.l45,B; rlate 16C;

Text-fig.16}. ‘e central core may be plugged with

ot

sandstone, or tihe central region wmay be unplugged.
In examples from the Millepore ded of Yorkshire one -
aperture is commonly plugged and the other open

NG 1962, r1.23, fig.8).

(Text-fig.16: c¢.f. GOLLRI
soth are ringed with comminuted echinederm debris.

Taecal pellets.

o

ey

v
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Faecal pellets are strikingly associated with
almost every specimen. LYhey are apparently most abundant
in the septal laminae of retrusive burrows (Plate 16:
T@xtnfig,lﬁﬁﬁ and may also be observed in the sediment
cutside the burrow, especliallyin the vicinity of
apertures (Flate 16C). Heing very much less resistant
to ercsion tinan the sand grains which are the other
important septum bullders, they weatner into small

5

pits or lems-snaped depressions (Flate 16a).

from the Scarborouglh Beds of Yorkshire and the Nothe
Grits of Uorset siow the best-preserved faecal pellets.
'They appear to be of flat ended, comgressed cylindrical,

mi=cyiindrical shape; dimensions correlating with

£

0T i
burrow lengtih. vhus pelliets from the Scarborough veds
average Zmm. X 4mm. for a Ccn. long burrow: wellets
from the Nothe Grits average Jmm. x Zmm. for an llecm.

bDUurrow,

Composite burrows.

Large examples (up to lS5cm. long) from the Beuncliff

sowmetimes show a multiple

Grit at th

tation of the vertical plane of

nature, whiere tihe ori
the burrow chaunges {Text~fig. 14, F)}. This rotation

/

al axis commonly results in tne two

¢}

about the verti




of exaggerated diameter {e.g.

wartially composite; vext-

14G) with tire plugged tube being much smaller

ter.

ensitv,

bensity varies guite widely in Uiplocraterion

arkeili. ‘The burrows are gregarious, though not as

mariedaly 8o as in arenicolites statheri. The large

vurrews from the type locality commonly abtain a deunsity
of 35/sg.m. {Plate 155;, though more usually the density

ranges between 6 and 12/sg.m. {(Text-fig. 1kj. ‘ihe

density of L. arkelli is from the
Scarborocugh Beds soutn of Hundale point {(Text-Tig.40 )
wipere in S.5,28, an argillacecus, calcareous sandstone

ot fine grain, the density reaches 50/sg.m
&1

wmtinological intergretation.

ine copiocus procuction of faecal pellets and the

restriction of tihe burrowing organism to subsitrates

contaiulng appreciable silt and clay suggests that the

burrows were constructed by a deposit~feeding organism

(cf. syenicolites, p.8l )., according to RICIIBR {1U24




Pedd9), arenicola itsell canmmot adjust the base of its

Wi, and therefore is not capable of producing tne

septuwm found in uUlplocraterion. pivlocraterion arkelld

is shorter, wider and tanicxer than arenicelites statheri,

is very similar in proportions to the burrow of the

Recent worm cniuruvs, Tigured by

{1966, abb.9, p.436) from offshore muds south of
meligoland. Echiurus produces a well-developed laminated
eptun,

vhe position of the final tube cast, which may be
anywhere within the laminated septum, suggests that the
spreiten structure was not excavated in search for food,
since it is uniikely that the organism would retrace
its path. It is more likely that the laminae were
produced by the organisw slightly adjusting its depth
following either a period of minor erosion {(in wiich
case tihe animal migrated downwards to produce a
protrusive form] or a phase of sedimentation (in which

case tine animal migrated uwpwards to produce a retrusive

i/

form).

In the large L. arkelli from the type locality at
Hedcliff roint, occurring in cross-bedded calcareous
grits, tuere is no clear evidence for simultaneous

adjustment of depth by a colony of burrows, and the
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response would appear to have been random. This forced

A L {op.cit. p.458) to conclude that the adjustments

were probably effected rapidly, perhaps with each

successive tide. ‘fhis may well have been the case with

the Bencliiff

Grit examples, though even nhere the

slit secticn tilts the

o

chiaracteristic sausage-shave
baiance in favour of a unet retrusive resjponse.

Gther . arkelll are less likely to have been
formed in an intertidal environment (e.g. sScarborough
deds at Iron Scar, Cloughton, rlave 17;. iere the
burrows are all retrusive, and are, moreover, associated

with tihe retrusive feeding burroew Teichichnus.
o

At Redeldiff Podint, where the density of L. ariellii

Y

is low, parallel orientation of burrows is scmetimes
observed {(Text-figs. L4D,8). 4 possible explanation

for this has been given for arenicolites (vide supra

Do m—}o It may well be that the rotatiocn about the
vertical axis which causes the composite burrows (eeg.
Text-fig, l@?} is to e explained in terms of the
animal changing its orientation in response to a change
in the prevalewnt current direction.

arenicolites statheri was unable to adjust to the

changing sedimentary eavirocanment either by rotation orx

by vertical migration. Diplocratericn arkelli was

cagable o0f delicate adajustment to envivroimuental change

and vertical migration.




retation.

L

iplocraterion arkelli from the Dorset Corallian

is found in sediments possessing strong deltaic affinites.

The largest examples (Fl. 158B: Text-fig. 14G; come from
calcareous grits with large scale trough cross-

stratb 1?10ucloﬁ {iiate 15A}. Examples from the top of

tite Bencliff Grit associated with symmetrical linguoid

ripples {(¥l. 15C; are smaller and clearly retrusive.

i

Frotrusive bebaviour, common in the cross-bedded unit,

this varving ethology of . arkelli in the different

parts of Benclift Grit suggests thalt initially
ercsion was more important, but later guieter conditions
of more uniform degositicon prevaliled. 'rlhie response of
tnese vertical burrows therefore suggests an upwards
trend of decreasing current velocibty, and reinforces

5
y

LR - . W T 5 ¥ S ek G e 1 { P - P IRY - o - s
the evidence of H.CU.L,. WILSUHN (1965, ©.53; based on the

@ twoe lines of evidence are combined

gt
-

entology. I

o

in vext-~-Tig. 17. recognised three

cycles of current activity, thie Diplocraterion contribute

substantial evidence only to tihie last of the cvcles.

Trails Tormed just beneatn the sediment/water

k

interface {e.yg. Gyrochorte; are not found iun
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assocliatiocn witn the large Udplocraterion arzelli from

e

Hedcliff rodnt. If formed, they were eroded Logethner

groxiwal parts of tone U~tubes. Blsewhere,

(“‘4
[
et
"
o~
5

wid
viiere there is clear evidence only of retrusive activity,

syrochorte is sometimes observed. aAs may be expected if

the tlﬁil were constructed very close to the surface,

thiey accompany Ulplocratveriou showing ringed apertures

{(Text-Lig.16).

wrisons.

L}
m

o Olﬁ

Comparative data for five well-documented 'species?

of piplocraterion are presented in lable 8., It can be

seen taat Y. yoyo is very similar to the type secies L.

sarallelium, but differs in possessing larger funnels,

wiien these are present, and a larger tube diameter.
arkelli is not omly much larger, but is relatively

ionger than other described viplocraterion (/L = 1.6

ared witihh 3.0 and 3.1 from Falaeozoic species and

Go7 for . statheri;. L. arxelli possesses identica

cal pellets to tnose of D, yoyo {(c.f., Text-fig.1l58

GOL 2o, fig.6}; the apertures are

also very similar {(c.f, vext-fig.1l6 and op.cit. ¢1.28,

fig.s}). L. statheri, clearly related to arenicolites

er faecal pellets nor

siataeri, possesses nell

distinctive ayertmreu; it is a very deep, narrow form.

Uccurreilce.

16

noo

'O
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Comparative measurements of five
of wiplocraterion.
epth Lengtn tube

av./range av./range diam.

0
e
b
N
Lo

} 0O 4320

1
l,i
parallelun)

/
e dyvelli
;

ve arselli)

i

Y

Cambrian

.

-t
P
%
\J1
|
Ny
-
E3
2

3

}

vevonian SU{1lU~120; 26(9-35) &

2LU{180-300150(80=~210,20

Jurassic

AR R s TV I A

W

]

?_lo
S

350 L0U=-000) 75{70-100}10C

S

Aper- faecal

ture. pellets.
rare MO,

small

Tunnels

large No.

funnels

ﬁ
o
H
o]
s
o
(2]

rare Yes.
large
funnels
o No,
funnels

g dowri~

/L

avoe

[
<

1.0

4,17
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roe locality as above. Small examples from the

Vencliff Grit in Riongestead Fayvy are less common than the
larger examples ab Hedcliff roint (see vext-fig. 4] for

from the Nothe Grits in

Dowleaze Cove yield abundent examples with a higher
density than thoese from the Tencliff Grit; they arve

reserved in z Tine-grained calcareocus sandstone Ffull

\,'

¢t ovoid hlebs of carbonised plant debris, often ome or

two centimetyes in diamete A gle exampie was

recorded from the Cswmington ocolite (Bed 7b; at

ead, rYTorwsiczhbrs.

fxamples on the staintondale backshiore, north of

dlayburn yWyke (Text-fig.4do) coming frowm the iajocian

illepore Hed are strikingly similar to the large

Hedcldiff roint exawmples: they occur in a trough cross-—
stratified elly ocolite, which contains much comminuted

schinoderm debris. bSmall examples Trom the Scarborough

as are found at two horizons (83.28 & 5.38.%2j,

B.H.,28 are found near Iron Scar,

Abundant examples fro

5 of occur nearly as far soutn as

occur in 5,.8.32, near Ravenscar
(995007 and at dundale kFoint.
sceurrences from bH.H.28 at Cloughton Salt rans

‘iw/w”iﬁjhj are noteworthy in that Diplocraterion




G;u
A
3

arwelll is accompanied elly fossils, a unigue

PECOTME . Fairiy dense burrows are associated with

.

O

Catinula, astarte minima, Corbulsa and jetified wood

debris. Nearby {54/020950 ) UDiplocraterion arkelli

0

with a density of 12/s¢g.m. is assocciated witn traces

formed at shallow depth, relecypodichmus and Uyrochorie,

Soutin of Scarborough, at Yons Nao {54/085843) silty
shales of the Scarborough Beds contain very abundant

L.opXlta marsini accompanied by occasional viplocraterion

and very rare ‘ifeichiichnus.

locraterion statheri sp. nov.

L9, 20.

Holotvyvpe: sypecimen figured as Text-Ffig. 18,

Yype locality: beneath beast CLiff (54/003995).

Tyse norizon: uncertain, most probably vllerbeck Hed,

Tutro ctiOrie.

HFurtaer southeast along the strike of the basal

sandstone of tie Scarborougn seds {(5.5.35) 'U'-shaped

irrows guite clearly related to the arenicolites

atneri cccurring to nortnwest are found beneath




fadt

wodger Tvou, nortn of Cloughton wyke (54/020960; and

N

cceury sporadically as far as the scar at hundale roint.

every respect to the arenicolites

2y ailre

considerable ad]

P PR N
except

base of toe 'U' tubes, and must there-

to Ddplocraterion.

A

a deep, narrow, vertical '"('-shaped burrow with an

laminated septum of sandstone showing

&

evidence of considerable upward wmigration of the base

of the 'U', ¥Free tubes 15cm. deep;

2

3
ety
o
~
Pl
[t
-
D
ot
63}

cyiindrical to surface; no i

no faecal pellets. aAverage
¥ &t

C ey e RN 5
{madl. OUCTIa

!Hn
O
]
L

sterion arkelli thie margins of the

burrows aryre to tihe retrusive activity

within toe septum occasioncei tube-

o

riing a pause in tihe upward

casts occur

migration, probabdly relauted to a temporary cessation of

i

Lo, Fie Durrows are more obvicusly related

o
[

Lo wnconfommities tihini are tne arenicolites and tihelr
$
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ndstone

sandstone

¢/ medium- grained sqg
10

ive medium-grained

o

laminated coars
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e bruncated to a much greater extent

examples are preserved as deeply

v

eroded silots in loovse blocks of dogger in sSaltwick

u-y

iFlate 10}, where the form is very markedly gregariocus.

from a maxipum of over 100/s¢.m.

