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. o Abstract A .
. . ’ ) ]
Despite the attention recently given’ to ichnolo- _ .

£y, intensive’ lnvestlgatlons have been’ mount red in only

" a’'limiced number of critical areas. These include the -
‘zoological affinities of, and the paleobathymetric sig- t
nificance of soft-sediment ichnpfossils. Such. areas as
estaﬁlishing a workable nomenclatural system, the'sig—

- nificance of Lower Paleozoic macroborings, and quanﬁi-;‘ :

. tative methods in ichnology, although important;.have
.-ﬁ\aﬁteceived considerably less mention. In order to examine.

! B )
—\\. these lesser known facets an integrated study of selec-

1
i

ted Lower Paleozolic’ichnofossils was conducted. .
. Part one {ﬁlegﬁs the_identification and sig- ’
nificance of an exteﬁ;ivé.ichnofossil.suite. comprising
27 different ichnogene%é from the Middle Silurian Tho- -
rol&iSandstone'of_foutheastern Ontrario and ﬁew York.
.- . These ichnofossils are indi;ative of the shallow-water,
nearshore Skolithos and Cruziana ichnofacies, and tan
be divided into foﬁr distinetive assemblages. - As well as
providing information on the interpretation of the .
’ L

palecenvironments, lateral variations in ethological .

categories prove valuable in delineating ancient storm

-

* I

Part two compr;ses a collectlon of ind1v1dual
lnvestlgatlons of sxgnlflcant Lower Paleozoxc

- - . - -
[
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ighnofossil occurrences with particular attention paid

to quantitative methods. i

1). Since ichnofossils are used not only by

~ichnologists but by vertebrate and invertebrate paleon-"-

] .
tologists, paleobotanists,  stratigraphers, and sedimen-

tologists,‘it_is impertive to have a workable nomencla~
tural system. One of the most abundant and important
groups of ichnofossils are singlelentranced; vertical

burrows, which curréncly include many‘ill—definéd and

poorly understoqd forms. Through the examination of type

Fl

. o . . .
specimens and an. analysis of pertinent morphaksg}éal
characteristics, this diverse group can be referrable to

only four distinct ichnogeneré: Cylindrichnus, Mono-

crateribn, Skolithos, and StiDsellﬁé;

‘2). Ichnology aiso encompasses structures Dro-
duced biogeﬁically in hard substrates. Such ichnofos-
sils, although well studied in bost~?aleozoic deposits,
have received considerably less attention in Lower
Paleozoic strata. The Silurian-Devonian disconformity
in southerm Ontario exhibits weli-pfeserved macroborings

4 e 3 .
of the ichnogenus Trypanites. Quantification of borings

usdng shape parameters shows that boring morphbiogy
can be described agcurately. Comparison:with borings
made by recent sipunculids indicates a high degree of
similarity, suggedting that these.examples of Trypan-
ites were probably produced by sipunculids.'

iv
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L3 cimen of the ‘ichnospecies Lingudichnus
verticaliéfsggf covered from the Lower.Cambrian Bradore

qz;Q_::mation of southern ‘Labrador. "The sample represents .
" the - only known Cambrlan example of an in 51tu llngulld
and sheds light on the evolution of their ethology.
.Prioxr to this. it was assumed that -Cambrian lingulids’
malntalned a non-burrowing mode of life. _ |

4) . IchnoIBgy has progressed beyond the stage
of mere description and it may now be possible to try
to, apply some quantltatlve cohcepts. ) Modern ecological
methods to measure and xnterpret spatlal distributions .
were applied to;selected Lower 'Paleozoic vertical ich-
nofossils;--Such analyses may prove valuable in inter-
preting a host of biotic interactiéns among ichnofossil

assemblages.



<L | . ACKNOWLEDGEMENTS
o The wtiter wishes to.express his sincere grati-
- t;de t;\ar. M. J. Risk, his research director, for his
guidgnce and encouragement through all phases of this’
work. Withput his cooperation, p;;ience and understand-
ing, this final refort co*}d not be possiSle-
Appreciation is also expressed to Dr. D. R.
Kobluk,.Univérsify of Toronto; Dr. N. P. James, Memo-
rial Uni&grsity; . R. W. Frey, University of Georgia;
and Mr. R. K. Yeoljiufce ﬁnivefsity, for their friend-
_ship and the many 'informal discussions pertaining to
many aspgcts'of this work. It is impossible to express
what these interactions have meant to me.
Thanks are also expressed to Ms. D. Hunter
for her excellent assistance in the field} she made
tedious field work enjoyablé.
To the excellent support staff of the Depart-
ment éf Ge&logy, McMéster Universit&, specifically
ﬁr. J. Whorwood, Mrs. J. Allen, Mrsf H. Elliott, Mrs.
\v L. falkiner,_and Mrs. C. Wilson,_I extend my gratitude
for their friendship and for their efforts on my be-
half during this study.
During various pafts of this reseafch, students
-of the Introductory Paleontology class at McMaster

University, specifically Lee Baker, Garth Nicholas,
. . .
vi

~

o | S

J



-
LY

John Bouwhuis, and James Campbell, worked on selected
field projects in the Thorold Sandstome. Their con-
stant entHusiasm was a source of inspiration and pride

3

to me.
It is a pleasure to acknowledge the expert typ-
ing of Ms. L. Wilds, who generated order from my chaotic

notes.
I would also like to.express my gratitude to
. a number of Universities and Museums who freely pro-

vided access to type specimens needed to complete Chap-

~ . l/ -
. - BN
Fimgncial supporE’E§§rprovided by research and

ter 5.

travel grants from tlie Department of Geology, McMaster
University; Dx. N. P.;James via a National Resegrch
Council grant; and an intemmal grant from the Univer-
sity of Georgia to help defray the cost of typing.
During my tenure at McMaster an Ontario Graduate Scho-
larship provided finanéial assistance and is gratefully
acknowledged.

In as . much as a studv of this magnitude is
the work of one man, it also reflects those éround
him: to all my friends and colleagues a heirty thank
you?

Finally, I would like to express my gratitude
to tﬁe.three most important people in my life, to whom

I dedicate this work; to my parents, whom I owe a

vii -



debt I cannot possibly repay; and to my wife Teresa

for her love and patience during the completion of this °

study.



. TABLE OF CONTENTS

'
’P/J‘.!f'

Chapter - ) ‘ .~ Page
ONE INTRODUCTORY REMARKS. .~i e e e e e 1.
! . 1-1. Purpose and Scope. . . . . . . . . 1
Y - TWO THE THOROLD SANDSTONE: STRATIGRAPHY; 6
6.

. 7

_ 7

B) . Study area. 9

C) . Regional geological framework :'. 14

2-3. Martini's-Depositional Model . . . 15

2-4. Ichnogenera.Recognized e e : 19

THREE ICENOFOSSIL DﬁSCRIPTIONS. e e e e e 24
3-1. Introduection . . . . . . . . . . . 24

A). Classification. . Coe e 24

////"‘ B) . Nomenclature. . . . . . . . . . . 25
’ 3-2. Systematic Ichnology . . . . . . . 29
A) . Arenicolites. .- . . . . . . . . . 29

B) . Arthrophycus. . . . . . . . . . - 33.

Q). Bifungités. . . . . . . . . . . . 39

—~— .

D). Chondrites. . . . . . . . . . . . 43

E) . Cruziana. . o ST 51

F). Daedalus. . . . . . . . . . ... 57

‘ G). Diplichmites. . . . . . . : . . . 62

ix’



. ., 7
. . ‘ )
Chép;gf
' H) . Diplocrateriom. )
y I). Dolopichnus . . . . . . . & .
. D, Fucusogsis.‘1y S
-K). Incisifex . . . . ST
Lj; Linguliehnus. e e .
‘M) . Lobichnus . .
N)-. ﬁonomoruhichnus.. )
0). Palgeophycus.
P). Planolites. . . . '- . .

Q) . Polycylindrichnus

R) . Rhabdoglyphus

S). Rusophycus. . . . . .

T) . écalarituba .

U). Skolithos .

%) . Teichichnus

W) . Problematical forms

i).
ii).
iii) .
iv) .

v).

? Gordia. . . -

? Caprionichnus

? Scolicia.

? Trichophycus.

Echiuroid traces. . .

FOUR THOROLD ICHNOFOSSIL DISTRIBUTIONS.

4-1.

]

4-2.

]

The Thorold Ichnofossil Suite.

: 3
- Distribution of Ihorold Ichno-

fossils. ;7{ A

~

.k‘

N2

77
78
80

82
83
88
93

97
100
103
105
110
114
114
115
116

. 117

119
145
145

148

.-.‘..“r.



" FIVE

}D
* B)
.C)

4-3. The Concept of Ichnofacles and”

b-b, Slgnlflcance of Ichnofossil -

-4

A) Reglonallchnofac1esdeterminatlon

: B). Local 1chnofac1es determlnatlons

S
— -

4 3.

- PROPOSED RE- CIASSIFICATION OF SOME

. Regional distributiop. . . .

. Local distribution .

. Problems associated with ichno-

fossil distributions

Bathymetry . .

Dlstrlbutlons.

-
=

and interprétations.

iil Assemblage Omne 4

1i). Assemblagé Two .

iii). AsSemblage Three .

iv). Assemblége'Four;

Summary. . . .- .

-

S—

- L]

SELECTED VERTICAL ICHNQOFOSSILS.

© 541,

Introduction .

5-2. Historical Perspective -.

5-3. Present Classification .

a).
.B).
C).
D).
E).
F).

Foralites.

Histioderma.

Pilichnia.

xi

‘Cylindrichnus.‘: L.
| I

Cyvlindrichum- .

Monocraterion.

;?age
‘148

151
154
156

170

-170

176
176
179
180
202
203

. 203
207

210
221

. 221

221
222

222
222

223



'*Chapéer. . -

L »~~ G). Sabellarifex. . . . . . . . . .
.7 e . H). Skolithos . < . - . . . . . . . .
S C . S
_ ¢-I). Stipsellus. . . . . . . . ...
© J). Tigillites. . . . . . . . .
. 5-4. Analysis of the Morphological Fea-
tures of Single-Entrance Vertical
Ichnofossils. . . . . . .
_—

4) . Burrow sinuosity. . . . .
B) . Burrow diameter . . . . . .

"y . 7 )
C). Orientation . : . . . .

D) . Ornamentation and lining. .

> E) . ‘Degree of crowding. . .
F)l Presence wr absence of funnel-‘
‘nf shaped aperture . . . . .

5-5. Proposed Classification .

A) . Cvlindrichnus

—

B) . Monocraterion .

C). Skolithos .

+

D). Stipsellus.

SIX TRYPANITES FROM SOUTHERN ONTARIO: ORIGfN,
FORM, AND ZOOLOGICAL AFFINITIES. . .

6-1. Introduction.

6-2. The Ichnogenus Trypanites

El

6-3. Descrlbtlon and Modelling of Boring

Morphology. . . . . . . . . Y

~6-4. Survey of Moderm Macroboring
Organisms . . . . .

< . xii

Page
223
223
223
224

225
225
227

. - 230

231
236

. 237

242
243

. 245

249
257

268
268
274

278

284



Chﬁpter . _ -
a).. Polychaetes. (}. ;‘; ..
* i). Funicids-. .
\{ﬁ). Sabellids. <. )
i1i). Spionids . . . . . '
iv). Flabelligerids ; -
v) . Fossil polychaete borings-
B). Phoronids.
O B “é): Thoracian cirripids. . )
D); Sipunculids. . . . . . .
‘E). Bivalves .
i). Gastrochaenids . . . .
ii). Myrilids . . .
iii). Pholads. . . .. > .. .
iv) . Other bivalve borers 2~
v). Fossil bivalve bbrings .
6-5. Comparisoﬁ szh'Receﬁt:Forms
6-6. Summary. . ‘
-‘éEVEN OLDEST KNOWN BRACHIOPOD BURROW:
CAMBRIAN OF LABRADOR. .
' 7-1. Introduction . . (. .
7-2. Systematic Ichnology .
7-3. Discussiom .
EIGHT 'SPATIAL DISTRIBUTION OF SOME SELECTED
VERTICAL ICHNOFOSSILS

8-1. Introduction .

8-2. Techniques . . . . ... . . . .

©oxiii

THE LOWER

fége
284

284 °
. 285

291
293
293
295
295
296
298
299

'300
301
303,

308 -

.-

305

310

323
323
327
328

334
334
336

(£




Chapﬁér

REFERENCES .

o

B)

a).
B) .
C).

D).
. E).

8-5. Discussion . . . . . . .

A).

gy

B).
C).
D).

E).

Distance to nearest neighbour. ..

-

.- Coefficient of disperéion.'; .
8- 3 . Ichnogenera Analyzed . . .....

8- 4 Results of Spatial Dlstrlbutlon
Ana1y51s e e e e e e e e e el

Skolithos. . . . . « - . . . .

Monocraterion. . . . . . . . . ..

Interpretation of Skolithos-
Monocraterion data . e e e e -

Multiple-entrance vertlcal
burrows. . . . . . . %0 o .

Interpretatlon of data on multl-
entrance ichnogenera .

Deposit-feeders versus suspen-
sion feeders .

Nature of trace maker.
Differentiation of ichnogenera .

Summary of qpollcaﬁlons of the
measure. e e

Summary ¢of the limitations of
the measure.

xiv

.o x\3?6

'~ Page

337
340
342

344
344
365

- 366
379

396
396 °

403
409

412

413
417




e .
Table .

43
A

4-5
4-6
4-7
4-8
49

4-10

5>-1

LIST OF TABLES

Thorold outerops lnvestlgated ..

Mbrphologlcal classification of ichnp-
fossils encountered in the Tharpld".---:

Geochemical Tremds in Skollthos
burrow linings . .

- - - - - - -

'Glassification of Thorold ichnofossils .

Ichnofossil occurrence infthe Thorold
Sandstone. .

Synopsis of the four general ichnofossil
. assemblages recognlzed in the Thorold )

Sandstone.

Recurring aquatic trace fossil assem-
blages and their environmental implica-
tions. .

Beach-offshore profile: zonation, termi-
nology and environmental characteristics

neral characteristics of the shallow-
ter Skolithos and Cruziama ichnofacies

Known ichnofacies associations of ichno-

genera egpcountered in the Thorold. . . . .
Selectegzifiteria for the identification

of anciems-storm deposits.

Lateral variations between Thorold trace
fossil assemblages e e

Generalized lateral wvariations in trace
fossil and sedimentary characteristics
in the Thorold Sandstone

Selected list of reported diameter ranges
for various single-entrance, vertlcal\g
ichnogenera . Ce e e

21

109 .

146

149

152

159

173

175

177

184

205

206

229



. - Table -~ -0 . ' . Page -

"+ 5-2 - List of tentative rnterpreatlons df:J>
- Skollthos_': - e e et e e e e . - 256 .

- -
-

. 6-1 Geologic range chart ofIblvalve borers . ;_ 304

-

6-2 Features of modern Trynanltes -like . N
borings. . . . . . . - -« .+ -« . . . 306

6-3 Comparison of modern srnunculld borings to )

- fossil borlngs e e e e e e e e - 309

7-1 Example of in situ preservatlon of Paleo~

zoic lingulids . . . . . . . . . . . . . . 324
( 7-2" Ichndgenera assocrated with in situ -

llngullds e e e e e e o . . . . . . 330

LS

8-1 A list of symbols and deflnltlon of con-
cepts employed in a measure of spacing
based on the mean distance between the

nearest neighbour. . . . . . . . . . . . . 339
8-2 ' Ichnogenera selected for spatial distribu-

tion analysis. . . . . . . . . . . . . . . 343
8-3 Densrty counts of Skolithos burrows from .

the Bradore Formation. . . . . . . . . . . 345
-4 Coefficient of dispersion for Skolithos

burrows from the Bradore Fotmation . . . . 346
8-5 Distance to nearest neighbour analysis of

Skolithos burrows from theyBradore Fm.:

Quadrat SB-1 . . . . . . .. . . . . . . . 347
8-6 Quadrat SB-2 . . . . . . . . . . . . . . . 348
8-7 Quadrat SB-3 . . . . . . . . ... . . . . . 349
8-8 Quadrat SB-4 . . . . . . .. . . . . . . . 35
8-9 Quadrat SB-5 . . . . . . . . . . . . . . . 351

8-10 Results of distance to nearest neighbour
analysis of Skolithos burrows from the
Bradere Formatiom. . . . . . . . . . . . . 352



;Tat'_ale' .

Page

8-11 Tests of significance of nearest neigh-

bour analysis:’ Skolithos burrows from

the Bradore Formationm.' . . . . = . . . . . 333
8-12 " Distance to nearest neighbour analysis of

- Skolithos burrows from the Thorold Forma-

tion: Quadrat ST-1. . . . ... . 355
8-13 Quadrat-ST-2.. . . . . . « . . .t. . . 356
8-14 Quadrat ST-3 . . . . .. . 357
8-15 Quadrat ST-4 . . . . . . . « . ] 358
8-16 Quadrat ST-5 . . . ... 359
8-17 Quadrat ST-6 . . . . . . .+~ . 360
§-18 ~ Quadrat ST-7 . . : 361-

L ' - )

8-19 Quadrat ST-8 . 362
8-20 Results of distance to mearest neighbour .

analysis of Skolithos burrows from the

Thorold Formation. .. - 363
8-21  Tests of significance of nearest neigh-

bour analysis: Skolithos. burrows from the

Thorold Formatiom. . 364
8-22 Density counts of Monocraterion burrows

from the Bradore Formation . 367
8-23 Coefficient of dispersion for Monocraterion X

burrows from the Bradore Formation . 368
8-24 - Distance to nearest neighbour_anélysis of |

Monocraterion burrows from the Bradore

Formation: Quadrat MB-1. 369
8-25 Quadrat MB-2 . 370
8-26 Quadrat MB-3 . . . 371
8-27 Quadrat MB-4 . . . . . . . . 372
8-28 Quadrat MB-5 . 373
8-29 Quadrat MB-6 374




Table

8-30

- 8-31
8-32

"8-33

8-34

8-35
8-36
8-37
8-38
8-39
8-40

8-41

8-42
8-43
8-44
8-45

8-46

L
— ~ -
. =@
o - 4 -
Qua@raﬁ MB-7. . . 0. .. .. Co. ..
| Quadrat MB-8. . . . . . e i e e e e

Results of distance to nearest neighbour
analysis of Monocraterion burrows from
the Bradore Formatiom . . . .f.- . . .

e T
Tests of signifikance of nearest neigh-
bour analysis: Monocraterion burrows
from the Bradore Formation. . . . . . .

-
A

Distance to nearest neighbour analyéls of
D;plocraterlon burrows from thé Thorold
rormation: Quadrat DT-1. . . .

Quadrat DT-2. . . . . . .

Quadrat DT-3. |

Quadraﬁ DT-%.

Quadrat DT-5. . . . . . . . . . . . o
Quadrat DT-6.

Results of ‘distance to nearest neighbour
analysis of Diplocraterion burrows from

the Thoreold F*rmatlon .

.Tests of significance of nearest neigh-

bour analysis: Diplocraterion burrows
from the Thorold Formation.

Random burrow densities taken from Ship
Harbour . .

Random burrow densities taken frOm Pirate
Harbour .

Coefficient of dispersion for Axius
serratus, in Strait of Canso.

A comparison of the population dispersion
of selected marine organisms.

. Comparison of density data of Skolithos

from the Bradore and Thorold Fms. . . . .

xviii

377
378

381
382

383

384
385
386

387

388

392

- 393

394

401

406



L-4

6-1

6-2

6-3

A

LIST OF FIGURES

-

Thorold Index map. . . . . . . . .b.

Preservatlonal clagsification of lchno-'
fossils. . . . . . o i . e e e e e - .

Ethological classification of ichno-
fossils. . . . .

Dynamics of anemone burrowing. . . . . .
Cross-section of geosynclinal shelf to
basin; showing ichnofossil assemblages
anhd gradlents in important ecological.
parameters e e e e e e e .
Classification of marine environments.

Selected otcurrences of deep and shallow-
water lingulids in the Lower Paleozoic

Environmentai range of Lower Paleozoic
lingulid brachiopods

Index map: Silurian-Devonian disconfor-
micy )

Stratigraphic section: Silurian-Devonian
disconformity.

Schematic longitudinal sections of a range

of forms of Trypanites

Empirical: models describing the morphology

of the hardground borings.
Moderm macroboring morphologies.
Schematic longltudlnal sections of the

borings of organisms that create Trzg
ites-like traces e e e

xix

Page

11
26

27
73

166
172

191
193
271
273
\}%6
282

288 .

290



LIST OF PLATES

~ Plates, . ' - Pages.
. 3-1 to 3-12 Thorold ichmofossils. . . . . 12 to 144
5-1 to 5-4 _ Vertical, single-entrance : o
_ ichnofossils. . . . . . . . . 260 to 267
-'6-1 to 6-6 Macroborings from the
*¢Silurian-Devonian
uncomformity. . . . . . . . . 311 to 322
7-1 . ' Lingulichnus vefﬁicalis,
Lower Cambrian, Southern
Labrador. . . . . . . . . . . 333
8-1 . Ichnogenera studied in
spatial distribution
analysis. . . . . . . . . . . 416
v
N
\
=



- CHAPTER 1

Introductory Remarks
; .
. A

1-1. Purpose and Scope

The étﬁay of ichnology encompasses a wide ar-
ray of complex animal-sediment interactions in both
ancient and receat deposits. Althqugh quite slow in its
development, ichﬁology has recently-receivéd widespread
acceptance since many of these interactions are depen-
dent on both the morphology of the trace maker and §§§k
physical proﬁerties of the sedimentological enviropment.
As such, these structures provide pertienent informa=
tion in the interpretétion of paieoenvironments and
sedimentological regimes. This increased awareness of
‘the usefulneés of trace fossils is in paft a result of
a number of recently published works which have focused
attention on them (see Crimes and Harpér. 1970, 1977;
Osgood, 1970; Frey, 1971, 1973, 1975; and Basan, 1978).

In spite of this attention, intensive inves-
tigatons have been mounted in only a limited number
of critical areas in ichnology. These include the
zoglogical affinities of, and the paleocbathymetric éig-
nificance of, soft sediment ichnofossils, as well as
descriptive work on the distribution of grace fossils

within specific geological formatioms. Such areas as

“n S l . N IIl

1



2

- .

eétablishing a workable nomenclatural system, the signi-

ficance of Lower Paleozoic macroborings, and quantita--

tive methods in ichnology, although importanﬁ, have
received considerably less mention.

- The purpqse'of.this study is to examine a num-
ber of these lesser known facets of ichnology, as well

as examining the more traditional approaches. As a

result, the study is divisible into two major sections.

Section ‘one concerns the identification and ﬁgleoen—
vironmental significance of the ichnofossils from a
Lower Paleozoic clastic unit. Ap extensive suite of
trace fossils was recognized from the Middle Silurian
Thorold Formation of southeastern Ontario and north-
western New York State (Chapters 2 and 3). The trace
fossils of this otherwise unfossiliferous unit ;eem
to be the only clue to its original biblogic compon-
ent (Chapter 3), and their distribution and lateral
variations are used to interpret the depositional
history (Chapter &4).

In the past, trace fossils were viewed as
unique depth indicators. This concept, although re-
sponsible for the rapid growth and acceptance of ich-
nology, has also proven to bé one of its major curses.
More often than not trace fossils were cited as the
sole criteria for estéblishing paleobathymetrys. Re-

cent investigations, however, have revealed that such

-
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3

a'simplist%c viéw is not gnéirelylaccuréte (see Chap-
ter;Q). Aithopgh ichnofossils are extremely wvaluable
in delineatiné facies they should not be viewed as sep-
arate entities, but instead must be utilized in context
with the entire spectrum of physical and biological
characteristics. In this regard the present study
(Section 1) will repo;} en what ichnofossils are pre-
sent in the 'I:horold as well as their‘pal-eoenvironr;zental
sign%ﬁicance. It should therefore be stressed that
this is by no means a definitive answer but ?epresents
merely one line of eyidence. The final golution can
be postulated only when both the sedimehtftogical and

ichnological data are incorporated

Section two 1s a collection of separate inves-

tigations which are referable td some of the lesser
known approaches in ichnology and include:

i). Since trace fossils are used not only
by ichnologists but by invertebrate and vertebrate
paleontologists, paleobotanists, stratigraphers, and
sedimentologists, it is imperative to have a workable
nomenclatural system. Unfortunately, this is not the

case and Chapter 5 is an attempt to illustrate tRe

~nomenclatural problems presently facing geologists.

In this regard, single-entranced, vertical ichmnofos-

sils were chosen for study. Through the examination

of type specimens (where possible) and an analysis of



Dertinent morphological characteristicé a revised nomen-
clatural classification for these most usefﬁ;-and abun-
dant fdrms 15 proposed. ‘

iiy. Iéhnology does not restrict itself to
structures generated solely in soft sediment but also
encompasses structuies produced biogenically in hard
substrates. Such ichnofossils, although well-stu&ied
inkpoSt-Paleo?oic rocks. have received comsiderably
less attention. in Lower Paleozoic strata. Exceptidnally
wéll—preserved macroborings were studied from the Sil-
wurian-Devonian disconformity in southerm Ontario'(see
Chapter 6).' By:employing a quantification of the Eor-
phology of the macroborings using shape parameﬁers and
a comparison to boring of modern endoliths, the estab-
lishment of the zoological affinities of these struc-
tures may be poseible.

1ii)y. It is a common misconception that trace
fossils are the resﬁlt of the activities of soft-bodied
organisms exclusively. Such a generalization, however;
'ls not accurate since many shelled organisms are known
to create a variety of ichnological structures. A
rather spectacular example from the Lower Cambrian '
Bradore Formation of southerm Labrador is reported in
Chavter 7. The st#ncture,'a dwelling Burrow of a
Lingulid bréchiopod;.is described and its significance
on the evolution-of the ethology_of linguloid brachio-

pods is examined. .



FL

.
- . *
5 . B « -
- .ot
> .
. .

- ’ \'
Y

iv). The study of trace foss;ls has recently
progressed beyond the stage of mere Jescription and 1t
may now be possible to try to spply some rudlmentary -
quantltatlve concepts. Chapter 8 is an attemot to im-
plement modern ecological methodology to measure and

L™

interpret the spatial dlstrlbutlon of some selected
vertical ichnofossils. Such analyses may ultimately
‘reveal a host of biotic_interactioos.whioh were once
_thought'to be restriotsd to the 'study of réoent ani-
.mai structures. In addition, a disCussion;}f the 1i-
mitations of such a measﬁreﬁent is also included. |
Frey (1971 p. 121) concluded that "Ichnology
is undoubtedly on a firm footlng, certaln areas need
considerably more study, but mostly the science needs

-

only the continuous refinement -necessary in all esrth
'sciences.ﬁ Such a diverse format ultimately serves
not only to integr;;e some of the more important ap-
proaohes currently being advanced in ichnology, but

also to explore the possibilities of others.

Lr3



CEAPTER 2
The Thorold Sandstone: Stratigrgphyf

Sedimentology, and Ichnoiogy

2-1. Introduction

The Thérold Sandstone (Silurian, Niagaran) is
believed to have been deposited in a shallow, ﬁear-
shore environment (see Martini, 1966, for details), and
contains a wealth of trace fossils. - Ichnofossilé have
often been used as ﬁalgobathymetric indicators for near-
shore environments (Sei;acher, 1967a). Recernt s£§§§;s,
however, suggest that ichnofossils may not be as reiii
able as previously thought for such depth determinations
, (see Osgood and Szmuc, i972; Hayward, 1976; Crimes,
1977; among others). It was'thergfore thought advis- i
able to investigate the distribution of the ichno-
fossil suite found in the Thorold Sandstone and compare
it to the sedimentological model of deposition proposed -
by Martini (1966, 1971, 1974). The major objectives
of this section of the present study can be summarized
as follows-

1). To report on the extensive (and previously
unreported) ighnofossil suite found in the Thorold A

Sandstone. \3



" 2-2. The Thorold Sandstone

2). To trace the distribution and density of
the ichnofauna, as they‘occur along the outcrop belt.

]

3). To investigate the variation in densities

and ‘distributions of feeding types.

-

A). Definition

The Thorold Sandstone was first defined'by

-Grabau (1913) for a greyish sandstone bed which_éépped

the Medina Formation in the vicinity of Thorold, Omtario.
Since that time, the actual positioning of the unit has

been the center of considerable controversy. Some sub-

.sequent investigators placed it as the lowermost mem-

ber of the Clinton Group, thus implying a Middle
Silurian age (Chadwick, 1918; Gilletcze, 1940, 1947; =

and Bolten, 1957; among others); wﬁile others view it

‘as the final deposit of the Medina Group, thus imply-

ing a Lower Silurian age (Williams, 1919; Ulrich and

Bassler, 1923; Sanford, 1936; Caley, 19&6; Fisher,

1954; Martini, 1965, 1971b, 1972, 1974; and Kilgour,

1972; among others). In order to resolve some of the

problems, Fisher (1954) postulated that the Thorold

wa§ an‘eastéard, transgressive unit, crossing time :
. -

lines and becoming progressively younger towards the

east. This satisfies a number oflfield obsefvations,

in that the Thorold is clearly the uppermost member
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of the Meaina Group in northwestern New York and  °
southwestern Q%Earid.(ﬁartiﬁi; 15966) a;d'is the lower-
_most member of tﬁé-Clinfon Group in central New York
(Gillette, 1947). ‘FisherEs time-traﬁggressive theory
has me;‘withvfaﬁoﬁrable Tesponse from a number of sub-
sequent.worke:s (Bolton, 1957; Mértiﬁi, 1966, 1971b,
1972, 1974; Kilgour, 1972).

An earlier attempt to rectify this problem of

-

age dlfference res&lted inthe erectiqn of a new fdr-
mation. dwick (1918) prop_;eé the Kodak Sandstone
as the stratigraphic equivaléﬁt of the Thorold in the -
Genesse Gorge section of Rocheétef,'ﬂew York, -and
placed it as the lowermost deposit of the Clinton
Group. The Thorold was thought to be absent east of
Dickersonville, New:York (about 11 km east of Lewis-
ton, New York) and its position was occupied by the
Kodak Sandstone at the Medina section (Oak Orchard
Creek) eastwards to Rochester and Fulton, New York
(see Chadwick, 1918; Kilgour, 1972). Examination of
the outcrops at Medina and Rochester, however, have
led subsequent investigators to question the yalidity
of the term Kodak. Gillette (1947) and Martiﬁi (1966)
state thét the Thorold is indeed found at these sec-
tions. Similar observations were also made during the
present study and the term Kodak Sandstone should be

‘abandoned.



The Thorold is a light grey quartzoee sand-
stong with shale and siltstone int beds-loealiy well
developed.” The 1ower contact with the mqttled red and
- white Grimsby Sandstone is gradational and based pri-
marily on a-distinctive colour change. The upper con; &
tact of the Thorold with the Reynales Formation (in

the Hamilton area), the Neahga Shale (f;\\\Grlmsby,
Ontario east to Lockport, New York), and Maplewood
Shale’ (in the Rochester area) is dlsconfor:§;}b- The
Thorold Sandstonme is laterally cransitional-with the
‘Oneida Conglomerate to the east (Gillette, 1947) and

the Cabot Head Shaie to the west.

a -
B)Y. Study area .

The Thorold Sandstone crops out along the
Niagara Escarpnent from Dundas, Ontario in ‘the west,
to Fulton, New York in theéeaet (fig. 2-1). Aiong the
belt a total of 25 outcropé were examined (Table 2-1),
all of which were previously described and measured by
Martini (1966) ano others (see Martini, 1966, "Table
1-2 and tontained references). Recorded observations
and medsurements all correspond with the previous
work of Martini (1966), except at the Town Line Road
section in New York (section O, of Martini, 1966). At
this secton, Martini observed a thin (3 in.) layer of

Thorold which was not observed in this present study

i . .
(probably overgrown vegetation). Similar alteratioms
\ > N .

AN
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Fig.-1. Index map showing the locatioms of
the sections used in studying the ichnofossils of the

Thorold. TFor specific outecrop locatiomns, see Martini

(1966).
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Table 2=1, Thorold ocutcrops investigated, sedimerit thickness
after Martini (1966). o :

Al

ER—_

e

R
Section Thor;IE\Thickness Section Designg;ion
Glen, Edith. ) -4 e X
Genesee Gorge, - 5' 4" G
| Medina ' g 2v U
Lockport 2' & K
Igwngttng Road ' 3" ;
Niagara -Gorge - - 9' 11" ’1
Niagara Gienﬁ - ‘ 7' 5" . NG
DeCew Falls o' 7 A
Rockway W@ 10 RC T
Balls Falls | 10' BF
Grimsby Beach 6' 9" " GB
Woolverton Road - 10" 9" ' WR
Vinemount 9’ © Va
Fruitland Road 12' 8" FC
Stoney Creek - 7' 8" SC
Highway 20 6' 20
Albign Falls 10" 2" AF -
Flock Road - 15" 3" FR .
Mountain Bld. 14: 5" MB

Jolley Cut 14Y 10" JC



Table 2-1 codtinued. -

.

. Highway 403
Webster's Falls
Sydenham Road
Rock Chapel Falls

Clappisons Corners

13

14!

11’
11’
14°
14

lll'
4"
7"

1 l" Y

ll!l

403

SR

cC
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of outérops were noticed at the Highway 403 section
(outcrop Pl, of Martini, 1966) which is a new road
cutland the Clappison Cormer section (outcrop CC of
Martini, 19665, which also has considerable ovefgrow%h.
In an effort to avoid confusion the present study will

retain (where appropriate) the same outcrop designa-

tions emploﬁed by Martini (1966). )kh

C). Regional geological framework

In order to understand fully the iﬁterpreted
depositional history of the Thorold a brief review of

the regional sequéence of events is necessary (after

Martinfi\§966, 1971b) : . -
1). Commenci during the Late Ordovician a

series of clastic deppsits (the Bald Eagle, Juniata and
Queenston Formations) were lain down westward from tﬁe
rising/&aconic Mountains. These sediments comprise
deltaic complexes and cover the east-central section
of North America (Grabau, 1908; Yeakel, 1959, 1962).
2). The reworking of the cl;;tic deposits of
the Bald Eagle and Juniata Formatioms provided the
sediments which formed the Medina complex during the
early Silurian. In the Great Lakes area the complex
consists of littoral sands (the Whirlpool), deltaic and
littoral to sublittoral sands and muds (the Grimsby
and Thofbld) which covered northwestern Néw York and

‘

the Niagara Peninsula. More distal from the Appalathian
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\_;:> { clastic sources, subllttoral opjn marlne‘ muds and
“\\carbonates (The Cabot Head andfuanltoulln) were de-
posited in the Niagara—Manltoulln Island area ( er,
'1954; Bolten, 1951; Martini,‘l966). Swartz, et 51
(1942) points out tﬁat the Medina Group correlates_with
the clastic Tuscarora Sandstone of the Appalachians
. and with the Manitoulin and Mayville Dolomites towards
the Mlchlgan area. o ‘
3). The low-lying Taconlc Hills supplied llttle
clastic mater1a1 to the Great Lakes area during the
Middle Silurian time." Following the clastic depogg—
tion‘of éhe Thorold, the carbonate, minor evaporates,
and minor quantities of mud of the Clinton were depo-

-

sited:

v

2-3. Martini's Depositional Model

- Over a-period of eight years, Martini (£966,
1971a, 1971b, 1972, 1974) developed a depositional
model for the Medina Formation (including the Thorold
Sandstone). fhis interpretation is employed as the
starting point for the present study, to test the
validity of ichnofossils as reliable paleébathymetrie
indicators in shallow, nearj;hore environmentg. In
order to avoid repetition, all statements made in this

section (unless specificaliy indicated) are after Mar-

tini (1966, 1971b).. This synopsis will be limited
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only to those &etails specificalLy related*to the
Thorold Sandstone. ) |
- Thé Medina Formation displays lateral and wver-
tical wvariatiomns of textures, fabrics, sedimentary
structures and faunal assemblagés which are indicét;vé
of a deltaic to shallow ﬁarine origin. Specifiecally,

the Thorold Sandstone records the destructive phase of

the Medina delta complex in Ontario, in which the sedi-

. ments were reworked and dispersed in uniform thickness

over an area of at Ieést 255 km. The formation of
the Thorold was possible due to the slow subsidence of
the Medina basin, a change in the power of sediment

reworking for a relatively long period of time, and a

reduced availability of clastidg carried into the ex-

poged portion of the Medina basin.

21 Extensive analysis of a number of parameters

enables Martini (1971a) to identify two major paleo-
current systems in the Thordld. These two systems can °
be separated geograpbically:

1). The first system trends northwest and is
recorded in the azimuths of crossbeds and in grain
orientations measured in crossbeds in the New York
region east of Model City (section M). Martini (1971a)

suggested that the unimodal distribution and the low

measured variability is indicative of a channelized

paleocurrent displéying fluviatile characteristics.
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Such a system also indicatesitpe paleoslope, hence
"Martini states that the souféé:of the Medina sediments
was from the Appaiégﬂiaﬁ'region. )

2). A second pzleocurrent system trending

» northeast-southwest is recorded in the azimuths
of cross-beds and in grain drientations measured
in crossbeds of the Niagara-Ontario region west of
Model Ciéy. Martini (197la) suggested that the ten~
aency of the azimuths of crossbeds to have bimodal dis-
tributions with modes 180° apart is indicative of a
marine loqgshore'and/or tidal paleocurrents.