;w«

in the centre of the say (45/918107), falling off to

i5/8g.m. to the east of Saltwick Hab (45/923106) and

to over 10U/sq.m. again bemeath whitby Hi

Lidgivg %)/)‘Eiha,, mome of the Uogger examples possess
a distinct dumb-bell shape, and several protrusive
burrows may ove present. 1he necessary vertical sections
are not available to support this view, since only tuoe

of the 'U'-tubes are preserved. although

basal remy

ison with those of u. arkelli

tie eroded sliots bDear copy

from tihe Dorset coast (Flate 155} there is no evidence

of any composite burrow.

hological interpretation

Wwiiereas Arvenicodites statheri shows no adjustment

ocraterion stacheri

P.._m(

ol the deptihx of its U~itube base, uip

siows evidence of great adjustment. rtext-Tig.lo
demonstrates that the organism migrated upwarcs for 20cm.,

witlh two pauses indicated by vlugged tube-casts; Text=-




fig.ly dmplies a greator movement, witin noe inftervening

ises, whe lomg burrow has cleariy migrated continuousliy

upwaras for 5Ucm.

in vext-fig.1ls two bands of laminated sandstone
occur in Cthie otnerxrwise massive unit. Gt thiese, tiie
upper ane nas tihe leminae drawn downwards in the
vicinity of tiie burrow liwbs; the lower omne is unaffected
anc the laminae are not depressed, +1he laminae, on
sedimentological grounds, indicate a definite reduction

:

n tihe rate of sedimentation compared with that for the

s
A

3

massive unit. It appears that conditions should have
been suitable Tor the normal feeding pattern of the
creature to be resumed, and the plugged tube~cast
probably represents tihe depth reachned by the creature
while thie apertures were situated at the horizon of the
upper laminated unit, the depressed laminae being caused
by gravitation of sediment towards the openings, it
this were the case it gives a direct measure of +tihie true
depth of the free tube, viz. 185cm., and dindicates tha
theyve was probably little erosion of the proximal part

of tie final stage of tre burrow,

Sedimentological interpretation.
& B

For thne example Jjust discussed, from thie Ellerbeck

173
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Jed, the etnology indicates rapid accumulation of l5cm.
of massive sandstone followed by a much slower asccumulation

massive bed may

SN P s . b
of Zzcm. of laminated sandstone.
nave ben formed in a single event. ¥For tihe example
iliustrated in PVext-fig.19 from the Scarborcugh Beds,

rapidly formed massive unit wust originally have

been mucn thickery, and continuous sedimentation
ganctuated by pauses enabling the establishing of the

. "

of Tour smaller burrows. Text-fig.z0 indicates

®
@
ot

simplest possible seguence of events which could

(g2l
e
e
0

have led to the production of the final form sliown as

i

fext-fig.19.

Petailed studies of yiplocraterion may thus
Iy

contribute the only evidence for phases of ercsion and
sedimentatbion whiclhh are unrepresented in the surrounding
sediments. Clearly the proportion of the sediment

now fossildized is but a swall fraction of thet originally

depocsited,

Corophioides SMITEH 1893,

:ioddes polvapsilon

TYype species:

Generic diagnosiss 1662, W.189}.

Uesiiaped Spreiten burrows similsar to Rhiszocorallium
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m. CONTINUOSUS SEDIMENTATION : BURROW 1 FAILS TO ADJUST:

15 ¢
C BURROWS 2345 MIGRATE UPWARDS

>\>>>\>»\>>)\33>\> )

)

PAUSE FOLLOWING 4Scom. CONTINUOUS SEDIMENTATION :BURROW 1

MIGRATES UPWARDS : BURROWS 2 3 4 5 CONSTRUCTED

:::)»»wg

§>»»>>anmy»>

BURROW | CONSTRUCTED

AT OPTIMUM DEPTM

A




o

a1

and always perpendicular to bedding plane.

Discussion.

»
o
fomts
o
i

enus nas been itreatec in a ratier casual way

recentiy, witn some authors merely regarding it as a

le.g. SCOTT SIMPS

synonyin for Uiplecraterion

}P ® ,';()3/& °

{1931, p.9) distinguished Corophioides

3

as & sepries of ftubes not oniy of different depth but

alsoe of different diaumeter. Hiplocraterion has U-tubes

of egual diameter. (1962, p.230) cecunsiders

Corveghioides to be produced by continuous migration from

surface.

A fundawental gilfference exists tihierefore between

Corophioides, with Spreite conmtinuous up to the original

surface and no free tubes, and Uiplocraterion, wito

formed after tie production of free tubes. ‘The

Former shows no response to erosion and sedimentationg

tive latter always sliows or downward migration,

vo help separabte these two trace=fossil genera

diagnosis is suggested;=-

oY



il U~sheaped sSpreiten buryrows similar to

Hndzocorallium, but shorter and alwayvs perpendicular to

veduing

Spreite continuous from sediment/water

interface, merging dinto limbs o

=h

YUYy noe free tubes. NoO
evidence of vertical wigration in response to erocsion or
gedimentation., agertures not funnel-shaped. Faecal

..

wvellets not Ffound.

Coropnicices lymensis (CCYs.i 1931

rlate 4, rlate 19.

1931 arenicolites ilymensis C0YSH

Holotype: HA.M. AWL00.

Yype locality: foresinore west of Lyme Hegis,

ITntroducition.

For about a mile southeast of 45/997005 fallen

nodulies of dronstone speckled with wiite dickite colitas,

kb

ineting from the base of the Bllerbeck sSed, contain
at tuelr Dases smalli vertical U-shaped burrows showing

very delicate transverse striation, Uther larger,

obiigue, U-~shapeu ourrows nave coarser longitudinal

striation: thiese clearly belong to Bupizocoralliwm,

pid

Trne burrows pe

etrate kKaolinitic silts belonging to the

Lower Leltalc Heries., ‘rhne detall of preservation is




179

Descrigtion,

Sumall, vertical, gsockeb-lige U=-tubes witih parallel

1imbs ewnclosing Spreiten which merge into limbs, giving

characteristic Key-nole cross-section., Limbs and Spreiten
witii very fine transverse striations: ot filled with

identical packing. average lengtih 18mm. {(raunge 13-22mm):

width Sma (rauge 4-7mm}: depth 36mm. (up to 6Umm

maximwsn). Limb diameter {= width) directly correlated

Tne burrows are normally visible in lateral view,
cccurying in very high densities. Block E.B.0. contains
20 burrows in Z5s¢g.cm. (a demsity of 6000/sq. metrej.

Unlike yipliocraterion, the Spreiten are only visible as

superficial ornament; a section paraliel to the length
would not reveal any lamination. ‘“The limbs are not

and only abyear distinct due to their

that of the septum: any inuner

margin is laciking. No plugged tubes cccur within tihe

L]

'septal' area, and tixere 1is no evidence for any change

i

n

e base of tne 'U', whicih is rataer

in the position of

more angular than in Jiplocraterion.




Dmall burrows in block B.o.0. with a length of 15nm.

»08sess Unoncrites along the margins of both limbs and

Chondgrites tuoes are all of

and compare remarkably with

the Corophicides figured by

5

? g 2 Llat

o

FEON (195 2h, figs. 1 & 2} from the

wone of tihe Lower Lias at Sishopsworth Bristol,

came from nodules.

Apertures.

No separate apertures exist.
Faecal peliets.

Mo Taecal pellets have been ohserved,
Composite burrows.

No composite burrows occur.

Btholeogical interpretation.

in all cases the burrows appear to have been formed

srogreassive downward migration within the 'septal!

&
e
e

area Trom tuae surface to a certain depth. Cunce at this
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Corophidoides lyuensis,
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o
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to live dn

dgries out at lLow tides

Data Tor tnree biocks of iroustone containing

ides lymensis,

Limb Depth b/L L/1

5 36 2.0 3.6 5Ux of burrows
7 50 Z.4 3.0 largest burrows
5 38 2.1 3.6 70 of burrows
G Iy 2.5 3.3 largest burrows
small burrows with cuondrites
along the limb margins

#llerbecic
Hed B, 5
Yorksiiive

A
o

[

wower ‘
Lias gt j 1U=35 4-7 100

G
!—i
@
)
o

in millidimetres.

bedimentological idinterpretation.
thhe very fact that these small vertical burrows are
presexrved at all suggests that the sedimentary environment

was protected from severe ercsion, Coroyphium is found

today in protected estuarics, and {1640, nas

related tne distyrivuticn of the syecies €. volutator to

fresh-water stream outlets. DIUUNER & MUU (1940 ) noted

tuat thne species is restricied to sheitered areas where
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rce of the surface sediment.

there ds iittle aisturs

wie stratigragsiic occurrence of Corophidoides lymensis

at the Junction between The Lower veltalc Series and
marine kllerbeck ©Hed, with the burrows gpenetrating a
typical seat-earts siltstone, suggests tihat the environ-
ent was a very.shallow protected embayment on the top
of tne Juryassic delta. the preservacion of the burrows
in a pure sicerite mudstone furtiier suggests a ratiher
restricited environment. the burrows constitute tie

first evide.oce of iviie slig Lilerbecik traunsgression,

and precede the cccurrence of snheily macrafauna

ciniefly pucula, Corbula, astarte;.

o~

Comparisons.

Corophioides luniformis {(BLanCl URN j, from

the German Lower irias appareatly shows both protrusive
anag retrusive belnaviour (SEitaUBR, 1963, fig.3, ».86])

ant is ailfficudit to distinguish from Liplocraterion,

into which genus 1t should more properly be placed.

from thie ¥ l.ower

Corxopnioides c.f. rosed

Cambrian possesses well defined liwmbs, and is longer

than deep (5 1955, p.377}. HWeitier of these
forms possesses the characteristic kev=-hole outline of

L. lymensis when seen in cross-—-sectbion,.

194
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Diplocroterion orkelli

Arenicolites stother/ Diplocraterion stothers
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{ii} simple vertical buryrows,.

1840

{(nom. nud, )

1847 Scolithus rait {(and auctt).

1848 Scolecolithius i

1852 meéolecolithas G

vype species: Skolithes linearis HaLl N 1840, 1.1,

1962, w.215),

Tubes or tube fillings standing
vertically in sandstones; diawmeter 0.2
to lem; ususlly straight, never branched;
commonly but not always closely crowded;

rarely withn fine annulations.

Discussion.

The genus has recently been discussed by HALLAM &

describing examples from the ripe Rock of

the Scottish Lower Cawbrian. a4 more complete treatment

will be found in

The form has been
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1920},

regarded as a set 0f colonial worm tubes (RICE

534; or as inorganic, beilng

s

R EE

PR T . - T AT T @ I wEE
a phorondid (FPENTON & FERTU

S

1

Richter and vestergard {op.cit.) have stated many cogent

reasons for regarding 1t as organic.

]
.

srolithos <. linearis Hal,

Flate 20,

Vescription,

straight, cylindrical, unbranched tubes plugged

atrix of medium-

witli co@rse-~grained ooliths set in

neormal to the cross-bedding,

which dips at 15°, are found in the Osmington Oolite

{Bed &} at Blacwk Head, Dorset, (Text-Tig.47}. Tney occur
beneati bedding planes where an abrupt change in the
sediment type occurs {(Flate 20a;. 7The tubes are of
congtant diameter, about lcm., their deptin seldom
exceeding 1lUcm. VWhen seen in cross section the tubes
nave a truly circular cross section (Place 20C) and a

comparatively low density for the genus.

Dthoedlogical interpretation,

e tubes occur in well-sorted ooclites, devold of

10

R Y

ral

O
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reciable ciay or silt, and represent the infilled

burrows of suspensica~feeding organisms, eltlhier annelids

oy pheronids. The top surfaces are conspicuocusly

reiated to minor non-seguences in the sediment, and the

burrows were probanvly Fformed during a period of non-

position, or even slight erosion.

The orientation of the tubes, truly normal to the
bedding laminae, wirlci are nevey depressed near the

burrows, is in contrast to that of Diplocraterion

arkelli {Text-fig. 1%0} wirere the burrow is truly vertical

ressect Le gravity.

Sedimentological interpretation.

‘he tubes are preserved by both bed-junction and
conceadiea bed-junction preservation. plate 204 shwows
the Tormer type at the extreme left of the picture,
where massive coarse cclite pipes down into grey

winated mariy oceclite; on the right, immediately

above the hammer head,concealed bede-junction preservation

is shown, with a massive oclite Ffilling the itubes,

which are set in a similsr lithwolog overe

lain by dari grey marly iimestone. rlate 208 also shows

rhiked

concealed bed-junction preservation, with a

erosioni~surface truncating tae DI TOWS.




Tire sedimeantary environuent appears to hiave been
of hign energy, with forset-bedded ocolites completely

iliferous except for these infilled tubes: on

sedimentological grounds alone the region would anpear

to hiave been supra-tidal. ‘The comparative rarity of

J&OLiEhO from dYritish Jurassic rocks would therefore

plained by the very low fossilization potential

of suckh an enviromsent. ‘yhe dkolithos zone of ZuTiACHER

A

L1963, p.is, Tig.

Y

; s the most nearshore of nis four

byvuetric trace-fossil wones, & supra-tidal,
o o

open sea environment is therefore not improbable.

Bxcept that tihe Lower Cawmbrian Skolitheos linearis

occur in gritiy sandstones, they are indistinguisnable
o

from the Jurassic examples from the Usmingtom ocolites:

pecimenn Tigured by

<
e
.
o]

raddy (1931, ¥l.X1i/la,b}

is strikingily simiiar. The density of the Jurassic

examples is wmuchh less than that in the ripge Hock

P

example figured by HALLAN & (1966, #1.1/1},

thoug this ds provably not taxonomically dimportant.

Uecurrence.,

skolithios ¢ i, 1Lnearlo ocours at Black ilead atb

125
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the base and at tiie top of bed 6, the widdie wWwhite Colites

form occurs at tihe base of

thie overiving bed 7, of tine vUsmington Golite beries.

Laevicyelus Ui

Text-fig. 23.

Type speclies: none iLas been designated.

&

Diagnosis: (AN 1962, W.201l).

sately cylindrical bodies standing at

right angies to Dedding place; diameter variable
in same specimen; perforated by central canal;

visible on bedding planes as regular concentric

civecles with diameter of several cm%.

Discussion.

e prowvlenatical structures were originally

interpreted as corals by UJ (1879, p«577), and

Pt o s 4L catih e DY SO TT e (LG9S . N ey 1
ilater as inorganic by SCiIul \17)&5 o 18=27) who

considered gas-e: viations and water under pressure

(19553 ,

i HE PR

withiin the sediment were respoussible.

P31, Tig.5%) has cowmpared Laevicyclus with the

central dwelling shaft and surrovunding scraping circies

of the Recent i

solyenaet worm Scodecoliepis squamata.

=t
3
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cescrivition.

snort vertical tubes {max. depth Bcm.; witin a

tric

circular cross-—section {l-Zcwm.; aad several conce:
rings visible on & weatnered surface, are common trace
fossils in medium-grained sandstones on tie bacusuore
eneath Havenscar. ‘their horizon can rarely be

detersiined, Uccasionally tney are found accompanyling

sarenicolites stathkeri from 5.5.35, but movre often they

occuxry with the horizontal bilobed gallery Gyrochorte,

probably from horiszons in the middie weltaic sSeries.

Two types appear to be common {(text-fig.23j.
vype 1 comsists of a simple shaft, now filled with
materical iddentical to that in the surrounding sediment;
this snait is surrounded by coarser, but usually more
easilily eroded, ferruginous sandstone. 'his is the
gredominant type, and the vertical burrows are freguently

the startin

m

{or findsniung) point for the horizoatal

Gyrochorte carbomnaria trails, whose width matches the

internal bore of tiie tube. The spatial conmnectigp is
striking, and the connection between vertical burrows
and horizontald trails is found also in other

wmorphologicaily different traces from other lithologies.

Tyvpe 22 18 rather more complicated, and is rare

bt
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L
st

Hie

o~
i

compared with type 1: nere tine coarser, softer material

fills tine bore of the tubve which is surrounded by two

tiite coarser occurring outside

cylinders

the finer.

Tyees 1 oand 2 are almost restricted to white, non-
mlcaceous, well-sorited, fime- or medium-grained sand-
sLones. bymmetyical ripples with straight crests are
the commonest sedimentary structures, migration of which

cavses rib=and-furrow struciture.

A loose stoclk of massive green, micaceocus, medivme-

grained sandstone also shows the association between
vertical burrows ano horizontal trails. Fere there is

no visioble merging of the two, but fhey are the only

bwo types of trace fossil in the block., ‘e vertical

purrows {(Text-fig. 241} are muci longer

ortuodox Laevicyveius [L5cm. ] and a little narrower.

The burrows are unicue in possessing instead of tue
andy lining a sheath wholly

eachh flake paraliel to tae

g at anocut 20° to tae

horisontal. 4Wne asscociated Gyrochsrie couosa {(Text-

]

ecimen also, the obliquely-

wis belng dis cstic of this species.,

widtin of the tyrail, and "&;,L;e:ﬁfaore of tioe tube

again the

are closely comparable.




Liie spatlal assvciation withn trails strongly

-

sussected to e of chod ovigin suggests tnat tioe

N . -

vertical bury 2180 bave sucihy an origin. Certainly

Coyroshdium volutator is xnown Lo

vertical burrow ratier than a '9°

a sandy substratam i953a,

is mnot snown whetiher it lines its

¢

a
~

hv
o
)
ot

Cfr:
o
o

-
B
.
F=
ot

burrow, however, either with sand or mica.

it is possiocle that in text-fig. 248, the mica may

€

originally lined

e secondary, Ceflaciig Jmocus wi

DUurrow. sericitic replaceument of mucus nhas been

N

for Honocraterion by

IY the wmica dig original it is

are not oriented parelillel to the tube wall, as

alternatively, 1if it is

merely viewed as an altery

seiection to sand foxr linming the burrow, thie

form cliea

vertical vurrow consitructed by

one oyganism using one grade of particle size to

represent a burrow which

s

b

[EonY

s



was initiated as Type 1, but a iater organism re-
excavated tihe central region, the whole of whici: was

later iniddiled by bed-juncition preservation with the

COQArsSer san

1vire searvrci: for thne producer must thnervefore switchn
to thnose creatures known to line their Hurrows. The

ilike wcleractinian Cerianthus lines its burrow

i
&
O
it
ndt
o
i
-

with coarse sand-grains 1956, P.2U5) but is

¥

not as selective as the builder of these Laevicyclus

appears to lave been. Hecent polychaetes are mere

thelr chioice, particularly Terevellodids

be considered more

1911, and these may

amphiphods,

surface of a weathered e

Jurassic Laevicyclus are

Trom those Tigured DYy HaWN{aBUL

Welvuo; from the Upper iriassic

o of superficially similar
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adifferences, but simply vy a zone of oxidation arcund
tue galiery made visible by subsequent tectonic

compression. Moreover, tae form is not invariably

vertical, but may aiso e obligue or even horizontal,

ooccurrence.

‘e Torms here assigned to Laevicyclus are abundant

slocks of sandstone at dntervals along the

2y and Hayvburn ¥Wyke, the horizon

from wirich they originated Deding impossible to ascertain

exactly, ‘Their range does not fall outsi

3

de the Bajocian
however, ‘They may be from eithier the Lower or {more
possibly ) the Middle pDeltaic Series, and are common in

warts of the succession commonly referred to as “non-

Jurassic simple vertical burrows.

Srily bwo Yswpecies! of simple vertical burrows
rossess sufliclently diagnostic properties to enable
accurate ddentification. The cylindrical, unlined
tuibe bkolitaos has been described from tiie Osmington

colites of the orset coast. ‘The lined, shorter tube

Laevicyeius occurs in the 'non-marine'! parts of the

dade Jurassic Deltaic peries of Yorikshire.

4
£
-

ﬁ.
Py

§

>




147

]
]

id

e

&

5

[=
o

O]
3

S
e

criex!

A

e
=

L0

E
e

ot
d
o




sic,

&5

(=9

JULY

o
o

,
oY

™y

(WY

SR

FE2 N

£

P
(]

Lde

.

i

o O

-
p

»

£




(]

Lre

G TR




--’-‘ -

bad

)

PRl ol P PN
L s,
bl

- p — -




.

pia

[

~
i

e

e

PE O

A

4

at

ooy
b b gy

ks

row-wall

U

e

i

.
[

5

ey

.

1

color

o
wnd

e of

ac

v

-t
H
]

U
43

regsor

3

tk

Wi

parsely

B

onnly

BRG]

e

€

It

i

o

eck

L

<

De

4=
Q
&

iorsal

i@

B

ets on Ti

k
L

i

@
o

§

iy dark

Ce

i

@
g
&~
G
42
o
o
)
EEp)



http://surfa.ee

3O,

t

oy

(G S

kA

ke

oy
&




)

-4

-+

e

ol

gy
roi

e
4
GJUINa8 s

Ve
£

N AR

o B ke

£,




H

e
i s}
ey
S Ul
@ 5] al 4
iy o . i
A (2 i) )
i B @ e =
i el Bt
£ 3 ]
o CHE

J o
ot
4
o
= ) o .
= ord i ad
Q ! I o
vl o
h
2
(]
R o
o )
" @ oy R
! AN i
. - ot [
3 - i '

3 4
LI V]

g
Y] ;
. O
o
) ] Gt
- 2 o o)




5} @
= o o
6] ad o i
9] A i 4
K iy + oo}
® o]
: o} =
: . A rd
] o @ Gug

K
i

)
L) et o)
2 el ]
bt “ow
b @ © o
; 3 e ot -
J\., e W i
Ha [0}
Q) ;
3 2 ,mu
4]
B
=
I
¢ &
oy
;| s
‘ I et
1
m, .
i
w el E
G < |
£ o &
= 2
-~ Y}
4 o ]
[N Gk
15 W
ot .
= e
o
|




235

4

i

3 OFRE

oy

[
»

2

L3/F W B

i

X

N

I

o

tion

Ae o
x=*

ail

1
i

ral

4.

r

O

al

SeCh

avibies

Q

<
g

5
.t

oriicu

®

£y i‘”(

)

®

[a¥]

WA
@

Ce

b1

Ly —so

LT

S

[N )

JELIE

P



http://inoid.es
http://inoid.es
http://Sgongit.es

LI
cd
it

A3

o

&

@ K

s
e o]
L &) "
o 0 m
o 51
. o
@ ]
aed B
4 iy
. B
@ i
o b
"
wd ~

itan

I S

- ; i
G :
] i
@ 4 .
it
o3

o

[

.

d bl



http://iu.ri.icii

i 2 e
ik i
: S SR i)
: i e R
Ea ol B TS EERE GO TR S S
R A
» o
! £ B N R it P
: L S AR BN W
ES
@




¥ ¥

Ol 4p O 2|Dd>s 2}3bwixo.ddy
IDUOIIdNIISUOCD 24D S2ul] paop

JI0ZQS3IW NV3IdO¥N3I IHL WOA
S2p/0UISSO/OYL NI ONIHONVHE
SNOWOLOHDIQ 40 SNY3LLVd

SNONIOXDS S2PIOUISSDIDY

m:ONUUu@.._U

QI

dI1ssDAnC  21ppIy

SNJIANS SPIOUISSD/DY

mj

<!




H

i
!

i

el
5 ©
- =2
0
[N

bl L.
5] o
ph e .
(5] rs
et

Y

&y
-

O]

-

2

o

o

o

o



http://xm.tv.re
http://rre.ce

w

o 0
~ 73 i)
@ o)
1 &4

I

i
r

A
9}

8
o
5

s

I1€

) R S
e 5 e o = »
, v & o o ¢
. mu 2 1. -2 )
. i § .
; bt - Mm s w - |
. £ 2 2 :
, = ) © e o m
b @ 3} @ T :
= ;
M ol 3 & Gt [ )
M mi 43 V E
e R w ] £ ot
4 I @ o o] @
i o o} A . o
s g g i @
< =
- G D i
i g} < o e
g
¢

o @ -
5 &
] S
- +3 =

%O
o

3

;3

31
Ly

ie

P
(=9

i

Staintonc

B S
I TN

£0

!




Ui

variation
‘v LS
from 1207

et
"
FaN
=
"
<
=

¢

4




3.8

wofon

IRE I EE

L

()

i

s

L



http://%e2%80%a2jra.~i.cL-




AN
(W)
g =N

o
N ).
G Loy

S Cheet

[0} o woord e

= @ =} ud
e B ord o

>y 4 )

& i )

= &)
: o @
- v W

s &L

f
i1

Lk

£

LE

2 4}
[
&
[

Ay

Lyuet

Y
O WS

Aoy
LYy

P’
o

.
e

2, ,i ;/,f
b i o ] w




oy

e

Mo

e

‘g': :

z
1

5]

o
&L
1

&

b

o

C
<
€

2
4

i
o

&

)

5
[
rat

£

i

|

©
fu =
[ D
L I "y h
B U G wt |
o 3 e =t T
i ol = bl w4 :
i Rl =) &
seud o @ )
= o
i i
; . I o,
£ @
d :
7 2 i

o [

o =

; ) =

g =y

E X -]
o

ks
g

b

3 h
i

: :
o . :
B W



http://Calli.anassid.ae
http://na.de

&

i @
o
3y

g

F o]

e

=)

RS



http://lithoiogi.es
file:///19o2

e

[P T Y I 4 N E
abttenticn to

latter

ot
N
a
o}
=
<
w
@
feds
[
w®
.

he

shrital

g

{Tex




@
o
p

e

id

@

o

£l
]
ol

L 4O

i

y e
240

O

inoy

]

A

s

=4

rrant

W

b

1

oce

vle

B5Cu

b

tied }_ _L il

o

@

i

1L

U

bite

- 1

3

-




.

@

-
Lo

[sjoxely

132

§

Ve

'
o

(AN

urEs g

1

]

el

0

)

T

W




i e

[

i

o]

1]

i

:

4

“
b

8

o

i

e

pe

K

iciem

:
Ly
ps)

Lizo

O S
Fot N PN O




ers

B
Q

3118

TULRE

ne!

nairi

i

reat

-

&

LE

P

it

W

t

b7 2Ll Lk

waSsccla

Lol

o

C

&)
w2

~
&

-

are

ey

%)
4

3 N

!
',

4]

®

£

‘F 3 P

-

~;
-

e

i
iy

{

a¥idci

walls

Fa
N

=Y
e

&

+
u

(Fla

[

i1

e

Ly

bicides

PR OwW

)

e




ical,

I

5
oo

R

3

¢

»JC

LEiLE

(2!

7

<

e

her
J

ymt
LEY

[0}
w
[
oy
N
4]

1£2]

LwoCoy

3

L

4



http://Slierbec.it

i

[

ricos

at

CAC

4R AR

-1
B
A s

S

£y g

i

Sk



http://37.it

i

L

ced



http://ea.ta.aas

Grmed

zocoraliiw

Gdetail,

% atte to avodld stacle {slate 32,

P ey e e -
Aliice L6 2] 3ay 25

]

-

to

LA Ow

8

= T £ T L
FERRA TN AR DN

suEe



http://Staitl.es

[




b




P
A

aeea o

2

y e
3

I
.

i

i
o

e
e L D

-3

1

&

=R

<

LY

)7,

tor

’

=

~ 1
4

4
e

o]



http://sedii.ie.at
http://rh.eota.xis

g e !

explains wi

are never seen to penetbtrate

voldi

VITOWen creatures.

rend 4

: . £ N e
Aa8BLC = LAOC, CLL oy 5 vere
Radiudibed -

[
4
(=
o
53]




e e
ek

oW

Y
St

s

e

28

Sk &



http://CS.i3.2o

& NSO D e D DD o
V.. o £-3 > L3 o ® o L3 @

5
&
[
-
ot

o

1

ooy D D 20 N oMy F oy
2 rf ] == et =

ot T

BN
3N ELIAY

[
-

od

o
]
el
4 [
G [ o e o o0
4 £ o4 [l (A N
% o ° s o
o Py o
et o o
pa £ .
PR [ze
— - |
e 3 &
, ) o .
v ﬂ 4 +3
] o0 P
LA o
N @
B o -
& ° o o
£ n) = QO
75 it -
- et ted 5
w ©
raed naad
2 i ‘
i c L4 ,,
Y ' i
23 v (o]

3

4

Y
*
Yl

£



http://on.da.Ie

FEW ey
ok

kA

s




é \\&y

R

B

»?\&ﬂ
”

/
{ i
- ,.:g
,‘ ‘.m..«u
ﬂ.