-.ﬁthbugh Martini (1971a) states that the two
systems are found partially interstratified, the_Model
Cityseétiancan be taken as an arbitrary cut-off be-
tween the predominantly channelized (deltaic) paleo-
current of parts of the New York sectioms, and the
marine- paleocurrent of the Niagara-Ontario sections.

Martini's proposed model suggests that there
exists three sources for the sediments that comprise
the Thorold:

1). The Niagara-DeCew Falls region, sincé -
eastward and westward from this area is a distinct.
increase in the shaly content of the Thorold.

2)., The Oneida Conglomerate, which is‘laterallﬁ
transikional.to the Thoroldfin the Clyde qugdrangle
(Gillette, 1947). ’
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3). Reworking of the.upper beds of the Grimsby
(as indicated by the channe;iZed\contact'betwgen the
.Grimsby and Thorold at ‘certain outcrops):'-“:

Analysis of the palgocurrent systems, sediment
source areas, sedimentary structures, andciithologic
variations enabled Martini te-differentiate certain
depositional trends within the Thorold Sandstone. The
easternmost sections exposed at Rocheste? (;ection G).
Medina (sectiomn U), and Lockport (section K) were in-
terpreted as being depdsited in.é;tidal flﬁt or inter-
distributory environments. These outcrops display
characteristics indicative of deposition at.varying
distances from the clastic input areas and under low
wave energy conditions. The Town Line Road section (0)
was deposited in a similar environment but Martini
noted that it represented the westernmost expressibn'
»f low energy conditions in the Thorold.

The area encompassing the outcrops at Niagara
and DeCew Falls (sectioms R, N.G, and A) recard the
uppermost expression of the destructive phaséfof the
Medina delta complex. The Thorold was interpreted as.”
resulting from the reworking of deltaic sediments in
a sublitéoral environment. At the Niagara Glenn sec-
tion (N.G.) the entire Thoroid has been consi&ered to
represent a' long-shore bar deposited under high wave _

energy. Westwards from Niagara the Thorold takes on
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"décidedly marine. characteristics, and the shale content’

inéréases indicating a greater distance from the clastic:

_ 1nput area as well as the weakening of long-shore cur-

rents. Mhrtlnl suggests that in this area sublittoral
enkironments dominate but also notes the presence of

periodic llttoral condltlons. : '

In the Hamilton area, the Thorold represents

the spreadlng out of the course clastlcs of the Medina

delta and is characterlzed by alternating quartz sand-

stones, siltstones and shale 1nterbeds. The high

- siltstone and shale content indicates a greater dis- \\\,f“*

* tance from the sediment source area. This trend con-
tinues .west of Hamilton, at the Webster's Falls (WF)
and Clappison Cormers (CC) sections progressively more

-

- finer-grained sediments were observed.

2-4 Ichnﬁgenera Recognized- -

Ichnofossils have long been known from rocks
lsssigned‘to tse Medina Group. Unfortsnately early
investigators did nqg;diéferentiate between' forms lo-
cated in the dié‘eren; formations of the Medina and
thus it is often impossible.to ascertain if a partilar

form was associated with the Thorold Sandstone. Hall

(1852) defined the ichnogenus Arthrophycus ff%m abun-

dant specimens found in Medina rocks at Rochester. Im
addltlon he described forms which he placed in CJL

ichnogenera Skolithus and Paleophycus. Ringueberg

# ‘ /



" as common elements of the Thorold. In the Hamilton, //V(

20 .

.(1884) described a trace fossil from the Medina at .

Lockport, New York, under the name Spiroghytéﬁ (which

was subsequently shown to be refgrrable to the ichno-
- genus Daedalus). Sarle (1906) observed that Arthro-

phycus and Daedalus were abundant in the Medina strata

of western New York. . . b

-

More recently, a2 host of trace fossils have '

been described from-the Thorold Sandstone. Martini

(1966, 1971b) described both Arthrophycus and Daedalus

-

Ontario area, Thorold outcrops have yielded 2 number

' of different forms. Langille (1970) observed the

ichnogenera Arenicolites, Arthrophycus, Daedalus, and

Diplocraterion, as well as trilobite feeding tracks.

Risﬁ (19732 described forms_which he compared to meodern

echiuroid traces:; and Risk and Szczuzko (1977) illus-
’ ]

trate forms of the ichnogenera Chondrites, Cruziana,

Diplecraterion, and Skolithos from the Thorold strata

of the Hamilton area.

The present study recognizes 22 different

ichnogenera, &4 miscellaneous forms and one unidentified

o

form (the probable eéhiuroid trace of Risk, 1973).
Although the majority of these are restricted to the

Hamilgéﬁ area, ichnofossils were discermed at virtuélly
every Thorold outcrop. Table 2-2 lists the ichnogenera

and subdivides them using simple morphological criteria.
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CHAPTER 3
T2y

Ichnofossil Descriptions

- 3-1. Introductioné -

A). C(Classification . ’ - . <

In conventional paleontology invertebrate body
fossils are classified and named using strictiy moxrpho-
logical criteria. Ichnofossils, on the other hand, ex-
press animal-sediment interactioné. As such, aspects

, of both the physiological characteristics of the pro-
/;//f"‘“ ducer and the physical properties of the sediment have
.a controlling influence on the fesultant morphology.
- Therefore, ichnofossils are unique in that they may be
glassified in a number of different ways, ranging from
a purely sedimentological system to a purely morpholo-
gical system. Each system, although different, contri-
butes to the overall understanding of both the ichno-
fossil and the enclosing sedimentary unit. The\ﬁr?sent

study will employ three basic classificational schemes

which have previously been applied to ichnofossils.

i). Preservational classification

A number of different classificational schemes
based on the mode of preservation of the ichnofossil
have been devised (see Hallam, 1975; Simpson, 1975; for

24 7
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cﬁmplete details): gﬁch schemes analyze ichnofossils
from a sedimentological point of view, since it has been
shown that trace fossils are normaliy preserved as inter-
facial elements. In thisAregard, the present study has
" adapted the system proposed by Seilacher (1953a, 1964a,
1964b) and later modified by Webby (1969). This system
(fig. 3-1) recognizes two main classes of traces: 1).
semireliefs, which are sculptures at an interface found
on .either the top or bottom of a bed; and 2). full-
reliefs, which are discrete bodies occurring within

beds or at bed junctions.

ii). Ethological classification

A classification of ichnofossils according to
ethologicai principles was first proposed by Seilacher .///
(1953a). This scheme (fig. 3-2) was ba{;d on the fact
that morphologically dissimilar organisms displaying
similar life habits will produce identical traces. Ori-
gieglly Seilacher (19532) recognized five basic groups:
domichnia (dwelling burrows), fodinichnia (feeding bur-
rows), pasciclmia (grézing traces), cubichnia (resting
traces), and repichnia (crawling traces). Although
many other different groups have been proposed to ex-

pand this system (see Hantzschel, 1975; Simpson, 1975;

for details) only one other category, the fugichnia
(escape structures) has been deemed distinct enough for

inclusion (Simpseon, 1975;'Frey‘and Seilacher, in press).
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QESTING TRACE

(GCubichnia)

BODY
FOSSILS .

\ woiLOWOJ07,
TRACE

\

- 1
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T ekt A" o
A Rag T ee® &3
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Fig. 3-2. Ethological ¢ issification of ichno-
fossils. Diagram shows five main behavioural categories
and their relations to ome #nothe and to body fossils.
Escape structures (Fugichnia), which overlap with several
other categoiies. are not shown (from Osgood, 1970, af-
ter Seilacher, 1953a2).

-
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iii). Taxonomic classification

This scheme is based on the fact that ichno-
fossils are the product of particﬁlar organisms which
are related to one anothér by natural descent-(Seil—
acher, 1953&). Thereforé, it ‘infers a taxonomic elgment,
in which the ichnofossil is related to a specific pro-
ducer. Although, in most cases, this is a very ténﬁbus

system, it may provide some additiomal informationm.

B). Nomenclature

[For a more complete analysis of the problems

associated with the nomenclature of ichnofossils, refer

1

-

to Chapter 5.}
Simpson (1975) has re-emphasized that a nomen-

clature is a system of rules and conventions for label-

ingfthe elements of a classification, and itg main pur-

-

pose is to facilitate commumication. As such, it is
possiblé to devise as many different nomeﬁclatures as
we can clissifications. Since trace fossils are not
governed by any formal international code of rules,
nomenclatural difficulties often arise.

Since ichnofossil morphology is dictated not
only by the producers' characteristics but also by
sedimentary properties, many acute problems can arise
in a binary nomenclatural system. This is evident by

the large'humbers of ill-defined ichnogenera and ichno-

-species which are found in the literature. As early as
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the late 1800's James (in Hantzschel, 1975, p. WLS)
warned Ehat "when e#ery turn made by a worm or shell,
and every print left by the claw of a Crustacean is
described as a néakaddition to science, it is tiﬁe to
call halt and eliminate some of the old before making
ény more new species.”" With this in mind and in the-
absence of any formal nomenclatural code, the present’
stgdy will regard the ichnogenus as the basic unit of
nomenclaturex

In describing the ichnogenera found in the Tho-
rold Sandstone an attempt was made to compile as complete
a synonym list as poséible. In_this régard, I have uti-
lized a number of detailed source materials which in-
clude Bassler (1915), Andrews (1955, 1970), Hantzschel
(1962, 1965, 1975), and Osgood (1970). 1In addition, a
number of recent studies on the ichnogenera Cruziana

(Alpert, 1976), Diplocraterion (Fursich, 1974b), Plano-

lites (Alpert, 1975), and Skolithos (Alpert, 1974b)

proved invaluable.

3-2. Systematic Ichnology

A). Ichnogenus Arenicolites Salter, 1857

o

Arenicola carbonaria Binney, 1852, p. 192.

non Arenjcola diclyma Salter, 1856, p. 248 [= Cruzi-
ana, Seilacher, 1955, p. ]
Arenicolites Salter, 1857, p. ZQé; Nicholson, 1873,




30 -

p. 310; Nicholsom, 1879, p. 318; Nathorst, 1881,
p. 49; Wnitfield, 1882, p. 177; Miller, 1889,
D. Sii;lBaésler. 1915, p. 67; Richter, 1924,
p. 137; Richter, 1926, p. 212; Bather, 1925,
. 188; Trusheim, 1934, p. 408-412; Peneau, 1946,

e

p. 90; Hintzschel, 1962, p. WL83-W184; Hantzschel,
1965, p. 9; Howard, 1966, p. 47; Frey and How-
ard, 1970, p. l62; Chamberlain, 1971lb, p. 219-
220; Frey and Chowns, 1972, p. 29; Hantzschel,
1975, p. W38; Hakes, 1976, p. 20; Pickerill,
1977,‘p. 7-8; Crimes, et al., 1977, p. 11l1; Ire-
land, et él:, 1978, p. 416.

Arenicolithes Hildebrane, 1924, p. 27 (misspelling)

Type species - Arenicola carbonaria Bimnney, 1852,

p. 192; subsequent designétion by Richter,
1924, p. 137.

i). Description

Simple U-tubes withogt spreite, oriented per-
pendicular to the bedding plane. Great variatioms in
tube diameter, distance between limbs, and depth of
penetration. The limbs are never branched and sometimes
display a' funnel-shaped .stperture."t The walls are com-
monly smooth, but may occasionally be lined or sculp-

tured.
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ii). Discussion

The ichnogenus Aremicolites was sestablished by

Salter (1857) for simple, U-shaped burrows that display

no gpreite between the limbs. The ichnogenus was thought

to be analogous to the burrow of the modern lugworm.A
Arenicolal hence the derivation of the name. There does
| exist an inherent difficulty in the recognition of Areni-
;olites, and as a result it may be more abundant than
previously thought. On bedding plane views a simple U-
tube, lacking spreite; appears as two circular openings
which cpul& be mistakén for two Skolithos burrows. This
problem can be solved by sectioning the rock to see if
the paired openingg join. In connection with this,
Risk and Szczuczko (1977) have developed a staining pro-
cedure (using a PAS étgin) which accentuates burrow out-
lines and aids in the differentiation and identifica-

tion of specific ichnogenera. Arenicolites has been

identified in rocks ranging in age from Cambrian to
Cretaceous (Hantzschel, 1973).

It is generally conceded that Arenicolites

represents the dwelling burrow (domichnia) of a filter-
feeding worm oxr ﬁormjlike organism (see Ireland, et al.,
1978). This interpretation is consistent with the
known data on its distributiom, since it is frequently
associated with the shallow water, intertidal environ-

ments of the Skolithos ichmofacies and the slightly

L}
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deeper water Cruziana ichnofacies. These environments
provide'sufficientborganic material and water turbu-
lence to enable. filter-feeding organisms to survive
(Seilacher, 1964a, 1967a; Farrow, 1967; Hakes, 1976.
There is, however, new data which tend to'ﬁuestion thé
Bathymetric importanég/gf,ﬂ%is form. Crimes, et al.,

' (1974) have found Arenicolites associated with Ordbvi-

cian deep-water turbidites in Northerm Spain. ~ Jansa

(1974) discovered Arenicolites in.the Cambro-Ordovician

Cow Head Group of Newfoundland and suggested that the
burrows may have been formed at depths greéter than 200

meters. Finally, 2 recent study by Crimes (1977)

showéd that Arenicolites (and other presumedlghallow-
water ichnofossils).were found in a deep-sea fan en-
viromment of¢Eocene age in Northern Spain. The conse-
quences of these and other studies will be discussed in

the next chapter.

iii). Thorold specimens

Arenicolites sp.

(PL. 3-2, fig. 1)

. a). Description

Simple U-shaped burrow without spreite, ori-
ented perpendicular to the bedding plane. Tube diameter
varies from 3 to 6 mm; distance between limbs variable

but commonly 15 mm. Burrow length is+difficult to
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ascertain since comblete spe&ﬂQQES'are rare; however,
several intact samples (Pl.’3-2, fig. 1) indicate that
depths of at least 7 cm were attained. Individual tubes
-are usually unornamented; however, some do show a faint
arnulation. Horizontal expression of burrow consists

of small paired tubéh,'circular in &rpss-séction and

displaying no funnels or subsidence cones.

-~

b). Occurrence .

Specimens of Arenicolites were recovered from

the Mountain Boulevard and-Jolley Cut sections. 1In
addition, sﬁmﬁles which may be referrable to Arenico-
lites were observed in the Balls Falls and Highway 20

sections. Geherally found in quartz sandstone.

B). Ichnogenus Arthrophycus' Hall, 1852

Fucoides Brongniart, 1823 (partim), p; 308.
Fucoides. allegheniensis Harlan, 1831, p. 289,

-« Pl. 15; Taylor, 1834, p. 5; Harlan, 1835,
© p. 393.

Fucoides harlani Conrad, 1838: P. 113; Vanuxem,
.i842, p. 71, fig. 10; Hall, 1843, p. 46;
Owen, 1845, p.-299, figs. 1, 2; Hall, 1852, -
b. 5, PL. 1, fig. 1; PL. 2, fig. la-c. |

Arthrophyeus Hall, 1852, p. 4-5; Dawson, 1864,
p. 366; Nathorst, 1881, p. 32, 86; J. F. James, [’

' 1894, p. 172; Grabau, 190la, p. 247; Grabau,
/“J *



1901b, p. 132; Sarle, 1906, p. 203<210; Grabau
and Shimer, 1910, p. 247; Bassler, 191
Schiller, 1930, p. 145-151; Abel, 1935,
Shimer and Shrock,..1944, p. 719; Wilckens

P- 70;.
. 476;
1947,
p. &7; Becker -and Domn, 1952, p. 2147§15; An -
drews, 1955, p. 111; Hintzschel, 1962, p{ W184;
H&ntzsché;,iQGS. p. 10-11; Howard,® 1066, \p. &41-
42 ; Borréllo; 1966, p. 10-11; Frey and Howard
1970, p. 159, 162; Ksiazkiewics, 1970, p. 285
Andrews, 1970, p. 27; Mayberry, 1971, p. 11-123;”
Alpert,‘l??#a, P 50-51} Hintzschel, 1975, p. :
W38-W39; Baldwin, 1977a, p. 26.

Arthropicus Hernandez-Pacheco, 1908, p. 83 (mis-

spellihg).
Harlania Goeppert, 1852, p. 98; Roemer, 1880, )
p.'135; Nathorst, 1886, p. 32; J. F. James,
1893, p. 85; Kilianm, 1931, p. 1742; Picard,
1942, p. 14-17; Andrews, 1955, p. 167; Hintz- ™=
schel, 1965, p. 43; Andrews, 1970, p. 100.

Raufella palmipes Ulrich, 1889, p. 235.

Arthrichnites (author and date unknown) Dawson,
S

1890 p. 596; Hantzschel, 1965, p. 10. ~

Phymatoderma Brongniart, Fuchs, 1805 (partim),
p. 448, P1. 9, fig. 2.

thcodes Richter, Seilacher, 1955 (partim), p. 386.
Type species - Arthrophicus harlani Hall, 1852 p

5, by monotypy.

L]
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i). Description

" Bundles of annniéted curved burrows that can be
simple 6: branched and display a subquadrate cross-sec-
tiéﬁ. Diameter is va:iable; usually from 1 to 2 om,
'wigh lengths, up to 60 cm. The burrow is commonly bilo-
bate with a medial longitudinal depression. The surface

exhibits rééularly spaced transverse ridges.

ii). Discussion

Arthrophycus is a relatively little known hori-

zontal, annulated burrow system erectgd by Hall (1852)
for Samples'found in the Medinawéérm#fioﬁ‘of western
New York. Although somewhat distincdtive, Seilacher
(1955) suggested that it should be considered és a
junior synonyﬁ of Phycodes. Even though there does
exist an apparent similarity in gross morphology,

Arthrophycus exhibits a number of diagnostic charac-

terisgics (prominent transverse ridges, bilobate '
branches, and large size) which warrants its recpgni-
tidﬁ as a separat; ichnogenus (Hantzschel, 1962, 1965;
Osgood, 1970).

Arthrophycus has been reported from a number

of lower galeozoic deposits ranging in age from Cam-
brian to Silurian (Hintzschel, 1975, Baldwin, 1977a).

In addition, forms similar to Arthrophycus have. been

reported from Cretaceous strata of the American mid-

continent (Howard, 1966; Frey and Howard, 1970) . For
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details of the early occurrences of Axthrophycus see

‘James (1893). Since relatively few specimens have been

-

reported; not much is knmown about its facies-relation-

ships. Alpert (1974a) réported samples of Arthrophyecus

frém the Skolithos ichnofacies of the Lower Cambrian
Campito Formation of California. Seilacher (1969a) in-
dicated that it is abundant in the Cruziana ichnofaciés
of Silurian strata in Libya. Sarle (1906), on the other

hand, suggests that Arthrophycus is indicative of very

shallow water environments, perhaps even estuarine in
-origin.‘ | ‘

As is the case with many ichnofossils, Arthro-
phycus was originally interpréted as the stems of sea-
weeds (Hall, 1852; Dawson, 1864. This interpretation
has persisted even as late as Becker and Donn (1952).

Nathorst (1881) first suggested that Arthrophycus was

an ichnofossil and attributed it to the activity of
polychaetes or arthropods. James (1893) reinforced the
ichnofossil‘interpretation with a number of direct ob-
servations on Hall's type materiél. Detailed analysis
of well—preservéd speqimens from the Lower Silurian

Medina Formation of New York led Sarle (1906) to

postulate that Arthrophycus was the feeding burrow of
a sedentary pblychaete. The bundled structure of the
burrow was intefpreted as a response to sedimentation,

the organism being-forced to raise the level of the
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burrow as sedimgnt repeatedly buried the aperture (éarle,
1906). Despite the detailedbgégk of Sarle, a number of
subsequent interpreﬁétions, ;arying from an inorganic
origin (Schiller, 1932) to the cast; of worm tubes
thrown together during a storm (Abel, 1935), have been
postulated. These interpretations have been dismissed
by latter workers and it is now generally accepted that

Arthrophycus represents a feeding (fodinichnia) or

dwelling (dominichnia) burrow of an infaunal polychaete

(see Osgood, 1970; Hantzschel, 1975).

iii). Thorold specimens

Arthrophycus sp.

a). Description

Bundles of predominantly ?ogizontal, curved
burrows displaying a subquadrate cross-section. Burrow
diameters vary from 4 to 12 mm and are not éonstant
throughout the length of the burrow system. Burrow
}engths were almost impossible to determine, since ob-
served samples covered the entire length of the rock
slabs and no complete specimens were discerned. Bur-
rows display a faint longitudinal depression (PL. 3-1, .
fig. 1) and are marked by prominent transverse annula-
tions (Pl. 3-1, fig. 2). The spacing of the annulationms
varies from .8 to 2.8 mm, and seems to bear a direct

relationship to the diameter of the individual traces

N
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(diameter:annulation spacing ratio is approximately 3.9:
1). Burrow systems commonly branch (PLl. 3-1, fig. 3;
Pl. 3-2, fig. 6) and bifurcation angles vary\from 3 to
40 degrees (no comsistant brancﬁing-pattern was detected).
Indifidual hurrow systems commonl§ cross-over and inter-
penetrate (Pl. 3-1, fig. 2). Since most specimen; were -
found in densely packed associations, it was virtually
.impossible to discern individual systems, thus hinder-
ing 1?2 fur;her investigations. Preserve§ in convex

hyporelief.

b). Remarks

The Thorold samples of Arthrophycus,agart from
being very profuse, are exceptionally well-preserved and
allow for detailed morphological examination. Apart
. from the early work dome by Sarle (1906) on these same
Medina samples, very little work has been conducted on

| Arthrophycus. In the Thorold, Arthrophycus is commonly

preserved in hﬁporelief, on the unaerside of sandstone
beds which directly overlie thin shale partings. Sarle
(1906) and Ksiazkiewicz (1970) both concluded that .

Arthrophycus was a post-depositional ichnogenus, that

is, it was an active burrower after the deposition-of
the sandstone unit in which it is contained. Based on
this conclusion and the fact that the burrow does not
diplay any collapse features, Sarle (1906) postulated

that it seemed likely that the burrow walls were
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reinforced with some kind of guick-hardening mucus. An
S:E.M. micrograph ( 3-1, fig. 23 revealed a sheath-
like object (possibly en;olled) along the burrow wall
which may possibly be a remnant of the original burrow
lining. Such linings are commonly associated with in-
faunal burrow-dwelling organgsms (Schifer, 1972). Tge
ﬁéture of the burrow infill indicates that the animal
was probably foragi;g'in the underlying shale partings;
distinct aggregates of clay are clearly wvisible in the
burrow cross-section (Pl. 3-1, fig. 4). The signifi-
cance and ogmposition of these burrow linings are pre-

sently under investigation.

¢). Occurrence

Specimens of Arthrophycus were common to abun-

dant in all the New York sectioms (except the Niagara
Glen outcrop). In Ontario, ﬁﬁmerous samples of Arthro-
phycus were discernmed in the De Cew Falls, Rockway,
Balls Falls, Wbo%yerton Road, and Vinemount sections.
Problematical structures which may or may not be refer-

rable to Arthrophvcus were observed in the Flock

Road and Jolly Cut sections.

C). Ichnogenus Bifungites Desio, 1940

? Buthotrophis imdudica Hall, 1852, p. 20

Bifungites Desio, 1940, p. 78-79; Seilacher, 1955,

p. 382; Gutschick, et al., 1962, p. 79-89;
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Hantzschel, 1962, p. W186; Dubois and Lesser-’
:?z:eur, 1964, p. 626-634; Hintzschel, 1965,
'p. 16; Osgood, 1970, p. 314-325; Rodriguez and
| Gutschick, 1970, p. 418;&19; Knox, 1973, p. 142;
s Fursich, 1974b, p. 957, 959-960; Hantzschel, 1975,
p. W46; Gutschick and Lamb;rn,:1975, p. 200-202.

Corophioides Smith, Osgood, 1970 (partim), p. 323.

Diplocraterion Torell, Fursich, 1974b (partim),
p. 959-960. |

Type Species - Bifungites fezzanensis, Desio, 1940,

by monotypy.

i). Description

Vertical tubes with a’hofizontal basal connec#®
tion with later;l diverging cul-de-sac expansions oT
chambers. The latter are arrow-head or dumb-bell shaped.
Convex casts of the shafts are most .common On the top
and bottom of bedding surfaces.. The Paired tubes lack

-

: A
spreiten and are commonly not preserved.

ii). Discussion

e
The ichnogenus Bifungites was erected by Desio

(1940) for dumbell-shaped traces exposed on bedding
planes. The fact that the outer tubes were comnected
1ed Seilacher (1955) to postulate that the burrow was
in fact U-shaped. Later investigators may have mis-

taken the horizontal comnection for spreite since
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Bifungites was placed in questionable synonymy with
several spreiten-bearing, U-shaped ichnogenera, such as

Corophiodes (by Osgood, 1970; and Knox, 1973) and Diplo-

craterion (by Furisch, 1974b). This, however, is not-

the case. In an excellent review of Bifungites, Gutschick
and Lamborn (19753) recently discovered soﬁé complete
specimens (see Gutschick and Lamborm, 1975 Pl. 1, figs.
1, 4), which do not show any sign of spreite.
‘;:> Bifungites has been recorded from a variety of
e

LN
ds ranging in age from Lower Cambrian to Mississippian

(Hantzschel, 1975), but it is particularly abundant in
strata from the Lower Devonian (Desio, 1940; Gutgéhick
et al. 1962 ‘Rodriguez and Gutschick, 1970; Gutschick,
and Lamborn, 1975).

The origin of the ichnogenus Bifumgites has been

speculated upon by a number oﬁ investigators. Desio
(1940) initially interpreted it as an algae or a colonial
organism. Dubois and Lessertisseuﬁ (1965) later inter-
preted it as the filling of the top of a U-shaped burrow,
perhaps inhabited by a small trilobite. Seilachér (1955
noted that it may represent a special type of preﬁefé -
tion of a protrusiwve, vertical, U-tube representing a
feeding burrow. The latest interpretation (based omn
the\ggtire burrow) indicates that it may in fact be

the dwelling burrow of a filter-feeding organism, such

as an amphipod, a polychaete, or a hemichordate

Te
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(Gutschick and Lamborn, 1975). An alternate hypothesis
was presented by Karcz, et al. (1974) , who claimed to

have produced a Bifungites—fike structure in hydrodyna-

mic-sedimentary experiments on a mud surface, and sug-
gested an inorganic origin. Gutschick and Lamborm (1975)
after comparative work on these experimental impressilons
and actual fossil types Tejected this hypothesis.

Little is known on the envirommental distribu-

tion of Bifungites, but Gutschick and Lambofﬁ~(l975)

consider it to be representative of shallow, nearshore,
environﬁents (tidal flats, delta and bar margins, and
very shallow basinal areas). Similarily, Seilacher
(1969a) found abundant samples in the Skolithos ichno-

facies from Devonian rocks in Libya.

iii). Thorold Specimens

Bifungites sp.

(Pl. 3-2, fig. 2)

a). Description

AN
A nqsber of poorly preserved burrows have

been tentatively assigned to the ichnogenus Bifungites.

These burrows are similar in form to the ¢losely related

ichnogenus Diplocraterion. The burrow consists of two

tubes (approximately 6 mm in diameter) and-a horizontal
' basal connection with. lateral diverging expansions which

appear to be arrow-shaped. It is this horizontal

/
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basal segment which is preserved on the tops of fine-
grained sandstone umits. Such preservation makes them

indistinguishable from Diplocraterion; however, on fur-

ther examination, very faint tube outlines could be dis-
cerned in thefbverlying shale umit. These tubes were
not joined by spreite. Based on this observation; the

trace seems to be similar to ones assigned to Bifungites

by“E;Eschick and Lamborn (1975).

b). OQccurrence

"Rare specimens of Bifungites were recovered from

the Jolley Cut section. Observed on the top of a sand-

stone unit direetly underlying a shale unit.

D). Ichnogenus Chondrites Stermberg, 1883

Fucoides Brongniart, 1823 (partim), p. 308.
Chondrites Sternmberg, 1833, p. 25 [non M'Coy, 1848];

Salter, 1856, p. 246; Nathorst, 1886, p. 74;
Miller, 1889, p. 1l4; Rauff, 1891, p. 701; Fuchs,
1895, p. 407-410; Rothpletz, 1896, p. 857-859;
Reis, 1910, p. 615-638; Bassler, 1915, p. 217;
Richter, 1928, p. 216-219; Richter, 1931, p. 301-
308; Solle, 1938, p. 168; Wilickens, 1947, p. &45-
46; Tauber, 1949, p. 141-145; Andrews, 1955, p.
139; Lessertisseur, 1955, p. 20; $impson, 1957,
p. 475-500; Hantzschel, 1962; p. W187-W188;
Fergusoit‘l965; p. 79-82; Hantzschel, 1965,
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p. 21; Howard, 1966, p. 43; Kennedy, 1967, p.
148§ Bandei, 1967, ». 4;5; Gregory, 1969, p. 7-
Qﬁ; Andrews,/1970, p- 52; Frey énd Howard, 1970,
p. 160, 163; Kennedy, l97q? p.. 270; Kslazkie-
wicz, 1970, p. 288; Frey, 1970, p. 14-15; Cham-
berlain, 1971b, p. 234; Frey aﬁd Chowns, 1972,
p. 30-32; Youmg, 1972, p. 10; Kern and Warme,
19?4, p. 897; Semeniuk, 1975, p. 132-133; Cham-
berlain, 1975a, p. 1081-1082; Hintzschek, 1975,
| p. W&9-W52; Hakes, 1976, p. 34;/Shourd and Levin,
1976, p. 261-262; Pickerill, et al., 1977; p-
241; Gutschick and Rodriguez, 1977, p. 200-201;
Ekdale, 1977, p. 165; Ekdale, 1978, p. 821-822;
Ekdale and Berger, 1978, p. 132-133. .
Caulerpites Stermberg, 1833 (Eartim),.p; 20; An-

drews, 1955, p. 127; Hantzschel, 1965, p. 20;
Andrews, 1970, p. 48.

Sphaerococcites Stermberg, 1833 (partim), p. 28;

Schimper, 1969, p. 163; Heer, 1877, p. 110;

Solle, 1938, p. 168; Andrews; 1955, p. 240; .

Hintzschel, 1965, p. 86; Andrews, 1970, p. 200.
Buthotrephis Hall, 1847, p. 8; Goeppert, 1860, p.

452 Billings, 1865, p. 99; Geinitz, 1867, p. 15;
Lesquereux, 1869, p. 321; Nathorst, 1873, p. 46;
Grote and Pitt, 1876, :p. 88; Miller, 1878, p.
26; Nathorst, 1883, p. 34; J. F. James, 1885,
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p. 159; Dawson, 1890,_;.'613; White, 1901,

p. 270; Basseler, 1915, 9; 143; Andrews, 1955,
P- 121; Hantzschel, 1965, p. 18; Andrews, 1970,
p- 40. i

Bythotrephis Eichwald, 1860, p. 56 (misspelling);

Roemer, 1880, p. 123; Miller, 1889, p. -109;
Whiteaves, 1897, p. 139; Graubau, 190la, p. 130;

Graubau, 1901b, p. 130; Andrdws, 1955, p. 121:
Andrews, 1970, p. 40. '

Phymaéoderma Brongniant, 1848 (partim), p. 59:
Fuchs, 1895 (partim), p. 448. Pl. 9, iz, 1,
Rothpletz, 1896, p. 905-907; andrews, 1955, p.
211; Hantzschel, 1965, p. 71; Andrews, 1970,
p. 182.

? Trevisania Zigno, 1856, p. 64; Andrews, 1955, p.

252; Hantzschel, 1965, p. 94; Andrews, 1970,
p. 217.
Nulliporites Heer, 1865, p. 140; Heer, 1877, P.

111; Schimper, 1879, p. 65, Andrews, 1955, D.
196; Hantzschel, 1965, p. 62; Andrews, 1970,
p. 143.

Leptochondrites Schimper, 1869, p. 171; Hiantzschel,
1965, p. 52.

Palaeophycus gracilis Lesquereux, 1875, p. 137-
138, P1. 1, figs. &, 5.

. ¢
Theobaldia Heer, 1877 (partim), o. 11l4; Andrews,
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1955, p. 250; Hintzschel, 1965, p. 92; Andrews,
1970, p. 2l4. |

Palaeochondrites de Saporta, 1882, p. 35; Nathorst,

1886, p..37; Hintzschel, 1965, p. 6&.
Dendrograptus Hall, J. F. James, 1885 (Eartim)g
p. 159-161.

Chondropogom Squinabol, 1890, p. 180; Fuchs, 1895,
p. 425. '

Planolites Nicholson, J. F. James, 1891 (partim),
p. 17. ‘
Prochondrites Fritsch, 1918, p. 22; Andrews, 1955,

p. 218; Hantzschel, 1965, p. 74; Andrews, 1970,
'p. 170;
? Labyrinthochorda Weissembach, 1931, p. 76; Prantl,

1944, p. 15; Hantzschel, 1965, p. 50.
Clematischnia Wilson, 1948, p. 10.

' \
? Chondritoides Borrello, 1966, p. 15.

? Isawaites Hatai and Noda, 1971, p. 5.

Type species - Fucoides lycopodiodes Brongniart,

1828, p. 72; subsequent designation by Andrews,
1955, p. 127.

i). Description

Dendritic patterns of small cylindrical sub-
cylindrical_ramifyiﬁg tunnel systems. The individual
branches may or may not cross overiand interpenetraée.

A small number of master shafts open to the surface, with '
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‘lar or irregular. The branches may be arranged in pin-

LI A
the braﬁcﬁe%sérending doﬁuwata across the,bedding and
lying parallel to the bedding planes (at the distal end).
The branching pattern is highly var1ab1e and may be regu-\

nate or radial patterms or form.compact groups. Branch

diameters are commonly from .5 to 5 mx, ,and remain con-

stant within the entire tummel system.

ii). Discussion

The ichnogenus Chondrites is regarded as one of

the most pfo%ﬁfic trace fossils in the rock record and-

is the essence of the "form-genus' concept. As a result, :

a vast array of forms have been recognized, and‘fréquentf;
new ichnogeneric nameé have been pfoposed Hantzscﬁezi’
-19%5) placed over 20 ichnogenera in synomym with
Chondrites, and Chamberl%fn (1971b) stated that over. 120

separate ichnospecies have been erected. Simpson (1957) -
noted that most differences at the lchn pecific level
involved only slight chapges in the orientation and
size of indiﬁidual tunnels i the entire system and he
concluded that these differences were not sufficient
to'warraﬁt separation. Details of the history of .Lhon-
drites, as weil as. discussions on its confused nomen-
clature, are‘found in.Simpson (;957), Hantzschel (19225.
1965, 1975), and Osgood.(1970). |

It is now generally accepted that Chondrites

Tepresents- the feeding structure (fodinichnia) of a

RN
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. sedtment-eating organlsm (Richter, 1927 Sellacher. 1955;-

'-Osgood 1970). . Early 1nvestzgators however believed

that Chondrites was a marlne plant,. because of its branché

ing pattern (see Sternmberg, 1833;: Hall 1857; Salter,
7'1856 and Billings, 1865;. among others). This "fuc01dal

origzq was first quescloned,by Nathorst (1881), who

sgggeéted‘that Chondrites was a trace fossil producec by
.ﬁc:m-like otganism. This was based on the .£%ct that

Chondrites'contained ne - organic material, was found in .

'rocks belleved ‘to have been deposxted 1n deep water, and
was contalned in sediment types that dlsplayed no firm
foundatlons for the.attachment of plantSu' Subsequent

studzes were divided on the questlon of the origin .of

Chondrites; .Fuchs (1895) conducted chemical analyses -and

substantiated Nathdrst s non-algal lnterpretatlon while
iRothpletz (1896) conclﬁced (also from chemlcal.studles)
that it was in fact an algae 6: a sponge. A sponge-
- affinity was also maintained by'ﬁaither (190&).. The

trace fossil nature of Chondrites was convincingly proven

by Richter (19273 1928, '1931). Detailed analysis of

‘the branching patterns exhlblted by Chondrltes led

Richter (1927a) to conclude that they were affected by
phbbotaxis'and hence were a product of animal activity.
Despite zhe work of Richter, old theories die slow

deaths, and an algal-origin was still being postulated

by some workers as late as Wilson (1948).
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Although Richter (1927a, 1931) proved an amnimal
origin, controversy still persisted concerning the type

of animal produbing the Chiondrites-burrow. Since Rich-

ter believed that the branching pattern was the resﬁit

. of phobotaxis (ér chemic;l sensing) he interpreted it as
the feeding structure of a sedlment-eatlng animal, uunlng
a layer of sediment. 'Conversely, Tauber (19&9) stated
that the fllllngs of the branches were composed of
fecal material and collapsed linings, and hence were the .
product of a fllter—fgedlng animal in which the tiers
were merely a response by the animal to keep up with

: sed—”pfatlon ‘This dilemma was finally resolved by
Simpson (1957), who undertook an exhaustive study gg\ﬁ

multitude of different types of Chondrites burrows. He

mar:i;_r"tained that the jaystem was the result of a dep-osit-
feeder, and the branching pattern resulted from the
probing of an extensible proboscis.
Differences in.burrow orientation have been

related to food abundances. Planar systems indicate
\tgzt food was concentrated on bedding planes within the
se¥iment; and oblique syétems indicate that the fooa
was eyenly‘dispersed throughout the sediment‘éosgood,

-

1970; ‘Ekdale, 1977). Therefore, it is now actepted
that Chondrites represents the feeding structure (fodi-

nichnia) of a sediment-eating organism. Possible crea-

-

tors include worms or worm-like organigﬁg—?Simpson,1957;

A
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Ferguson, 1965; Osgopd, 1970), an organism with numerous

tentacles working simultanéously in thersedimedt'(Taylor,

.1967), or tiny.arthropods (Ekdale, 1977).