- .
vrelive
P " A

RS G

P
i

;
i

Fa)
£




B N




\\\\\I &Q{W

20

K¢}
N

ol




-
2

HMos

syt o K
zontal,.

2

™
£
o}

SEAL S

o

X

WL

0
-
»

curved

shtb iy

and

ity

1% i
A i

]

bl

o

13

o6

3

is

5 i

wax

e
B
@ °
g

£

(o

¥

@
)
=

o

[
-t

o

l

et

o

lies
£E 2 &

@
S

3
.

-5
e W

1%

2



http://kigr.es
http://oa.se




fTongate

=

K e B

o r

L

ored

o

¥

t

&

v




(=}

20

10




J

b e

e

% u
o)
-

’ Ung

: ]

T

L
|9

[ERag I R i

3,

3

e

L%

o

53
O¥:

Lo

43

I







orward

o o
Gl -
: iend
g ol
e
e 0 Ly @
= (SR
o
e -
© QB
s ® -t
Hoy -
s :
o)
& o
) i
S
ol Q
bl Eal i
v 4 =

ar
v

X'

at

Ruodwocorallius
"

&

£

Dpreits

gooR @
et o @A
2 i ol
B e

&
e
&

jo
e
e

By .
g pact

N &4 -
&) ol ¢
W a3 ER



http://tb.es
http://cti.eEiOtacti.cal

e}







101

e dn

%
-

oy e g
A (SR IR

"

‘o
e ARG

e
]

rUc

orie

o

CLOry

[

ati

0

123

4
£

¥

&

~
A0

&

YA
W

[0
-
e d

Ay

S OCO

o
i

o
=4
.

o




]

s}
@
RS
oy
4 @
[}
- .
; o =N

he o
&

>
o

v o

oy

ol

o

opef o -
0 O Gy
@ o]
&G @ °
£t o
X A 4
4 2 o
=2 &= s
L3
o
i
eed ]
& fuq
ot 2
A 'y
Y iy}
i W_ €
g .M {
. ﬂ..v m ) ;
% ot
i Lof
o
42
Lo
et
2
2

GF

pr

orf

oG

o




LT naa

ecaysig. It would be

onn record carapaces wil

«36~=7) has recorded

{op.cit.py

dmamerous Callianassa in strats

sepreite~less Whizocorallium from the lowest

a o »

meridgian of

eg iy ) oy rgtem aey ey ~
Uide game organisnt 18

scnsibie for Huigzgocorallium in the Upper Challk of

Tulit, loc.Cit. )

It ds onn the evidence of the ZEnglish

Jurassic material examined in the present study te

add to tihe already numerous ideas on the origin of

Ribigzocorallium, YEBVERS (1962,p.17, fig.8} illustrated

s

a Lower CUretaceous example where the first-formed portion

of the burrow possessed an undisturbed plug of sediment

e
(0]

parating the liwmbs before the gpreite commenced. Here

ot

i

<
e
o]

fnat

1 length on eithier side of the plug,

s

D8 are oI edu

e cgistance along each of the free tubes plus

the Tirst curve of the Spreite should
respongible for

igured spec

by

the

diameter 13 mm. {(Hatio 4.0)

length appesrs to have

een involved.
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er Lias) Grey Beds {(Plate 2

at an even earlier stage

~

example. The Spreite

the YUt 4is

very siort

1t -hand 1imb

T, vy N - L I S ) e p i O 3 - P T
thwen the left: thie former ending in a bBlunt

inner boundary and

spraection

% % . o E .- [P o
Ly convex oubter boundary. An aniwmal onlyv 4 cm.

to have produced thids vigocorallium,

diameter of 9 u

=

nation and left liwmbs

evers' sypecimens. ‘he evidence

thie tail on

buirrow,

i
E R

the greater

be conclus

e P ] .y > - PR 5y
ftaildl! side 4t

R T L
Lrhiawed ag oa

advancing

s

Lo the

rested

of tue unimpeded burrows

axial curvature in that directiony

chiefly unilateral.



http://ta.il

g .

sio

S

orde

&

(&

e vario

1.
# A

.i«
[

o
GI

=]

[}

eveal

g

&

3
i

(3%

od

cap

3

-

Esl

o]

i

o

[
k




1AV e

-
&

RV ) £ B2

Lot

]

hape of

" I

{

zocorallin

-

@

1t .

te:

£

o

oA
&

LRt

mal

.
e

4«

Ly
mtbm
@
5

stomatopod,

ae

i
19

Eal o
el

it

€
[

LeTE

3 g

&

-

tructu

s

i

e

yiot

T
i

teceont

et

eV o

i

£ the 600

O

VA ewW

o4

nly

15

trace

of

catures

o
I

5

=
L

t

vt

out

G

6]
a3
9




gy

£ 7
e &

Comparisons.,

. commune differs from R, Jjenense and

#. cicatricosus in possessing limbs with more subdued

goraten-mariks anda Jpreite consisting of simple crescents.

vhie former occurs in coarse clastic lithologies, the

latter in finer-grained muds and ironstones. vhe

former has a gauge ¢ liwb ratic of 5.0, the latter

of 3.3, H. eommune may exhibit peculiar ethological

patterns, particularly at the vertex, which do not

e

oceur in He. Jjeneonse.

1955 (pl.24, fig.3) has figured as R.jenense

oL LaGHLR

an example of R. commune from the Neobolus Beds of

Pakistan wileh possesses strongly raised crescent-

(1962 described Rhizocorallium

like Spreite.
from the Lowey Cretaceous rocks of Australis without
ecific ddentification, #£11 his examples, preserved

in sandstone, vossess simple Hpreite which ave often

Tie gauge ¢ limb ratio is about

5.0, with limbs 9-11 me., in diameter. In the presence
]

o e s P ° “ ks s o - 3
of obiicue burrcws up toe 20 from the horizoental and

coarse Spreite the occurrence bears styrongest

with tie Osmington CUolite R, commune on Ring
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el for
assoclated with an oblicuely

which ends in a

Srmn N2LY 8

tThe Tnglish ocourrences of Ruaizocoyalliuwn from

styata are following table

{Table 12}, whicih shows the essential morphologieal

é

criteria uwsed for 'specifie' discriminatiois




23

A e

gl

P

5

¢
o




940

to e

F lw° i o @ o . LA R P | 3
e - O LONE, . coarse swiderite. L Hed,
- sefide

Beries.

,
2
e
©

>

Sidderite. Tronet

[
i

8
o

short, subdued Calcareous Nothe Grits,
strias or lined grit.

with shell fraguie .
invied witi Calcareous Fudlestoni Ded,
nell fraguments. grit. '

w

- O -
L A
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as has been mentioned (p. 4 j, a useful distinction
may be made between burrows of suspected crustacean

o ) £

origin and tinose of more doubtful origin. ‘this chapter

3

deals with burrows of the second group.

reeding burrows of non-crustacean origin

It would be foolhardy to state categorically

thrat & certain urrow was delinitely not formed

a specific groeup of creatures, but there is a residuum

wienn ail Durrows firwly attributed to tihe Crustacea

: e

o the basis of particularliy outstanding featurss of

neen described, The trace fossils

(;

group are of five kinds ;-

I¥¥: bBrtar-shaped burrows (Asteroscma )

5y
)

IV @ wpiral burrows (c.f. Daedalus }

Vo Sdwmple, retrusive burrows (_'TGZi.CLlj_Ci.ﬂfluS}5

VIs Mulii-brenched vtunnel systems {Chondritesj

Vii: Zrregular, ssnc-Tilled Burrows {(glanolites).

wo uwniformity in designating fspecies? is possible




95
Ko, [

v

. Three 'species' o 4sstercosoma, two of

D

cescrived fyom thie rorksuire liiddle Jurassic.

The trace fossil Choundrites is not so amenable to the

net

3

intion of trace-fossil species, since

of asteyosoma, excepbt in

WLOe "ELEL

of tube size, walch 1is not a satisiactory

phus no 'species' pave been recognised withdn

1 s ! - g RN L R D Y Oy by . ' S~y rsna
Choadrites (e, O SCOTY osYiersCl 1957} or Teilcnichnus,

=
},,,,,,3
bt
-

bV i g 8 Rd el
D L Ao ELA B LW

L

fen

stelloglyohidae VIaLOV 1964

astercsoma VUON oTro 1854

Fy

Type species: a. radiciforme VO CLTC 1854, furonian

Feneric diagy

We 184}s

@ {diameter about 20cm.) with elevated

rays buibous, tapering towards ends,
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Type locelity. Loop wyke, bacusiore; wnorthwest of

~

whitby (45/845148),

the trace

o

TIELE » after the discoverer

3 Imperial Colliesge.

o

@

w
.

.5 - 3 ey
1i, HMr. #®. Foster,

[42]
[N
o

Diasnc

stellate mounds with five or six radiating lobes,

curved; bulbous, widest distally,

N R o e o
i.obes often

{

nparrowing to centre strongly raised.

structure = Ycui.

average dia;

AVEerage

Uescripbion.

is preseryved as positive endo-

a mediwm Lo coars

Individual iobes have z well-marked

passively-filled

core.  at tihe tyvpe locality stars occur at a low
o of 1 oxr 2 /sBg,. m.3 they are radially complete.

P

= J.hcem.; mexXimam distal lobe width = Jom



Further to the southeast, Just nortvih of maw wylke nole,

Bottows, the densiiy is much higner, thou

yrecimens aave veen planed erosion, S50

H
oy

that the lobes are only seenn in secvion.

The Lobes are rilled wilh siderite mudstone

concentyrically arranged with elongate

lobes are thus much richer in siderite

{c,f. Buizocorallium cicatricosusy rlate

-

’QB} wirdclh ds more sandy and also contains clav flakes

giwt a little chamosite.

ihe lobes do not converge on one single cenitral point

(Plate BEA}, but stop siort, so that each lobe is in

t of thie lobes

a separste eutity. The heigh
becomes greater with each successive lobe when
followed round in an anti-clockwise direction, so that

tine locus of tihe higuest poiant of egch lobe is a spiral.

pthological intexrpretation.

iche represents the accumulation of concentric

icii become more and more

compacted around

It each successive fill,
until a hollow the exact width of the animwal responsible

to be filled later with matrix. ‘The next lobe

e

is Torwmed 1 the same way, but is initiated above, and




K‘} g g
fo

side

G ooone

lobes towards thelir

1 ¥iwmum smeunt of faeccal metter is

risik of contamination,

Gisgersea wi-

about The central region.

’

after Tive or six lobes have been comsleted in

successive anviciockwise positions, the circle is complete,

e P . T R T S ey oy g e oy
ocut, as & rvesult of the gradual

mal may continue to form faecal lobes

o siinnce fthese would be placed ndgher tian

those Tormed eariier. This anpears to pe the case in the

figured on rlate 355.

interpreted inm its fimal Forw as

representing a series of faecal louwes distributed arocund

axig: {there is, however, no &

int of

a vertical AXYowW preserved in the central position).

crigilnally, fhough, there must ave existed an

tto woich faecal matter could periodically
g

ciie lobe must first

b

cefore bein

filled, and therefore

were provainly originally Tormed by a
N j s} P4 o

organisi systematically working through

a centyal vertical burrow.

ile in the first




oave to have

tire Yaecal wmatter resulting from the

next

tire I

ethological interpretation

biae

snould be

icient metvinod of

ig prisardly a veflection of an elf

.

max imum amnount of nt wiiile

remaining in ope position. The fact that the lobes are

not sin witn matrix but concentrically plugged

means vhat produced by Teeding were

purpose of disposing of faecal

N

contaminating ungrazed

Torming on the surfaoce

x

Ok

at the ypresent day. ‘ihey

may be

cireatures - Coropiniun

1953, 5.429, fig. 4) and scopimera

Ty

Be Uy

»35) and macoma baltnica

tie princigle is the same:; efficient

wiiile remaining in one central wvertical




Abb, 157. Oberflichen-Weidespur von Scrobiculs ia plana, T sternfbrmigen Weide-
spur fiihre eine Sackungsbabn, erzeugt durch die-in der Tiefo hel angewanderte Muschel, -
sl e Odgimale b e L




ivalves fecd Dy way of thelyr extensile

DU oW,

of which ig long and sucks the sediment

radiating lobes {Text-

tihte suriace, Ifoxrming

tiie other shworter siphon dischnarges

matter at the surface. e spiell of the

pivadive is tuaus actually stationary: it is fthe siphons
waicli move,

it dis wot mnown wihether such stellate patterns
are develocped beneath the sediwment surface at the

present time., dechinical difficulties are such that

it would be & considerable sampling problem to obtain

ann actuvalistic astercosoma, However there is no reason

2.

why thie

iinig principle should not be adouted

within the sed . A8 SBILaCHER (1964, p.300) savs:-

lt‘

"suriace vTracks and burrows are fundamentaily
aifferent ounly ¥o our eves. pror many benthonic
creatures it makes little difference whetiier
tihwey creep at the surface or along bedding
planes inside the sediment?,

5o far as astercsoma fosterdi is concermed the only

odification of the gcrobicularia principle reguired

is that the Tascal tover should be emplaced within

a previously excavabed lobe rabther than emitted at the
2

surface. are several yeasons wiyy the faecal

¢

ouid ot be discharged at the surface. ¥Firs t,

matter si




wnless dischavrged siphonally , it the organis:

toe tie surface and attract predstors. Second, unless the
purrow was Tormed intertidally , faecal matter around the

burrow would nol be dispersed effecitively. Un these two

counts it may thus be advantageous to dispose of faecal

er witinin voids already created in the sediment.

mentological interpretation

Since the z lobes of asterosoma fosteri

¢

i

structed in succession, it follows tihwat th

®

of tite radial pattern gives

ayk cation oi toe energy level of the environment,
undess tae Life-span of the organism occuples less

tiiat reguirec the completion of one

cixcia In the absence of strong scour and

period

sediment accumulation, the organism

radial patterm cor

wietelv.

MOore unsvasie

erosion of the or in the burrow beling
tructed with reference to

interface. Ju the latter

case a few, radisllily docomplete lobes only would be Tound.

sioility:

the nunber



http://ce.se

)

(£

Nl [ T I
of oiility.
yE nave exaniil

implication is therefore tihat

) . b . s
LA R LS4G e LYL } =R sEu) G
i\ 9 i ]
Cross-—sendiy are absent.

P R
Comparisons.

ce¥ . radiciforme {(rlate 36a) whicn

s, rultilobatuwn (#late 3060 has

inn ki

=sts thnat

ide,

Urosettesh of

e g e o
COLBLETS

Littile verticol develo:

s

of asterosoma fosteri, so




Ciloare oulbous in

gy e i e e T
spreiten sculpbure,
doccurrence,

ovVe. also

SoLToms .

adsterosoma fosteri is iwown only from The pogger

zciest of asterossoma are konown

scorailliiang rocks of

borset, woere a specimen has been reported fyrom the

T T S s e o e ctaad 5 g e e
(TarBul 1966, personal commuriication).

from the

iaecwolic of




Asterosoma ¢.f. radiciforme VYO U0

riate 364,5.

escy:

mens agreeing with the type species in all

or size and radial completeness occur

Iy

sountn-socuthieast of Blea wyke roint

among loose meterial Tfallen from 5.B.32 of the Bajocian
DCarborous. eds (%5/i97006}° otellate mounds with, in

specimens, about twelve narrow, longitudinally

nicled lobes occur as positive endogeneovus nyporeliiefs

O bone surface of bedding places of argilliaceous limestone.
vecasionelly the lobes appear to bifurcate (rlate 36&,3}0
in the Ravenscar arezn, Lo the nortowest, radially

specimens occur {Flate 30A). C(ross sections

of lobes present a sgiral rather than a concentric

.

arrvangement of sedimeat. 4o the southeast, rare complete

specimens can be found {(Prlate 368}? but they are notice-
ably ovoid din plan, not circular. Their longer diamebter

tireir shiorter about Scm. ‘e average

is

for incomplete specimens is 4.5cm

Like Asterosoma itosteri at Loop Wyke they occur at low

densities, never more than 3 / s5Q. .




retation.

preservation it is difficult

whethey the wrinkles on the scarborou

ns are scratch-marks. Tney bear a superficial

oy on g TE g - e g [ S J T S S N d D e NI e e [
resemibiance ©0o the marxgiungs. sometimes found on the walls

of Mhizocoralliwe commune, but the lobes of the type
9 A

8L (1962, Tagg.111/2) have

U 5 " ey s ] Fau—
Zouecies lligured oY

those in Rbiwzocorallium,

very long, sinucus

Tt ds Cous »not established that the ornamentation is

by crustaceans. whe markings could

cue to scrat

a5 easily nave been produced by a contracting

~ -

iz during the yrocess of fee

H‘

e

LM

secimentological interpretation,

wpattern of the majority

ol Astercsoma c.f. radiciforme probably implies rath

\;J
¥

, causing freqguent vacetion

winole structure could be

ziv, & lateral vassage from

structures along the same norizon

an dncicatiown of to shoreliin

ral caese, instabliity of the bottom

-

incresases gecraeases towards
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Comparisons,

iy

Sy fig. .l ) have illustrated an

Astercsorna 1esei

lowves;

in the Lower silurian of the

Asterosoma multilobatum sp. nov.

rilate 36C.

nortiwest of Scarborougi;

acwsnore {54/020951 ).




%

For i,

el stellate mounds

stubny Lobes waich become very bulbous

distal ends, Lobes unwrinwled, swmcoth.

4R

2lete radially.

Descrintion,

¢f asterosoma multilobaturm varies

occur at densities up

o

te O/ su. m. it ds preserved dn very strong relief

encous hygporeiiefs. The lobes vary

inclination: some are inclined

. - : g gy @ T 5 J R T - . e e
at almost 7O to the norizoental, possessing

e lobes do not

unite centrally but stop snort at a lat platform

wadch may be ercsional.

argillacecus

€

LOomoar:

HGILS .

ABLTerosoma

fosteri: LOLtH have similer lobe structure

fhoe

3 i TN B Sp R gy vy o ~ e vy e b
axyi GCocour i oa siwmillar grade of sedinent.

I
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Asteroc

wattiiobatam,

e PR
FLas vAinies

four

Lowever,

Jlobes,

i

Phnree f ; ¥

4 tEedy
JLOLAS

Astercsomna

middlie Jurassic of ¥

the morpnodilogical or

norizons at

tne

LYELBLIEEN. ast

RTINS N

wiich

DUAOCUS .

Moy e

rad

[0

from s, fosteri and a.

vine sLiong

exceptionally

vion of tiie lobes.

sltdilobatum

of

X3

tire mcarborough eds, evert

3 onty found arcund Cloughton Wyie.

vl the stellate trace fossil

aave been described from the

cresaire. summarises

iteria o mishing them, and

Lhiey OCCcur.

erosoma it plis JURLBSIC

Mo, of

iobhes

[958

fosterd

(%

cf.racgicitorue

B

O

multilobatum

wirinkles

} radiad T o
shape ¢ lithol=-

orniament~

ation symmetry ogY

smooth bulbous comulete Fe-sst

narrow onesided Hlt-ust

smooth v.bulbous complete sdy=-ust

icd -

horizon
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waedalus ROUAULs 1850

yywpe specles. Vexillum desglandi RUOUaAULT 18506 p.734

Crdovician, Hrittanv.

1] ‘ - oy o
Generic diagnosis (HaNT29CHEL 1962, W.191):

ok

wpreiten structures, J-shaped at beginning, later

spirailly twisted; ppreiten surface may cut through

)

itself, as in Dictyodora,

r

UaULY 1850)

<
o
@

Daedalus desglandi (!

Text=-Tig., 36

Lescription.
At two norizgons in the Yorkshire Middle Jurassic
thiere occur DUIryrows with a "swiss-rolly cross-sectiomn.

anples with tihe axis oblicue to the bedding occur

in 5.8.52 of associated with

Asterosoma c.f. radiciftorme alt Havenscar {%5/997666}.

The LDUIroOWs tiedr plunt apices directed downwards

5
A

and thelr upward terminaticn in a vlat transverse section

T P 2,
at avout 1407 Lo the axis of the burrow (Text-fig. 36a ).

is dnclinaticn varies witi: the degree of obliguity of
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g0 that in a vertical example it 4is

. inese obliigue exau

icuiar {(Text-Ifiy

rare anda occur &t

SCcarboron,i

¢f avout L / sq.me

wylke nole, Hawsker

wirich are neariy

Witi: ASTeroscna, 1ii

and obligue examples the

and Z5%mm,.  Both

Intery

retation.

C.1l. daedalus desglandi

ts tiaat botn may be the wroduct of

In cross sectlion en astercsoma laobe,

material, strougly

trace fossil. Gccasional specimens of

L. C.i, radiciforme

ali Conc

iobe structure. Moreover,

of thie a. c.i. radiciforme lobes,

c.t, Paedalus desg
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Fo Ear far
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P . he oy e . B o v 1
caese btrace fessils

stelliate

-~ s
LAnTE

15°5} has iliuﬁtraﬁe&

vt vertical burrows with a spival internsal arrangement

)

Corm

aay around ron

©
P
©
-
w

22 ST P a e P
Tiey are caused rary refuge

HUrIrowin LE

the structures would be piaced in

tures, nowever, are generelly

e Bodinic

£
L0l

Jurassic

tion I 53&{,11.315 mowever, tne

icture {ilillustrated by

found. The tyvpe

the sime of the average Yors

mnown from tioe

sxvica, and
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pulliporites fTurcillatus

SBYLRONY

species. Cunondrites targionii 5

(= PUCOLUss informally )

otherwise vary

i
&L

"

. - g ! EARNE s SV
Bi8 {ialNlas0lhwk

i1ig

cross eacd other nor

burrows

-,

large {e.5. puthiotre

loc.cit. )

anastom

or ifeed

witizin a

fo far j

structures
ose)] suould
ing burrows;

systemn,

small {(e.g. Chondrites}; very common trace

saally named

i edlidipscidadl

amoly very

Wieodid g

excreaement

regular,

some wita

Ex

effected by

wresented

T

oiils; surface

w

X

isversely bullt

pattern

viichotaxis.

a fTwull

account of




DALY
AR

are produced

a fixed

provavly by a sipunculoid worm. rihe

welli illustrated, so that all that

znvioned here are the norizons from wilch

Chondirites nas bLeen recorded in Yorkshire {tanese

trace fossils

weotbt simpson's localities),

which add to scoth

anc any ¥ of trace mory

peson's

ortiwodox variety of Chorndrites,

of the bloci o

ear wstaithes (kj/?@ﬁ1“7}n The

Comparabtle

Upper iias at whilby and

lea HWyvse.

3 £7%
AP o 0 0

Teature of ce Of
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Dhondrites at tols level

were not seen to be

fro

, Yor

nction sedimentation

3
C
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]
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Bast
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£5)
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scarborow
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QO vy

b o

5¢ completely Tiiled with sediment

B B -
WA LIl ek

P e e ~ F Y e e s ST G SR T i Y G e
treCce oI collapse. FRRGUDUN LLY05 ) nas

sed on retraction of the proboscis
W

the Torce drawing sediment dinto

sediment «id not possess very

already partially cemented by

VRarg

of “the tube walls would be nocst unlixely to

COCUL .

o s

itions to, and modifications of, scotbt

SUMMAKRY 3

son's ethologicel interpretation of

ba

Choudrites based on newly described

mavoerial From tne Yorkshiire Jurassic.

1. Tiie occuypyrence of branch tunnel svstewms of

from norizontal burrows of

that not all Chondrites

a Tixed point on the sediment surlace
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406G diiustrates thie trace

ration of several dwelldng tubes

worm Nereis {8C!

very clogely with

crtiocud 1y tihe specimen sLowi in

wad eliae

5307 caused

srels btyrace

gouce Teichdchnus structures obher

er Fodinichuia

and Chondrites)

sediment, 1T

nown by the



http://acarboroug.ii

petrographic identity of the

tihie trace fossil. ‘Yhe mode of 1ife of iNereis divers

lunside and outs

icelor

ide

is entirely compabtable witin tnids evidence, for it is
voracious predator (MACGINITIR & MACGINITIE 1949, p.

Wevertiheless, even predators benefit by & systematic

covelra

tological interpretation.

currence oi Telchichious is very strongly

fo
o
o

lithology (Appendix Ii)n It occurs

te~sralned, nuddy sandstones and siltstones.

It otven forwms YOp or more of the icimoiauna, and is

oiten accouipanied by retrusive D

iplocraterion arkelld

Grits of Zowleaze Covej.

m
[
-3

o
L
ane “
&
o
e
[¢]

retrusive etholo

PTeichicunus may. be a direct response to gradual

Vhalassinoides

suen vicu ] Rty

a systematic feeding pattersn.

so ‘telchiichuus definitely belongs

Ggrites than with Rbizocorallium commune.




wecies, Velichnichnus rec

n Meowolus of tiae malt Range

DUrrows are

vhe aoyizontal

=
25 0T

£

. FTor

wWals

fine clastic

R Por Jdetailed hworizons




1axn

o

§3

ag

@
@
ol

&

2
b

stEirat




Fa

=
o,

Led
=1

CLOWE

FPilanociites c.if. montanas

=)

[ ]

intervals on



http://fflanoi.it

; vy v e e 11

nostically mariune fossils,

siinilar to

orison can be

it can only tentatively e

ot
@
%

1bhimlioides JEHN

be 42

‘
<
o
.

stic

locose

smitdstone wiltia

en mate



http://litao.iogica.lly

e e T
WG

LZorimontal buryows whiere the halo is

faad

GCCasions

ore resistant to e core: {this

ciearly

i not dnvariasliy case with vertical exs

liy burrows agpear to be palred, but this may

-

A IR T P
i ROXTULUOousS .

nas been interpreted as either an oxidation

entavlion mome around a gallery wade visibtle by

1964, ».306),

RN

tnis wmay hold for the westphalian examples
fvom »oand renmsvivania, 1t is not applicable din

thie (orgshire

B - oy

Disgenesis ailone uwusy be sufficient.

It is cifficult to pliace rlanclites

in sedllacher's classification. were it not for the

suv=-itorigontal exsmples, the Torm could well be placed

inn the pomicimia. However tae genus rlanolites is

customarily regarvrded as belonging to the Podinichnia
& 3} & 9

are clezrliy feeding burrows: §F.

nalmoides is u

ilgue among them in having a
& i) o

minantly erect atititude.