Chondrites is known to be a facies-crdss{ng

form (see Seilacher, 1955,«E£g. 5;'Simpsog, 1937; Seil-
acheraand Meiéchnef: 1964) and is thus n&tlrestricted
to any one enviromment. Crimes (1973)-;11ust:ated the
lack of facies control of Chondrites ifi the Paleocene-
Eocene flysch of northern Spain. Chamberlain (1971bd),

however, provosed a Chondrites ichnofacies in the Oua-

chita Geosyncline of Oklahoma, which was positioned‘be-
tween the Zoogh§cos and Nereites ichnofacies, and was
indicative of relatively deep water. Frey and Chowns

(1972) questioned such an ichnofacies since Chondrites

is also well-Known from numerous shallow-water deposits.
In addition, Ekdale (1977, 1978) has recently described

Chondrites from deep water (greater than 3,000 meters)

cores, ranging in age from Upper Cretaceous to Pliocene.

Chondrites, therefore, has limited value as a facies or

bathymetric indicator; it has, however, not yet ‘been

. found in non-marine deposits (Seilacher, 1955, 1963,

15673;'Bromley and Asgaard, 1972; Stanley and Fager- -
strom, 1974). . . .\\~\

iii). Thorold Specimens
Chondrites sp.

| : ~N
1. 3- .1
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a). Deécription

-

Dendritic b;anchihg structures, usually oriented
parallel to bedding surfaces. Branch dismeters are
consistent throughout the lquth of each individual bur-
row and range from 1 to & mm; burrow iength'is highly
véiiable, but commonly;é cm. The branches of the bur- )
rows never intersect or!cross one another. No evidence
of vertical expression was found to be associated with .
these structures. No regular pattern in the angle of’
branching was detected. Structures preserved in convex

hyporelief and convex epirelief; commonly associated

. with siltstones.

b). Occurrence

Chondrites burrows were recorded from the Medina,

Woolverton Road, Dewitt Road, Highway 20, Albion Félls,
Flock Road, Mountain Boulevard, Jolley Cut, 403, Webster ‘
:Falls, Sydenham Road, Rock Chapel Falls, and Clappison

. . -
Corners sections.

E). TIchnogenus Cruziana d'Orbigny, 1842

_ Cruziana d'Orbigny, 1842, p. 30 (pom viso); Salter,
1861, p. 70; Salter, 1866, p. 291; Trombelin
. and Lebesconte, 1876, p. 626; Salter, 1881,
p. 482; Lebesconte, 1883; p:. 466-472; Lebesconte,
1887, p. 810-81l; Miller, 1889, p. 115; Walcott,
1890a, p. 35-36; Walcott, 1890b (partim),
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p. 604; Fritel, 1925, p. 34-35; Yin, 1932,
= ?.‘75-80, ?icafd,‘1942, D. 9;'Sam§e1ayo; 1950,
p. 151-168; Seilacher, 1953¢ (partim), p. 107-
108; Lessertisseur, 1955, p. 44-47; Andrews, 1955,
p. 138; Hintzschel, 1962, p. W189; Radwanski and
Roniewics, 1963, p. 267-269; Hantzschel, 1965,
p..27-28; Gubler, 1966, p.. 153; Crimeg, 1970a,
p. 49; Crimes, 1970b, p. 111-112, 119-124; Seil-
" acher, 1970 (partim), p. 454-456; Andrews, 1970,
p. 62; Birkéﬂmajer and Bruton, 1971, p. 303-310,
313-318; non Bromley and Asgaard, 1972, p. 7-1%;
Frey and Chowns, 1972, p. 35; Hantzschel, 1975,
p. W55; Osgood and Drennen, 1975, p. 317; Hakes,
1976, p. 24-25; Bergstrom, 1976, p. 1619-1623;
Aigffgl 1976, p. 226-227; Baldwin, 1977a, p/ 17-
23; Gutschick and Rodrigues, 1977, p: 201=202;
Crimes, et al., 1977, p. 97; Pickerill, p. 2-3;
. Drenmen, 1975, p. 317; Crimes, 1975a, p. 36-37;"
¢rimes, 1975b, p. 34-39; Hakes, 1976, p. 24-25;
T Bergsﬁrom, 1976, p. 1619-1623; Alpert, 1976,
p. 226-227; Baldwin, 1977a, p. 17-23; Gutschick
~ and Rodriguez, 1977, p. 201-202; Crimes, et al.,
1977, p. 97; Pickerill, 1977,7p. 2-3.
Cryziana Giebel, 1851, p. 115 (misspelling).

<:j—‘\ Crusiana Dawson, 1880, p.-46 (misspelling).
- " Cruciana Sampelayo, 1915, p. 279 (misspelling):

N

12
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Crucianas Sampelayo, 1915, p. 279 (misspelling).

- ' Cruzianas Sampelayo, 1950, p. 148, 149 (misspelling).

Fraena Rouault, 1859 (partim), p. 729

ep';

Bilobichnium Rrejéi-Graf, 1932, p. 31. . {

Type species - Cruziana furcifera d'Orbigny, 1842,

p. 30, subsequent designation by Seilacher, 1953b,
. 107. o ‘

i). Description

Elongate, band-like, furrows generally preserved |
as hypichnial casts. The cast consists of two parallel
ridges with transverse, oblique, or longitudinal stria-
 tioms (sr scratch marks). A medial groove is present
that bisects the furrow longitudinally. There exists
great variability in size and sculpture éé the ichno-
genus; widths vary from .5 to 8 cm; and lengths up to
1 m are known. Expodal, genal and plfixral markings may or

may not be present.

~

Cruziana is perhaps one of the best known lower

-

» ii). Discussion

Paleozoic ichnofossils and numerous studies have been
conducted on its_morphology, distribution, ethological
implications, and nomenclature. The reader is referred
to Seilacher (1953¢, p. 107) for a more éomplete synony-
my list of forms erected prior to 1842. The nonencla-

tural history of Cruziana closely parallels that of
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Rusoph&cus (2 related form), and early workers often

regarded them as synonvms (for a more detailed dlscus—
sion, sée Osgood, 1970 P. 303). Later workers, however

‘have separated them, restrlctlng Rusophycus to short,

bilobate, Testing traces (L essertlsseur, 1955, p. AS;'
-Sellacher, 1955, p. 366; Osgood, 1970, p. 303). In
somewhat of a turn around, Seilacher (1970) later grouped

all resting trails and burrows, Previously described as

Rusophycus, in with Cruziana. This designation, how-
ever, did not gain much Support and a number of subsd:
quent investigators called for the separation of the

two and hence the retention of Rusoohycus (Orlowsk1

et al , 1971; Birkemmajer and Bruton, 1971; Bergstrom,
1973; Crimes, 1975a, 1975b; Crimes, et al » 1977).
Cruziana has been recognized in rocks ranglng

in age'frcm Upper Pre-Cambrian to Devonian (Hantischel
1975) . Additional forms which may be referrable to
Cruziana have alsd been recorded from the Upper Penn-
sylvanian of Kansas (Hakes, 1978): the Carboniferous
of Bolivia (Helgig, ;972);.and the Triassic of East
g:eenland (Bromley and Asgaard, 1972).

) Cruziana is the dominant element in the Cruzi-
ana ichnofacies, and ig generally associated with shal-
low subtidal environments (Sellacher 1967) In addi-

‘tion, Cruziana ig also known to occur in the Skolithos

and shallow Zoophycos ichnofacies (see Osgood, 1970;

i
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Crimes, 1970b). Although usually regarded as strictly
a marine. ichnofossil, Cruziama-like forms have also
_ been descriEEé'from freshfwatér deposits by Bromley‘
and Asgaard (1972) and Helwig (1972). |
Originally Cruziana was interpreted as a fossil
plant or sponge (Lébesconte, 1883; Delgado, 1885; de.
Saporta, 1884). Nathorst (1881) é%fst suggésted that
Cruziana was in fact an ichnofossil?'and attributed it
to the activities of benthic organisms. The modern in-
terpretation attributes Cruziama to the furrowing, bpf;
rowing, oY shéveling activities of trilobites or other
 trilobite-like arthropods (see Crimes, 1970a, 1970b,
1975a, 1975b, for detailsj. The fresh-water type cruzi=
anids, previously mentioned, h#ve been attributed to
the actiﬁity of notostracan branchiopods (Bromley and
Asgaard, 1973; Hakes, 1976). (For a more detailed
treatment of the interpretation, origin and significance
of Cruziana, refer to Crimes, 1970a, 1970b, 1975a, 1975b;
Osgood, 1970; Seilacher, 1970; Osgood and Drennen, 1975;
Alpert, 1976, and Baldwin, 1977b) .

iii). Thorold Specimens

Cruziana sp.

(P1. 3-2, fips. 3-5).~~

a) . Description

Small, indistinct structures straight to
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slightly curved up to 4.5 cm in length (generally 3-4 cm)
and 1 cm in width. Medial groove is rather pronounced
ﬁith numerous transverse striations spaced approxi- !
mately .8 to 1 mm apart. No speciméns were found that
displayed any additional ormamentation such as exopodal,

genal or pleural markings. The ichnofossil is consis-

tantly preserved in convex hyporelief.

b) . Remarks
The figured specimens are similar to another

ichnogenus Isopodichnus (see Schindewolf, 1928, p. 27).

.///,,—\iionsiderable debate has been generated concerning the

elationship of Isopodichnus to Cruziama (Osgood, 1970;

\
Seilacher, 1970; Hakes, 1976). Although Isopodichnus

is generally much smaller than Cruziama, considerable
morphological overheg}ioes exist at the extremes of the
size ranges. Hakes (4976) insists that large speci-

mens of Isopodichnus (several millimeters in width)

exhibit vague transverse striations (claw markings)
similar to those associated‘with typical Cruziana speci-
mens. Additionally, Seilachér (1970) points out that
small Cruziana specimens (generally less than 2 m in
width) do not exhibit the distinct transverse stria-
tions typically associated with other larger cruzianids,
but instead display a faint ormamentation which could

be mistaken for an exceptionally large Isopodichnus.

This taxonomic problem becomes acute when applying

-
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known envirommental relationships to these ichnogenera.

Cruziana is generaily considered to be exclusively marine

(Seilacher, 1970), while Isopodichnus has been used as

a non-marine to brackish water indicator (Linck, 1942;
Seilacher, 1970; Hakes, 1976).° .
Based primarily on size considerations, as well
~as its associ&t&dae—?ith the other typically trilobite

i .
"related ichnogenera, Diplichnites, Monomorphichnus and

Rusophycus, the Thorold spéhimens are considered to be

small cruzianids.

.

¢). Occurrence

Small, poorly preserved specimens of Cruziana
were recorded from the Flock Road, Jollé} Cut, 403,
Websters Falls, Sydenham Road, Rock Qhapel Falls, and
Clappison Cormers outcrops. Géneraliy associated with

fine-grained sandstones and siltstones.

3
F). Ichnogenus Daedalus Rouwault, 1850

Daedalus Rouault, 1850, p. 736-737; Salter, 1864a,
p. 10-11; Salter, 1864b, p. 288; Lebesconte,
1883,. p. 45-57; Sarle, 1906, p. 203; Grabau and
Shimer, 1910, p. 247; Bassler, 1915, p. 37570
Andrews, 1955, p. 143; Hiantzschel, 1962, p.W191;

'Hﬁntzschel, 1965, p. 29; Martini, 1966, p. 314-
" 316; Aﬁdrews, 1970, p. 69; Leséertisseﬁr, 1971,
p. 39-46; Hantzschel, 1975, p. W58.
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Daldalus Schafer, 1972, p: 361, 550 (misspelling).
Humulis Rouéult, 1850, p- 788; Tromelin and-Lgbé—
sconte, 1876, b. 628; L;ssertisseu:,'l955, P-
74; Andrews, 1955> p. 170; Hintzschel, 1965,
. P- 47; Andrews, 1970, p. 10S5. 0
Vexillum Rouault, 1850, p. 738; [mon Boltem, 1798];
Salter, 1864a, p. 10-11; Salter, 1864b, p. 288;

Lebesconte, 1883, p. 467; de Sapbrta,“188&, p.43;

Peneau, 1946 (partim), p. 81- 82; Andrews, 1955,
p. 257; Hantzschel 1965 P- 97 Abdrews, 1970,
p- 224..

Arthrophycus sp. Hall, 1852 P. 6

Spirophyton archxmedes Rlngueberg, 1884, p 1&4,,
Pl. 2, fig.'1’

Taonurus archimedes Miller, 1889, p. 1l46.

r

Type species - Vexillum desglandi Rouault 1850,

p. 733; subsequent de51gnat10n by Hantzschel

1962, p. W191l. \ :

Vertically penetrating J-shaped burrow, associ-

i). Description

»
ated with complex spreiten structures that are spirally

twisted. The spreiten surface may cut through itself.
The entire burrow sfructure is up to 35 cm long and up
to 10 cm wide. The cylindrical-J-shapéd‘Bufrow tuﬁe |
extends downwards and around the base of the.spreiten

structure.
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ii). Discussion v

Daedalus is a little-known’ ichnofossil that is
almost exclusively restricted to deposits ranging in age
from Cambrian to Silurian (H3ntzschel, 1975); For a com-

plete discussion of the description and nomenclatural
history of. Daedalus, refer.to\Lesse:tiéseur (1971).

Sarle (1906) was the first to attempt a detailgd analy-
sis o% the complex morphology of Daedalus . He fecdgnized
-a.tmb.er of different forms, whic‘h were relat:ed. to sedi-
méfitation rates: - - "

‘1) . A rapid vertical descent form associated’
with eroding sediments. In such a case the resultant
spreite should be protrusive in nature\(Pemberton and

 Risk, 1978);

2). Less rapid vertical descent form associated
with slowly depositing seaiments. In this case the
resultant spreite should;be reé;usive in natpr%-(Pem-\
berton and Risk, 1978). i

The spreiten-structure was attributed to the
packing of sediment which ha@ sifted into the burrow.

The final burrow configuration consists of a series of |

"rugose plates which may be flat, vertical or U-shaped
in outline'" (Sarle, 1906, p. 203),_whichrare arranged
'*iro;nd a J-shaped burrow. The morphological_ggalysis
led Sa;le (1906) to conclude that Daedalus was the

result of the activities of infaunal sedentary polychaetes.
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Additional invéstigationé by Seilacher. (1957)
lgg him to postulate that the spreiten structure of
"Daedalus was Telated to waste storage aétivities and the
final j-sﬁaped burrow was a dwelling (domichnia) burrow.'.‘
Schafer (1972) pointed out thaf such waﬁte]storage sys- .
‘tems were due to externgl conditions affecting the pro-
ducer. He,suggested'tyat they'werg caused by more sedi-
ment penetrating the dwelling burrow than could be .

removed. Seilacher (1957) inferred that the recent

polychaete Nereis diversicolor may be a producer of such

a system. In addition, Schﬁfer (1972) concluded that
similar structures were constructed by the polychaetes

Heteromastus filiformis and Arenicola marina, and the

sea urchin Echinocardium cordatum. Of particular in-

terest is the morphology of Arénicola burrows; in sandy
sediments tﬁeiﬁﬁ;rbw takes on a J-shaped configuration,
.while in:muddy;sediments it is U-shaped (Schafer, 1972).
The burrow of Arenicola may %e a likely énalogue for
"_Daedalusf | ' ) -

Daedalus has been observed to be associated
with shallow, marine environments of the Skolithos
and Cruzzzga icﬁnofacies-(Lessertisseur,_1971). More"
specifically, Sarle (1906) and Martini (1966) suggest
a tidal-flat habitat for speciméns from the Middle
Silﬁrian:Medina.Formation of New Yor&_and Ontario,-
while Crimes Sl???) listsrits distribution as being-

" from intertidal to shoreface.
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'\‘%\ ‘ b). .bccurrence
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_iii): Thnrold.Sgem;mens N _
Daedalus SP- R L.

(PL. 3-4, figs. 1-_&)-

a). .Description -

Extremely complex;:yeftieal penetrating burrow:

o~

system The basic plan of e-bﬁrrow'suggests a J-

shaped tube surrounded'by

(see Sarle, 1966, fzg. 2, p. 205) The J—shaped bur-

row (PL. 3‘5* flg 1) varies from 6 to 12 mm in. dlameter ’
‘and is up-to 32 cm ln-length. It descends vertlcally
and then curves upward and gradually tefginatés (PL. 3-4,

" fig: 2) . Tubes may or may not display faint_aqnﬁIatione

(PL. 3-4, fig. 2). The spreite structures are high;y

variable end well-defined and are usually retrueive in

"nature (Pl. 3-4, flg 3). ‘They ere commonly up to 12

L
cm in width, of var%able length and are connected to
the J—shaped tube (Pl. 3-4, fig. 4). 1In some units, the

spreite structures are much more evident than the J-

r,shaped tubes whzch makes flnal identification 4iffi-

cult. Structures preserved in full relief.

~ -

L3

2 Well-preserved ‘specimens of Daedalus were ob-

: served at therlen Edich, Genesee Gorge, Medina, Lock-

port Niagara Gorge ﬁ.%Jec:.ﬂ_fw Falls, Rockway, ancL Balls

Falls sections. Samples poss@ly referrable é:o Daedalus . -

v v T ] ffﬂ_ ;s U 7

array of spreite structures’



were recorded: from the Flodk Road Hbuntaln Boulevard
and Jolley Cut sections. Generally'associated'with
' f:me-grained .sandstones. .

.

Ichnogenus Dlpllchnltes Dawson, 1873
Diplichnites Dawson 1873, p. 19-20; ‘Miller, 1889,

p. 554; Sellacher, 1955, p. 343; Hantzschel,

' 1962, 'p. W191-W192; Radwanski and Roniewicz,
1963, p. 269; H.é'ntzsc_b;el, 1965, p..32; Glas-
sener, 1969,.p. 383; Crimes, 1970a,.p. 56-57;
Crimés, 1970b, p. 119-124; Young, 1972, p./13;

- Hantzschel, 1975 p. Wel1; Osgood and Drennen

_ 1975 P- 323 324 Alpert 1976 P- 234 Crlmes,
et al., 1977, p. 102-103; Baldwin, 1977a, p. 24.

Acripte Matthew, 1910, p. 122; Hintzschel, 1965,

p. 6.

‘Type species - Diplichnites aenignia Dawson, 1873,

p- 19-20; by monotypy. ~

if. Descrlptlon

Mbrphologlcally simple, biserial tracks, con-.

sisting of two parallel series’ of fine rldges The

1ndiv1dual ridges are elongated obllquely to the track

axis and occass;onally are found in palrs ~ The width

2 of the trackway varies from 1 to 2 cm and the iddividual

ridges—are gpmmonly 1.5 mm long.

" Y
- * )
\_/:\ ‘ . .

LS



. ii). Discussion
. .

'Diplichnites wasvoriginaily‘interpreted by Dawson.

(1873) to be the trace of large wprms'or crustaceans or
the imprints of the pectoral sﬁiﬁes of fish. This was
" later revised to inéiﬁﬁ- the tracks_of’amphibians (Daw-
son, 1884). Detailed studies by Seilacher (1955)° led

him to believe that Diplichnites represented the track-

ways (repichnia) of trilobites. Crimes (1970b5 ob-

" served a tramsition from Diplickhmites (trackway) to

Cruziana (crawligg trace) in a single rock slab.

- Diplichnites occurs in rocks ranging in age ~

. from Lower Cambrian to Permian (Hantzschel, 1975), and
is usually associated with other trilobite ichnofossils

in the Cruziana ichnofacies (Crimes, 1970a, 1970b).

‘_ﬁ\$*?éii)l Tﬁﬁrola Specimens

Diplichnites sp. C e

a). Description

' 1
Simple biserial tracks comprising of two paral- ,

- lel series ‘of fine ridges. The ridges are situated
obliquely to ;he track axis and vary.from .8 tol.2 cm

in length. Total width of the tracﬁwéy varies from 2 )
1.2 to 1.6 em> '

-

by. Occurrence

Common to rare samples of Diplichnites were,

feggrded from the Jolley Cut, 403, Sydenham Road and
, _

-» . '. Eanrayl
N ==



Clappison Corners outcrops. Abﬁndant speéimens ﬁeie ob-
served on “the .upper surface of s;ltstone layers at the

\\ 403 section. X

'Qm§_Hl;’ Ichnogenus Diplocraﬁérion Torell, 1870

-

Dipioc:aterion Torell, 1870, p.13. Andréé, 1927,

P- 127; Westergard, 1931, p. 3-11; Abel, 1935,
- P. 456-457 Howell, 19453, P. 36- 38 Hantzschel
1962, p W193 Goldrlng, 1962 p- 235- 245
_Sellacher, 1963 p. 86; Goldring, 1964, p. 137-
140; Hantzschel, 1965, p. 32; Seilacher, 1967a, .
p. 419-420; Osgood, 1970, p. 316; Heinberg, 1970,
s . 232; Goldring, 1971, p. 709; Knox, 1973, p-
| 134-135; fleming, 1973, p. 416; Fursich, 1974b,
p. 952-962; Héntzschél,;l??S, p. W62; Hakes,
£976, p. 26; Bergstrdﬁq 1§76, p. 1630; Piékerill,'
1377,7p. 7; Crimes, et al., 1977, p. 118; Picke-
rill, et al., 1977, p. 241-242; Ireland, et al.,
‘.. 1978, p. 414-416.
2-Arthreria Billings, 1372, p. 467.
T v '
Artharia Billings, Miller, 1875, p. 54; Hantzschel.

k\,;\ Arenlcolltes Matthew, 1880, p. 159; Kolesch, 1922,
p. 344- 364; Coysh 1931, p. 15 [non Salter
1857].

\ Corophloldes Smith, 1893, p. 282; Richter, 1924,
' p. 128-140; Blanckenhorn, 1925, p. 269-278;
Richter,. 1926, p. 200-219; Schindewolf, 1928,
.
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p. 40-42; Opik, 1929, p. 30-42; Hﬁg&eﬁ:au[
1930, p. 291-292; Westergard, 1931, p. 3-9;
Migdefrau, 1932, p. 229-232; Abel, 1935, p.
452-456; Rose, 1936, p. 58; Dahmer, 1937, p.
533-535; Seilacher, 1955, p. 377; Howell, 1957,
p. 150; Lokmann, 1960, p. 76-78; Bantzschel,
1962, P- W189; Seilacher, 1963, p. 86-87;
Hantzschel,sgﬁeq,'p. 26; Deiderich, 1967, p.
' 232-234; Osgood, 1970, p. 314-325; Heinbers,
1970, p._232; Knox, 1973, p. 133-146.
Tigillites Lisson, 1904, p. 31-43; Douvillé, 1908,

.p. 362; [non Rouault, 1850 = Skolithos].
Arenicoloides Blanckenhorm, 1916, p. 36-405'

Schindewolf, 1921, p. 40-44; Schindewolf, 1923,
p. 662-670; Sorgel, 1923, p. 510-549; Prell,
1926, p. 325-396; Andréé, 1927, b. 125; Stri-
gel, 1929, p. 362-366. ¢
Rhizocorallium Hosius, 1893, p. 3#-53; Kraus,

1930, p. 172-174; [mnon Zenker,_1836].
Polyupsilon Howell, 1957, p. 151~152; Hantzschel,
1965, p. 73; Hantzschel, 1966, p. 15.

? Corophioides Smith, Miller, 1967, p. 1063-1067.

Diplélraté>¥on ? Torell, Fischer and Paulus, 1969,
p. 86-88.

Diplocration Goldring, 1964, p. 137 (misspelling).
. - »

Type égécies - Diplocraterion paralleluh Torell,

-

-
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'1870, p. 13; subsequent designation by Richter,.
1926, p. 213. T-

i) . Description

Vertical U-ghaped burrows with spreiten. Limbs
of the U are parallel and both limbs of each successive
U-tubg are confluent wifh the limbs of the preceeding
U-tube. Dimensions variable, tube diameters commonly
from 5 to 15 mm, distance between fimhs from 1 to 7 cm,
and ‘depth of burrows from 2 to 15 em. The apertures of
the tubes are commonly funnel-shaped. Spreiten are
usually protrusive but retrusive forms are also known.
Commonly preserved as a horizontal dumbell—shaped

cross-section on bedding planes.

. @ (
ii). Discussion '

Diplocraterion and other related vertical, U-

shaped, spreiten-bearing ichnofossils have received con-

siderable attention (see Richter, 1926; Seilacher, 1967a;

Osgood, 1970; Knox, 1973; Fursich, 1974b). Iorell(1870)

erected the ichnogenus Diplocraterion to encompass ver-

;‘ftical, U-shaped, spreiten-bearing burrows but unfortun-

ateiy~the description was vague, lacked photographs,
‘and was not widely distributed. As a result, some
confusion existed as to the "dekignation of the name .

Smith (1893) erected another ichnogenus Corophioides to

encompass‘U-sHEped forms with laterally displaced

. e e e an———
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spreiten. These two forms were additionally con-
fused with -an earlier desiéﬁated-forﬁ'of horizontal,

U-shaped, spreiten-bearing burrow, Rhizocorallium

(erected by Zenker, 1836).‘

_This confusion prompted Richter (1926) to
attempt a revision of these three ichnogenera. Working
solely from the literature, he proposed two classes of
U-shaped burrows: -the Rhizocofalli&ag - to encompass
aliustrei;;n—bearing U-tubes; and the Arenicollidae -
to encompass all non-spreiten-bearing U—tuSes. Un-

fortunately. Richter included in the ﬁrenicollidae forms

of Diplocraterion, which he concluded did not bear spre-

ite. This misnomer was discovered by Westergard (1931),
who redefined Torell's-original description (as well
as re—exémining Torell's type specimens) and stressed

that Diplocraterion did indeed bear spreite.

Two recent studies have attempted to rectify
the present nomenclatural difficulties. Knox (1973)

distinguishes Corophioides and Diplocraterion on the

basis of the differing spreite: Corophioides is the
product of the lateral displacement of successive

migrating U-tubes; and Q;plocrgterion is produced by

the vertical mig:étion of successive U-tubes. Furisch
(1974b), on the other hand, recognizes.only Diplocra-

terion (with Corophioides "considered a junior synonym)

and concludes that variation in spreitén‘devgibpment
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should not be uged to separate ichnogenera. Sﬁbsequen;-
studies have tended.to favour the prepopal by Knox to
retain both ichéogenns names and to separate them on
spreiten development (Hantzschel, 1975; Hakes, 19%6).

In addition, Rhizocorallium is distinguished from the

other two, based on orientation; it is primarily hori-
zontal in attitude, but does include oblique forms

(Furisch, 1974a).

Diplocraterion has a;épported range from Cam-
brian to Cretaceous (Hintzschef\ 1975). It is
generally accepted that it represeets the dwelling bur-
. row (domichnia) of a suspension-feeing worm or worm-like
organism that inhabits a zome of high wave activity
(Sorgel, 1923; Richter, 1928; Goldring, 1962; and Seil-
acher, 1964a, 1967a). |

iii). Thorold Specimens
Diplocraterion sp.

(Pl.\e-B, figs. 2-4)

a).. Description

ﬁ-sheped burrow with spreite, oriented per-
pendicular to the dedding. %ese burrows, in the Thorold,
are normally only seen on the tops of sandstone, units
where they are dumbell-shaped traces co§§1st1ng of
paired circular openings joined by a horizontal band of

reworked sediment which corresponds to the spreite.
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Measured burrow-wi@th ranges frcm'l?% to 4:2fcm (me;n
of 2.2 cm); individual tube diameter ranges from 4 to

8 mm (mean of 5.4 mm); burrow depth could not be as-
certained. There exists no distinction in size or or-
namentation between the individual openings of a single
burrow. Although found in dense:;umbers along certain

bedding planes, no preferred orientation was detected.

b). " Occurrence

Specimens referrable to Diplocraterion were

recorded from the Flock Road, Mountain Boulevard,
Jolley Cut, and Clappison Corners sections. Generally

associated with fine-grained sandstone beds.

I). .Ichnogenus Dolopichnus Alpert, 1975

Cyclozoon Warm, 1912 (partim), p. 127-129.

Laevicyclus Quenstedt, ﬁéntzschel, 1962 (partim),

P- WZOI, fig. 123:3a-tnon 3b); Hantzschel, 1965,
p. 51; Hintzschel, 1975 (partim), p. W77-W78,
fig. 47:5b (non 5a).

Dolopichnus Alpert and Moore, 1975, p. 228-229.

i). Description

Large vertical burrows with a cylindriéal,to
conical outline. Diameterg range fréh 2 to 5 cm, with
lengths up to 20 cm observed. A central, vertical,

‘internal cylinder about 10 mm in diameter and up to

120 mm in height occurs in some samples. The distal

Wb



portion of the burrow may or may not display a flat-

tened hemispherical depression.

ii). Discussion

Dolophichnus is a little known form that .has on-

1y been recorded_froﬁ the Lower Cambrian (Alpert and
Moore, 1975; Pemberton, et al., 1978). Alpert and Moore
(1975)~interpreted it as the dwelling (domichnia) bur-
row of sea anemones. He cites such features as the
radial symmetry, the cylindrical to conical shape, and

the hemisyflerical termination as being features possessed

by other ichnogenera generally attributed to sea anemones:

Conostichus Lesquereux (Chamberlain, 1971b); Bergaueria

‘Prantl (Alpert, I973); Kulindrichnus Hallam (1960);

Cylindrichnus Toots (Chamberlain and Ciark, 1973, p.

677, as Anemonichnus). In addition, he cites the size

and the presence of a central sub-cylindrical core as
also being indicative of a sea anemone origin. These
last two characteristics will be examined later.

+

Dolopichnus is a common element of a shallow-

L 3

water Skolithos-dominated ichnofossil suite in the Lower
Cambrian Poleta Formation of Califormia (Alpert and
Hoore, 1975), as well as the Lower Cambrian Bradore
Formation of Labrador (Pemberton, et al., 1978). Al-
pert and Moore (1975) indicated ihat it was perhaps

- found in high energy éand enviromments which were sub-

ject to fluctuating sedimentation rates:

Yﬂ_ 70 - L —
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iii). - "Thorold Specimens

: -Ddlopichnus sp- A
(Pl. 3-5, £fig. &)

a). .Description - T~

Vertical, cylindrical burrbws, which dispiay
a central cylindrical core. Outex éiameters up to .23
mm on upper bedding surfaces which taper downwards
gradually to approximately 12_mm. Central core is up to
12 mm in diameter and is isodiametric throughout its
length. Maximm depth of penetration observed.was 33

mm. Burrow walls rather indistinct and sediment infill

' homogenous with a similar composition to the surround-

ing matrix.

iv). Dolopichnus Sp. B

(PL. 3-5, figs. 1-3)

a). Description

\\ iarge cylindrical, vertical burrows with a -
central.core. Burrow openings.ratﬁer irregular in
shape and up to 7 cm in diameter, taper distally.to ap-
proximately 4 cm in diameter. Buxrow terminates in a
semi-hemispherical expansion up to 5 cm in diametexr

(P1. °3-5, fig. 2). Lengths are highly vériable, up to

20 cm maximum. ‘Burrow walls rather indistinet, and

sediment infill is homogenous. The central core

these larger specimens is difficult to discern, but
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was commonly found to be one-half the maximm diameter“

of the entire st¥icture. TFound. in rather large densi-

ties along a single be&ding surface.

b). Remarks
Two rather distinctive structures have been
placed in the same ichnogenus since both display similar

broad characteristics. Species A is almost identical to

the specimen fggured in Alpert and Moore (1975;*§£g. be).

Although somewhat larger, Specieé B is also similar_to a
specimen figured in the same publication (fig. 6). Both
Thorold:speciés can therefére be assigned to this ichno-
genus. \

One rather confusing noﬁe, regarding the origin
of the central core, was noticed in the Alpert and
Moore paper. They atéribute this to the preservation
of the coelenteron, which was filled in with sediment.
Ara#'(personal communication, 1978), however, indi-
cates that anemones (botﬂ actinians and cerianthids)
close the coelenteron very effectively and could not
_ foresee how such an object would hold its shape during
the decomposition of tRe organism. Perhaps a more
realisﬁic interpretation centers on the vert;calamoveé
_ments observed in moderg anemones - (Ansell and Trueman,
1968; Shinn, 1968; Mangum, 1970).y During initial

burrow1ng and in response to sedlment lnfluxes, the

animal employes perlstaltlc contractlons to ‘migrate

Y

-
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Fig. 2r3. Diagraﬁ of the two_principai stages
of burrowiﬁg in Peachia. A.-eversionbof physa (e) with‘
displacement of sand (arrows) and further penetration of
the subtratum (p); the anemone is ‘held in the sand by

the columm anchor (ca, arrowheads)

s extension (ex) fol-

} S, $€3pus; 'ph, physa;
B, tentacles infolded, physa swollen to form anchor (pa,

lows retraction in B; e, capitul

arrowheads), which allows retractor Yuscles (rm) to pull

anemone into the sand (after Ansell, and Trueman, 1968).



upward and downward in iﬁs_burrcw;fthis resddts in a.
lateral displacement of sediment g:aids along the Bur-:;
row walls (Ansell and Truemann, 1968). A series of
such movements would ultimately end in & multi- lined

. burrow wall which consists of a zone of displaced
sediment and a central living ‘chamber. The termlnal
expansion observed .in the Thorold specimens would rep-
resent the position of the physa which is used to an-
chor the organism in its burrow.

-

'

¢). Occurrence

Dolopichnus sp. A waﬁ_ observed at the d‘olley )

Cut section. Restrictdd to a single fineygrained sand--

stone unit.

Dolopichnus sp. B was recovered from the DeCew

Fall§ section. Restricted to a single flne gralned
.sandstone unit. Simllar structures may also be present

at-the Balls Falls section.

J). Ichnogenus FucusopsisPalibin, in Vassoevich, 1932

Trichophycus Miller and Dyer, 1878 (partim), p. 4.

Fucusopsis Palibin, in Vassoevich, 1932, p. 51. *
Seilacher, 1959, p. 1070, Table 2, fig. 3;
Hantzschel, 1962, P W194) Hantzschel, 1965,
P- 37;IKsiazkiewicz, 1970, -p. 286-287; Osgood,
1970, p. 380; Hakes, 1976, p. 27; Hintzschel,

(1976, p. W64, . < . .

o

P
;
!
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noy Fucusopsis angulatus Birkemmajer, 1959, p. 229
< »

{= Planolites]:

- Fucopsis Grossheim, 1946, p. 115 (misspelling}:

Fuccusopsis 05good, 1970, p. 440 (misspelling). ..

? Gyrochorda fraeniformis Farrés, 1965,“p. 116.

Type species - Fucusopsis angulatus Palibin, in".

Vassoevich, 1932, by monotypy.

i). Description . : : -

-

_ Stretched tubiform burrows, straight to curved .
! 7 - ’ -
and commonly from 2 to 10 mm in diameter. Branches,

cross-overs and interpenetrations occur and the burrow.

exhibits typical thread-like ridges or sculptures.

ii). Discussion

Fucusopsis is a little known ichnofossil first

described by Palibin (in Vassoevich, 1932) for hori-
zontal tubes, which he originally interpreted as being
either_algal or inorganic'in origin. Detailed analy-
sis by Seilagher (1959) led him to conclude that

Fucusopsis represented a burrow created by an infaunal

organism. The thread-like sculpturing on the surface
resulted from tension faultiné in the hagt rock, brouéht
on,by the pressure of the organism's body (Seilacher,
1959; Osgood, 1970). This indicates that the host
sediment was cohesive enough to fault rather than

. y- S
flow, and hence the presence of Fucusopsis may shed
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ligha_an the: physical proﬁerties of the sediment (Os-

gpod;.}920). Hakes (1976) compared Fucusopsisyto the

ichnogenera Halopora (Torell, 1870) and Scoyenia (White,
1929) and comncluded thgt they.could bé'distinguished

by the gﬁ#?e and distribution of fheir exterﬁalhsculp—
tured ri&ges., . _

. Fucusopsis is a well-known facieg-créssing ich-
.gbfossil-éndi§isglays no bathymetric comtrol. It has
been recorded from the Cruziana to the Nereites ichno-

-faciés (Seilacher,,iés93 3564a; Osgood, 1970; Ksa@z-
kiewicz, l§70;,Hakés, 1976). S;mples have béen recor-
ded Frofr the Upper Ordovicdian (Osgood, lé%ﬂ}{-tﬁe Upper ©
. Pennsvlvanian (Hakes, 1976) and from the Cretaceous to
the LoweT Tertiaiy_(?alibin, in Vassoevich, 1932;

Seilacher, 1959; Ksiazkiewicz, 1970) .

iii). . Thorold Specimens

Fucusopsis sp.