Jurassic winere ftectonisw is negligiblie,
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R 196k, ©.307,

There 1t occurs at the boundary between shales cont
non=warine bivealves and shales with Lingula.

thailmoides JESSEN is

is difficult

the basis of thelr size,

cal assoclations and orieantation, not

satistactory criteria. However, Laevicyclus never

orizontal turn

aining

)

Fas

ophitizalmoides figured Trom paralic

DD
03

halmoides

ipg the core sup

tTwo,.,  En Laevicyclus

ey in P. ophtialmoides
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athialucides d

o mh gy e BN s o -r
a0y GOS8 CRG!T

)

lacus

e I
SCELOL.

3

a circular cross-—sectioir.
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Flate 16,

scripticn

tirace icssils is

witnout

skonle
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oo

laminated sandstone oun
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1898 Gyrochorda SC

Tyvpe specles; s PoeléZ;

NTZsChHpL 1962, W.196)

Middle Jurassic ; mwitzerland.

£l

plagnosis; {HantebOlEeL, Lloc, cit.)

~

sopf=traces of verman literature,

i.e., ridges on bedding-planes with biserially

cbiigyuely placed transverse pads,

ot series separated by a wedian furrow,

uvrochorte comosa HESH 1865 p,l142

rext-fig. 244 3 rlate 4lp
A single loose block of green micaceous sandstone
wiva rlimguoldd rvipple-mnarks, probably fallen from the

midale veltalic weries at Havenscar (45/997006) contains
AN 2 7

stical to those figured by HanmisasCHBEL

Se AEH/Lj. ey are plait-like trails

width with a central axis bordered by alternating chbliqgue
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adbout < or Fmm. in width, are sometimes
Found in the Scarboerough Beds {(b.5.32) at Ravenscar

Teiculcihnus {(rlate @15}, nere the pads are

accompanying

sub=circuleay ratier spincle-shaped. ‘this form strongly

vles Neonereites viserialis (SeilesCHsrR 19606, p.a47}).

Bt
sy
0
&

srsonal commmunication)

However I au indormed (oiiLaCilR 1966,
that the resemblance is illusory.
ABEL {1935, p.275) records plait-liike trails from

the Lias and HMiddle Jurassic of Gern specimen from

v
[43]

the o«Llias of ulttliiangen (Warttemberg) strongly resembles

the Yorikshire comosa, and is attributed LYV ABREL

{op. cit., p.270; ifge‘4u; to the ipinipod Corophium.

Purtiber similar examples occur in the Upper Toarcian at

HE 251} and are

Bamilliers, scuthwest Belfort {g.27

accompanied there by Gyrochorte carbonaria, & form lacking

the tramsverse

Gyrochorte carbonaria SCHLETC

Ylates 45-48

L.ong norizontael bilobed grnileries lacking the transverse

Gyrochorte Ccomosa are very common trace fosgssils
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Yot

th

i

in thne Hritisn Jurassic. vhe gaileries vary in w
from 2mm. (from the Forest Marble of the Fleet, uUorset}
to Omm. {from the Bllerbecik Bed of (oathland, Yorikshirej.
vhe greatest variation shown is in etunoclogical pattern.
Tite galleries are generally of great length, often

el

several deciumeltres, and they often cross one another

]

{(Flate 45). st some Loriszons they are randouly disposed
te.ge the Scarborough deds, vipole-wmaried sandstone with

\ ferd

ple

.lfﬁ.

;’x

Catinuia casts; rlate 40j. st others, like tne ri
marken sandstone of the Zllerbeck ped at water ari,

roatiuiluad, Gyrocunorte carvbonaris suows parallel orientation

witlh respect bto the crests of ripples (Plate 47n). From

locality , several gslleries on one block of

sandstone o

scribe wroad U-turns (Plate 48), with the

|t
o

ain sub-paraliel Lo the treno ot

2P ar isons.,

~ia from

Uyrochorte carbo Mamurian of raltwhistle

SLiCWws & more

Morthumberlan

cHooac any gritisn Jurassic hworizoa.

strong oricentation occurs at several norizons

o~

in the Germaun Jurassic (e.g. Wpiss 1940, pl.ilz/1,2).

ABEL {11935, p.2706, Fig.249) nas illustrated a very strai




rowrn Jura of wasseralfl

(wurttemberyg). The Carboniierous are preserved

a ourplie, 1ia ated siltstone witn very strong parting

In nearly every case tine trails

endicular to the lineation {rlate

2 i

& T5,0,0). uU=turns, similar in style to those of the
zilervecik Bed, out with a2 sharper turning circle, are

Flabte 47C snows U=turns develouing in adjacent

burrows: rlate 470 suows a very regular examnple

Gyrochorte carponaria from the wr Coal Measures

ceoeours in association with non-marine bhivalves and

ostracodes - 1954, p.28h). @Slsewhere,

nowever, it occurs in fully marine envirounments,

{1964,

s e
Ldesm g

iang Facles of

been recorded from the kocere

o

iyvescih of austria. ilie trace fossil cannot thierefore

be vegarded o8 nostic of any particular environment,

) .

prove useful in a stratigrapnic

N
ot
=
§

et
;«.v
o
O
™
o
ja-

wet

o S R TI T
IR N R

paralic cveclothems

shologdicael interpretation,

The trace Fovssil wyrocaorie nas been laterpreted as

tave trail of a golyvcechaet annelid {L‘»}fit‘)} ard

4}5 bui is generally regarded as




lrin;@

iinod crustaceans (e.g. HaNCuUk L858,

1935, pu.275-279}). In both interpretations the

e .

structure is thought to nave orig

ted Just beneath

Bl
£

}..A B
]
N

ce, thaough

71 a8 cemonstrated that the

trensnitted to adjacent bDedulng laminse.

that tiie trace was formed by the pushing apart of the
iaminae, and not by the organism's Teeding on the sediment;

wilch deiindtely places gyrocaorte in the Repichmia.

Urientation in gyrochorte carbonaria :

e are twoe main festures of the trace morpnclogy

of . carbonaria waelch reguiire explanation: botih are

is tihe widespread occurrence of

etitological.
varallelism oi adjacent galleries., 1he second is the

SM.EPP‘D tunnels

P

nas said of HRecent LILbGrlu
ilittorea trails from whitstable:-

.e.thie very fact that sll tracks pursue a fairly

course fTor some considerable distance is

itueld suggestive of orientated respons
since the terrain on wixdch the trails were constructed

rasted

was flat and featureless




e Tactor. This e proved

experiments whlcn shiowed

nbt-compass

rientate bWy means of

reaction” {se¢ & GURK 1940j.

It was Tounu that 95% of the trails of Littorina

consisted of an outward and a homeward limb, so that

preserved completely, formed in bright sunligut,

ped, I

weii, {19500, p.252

j.ittorina dis dnitially

wizieh

ecuiogical station on shore obut also

exXxcursions, (Op. Cit., p.204;

concliudes tnat:

s s s A€, perhaps, representative of the

ity of shore animals, although this is

et o say thwat tihe environmental clues selecved,

and the veactions to them, are identical in all

Yessentially U-shaped traces are known to be produced

ave iliustrated fthe same phenomencsn in macoma baltnica

from wWwnitstable and Cleethiox It misco coccurs in

13 out of 14 trails examined were

Cardium edule,

91

Fuoik

imals which are mainly sedcentary

& Nmwiii, {1961, .84, fig.z)

1



that the majority appears

rd 1limb tended to be 1ormea

Wwaber o obiiterated,

to thieir

sosition on thre siore Las Deenx studied by rarl & rFarDI

PaPl {(1953). rhey have shown that

entates by neans of a light-coupass

down the beach at

slhiore, no matter what time of day, and s8o

to the zone of moist sand whence they originated.

e examples of the ampiipod trace fessil Gyrochorte

carvonaria Ifrowm the mllevieck ped {(Flate 47A, 48; have a

trends cominantly parallel to the ripple crests: examples
from the mamurian {(rlate 478,C,u } dimvariably at right-
angles to the parting lineation.  Both tiese directions
are norwal Lo she current direction of the water whicn

deposited the sediment, and if tais current were of

tidel origin, as scems likely frowm the sedimentology,

ent parailel to tne shoreline

casej}, not at right angles to it

Ty

(c.T. rari & railbl 1953). 1his, Lowever, cannoct be
DEOVEed. Wwhat remains strikingly certain is the comstancy

&

of’ tne orvientation witi respect to sedimentary structures
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procuced by current accion, W

as & wnole, not on isolated

a populaticon {c.f, B3CaWaRe 1932j.

ularity of the sedimentary laminae

i tne Negurlian siltseones it is clear that thne

“

terrvain must have been flat, and that light could Lave

- ]

been a significact factor (NEwdii 1958b, p.251). the

fact tnat u-turns arse common (rlate 470,u)

3
5
Al
.
j
®
[
@
e
S

lends further support to tihie notion that the producer

in an environment in which

of Gyrochorte was 1iv

pictotropisn played an important part.
The only environment ian winich such responses are

ibited by benthnonic corganisms is in the intertidal

water, particularly turbid water such

as 1ls Found in estuaries, illumination is drastically

reduced, for example at whitstable, by 95% in a 6%

deptih of water (NEWELL
‘Thas the evidence of the ethwological pattern of

gyrocniorte carbonaria reinforces the sedimentological

evidence in suggesting an intertidal origin for the

istone at tae Case of the Bllerbeck

Namurisan siiltstones of Haltwhidstie Surm. At tine

mejority of otuer uorizons, such as the Scarborough seds,

the ethological patterns are random, and there is no

evidence din the trace wmorpheclogy for an int sidal

environment of degosition.
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characteristic

patterns of Uyrochorte carbonaria sl

ssic andg Upper Carboniferous

o e e Wiy e o)
sedinents. By onalo

vy WAHL

aonnic creatures, such

("

ained by phototaxis.

seborily e

talkte place in submarine envirouments.

rhuototaxis c#

suadant U~turns are

varallelism and al

bidal environment is indicated,.

supLports such & conclusio
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Introduction.

For muchh of Jurassic time the yYorkshire Hasin was

sletely separate, bothn faunally and lithologically

C oM
from basins to the southwest. ‘Ihe changes take place

in the region of tie markel Weighbton "axis" - a region
of relative uplift: 41t is to the subsiding sedimentary
vasin on bthe northern side of this axis that this paper

is coeonfined.

Whe well-exposed cliffs of the nortiheast coast

hnave long attracted the attention of siritish geologists,

[

many of wihose classic works form the starting voint for

all researcn into the area; suclh are the works of AR

(1892). Badly,

and BLAKE {1876) and ¥(
after the heyday of the late nineteentn century, the

pace of researcin slackened, not to regsin impetus until
tue 1930's, with the works of SLACH {1929, 1934 on the

drifted plant beds andg washouts of horizons,

o the seuls particularly of the

heavy wminerals ands the Dogger (Middle Jurassicij.
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Faz v,

In the ensulng yvears camparatively little was

o]

-y - -

published until cuilte recently, with the notable

excerbion of crs by WILSOR (1949} on the Coralliar

Limestones, and {14954} and

{1955 on the bLiassic. Very recently the pace

agaln stepped up, with the works of
965 ) on tne niddle Jurassic

1962} on the uUpper Liassic, MULR

s

oL, lQéh; onn tiue palaeobotany of

tihe peltaic =Zeries. Lnere lias howeveyr beeil 2 sad

of the sedimentological and molluscan aspects

of the Middle Jurassic, where much remains to be done.

Cyoecles of Hioturvation.

e Jurassic succession of the joruwsinire pasin is

imrised dn Filg. 37, which shows tihe levels at which

sedaiment ds extensively burrowed by annelids and
Crustaceans, Tt is evicent tihiat the occurrences Tollow

a cyclic ypattersn.,

In the Lower Jurassic it is of the following form:

{4L{; Cephalogod siale,
(5} Chamositic dronstone with essentially

concorcant crustacean DUYIOWS .

V4 lassive sandstone with ially discordant

annellica DUrrows.

f

%
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{3) Ripple-marsed, fine-grained sandstone.

{2} Zparseiy Tossiliferous laminmated wmicaceous

.

siltstone,

1} Cephalopoa shale,

i,

The cowplete cycle is exhibited by both the Lowerpr-

iiddle Ldassdic and Upper Lias-gogger seguence, wiere

e

ach unit can be matched. ‘fhe klea Wyke beries is the

@

analogue of the jilddle iias BSandy sSeries, both being

articularly replete withh Chondrites {(rlates 11, 275j,

bl

wiile the middle Liassic Ironstone Series are repeated

by the - Doth with essential chamosite and side-

rite as rock-Fforwming wminerals, and both containing

dhdizocorallium {(Flate 28j.