(PL. 3-3, fig. 5)

a). Description

Straight, horizontal tubiform Eu:roqu 6 to
10 zm in width and with iengths of up to 16 cm.. Eﬁ-
ternal o?namentation consists of sevefal slender, i11-
defined, thread-like ridges which may or may not Tun -
the entireilength of the structuré._ Thorold specimens

display considerable cross-overs, but do not branch °
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~

or ;nté&penetrate. Tucusopsis prgsiyvéd in convex

hypgfeliefi-

b). Occurrence

Rare samples of Fucusopsis were observed at the

Jolley Cut and 403 sections. Burrqws associated with,

fine-grained sandstones and siltstones.

K). Ichnogenus Incisifex, Dahmer, 1937

- Incisifex Dhamer; 1937, p. 525; Hantzschel, 1975,

Tvpe species - Incisifex rhenanus . by monotypy.

-~

1). Description .

Trace consisting of two parallel rows of ob-
liquely arranged notches:. The sediment between and

N A

outside the row is smooth?.

- ii). Discussion

A little known ichnofossil described from the
Lower Devonian of Germany (Dahmer, 1937), and attri-

buted to the activitv of arthropods.

"1ii) . Thorold Specimens
Incisifex sp.

. -

(Pl. 3-7, fig. 1)

a) . Description

Morphologically simple trail consisting of

2 parallel rows of notches. The entire trail varies

-
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‘frpm 9 ;o‘iz_mm in lqngth and is- generally arcuate

o

"(P1% .3-7, -fig. 1). The individual ﬁotches are oriénted

obllanely to the longitudinal axis of the trafl’ and
are generaliw 1l ro 2 mm in. lemgth. \Qhe tWo TOwWs were

cpns;stantly observed to be 5 to 6 mm apart and the

sediment -betweér and adjacentlcé the rows was generélly
smooth. - R B -
T~ :

b)g _Occurréﬂdg

Rare samples of Incisifex were recorded from the

Jolley Cut and 403 sectiomns. Associated with fine-

R

' 'grained siltstones and shales. s

-

L). Ichnogénus Liﬁgulicﬁnus Hakes., 1976 .
For details 6ﬁ §ysteﬁattts, description and _

discussion of the ichnogenus, see Chapter 7.

Type species - Lingulichnus verticalis, bx—

" monotypy, Hakes, 1976,-p. 28-29.

. /
- i). Thorold Specimens

Lingulichnus sp..
(Pl. 3-7, fig. 4). .

a). Description

d

 Vertical to inclined ichnofdssil displaying an .

elliptical cross-section. Commonly preserved only as
a horizontal projection on the top of fine-grained

sandstone beds. Burrow displays a 2-fold symmetry
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, wlth lengths up to 18 mm and‘wldths up to 8 mm. Pre-

served convex eplrellefs no soecxmens in full relief
. 3 "

were ;gcoveredl_' o~
- b). 'gemarks _
 The figured specimen (Pl 3-7, fig. &4) is simi-

lar to the material described by Hakes (1976, Pl. 7,

fig. la) and Szmuc, et al. (1976, £ig. 1). Although

no vertical expression could be decermined, it should

be noted that ‘immediately overlﬁing the Lingulichnus

burrows a well-developed siltstone containing numerous

- unbroken shells of Lingula clintoni (Pl. 3-7, £ig. 3)

was observed. In this- bed, numerous vertical shells
(presumably in the in situ burrowlng posi tlon) were
f9und (Pl. 3-7, fig. 2). Thls mav suggest that the
lingulids were actively burrowing in the overl&ing

siltstone and that the observed Lingulichnus burrows

formed when the lingulids periodically intersected the
underlving sandsfone. In addition, the elliptical
outline has been postulated to be a diagnostic charac-
teristic of the ichnogenus. Hakes (1976) correctly
pointed out that lingulids display two planes of sym-
metry; most other shelled iqﬁaunausuch as bivalves dis-
play only one plane of symmetry.

_The Thorold specimens have therefore been as-

signed to the ichnogenus Lingulichnus based on their

elliptdcal outline, their association with in situ

--“L' N - . ) \_)
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lingulid shells, and the fact that the burkows and v

.. € '
shells are of a comparablée size. ' e : .

~

¢). Occurrence

. Rare specimens of Lingulichnus were observed RS

only at the Jolley Cut section.

Y

"M). Ichnogenus Lobichnus Kemper, 1968

Lobichnus Kemper, 1968, p. 72; HSntzschel, 1975, .
p- W78.

. ﬁ‘*&‘ Tyvpe species - Lobichnus variabilis, by'monotygy.

i). Description

Small scooped-out hollows which fg;m an irre-

A Y

gular main stem with unilaterai Qeccinate branches,

A‘compriéed of small leafsyshaped hollows which are simi-

larlz‘grranged uniléterally. The systems are highly

- - m— + L) - *
variable with many transitions between forms.

ii). Discussion

Lobichnus has been déscribed only once, that
being the original designation by Kemper (1968). He

found it preserved exclusively in the troughs of rip-
. ] R
ple marks and believed that it was an indicator of

shallow-water environments in the Lower Cretaceous.Ben-

theimer Sandstein of Germany.
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iii). Thorold Specimeﬁs

Lobichnus sp.
(PL. 3-6, figs. 1-3)

-

a) .  Description

Problematical trace consisting of 'a small
hollow with a radiating network of dendritic branches.
[‘Tﬁé entire structure is approximately 2 cm in length
with branch diaméﬁers being highly variable. Some-
times associated.with a faint ;értical opening (as in

Pl££3-6, fig. 2), from which larger main shafts radi-

ate. Preserved as a convex or concave epirelief.
. : :

b). Remarks
The desiggziion of these structures as
ichnofossils is tenuous since a non-organic origin

”

could be easily postulated. Morphologically, they - do
reseﬁ&le rill marks. However, the presence of a faint
vertical opening, the fact that éhe ;econdary-branches
are of a uniform thickness and never cross over, and

" their existence as convex epireliefs indicate that
they may have an organic origin. Somewhat identicéz
observations were made by Osgood (1970) in explaining

a very similar ichnogenus Aristophycus (which differs

from Lobichnus in being somewhat larger and more com-
plex). Specimens always found in the troughs of ripple

wmarks where abumdant organic matter often collects.

£
e
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i\ffnsistently found in .the troughs of small-scale ripple
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¢): Occurrence

Specimens of Lobichnus were observed in .the

Balls Falls, Woolverton Road and Jolley Cut sections.

marks on the top of fine-grained sandstone units.

N). Ichnogenus Monomorphichnus Crimes, 1970

Monomorphichnus Crimes, 1970a, p. 57; Hantzschel,

1975, p. W84; Alpert,\1976, D). 23%; Crimes.,
et al., 1977, p. 103; Baldwin, 1977a, p. 25.

Type specie$ - Monomorphichnus bilineatus Crimes,

1970a, p. 57-58; by monotypy.

i) . Description

Series of straight or slightly sigmoidal ridges

associated in pairs.  One ridge of each pair is usually

‘more prominent than the other. The ridges are common-

ly.2 to 4 cm long'and are sometime§,repeated laterally.

—— sy

ii). Discussion N

- '
Monomorphichnus resembles Dimorphichnus (Seil-

acher, 1965), but does not display any blunt markings

or any other markings that suggest sideways progres-

sion (Hantzschel, 1975). Crimes (1970b) erected the
ichnogenus for markings which he felt were produced by
trilbbites.caught up in a current and raking the o

sediment surface at intervals with their endopodite

e
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dlaws. The ichnofossil,-thereforé, representé a loco-

.motion trace (repichnia).

.= \ﬁ (j Tj date, Monomorphichnus has only been described
from rocks of Cambrian to Ordovician in age (Crimes,
1970b; Alpert, 1976; Baldwin, L977é: Crimeg, et al.,
\1977). ﬁecause of its trilobite (or arthr&pod) affini-
ties, it is commonly associdéed with other trilobite

ichnofossils in the Ctuziané’ichnofacies.‘

iii). Thoghgd Specimens
]

L
) T Monqéorbhichnus SpP. *

(Pl. 3-7, fig. 5).

a). Description

Five to seven parallel, slightly curved
scratch marks up to 18 mm in length and 10 mm in widch.
Individual scratch marks vary from .S'to 1 mm in width
with the larger ones positioned centrally. . Preserved-

in convex hyporelief.

b). Qccurrence

NE Monomorphichnus tracks were observed in the

Jollev Cut, 403, Sydenham Road, and Clappison Cotners
sections. Generally associated with fine-grained

sandstones and siltstones.

0). Ichnogenus Palaeophycus Hall, 1847
Palaeophycus Hall, 1847, p. 7; Hall, 1852, p. 6,

"
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22; Billings, 1864, p. 2-3; LesqUereux, 1869,
P- 321; Nathofst,'1873..p. 46; Lesqguereux,
1875, p. 135-136: James, 1879, p. 17-24;
Roemer, 1880, a: 131; Nathorsct, 188i. o. 38,
90; J. F. James, 1885, 5. 157; Hinde, 1887,

p. 228; Miller, 1889, p. 130: Bassler, 1915,
p. 939; Fenton, 1928, p. 126-127; Hantzschel,
1965, p. 65: Hallam, 1970.'9. 195-197: Andrews,
1970, ». 150: Xsiackiewiez., 1970, p. 303: Os-
goQS;_l9?0. . 373-376; Frev and Chowns, 1972,
p. 3%-33; Hamtzschel, 1975, p. W88-WS89. -

-
Paleophvecus J. F. James, 1879, p. 19 (misspelling).

non Palaeophvcus koéhi Ludwig, 1869, p. 10 [ =

Belorhaphe] .

non Palaeophyecus gracilis Lesquereux, 1875,

p- 137-138, P1. 1, figs. &4, 5 [= Chondrites].

. non Palaeophvcus flexuosus J. F. James, 1879,
p. 19 {= inorganic].

Palaeosvongia d‘Orbigny. 1948 (partim).

Palaeospongia prisca Bornemann, 1886, p. 21;

Hinde, 1887, p. 228; Rauff, 1891, o. 92-100;

Bornemann,_189l, . 492,

L2

Aulacophycus Massalongo in Massalongo and Scar-

bella, 1859 (partim), p. 92.

Phvmatoderma qupigniant, Dawson, 1890, p. 602.
?

of ;
Planolites Nicholson, J.F. James, 1891 (partim) p47.
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Type species - Ralaeophﬁéus tubularis Hall, 1847,

p. 7; subsequent designation by Bassler, 1915,
P- 939.

i). Description

Ichnogenus showing a wide range of morphology.

Burrow is usually cylin&rical to sub-cylindrical and

-varies from straight to sinuous. Oriented more or

less obliquely to the bedding. The surface of the
walls. are smooth but may display faint longitudinal

striae. Dimensions'are highly variable, with lengths

up to 20 cm or more and diameters ranging from 30 to

15 mm. The burrows can be branched and commonly inter-

sect one another.

“dy.

ii). Discussion ;

Palaeophvcus is another well-known form-ichno-

genus, in that a2 multitude of different morpﬁplogies

are included in it. In general, Palaeophycus is a

horizontal burrow-system that sometimes displays
branches and intersections (Hall, 1847). Osgood (1970)

pointed out the inherent difficulties in differentiat-

ing Palaeophycus from the other well-known horizontal

burrow Planolites. Since both ichnogenera are hori-

zontal, possess distinct, lined walls, display similar
ornamentations, and frequently show intersections, a e T

number of different methods have been proposed to



. - 86

-

separate them. ?féy-and Chowns (1972) have correctly

pointed out that Palaeophycus occasionally displays

collapsed structures, which are evident from their sub-

eylindrical cross-section, and Planolites never exhibits

such a feature.” Alpert (1975) points out that Plano-

lites never branches, while Palaeophycus does. There

3 with this designation, since
it does not conform to /the original description of the

ichnogenus. Nicholsor (1873) erected the ichnogenus

Planoclites to encompass forms that were actively filled

by the inhabitant or the burrow. and indicated that the
burrow infill was distinct froﬁ the surrounding rock
matrix. This difference in lithology was attributed

to the fact that the sediment infill has passed through
the alimentary system of the burrower. Hantzschel

(1975) has indicated that many samples of Palaeophycus

do not branch. Thus, these specimens would be placed
s

in Planolites by Alpert (1975), even though they do

not exhibit a distinect burrow infilling. Conversely,

Hiantzschel (1975) also points out that while Planolites
.

does not exhibit true branching, intersEgrions are com-
— '

mon, which could be misinterpreted as branches.
The differentiation of these two forms must -

lie with the differences in the burrow-infilling.

Planolites, being actively infilled, displays an in-

filling distinctive from the rock matrix; Palaeophycus,
_
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being passively infilled, does not displéy‘a distinct.
‘ N o~

infilling. This difference agso-allows differentiation

on purely ethologicai_grounds: Planolites represents

a feeding burrow (fodinichnia); and Palaeosbycus rep-

" resents the locomotion trace (repichnia) of an lijaunal
organism.

-
-

~ Palaeophycus has been reported from strata

ranging in age from Pre-Cambrian to Recent (Hintzschel,
1875), and is commonly associated with the Cruziana
ichnofacies (Seilacher, 1967).

Originally, Palaeophycus was interpreted as fhe

stems of fucoids (Hall, 1847: Billings, 1862), an in-
terpretation whiéh was in fact still advocated as late
as Wilson (19485. James (1885) was the first to recog-
nize that it was in fact the burrow of a éediment-dwel-
ling organism, énd even compared them to recent anne-
14id trails. An alternate interpretation was given by
Wilckens (1947), who suggeéted that they may represent
fragments of worm tubes that were uprooted during-
storms. Osgood (1970) reviews the history of éhe
ichnogenus and interprets it as the unoréanized
pathways of infaunal errant organisms moving through
the sediment. He goes on to suggest that possible re-

" cent counterparts may include predaceous polychaetes

(e.g., Glycera), gastropods (e.g., Polynicesy, or

. A
certain pelecypods.

. x{ '
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iii)% Thorold Specimens .

Palaeonhycus SD.

(PL. 3-9, figs: 1- 3) IR

a) . Description : -
- ] |

Straight'to gently arcuate, horizontal bur;
rows, that can.be branched (P1. 3-9, fig. 1) or um-
branched (Pl. 3-9, fig. 2). Diameters range from 3
to 4 mm and lengths of up to 25 cm weJL observed. Al-

though dlstihct burrOW'marglns could be dlscerned the

walls appeared to be very. 1rregular Many specimens

displayed an elllptical cross-section thch suggests

——

that pe;haps the burrows had collapsed. Sediment in-
fill qu‘similar to the surrounding matrix. No dis-

tinctive ornamentation was discernible. Commonly pre-
served in convex hyporelief.

1) e .
«  b). Occurrence

’

Specimens of Palaeophycus are widespread in

the Thorold Sandstone. They wereifedorded'?rom vir-

T

‘tually. all the outcrops investigated with the eéxception

pH tRe sections at the Genesee Gorgé Lock‘oért.' Towﬁ_‘ i
Line Road, Nlagara Gorge, Niagara Glenn and DeCew

Falls. Generally associated with flne gralned sand-

stones and siltstones.

P).‘ Ichnogenus Planolltes Nlcholson 1873

Palaeouhycus Hall 1847 (Eartlm) p. 7; Osgood,
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1970 (partim); p. 373-376;

Chondrites sp. Salter, 1856, D. 246; Salter, 1866, -

p. 243, Text - f£ig. 1; Salter, 1881, p. 336,

. ' Text - fig. i. \ -

i

? Scolites—Salter, 1857 (EartinD; p. 204; Salter,
1866, p.-292, Pl. 12, fig. 2: Salter, 1881,
p. 485, P1. 12, fig 2; Hantzschel, 1965, p. 83.

Scoleicites Salter, 1873}_p. 2, 10: Hantzschel,
1965, p. 82. . : . ‘

. . ——
Planolites Nicholson, 1873, p. 289; Nicholson and

s . “ Hinde, 1875, p. 138-139; Nicholson, 1875, p.
' “J}' . &1-42; Nicholson, 1879, p. 319-320; Nicholson,

_18§5, p. 122-123; Nicholson and:Lfagkﬁer, 1889,
5. 482-48%; Miller, 1889, p. 520; Walcott,
1890, p. 34; Bassler, 1915, p. 982; Howell,
1943, p. 17-18; Hantzschel, 1962, p. W210;
‘Gekker and Usﬁgkov, 1962, p.- 72; Hantzschel,
1965, p. 72; Gregory..l969; p. 6; Frey, 1970,
p.-16; Heinberg, 1970, p. 230-231; Osgood, 1970
. (partim), p. 375-377; Chamberlain, 1971b, p.
225;-Youﬁé, 19?2? p-~ 14; Frey and Chowns, .
- 1972, P- 32-33; Chamberlain and Claﬁﬁ, 1673,
p. 679; Alpert, 1975, p. 512; Chamberlain,
1975, %. 1082; Hantzschel, 1975, p. W97-W97; ~
Hakes, 1976, p. 32; Pickerill, 1977, p. 6-7;
Curra; and Frey, 1977, p. 1&5~148; Crimes, et

A

~

- ~—

has
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al., 1977, p. 124] Roniewicz and Pienkowski,
1977, p. 277; ‘Ekdale, 1977, p..169; Pickerill,
et al., 1977, p. 264; Baldwin, 19772, p. 27;
Ekdale, 1978, ». 822; Ekdale and B’erger, 1978,
p: 273; Ireland, et al., 1978, p. 418.
Planulites Dawson, 1892, p. 29 (mlsspelllng)

Planotites. J. F. James, 1894 P. 135 (misspelling).

_ Planllltes Dawson, 1897, Text - fig. 11, p. 53

(misspelli ng)
?7 Montfortia Lebseconte, 1887. pf-?SZ 'non Recluz,
18437 .

Tvpe species - Planolites wvulgaris Nicholson,

1873, p. 289, by original describtiqﬁ:

i). ﬁescriptionm. - . _ .
Unilobate, ‘cylindrical ‘or sub-cylindrical in-
filled burrows that are straight to gently curved and
never branch. Usually more or less horizontal or ob-

lique to bedding planes. DlmenSLOns ‘highly variable,

diame ters range up, to 15 mm and lengths up to 5 cm.

ii) . Discussion

Nicholson (1573) erected the ichnogenus
Planolites to encompass unilobate, horizontal burrows
thcﬁ‘wére filled with sediment tﬁat had passed through
_ the animal's alimentary canal. For a discussion of

o

its relation to Palaeophycus, see the preceedlng ‘
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section. The piesence of a definite mucous wall lin-
ing, altered infilled sediment; and features indibativq
of an active filling process have led Frey (1970) and

= )
Bintzschel (1975) to conclude that it represents a

~

feeding burrow (fodinichnia). Burrows of this nature
have been recorded in rocks ranging in age from Pre-
Cambrian to Recent (Hantzschel, 1975). |
Planolites is a well-known f;cies-crqssink'
ichnofossil and has been recorded in sediments associ-

ated with the-Skolithos to Nereites ichnofacies

(Crimes, 1970b). In addition, Richter (1937) eretted

_ . an.ichnospecies (Planolites montamus) which is re-

stricted to non-marine deposits. Recently, Ekdale

(1977, 19785 and Ekdale and Bérger (1978) have recog-
nized Planolites in deep-sea cores ranging in agé from
Lower Cretéceous to Pliocene; some of which were re-
coveréd from depths in excess of 4,440 m. As a result,
Planolites has very 1ittlé value in paleobaéhymetric
determinations.

Although it is now widely accepted that Plano-
lites represents the-feeding burrogs (fodinfchnia) of
vermiform organisms (see Hantzschel, 1975), very little
has been done to pinpoint probable préducers. Curran
.and Frey (1977) suggest that Pleistocene samples from
North Carolina were probably produced by a number of

foraging polychaetes, such as Marphysa sanguinea and
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. Nerels succinea,in a wide range of sedlment types and

habitats (coherent. sands, muddy sands, sandy or shelly
offshore muds; protected beaches, tidal flats, shoals,
and point bars) Ekdale (1977) offers an alternate in-’
Earpretatlon for deepsea samples and suggests that
probable producers may ineclude infaunal, deposit-feeding
polychaetés or holothurians. It‘ﬁhould suffice, how-
ever, to indicate that a number of different organisms
are capable of producing ichnofossils similar to

Planolites.

i{ii). . Thorold Specimens

Planolites sp.

(P1. 3-8, figs. 1-2; Pl. 3-9, fig. &)

). Description

étraight to sinuous unilobafe bufrows, or-
iented parallel §o bedding plgnes. ﬁiameters range
from 3 to 5 mm.%ﬁéﬂare constant throughout the entire
length of the burrow. Lengths variable but structures
up to 7 cm in length were observed. No true branch-
ing was noticed; however, frequent Cross-overs have
been recognized (Pl. 3-8, fig. 1). Display circular
cross-sect¥ons and distinct burrow. walls. Sediment
infill, although structureless, d%ffers noticeably
from surrounding matrix. Aside from fa;nt longitudinéi

striations on some specimens, no ornamentation was
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observed. Preserved most commouly in convex hyporelief
but also in-concave epirelief and rarely_ in full relief.

~

b). ~Occurrence

Specimens of Planolites have been recorded from

'+ all Thorold outcrops, with the exception of the Nia-
gara Glen section. In sections east‘of the Balls ‘

<Falls area, however,_these horizontal burrows are not
cormpon. Prolific burrows were obégrved in most out-
crops of the Hamiltom area. Génerally associated with

fine-grained sandstone and siltstone beds.

Q. Ichnogenus Polvevliindrichnus Risk, Pemberton and
Fournier, 1979

(P. 3-10, figs. 1-3)

Type species - Polveylindrichnus concentricnus;

-

monotypic. The generic name is de;ived from its simi-

lar appearance to the ichnogenus Cvlindrichnus, its

budding nature, and the intermal structure of the hgi;‘

row infilling.

i). Diagnosis
A branching network of conical elements,
. which appear to bud from one another (Pl. 3-10, fig. ;j
2). The individual elements (Pl. 3-10, fig. 3) are
conical to subconical, curved and oriented from nearly

vertical to inclined to nearly horizontal to the bed-

ding. Apertures are circular to oval in cross-section



€1

94,

’ -

(Pl 3- Io, flg i} and vary £rom 6 to 15
meter . In transverse segp;on the 1nd1-' 1 elements
are comp\sed of conceutrlc bands (P1. 3-10, flg 1,
wlth a’ central ‘core from .l to 4 mm in diameter. The'
sedlment-lnflll;ls‘much flner-gralned than the host

rock and exhlbits coneentric laminatlon The burrow

network is lntrastratal and preserved in full-relief.
: ‘

ii). Distinguishing Characteristics

The systematic budding pattern illustrated in
Plate 3-10, figure 2 is the single most diagnostic fea-

ture. Specimen% in which this feature is lacking could

very easiiy be confused with the ichnogenus Cylindrich-

nus. -

iii). Similarity to Other Forms

Although the burrow complex is readily dif-
ferentiated from any other known form, it could be
confused with certain samplgs of the ichnogehera

Teichichnus Seilacher, 1955\(see Martinson, 1965, fig.

2, p. 212) and Trichophycus viller and Dver, 1878 (see
Seilacher and Meischner, 1964 flg 11, p. 614; and
Osgood, 1970, fig. 16 D. 349)

The name Teichichnus is applied to a wide

range of trace fossils, from straight retrusive septa
to sinuous and U-shaped forms, some of wifich lie ob-

liquely in the sediment (Chisholm, 1970).--It is

i
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generally conceded. that Teichichnus represents the

feeding burrows of various deposit—feeding organisms

.(Seilacher,'l955). Polycyliﬁdrichnus differs from

. . - -~
Teichichnus in that it does not possess the characteris-

"tic septate s:rucﬁures thét are associated with all
teiéhichnid forms (Seiiacher, 1955; Chisholm, 1970).
In addition: teichichnids never show any form of true
branching (Martinson, 1965).

Trichophycus wvenosum is a cylindrical gently U-

shaped burrow with a small number of vertically direc~-
ted secondary branches (Hantzschel, 1975). Seilacher
and Crimes (1969) have interpreted it as a feeding bur-
row probably made by small trilobites. It differs from

Polyeylindrichnus in that the branches do not taper

but remain isodiametric, and display striae radiating
from the midline on the ventral surface (Osgood, 1970).

In addition, the secondary branches of Trichophycus

remain bundled to the main cylinder for some distance
beyond the actual point of bifurcation (see Osgood,
1970, Pl. 68, fig. 1), in contrast to the branching

pattern exhibited by Polycylindrichnus.

As stated previously, the individual elements

bear a close resemblance to the ichnogenus Cylindrich-

nus (Toots, in Howard, 1966), and if encountered in
hand samples as a discrete element, it would be impos-

sible to distinguish between them. Cylindrichnus is
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an uncommon form originally described By Toots in Hdw—
agd (1966) from the Upper Cretaceous Mesaverde Forma-

tion of Wyomzng. Subsequently, the name Cylindrichnus

was used by Bandel (1967) for another unrelated trace
fossil. This led to some degree of confusion and later
investigators‘proposed new names for this form. Frey .

(1970) described Cylindrichnus from the Upper Cretaceous

-Fort Hays Limestone of Kansas and considered it to be

a form of the lchnogenus Asterasoma . Chamberlain and

Clark (1973) proposed the name Anemonlchnus for similar

. forms from the Lower Pemnsylvanian Manning Canyon Shale
of Utah. Ksiazkiewicz (1970) described a rather large
. form from the Upper Eocene of the Polish Carpethi;;s.
In order to clear up some of the confusion, Bandel

(1973) later renamed his Cylindrichnus form Margari-

tichnus and in the revised Treatise Hiantzschel (1975)

reestablished the name Cylindrichnus for the form

\
described by Toots in Howard (1966), and placed Ane~"

monichnus in synonymy with it.

Cylindrichnus is a subconical to conical form,

weakly curved and circular to oval in cross-section,
witF diameters of 10 to 20 mm. It possesses a central
" core and the exterior wall is composed of concenﬁric
layers. Orientation is from nearly horizontal to
vertical. Howard (1966) considered it to be a dwelling

burrow of a filter-feeding organism, while Chamberlain

e Tl Bed it
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. and Clark (1973) considered it to be a dwelling burrow

of an anemone. Polveylindrichnus varies from Cylin- - -

- drichnus in having the elements budding off from one

another (Pl. 3-10, figs. 2).

iv) . Occurrence
. f -

éare specimens of Polycylindrichnus were re-

corded from the Jolley Cut road section. Associated

with fine-grained sandstones and siltstomes.

" .R). Ichnoégnus Rhabdoglyphus Vassoevich, 1951

Rhabdoglyphus Vaséoevich,.lQSI, p. 61; Boucek and

‘Elias, 1962 (partim), p. 146; Ksiazkiewicz,
1970, p. 285-286; Vyalov, 1971, p. 90; Hantz-
schel, 1975, p. W99-W1lO0l.

non Rhabdoglyphus Vassoevich, Boucek and Elias,

1962 (partim), p. 46; Hantzschel, 1965, p. 75;
Hantzschel, 1966, p. 15; Osgood, 1970, p. 369
[= Fustiglyphus, Vyalov, 1971, p. 907].

"Rhabdoglyphen' Fuchs, 1895, p. 391,
~ .
Type species - Rhabdoglyphus grossheimi, by mono-

typy, Vassecvich, 1951, p. 6l.

i). Description

Cylindrical tubes with periodic well-defined
swellings, that are mot regularly spaced. Structure

may or may not branch.



’ " 1ii). Discussion

Rhabdoglyohus, although a rare form, has a com-

plex nomenclatural history which has recently been out-
lined by Hintzschel (1975). The form is closely related

to the ichnogenus Fustiglvphus (Vyal§v, 1971). It is

known only from Cretéceous to Tertiary flysch deposics
"(Vassoevich, 1951, Boucek and Elias., 1962; Ksiazkie-
wicz;'l970, qulov, 1971) ; however, similar forms (Fus-
tiglyphus), are ﬁnown ffom the Ordovician (Osgood, 1970).

Boucek and Elias (1962) pqstulated that forms

similar to Rhabdoglvphus may represent the activities
of a number of different organisms and compared it to
traces made by amphipods, gastropods (e.g., Bulla), and

-

holothurians (e.g., Leptosvnapta). Osgood (1970)pointed

out, however, that no reasons were given for such an
interpretation.o He considered the trace to be a
feeding burrow (fodinichnia) of an organism that bur-
rowed into a clay layer and then moved horizontally
along a clay-silt interface; the periodic knobs were
interpreted as responses to either peristaltic
constrictions and expansions, or the result of the
eversion of the proboscis. Ksiazkiewicz (1970)
postulated. a similar posé—depositional origin for

the ichnogenus, and considered it as a £eediﬁg burrow

mining at the clay-sand interface.
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iii). Thorold Speéimens

Rhabdoglybhus-sp.

(P1l. 3-8, fig. 5)

a). Description

A single specimen was found and tentatively

assigned to the little-known ichnogenus Rgzbdqglyphus.
Tt consists of a relatively long (up to 20 cm) hori-
zontal burrow whi;h displays a cylindrical cross-sec-
tion and regularly-spaced, invaginated "calyces.'" An
uniform width of &;mm was displayed along the entire
width of the burrow. The individual swellings (which'
numbered 13) were spaced at an interval of 1.5 &m;
this measurement was found to be relatively constant.
Although the figured specimen (Pl. 3-8, fig. 5) gives
the impression of branching, it could not be deter-

. mined if this represents true branching or 1is merely
a cross-over phenomenon. Preserved in convex hypo-

relief.

b). Remarks
The Thorold specimén, although quite a_bit
larger, is essentially similar to forms assigned to

the ichnogenus Rhabdoglyphus by Ksiezkiewicz (1970,

fig. 1,i) and Hantzschel (1975, fig. 61-3).
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¢). Occurrence

One specimen was recovered from the Jolley Cut
section, which was associated with a fine-grained sand-

stone.

-

S). Ichnogenus Rusophycus Hall 1852

Rusophycus Hall, 1853 (g artim), p. 23; Dawson,
1864, p. 363-367; Nathorst 1881, p. 333 J.

F. James, 1885 (gartlm), p. 153-155; Miller,
| 1889, p. 138; Dawson, 1890, p. 599; Bassler,
1915, P 1132; Andrews, 1955, p. 230; Seilacher,
1959, p. 292-293; Hantzschel, 1962 p. W21l2-
W21l4: Radwanski and Roniewicz, 1963, p. 265-
'267. Hantzschel, 1965, p. 80; Kegel, 1965,
5. 1-11; Osgood, 1970, p. 301-305; Crimes,

~

1970a, p. 53-57; Crimes, 1970b, p. 114-116,

119-124: Andrews, 1970, p. 187; Bergstrom, 1970,

p. 37-40; Scintos and Campanha, 1970, p. 742;
Birkemmajer and Brunton, 1971, p. 303-313, 318;
Young, 1972, p. 14 ; Hintzschel, 1975, p. W1Ol-
W102; Osgood and Dremman, 1975, p. 311-312;
Crimes, 1975a, p. 37-41; Crimes, 1975b, p. 34-
35; Hakeg,_l976, D. 32-33; Bexrgstrom, 1976,
p.. 1623-1624; Alpert, 1876, p. 227-233;
Pickerill, 1977, p. 3-4; Crimes, et al., 1977,
" p. 105; Gutschick and Rodriguez,.l977, p. 203;

i
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Ealdwin, 1977a, p. 25-26; Martino and Zapecza,
1978, p. 185-188.
Rhysophycus Eichwald, 1880, p. 54 (non viso);

Linnersson, 1869, p. 403-405; Schimper and
" Schenk, 1885, p. 54; Lessertisseur, 1955, p.
| 44-47; Hantzschel, 1965, p. 79; Gubler, 1966,
p. 155. |

Rhyssoﬁgycus Goeppert, 1860, p. 434; Hantzschel,

1565, p. 79; Andrews, 1970, p. 186.
Rusichnites Dawson, 1864, p: 367; Dawson,71873,

p. 18; Miller, 1889, p. 566; Dawson, 1850,
p. 595-596; Hintzschel, 1965, p. 80.

Russichnites Bomney, 1903, p. 290 (misspelling).

Rysophycus Tromelin and Lebesconte, 1876, p. 627;

' Lebesconte, 1883, p. 466-472; Hantzschel, 1965,
p. 81l.

Rhizoohycus Peneau, 1946, p. 88; Hantzschel, 1965, .
p. 79.

Cruziana d'Orbigny, J. F. James, 1885 (partim),
p. 154-157; Seilacher, 1970 (partim), p. 454-
456.

Type species - Rusophycus clavatus Hall, 1852,
p. 23; subsequent designation by S. A. Miller,
1889, p. 138.



i). Descriptlon

Short, bilobate forms resembllng the shana
of coffee beans and exhlbltxng an elllptlcal outllne.
The lobes are tran;vgrsely wrinkled by anterqlaterally

directed coarse to fine straiae; and a medial furrow

is present. Dimensions are highly variable but generally

-

the width is ‘equal to one-half to twoathirdj the Tength.-

ii). Discussion

Osgood (1970) regardsfRusophycus'as.perhaps
the most famous of ail ichnofoséils.' Its relatiionship
with Cruziana has previously been discpssed} Ruso-

phycus has been interpreted as a;resting trace (cubich-

‘mia) of trilobitescm-other trilobite-like arthropods

L

(Osgood, 1970). Sellacher (1960) however, points out

that not éll short, bllobate Rusovhycus -like traces

are the result of trilobite activities. He suggests
that organisms such as the modern pblychaete Aphrodite
and some gastropods (e.g., Bullia) are capable of pro-

ducing similar traces.

iii). Thorold -Speaimens

i

Rusophycus sp.

(P1. 3-8, figs. 3-4)

a). .Description

Bilobate traces in which indiwvidual lobes

are separated by a shallow groove and are ornamented

R St
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with éransvefse.to-oblique striations (or scratch ]
marks). Entire trace varies from 3 t6 5 ﬁ;'in width
and from 1 to 2.5 cm in 1engthi striations axe spaced

approx{hétely 1 mm apart. -The lobes taper posteriorly

- and display an elliptical cross-section. The trace was

consiétently preserved in convex hyporelief. -

b). Occurrence

Specimens of Rusophycus were recbrded fromisgi:_

Flock Road,'Jolley Cut, 403, ,Webster Falls, Sydenham
Road, Rock Chapel Falls and Clapvison Cormers sectiomns.
Generally associated with fine-grained sandstones and

siltstones. ! ' :

T). Ichnogenus Scalarituba Weller, 1899

Scalarituba Wellexr, 1899, p. 12; Bransom, 1938,

p. l4-15; Henmbest, 1960, p. 383; Hantzschel,
1962, p. WélS; Hantzschel, 1965, p. 82; Bran-
son, 1966, p. 236; Conkin and.Conkin, 1968,

p. 3-4; Rodriguez and Gutschick, 1970, p. 419-
420; Chamberlain, 1971b, p. 228-229; Chamber-
lain and Clark, 1972, p. 678; Hantzschel, 1975,
o. Wid3-W106; Hakes, 1976, p. 83; Pickerill,
et g;.,f}977, p. 244-246.

Type species - Scalarituba missouriensis, Weller,

1899, p. 12, by monotypy.
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i). Description *

Sub cyllndrlcal sinuous burrows usually or-

 iented parallel or obllque to a bedding plane Com-

monly from 2 to 10 mm in width and with lengths of up
to 15 cm. Marked by transverse scalariform rlqges

that are situated at average distances of 2 to 3 mm.

ii). Discussion : ’

Scalarituba is a horizontal ichnogenus that

. has been interpreted as the feeding burrow (fodinchnia)

of a sediment-eating worm or worm-like organism (Hen-

"best, 1960; Conkin and Conkin, 1968; Chamberlain,

1971b). The transverse partitioms results from the

brganism episodically back-£filling the burrow (Seil-

_acher and Meischner, 1965; Conkin and Conkin, 1968) .

The ichnogenus has been recorded in rocks ranging in
age Irom Ordoviecian to Permian (Hantzschel, 1975).

Scarlarituba displays a wide range of facies

‘tolerances and has been reported from the Cruzizana,

'Zooghzcos and Nereites ichnofacies by Seilacher (1964);

the Zooghzcos ichnofacies by Seilacher and Meischner
(1964). and'Chamberlaln (197lb) as well as from tidal
flat to shallow subtidal environments by Henbest

(1560), Conkin and Conkin (1968) and Hakes (1976).

iii). Thorold Specimens

Scalarituba sp. (Pl. 3-11, fig. &)




"a): Description

Sinuous,
6 m in width -and
magnitude and diregtion of the\cﬁrving is nét constant
in any one specimen. The'bgrrow displays transverse
scalariform fidgeﬁ_t at are spaéed.approxiﬁately 1l to
1.5 om a@aré. Thés ridges, altpoughmun:conspicuous,
may be detected by éhgir.slightly diffeféqt colour,
which Welier (1899) atiributed to the reducing condi- -

‘tions which existed in the digestive tract of the worm

during life. Preserved in concave epirelief.

b). Occurgence

Specimens of Scalarituba were recorded from the

403, Sydenham Road and Clappison Cormers sections.

Generally associated with shales and siltstones.

U). Ichnogenus Skolithos Haldemann, 1840

For complete details on the nomenclature,
description, and discussion of the ichnogenus Skolithos,

see Chapter 5.

i). Thorold Specimens

Skolithos sp.
(Pl. 3-9, figs. 5-6; Pl. 3-10, figs. &4-5)

a). Description

Simple vertical burrow which displays a cir-

cular cross-section. Diameters are quite variable,



06 . o
ranéing from 1 td:S mm. In most samples;‘theﬁdépth of "f’ﬂ\m\\\ ;
penetration was difficult to discern; Bqtli?m% sggei_.' 5 i
mens were up.to 3 cm long. Burrow oriemtationm was .from
vertical (Pl. 3-9, figs. 5, 6) to ;nclined (PlL. 3-10, | . ‘4\\?
fig. 5). No ornamentatioﬁ on the outer burrow wall {
was_observed and nc internal st:ucturesfcould be dis-
cerned. Although commonly preser§ea“in full-relief,

many samples were found-in convex epirelief.

-

b) . Remarks

Detailed examinations of S.E.M. microgéaphs
iﬁdicgté that a presé}véd burrow lining may be present
FPl.‘B-lO, fig. 4). The structure is somewhat en-
rolled, linear; and situated along the burrow margin.
Moderm soff bodied organisms utilize organic linings

to strengthen the burrow wall (see Schéfer}\1972; and there
exist numerous accowmnts of wall linings associated with
different ichnogeﬁera including Skolithos (Frey, 1971;
Goodwin and Anderson, 1974; among others). Well-
preserved linings, however, are rare and as a result
very little is known about their characteristics.

In most cases, modern organisms use organic
compounds (mainly mucro-proteins) in constructing
burrow lipings. When such organic compounds are
incorpor;ted into a sediment, microbes immediately
begin to utilize them as a source of carbon and

energy (Koﬁonova, 1966; Martin and Haider, 1971). In
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modern sediments, gicrobial populations are most abun-
dént-along the éediment-wéter incerfaéé corresponding
to h%gh concentrations of incorporated organic matter
(Zobell, 1946; Oppenheimer, 1960). The bacterial decom-
position of these organic Substanées“results in 2 num-
ber of refactory compounds which include various humic
and fulvic acids (Zhukova and Eedospv; 1963; Komonova,
1966; Martin and Haider, 1971); polysaccharides (Par-
sons and Tinsley,71961)1_amino acids (Rictenbﬁfg, et
al., 1963; Degens, et al., 1964; Emery, et al., 1964);
and.guinone groups (Flaig, 1960, 19665; among others.
Such groups are known to react with certazin di- and
tri-valent metals which results in rendering insoluble
metals soluble (for complete détails, seeg?ashid. 1969,
1971, 1972a, b, ¢; and Rashid and King, 1969, 1970).
These.complexes,can then be mebilized and subsequently
reprecipitated, creating zones of enrichment. 1In
modern undisturbed sediments, however, these groups
generally decrease in abundance with increasing sedi-
ment depth (Rittenberg, et al., 1963). This may be
related to the similar distribution pattern exhibited
by marine bacteria (Zhukova and Fedosov, 1963).

In most cases, oOpen burrow systems represent
an extension of the sediment-water interface and

thus serve to increase the reaction surface available

for microbial decomposition (Aller and Yirgst. 1978) .

~



' 108 : |
Organic wall linings would therefore be sﬁbjected to

the same decomposition processes. In z recent study

Aller and Yingst (1978) investigated the geochemistry -
of the wall lining of the burrowing terebellid poly-

chaete Amphitrite ormata. They found that these lin-

ings displayed high concentrations of Mn, Zn and Fe, .

which they attributed to the intemse decomposition pro-

cesses in the burrow wall which mobilized and concen-

trated them along. the inner burrow wall. ) -
Preliminary §tudies on the well-preserved bur-

TOW iining;.of the Thorold Skolithos specimeﬂs indicate

a similar reaction. Samples of Skolithos which dis-

played well-preserved burrow linings were subjecte&-

to a Kevex X-ray energy dispersive analyzer in order

to gain some informatiom on the contained elemental

distribution. Although by no means absolute, the

Kevex does give reliable indications of relative abun-

dances. A spot analysis was conducted outside the

burrow wall, gi the burrow wall, and inside the burrow

wall. It was found that two rri-valent metals, Fe and

Al, seemed to be greatly enriched along the burrow

wall (Table 3-1). More detailed research on the dis-

P

cribution of metals in relation to these burrow linings

is presently underway.

%



Table 3-1. Preliminary results of elemental abundances in

relation to burrow linings in Skolithos sp.
burrows from the Jolley Cut section of the

Centroid: number on energy spectrum
indicates the particular element. ’

2Area: total number of counts within
limits,

-

X . . Thorold Sandstone (0 = outside burrow; L =
S ) burrow lining). '
Burrow Number Station Centroid* Are32 Element
74-;;ﬁ;; 0y o 1.45 262.79 Al
_ 3.32 162.58 K
: 5.92 31.49 Mn
| 16.39 257.65 Fe.
74-124 S _1.48 1984.0L AT
3.32 1889.47 K
) 5.78 ©390.42 Mn
6.40 1507.02 Fe
75-39 05 1.42 905.5 Al
| 3.43 266.41 K
6.42 21.75  Fe
75-39 ~  Lg 1.47 . 4359.77 ‘Al
3.31 7673.97 K
6.40 871.25  Fe
1

chart which

‘the peak

e e e ————————— o oty s TR
- .
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¢). Occurrence

Abundant specimens.’of Skolithos were observed
at all outcrops west of and 1nclud1ng DeCew Falls. No
samples were recorded from the New York sections.

Generally associated with flne-gralned sandstonQSﬁr

- -~

V). Ichnogenus Teichichnus Seilacher, 1955

Teichichnu§~5eilecher, 1955, p. 378; Seilacher,

1956, p. 164; Seilacher, 1957, p. 203-204; Mul-
ler, 1959, p. 244; Hintzschel, 1962, p. W218;
Hintzschel, 1965, p. 91-92; Martinsson, 1965,
i P 211-219; Doughty, 1965, p. 147-148; Howard,
| 1966, p. 4l; Frey, 1970, p. 17-18; Heinberg,
-u-?,f” 1970, p. 231-232; Chisholmt_lQ?O, p. 32-47;
) Warme; et al., 1973, p. 815; Chamberlain, 1975a,
p. 1084; Hintzschel, 1975, p. Wll4;: Hakes, 1976,
p. 34;- Bergstrom, 1976, p. 1630; Pickerill,
1977, p. 7; Crimes, et al., 1977, p. 126; Ek-
dale, 1977, p. \20; Baldwin, 1977a, p. 29-30;
Ekdale and Berger, 1978, p. 275.

? Teichichnus sp. Frey, 1970, p. 1748; Frey and How-'

ard, 1970, p. 160.
-

Type species - Teichichnus rectus, Seilacher, 1955,

@, 378; by monotypy. p

i). Description

Blade-like spreiten structures, formed by a

series of long horizontal burrows stacked vertical to

o e e e o it el kA e T T
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the bedding. The wall—shaped-laminar body is straight
to slightly sinuous and does not generally branch.
Spreite cormonly retrusive but can also be protrusive.

" Dimensions variable, commonly up to 50 em long and 10

cm or more high.

ii). Discussion

Teichichnus is a well-known ichnofossil erected

by Seilacher (1953) to encompass blade-1like spreiten .
structures. Martinsson (1965) pointed out thét thé
system was the result of a digging action in the sedi-
ment and the resultin spfeiten could be either pro-

trusive or retrusive/ in form. Teichichnus has been ob- )

served to be related) to a number of other ichnogenera

resulting in some confusion regarding its identity.

Chisholm (1970) observed Teichichnus grading into

Rhizocorallium, -in the Lower Carboniferous of Scotland.

Similar observations were reported by Sellwood(i970),
who stated that a limb of a vertically retrusive Rhizo-

corallium could be mistaken for Teichichnus. Hestor

and Pryor (1972) observed tunnels of Ophiomorpha grad-

ing into Teichichnus-like structures. Teichichnus is

also ofgen confused with the ichnogenus Phycodes,
another spreiten-bearing ichnofossil (for details, see
Hiantzschel and Reineck, 1968, p. 26). _ -

Although Teichichnus has been recorded in

rocks ranging in age from Lower Cambrian to Tertiary
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(Hantzschel, 1975), it 1is Rfobably even more prolific.

112

The nature of Teiqhichnus makes it a hard ichnofossil
to identify. There is usuaily ﬁo tube associated
witﬁ the spreiten-structure, except in areas where

the burrow branches upwards and intersects a bedding
plane, resulting in a circular burrdw opening. There-
fore, in manyhcééés, the burtow is reflected as merely
an alteration of sediment grains and not as a distinct
structure. = -

Teichichnus is a well-known facies-crossing

ichnofossil and has been found in the Cruziana, Zo-

ophycos, and Nereites ichnofacies (Ekdale, 1977). In

"fact, Ekdale and Berger (1978) Have observed Teichich-

nus in deep-sea cores from depths in excess of 1,500 m.
As a result, it has little value as a paleobathymetric
indicator. It is, however, almost always assocfated
with finer-grained sediments, such as siltstones and

shales (Seilacher, 1955).

The characteristics of Teicb}c?nus led Seil-
acher (1957) to suggest‘tﬁat it probably represents
a feeding burrow (fodinichnia) produced by a number
of diffgrent organism groups.A Seilacher (1957) poin-
ted out that comparagle structures were produced by

the recent polychaete Nereis diversicolor. Martins-

son (1965) observed that the base of many teichichnids

displays a noticeable bilateral symmetry, which led
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him to postulate an arthropod origin for them. Ekdale C -
(1977), studying deep-sea samples, suggested that

‘Teichichnus was a shallow burrow that migrated up- .

wards in response to increased sedimentation. The
spreiten-~structure resulted from the oréanism repeat-
edly moving back and forth in the same vertical plane,
probing the sediment for food. These observations led
him to intefpret itfés é dwelling-féediﬁg burrow, per-

haps of annelid- or crustacean origin.

iii) . Thorold specimens

Teichichnus sp. /’ |

(P1. 3-11, figs. 1-3) ’

a). Description 1

A rather igﬁistinct form of Teichichnus was

discerned in the siltstone beds of the Thorold. It

/ consists of an unbranched, blade-like structure formed
by the vertical upward migration of the burrow. This
upward displacement is expressed by a retrusive spre-
ite orientation. The entiré structure is 10 to 15 ﬁm
in width and up to & cm in height. The lengfhicould
not be:determined because of sedimentary overbirden.
One slabed section (courtsey of D. ‘Craig) displays the

horizontal projection of the spreite-layers. -
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5)._ Occurrence

-

Rare samples of Teichichnus were recorded from .
N\

the Jolley Cut, 403, Sydenham Réad and Clappison Cor- -

ners outcrops. Specimens generally associated with'
fine-grained siltstones.

— .
W). Problematical Forms

i). Gordia sp.

(P1. 3-12, fig. 5)
e

,/—ﬁ’j;). Description '

Long, thinijporizonfél burrows, straight to.
= D

arcuate to sinuvous iameters are very small, less

‘than 1 mm, but appear to remain congtant in & one

ly cross one another. Preserved in convex hyporelief."

b). Remarks
Originally described by Emgmons (1844, p. 24),
Gordia is also guently refer. d to by its synonomy

Palaeochorda.

e Thorold specimens are similar to
the ones figures by Hintzschel (1975, fig. 39, la, 1b).
Since the preservation is poor, am exact determinaﬁion
could not be made. |

| Gordia has been interpreted as a feeding

structure (fodinichnia) of a worm-like organism
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(Hintzscégl, 1975). Emmons (1844) rem#rked on its
_close resemblance to the structures péoduced by the
modern hair-ﬁorm, Gordits, hence the ichnogeneric
derivation. Specimens range in age from the Pre-'
Cambrian ﬁo the recent and no ichnofaéies restrictions

~

have been noted (Hantzschel, 1975).

¢) . ~ Occurrence

Rare specimeirs of ? Gordia were recorded from
- the Jolley Cut, Websters‘?al}sland Sydenham Road sec-
tions. Generally associated with fine-grained sand-

stones and siltstones.

I3

ii). ? Caprionichnus sp.

(Pl. 3-12, fig. 3)

a). Description

Horizontal burrow system consisting of diver-
gent pairs of burrows arranged in a linear chevron-
like pattern joined to a central, common finearpurrowf
The entire structure is 7.6 cm in length and 5.4 cm
in width. The centrak burrow is 5 mm wide, side
‘branches are 3 to & mm in width and up to 4 cm in
length. The angle between the paired burrows was
approximately 64 degrees. The Thorold sample dis-

plhye& 3 paired burrows and was preserved in concave

epirelief.
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- b) ., Remarks

Caprionichnus is a newly described ichnogenus

from the Ordovician of southern Norway (Harland, 1978)r
Although‘the _poor preservation of the Thorold struec-
ture ‘limits an exact ldentlflcatlon it does resemble

s

Caprlonlchnus : -

Harland (1978) attrlbutes Caprlonlchnus to

“the feeding activities of an infaumal organism (simi- \\\—//)

lar in nature to the producer of a Chondrites burrow

system). The animal inhabited the central shaft and
the palred branched structures represent feeding
probes. Although Harland (1978) does not give any
paleoenVLronmental lnformatlon en the rocks containing.

Caprionichnus, it was found in a silty mudstone bed

which was part of a transgrﬂgste sequence.

c). Occurrence

A srngle specimen of °-Caprlon1chnus was re-

covered from tq' Sydenham Road section, assocmated

wrth a siltstone layer. -

iii). Form C: ? Scolicia sp.
(Pl. 3-6, fig. 4)

)

a). Description

Rather indistinctive horizontal ribbon-like

-

# trail approximately 5 cm in length. Trail comsists

of a medial depression 1 mm in length surrounded by a

\
-
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zone of disturbance which exhibits_transﬁerse stria--
-tions. The entire trail is 3.5 to 4 mm in width. Pre-.

served as a concave epirelief. .

b ] -

b). Remarks T . .

A single speciﬁen‘was located which_is similar.
to theﬁfo:m—ichnogeﬁus Scolicia. Hantzschel (1975) )
states that the ichnogenus ranges in aée from Cambrianyf//
to Recent and.;hows a wide facies range (commoniy fouéd
in the Nereites and Cruzianma ichnofacies). Although ‘
Scolicia eﬁcompasses a wide range of morphological

variations, it is considered to be the feeding trail

of burrdy?ng'gaétropods (Edntzschel, 19753).
|

¢). Occurrence 1

A single sample of ? Scolicia was recovered
from the Sydenham Road section, associated with a

siltstone layer.

iv). Form D: ? Trichophycus

(P1. 3-12, fig. &)

a). Description

Straighthto gently curved horizontal burrows

ornamented with distinct longitudinal striations
(Pl. 3-12,.fig. 4). Specimens vary from 3 to 4 mm in
diameter and display infrequent branching and a cir-

cular. cross-section. The diameter of the branches is
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more or-less equal po't@at‘of the main burrow. Burrow
terminaéions_are uptﬁrngd, giviqg the impression that
tﬁe burrow continues diagonally into the substrate.
Some specimens display irregularly spaced trausverse

constrictions. Preserved as convex hyporelief.

b). Remarks
The Thorold specimens are very similar to forms

assigned to the ichnogenus Trichophvcus by Frey and

Chowns (1972, Species A, E;. 3, C, D, G; PL. 5I) from
the Silurian Red Mountain Formation of Georgia. They
point out thét although similar, the trace does not
"closély resemble any prgviOusly’known species of Tri-
cophycus, hencé the tentative assignment. .

- S
Trichophycus has been interpreted to be a dwel-

ling or a combined feeding—dﬁglling burrow of an arthro-
pod, possibly a trilobite (Seilacher and Crimes, 1969)
or a polychaete (Osgood, 1970). Hantzschel (1975)

states that Trichophycus seems to be restricted to

Ordovician stratax however, Silurian samples are known
(Frey and Chowns: 1972): Since many samples have been
associated wifﬁ other trilobite ichqogenera, Tricho-
phycus is commonly found in the Cruziana ichnofacies

(Frey and Chowns, 1972). -
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¢). Occurrence

A number of fragméntary.samples-of ?. Trichophy-
cus were recovered ffbm the Jolley Cut, 403, and Syden-
ham Road sections. Generally associated with fine--

grained sandstones and siltstones.

v). Echiurcid Traces

C(Pl. 3-12, fig. 1)

a). Description

A number of enigmatic ichnofossils were de-
scribed by Risk (1973) £from the T?orbld Sandstone.
Théy are fan-shaped (Pl. 3-12, fig. 1), occurring in
an imbricated series radiating from a focal area, in
which there is a &epression possibly representing a
vertical burrow. The fesulting fan can be either nar-
row or full circle, and in places symﬁetry is developed
on either side of the chus (Risk, 1973). The ichno-
fossils awerage 5 cm in length and 3 em in width.
X-ray radiography by Risk (1973) revealed definite
burrow structures continuing downward from the focus
of the fan and penetrations in excess of 6 cm were ob-

served.

b). Remarks

Risk (1973) attributed these ichnofossils to

the grazing activities of echiuroids and, if correct,

this interpretation would represent the first -
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description-of fossil echiujoid feeding traces, and

_the oldest occurrence of echiuroids in the fossil rec-

ord. Actual body fossils of echiuroids have now been
recently described from the Middle Pennsylvanian Francis
Creek Shale, of noréheastern Illinois kJones and Thomp-
son, 1977). The downward trending burrow, at ghe focus,
represents the dwelling (domichnia) burrow, of the or-
ganis;; and the fan-shaped traces represent grazing
trails (passichnia) left.by a protrusiﬁle‘element

(Risk, 1973)_ This protrusible element was interpreted
by Risk (1973) to be a single, unbranched organ, most
likely a palp or proboscis. Comparative work pointed
out the similarity of the érace to those left by the

modern echiuroid Listriolobus pelodes.

VOf ﬁart}cular interest is the envirommental im-
plication of this ichnpfossil, if it is indeed the
result of the activities of echiuroids. Although mod-
ern echiuroids are found in a wide depth range (inter-
tidal to depths in excess of 10,000 meters), they are
exclﬁsively marine organisms which are stehohaline
(see Risk, 1973). As such, they are not frequently
found in shallow water environments that are subject

to periodic freshwater influxes (see Risk, 1973).

c). Occurrence

Several samples of-.this enigmatic ichnofossil
were recorded from the 403, Sydenham Road, and Clappil-

son Corners sections.
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Explanation of Plate 3-1

Arthrophycus sp. from Balls Falls section,

scale bar equals 2 cm. ..

Arthrophycus sp. from Balls Falls section,
displaying distinet interpenetrations and

cross-overs. Scale bar eguals 1 cm.

Arthrophycus sp. from Balls Falls sectionm,

displaying distinct branching. Note faint
longitudinal depression rﬁnning along the

length of some specimens. Scale bar equals

"1 em.

Arthrophycus sp. S.E.M. micrograph showing

distinct lining situated at the burrow wall.

Material at the top right of the photo-'

graph is found in the burrow, X220.

1
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Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.
Fig. 2.
Fig. 6.
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~Explanation'of Plate 3-2

Arenicolites sp. from the Jolley Cut section.

Scale bar equals 1 cm.

Bifungites sp. from the Jolley Cut_ section.

Note.similarity to Diplocraterion.

Cruziana sp. from the 403 section, centimeter

scale.

Cruziana sp. from the 403 section, centimeter

‘scale. |

Cruziana sp. from the Jolley Cut sectionm.

Scale bar equals 1 cm.

Arthrophycus sp. S.E.M. micrograph showing the

distinct branching pattern. X50.
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Explanation of Plate 3-3

Fig. 1. " Chondrites ép. from the Sydenham Roéd sec-

tion, XL. ) B -

Figs. 2-4, Diplocraterion sp. (2) from the Jolley Cut

section, typical preservation, XI; (3)
large burrow termination from the DeCew
Falls section, scale bar equals % cm; (&)
specimensrfrom the Jolley Cut section, note

"that the specimens display no preferred

orientation; scale bar equals 1 cm. : ‘ '

Fig. 5. Fucusopsis sp. from the Jolley Cut section,

note distinct longitudinal striations, X2.
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Explanation of Plate 3-4

Daedalus sp. (1) £ull relief burrow system

from the Genesee Gorge section, which rep-

resents the final dwelling structure of the’

organism, x 1; (2) termiﬁation of the J-
shaped dwelling burrow, from the Genessee .

Gorge section, x 1; '(3) complex blade of

spreiten which radgﬁtgg;fzgm the main dwel-

ling burrow, note similarity to Diplocra-
terion, scale bar equals 1 ecm; (4) stacked
arrangement of spreiten,” from the Medina

section, pen for scale.
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Explanation of Plate 3;5

Dolopichnus sp..B (1) longitudinal section

of two bpz::fi%from.the DeCew Falls outcrop, |
lens cap scale; (2) longitudinal section

of burrow from DeCew Falls, note semi-cir-
cular termination, lens cap for scale; (3)
transverse section of burrows shown in fig.

2, lens cap for scale.

Dolopichnus sp. A. Transverse section of

burrows from the Jolley Cut outecrop, arrow
points to central living chamber, scale bar

equals 1 cm.
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Explanation of Plate 3-6

Figs. 1-3. "Lobichnus sp. (1) from the Jolley cut sec-

Fig. 4.

" tion, ,mote similarity to inorgamic rill

mar ,-scale bar eqﬁals 1 cm; (5) from the
Jolléy Cut éection, note iarge central shaft
which seems to terminate at- what appears to
be a vertical openiﬁg, scalé bar equais X
cm; (3) plan view of burrow system which may
be inorganic, scale bér equals % cm.

7

? Scolicia sp. horizontal, trilobed trail from

the Sydenham Road section, scale bar equals

.%m- : ,’
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Explanation of Plate 3-7

Fig. 1. Incisifex sp. long horizontal trackwaﬁ from

the 403 section, scale bar equals 2 cm.

Figs. 2-3. Lingula clintoni. (2) in situ specimen of.

L. clintoni from the Jolley Cut section,

;cale bar equals % cm; 63) numerous shells
of L. clintoni from the Jolley Cut section,
note -that the shells are well-preserved and

intact, scale bar equals 1 cm.

Fig. 4. Lingulichnus sp. from the Jolley Cut sec-

tion, note the distinctive bi-symmetrical

shape of the burrow, transverse view, X1.

Fig. 5. Monomorphichnus sp. from the 403 section,

X1,
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Explanation of Plate 3-8 .

Figs. 1-2. Planolites sp. (1) épecimen from the 403

section showing frequent cross-owvers, cm
. scale; (2) straight to slightly sinuous sam-

ple from the Sydeﬁham Road section, cm scale.

<

Figs. 3-4. Rusophycus sp. (3) small specimen from Clap-

pison .Corner section, cm scale; (4) well-
developed specimen from Sydenham Road section,

x1.

-

Fig. 5. Rhabdoglyphus sp. from the Jolley Cut Road

section, note distinct invaginated calyces,

cm scale (specimen courtesy of D. Kobluk).
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Explanation of Plate 3-9

Figs. 1-3." Palaeophycus sp. (1) well developed speci-

men from Sydenham‘Road section displaying

frequent branchings, transverse view, scale
bar equals 1 cm; (2) straight specimen from
403 section displaying collapsed strucfure,
transverse view, scale bar equals 3 cm; (3)
aumerous straighﬁ to arcuate specimens dis-
pla&ing branching, from the Jolley Cut sec-

tion, scale bar equals 1 cm.

Fig. &. Planolites sp. strongly curved specimeny from

Clappison Corner section, scale bar equals

¢
1 cm.

Figs. 5-6. Skolithos sp. from the Jolley Cut section;
(5) longitudinal view showing open burrow,
scale bar equals % cm; (6) infilled speci-

men, x 2.
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Figs. 1-3.

Figs. &-5.
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Explanation of Plate 3-10

Polycylindriéhnus sp. (1) transverse view

showing burrow aperture, arrow points to
concerntric nature of the infill, x2; (2)
longitudirtal view showing the nature of the
branching,:cZ} 3 longitudinal view of one

branch, note the similarity to Cylindrich-

nus, x2. All specimens from the Jolley Cut

section.

p——— e
~—

>
Skolithos sp. (4) S.E.M. micrograph of pre-

served lining x 200; (5) inclined specimen
from the Sydenham Road cut, scale bar equals.

¥ om.
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Figs. 1-3.

Fig. 4.
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Explanation pf Plate 3-11

Teichichnus sp. (1) cut section of specimen

showing the alignment of graims, x 2,
(photo courtesy of D. Craig); (2) full re-
lief specimen from the Jolley Cut section,
x .75, (photo courtesf.of D. Créig); (3
blaﬁ view of bedding plane specimen, note
the well-developed spreiten strucgure, from
the Syvdenham Road section, scale‘gar equals

1 ecm.

Scalarituba sp. from the Sydenham Road sec- .

tion, scale bar equals 1 cm.

!
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Fig.

Fig.

Fig.

Fig.
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. . Explanation of Plate 3-12

Echiurcid feeding trace, from Sydenham Road
section, probable burrows are located at
apex of fan-shaped trace (courtesy of Dr. M.

Risk) . Scale bar equals 1 cm.
o - )
Feeding trace of Listriolobus pelodes (cour-

tesy of Dr. M. Risk). Scale bar equals 1 em.

- e

? Caprionichnus sp. from the Sydenham Road

. .R
section, dime for scale.

?° Trichophycus sp. from the Sydenﬁam Road

section, note the distinct horizontal stri-

ations, x 2.

? Gorxdia sﬁ. from the Sydenham Road section,

——

note cross-overs, scale bar equals 1 cm.
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CHAPTER 4 S T

‘Thorold,Ichnofo;sil'Distrihutions

4-1. 'Thé Tﬁorold Ichnofossil Suite

L~ The Thorold Sapdétone exhibits a varied an& dense
ichnpfossil assemblage G%ich;is-indicatiye-of both soft-
bodied andlahelled organ;smsl that are not‘reptasente
(in most;;aéés) by actual body remains. Although Qighl
problematical each ichnogenus can be attributed to ax_ .
partlcular animal group and ethologlcﬁl category
(Table 4- l) Analyszs of these data indicates that far
from belng the unfossmhferous unit as prev1ously thought,
the Thorold Sandstone contalns structures resultzng from
the actzvztles of trlbolltes , ?coelenterates, ?gastro-
'pods, ?arthropqu, 1nart1cu1ate trachiopods, and anne-
lids (or other similar worm-like groups).
. These lchnof0331ls represent a number of dif-
ferent ethologlcal grouos and can be c1a351f1ed accord-
ing to Seilacher's (1953a) behay;oural scheme as dwel-'
liAg_bu;rows (domichnia), feeding burrows (fodinichnia),
‘grazing traces.(passiéhnia){ erawling traces (repich-
nia), and testing traces.(cubithnia) Furthermore, ,
fdlfferent feeding strategles can also be dlfferentlated '

-~ .The Thorold 1chnocoenoses contains structures repre-

!
gentzng filter-f@eders, deposit feeders, and carnivores
. ) ‘ ‘a_ .
(sea Table-_ 1) 145
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_ Such information is extremely valuable in the
interpretaﬁion of the variations in the distribufion of _-
specific ichnogenera and ichnoféssil éssemblages. Since
iéhnofossils are inherently linked to the physical pro—‘
- perties of the sediment any distributional change in
them will ultimately cofrespond to fluctuations in the

-~

physical characteristics of the depositional regime.

4-2. Distribution of Thorold Ichmofossils | | -

"A). Regional distribution

Ichnofqésils were encountered in virtually every

‘Thorold outcrop studied, with the exceéption of the
Niagara Glenn section (N.G.). Table 4-2 summarizes

the occurrence of specific ichnogenera in each outcrop
investigated and indicates their relative abundances.
Only specimens which could be reliably identified wére
recorded and their abundance was esfimated in respect

to the entige ichnocoenoses encounteréd at any omne

outcrop. ‘Fégtzzjmple, at the Vinemount section (Vn),
the mbst abundant ichnogenus was Skolithos; Axrthrophy-

cus and Planolites were commonly encountered, and Palaeo-

phycus was rarely recorded. Analysis of Table 4-2
indicates that of the ichnogenera identified, the ma-
"jority of them were founé in the Hamilton, Ontario
area (sectioms Fr, Mb, J.C. and 403). Reasons for

' this apparent bias will be more closely examined in a

subsequent section of this chapter. \\\

) \
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B). Local distribution B T

q Examination of Table 4-2, on the distribution of
ichnogenera in the Thorold Sandstone, reveals that four -
distinct trace fossil suites can be distinguished.

These assemblages are differentiated not only on-the ich-
nogenera-containeo but also on their relative abundances
(see Table 4-3) .

Assemblage one was encountered in all of the £
New York State sections examined and consists of abun-

dant specimens of Arthrophycus and Daedalus. In addi-

tion, a few rare samples of rather non—descript Palae=

thcus and Planolites were also observed.

- Assemblage two was recorded in outcrops extend-

M
ing westwards from DeCew Falls to Albion Falls. It
4

consists of: abundant to common Skolithos:; common Arthro-
: X015 ATLOIO

phycus, A:enicolites, Daedalus, Diplocraterion, Dolopich-

nus sp. B, and Lobichnus; and common to rare Chondrites,

Palaeophycus, and Planolites.

| Assemblage three was encountered in the out-
céops of the Hamilton, Ontario from the Flock Road
section westwards to.the Jolley Cut section. An extreme-
ly diverse ichnofossil suite oas recorded from this
area and consists of: abumdant Skolithos and Diplocra-
terion; abundant to common Planolites; common Arenico-

lites, Chondrites, Cruziana, Dolopichnus sp. A. Lin-

guliohnus, Palaeophycus and Rusophycus; and rare
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-

Table 4-3. ‘Synopsis of thé four general ichnofossil ,
assemblages recognized in the Thorold Sand-

stone.

Assemblage I: New York sections

Relative
Abundance

Abundant

&
Ichnofossil

Arthrophycus
Daedalus
Palaeophycus
Planolites

" Assemblage 2:

Common to

DeCew Falls to Albion Falls

Abundant Skolithos
Common Arthrophvcus Lobichnus
: Daedalus . Diplocraterion

Arenicolites Dolopichnus Sp. B

Common to '

Rare Chondrites Planolites
Palaeophycus

Assemblage 3: Flock Road to Jolley Cut

Abundant Diplocraterion
~Skolithos

Abundant to -

Common Planolites

Common Arenicolites - Dolopichnus Sp. A
Chondrites Lingulichnus
Cruziana Palaeoplrycus
Rusophycus —

Rare Bifungites Polyeylindrichnus
Dipiicimites Rhabdoglyphus
Fucusopsis Scalarituba
Incisifex Teichichnus
Lobichnus ? Gordia

Monomorphichnus

- es e em e e == Em w e e = o o S S W W= e e e ey em e e = e
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Table 4.3 == Continued

Assemblage 4: 403 to Clappisons Cormers th‘

Common

Common to
Rare

Rare

"Chondrites

Cruziana

Palaeophycus

? Trichophycus

Diplichnites’
Diplocraterion
Monomorphichnus

? (zordia

Rusophycus
Scalarituba

"Skolithos

Echiuroid trace
7 Caprionichnus
? Scoliecia
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Bifungités; Diplichnites, Fucusopsis, Incisifex, Lobich-

nus, Monomorphichnus, Polycylindrichnus, Rhabdoglyphus,

. -

Scalarituba, Teichichnus, and ? Gordia.

The final suite, assemblage four, was encoun-
tered in outcrops west of Hamilton, Ontario from the 403
section westwards to the Clappison Corners section. It

consists of: common Chondrites, Cruziana, Palaeophycus,

Planolites, Rusophycus, Scalarituba, and Teichichnus;

common to rare ? Trichophycus; and rare Diplichnirtes,

Diplocraterion, Monomorphichnus, echiuroid traces, ?

Caprionichnus, ?. Gordia, and ? Scolicia.

C). Problems associated with ichnofossil distributions

As previously noted, there exists a hoticeable
discrepancy in the distribution of ichnofossils,in the
Thorold, in that the majority of the identified ichno-
genéra are from outcrops of the Hamilton, Ontario areap
Although such a pattemn is probably.a true reflection of
the distribution of trace-making organisms, a number of
inherent difficulties are associated with ichnofossil
collecting which may introduce a bias in their observed
distributions. These~§roblems are prevalent in the
Thorold and warrant some mention. i

1l). Trace fossils are essentially interfacial
structures and as such their recognition deﬁends greatly
on outcrop extéﬁt and physiography. Large outcrops with

[ ]
extensive, exposed bedding planes are much more likely
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to.yield obgervablé traces than are small, vertical ex-
posures. In the‘Thorolé; the Hamilton area outcrops are
better exposed and much more extensive than in any other
area. In fact, a number of the Thorold outcrops are

very small, overgrown with vegetation, and lack hori-

zontal exposures. As a result, trace fossil collecting
in these areas is somewhat hampered. o -

2). TIn Ontario, outcroos of the Thorold are
generally associated with the Niagara Escarpeﬁent and
in some cases (the Balls Falls, Webscters Falls, and Rock
Chapel Falls‘sections) are quite 1inaccessible. There--
fore, ichnofossil collecting is limited to dislodged.
float blocks which al'though may contain some spécimens
may not truly represent the entire assemblage. In gd-
dition, such outcrops do not allow, in some cases, for
any stratigraphic placement of the samples.

3). A problem repeatedly encountered in the
Thorold Sandstone involved the number of laterally-
discontinuous beds. As a result, little stratigraphic§
control could be maintained both in a vertical and
horizontal sense.

These problems, although present, did not seem
to greatly affect the recognition of ichnofossils in
this study. ’As with any.branch of-geology, one can not

be entirely certain that every identifiable structure

was encountered. ’h;a



156

_4-3. The Concept of Ichnofaéies and Bathymetry -

One of the major themes in paleontology is that
organisms dgsplay a complex commumity structure (Walker,
1972). These body foséil communities.a:e-delineated by
specific environmental constraints (Ziégler, et al.,
l§68), and\tend to recur througﬁ time (Bretsky, 1969).
'Similérly, ichnofossils have also been observed fo'form ,
characteristic assoéiations-which élsofrepeat through
much of éeologic time. However,_ichnoqusil-associatiéns
are uniquevin that trace'foésiis are insensitiv; indi-
tators of animal épeciétion and thus recur through .much
‘longer periods of time than do body fossils (Seilacher,
1964a; Frey, 1975; Frey and Seilacher, 'in presé).

Frey and_Seiiacher (iﬁ press) have sﬁated that

\ the strength of recurfenpe in ichnology is the fact

K\/t 'qhnofossils represent animal behaviouy. Elders
(1975) ;indicated that this behaviour, like the morpho-
logy of‘body parts, is subject to con%ergent evolution
as dictated by particular modes of life and envirom-
‘mental requirements. In this Qay, identical structures,

for example funnel-feeding burrows,.have been utilized

(the lugworm Arenicola, the holothurian Leptosynapta,

by a variety of morphologically different organisms /’// .
\\,

and the enteropneust Balanoglossus). Therefore, spe- .

cific ichnofossils, although created by a va:iety of ox-

ganisms, have extremely long-time ranges (Seiiacher, 1977a).
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X This concept of recurring lchn0f05811 associa-
~ tions was first introduced by Seilacher (1964a). Ori-
| Vglnally, six different associations were established:

the Scoyenia ichnofacies; the GlOSSqunglteS ichnofacies

the Skolithos. ichmofacies; the Cruziana ichnofacies; the
Zoohacoslichnofacies;-and the Nereites ichnofacies. As
with any new classificational scheme, a number-of addi-
tional associations have been subsequently proposed. -

Chamberlain (1971a) proposed the erection of a Chondrites

s ichnofacies which would occupy a position between Zo-
ophycos and Cruziana associations and would be indica-
‘tive of bathyal, upper slope environments. Although EE
such aﬂdivision may be warranted in the Carboniierons

Ouachita succession of Oklahoma described by Chamberlain

(1971a), Chondrites is mot so restricted in other depo-

sits. ‘It has been found to be indicative of a wide

_variety of environments ranging bem tidal fiats_to
N deep-sea basins (Frey and Chowns, 1972; Chamberlain ‘
“_/: 1978). Similarly, Ekdale (1977, 1978) and Ekdale and
Berger E\§78), studying- the traces in deep-sea cores,

have proposed a Chondrites-Planolites-Zoophycos.1chno-

E o ' facies whicn wonld characterize such bathyal environ-

i K

) ments. ‘Again all three of these ichnogenera are known
from a wide variety of shallow and\deep water dep031ts -

(Chamberlain, 1978) and any deptb determinations based

~on them yould be highly tenuous. The only subsequently
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proposed'zchnofacies whlch warrants defzn;tlon is the

Trypanites lchnofaczes recently erected by Frey and

Seilacher (in press). It characterlzes consolzdated -
o
marine 11ttora1 and sublitto al om;sszon surfaces which

are wzdespread in the o

record The ichnogenus Try-
panites was chosen as“the name-bearer because it is
easily 1de&t1f1ed and widespread in hard substrates from
the Cambrian to the Holocene (Warme, 1975; Kobluk et

_al., 1978) Table 4-4 summarizes the characterlstlcs

and environmental implicatiops of these seven ichmnofacies.