BaedbEtrwayr {1951) has cowmpared these Liassic
cycles with the successivély snallower sediments now
forming in the plack Sea. He points out that every
member of tike sequence possesses its analogue in the
Black Yea with tue exception of the iromstones, which
marik, sedimentologically, a complete reversal of the
trend towaras increasing oxygenation. this seecms to
point to some restriction in the environment of
deposition such as would result in the formation of

-

partialily enclosec bays or lagoous. ‘These must nave
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remained at near neormal salinities, for the middie
f.dassic Troenstones contain a very prolific stenoualiine

fauna including rleuroceras spp., widle the Dogger of

the Slea Wyke area, though not containing ammonites

is full of "VYerebratula trilineata auctt." and

Above the shell bank

Trigonia costata FAI

osed ol these remains, however, is a band

w-Spired

ILLIFS, a

by Nerinea cingenda

gastyropod typilcal of many Buropean Mesozolic deposits
of lagoonal cnaracter {(D. V. Ager, personal
communication, 1%65;. ‘Today, high-spired gastropods
seenm. especially adapbted for life in anoxygenic

wients { YONGE, l?&b}, and their abundance towards

the top of the Logger, above wihich occurs Thalassinoides

soems Lo support toe comtentions of petrographers that
thiese chamoeositic and sideritic ironstones were laid
down undey reducing conditions. ignificantly, burrowing

decapods (resgponsible for forming Thaiagﬂineides} are

nt at the present day in the upper part of

most abund

intertidal =mone of bays estuaries and lagoons along

and CALVIN, 1962

e racific coast of america (HL

?
P R2B0=-209 ),
A considersgvle change takes place in the nature of

cyclic sedimentation above the Ugger, where, after a

stability during which a thick pile

period ol rel=n
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oi deltaic sediments were accumuliated at or arcund sca-

level, the cycles are mostly of the typical Jurassic

ia; Cepiialopod clay,

{c) Ceclitic limestome {(witii crustacean burrows)

(v Hassive calcarecus sandstone (with anneli

4
i

Iryow j 0

ot

31

{a; Cephalopod clav.

LThese Hiadle and Upper Jurassic cycles are not so

as those of the Lower (see Fif. 37), averaging
280F%,, comeared with L20ft. or more, and differ
essentially in thelr culmination, where the hignly

oonliites sunow no signs of the restricted

ORY&ZE]

rironment tyyical of the irconstones lowey in the

succession, Irequently acihdieving a well-developed reef

association

et
N\
R

Tnere are Ffour cyceles in the Middle andg U
Jurassic, of which the first is very protracted, being

oonal dncursion into the

Lorvophioides, vertical burrcows, in ironstoune nodules

from below east Cliff.

Late in najocian times the deltaic area was




invadated Dy the sea which ceposited the Scarboroug

tive mexb cycle, beginuning with a massive

gandstone full of tiae 'U'-shaped lug-woru burrow

arenicolites statherd, while later limestones countain

ain outstancing variety of trace fossils, including,

Adhizocoralliws and thalassinoides,

5

succeeding cycie has unit {a) represented

-
<

thie condensed Upper Comnbira Liwmestone with

== o
!-v-
o
ot
¢
w
&
i)
L)
&
[}
o
s
o

ot
o
e

Macrocep wivile the overlyving

Lellaways #Hocs is very poorly fossiliferous, except

-

for some obscure vertical burrows. above is the

Rock, & coarse calcareocus saand full of

gryyhaea Bililobata and many Abdsocorvalliuws and

fhelassinelides (Fig. 54 .

The last cycle is best developed, with tine Cxnford
Clay containing wany cephalopods being overlalin by a

5
H

i.ower Calcareous Grit of the

)

annelid burrows, with the

described in the text as infilied

BP.R0R=260 .

In view of the distinct differences between the
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far o

of the two serdies of cycles it seems

a common origin is feasible. nmabllal

ajor eustatic control for some

would

important Jurassic transgressions, W

Tor tihe first twe cycles (in the Liassic).
‘vhe second group seem to require a more local mechanism
since thney are neither so completely developed nor so

extensive laterally; local isostatic readjustments

b

influencing only the Yorkshire Hasin of deposition

¢

provide a possible origin for these minor cvcles.
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LiAas51C AND

(1) Lower Lias.

5]

otizer Dasins of deposition, the trace

Compared wi

e power Ldas of Yorishire are noticeably rarve.

fossils din

trace fossil Fulindrichous lengi

in powset, Glamorgan and Ldincoln-

It cccurs in Lower

me occurrence werthy of note is the record of

rigocorallidy c. . cicatricosus beneatih tiie HSocket rost

soutiwest of Mess Huck, Hobin Hood's Bay (45/957058) in

e rarity of Lower Liassic trace fossils in yorkshire

contrasts soarely with other areas of degsosition,

Dorset and Glamorgan {sC0TT

j, and fThe Hebridean area {HabLlaM

196¢) wahere

» hidzocoradliivm, Diclocraterion and Chondrites

are frecusntiy found.

cethier areas in

O S L S S
L8 LI EIeice Devweein

Lower Lias times is probaply a reflection of original

of depocsition.
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npve notaocly wmore dir-

worset, Glaacrgian

anore yorikshiire, where coarse

5L e

erefore, to use the

trace fossil

and Yorgsiire as a

aLwe

Tavour of & Jaunistic barrier in the marxet

i 3

be explained

of deposition, witi the

strata unexposed in

(ii) Middle Lias ; sandy peries.

noet been tihie

study

o
b

Lower tLias and JIronstone
ic account

Cwallin 1955%) on

T

4 osuch a study could be based. ‘the associated non-

ion

auna nas not receievd atd

and woula benefdit

-

Bivalvia,

v

stematic study ol the

salaeocecological studies could

variea and

ce Tauna 4s
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are comparatively uniform tuarocugh

,._
ff:
]
o
(5]
]
&
[
=
o
g
n
ol
-
4]

out tihe outcrop, LChondyites beding dowinant. Some of

itdes for Chonurites and Curvolitiius are

the coast mortiwest ol skinningrove {(H5/7C2213)

C

welil-sorted, fine-grained calcareous

sandstones contain isolated Chondrites withh a very regular

slonate cutline, preserved by concezled bed-junction
sreservation. Mearby, silty sandstones contain more

aserved by the usual bev-junciien

gsedimentation (Flate lOA},
Inland, at CLiff lligy wuarry (45/575116) near

Great ayton {(Texb-Tig . 58 tue Cleveland uvke has baked

tiae sandy series, resuliting in the striking preservation

3 J

of’ bleached Curvolithus snd Chondrites in a green,

inated, fine-grained szndstone also containing

{iii} Middle nias : Ironstone series

Thie Cleveland Ironstone geries presents a nost

sle of the economic use of trace fossils,

_—

chramositic

ilcators

siderdtic ironstone

ie over

ey it et T e A i1 ee e
coxdimately 14 x & miles 3 vrext-

ey are as follows:-

in vieveland,
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rseudopecten aecuivalvis

meam, wit

B e

nipes.

two are defined in terms of

Ty < oy ey
OO Be el

is defined

othierwise kunown to

"

N

tie 1967,

Within the mailn seam, woalch is

ot

ariocus blocks are tyvpified by

iesSe traces enable a

taog cocks!®

T
2 in slack at base.

e averag gimensions of
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. WITHIN Spreite

LIMBS PLUGGED WITH ~ ..
MOTTLED SIDERITE -~ . ..~
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WAl
P
LA AN

= HoU . ‘The traces can cocnly be

must be mlaced

vertical secticn, so

in padzocorald not possible To

dater:

Lod e Hand

in the

larger exs

Kodiwocorallium accom

Oof the Yo Block.

about one 1imb only, witihidn the area of the spreite
gradual ly

only 26,

sears elliptical in section, thie second lim

is that the two limbs were not paralied.

the main peam thie burrows of Chondrites

noticeable in the siderite mudstone

are preserved by a combisation of bed-junction
and diagenetic processes. shey are especially evident
in tie upper half of the oeam,

er part oif the Hottom plock tnere are

g e

Here gentaliuvm 1s commmon, ana this

may be responsible for ithe obscure obligue

burrowiing whica occurs at tiois horison,

it is in

o
<
g
st
o
o
!....AE
ot
b
C
o
i
[
=
&
®
@
b
pa
b
-
S ’a
"
jmd

5 W oo PR N . oy e
large 'dog cocks' ab
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vertical section toey ree 1lu size and density with

izvcorallium cicatricosus from Uld Hab, Staithes,

and occur at Lsrecisely the same horigon. many oi the

elton examplies are seen to possess a Spreite composed

LIS,

Jte

or ¥ine opaiine ool

the statement made earlier

icatricosus Irom otaitnes possesses no Hpreite,

G

a bpreite may uave

g B T I S e
dowevel, T8 Iaiiuire vo

-,

been due to imadeqguate vertical scections through the

en in polisihed verd

<

CUrrows, 1Lor e

ing buoe 'dog cocks' the ppreite are only

scerned witis iculty.

Text=Tig. 3Y%a illustrates the chnanges which taue

east.

of the Malin Seam when traced from northwest to

$E5} thie stratig

-
x4

WALY

P,
ot

Pollowing the worik of

\

detail is very precilse, and the correlations s.o0wn are
nov open to dount.
vidence 1f0or a snoreline to the norithwest is substantial

jo tiie various dronstone seams by th

pOrtray increasiiyg del

sountheastwards. 1Toae seguence of

in the sedimentology =zad the trace fossil assemblage

J

ofi=-sinore, or off-shoal envirvomments, witi, blheir associated



http://sed.iraen.to

3

Vo

nonurites.

s

o
]

I

g

i)

e

,

C
YA - 5O

i

&L

ThB
e

Al

E
Furt

ile
Ker e

N
4

cite

4104

o
i

8
[

L0
i

B
L

¥

L CILO

o
M
et

-
oo

3

FLW Q&

i
<
6]

s )

. ey

SEVI VAR §

i ade

LI

1 &



http://tpre.ii.i-~
http://Kawsji.erea.se
http://Ptaitfi.es

P

= m ey SN S
Lo WiCiao ©F ChLls

o ymd

e

bical

i3 48

vroduced in very shnallow water.
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shire

cally disturbed
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JEE MOCHE HerLes.,

CLiff, whitby {45/9Ck115)
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These are any other Jurassic DUrrows

discovered
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by Chondrites,

= S et oy 5 Yy A
wecasional Secisiens i Hiilao-—

comune, all very

colonies of a foot in

and Lingulsa beand,

¢

8" long, cccurs

roviilian strata

e dinland

beds Fiil s
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Hogeaae 3

of Caledonoid
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Oy Basin facles - sideritic sandstones.

vertical crust

e

Dut seawrd side of the rnettleness

Yo 39@}, at Loop Wyike, asterosowma fosterd

ate 535; occurs with Chondrites in the sideritic

}.,w
&

sanndst o of i1tby Hasin facies. ‘vhe sume trace

Wyke iole, Haws<er pottoms, where it is wore densely

spanied by dense c.f. yaedalus desglandi

(rext-fig. 36, pmear whitby, in Jump vown

creservea

poorly

the sideritic sandstone

Huiwocoralliws ¢p. ocour

centre of the masin, around saltwick

piviocraterion stablhieri {rlate 18} occurs in widely

densities forxr about a mile to the socutheast

past Black mab, often reaciing over 160 / S5¢C. Hie
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tire whiole of the Dogger outcrop along

the Worti %ea coast the thickiness remalns remaryrs

constant

as do many Jurassic Lol

incides and Chondarites &t

iiorsly coarse

angular gritstone at Saltwick alum works, alwmost along

the axis of the

<

region} dndicate

U=—giiaped burroews in

siallow o

clons

of norbth-—
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{1} Bllerbeck

e
4y
&3
fa
®

Lie 18 &

-

beltaic series.

Lower a

sverally the Millepore Bed w

overlies it, and was ori

of noritheast Tork re the Ellerbeck Ded

al drocnsitone overlain by fairly

tology is

X lateral variation at th
Borimoen s S00rtly. bDedome av "

ol

[N

trace fossdls occour: an

former

region fro

Iyon Scar,

fte

of Newcastle}
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a1 GO nave sEisved i pioe

veltaic

to cocour

S S e
StTaved

Tite Lrisce

oy & process of elimination.

e regarded

T svratigravny ol toe

of the

accurate

fallen material to be

rena blocks

I3omany
novizons are noit accurately Kuown. Trace fossils Ffrom

¢ e
©

nthalmoides {(Flate 42}, rlapclites montanus,

da (Flate 4%}, Gyrocuorte comosa

s {+late 4%, paevicyclus

ecal pellets (¥Flate 43).

1t the First dthree trace

Ficant

LEBY CCouUl L tnchemairine’

e Terous {Jl

G R Y,
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Introduction,

Fal

sideration of the detailed stratig zayiy of

the Dearborough Beds between Hobin ood's Bay and

Secarborougll provides clear evidence confirming a

bathymetric zonation of the major trace fossil genera.

Here trace fossils are very abundant and the bed=-by=bed

stratal sequence can be traced for over 5 miles in the

lofty cliffs bDeuneath

i

which, on the back

OIC, che

traces are beautifully preserved.

fhe distribution of outcrop of the Scarboerough

Beds is shown on Fig.hU, while the lateral variations

-

strata from Hlea Wyl

twaras are

(,!I

<& scutii-ea

The area uma@r consideration forms a

onterop of the Scarborough Beds; to

nortiwest of thie area the facles becomes a very

coarse zrit full of crinoid ossicles; limestone is
important te the east and south around Scarborough

wnicin accounts for fthe original name of tlie series.

sealimentary and faunali succession near slesa

e detadiled bed-by-bed secuence of the
vecarborougn Yeds was worked out at thie north end of

peast Ciiff (54/9930006), wihere exposure is most complete




sresent time. The succession measured by

1} and is poorly exposed todav.

used in fthe text are as shown in

41, while the major marker beds. may bhe seen in

thie

2y D233 ) lies further to th

(=]

ya s
L =N

Lo, 60, 50. Por complete stratigrapvhic details refer

to appendix 1V.