In perhaps the most cited paper in ichnological

. literature Seilacher (19673) stated that in marine en-
— v1roiPents the parameters whlch govern the abundance

and distribution o tracemakers i.e., € erature, food .
emp

supply, agltation) tend to change progre351vely with’

water depth As a result, a relative scale of bathy-

' merry was establlshed (flg &-1). It was in this con-

text that 1chnof03511 research progressed They were

-~ often v1ewed»as an absolute 1ndrcator}5§ water depth

' ahd a search for unjque indicators was mounted. This

more or less szmpllstlc concept, although a valuable

’ tool was . used to eﬁ}ess and gross generallzatlons be-

gan to appear in the literatqu Ichnologzsts as well.

as investlgators in other branches of geolog§ perhaps B

)4-

%
Iooking f'r %fact indicatorsy often mis-interpreted -

-

N Seilacher 8- original concept and a defznltglbxas wa§

P
W, .
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. Tablé 4;4. Recurring aquatic trace fossil assemblages

‘and their environmental. unplications,‘
j(The coyeni 1chnofacies is dlstinguished on the. ba51s
of salinity; the Trypamites, Glossxfungltes, and Sko—;

- lithos ichmofacies are dlfferentlated from one ‘another

by substratejcon31stency, and from the Cruziana, Zoo-

éh&cos,
least by variables which typically are dspth-relsjéd).

‘and Nereites ichnofacies by‘ﬁatﬁymetry <- or at

(Adapted from Seilacher, 1967a; Frey, 1975.)
(%g\ireyand Seilacher, in press.)

(After

P

~ Characteristic Trace Fossils

| S

I

_TOWS.

Typical benthic environment*

-

Vertebrate tracks, trails,
and bu:rows} mainl§ of
aquatic or semi-aquatic
species but also-of ter-
restrial species ccming'ts
water; iﬁsect and’ other

arthropod traces; certain

forms of Isopodichnus and

Eléngiifiii’ii?ttered X
.
snail snd clam' crawling

traces and shallow bur-

Local diversity,

abundance and ,complexity

.sits,

Scoyenia ichnofacies

Nonmarine clastics, espe-
cially continental "red\
beds,"_flsodp}sin depo-
and similar lotic
and lenfic environments
(Trewin..1976). Lebens-
spuren of deep lakes ﬂay
exhibit ba;ﬁymetr;c zona-
tions comparablezkothose
of marine environments
(Chamberlain, 1975b, %
Fig. 19. 9) perhapsthese

traces should be grouped
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Table 4-4 -- Con;inued-

generally less than in
- marine or nearshore en}L

vironments.

as a separate ichnofacies

as 'yet unnamed.

Trypanites ichnofacies** (hard substrates)

Cylindrical to vase-, tear-
or U-shape& toyirregular
domiciles of en&olithos,
oriented normal to sub-
strate surfaces, or shallow
~ anastomosing systems of
gg;iggiJ(sponges, bryo-
zogns); exéavat;d.mainly
by suspension feeders or
""passive' carnivores. Rasp-
ings and gnawings of algal
grazers, etc. (chitoms,
limpets,,eéﬁinoids). Di-
versity generally low, al-
tﬁough boripés or scrapings
of given kinds may be abum-

dant. , b

Consoiidated marine lit-
toral and sﬁblittoral
omission surfaces -~
(rocky goééts, beachrock,

hardgrounds) or organic

‘substrates (wood, shell,

-~

bone). Biocerasion is as

impbrtant as, and -indeed
accelerates,‘physical ero-
sion of the subsFrate
(Warme, 1975; gromley,
1978). Intergradational

with the Glossifungites

ichnofacies. ) ~

!
\

Glossifungites ichnofacies (firm substrates)

Vertical cylindrical, U-

shaped, or sparsely

Firm but unlithified -

marine littoral and’

z’

-

[



[jefo~ramified dwelling burrows;
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-~ Table 4-4 -- Continued

. sublittoral omission .sur-

spreiten in some,

protrusive spreiten in some,

developed mostly through
growth of anlmals. 'Fan-

haped Rhlzocoralllum

Many lntertldal species

(e.g., crabs) leave the -
burrows to feed; others’
are mainLysusp%:sion

feeders. Diversity ty-

' picéally low, but given

kidds of burrows, may

be abundant.

faces, or stdble, -coherent

* substrates either in pro-

tected, low-energy set-

tings (salt marshes) or

" in areas of somewhat

higher energy, where

" semiconsolidated sub-

strates offer resistance
to erosion (Freyx and How-

ard, 1969, Pl. 4, fig. 3).

. .
-

TN
. Skolithos jchnofacies (shifting substrates)

Vertical cylindrical or :
U-shapea dwelling burrows;
protrusive and retrusive
deve-
loped mainly in response
to substrate aggradation
or degradation (escape
structures); forms of

Ophiomorpha consisting

predomi?antly of ver-

tical or steeply inclined

Littoral to infralittoral,

- relatively high-energy

conditions; clean, well-
sorted, shiﬁting sedi-
ments, subject to abrupt
erosion or depositioh.
(BEigher energy increasés
physical reworking and
oblitergteé bioggnic\"
sedimentgry ét;uctures,

leaving a presérved
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- Table 4-4 -- Continued

shafts. Animals chiefly
suspension feeders. Di-
versity is low, yet given

burrows may be ébundant.

record of physical strati-

fication; (Rhoads, 1975,

Fig. 9.8; Howard, 1975).

-

Cruziana ichnofacies

Abundant crawling traces,
both epi- and intra;tratal;
inclined U-shaped burxrows
having mostly protrusive
spreiten (feeding swathé}

soft-sediment Rhizocoral-

lium); forms of Ophiomor-
pha and Thalassinoides

consisting of irregularly
inclined to horizontal com-
panents; scattered verti-
cal cylindrical burrows:
Aﬁimals‘%gcludq\yobile.
c#rnivores and both sus-
-pension and ‘deposit
feeders. Diversity.and

_abundance generally high.

Infralittoral to shélloﬁ
circalittoral substrates,
below daily wave base but
not storm wave base, to
somewhat quieter off-
shore-type conditions;
moderate té relatively
low energy; well-sorted
silts and sands, to inter-
bedded muddy and cle€an
sands; appreciabrle but not

necessarily rapid sedi-

_mentation. A very cormon

type of depositional en-
vironment, including
estuafies, bays, and
lagoons as well as conti-

nental shelves or epeiric

- sloéés.

./f"

S
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’ Table'4-4 - Continued

Relatively simplq\Eo mod-

erately complex, efficiently

executed gréiing tiaéés and

shallow feeding structures;
séreiten typically planar

| to genfly inclined, distri-

buted in delicate sheets,

ribbons, or spirgls ("flat-"

tened" forms of Zoogﬁzcos

- or, in pelitic sediments,

Phycosiphon). ~Animals vir-

tually all deposit feeders.
Low diversity; given struc-

tures may be abundant.

-

.Circalittoral to bafhﬁal,-

Zooghzcos ichndfacies

quiet-water conditions;
nearly thixotropic muds
or muddy sands rich in
organic matter but some-

what deficient in oxygen,

«below storm wave base to

fairly déep water, in
areas free of turbidity
flow§-or signidficant bot-
tom current. Watery sur-
ficial sediments are
difficult to exploit by

epibenthos, resulting in

both low diversity and

abundance and poor pre-

servation of epistratal

traces (cf. Frey, 1970).

Where relict or palimpest
substrates are present,

especially if swept by

shelf-edge or deeper water

contour currents, this.

ichnofacies may be omitted

*
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Table 4-4 -- Continued

in the transition from -

" infralittoral to abyssal

environments.

Nereites ichnofacies

Complex grazing traces and
patterned feeding-dwelling
stm;tures , reflecting
high{z}organized, efﬁicient
beha&ior; spréiten struc-
_tures typically pearly pla-
nar, although Zoophycos
forms are spiraled, multi-
lobed, or otherwise very
complex. Numerocus crawling-
grazing traces and sinuous

fecal castings (Neonereites,

Helminthoida, Cosmorhaphe),
qostly intfastratal. Ani-
mals chiefly deposit feeders
or "scavengers,' although
mény may have "farmed" mi-
crobe cultures within their
more or less permanent, open

domiciles (Paleodictyon;

o

Bathyal to abyssal, mostly

quiet but oxygenated waters,

‘in places interrupted by

intermittent turbidity

flows (flysch déposits);
or highly stable, very
slowly accreting sub-
gtrates (Hollister, et
al., 1978). 1In flysch or
flysch-like deposits,
pelagic muds typically

are bownded above and be-
low by turbidites. 1In
more distal regions, the
reéord is ma;nly one of -
continﬁous deposition and
biofurbatipn. (The sﬁable
deep-sea floor is not umi-
versally biéturbated,

however, at least not
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'Téble.4—4 --_Céntinuéd.
Seilacher, 1977b). Diver- equally -intensively at
sity and abundance siéni: every site). .
ficant in flysch deposits, .
: less so-in more distal re-

< - - O

gions.

Marlne bathymetric zones indicated here are
’:;:>hose reiterated by.Ager (1963, fig. 2.3).

The genus Trvpanites, is chosen as name-bearer for
this ichnofacies because it is easily ldentlfleg and is
widespread in hard substrates from Cambrian to Holocene
(Warme, 1975; Kobluk et al., 1978).

!l

te
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Nonmarine

Red beds

W

' I .
Skolithos
and

Scoyenia  Glossifungites Cruziana Zoophycos  Nersites
ichnofacies Ichnofacies Ichnofacies Ichnofacies Ichnofecies

ST
. \ Friquent wave mixing
Supertical ~ ' \—D Infrequent mixing
Shelt Siope- —Fl;;rx?ng {anoxic)
basin -
{ntertidal Basin
Salinity, tempera-| Normal salinity; tem- Lowbut | Low or no oxygen.
ture and light perature varies season- | not limit- | Turbidite sediments-
change daily; ally; high oxygen con- | ing oxy- tion,
bottom reworked tent, Bottom: stable gen. Tur-
| by smail waves except during storms. tedite sedi-| Azoic.
and tidal . . mentation.| -
currants. Horizontal grazing s
o traces dominate over Small hori-
Dominsted by vertical burrows., zontsl
vertical burrows. grazing
races.

Fig. 4-1. Cross section of geosynclinal shelf
and basin, showing: (Top) trace f£¥ssil asSembIéges (after
Seilacher, 1967a); and (Bottom) gradients in iﬁ@ortant

ecological parameters (after Rhoads, 1975).

4
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in;foduced iﬁto'the\gp:erpretation of ichnofossil dis-
tributions. This bias infers thiat when a specific ' }
ichnogenera was encountered in the rock record, 4n ex-
act depth determination gould.be-mader.u :
One of the .first ichnofossils used as a unique

depth indicator was Ophiocmorpha. Weimer and Hoyt (1964)

concludéd that the deéapod crustacean Callianassa major

was thg)?}obable originator of the Ophiomorphénbufrow,'

and since Callianassa major was restricted to the shal-

low water shoreface facies, it could be used as 'a shore- -
line indicator. Subsecuent studies reinorced this

notion, and Ophiomorpha, as well as the closely related

jichnogenus Thalassinoides, were viewed as strictly shal-

low water forms (Farrow, 1966; Kennedy, et al., 1969;
Sellwood, 1971; Pickett, et al., 1971; among others) .
Kern and Warme (1974), however,.discovered numerous

specimens of both Ophiomorpha and Tha lassinoides in the

Upper Cretaceous-Point Loma Formation of California, *

which was deposited in- the bathyal environment. Addi-

tionally, they pointed out that moderm callianassids

have been recovered from water depths in excess of 600

m (Schmitt, 1921; Biffer, 1971): Frey, et al. (1978) = -

also indicated that other analogs of the Ophiomoxrpha

-

and Thalas®inoides structures exist and include several

additional species of Callianassa and Upogebia (Bromley

and Frey, 1974; Frey, et al., 1978) and Axius (Pemberton

-

- . iy

ot m i — b
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et al, 1976). These organisms are not restricted to’the

shoreline facies but are found at nearlyféll depths (see

"discussion in Frey, et al., 1978). More recently, Stew-

art (1978) has discovered Ophiomorpha in the marsh facies

of the Lower Cretaceous Wealdon Marls of the Isle of
Wright, which indicates that it may not even be restric-
ted to marine deposits. Bromley and Frey (1974) and
Chamberlain (1975b) illustrate that similar peileﬁ-
lined burrows are created by.fresh-water crayfish. It

geems'evident therefore that the ichnogenus Ophiomorpvha

was produced by a variety of different organisms in

.response to specific envirommental energy levels and

sedimentary properties which may or may not be depth-
related (Stewart, 1978).
There exists in the trace fossil literature many

more examples of ichnogenera which were once thought

- \ .
to be depth-restricted. The common ichnogenus Zoophy-

cus was considered to be westricted to intermediate

off-shore depths until Osgood and Szmuc (1972) discov-

‘ered numerous specimens in the shallow-water facies of

the Lower Mississippian Cuyahoga Formation of Ohio.

Spifél burrows, once thought to be found exclusivel

in the abyssal(ﬁereites ichnofacies, are known £
recent intertidal fine sands (Roder, 1971; Risk
Tunnicliffe, 1978). Skolithos, a vexrtical dweliing

burrow, was often used as a shallowbwater indicator,

.‘"mt
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but it has recéﬁtly geen described from:deep-water can-
'yon (Hayward; lé?é), submarine fa91(Crime§;-l§77), and
even abyssal environments (Ekdalé, 1977,-19?é§.Ekdale and
Berger, 19785.

This problem of depth indication "also manifests
itself when dealing with assemblﬁges of_ichnoﬁeq;ils..
Hayward (l976), studying the Lower Miocene Waitakere
Group of Northland, New Zeéland. discovered a predomin-
antly shallow-water ichnofossil suite consisting of Sko-

lithos, Planolites, Scalarituba, and Thalassinoides in

rocks deposited in a mid-bathy;1(3000 m) canyon fldor
environment. Crimes (1977) described a mixed ichnofos-

sil assemblage consisting of deep-water forms and shal-

low-water forms (Arenicolites, Diplocraterion, Ophio-

morpha, Pelecypodichnus, Skolithos, and Thalassincides)

in Eocene deep-sea fan deposits from Northern Spain.
Such wholesale displacements of entire ichnofossil as-
semblages, althougﬁ’presently rare, illustrates an
important underlying gtheme in ichnology, in that igchno-
‘fossils reflect an animal's behavioural response to
specific environmental conditions. in-this way? it
would not be unusual to find predominantly shail&w-water
ichnofossils -in déep-water habitats ig’deﬁositiOn
occurred -.under conditions therwise'siﬁilar to those
preferred by thé trace-making dfganisms (Frey, 197??.

For example, Crimes §1977) ipdicated that the middle

. ]
2 e e e i B = i A Smn e S =
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fan environment consisted of fast-flowing s

‘rents, sa;zdy substrates, high oxygen flevels,/and-a slow

build-up of organic detritus; conditions very-similar to

an intertidal-shoreface environment. As such, a normal-
1y shallow-water ichnofossil assemblage developed in

response to these conditioms. larly,- Frey and Seil-

acher (in press) indicated that azing and feediné bur-

roﬁs of the Zoophycos ichnoﬁacies occur i éha low‘r
water than usual.if waves and currents are ninimal, de-
posited food is abuhdané! and oxygen levels are low.
This €iscussion i$ not meant to diminish the
"value of the concept of ichnofacies and depth relation-
ships which, although valid when propérly_applied, must
be viewed in terms of the entirg’speétrum of physical,
chemical, and biologiéal interactidns (Frey and Seil-" .-

~ acher, in press). —_—
N

4-&4. Sigmificance of Ichnofossil istributidns
\ye .
“ The ichnofossils found in the Thorold Sandstone

"are, indicative of shallow-water, ?a;ine environments.
Such ﬁear—shore habitats are subject to a complex array
of both physical aﬁd'biéiogical-interactions whiéb‘re-
sult in a diverse spectrum of sedimentary regimes:
Dorges angd Hertweck (1975) “have recently subdivided

the llttbral zone into three maJor env1ronments based

primarily on the position of mean-high water, mean

'-Ladén'cur-

R
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low—water and wave base (see f1g 4 2) In aﬁdition;
faunlstlc investigations 1nd1cate that in the sub—
littoral mean wave base, and the border between_recent
“wand relict sediments (storm wave base) are-distinct
.boundaiieoﬂséparating.animal_communitiés:(Dorjes and
Hertweck, 1975). Therefore, the sublittoral can be fur-
ther sub-divided‘into three subehvironmentél zones:
(1) the upper Sublitﬁoral located between mean low-
water and mean wave base, is mainly influenced by surf
breakers, and strong wave o/clllatlons, (2) the mlddle .
sublittoral, located betweéa mean. wave base-and the
-boundary'betweon recent and relict sediments, is mainly
;nfluenced by currents; and (3) the lower suﬁlittoral,
located between the recent-relict sediments border and
the continental.shelf—edgo, where high-energy physical
processes are less %mpofoant (after Dorjes and Hertweck,

o

- 1975). Table 4-5 summarizes,ohe zonation, termioology.

and envirommental characteris;icé of é generalized ‘

beach to off-shore profile. _ S

' The Thorold ichnocoenoses is‘cha:acée:iStic

of the nearshore Skolithos and Cruziana ichnofacies,

. as deflned by Seilacher (1967a) These ichnofacies
are 1dea11y considered to be dlfferentlated from one- %
another by varzables which typlcally are.depth—related

They are composed of charatteristic-1chnogenera which ,

'display specifiw morpholog1cal tralts whlch enabléjsoom & T,

A . ’ T . e W
n

, B ‘_.  - Lt _ -_-’ s 7- . ‘!_._/ '. _‘

L
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. .

to exploit these diverse near-shbre habitats. Téblé”

4-6 - summarizes the general charactegistlcs and trends‘

- dlsplayed by the trace fossils which comnose these rwo L

closely rglated ichnofacies. The Skolithos lchgofacies

is'charactefized by: ﬂredominantly fuli-reL@ef s:ruc:

tures consisting of vertical; cylihdrical,‘aﬁ&_U—Shape&-

burrows; few hoxizontal structures; high-iﬁdividual den-

- sities; low diversity, few mobile forms; and mostly

filter-feeding_organisms occuﬁying dwelling bqrrows.
The Cruziana ichnofacies, on thé'o;her haﬁd, is charac-
terized by: a mixed asseﬁblage of vertical, inclined,.
and horizontal biogenic structures: low to medium in-
diyidué}.dénsities, high diversity: some mobile forms,
and predominantly deposit-feeding organisms selectively
mining the €ubstraté (seé Table 4-4 and contained ref-
erencesy) . )

Tgken individually, the ichnogenera found 13
;he_?horoid are not restricted to an} one_particular
icﬂnogaéies (see Table 4-7). However, many of these "
forms do display a definite environmental preference.

For example, Crimes (1977) illustrated that a typically

shallow-water trace fossil assemblage was found in a

deep-sea, submarine fan environment, in a bathymetric

zone usually occupied by the Nereites ichmofacies.
This suggests that these encountered ichnogenera were

then par; of the Nereites ichnofacies, which may not be
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en:irelylrrde.' Crimes (1977) went on te*stress that_ al-
though found in deeper-water, these forms were found
.associated with a sedimentological reglme “which dlsplayed
physrcal and chemical characterlstlcs typically encoun-
tered in much shallower water. Therefore, the erganlsms
'were"responding to a specific environﬁental preference.
In ;ther words, they still represent.the shallow-water
Skolithos ichnofaciés which has merely been displaced
bathymetrically. When viewed in this light; many of the
. ichnogenera recorded from the Thorold can thus be as-
signed to a particular ichnofecies basedgon_environﬁen—

>

. tal preferences (Table 4-7).

B). Local ichnofacies determinations and interpretations

i). Assemblage One

‘The ichnocoenoses-of Assemblage Ome consists of

* basically a bi-specific association of Arthrophycus and

Daedalue.. The individual burrow systems are well pre-
served and occur in relatively high densities. Martini
(1966) characterized this assemblage as a mottled burrow
zone, and inferred that it developed in response to the
low energy conditions prevalent during Thorold time in
New York State.

It is difficult to assign a specific ichnofaciee
to such a sparse association. Both ichnogenera are

known from both the Skolithos amd Cruziana ichnofacies
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' (see Table 4-7), and. display little preference to either-

one. This implies that they probably form as a response

_”to speciflc env1ronmenta1 conditions whlch may be lo-
.:cally prevalent-in elther zone. These conditions seem _
to be related to low energy levels,- conthuous deposi-
tion rates .(as indicated by the steady vertlcal migration
‘of both types), and,relatlvely high levels of contained
detritus. . Martini (19665 suggested that such conditions
may have been prevalent inltthQQEEEI* ring the deposi-
tion of the Thorold and indicated that they may reflect
a lagoonal or tidal flat enviromment. The recognition
and dlstribution of the 1chnofossmls in Assemblage One
’-does not smgnlflcantly alter this lnterpretatlon

ii). Assemblage TwWO

The ichnocoenoses of Assemblage'Two is typical
of the very near-shore Skolithos ichnofacies of Seil-
acher (1967a), which is cheracterizqé-by-ebundant to

common vertical and Y- shaped a Efilng burrows (Arenl-

colites, Diplocraterion, Dolopichnus sp. B, and Sko-
lxthos) Such burrow systeds are usually interpreted
as the domiciles of filter-feeding organlsms (see Chap-
ter 3, and contained references), and often attain
very high densities.- Associated ichnogenera include:

Arthrophycus, Chondrites, Daedalus, Lobichnus, Palaeo-

phycus, and Planolites, all of which (except -Daedalus)

represent feeding burrows of infaumal organisms %hich

are found in rather low demsities.
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Such an association develops in response to a
variety of envzronmental condltions whlch include: high

_energy levels, high-oxygen levels d sandy substrates

with low detritus levels (Seilacher, 1967a Frey, 1971

Howard, 1972)- As a reeult filter-feeders'dominate the
biota and deposit- feedlng and moblle carnlvorous forms
are selectlvely excldded (Hogard 1972) Similar trace
fossil assoclations are wellwéﬁawn from shallow-warer
foreshore to shoreface environments (Campbell 1971; How-

ard, 1972 Spencer \?76 among others) Such environ-
h

ents are subject tof%m%h water energies whlch tend to

" favour fllter feeding populationms, here represented by

the lghnogenera Skolithos, Arenicolites, and Dipldka-

terion.
e —————

. ' iii). Assemblage Three

=

Qf the four ichnofossil associetions observed
in the Thorold Sandstone, Assemblage Three is by far
the most complex. Examination of Table 4-2 indicates
that virtually every ichnogenera recognized in the
?§§Udy is found in the Hamilton, Ontario area. In ad-
dition, analyszs of Table 4-7 suggessg that a mixing of
ichnofacies may be present, in that elements typlcally-
associated with the Skolithos ichnofacies occur in the
same outcrop as elements which characterize the Cruzi-

ana ichnofacies.

[Foxr the purpose of this discussion I will con-

fine my remarks to the ichnocoenoses recordedgfrom the
l . €

+ ) I - ) \/

.
s —n R ol e



e | 181

-

Jolley Cut section' since it is the most extensive and
well developed in the Hamllton area. ]

Upon furtber examlnatlon, it was noted that the
ichnofpssils were found in discrete, recognizable zones

oy - N
which appeared to be more or less repetitive. fhe main

. body of the expoéure consists of fine-grained sandstones,

siltstones, and shales and is characterized by the fol-

lowing ichnogenera: Chondrites, Cryziana, Diplichnices,

-Fucusopsis, Incisifex, Lingulichnus, Lobichnus, Monomor-

phichnus, Palaeophycus,- Planolites, Polycylindrichnus,

Rhabdoglyphus’\ Rusophycus, Scalarituba, vertical to in-

clined Skolithos, Teichichnus, ™ Gordia, and ? Tricho-

phycus. Such an assemblage is reminiscent of the Cru-

.zlana ichnofacies of Seilacher (1967a) in which the

diversity of forms is high, and individual densities
are low. In general, the assemblage is indicaﬁive of a
predominantly deposit-feeding population withlmany no -~
bile forms also being present. Given normal circum-

stances, it is exactly the type of assemblage one would .

1\
A

expect going bff-ghore from the Skolithos ichnofacies
of Assemblage Two. It reflects decreasing water energy;
decreasing grain size, and corresponding?y increases in
detritus and shal; content (Howard, 1972), precisely
the condltlons described for this series of outcrops

by Martlnl (1966) .
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Interspersed within this assemblage, however,"
are relatively thick sandstone layers which contain the

following ichnogenera: Arenicolites, Bifungites, Diplo-

craterion, Dolopichnus sp. A, aﬁd-Skolithos.‘ This asso-
diation is reminiscent of the one reported in.Assemblage
Two and refgrred to the Sk&lithos ichnofacies. It con-
sists of predominantly filter-feeding organisms inhabit-
ing dwelling burrows that attain very high densities and
correspondingly low diversity.

Assgmblage Three, therefore, is composeé of a
mixed ichnocoenoses which include; elements of both the
Skolithos and Cruziana ichnofacies. "Such a lack of
concept should pot come as a surprise. Crimes (1970b)
has indicated that shallow water environments are ex-
tremely complex and often coné;in iocally developed sub-

strate types which are more commonly associat%? with

~other depth zones, This alternatidn of depth;related

ichnofacies is often interpreted as resulting from a
rise and fall of sea level. 'Although plausiblé, a more
likely interpretation involves an alternation of sand
and silt sedimentation at a constent water-depth (Crimes,
1970b), in which the different trace fossil assemblages
reflect varying behavioural responses of the animals

colonizing the two distinct habitats (Crimes, 1970b).
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The distribuﬁion of the trace fossils in Asseﬁ-
blage Three is consistent with such an interpretation:
The relatively thickffine—gfained sandstone units which
contain elemeﬁts of the Skolithos jchnofacies can be
" viewed as the result of periodic sedimentblogical events
which were not necessarilx the .result of a simple rise
and fall of sea level. Vos (1977) recently described
similar sequences from Upper Paleozoic strata in_Mbrocco;
and interpreted them as the result of storm dépoéits.
Storms are known to be powerful geologic agenté in the
near-shore shelf whose frequencf mdy be much more exten-
sive than ﬁreviously thought (Goldring and Bridges,

. 1973; Kelling and Mullin, 1975; EHarms, et al., 1975;
.Kumar and Sanders, 1976). Hayes (1967) has demonstrated
.that such storms have the ability to move sand-size
sédiments on marine shelves; and Hjulstrom (1939) has
indicated that high velocity currents more easily resus-
pend ché sand fraction than they do the cohesive mud
fraction.

Storm deposits have frequently be§H described
from the lower shoreface and off-shogg.?;gies (Howard,
1972: Harms, et al., 1975; Vos, 1977; among othexrs) S
and as storm washovers in a mixed tidal flat facies (see
Vos,”1977; and contained references). The recognition
of this seems to be based on specific lithologies, bed-

ding, sedimentary structures and ichnofossils (Table 4-8) .
"“\ . .
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- Table 4-8 -~

Selected Criteria for the !ﬁeﬁtification of Ancient

Storm Deposits (see text for specific references)

<

A) . Lower Shoreface and Qff-Shore Zone

B).

1.

2).

3).

. . . .
Lithologies: predominantly fine sand§to§}s and
coarse siltstones interlaved with shale# and

fine siltstones; individual units fining upwards.

Bedding.and sedimentary structures: hummocky
cross-stratification; ripple and ripple-drift
cross-laminations; groove casts; linear, undu-
latory, and interference ripple marks; ball
and pillow deformed bedding, armored mud balls.

Ichnofossils: Sandstones contain predominantly
ri1lter-Ieedling organisms as indicarted by a bur-
rowed upper surface consisting of vertical,

cylindrical and U-shaped domiciles. Interlayed

.. siltstones and shales characterized by numerous

horizontal feeding burrows of predominantly
deposit-feeding organisms.

Storm Washovers in Tidal Flats

1.

2).

3).

Lithologies: massive sandstone unit recording
a single event; unit tends to coarsen ‘upwards
and often terminates in a conglomeratic veneer
cover.

Bedding and sedimentary structures: horizontal
laminations and low angle cross-bedding; groove
and flute casts; wrinkle marks, swash marks,
rill marks and desiccation cracks, ripple-marks.

Ichnofossils: None observed, with the efcep-

tion of root penetrations.
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. - 1In the lower shoreface and off-Shore facles ﬂ:f;;fif,‘

»

" stord derived sediments conszst of flne-grained sand-~:
stones ‘and coarse—gralned 311tstones 1nter1ayered wath
shales and siltstones (Harms et al., 1975) Ihe sand

-l

depOSItlon probably records a szngle storm,event fol-'
lowed by the mare typlcal deposition £ s;ltsrand\muds
on the-near-shore shelf. Vs (1977} indicated that such

units may disPIaﬁ“ groove casts oo the underside of

T T

_beds; an abrupt flat to undulose base, rlpple cross lam- '

ination and ripple-drift cross-lamznat;on (showzng a \\,

type B into. in-phase laminarion); and on upper surfaces

showing a-great variety of linear, undulatory, and _inter-

_ference ripples. “In additionm, Harms,ngg al. (1975) sug-

gests that storm lain sénastone bodies may also display

hummocky cross-stratification.

. . A.number of additional sedimentary structures

® - T v

.are arsb known to be -associated with storm'deppsition

Deformed beddlng with ball and plllow structures have

been attrlbuted ‘to load castlng,_slumping and the even-

" tual flounderlng of a sand body, whlch was deposited

suddeﬁiy over a soft clay bottom (Kuenen 1958 Potter -
and Pettljohn, 1963). The impetus of,the-flounaerlng‘-
is thought to be related to a sudden energetic shock,
such as storm waves (Kuenen, 1958). Beli (1940) has:

interpreted armored mud balls to be the result oﬁ

-
- Y
m

%
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i rolllng'mnd chips;ydbtalned'ﬁy rapld bank undercuttlng

ggfm-_amw .mor E?'stoge.wave-erosian_ Therefore, such features may

also be- assoc1ated with storm derrved sedlments."

".;_ L , Ichnofbssxls bezng-sens;tlve lndlcators of

- [ . - -

‘energy-levels (Frey, 1971), may also be valuable in

:fﬁﬁ\“‘“\ 1dent1fy;ng such events, Howard‘(1972),-1nvest1gat1ng

- o —_—

trace foss;l distributions in the Upper Cretaceous Black-

hawk Formatlon of.Utah, found that off-shore sediments
typlcally are composed of .siltstones and shales with
abundaﬁt horizoﬁtal feeding structures therizontal As-

terosoma, Arthrophycus Sebiicia and Teichichnus). Such

# . _an ichnofossil assemblage Howard (1972) felt lndlcated
' -low energy conditions, $low continuous sedimentation °
rates,“sediment rich in organics with a preﬁgmiﬁantlj
deposit-feeding biota, and an overlying‘waterucolumn
either too Turbid or too slow moving to support, fllter-
feeding orgadisms. Interspersed perlodlcally through-
out-tﬁis’sﬁcqession, Howard- (1972) found relatively

" thick, fine-grained sandstone beds with rippled surfaces

> and predominantly vertical ichnofossils (Ophiomorpha,

vertical Asterosoma, and "vertical curving tubes). He

related this abrupt change in ichnofossils to higher

- energy conditions, rapid deposition, and a lack of or-
ganic detritus in the sediment which corresponded\to‘a'
.change in feeding‘behaviour from deposit-feeding to fil-

ter-feeding. Such an abrupt transition was related to

-
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~théldepositioﬁﬁOf'ohe~$aﬁ§’ﬁpiﬁs ﬁy?su&dén étofﬁsA(How- R
ard, 1972). - | ' | | |

»

.* .

Storm derlved sedlments‘have also ‘been recog-
n;zed to extend landward from ‘the backshore onto a mixed
ﬂ_.tldal flat as "storm washovers" (Andrews, 1970 McGowan
and Scott[ 1975; Vos, 1977; among others). 'The deposits
‘ consiét of a single sandstone unit which displéys %oriw
zontal laminétions'(Andrews.and van der Lingen; 1969),
low angle cfoss-béds {(Vos, 1977), and a-coa;sening up-
ward sequeoce of grains, often culminating in a post-

storm conglomeratic weneer (Hayes, 1367; Vos, 1977)2
-'The‘ﬁoderside of thé unit is often marked by numerous
flute and groove casts and the upper ohrfacg“is_usuélly
a broad, flat, ripple-marked plane (Vos, 1977). Asso-
ciated sedlmentary structures may 1nc1ude wrlnkle marks,
which result from a strong w1nd bIow1ng over a sedlment.
surface which has a thin water cover {(Reineck, 1969);
and rill marké}ﬁwhich are erosiomal sculptures produced
. when a thin layer of water drains over a sedimentary

surface (Cepek and Reéneck, 1970) . Such structures gen-
erally are associated with the change from subaqueous oo.'
subaerial conditions in-tidal flat environments (Rein- n
eck, 1969). Ichmofossils, aside from root penetrations,
havé not been described £rom these storm washover depo-

‘sits.
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Iable L=8 summarlzes the maln features assoc-

1ated w1ch storm derlved sedlments in both the off-shore

‘and tldal flat env1ronments.'

" The problem.now arises, to wﬁich environﬁental
zone does Assemblage Three of the Thorold Sandstone be-
. long - the nearshore shelf or a tidal flat? Martini
(1966, l971b 1972) lndlcated that exposures (contalnlng
this assemblage) in the Hamilton area, were representa-
tive of a beach (?) to tidal flat eﬁvi;onment and cited
the preséﬁée of. lingulid brachiopods as indigat;ve of
such a designation. - ‘

'The inarticulate lingulid brachiopod is cdmménly
¢ited. as an example of a very successful, evolutionary
.sqable, and loﬂgiranging organism (e.g., MacGinitie and
MacGinitie, 1968; Rudwick, 1970) that very early in—che
- Phanerozoic exploited a stable marine environment. Unéil
very re%ently, lingulids were thought to have first
‘édapted‘to-fhe shallow; marine habitat in the Cambrian
and to hévé lived successfully in this habitat to the
present (Craig, 1952, 1954; Ferguson, 1962, 1963). Re-
cent discoveries of lingulids in open shelf, Qéep,shelf
and basinal sediments of Paleozoic age (Pickerill, 1973;
Watkins and Berry, iQ??;-Percivél, 1978; Cherns, 1979),
however, challenge this model and indicate that the
history of habitat’ exploitation by lingulid brachiopods
is more complex than previously théught (Pemberton and

Kobluk, 1978b).



‘.

,"“7 Mbst modern llngullds comménly occur in ‘water..
—depthS'ranglng from the 1ntert1dal to 45'm (Cralg, 1952),‘
only rare specimens ‘are found deeper, and only one spe-
cimen” is known from as deep as 100 m (Hatai, 1939) .Al—
though fossml lingulids (when found wlthout other :.;‘
brachiopods) are usedito-lndlcate shallow water environ-
mehté in ancient sequencgs‘(Rudwick, 1965), clearly they
were Not restricted to the:intertiial or immediate sub-
tidal- By comparlson with modern llngulld brachxopods.
fossil lingulids may actually 1nd1cate water depths as T
great as 100 m.

There is fossil evidence that lingulids, in the

lower Paleozoic, inhabited not only shallow water envi-
romments but also deeper marine environments even down
to basinal depths Following are examples of occur-
rences of_deev and shallow marine brachlopods from ‘the
Lower Paleozoic (also see figs. 4-3 and 4-4).

OAe of tgejearliest occurrences of lingulids is
in the shallow marine Lower Cambrian Poleta Formation
(Nevadella‘tribolite zone) of the southwestern Great
Basin of California and Nevada (Réwell, 1977). Pem-
berton and Kobluk (1978a) describe a slightly younger,

433 giég lingulid burrow (Lingulichnus verticulis) from

-~ 7

rhe Lower Cambrian Bradore Formation of Labrador

(Bonnia-Olenellus tribolite zone). The Bradore Formation

represents a series of tidal-dominated silicilastic sand
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Fig. 4-3. Selected occurrenceé of deep and
shallow water lingulids in the Léwef Paleozoics.
[1 and 17 (Thayer, 1974){ 2 (Watkins and Berry, 1977);
3. (Cherns, 1979); 4 (Ziegler,.gg al., 1968); 5 (Delong,

: personai communication,‘l978; Titus and Cameron, 1976);

6 (Pickerill, 1973); 7 and 11 (Rowell and Brady, 1967);
8 (Pickerill, in press); 9 (Rowell, 1977); 10 (Pember-

ton and Kobluk, 1978a); 12 (Titus and Cameron, 1970);

13 (Bretsky, 1970); 14 (Johnsom, 1975; Ziegler, et all
1968): 15 (Martini, 1971b); 16 (Lawson, 1975)].

L
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) .low water. Other examples of similar env1ronments of .

O Cambrxan age, "such as the Erlboll_Sandstone of Sgotland

".1shoaIs (Swett'anduémit’ 1971) deposited- in very shal-

(Swetts et al., 1971) and the Cﬁickies Quartzite of

southeast Pennsylvanxa (Goodwdin and Anderson, 1974) have

neither llngulid burrows nor shells Thls‘may be a fuhc-
“tion of preserv;tlon but the Labrador occurrence (Pem-
berton~and "Kobluk;, 1978&) certalnly lndlcates that bur-'~:'
- rowing 11ngul;ds-were present in shallow water env1ronmenc§‘
as eatly as the iowét Cambrian.. . . .
‘ Inarticulate Bfachiopo&s (iucluding'lingulids)
are present 'in the three agnostid tribolite communicies
established by Jago (1973) for the Middle Cambrian of
. Tasmania. These three communities characterize facies -
" from the inshore region through the inner-middle-outer
shélf to basihai environments (Jago, 1973). These ben- -
thic communities described by Jago (1973) are simple and
are composed primarily of agneostid triboiites, polymerid
trilobites, inarticulate - brachiopods, dendroids, hy-
droids,. and sponges. Recent work on the Upper Cambrian
of the Grea; Basin of Utah and Nevada (Pterocephaliid
Biomere) by Rowell and Brady (1976) indicates that lin-
éulid brachiopods are distributed throughout the avail-
able range of environments. They occur in deposiﬁs that
pharaéterize-shallow water shoal, innershelf, outershelf,

and upper slope environments.

o



=

| Upper Cambrlan Ixngullds contlnued through the Lower and

Pickerill described some in vertical life oosition. Re-

T 1es. T
< v Ihe broad habitat tolerance ‘exhibited. by the |

} Mlddle 0rdov1c1an Plckerlll (1973) descrlbed deepwater

T e

‘outershelf llngullds (Llngu;asma tenulgranulata) from

the Lower Ordov1c1an of the Wels They

are part of a fauna equivalent to the strophomenld-tri-

lobite commumity of Bretsky (1970). In addition to ‘num-

erous horizontally-oriented shells-on beddlng planes,

ceatly, Titus and Cameron (1976) described the fossil
commumities of the Middle Ordovician Lower Trenton Group

of New York. They found that the lingulid Lingula recini-

formls was a common element of four of the six communi-

ties: the Tr 121esma community whlch characterized lagoonal

deposits; the Trematis community, indicative of a\deep L

shelf environment; the Geisonoceras-commenity, associated

= . .. ) .
with the\goelf—baSLn transition: and the Triarthrus com-

dunity, reo}eeenting the shelf margin to basin environ-
ment (see Titus and Cameron, Fig. 7, p. 1221). Another
important Middle Ordovician occurrence is from western‘
Newfoundland, where lingulids are fowmd in deposits as-
sociated with graptolites and turbidites in what is in-
terpreted as a slope environment (Delong, personal com-
munication, 1978). None of these shells are found in
life position; however, tﬁe shells are art;culateoAand
undanaged, and do notfappear to have undergone any
transport. \

o



T 196

-

‘ '3

y The classic shallow water lingulid community. es-
tablished by Ziegler, et al. (1968) from the Lower
Silurian has also been recognized‘in the Upper Ordo-
vician Oswego For;na-tion of New York-_bjr‘Bretsky (1970)A.
Bretsky (1969) has stated that this shallow-ﬁatgr—mol-‘
luscan association ariginated in .the Upper Ordovic;an
and persispéd until.the Lowé} Permian. - v

Ziegler, gg.gl. (1968) defined the. shallow water
lingulid community from the Lower Silurian (Cowleigh -
Pafk.Beds) of Wales. This is:gﬁe of several examples
of ‘Silurian shaliow water lingulid commumnities contain-
ing in gigg lingulid shells (see also Johnson, 1975).

Investigations of the Upper Silurian Ludldvian
deposits of the Wélsh Borderlands indicate that two lin-

gulids Lingula lata and Lingula lewisii are distributed

over a wide range of environments from the shallow near-
shore zone to the basin facies (Calef and Hancock, 1974,
Lawson, 1975; Watkins and Berry, 1977). Shells of Lin-
gula lata are found in life position and are associated
with graptolites in sediments interpreted as representing
deep basinal environménts)(Cherﬁs, 1979). '

In a detailed analysis of the Lower Devonian

~Genesee Group of New York, Thayer (1974) found the lin-

gulid brachiopod genus Barroisella to be abundant in all

enviromments from the near-shore facies to the basin

facies. Although specimens from the graptolitic basin

LP
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.faCLES were found horzzontal to the bedding other spe-¥¥n145
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cimens from dszerent facles were found in’ the vertzcal a

—~ N

in 81tu position (Thayer, 1974) - '-u—." L S

< - No examples of deep water llngullds are knowa

"

from rocks younger than Lower Devonlan /ﬁhereas %mny‘ex-.'
amples exlst of shallow water llngullds (many in life |
posxtlon) from the Upper ngonlan (Szmue, et al., 1976)

the MlSSlSSlpplan (Craig, 1952, 1954, Ferguson, 1962, ' - ..
1963; and Osgood and Szmuc- 1972), the Perinsylvanian -

. (West, 1972; and-Hakes, 1976), and ‘the Permian (Elias, -

-dence, the presence of lingulid 5rachiopods,in the Lower

© 1937: and Yarrow, 1974).

Therefore, based on the'availablelfossil evf}'
Paleozoics cannot be used as the sole criteria in'delinr\i‘h;
eating palecenvironments (Pemberton and Kobluk, 1978b).

In addition to the presencé._f lingulids, Mar--
tini (1966) also pointed owt that tgzbsiesence of rare
mudcracks in the Thorold strata of this area was indi-
cative of a‘tidal flat origin Although'well;developed

mudcracks were not observed in this present study, thelr

—_— - e

sqspecteq occurrence warrants dlscuSSLOn. S T

Mudcracks are usually interpreted as being -

formed on the sediment surface duiing periods of ‘sub-

XS

aerial exposure. There are, however, numerous examples

of morphologically similar stfuctures termed shrinkage

- eracks wﬁich form subaqueously (see White, 1961; Burst,



1965;_ dnd Donovan and Foster, 1972; among others). Such-

stfucﬁuresiusﬁéily'&é?élbp due to the mechanism of syner~
esis, which involfes‘the expxrsian of the liquid phase
from the solid- phase in a 11qu1d—solld susuen51on
SJungst{‘lsgg._R;eb, 1951: Whic 1961 Burst 1965; Dono-

van and Fqséer, 1972). The impetus for their formation

- seems to be linked to changes in the salinity of the

depositing ﬁé?ium:(Van Straapan. 1954;~Weiss, 1954, bo-
novan and Foster, 1972). Experimental studies coﬁ&ucggd
by.Donovaﬂ and Foster ~(1972) resultgd in the déVelopment -
of‘subaqﬁédus ;hrinkage cracks-in a clay-chalk mi;%ﬁie

whiech was deposited by density flow in a sedimentation

tank. - Three months after the initial deposition of the

. sediment a weak Parazone (vleaching) solution was added

to the overlying water, and two weeks later sh;inkage
cracks developed. They interpféted the crack formation
as régultiné‘from the interaction of the ClL™~ions (in
the Parazone) with the sediment-water interface.

An alternate hypothesis, involving biogenic in-
terventlon, has also been postulated. 1In areas which
have hlgh numbers of deposit-feeding organisms, it has
been shown that their burrowing activities greatly in-
creases the wategﬂpontent-of sediments (Chapman, 1949;
Harrisom and Wass, 1965; Rhoads, 1970; Pemberton amd
Risk, 1976). 1In -addition, Ginsberg (1957) indicated

that factors such as the mixing of muds and silts by*

. e
R



organlsms the gel—llke character of blogenlcallyhmzxed' -;Ekf.a.

sediments, and.the escapemof gasses produced cy the bac- :;:ﬂ

_ texrial decay of such thlngs as fecal pellets contrzbute

to a rapld change 1n sedlment pacElng. Later t:ue

compactlon during burlel decreases ooroszt;, develops

new fabrics, and in 511t and clay 512ed sedlments _pro- _A T

duces some sort of phy51ca1 cohe31on between the parti-

cles. Thls later ‘effect 15‘51:11ar to -the ct ange caused

by des;ccatlon (Glnsberg, 1957) Furthermorz Baldwin' .

(1974) recently illustrated thet precondztlonlng of pat-

terns -of stress xelief lnusubmarlne sedlments by se€diment-

water interface blogenlc traces could effect subsequent

crack deveIOpment due .to the mechan;sm of synereSLS. ..
Either one of these proposed 1nterpretatlons

for the development of subaqueous shrinkage cracks, seem
- < . N i

to be a vigble altermative for the features described

(1966) as mudcracks. Altﬁough the presence
eloped, horizontal burrows strongly sugéestsf
influence, the interpretation of storm de-
posits is .cdns nf with abrupt sal%pity changes. —

During storm periods, extensive runoff seaward from

land sources oight decrease'saliqities locally and with

. the resubption of fair-weather conditions, salinities

would returt to normal. ' This abrupt increase in C1l~ p

ions might result in the similar reaction previously

described by Donovan and Foster (1972). .
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Assemblage Three,,therefore can be 1nterpreted

as berng characterlstlc of a 1ower foreshorq to toff-

"'ﬁshoreﬁenvxronment, the reszdent_lchnocoenoses Hgang

the elemgo;s of.;heiCruziana ichnofacies which makes up
the majority#of;the,section. Igterspefsed periodicaily
within thiS»ichnocoeanes are relatively thick, fine-
gralned sandstone unlts containing elements of the

Skolithos 1chnofac1es which are here interpreted as

-

resultlng from storm deggsxtlon. n

\---‘

The crlterla for“the recognition of such storm

derived sediments_lnrthe lower shoreface to offshore

. zones have been summarized,in Table 4-8. Thorold

- . . \e
strata, in this area, contain a number of these diag-

nostic sedimentary features including: fining upwasd -
sequences of sandstone siltstone- shale basal groove
casts, linear, undulatory, and interference ripples,

ball and pillow structures, armored mud balls (Martini,

1966) ; ripple drift cross-laminations_fﬂartini, 1974);

‘and perhaps the most diagnostic feature of all, hum-

mocky cross-stratification (R. G: Walker, persomal com-
municatioen, 1979). In addition, the resident icﬁqo—
fauna is charac§eristic oﬁ the relatively quiet-water,
and fine-grained sediments usually associated With{?_

this environmentf} In fact, a number of the recognized

ichnogenera are knéwm to be found almost exclusivelyJ{;\\
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flysch sediments (Fﬁcusgéﬁis, Rhabdoglyphus, Scalari-
tuba, and ? Scolicia). " ‘ L
‘ _Anothef'important ramification of the recogﬁi-
tion of these stqrm-derived units concerns the etholo-
gical distribution of the trace-making organisms. The;:
resident ichnocoenoses (the elements of the Cruziana
'ichnofacies).can be considered to represent a stabler
’ benthic commmity, whose populations are at -or near
the carrying capdcity of the enviromnment. Levinton
(1970) has termed such assemblages as being resource-
limited and noted that they usually occur inrhabitatsz
with low physio-chemical stresses. The periodic influx
of elements of the Skolithos-ichnofacies represeﬁ;s one
of the few exapﬁles of an opportunistic trace fossil
assemblage. Examples of opportunistic species‘ha§e
léng beeé,known from body'fossils.(Waage, 1968; Levin-
ton, 1970), and'reﬁresent organisms which are not
resource-limited, but‘instead are‘associated with un-
stable, physically-controiled environments (ievinton,
_1970). Such species have been recognized based on the
foliqwing criteria: J

¢ -

.2) . «Distribution over a limited area (Waage,
1968);
’ b): " Presence of species in thin but wide-
spread isochronous horizons, indicatiﬁg brief invasiomns

(Wa§ge, 1968).
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¢). Species found abu#dantly in several other-

. wise distinet faﬁnal assemblages (Levinton, 1970);

d). épeéiégwqppearing in great abundance “in

~

a facies with which it is ﬁot uéhglly'gséociated (Levin- -
ton, 1970); and - " ‘ . |

e). A species-numeéiqally dominates a f9$sil
assemblage (Levinton; 1970). - -

‘In Assemblage Three of the Thorold Sandstone,
the ichnocoenoses of the storm-derived sedzmeﬁts can
be interpreted as being comprised of_ichnogenera pro-
duced by opportunistic species. The resident ichmnocoe-
noses was wiped out by the high physibiogical stress
Brought on by the influx of storm-derived éediments.
These sediments were then in turn invaded by opportu-
nistic species which attained very high densities in a
short period‘of time. With the %esumption of normal
sedimentological conditions, the stress which 1imited.
the resident fauna was femoved, which allowed for a 7
recoclonization. As.the resident fauna re-established
itself, conditions chanéed and the opportunistic species

(here represented by Arenicolites, Diplocrateriomn, and

Skolithos) were seiectively excluded. These elements
were later introduced with the next major storm event.
iv) . Assemblage Four

L

The ichnocoenoses of Assemblage Four represents

the westward continuation of the resident Cruziana
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' igﬁﬁﬁfizies descrEBed from Asseﬁbiage Three. It con; -

sists of Chondrites, Cruziana, Dlpllchnltes Dlplocra- :

terion, Mbnomorphichnus, Palaeonhycus Planolltes

-

Rusophycué, Scalarituba, inclined Skollthos, Telchlch—

nus, . echiuroid traces, ? Gordia, ? Caprionichnus, ? Sco-

licia and ? Trichophycus. The assemblage is character—

T ized by increases in feeding burrows and the traces of

: moblle organisms, and a cgrre5pond1ng decrease in -

dwelling burrows. Such domiciles when found are orien-
ted-obliqueiy to bedding planes.

The zones of &ense vertical burrows observed in
Assemblage Three and lnterpreted as resulting from storm
deposition were not observed, The trace fossil assem-
blage is domineted by structures created by deﬁbsit-
feeding and carnivorous mobile organisms, which are
resource-limited. Such assemblages are characteristic
of shallow water offshore envireﬁaents ﬁhich seem to

be biologically controlled (Howard,-l972).

4-5. Summary
The trace fossils of the f;%Fold Sandstone
are indicatiwve of the shallow-water, néarshore Sko-

lithos and Cruziana ichnofacies, and can be divided

into gour distidctive assemblages.

Assemblage One is restricted to the New York
J . ;
area and seems to be indicative of a tidal flat to

lo&-energy lagoonal enviromment (Martini, 1966).
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AssemBlage'Two{ from DeCew Falls weétﬁard télAlbion . -
Falls, is characteristic of the Skolithos ichnofacies,.
which seems to be indicative of tidal flat to shore-

-

face enviromments. Such environments are dominated by

physical processes related to the proximity of the shore<

line. Assemblage Three consists of a mixed ichnocoeno-
ses which contains elements of both the Skolithos and
Cruziana ichnofacies. The resident ichnofoséils are
indicative of the Cruziana iclmofacies, which is char-
actefiétic of the lower shoreface to offshore‘enyiron—
ment. Tﬁg elements which comprise the Skolithos ichno-
facies afe considered to result from storm deﬁosits.
Assemblage Foﬁr is a contihuation of the resident Cru-
ziana ichnofacies of Assemblage Three and indicates
offshore deposition. ?{7
These four ichnoféssil assemblages can be dif-
ferentiated based on the lateral variatioms in e;ho;
logical groups (Tqble 4-9). These wvariations correspond
very closely to the observed lateral changes in sedi-

mentary properties (Table 4-10) observed by Martini

(1966) .

.
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el . Table 4-9 - S R
2 . - T
- LéterallVariékiOns Between .Thorold.
-Trace Fossil Assemblages

i

From Assemblagé 1 to Assemblage 2.

1..

2.

3.

.4'

5.

Decrease in abundance of Arthrophycus and;Dae;
dalus ' '

Introduction of abundant vertical dwelling bur-
rows: Arenicolites, Diplocraterion, Dolopichnus
sp. B, and Skolithos. -

Density high, diversity low.
Few horizontal burrows.

Few mobile forms.

From Assemblage 2 to Assemblage 3.

1.

5.

Great increase in feeding burrows: Chondrites,
Fucusopsis, Polyeylindrichnus, Rhabdoglyphus,
Scalarictuba, Teichichnus, and Trichophvycus.

Increase in density of horizontal burrows.

Increase in abundance of mobile forms: Cruziana,

Diplichnites, Incisifex, Monomorphichnus, and
7 Gordia.

. Aside from discrete zones of dense dwelling bur-

rows, there is a decrease in vertical forms.

Density low, diversity high.

=]

From Assemblage 3 to Assemblage 4

1.

2
3
4.
5

Increase in abundance of feeding structures.

. Decrease in abundance of dwelling burrows.

. Increase in mobile forms.

Vertical burrows where present tend to be inclined.

. Densities low, diversity high:
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S CHAPTER 5 | L —
Proposed Re-= cla551flcat10n of Some Selected

-

Vert_cal Ichnof0531ls f_ T

~ g

———

5-1." Introduction

At present the field of lchnology is -going
through a rapld expan51on and 1ncreased lmportance is
being plated on the study of trace fossils in the paleo-
ecological intérpretaéiqn of rock units. Maﬁy diffi-
culties have‘fréquentl& arisen when it comes to the
point of assigning ‘ichnogeneric and ichnospecific
names. This problem is due largély to the Qast number
of ill-defined ichnogenera and ichnospecies thét have
accumulated;in‘the litgrature (Fursich, 1974a). Re-
cently, there have been numerous proposals brought
forth in hofes of clarifying this situation. Frey
(1973) has suggested that the use of the ichnogenus
as thg basic nomenclatu unit in trace fossil taxo-
nomy might be a valid compromise to help solve the
present difficulties. Since trace fossil systematics
is not recognized by either the "International Code
of Zoological Nomenclature'" or the "Internal Code of
Botanical Nomenclaﬁure." Sarjeant and Kennedy (1973)
have proposed a separate code for the nomenclature of

ichnofossils. This code is similar to the Botanical

207
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B code’ and -calls for the retention of binomfal ichno-

fossil names -and makes provisioﬁs for the special
problems cdnfrohtéd by ichnologists. |

In the study of lchnof0531ls, several cla331-
fications have been used. These range from stratlnomlc_
(Seilacher,.1953a) to phylogenetic (Seilacher, 1953a)
‘to ethologic (Seilacher, 1964). Chamberlain (1971b)
pointed out that difficulties arise in any system of
classification of ichnofossils, paftly because exten-
sive comparison of morphology‘and ethology with modern

organisms has not been made. Ichnofossils, for the

~most part, reflect behdviour of organisms and only to

.a small exteﬁt refleft the morphology. 1In this con-
text, it can be sh that an organism may display more

| than one behavioural pattern and thus may produce more
than one type of structure. Similarly, an organism
may display a single behavioural pattern in varying
sediments but produce two, different traces, this being
based on grain size, sediment chemistry and degree of
erosion or sedimentation. To confuse the issue fur-
ther, different taxa behaving similarly may produce
similar structures. Thus, very few ichﬁogenera can
confidently be assigned to existing taxa, and'many
lchnofOSSilS cannot confidently be assigned to etho-
logical types (Chamberlain, 1971b). These inconsis-

tencies illustrate the value of the Sarjeant and
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fq\&Kennedy (1973) code in whlch they state that ".;. a
nomenclature for trace fosszls must be recognlzed for
what it 1is, an essentiallyGgprphological classification
for naminé organically-in@uced structures in sedimgnt?
in rocks, and in the walls of body fossils. It should
presuppose (either,a knowledge of the nature of the
-organism whizélfgtivity produced the structure, nor'

" the absence of such knowledget" . -

. As stated earlier the morphology of trace fos-
sils reflégts the behaviour ;nd, to a lesser extent,
the morpho;pgy and size of the organisms responsible
foé érehting them. Fursich (19732 correctly pointed
out tﬁat the behavioural patterns resﬁonsiﬁlé.for the
morphological features can bear quite different degrees
of éignificance. Based on Ehese consideration, Fufsich
(1973, 1974a, 1974b) has developed the concept.o; sig-
nificant and.agcessory features for use in trace fos-
sil systematics, in which morphological features re-
sulting from behaviour at a-high” level of significancg
are called significant features and are used for clas-
sification at the ichnogeneric level. Morphological
features resulting from behaviour at a low degree of
significance are called accessory,featufés and are
used for claésification at the ichnbspecific level.

Considering the state of the classification

of ichnofossils as.previously outlined, only a few
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studies have attempted to revise groupslof ichnofossils

and possibly.decrease the ‘'number of ichnogenera and

ichnospecies, ﬁany of which ére'synonymoué'or podrly

differentiated. .Recent studies have attempted to re-

vise the systematics of Diplocraterion (Fursich, 1974a),

Rhizocorallium (Fursich, 1974b) and crustacean tracé
fossils (?ﬁrsich, 1973; Bromley;and Frey, 1974; Frey
and Howard and Pryoi,.l§78)-

One of the most poorly ﬁnderstood groups of
ichnofoséils~consists of vertical; single-entrance
burrows. By far the most proliZic ichnogenus in this

group.is Skolithos, and as Osgood (1970) stated, "It

Tremains in a state of confusion and is badly in need

of monographic study." Alpert (1974b) presented a

systematic review of the ichnogenus Skolithos, conduc-
g

ted solely from the literature, actual type specimens

were not examined, 35 species of Skolithos were pléced{
into five distinctive ichnospecies; It must be
stressed, however, that there exists in the literature
a multitude of ill-defined ichnogenera that may or

may not be referrable to two or three separate taxa.

5-2. Historical Perspective

In any classificational revision it is impera-
tive that one have a clear understanding of the his-

tory of the forms being studied. The nomenclature

of ichnofossils is a subjective process and is

"
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dependent on the views belng expressed‘f;fﬁ“the early |

-

nlneteenth century most blogenlc stzuctures were eon- —

4._ .

sidered to be the remains of—marlne plants and wereﬁ

descrlbed as fucoids -(see MacCulloch 1814) It was

" not untll the mlddle of the _century that an animal ori-

gin was proposed for some of these structures. |
Haldemann (1840) applled the name Skollthos to

vertical, cylindrical structures in the Lower Cambrlan

Chickies Formation of goutheastern Pemnsylvania and e

-

descrlbeg; them as follows:

"Fucoides ? linegrés.: Stem simple (never
branched), rectilinear, surface nearly even.
Diam. 1/8 to 1/4 in.; length several feet. Cy-
lindrical or compressed. Locality, south of
Reading and north of Columbia, Penn., being the
oldest fossil in the state, occurring in the SV
first stratified rocks above the gneiss-. Obs.
I discovered this fossil in 1835, and described
it about three years ago as Skolithos linearis,
proposing a subgenus for it, because its real
nature could not be determined, and because the
genus Fucoides is composed of hecerogeneous
materials. The characters of the subgenus
Skolithos are: stem free, cylindric or sub-
cylindric veriform or 1inear, never branched"
(Haldemann, 1940, p. 5).

Hgldemann's paper, however, was not widely.
distributed and was unlllustrj.ed and the lchnogenus
Skolithos recelved little attentlon until the work
of Hall (1847). Hall, descrlblng forms similar to

Haidemann‘s; from .the Potsdam Formation of eastern

New York and western Massachusetts elevated Skolithos

. e e mm s = ==



from the sub-generic to the generic rank and re-named

the'fgrm "Scolithus™. This was done because Haldemarnn

(1840) had used the Greek form (Skolithos) and not the
Latin form (Skolithuss. However, as Howell (1943).
poipfs out, the original spelling should be retained
(Arﬁicle 19, Internatiomal Code of Zoological Nomen-
clature). Hail-(1847)'stillfconsidered the form to
represent a fossil plant and characterized it as such:
“Stem free, simple, c;lin§ric or subeylindric, veri-

form or linear, never branched" (Hall, 1847, P- 2).

Meanwhile in' Europe similar forms were being

examined from the Lower Ordovician of France by Rou- .-~

ault (1850), who proposed the names Foralites and |

Tigillites. Foralites characterized simple structures
which penetrated the substrate at various angles; al-
though some specimens were straight, most were gently

curved (Rouwault, 1850). Tigillites, on the other

hand, characterized vertical structures that were
never crowded and did or did not exhibit a funnel-
shaped aperture (Rouault, 1850). Salter (18537) con- ~
sidered. Foralites to be'a_synonym of Skolithos and
:aiso_suggested thap‘the ichnogenus Scolites should
include not only verticél and-&iagonal structures but
also horizontal burrows attributed to anmelids. This

- proposal was not ﬁell'réceived, and finally Nichoison

IO PG PO



© 213

- -

(1873) pronosea the lchnogenus Planolites. fbr horz—".

zontal burrows of annelid origin:
. _In the years 1860 to 1900 numefous examples of
Skolithos nurrows were being described fnon Eastern
North America. These include sﬁndiés of, forms from the
Lower-Cambrinn of Labrador (B{llingé‘ 1851) the Georgia
‘Group of Vermont (Hltchcock 1861)- the Potsdam Sand-
stone of the Mbntreal area (Dawson 1863), the Pots-
~dam Santstone of Wlscon51n (Whltfleld 1880)- the :
Clnc1nnat1 Group of Ohlo (James, 1881); the St. Peter's\\‘“”?
Sandstone of‘Mxnnesota (Winchell, 1884)-.thé‘Chickies "
Sandstone of Pennsylvanla (Wanner, 1890); and from
numerous Cambrian deposits (Walcott 1890b) These
newly described forms (along w1th others not mentloned)
we;e all concerned with Skolithos forms but in most -
' cases new.épecies.were namné. Iﬁ-add;tion,'Chamberlain
. (1883) suggested that the burrow described by Whit-

field (1880) from Wisconsin and named '"Skolithus wnodi",

be renamed Arenicolites. He preferred this name be-

cause the anneliﬁan character of“the fossil had been )
determined.  However, this suggestion did not meet

with success and the ichnogenus Arenicolites was re-

served for U-shaped forms (Whitfield, 1877).
James (1892) conducted the first analysis'tf' .
the ichnogenus Skolithos in which all forms previously

discussed, along with other reports not mentioned,

s

o
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were interpreted; Thése fdrms'ranggd in age from Lower

" Cambriag (Skolithos linearis; Haldemann, 1840) to Tri-

"assic A"Scolithus (Fucoides) shepardi"; Hitcheock, 1833)
and based on morphblogical characggristics were insépa:
" fable (James, 1892). 1In spite of this fact, James

(1892) proposed that these species names be retained

. for structures in rocks of different ages or-geogrd-.

-

'phicgi:regions. The reaspns for this are outlined be-

*

low: ’ .--';i»‘

s

"It cannot be considered as at all probable .
that the annelid living in the Lower Cambrian
and making the perforations we know as S. linearis
persisted in the same form through all Tater geo-

. logical periods into Triassic time. Mr. Wal-~
cott does not think it probable that the same.. .
‘specieghranged even through Gambrian time, ¥o
say nothing of a much greater time-range. Yet
he places forms from the lower and upper Cam-
brian under the same specific name. On the
same principle we should unite all the species,
in whatever geological horizon they may occur,
under one name,; for there are no characters.to
distinguish one form from another. But this
does not seem advisable, and under the circum-
stances I would propose that the geological
position shall decide the name to be used. -Thus,
S. lifearis might be applied to the forms from
‘"The Lower Cambrian rocks of. the eastern United
States; §. canadensis to those. occurring in
Upper -Cambrian strata of the eastern United
~ Stated, and S. woodi to those from strata of
. similar age In the Upper Mississippi Valley;
$. minutus might be the name for the form in
Calciferous strata; S. minnesotemsis might be
applied to the forms from the St.t Peter, and
S. delicatulus to those in Cincinnati rocks;
3. clintonensis might be applied to those from
Clinton and Medina strata, S. verticalis to those
from the Portage, and S. shepardl to those from
the Triassic. It is probaSIe, also, that a
name should.be given to forms collected from
. other horizons, say S. ariscaicust, to the form
=D froz §he Grand Canyon inm Arizoma. (James, 1892,
p. 43).° : ,

o,
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These comments reflect the ideas expressed
by most paleontologlsts of the era, in which forms,
however similar, are treated as different species if
found‘iﬁ.stéata of differentaages. They-also reflect
the views held by ichnologists at this time, in that
the trace fosdil was regarded a; a biologdcal entity.

In addition to simple vertical burrows, Torell -

(1870) described vertical burrows with trumpet-shaped

. apertures from the Lower Cembrian of-Sweden. These

burrows were characterized as follows:

- =+ "Erect, linear, superlorly somewhat widened,
breadth 3- 6 mm. length of the fragment 60 mm;
situated in funnels (breadth 30+40 mm, helght
"22-30 mm). Tentacles c. 20 (in one specimen
21, in two specimens traces are foumd), lomng,
extending above the margin of the funnel. Maxi-
mum length of tentacles 34 mm,

Locality: In a sandstone boulder of the
Cambrian formation at Lungas, Vdstergotland.

When the worm reaches the upper’ part of
the fumnel, it seems to thrive in a sheltering .

tube, as lS the case of recent worms of the
division Tubicola.” (Torrell, 1870, p. 13)

.

The specimens described by Torell (1870) were
not illustrated and were poorly described and thus
received little attention. Further descriptions of

Mbnocraterion -burrows were restricted to early Paleo-

zoic sé;ata in North America (Lime, 1878; Miller, 1889
Matthews 1891 1901)
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" After the major workﬂof_Jamés (1892), there
followed a period of relat;vélf‘rimited interest in
iﬁhnofossils of this*type'ugtil the work of Rich;er
(1920, 1921). Richtér.(IQZOi broposed a revision and
clafifiéation of the ichnogenus “Scolitﬁus"; He re-
stricted "Scolithus" to stréight,'close;y‘packed,-vef-

tical forms, which were best typified by the specimens

‘of the Cambrian of Sweden. Richter (1920) then pro-

posed the idﬁnogengs Sabellarites (for forms from

the-Lower Devonian Koblenz Quartzite“of Germany) for
irregularly loosely packed §pecimens, which included
most of the fofms‘previously described under the ich-

nogenus "Scolithus'". Richter (1921) later changed

this to Sabellarifex, since the earlier name was pre-

occupied by Sabéliarites,‘Dawson (1890), an annelid.

. Richter’'s views, however, were not popular and Wester-

-gard (1931) undertook a re-examinatioﬁ of the Lower

Cambrian specimens”from Sweden. ' He observed that some
scattered tubes were straight and some closely packed
tubes were wavy and concluded: ". . . as these dif-

ferent Scolithus forms [Scolithus and Sabellarifex of

Richter] are connected by intermediate forms and occur
éssbciated they can hardiy be distinguished" (Wester-
gard, 1931, p. 14-15).

In the same paper Westergard (1931) also re-

examined specimens of Monocraterion originally
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&esc;ibed by Torell (187Q0). Since Torell's report

-

was not illustrated and no type specimens could be
located,VWestefgard (1931) re—descriﬁed_fbrms from the
Lower Cambrian Lingulid 'sandstone at Lugnas, Sweden “as

‘follcws:

"A sub-cylindrical tube, perpendicular
to the bedding plane, usually straight, some-
times slightly curved, ends superiorly in a.
fupnel. Tube generally 3-4 mm in diam., often
slightly increasing in width upwards; fragments -

" 6-8 cm in length frequent; longest specimen

" found 16 cm. Funnel in transverse section
circularor fairly irregular, in vertical sec-

" tion wide or narrow, straight-sided, cup- or
trumpet-shaped; varying in width and depth,
often 10«15 mm, rarely 20 mm in diameter; great-
est depth observed 22 mm (in one specimen 20
um in diam.). The rube continues often through
the fumnel, and occasionally it is seen to end
in a second funnel at a"-higher level' (Wester-
gard, 1931, p. 11).

Westergard (1931) also suggests that the
"tentacies" described by Torell (1870) were not ob-
served and that it cannot be ascertainea that there

exists anv actual connection between the ''tentacles™

and the fumnel.

T

" Fenton and Fenton (1934) in a nmow classic
paper, regarded '"Scolithus'' as being constructed by
phoronids; and offered the following re-definition
of the ichnogenus:

"Tubes or tube-fillings, in pure to

moderately impure sand; linear to f£flexuous,
never branched; commonly closely crowded,
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though in‘many cases widely spaced. .Traces
of finely annulate tubes preserved in fine
sands, but lacking from coarse omes" (Fenton
~and Fenton, 1934, p.- 344).
The next major work gonduéted on vertical
dchnofossil forms was conducted, for over a éecade,
by Héwell. In examining Skolithos forms from the Har-
dyston'ganastone of Permsylvania, Howell (1943) was
the first to point out the change in spelling of Sko-
lithos to "Scolithus" by Hall (1847). He recommended
* that the original spelling be used and that "Scolithus"
be abandoned. In addition, Howell established two -
new ichnospecies of Skolithos: .§. magnus, from the '
Lower Cambrian Hardyst?p Formation of Pennsylvania
‘(Howell, 1944); and S. ingens, from the Lower Cambrian
Antietam Sandstone of Marvland (Howell, 1945). Howell
(1946) also described a new ichnospecies of Monocfa-
terion (M. clintonense); and re-defined the ichnogehus

. 3 A
Foralites to include those Skolithos-like burrows

that were inclined and.gently curved (Howell, 1954).
Describing Skolithos-like burrows from the Cambrian
Tapeats Sandstone of Arizona, Howell (1957) proposed

a new ichnogenus Stipsellus for those forms that ex-

hibit ring-like expansions at regular intervals along
their length. 1In an analysis of two ichnospecies.of
Skolithos, Howell (1955, 1958) followed the procedure

of James (1892) for the designation of Skolithos
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ichnospeéiesf Howell (1955) suggested that Skolithos

minnesotensis, although iﬁdistinguishable-from S.

linearis, should be retalned for Skollthos spec1mens of

-

Lower 0rdov1c1&n age. Slmllarlv, Skollthos woodi would

be réserved for specimens from the Unner Cambrian (How-
L . - "

‘ell, 1958). T F )
’ With ﬁhe_initiation of the "Treatise on Inverte-
brate Paleoﬁtolézy," the volume including ichnofossils
was the first attempt to clarify the many ichnogenera .
thét had been propdéed. In the treatise, Hantzschel
(1962) differentiated the following"single—entrance,

vertical ichnogénera: Asabellarifex, Cvlindricum,

Histidoderma, Sabellarifex, Skolithos, Stipsellus, and

: Tigillitesl Héntzschel (1962) placed Monocraterion,

Foralites, and Leptocraterion in synonomy with Tigil-

lites and suggested that Asabellarifex and Sabellarifex

Bight be included with Skolithos.

Perhaps the most g;udied-and spectacular exam-
ple .of Skolithos is in the Lower Cambrian Eriboll Sand-
stone of northwest Scotland. These burrows are so pro-
iific that the strata is referred to as "pipe-rock"
and have been studied since the early work of MacCul-
loch (1814). The investigations of Peach and Horne
(1907) and McNair and Reid (1929) distinguished five
separate burrow Zones, composed of three different.

sizes of '’ ordlnary" pives and one zone of 'trumpet’

a
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pipe. These forms ?ére.all lumped under the -ichno-

genus "Scolithus." Hallam and Swett (1966) re-studied
- . - & .. : R
these forms and placed the "ordinary'" pipes in the oL
ichnogenus Skolithos amd the "trumpet” pipes®in the -

ichnogenus Monmocraterion. They did, however, propose

that the same organism responsible for creating the

Skolithos burrow also constructed Monpcraterion, the

mdr;hological diFferences being related to varviné
Sedimentatidn rates. A similar explanation -was also
proposed by Goodwin and Anderson (1974).

‘The first systematic review of the ichnogenus
Skolithos since Jamgs=(1892) was conducted by Alpert
(1974b). OF the more than 35 ichnospecies examined |
(sofgly frém the literature), Alpert (1974b) recog-
nized only'fivé-disﬁinct iqhnospeci;s. This distine-
tion seems to be based mainly on burrow diamepef. In
addition, Alpert (1974b) suggested that the following
ichnogenera be placed in synoﬁomy with Skolitﬁos:“most

specimens of Tiéillites, Sabellarifex, and Stipsellus

and also that the ichnogenera Foralites, Haughtonia,

and Cvlindricum most vrobably are referrable to Skolithos.

Finally, in the revised edition of the "Treat-
ise on Invertebréfe Paleoﬁﬁology," Hantzschel (1973)
distinguished the following vertical, sinéle-entrance

ichnogenera: Cylindrichnus, Cylindricum, Histioderma,

Monocraterion, Neoskolithos, Piliéhnia, Sabellarifex,

-
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Skolithos, Stipsellus, and Tigillites. The only

changes from Eéﬁtzschel (1962) involved Monocrateriom,

which was earlier placed‘in Tigdllites.