‘he Ltwo successions are closely conparsble a

four basic units {(Teble 14},

flaggy sandstones conta 1niﬂg

casts of rleuromya, Cabtinule and the pte

25 sioturbation is compmon I

5.5.36, wihere small~scale for

bedainyg {(rlate 50} probably v a Fossii b

soutineastwards, forming an environment of low

K]

fossiddpation potential {sensu

es lZ=ilt] is very

freguentliy rivpl

Lpples are a couwmon variety wi

rests, ddential to the type illustrated

nid

They

ridid

- the moest Cudr ecteristic mollusc

oite

eset

eacii

d, accounting for its reypid diminuvtion in thickness

e..n

4 by

forued
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Lamination, too, dis common {(Plate 14A}; massive clean,

alternating with thin bands of fine

divm-grained sa

sand, vhe duasl L Leing several millimetres, or

{19i

rareliy centimetres in tahlcuness.

ination, of tidal origin,

described wvery similarx 13

sland sound. Some thin,
coarse layers of clean saud probably resresent tie
level, avout 3Ucm below the original sedimentary

surface, at wnlch tihe lugworms thrust aside sand grains

whe major subdivisions of bihie Scarborough

Bajucian) dn the Blea Wyke area,

E( »s.f)}.\j.r@o

Hed Litnology Thickniess

Hlea
Wyke

&y sandstones
xlequgiﬁ casts
rles with RLEL., 55ft.
snelly debris

limestones, laft. 19Tt ,
' calcareous

Selte a=e, 1=20

e i :.:}.,g

oy ~y
D oede il

stones 10ft. Lins., 15ft.
NLLm fleuiomy casts
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vhe lug-worm vurrows are distiunctly gregariocus and

paralliel. 1his is particulariy well seen

WREere aas produced a horizontad section showing

o WUt ~tubes; the density can then alsc

the bases of

i

be worked out using a siwmple guadrat. The burrows,

(1925, from Blea YWyke,

originally described by ¥
are densest in tlhe northwest, where tlhiey are associated

) o ) . _ P s e sk
witn Laevicyclus, and reacn 28/m” (Flate 14}, This is

s

very wmwucii iess than the deunsity achieved by arenicola

¢

marina at the present day under opbtimum cenditions.

i
o

However, the sediment grade of 8.9. 35 is relatively

high and condiftions would mot have been optimal, sirnce

Ve ey - S TR gl -
{(WELLS, 1945, 1963,

.79, .  Yhere are nevertiieless other species of

arenicola, e.g. a. claperedii, which habitually lives

in sand bars with a similar lithology to S.3. 35,

- ‘ B s LT e 1 " ,’ IS e ! P AT . VPR S S
iE do IACGIHET L1949, pe205). The density

is less towards the southeast, where Diplocraterion

Arenicola (figs. 1% & 20} and

it
o
[+3]

|+
v
Lo
L
0
:
o
s
o
o
oy
o
{’a’\

=]

before

inches out

Huntale rolmt is veacaed (]

7

In the second major group {fable 14}, with

dominaatly limyv beds, 5.5. 33 contalns an abundance of

tie First of the dmportant bysalive-attacined pernid
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~-vaives, Gervilleila scarburgensis, a form waichh is

iority of tihie limestones, with

tire excegtion oif those whdch are xtensiveliy burrowed,

)

moiluscan remalins, other than fthe

o b sunell detritus, arve absent.

3% a massive argillaceocus limestone

statactite, which contains the majority

o
6]
a
e
4]
i...é .
ona
[}
B
o
b

of tne trace fossile (Fig. 42}« ‘The degree of

reworking is almost 100%, ow rowing activities having

co v original lawmination {(Flate J3)

witi

o, MOORE and SCRULUN, 1957,

two L&Ci@u; a more sandy

arcund Blea Wyvke with-a

of ichnog

ntera domdinatec by

tholassincides, c.i. suevicus
smboth grazing trails, tending to parallel aligrnment

- gy e
.:.»OJLL:L a8 G

ot
&

{Fdlg. 4535 and a Tinevr-grained facies to t}

alessinocides, and Hdbizccoralliw commune

witis Fewer &

o - ew k%
Jdhy D2y 3% paterece N -
/v Aasterosoms trlate 5304, ) and

‘ s 40, 41] asswaing dominsnce,
aistinct parailelism of traces.

8 a2 nodular

b

tiie overliyving limestone .5, 31







At

the comuonsest

limestone with vernids agai

LOHOon isosnononcides andg rFteroperna

succeedlng unit countains

- R I e oy [ £ 24 oy s o S o -
a8 sim iimestone, B.5. 30f, the surface of dvyich is

ity oriented Gervillella and

iorms are sufficiently abundant

form majore rock-building

guite tnin,

i R UT N 3
DS TATUEINT S » i

persistent laterally, beilng typified by aregariocus

usters o0 wervillella, whose mode of occurrence is

suggesvive ol modern mytilus mus sel baanis,

e two shale baids

betwe

entary vervillella nmaterial,

g 08 Z.53.29, a ferruginous

el isn

From

estonhe, sarves o

Se 34

3O, yne v deeper walter

velemmites

i, te

AT deposition of
. me RY, wolcn 18 a wmassive calcareous grit devoid of
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PELt ey

FAUNAL SUCCESSIONIN BASAL L5 FT, OF 8.B. 27

Depth
(fr.)

Faunas

Fragment ‘of fish fin; Tancredia plandta " : ‘
Highly fossiliferotis: Ouemtedﬂa barhonwa, A mvocal dia lowerma Ptemcar {!za submmma
Sparcely fossiliferous, Jsocyprina dolabra”~
Bitumifious shales with many smafl fossi
Very fine slightly bituminous shale: Ptero(am’:a wbmmum Cucallaea: s(mcellata
Light grey shale Melecigrmalla lycerti, Astarte. mmmza

Pholadomya ‘ovalis in life ppsition: Sphaetiols oolithice,

Small-Platymyva scarbwgenszs Meleagr inella dyeelti,

Soft:crumbly shale with cringid debris and. belemnites:,

Qyster bank: L(ipha marvhu Isognoman zmnnom(momu, Serpula m/eslmalw, Eopec ten
tegulata Bl : :
Shell bank composed of Pieropernu plarid ;

Shelly shale with large Meleagr inella lycettis Pinva beanis Lima b(;’ltlﬁp?l‘l

Ferrugmous shelly’ noduies, Wodiolis lr*rkml)yz amiponite camera (7 derived)
Comiminuted shell hm»stone Lompoch of meaca:dza 'md Tancred:a Meleagrme!la
lycerti occurs :
Calcdreous congretions with:C y[/fm'rabmlma G"ramea Campiomcles ngz[hm w;th Qpl-' .
faunal Serpila plicatilis :

Ferruginous: shale, vely iosﬂlhfemus Ger wl[ella scar bmgeﬂws L ucnllaca, Z\J(Jdlolfzv
leckenbyi : :
Highly fosethex Gus; Enrolzzmz VEry: common Arwm 358 m/mz[a dl’ld Meleagrmeila owuj
Caleareous shale: Gervillella; Prer operna, Isogromon, O\ymma ineguivalve, Pz‘erocardta, :
Calcareous shale: Trigonia signata, Entolinrn; Pholadowia Seamanni =
Hard blocky shale; -very fossififerous: Gw wlfella, Enmlnzm. Modmlzrs, Cucullaea i
Silty shale w1th Catmu!a and’ Liostrea=sone T4 nch Penmc*; inites stéms

Grey shale, Very stilhferous Mcleagrme]la Vety Common Tanc"en’ra odclrs: Platymva :
in life position. , - 5 : :
Speckied-calcareous band, hard unfossﬂlfemus

Grey: shale, spar cely: foxsﬂ;fméus occasional vertical sziu ]\/{eleagz inzila
Fine shaly-ironstone: commeon ]Wvleagrmalla some Entolinm L
Coarse sandy ironstone; sparcely fossmfc,mus, Ou»pl§,1011d1 ]Szleleagrin“ella, ‘

s Astarte minima, sma!l Melens rme”llzz lywm :
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293

se, Ltarge, parallel

[

b o epe e ey . ORI
snelly remains butl

ilassinoides saxoniars

DUTTOWS , D0Lh P

oy g e -
CIrUS CmnCenis

and dnlzccorallium commuane (ilate

Laserclas,

1
0
ot
o

are fuil of

viactite,

is the wnost distincitive bed inn the

uwing to poor exposure of fthe large shale wunit

SL.e. 27, it was necessarvy toe trencih the ciliiff dinm order

et
i
|

to establisie the aature of nis was only

AT =

pasal fifteen Teet, wiere the

wossible Ior
sucecession of shallow-water faunas is summarised in

table 1h.

wne fiaggy sandstones at tie top of the

succession, 5.9, a-e, 1l=26, forming the last of the

four major units, are similar to S5.B. 35, 36. ‘They

lacking Arenicoiites and Laevicyclus - being much

less bioturbated, and containing tihe casts of

astarte minima, rleuromys, Chiamys, Meleagrinella

at of 5.5,
waiis above locsal ercosion planes

rogs-Dedaing,




southneast.

Correliatica witn cliff sections to

ierge from a ¢ deration

Two polints
stratal thinuning froa

at Gristhorpe Hay, with

wedsing out of all the coarse clastic aorizons; (2) a

from the dominance of bysally-

plicate ovesters and an abundance of

trace ILossils in the norith, to the appearance of large

o

in siderite nodules

ax

in tixe socutii.

bathvmetbric gradient with the rliea WykKe
o jo) i

clise to sihocre and thne Gristhorpe area

offshore, out of reach of the effects of tractive

;.1,
5
fede
b
]
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D30 are responsible
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lstones at tihe Dase and top of th
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seast ULiff and Zlea Wyke are tiie least

versistent of ail the noriszons, fading out before

dundale Point {(Flate 55, a distance of less than four

5.  Ann that thevw

rows and such sedimentary features as

2i, fTlat-crested freguent lamiuation

a supposition

eir stratigrapinic position.
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succeed middle Leltaic delta~-ton

R ) R T 1 -
gilts witi: plant remalns:

very coarse distributary

alc Heries (the MHoox Grit).

The overivi are more persistent: in

Beid. 32 grades laterally from a saandy lime-

stone wibth Thalassinocides at #lea wvke {FPig. 4% throusgsh
P 7 <

BIL 18, symuetrical ly-rippled limestone with
i often showi odd ethological patiterns
{(F'iges. 29, 32, 33} to a non-rippled limestone with

{(Flate 36n, rlate 40, Lij

ind

beneati: seast CLiff, arovund Tron scar the dominas: . ce of

Teicindichnus is supplanted LY an disolated cceccurvence of

pizmocorallium commune ”E/bl~jw%}9 which grades

south Into za mixed Hhizocorallium and

L, SV S NS £ - o 5 e R oy
association (Flate 52). B.8. 32

pure non-detrital

anges suggest a

6)

shore-line in a direction west of north.

Considerabie iLateral variation follows ixn

succeedin, horiszons wuntil level of 5.4, Z&, wihican

is more thiins very adually fTrom

riere 4b o ds 6o

2 "
FERRTEES WG e { A
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a large distinciive

of

ssincides, I, saxocnicus,

ainelid-like cove (rlate 22;.

WitE L ]

and contains

eving a

%+ mile nortih of

consists of “Yedchichuus

agssociatea witn

Limp. a little further

At Hundale point it 1is reduced to 3ft. 6ins. with

Aasterosoma multilohatuwm

- the "fucold sand-

"

s MGwW A XS

astone” of

L oy e Y e - SYaT LEY e
ke may foyuiup to YUr of the

DUPDPOWS , &

Torm of Yhalassincides, I, s¥evicus {(Flate

berion

elld:

Very rareé.

represented

A% Wil Ue HMao

by part of the thick corvyreiation

is less certvain here Decause of e

intervening six miles from pundaie roint,
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to subdivide accurateiy the thick

at Blea Wyke as exposure 1is poor.

such possiblie revelamed that the silty
shales were calcareous in the lower part and possessed

siceritized sieily nodules in the upper part. In the

lower half there dis a southeastward increase 1in calciuw

Wihiite wsab the

cavoonate at the expense of silt, wntil at
norizon is represented in toto by a pure calcilutite.

trhe overlying sandy limestone at white mNab is
somethding of am enigma, since it cannot be correlated
either 10 the morth or the scuth. It probably represents
either sediment derived from another gource, or the

iocaliized reworking of an eariier sandy deposit such as

Dele U 0Or ©.id. 530,

Fundamentally then, the series consists of

relatively insiore sediments showing an appreciable

which is easily interpreted as the

lateral
result of a considerable original bathymetric gradient.

It ds 1m thide proad environmental light that the

variations, not only in relative abundance of trace
feogsil genera but also in their etholegy, must be

viewed.

Falaeovathymeltry: Variation din trace fossils
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from S.8. 32 and $,5. 28 commonl
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Thalassinocides,
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A analysis of
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an ecological
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to

mollusca,
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different

outcrop
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to
notoricusiy rare

ionsiiip Detween

for many of
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crustacean origin, the next of

the last may be either crustacean

limestones, and at different

of the limestone, the

of the various genera, their size

1 patterns vary: these are

these variations is presented

o

a detailed plcture of the life

Hajocian sea fleoor in this part

formed cominantly by creatures
exoskeletons (like tihe

or entilrely soft-bodied. . “Thus

wianid

wiilCcl e aifficult

from

vethymnetsry and

the iunshore traces

mere

one which

reguires exs lanation.

most marked in burrows
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