The preceding outline, although not by any means
complete, is a synopsis of the major studies conducted

'on.vertical, singlg-entrance ichnofossils. ‘ {

5-3. Present Classification’

A). Cylindrichhus Toots, 1962, p. 64-[E- concentricus,
. 7 : ‘
M. ] :

Cylindrichnus is a subconical form, stra;ght

-

to'weakly curved with a circular to oval cross-sectiom.
Diameters range from 10 to 20 mm, but most commonly

fall in the range from 12 to 15 mm. The burrow is
penetrated by a central core that ranges from 2 to 4

mm in diameter. The exterior wall is compose

centric layers and is preserved in(fu

burrow is orientated from inclined\to wvertical.

B). Cylindricum Linck, 1949, p. 19

Plugs (fillings of tubes) shaped much like a
test tube; rounded at the lower end, not pointed. The
wallg are smooth, and diameters range up to 5 cm;
lengthg, although variable, have been recorded up to
several centimeters. Usually preserved in groups in
coﬁvex hyporelief and are orientated perpendicular to

the bedding.plané.
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C). Foralites Rouault, 1850, p. 742
Simﬁie burrows, w@icﬁ'penetrate the rock in
all directioﬁs frcm‘pgrpeﬁdicuiar;to inclined, but al-
_ways have an aperture at the upper surface of the bed
in which they,iie. _The burqus range from l1to5 mm‘
in diameter and from 12 to 76 mm. The aperture is never

funnel-shaped. The burrows are sometimes nearly straight,

but are usually curved.

D). Histioderma Kinshan, 1858, p. 70 [H. hibernicum]

| Vertical burfow with the upper extremeties = -
trumpé;-shaped and fhe lower turned up at a right an- -
gle to the bedding pléne. ‘The-uéper‘portion of the -
burrow.is marked by several ridges crossing each other
at irregular intervals. Diameterslusually 12 mm and

length varies from 2 to 8 cm.

3

E). Monocraterion Torell, 1870, p. 13 [T. tentaculatum]

Trumpet-pipes; upper fumnel structure pene-
trated by a central straight or slightly curved tube.
The funnel may be simple or multiple (seen in trans-
verse-séction as a series of concentric rings); with
diameters of from 1 to 4 cm and depths of up to 2 cm.
The central tuﬂe.exhibits diameters of up to 5 mm and
lengths up to 16 cm. The wall may or may not possess
a visible lining. The entire burrow is usually oriented
pefpendicular to the bedding but may also be slightly

inclined and it never branches.
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F). Pilichnia Chamberlain, 1971a, p. 223 [P. elliptica]
Large subc ndrlcal gallery 60 om wide with
an oval or elllptldél cross-section. Irregularly

sinuous, malnly vertical but also horizontally through

the sediment.

G). Sabellarifex Richter, 1921, p. 50 LS "eifliensis]

A Slmnle vert1ca1 burrows, cylindrical to sub-
cylindrical and never branched. Walls are smooth and
never_annulated.- Burrows -are similar ég Skolithos but
are less straight and not as crowded. Oriented ver-

tically to the bedding plane.

H). Skolithos Haldemgnn,\lS&O,-p. 3 [Fucoides linearis]

Simple vertical burrows, cylindrical to sub-
cylindriéal in form, usually parallel to each other.
Diameters range from 1 t§ 15 mm and are usually con-
stant throughout the énéire length of the burrow.
Lengths are highly variéblé{ commonly up to 30 ecm. The -
inner walls are smooth but may be finely annulated. The
burrows are COmmoﬁly closely packed but gave also been
found in i§olated occurrences. Oriented véttiéally

to inclined.

I). Stipsellus Howell, 1957, p. 18 [S. annulatus]

Vertical, cylindrical burrows that never

branch. Diameters range up to 12 mm and lemgths have

-

been recorded up to 15 cm. The diameter is usually
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constahfﬂfhroughdut the $pecimen. The walls are
smooth exéépﬁ'that the'Burroﬁ was expanded at regur
lar iﬁtervalé (appréximately 12 mm apart) so that
narrow (1 to 2 mm in length) ring-like expansions form.
The burrows are oriented perpendicular to the bédding

-

plane.

J). Tigillites Rouadlt, 1850, p. 740 [T. dufrenovi]
Simple vertical burrows, without a special

lining. The walls are generally smooth but may be

annulated. Burrow diameters range from 2 to 15 mm

and are usually constant throughout the entire

length of the burrow. Burroﬁ lengths range up to

several cm. Openings may be parallel-sided or flare

‘to form a funnel. The burrows are usually not crowded, J -

and are found vertically or inclined. : &
In addition to these forms, a number of addi-

tional ichﬁogenera have been.prpposed to describe

burrows of a similar nature. These ichnogenera have

"not received much attention: Haughtonia Kinéhgn,'

1850, p. &18;120; Asabellarifex Kl&hn, 1932, p. 14;

Neoskolithos Kegal, 1966, p. 17-25; Leptocraterion

Stehmann, 1934, p. 17; and Trachyderma Salter, 1864,
p. 290.
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5-4. Analysis of the Hbrphological Features of §ingie-

_Entrance Vertical Ichnofossils

_Vertigﬁl; single-entrance ichnofossils exhifit_
a great range in ‘morphological variation. These varia-
‘tions may.be biologically or ethologically controlled
. oé may merely reflect locéi differenées in substrﬁte
dhar#cteristics. Ichnogenera must be regarded as
"form genera'" since é‘host of very different organisms
ma% be respén;ible for their cfeation. Analysis of
the‘morpholog;pal featurés of theseféi%§ié-gpt;ance |
gérms will center arownd those ériterié;ghat have been
" used to differentiate them in the past. -&hese features

include:

A). Burrow sinuosity;

B). Burrow diameter; -~
C). Orientation;’

D). .Ornamentation and lining;

E). Dggréé of crowding;

F). -Présence of funnel-shaped aperture.

"A). Burrow sinuosity

oo . ¥
Deviation from straightness has been used to

differentiate certain single-entrance, vertical ichno-
fossils. Richter (1920, 1921), in a re-evaluation of
the ichnogenus Skolithos, suggested that Skolithos be

restricted to straight, closely packed, vertical forms;

-

'd
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and that sinuous, looseiy packed forms be placed in

" the neﬁ ichﬁogenus Sabellarifex. Richter (1921) did

state, however, that if transitional forms could be

found the ichnogenus Sabellafrifex would prove unneces-

sary. This criterion was met by Westergard (1931), who
fqupd'sdhe isolated burrows that were straight and

some closely packed burrows that were sinuous. Based
on the:recognition‘of thege. transitional forms, Wes-

tergard (1931) placed Sabellarifex as a synonym of

Skolithos. Subsequently, a number of studies have
i;lustrated that sinuous Skolithos burrows are quite
common (Howell, 1943, 1955; Frey and Chowns, 1972).

In spite of this fact, the ichnogenus Sabellérifex

has persisted in. the literature (see Selly, 1970, for
example) . Howell (1955), studying the ichnospecies

Skolithos minnesotensis, found forms ranging from

straight to sinuous; although he recognized the simi-

.larity between the sinuous Skolithos and Sabellarifex,

he chose to retain the name Sabellarifex for Devonian

forms. Frey and ChOWﬁS’(1972) placed sinuous forms in
the ichnogenus Skollthos but /suggested that these

sinuous forms might be referrable to Sabellarifex.

More recently, Hantzschel (1975) recognizes Sabellari-

_ fex as a distinct ichmogenus, although he does point

out its similarity to Skolithos.
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Fenton and Fenton (1934) stated that. departure:

-

ﬁ__‘_from straightness does not seem to be a character on R

%ﬁlch new lchnogenera may be based. Studles of- arenl—"'. -
ce&}ds capitellids, sabellarids, and phoronzds indi- ~ :
‘cate that in each groun there exists a w1de range of.

' burrcws (or tubes) which are straight to sinuous (Fen-

. ton and Fenton, 1934). Howell (1943)_observed that
straight Skolithos burrows were ﬁound in‘fine-graiged
sandstone and as the grdin siée increased so did the

sinuosity of the burrow. Howard and Frey, (1975) ob-

served that burrows of the polychaete Dlonatra cuprea

 were stralght in the intertidal environment and were
more sinuous in subtidal sediments. . Sinuosity in’'the . .

burrow of Spiochaetopterus ociilatus was determimed to

be the result of the organism bending around rocks,
shells, and other obstacles in the eediment_(Howard ’
and Frey, 1975). -Chisholm (1969) suggested that sinu-

osity in Monocraterion burrows was due in part to the

exaggereting effects of the cpﬁeactien of the sediment. ;5
It seems evident that the deviation from

straightness is a functiom of substrate characteristics.

Thus, the sinuosity of burrows cannot be used as a

distinguishing characteristic.

AN

- B). Burrow diameter

Slmllar jchmofossils of different sizZes com-~

monly occur_ln the same bed or formation and are
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" of some llmited value-regzonally. it-often breaks down

by Skolithos and Tigillites (Table 5-1).

- . . ~ - . T -
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nscmetzmes 1nterpreted as; dlfférent 1chnogenera Eur- EERITY

am

:frlsch (1973) bas. p01nted out that although this may Bes T

when these- forms are compared with ones from 6ther dreas.
?Frey and Chowns S?é?Z) in studying spec:nmuu; from‘ther
Sllurlan of Georgia. suggested that fbrms over 1 cm in

dlameter are referrable to the‘Lchnoggnus-Tiglllltes.‘

while forms up to 1 cm aze referrable to~the ‘ichno- >
genus Skollthos. This seems tpo be very arbitrary, and .

‘examination 6f burrow diameter data from a number of

independent studies indicate that there - .~ L <

n

exists conszderable overlap in the dlameter of these .

“two lchnogenera.- In addltlon, spec;mens attrlbuted ca

to the ichnogenera Cylindricum, Foralites, and Sabel-

-« larifex also fé11 into,the range diameters exhibited .

Numerous studies on the distribution and mor-~

phology of modern polychaete burrows (see Frey and a ¢
Howard, 1972; and Howard and Frey, 1975; for examples)
show that a wide varietffaf*&iameters exist in these °

*

single-entrance, vertical forms which may be refer-

"rable to Skolithos. Since the diameter &f these .

forms is related to the size of the individual and
does tiot reflect any deviation in morphology, the bur-
row diameter is not a significant feature. Since

ichnogenera represent, more or less, '"form genera,"

o

78
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~ Table 5-1. Selected list of reported azameter'rangES
: for various- s;ngle-entrance, vertical

Qchnogenera.
Ichnogenus Diameter Range Reference .
Skolithos 2-14 Langille, 1974
) . &=15 Alpert, 1974
10-20 Howell, 1944
2-6 . " Curren and Frey, 1977
- 3-15 Hallam and Swett, 1966
2-10 Webby, 1968
4-5 Goodwin and Anderson, 1974
2-8 _ Frey and Chowns, 1972
Tigillites 2-15 " Rouault, 1850
: 10-25 Frey and Chowns, 1972
1-5 Volk, 1966
1-7, Boucek, 19667
. 2-20 Gregory, 1969
‘ 3-10 Hayward, 1976.
Sabellarifex "1-7. Richter, 1921
- 1-5 . Selley, 1970
Foralites 1-5 Rouault, 1850 )
1-5 Howell, 1954
’
Cylindricum 5-15

Webby, 1968

o

Ty

o
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- relative size is not a distinguishing characteristic., "

If should be noted, hbwever,.that Alpert (1874b) uéed
Burrow'diaméter as one of the characteristics to de-
lineate the iéhnosPeéies of §kolithos. 'This character;
may thus prove valuable as an accessory feafure ggé__

the establiéhment of idhnospecies.

- . -

C). Orientation

?he ichnogenus Foralites was established b§
Rauaﬁlt (1850) for single~entrance ichﬁbfossils that
were not oriented perpendicular to thé bedding plane
(Pl. 5-1, fig. 1). This 3is&inctioﬁ was not deemed
significant by Salter (1857), who called for the sup-
pression\of the ichnogenus Foralites and included-
these inclined forms in the iéhﬁogenus "Scolithus."
Subsequéﬁtlé, numerous other workers have also placed
inclined forms in the ichnogenus Skolithos (Whitfield,
lSBOE‘Picard; 1942; Howell, 1958; Curran and Frey, .
19?7; and Pickerill, 1977; among others) and Fora-
lites was somewhat ignored. Howell (1954) re-intro-
duced Foralites and suggested that this ichnogenus be
restricted not only.tg single-entrance, inclined. forms,
but also to arcuate forms (Pl. 5-1, fig. 2).

Studies én_modern burréws indicates that the

penetration angle qéy merely be an environmental

response (f%ey, 1971). The burrow of the pélychaete

Dicpatra cuprea is vertical in intertidal environments

-



,'

but is orientated at various angles in subtidal sedi-
ments (Howard and Frey, 1975). .These deviations from
the vertical were attributed to inhomogeneities within

the sediment. Frey (1971) has pointed out that en-

_vironméntai stress plays an important role in burrow

-

orientation; intertidal buxrows are usually wvertical
in response to increased physicél stress. Even within

an homogenous substrate certain polychaete burrows ex-

hibit a wide variety of orientations: Notomastus bur-
rows are straight to arcuate and penetrate the substrate

at any angle (Howard and Frey, 1975); Glycera americana

also coustructs vertical to-gently curved burrows -

(Hertweek, 1972); and burrows of the polychaete Onuphus

microcephala are -vertical to inclined (Frey and Howard,

1969) . ; .

Y
L}

As was the case with burrow sinuosity, the
orientation of thege single-entrance forms depends on
sediment cogsisteﬁcy'and environmental stress and is
not a significant morphological feature on which to

differentiate ichnogenera.

"D). Oxnamentation and lining

Vertical, single-entrance, ichnofossilé display
a variety of variations in ornamentation and lining,
which may reflect local:differences in diimeﬁt co- -
herence (Frey, 1971). A number of ichnogenera, now

under discussion, exhibit fine amnmulations along their

‘f-‘\‘..
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length (Pl. S-1, fig. 3). The amnulations are pre- Y
. - . o ~ /—

sent in some of the ,sspecimens attriburted to Skolithos

(Whitfield, 1880; Picard, 1942; Hoéwell, 1958; Langille,

1974; and Pickerill, 1977; ambﬁg others) ;,. Tigillites

(Hantzschel, 1964, 1965, 1975; and Hayward, 1976;-

among others); and Monocraterion (Goldring, 1962; and

Chisholm, 1968; among others). Chisholm (1968) and
Cowie and Spencer (1970) observed that annulations on
the burrow wall are only present where distinct lamina-
tions are present in the hdst rock; where these lamina-
tions ére ébsent in the host rock, there are no annu-
" lations on the burrow wall. Langille (1974) and Hayward
(1976) made similar observations and attributed them
to varying resistence of the surrounding sediment.

In modern sediments an annulated burrow wall "
may be developed in a ntmber of ways. Reineck (1958)
illustrates that an annulated burrow wall may form as
a result of an organism repeatedly.re-cpening its bur-
row and pushing aside_loose sediment. Schafer (1972)
points out that annulations may form on a burrow wg11
constructed in a laminated sediment. In additiom, a’
number of modern polychaetes comstruct annulated tubes
as a result of morﬁhological characteristics; those in-
clude some maldanid speciegfand-Sabellaria tubegi
(Schafer, 1972) and tubes comstructed by the chaetop-

. terid polychaete Spiochaetopterus oculatus (Barmnes,

v
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"1964; Howard and Frey, 1975). Goldring (1962) sug-

gested that the faint annulationms of the burrow wall

in Monocraterion specimens from the Devonian of Devon

might be used as a criteria for :distinguishing between

Mbnocraterionrand Skolithos. As many Skolithos burrows
are annﬁlatqd, this wggldAnot be a significant ﬁorphq-

logical feature. The actual pﬁQEii; of burrow annula-

tion, although biologically contrelled in some instances,

Féeems to be meréiy a reflection of the physical aspects
j of the host rock. This distinction between physical
and biological control of annulation would seem too
- difficult to distinguish and thus wall annulation_doés
not #@pear to be a sigﬁificant morphological feature.
A different type of wall sculpturing is ex-
pfessed by ring-like expansions found at intervals along

the burrow Iéngth. Howell (1957) ascribed these par-

ticular vertical forms to the ichnogenus Stipsellus

(PL1. 5-2, fig. 1). These fing—like expansions are a
prominent feature of the ichnoféssil'agd do not appear
to be the result of any differences in the coﬁsistency
of the host sediment. Modern organisms create fiﬁg:
like expansions in a number of ways. Some species of

polychaetes such as Clymenella (aﬁd.other malaahids,

commonly called bamboo worms) have swellings at inter-
vals along their length (Howell, 1945; Schafer, 1972).

Similarly, riﬁg-like expansions are also known to oceur

-
S PCA
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)  $§'56méUspecies of phoroqids(Bééﬁaﬁ,'lB?Q) and pogo-
nophorans (Ivanov, 1963). Schafer (1972)—a130 poiﬁte&
out that many polychaetes use perlstaltlc motions which
enable them té move rapldly‘back and forth in their
&welllng burrow. Contraction of strong,.c1rcular mus-
?ulature which runs along the body causes the burrow
wall to be reworked, and this results in a regular -
transverse segmentation, which in no waf represents a
. mold of the body segments of the polychaeta (Schifer,
1972). Although the mode of formation of this ;culp—
turing varies, both methods suggest strong biological
control. This factor, easily recognizable in fossil
- form, is therefore deemed to be repreﬁentative of benr
haviour at a significant level. The resultant mor-
. phological differ;nce is interpreﬁed to be of-value in -
differentiating vertical ichnogenera.

In addition to wall ornamentation, vertical
ichnbgenera.often display distinct linings. Examples

of forms désignated as Monocraterion, Sabellarifex,

Skolithos and Tigillites are often described with

either distinet or indistinct ﬁalls. Distinctiveness
of the burrow wall may merely reflect substrate con-
sistency (Rhoads, 1970). Vertical burrows created in
high water-content sediments usually display indistinect
walls, while burrows in low water-content sediments

usually display distinct walls. Stehnmen (1934)

-
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establlshed the 1chnogenus Leptocraterlon for a form

although ldentlcal to Monocraterlon whlch dlsnlayed

a dlstlnct llnlng Hantzschel (1975) lndlcated that
this was not sufflclent grounds for the erection of a
new lchnogenus and placed it in synoncmy with- Monocra-
terion. Slnce the Presence or absence of a 11n1ng
(usually expressed as a dlstlnct burrow .wall) seems to
-be a functlon.of the sgbstrete; it _.cannot be recog-
nized as a sigciffcant morpthOOical feature:

“ A dlstlnctlve tvoe of llﬁlnc has been aescrloed
by Relneck (1958), whlch he termed ”Rau;auskleldung

or reamlng and lining. Thls occurs 4s a response to
slow continuous sedlmentatlon as sediment enters the
dwelllng burrow it is pressed against the wall by per-~
istaltic'ane undulatiﬁg movements, where it is mixed
with mucus. The result of a number of such episodes
is a burrow having a multl-layered lining (Pl. 5-1,
fig™4). Such linings have been observed in the bur-
Tows cf the polychaete Nereis (Reineck, 1958; Schéfef,
1972; Howard and Frey, 1975) and the siphonal shafts
of certain bivalves (Schéfer; 1972). The recognition
of such multi-layered linings in fossil form has re-

sulted in the erection of the ichnogenus C _yllndrlchnus

by Toots,; in Howard (1966) Although this multi-
layered.lini?iifesults as a response to sedimentation

(by some organjsms) it doe§ reflect a distinctive
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ethological trait. The resultant-morphological dif-

ference is conszdered to be of a s;gnlflcant 1eve1

E). Degree of crowdlgg

A number of mornhologlcally szmllar 1chnofosszls
have . been separated into dlstlnct 1chnogenera based
solely on their degree of crowding. Many of the early
descrlptlons of Skolithos made mentlon that they were
often found crowded together (Pl. '5-2, fig. "2). This
crowding was so perszstent in some‘areas that many'pf'
‘these beds became known as "pipe—rock"'(see Hallam and.

~ Swett, 1966) . ‘Rouault (1850) defined the ichnogenus

Tigillites to encompass single-entrance, vertical ich-
nofossils, with or withou?\% funnel-shaped -aperture,
which do not show any signdficant degree of crowding.

ES

Forms of Tigillites that do not have a funnel-shaped

aperture are indistinguishable from Skolithos (Hallam

and Swett, 1966), and are presently distinguished from
Skolithos in beébg less cébwded (H3antzschel, 1962, |
1676; Gregory, 1969; Hayward, 1976)..Richter (1920,

1921) used buxrow crowding as one of the criteria to(;_;\ﬁ

distinguish between Skolithos and Sabellarifex (Sko-

lithos was closely packed and Sabellarifex was loosely

packed) .
It has been correctiympointed out by‘Hallam-
and Swett (1966) and Frey and Chowns (1972)-that the

degree of crowding is clearly not a taxonomic

-
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characteristic The-original description of ékolithoe
by Haldemann (1840) was based on spec1mens that did
~not ‘show any szgnlflcant degree of crowdlng Moreover, ’
Westergard (1931) zllustrated that Skollthos burrows'in
' Sweden exhibit every gradation between closely crowded
and widely spaced burrows. Based on: these observatlons
Westergard (1931) suggested that the ichnogenus Sabel-
larifex was indistinguishable from Skolithos. Similar

observations were made by Hallam and Swett (1966);'§ho

”,dsuggested that Tigillites specimens (without a funnel-~

shaped opening) be placed in Skolithos.

..The deneity of organisms-occupying single- :
entrance, vertical burrows is controlled by a muititude.
of factors and cannot be used as a criterion for the

differentiation of ichnofossils.

F). Presence of absence of ?unnel-shaped-aperture

The significance of tﬁe presence or absence of
a funnei-shaped aperture has long been debated by ich-
nologlsts This dilemma is especially acute in the

analysis of the ichnogenera Monocrateriom, Skolithos,

and Tigillites. Haldemann (1840) erected Skolithos

for single-entrance, vertical jchnofossils; later Rou-

ault (1850) established Tigillites to encompass forms

that did or did not display a funnel-shaped aperture.

Co : ) 4
Monocraterion was erected by Torell (1870) to encom-

pass forms which possessed a funnel-shaped apertufe
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.exclu51ve1y Since all three of these original descfip-
- tions were oulte vague and unlllustrated much con-~ )
fus;on on the asszgnment of these names has resulted.
In the-original veisioﬁ'of the '"Treatise on Inverte-
brate Paleontology," Hantzschel (1962) recognized only

Skolithos and Tlgzllltes, he placed Monocraterion in

synonym with Tlgillltes. In the reyised edltlon, how-

"ever, Hintzschel (1975) recdgn;zed all three as distinct

ichnogenera. ..
A mumber of explanations have been offered to
account for the formation of a fummel-shaped apeffore.
beeo@e (1906), in an attempt to interprete funnel-
shaped forms from the Lower Cambrian Balka Sandstone.
of Denmark, soggested en-inorganic origin. Observe;-
tions on modern supratidal flats led Deecke (1906) to
postulate. that these structures were the result of
rainwater ‘collecting in depreSSLOns and later sznkxng
due to capillarvy forces through an organlc‘layes. Com-
posite'cones also developed if more organic-rich layers
were encountered deeper in the sediment. Deecke (1906)
states that the resultant cones-have a concentricp
structure visible at the upper end Andrée (1912) -
postulated a similar origin for funnel shaped tubes | in
the Lower Devonian Ober-Koblenzschichten in the Mar-

burg area of western Germany The specimens from the '

Balka Sandstone were subsequently re-studied by



239

Bruun-Peterson (1973), who assigned them to the ichno-

genus Monocraterion. Since the laminae pointed in the

wrong direction, the hydrgulic _interpretation of Deecke
(1906) was disregarded. - _ﬁ |

Boyd (1965) conducted experiments to ascertain
if the deflection of.thq iaminae obserﬁed in specimens

&F

of Mbnocraterion,mfrom the Middle Cambrian'Flaéhead

Sandstone of ‘Wyoming, was the result of drag caused by
the downward penetration of the burrower. The results
of these experiﬁents, héwever, differed in both magni-
tude and character from the observed laminag disruption

- of the Monocraterion burrows. Boyd (l@gé) then postu-

lated that.the downbent laminae of the Monocraterion

Burrows was the result of wall erosion above the stabi-
lized part of ;hé burrow with the;stabilized tube”then
extending upwards ihvresponse to‘cohtinued sedimenta-
tion. Boyd (1966) observed that the bér;ows of.ggléi—
anassa gre.altcrnatély,covered by water and exposed to
the air; after exposure theé upper rim of the burrow
collapsed as runoff-d;ained into the hole; later,:  sand
and water was éktruded from the bot?om of the fﬁnnel-

" shaped depressibn and a central tube re-gppeéred. This
" process would thus give downbent laminae, with a funnel-
shape, penetrated by a central tube (Boyd,-1966). A

similar process was observed by Crimes, et al. (1977)

for U-shaped burrows from béaches.in‘Spain and by
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'édo&hin,and'Anderéon (1974) fbr_Mbnocraterion'ﬁur;ows-

from the Lower Cambrian of Pennsylvania.
In an analysis of the morphological features

of the ichnogenus Diplocraterion, Fursich.(1974a) stated

thaﬁ the presence or absence of funnel-shaped apertures
is governeé by the following: -

a). Erosion - slight érésion is sufficient to
Tremove a funnel-éhape&-aperture. -

b). Sediment cohesion - exceﬁt ngnihea;ily

lined or excavated in véry firm sediment, vertical

 tubes will alwéys display some sort of fummel at the

- -depositional interface.

¢) . Weathering - weathering usually accentuates

the size of the funnels.

Fursich (1974a) concluded that because of
thege pfocesses fummel-shaped apertures wefe controlled
by environmental factors and not behavioué?/thus the
resulting, morphology was not a diagnostic feature.
Bowever, he failed to mention the biological interac-
tions that aid in the development of such structures.

HBallam and Swett (1966), investigating both

Skolithos and Monocraterion burrows from the Lower

Cambrian Eribo}l Sandstqne 6f Scotland, concluded that

the funnel-shaped aperture exhibited by Monocraterion

(Pi. 3-3, fig. 1) was indeed diagmostic. They also
' |

poséulated that the same organism was responsible for

[

]
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the creation of both burrow-types Skolithos was fbrmed

' terion as the fuﬁnel-;op of ‘a2 Skolithos burrow. TR
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&uring Deriods of negllglble sedlmentation whlle Mbno—'

craterion represented’'a response to sed;ment 1nf1ux EREE S

Goodwin and Anderson (1974) later interpreted Hb cra-

>

arguments mainly center around the fact that Skolithos

burrows are found alome in beds associated with high .

-energy sediments which terminate in a olanar erosion |

i

surface (thus-the Monocraterion top was erbded) . -Crimes,

f"\
et gl.-(lQ??).correctly pointed out, however, that \

r
cross-stratified sots containing Skolithos burrows ’

which terminate at an upper erosion surface do not

prove that the burrows were eroded, but ﬁErely show

that they were a later éé}sode%\ Crimes, et . al. (1977)
also pointed out that in the Lower Ordovician ¢f . - .

Spain, sandy beds with;égg;:;ional upper- contacts with = :

overlying muds, couEE:f:PnlySkolithos burrows, despite
the apparent absence ST erosion. These observatioms

led them to reject both the ome-organism hypothesis ] : E;

and the erosion hypothesis. .

Frey and Chowns (1972) differentiate Monocra- .

R

terion on the presence of the funnel-shaped apertureff- \\V**‘"“;

They concluded -that this represents 4a feeding-structure,

similar to that exhibi;ed by Arenicola, and thus does:

have taxonomic vaipe.‘ Similar. feeding structures §;em

known to be produced by the eﬁteropneust'BalanogloSsus

—
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(Howarﬁ &uqfnorjes, 1972);' It is of interest to note

R thgt these feeding funneisfére_easily*preserved'in re- -

| éen; sediments (Pl; 5-3, fig. 2), and thus theixr pre-
_servat;onal‘pbtential is quite high. Frey and Howard
‘ ‘(¥§72) stated that the dwelling structuie of the poly-~

~ chaete Diopatra cuprea consists of a chitinous, verticél j

tube that—is—comﬁonly_surrdundé@ at its upper end by

- funnel-like laminae (Pl. 5-3, fig. 3). ‘This disruption
of laminae is céused by the worm buildin; up Ehe'upper
portion of thé'tube forgieiafofcemenc (Myexs, 1970)"
Increased edimentat{on would result in a multi-funnel

- cone, which is similar to the wmulti-funnel cones ex-

hibited by some samples of Monmocraterion (Pl. 5-3,
fig. 4). '

-~

It seems evident that regardless of which ex-

planation is employed, the presence of a funnel-shaped
aperture is representative of an ethological response
which is highly significant. The fact that the struc-

. ture may be related to increased sedimentation or re-

—

\ : : ‘ a

duced grain sizes is immaterial; the morphological
difference is sigﬁificant_and should be used as a dis- ’
-'.tinguishing.characteristic.

-»*

5-5. lPrgposed Classification

T

The followiﬁg criteria are considered of suf-

ficient taxonomic significance to allow differentiation

-

C =
\-. N

1]
P4

.- of ichnogenera:
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a). the’preéeﬁce ef.distinct riﬁg-like-expen-
sions along the burrow length-’ |

b) . the presence of a multl-layered llnlng and

."‘ e). the presence of a fumel-shaped aperture.

.The following-criteria are deemedqtaxonomica@ly
ynimportant: ' | |

a) . burTow sinuosity;

b). burrow diameter; ’

). burfowlorientation; ]

d). presence of faint annulations on the burrow
wall; |
S

e) . the presence of a single burrow lining; and

f) . the degree o? crowding.

Based on these criteria, the ichmogenera pre-

viously discussed can be grouped into one of four

Qiitinctive ""¢orm ichnogenera': Cylindrichnus, Mono-

crMterion, Skolithos, and Stipsellus. .

#{

A). The Ichnogenué Cylindrichnus, Toots, 1962-
(P1. 5-1, fig. &)

Cvlindrichnus Toots, 1962, p. 64} Howard, 1966,
p. 45; Kasiazkiewicz, 1970, p. 314.

'/,__\ - non Cvl%ndrichﬁﬁs Bandel, 196?, p. 6 [= Margari-

tichnus, Bandel, 1973]

Asterosoma form Cylindrichmus, Frey and'Howara,
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1970, P- 1160, 152 Frey, 1970, p. 12; Frey,,
1972, P 22, S

Anemonlchnus Chamberlain and Clark, 1973 p. 677.

1) .. Description

Subconical toicylindrigal-burrow, g%raight to
weékly curved‘with,gcircuiar to oval crpes-section.
The burrow is penetrated by a central core. - Width and
length may be highly variable. Orientation ﬁay 5& from
vertical to inclined (but never horizontal) and the
burrow neverx branéhes.. The exterior wall is com%osed _

of concentric layers.

ii). Geological range

. TForms assigned to the ichnogenus Cylindrichnus

are restricted in their distribution. Numercus speci-
mens have been found in Upper Cretacecus deposits froml
the Mesaverde Formétion of Wyoming (Toots, 1962); the
Panthq? §andstone of Utah (waafd, 1966; Frey and
Howard, 1970); and the Fort Hays Limestone of Kansas
(Frey, 1970, 1972; Frey and Howard, 1970). Additional
specimens are known from the Lower Pennsylvanma\\?an-
ming Canyon.Shale of Utah (Chamberlaln and Clark, 1973)

and the Upper Eocene of the Polish Carpathians (Kasiaz-

kiewicz, 1970) Numerous samples have also been recent—‘

ly dlscovered by the writer from the Lower Cambrlan

Forteau Formation of southern Labrador (Pl. 5rl, figd).
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- polychaete Nereis (Reineck, 1958; Schifer, 1962; How-

245- 7

lli) Interpretatlon .

In the orlgznal descrlptlon of lezndrichnus

Toots (1962) mentioned the similarity of the malei-
lining to the structures in. modern nereid burrows -
described by Reineck (1958) and termed "Raumauskleldung

(or reaming and lining). Reineck (1958) attrlbuted

‘this multi-lining to the activity of the organism in

it$s burrow responding to a slow continuous sedimenta-
tion rate; as sediment entered the burrow it was pressed’

against the burrow wall. Multi-lined bu;row'wails such

‘as these have been recognized in the burrows of the

ard and Frey, 1973), the siphonmal shafts of certéin]
bivalves (Schifer, 1972), and burrows of the thalas-

sinid c¢rustacean Callianassa (Schafer, 1972).  Howard -

(1966) referred to Cylindrichnus as merely the ‘dwelling

burrow of a filter- faedlng organlsm Frey (1970) sug-
gested that it may He the vert1cal shaft of a crustacean

formed ichnogenus Thalassinoides. Finally, Chamberlain

and Clark (1973) proposed that sea anemones were the
originators of these structures, the multi-layered

infil being a2 response to vertical movements.

B). The Ichnogenus Monocraterion Torell, 1870

(PL. 5-3, figs. 1, 4; PL. 5-4, figs. 1, 2)

? Histioderma Kinahan, 1858, p. 70; Crimes and Cros- | N

'sley, 1968, p. 200; Crimes, 1970b, p. 109.
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Monocraterion Torrell, 1870, p. 12; Prime; 1878,

p. 12; Prime, 1878, p. 79; Miller, 1889, p. 519;

Lesley, 1889, p. 417; Matthew, 1891, p. 160;

Matthew, 1901, p. 135-136; Cole,
| Bassler?_l915, P- 822;‘Westergard,
14; Howell, 1946, p. 33-35; Goldting/ 1962,
".p. 233-23%; Hantzschel, 1964, p! 92-93; Héntz-
schel, i965, p. 57; Haliam and Swett, 1966,

p. 103; Chisholm, 1968, p. 111-114; Swett, 1969,
p. 635; Crimes, 19702, p. 60; Swett,. et é;., :
1971, p. 468; Frez‘and Chowﬁs, 1972, p. 28}‘,
Brun-Peterson, 1973, p. 513-524n Alpert, 1974a,

p: 37-38; Goodwin and Anderson,/;97é, p. 781--
7§ﬁiﬂylngille, 1674, p. 66-70; Hintzschel,
1975, p. W182-Wl84; Crimes, et al., I977,’p. 118-
120;-;ickerill, et al., 1977, p. 242-245.
Monocrgteriqn Volk, 1967, p. 98 (misspelling).

. \_/ =
- Tigillites Rouault, Cole, 1901, p. 82 (partim);

Haug, 1922, p. 179; Boucek, 1938, p. 249; Hintz-

schel, 1962 (partim), p. W218; Webby, 1969,  °

b. 1003; Hintzschel, 1975 (partim), p..Wll7.
Tigellites Baxrthel and Barth, 1972, p. 578 (mis-

spelling). . ’

Scolithus Hall, Peaeh and Horne, 1907 (éértim), ‘
p. 372; Hogbom, 1924, p. 78; Macmair and Reid,
1929 (ggrtim}}hp. 55. °

( o . -
/
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Leptocraterlon Stehmann, 1934, p. 17; Hantz-
schel, 1965, p- 52.  °

Sabellarifex Richter, Selly, 1970 (partim), p. 484.

-

i). Descriptioﬁ

Vertical pipes which display a funnel-shaped
7.apérture and never branch. The upper funnel structure
'is penetrated by a central ‘straight or slightly curved
tube (PlL. 5-4, fig. 1). This-funnel may be simple or
multiple. (seen in cross-section as é series of concen-

© tric rings)' Burrow dimensions are highly variable. The .
burrow wall may or may not exhlblt a visible llnlng and
is usually smooth but may dlsnlay falnt annulatlons

The entire burrow is usually oriented Derpendlcular to
the bedding, may also be slightly lncllned but is
‘never horizontal. Specimens in whlch the lnfllllng has
weathered out may not show a central tuEE\but will still
Hisplay the distinctive expanded aperture (PLl. 5-4,

fig. 2)i

ii). Geologic range

The ichnogenus Monocraterion has been described

from a number of Lower Cambrian deposits from around
the worlﬁ (Torell, 1870; MacNair and Reid, 1929; Wes-
tergard,‘1931; Hallam and Swett, 1966; Swett, 1969;
Swett and Smitt, 1972 Alpert, 1974a; Goodwin and An-
derson 1974; Langllle 1974, Crimes, et al., 1977; and

Pemberton, et al., 1977). 1Imn additionm, specimens have
a -
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also been repafted from ﬁhe Middle Cambrian (Boyd,
l96§);-tﬁe Upper Cambrian (Cgﬁmés, 1970&5; the Ordo-
vician (Réuaglt, 1850) ; the Silurian (Howell, 1946;-
Frey and Chowns, 1972; Pickerill, et ;_1.,-1977); the
Devonian‘(Goldring,-1962;'Brun-Peterson, ;973);.the'

- Carboniferous (Chisholm, 19685, as well as the Lower

Jurassic (Hantzschel, 1975).

iii).. Interpretation - ,E

*

Peach and Horné (1907), investigating vertical

burrows, both Skolithos and Monocraterionm, f:om the Eri-

bol Sandstone of Scotland, proposed that they fepresented

the burrows of deposit-feeding anmelids. hHallam'gnd

Swett (1966), studying these same forms, suggested that
s )
they represented the dwelling burrows of suspension-

. 3 '
.feeding amnelids. The funnel-shaped aperture of Mono-

t
craterion was interpreted to be an escape feature

which resulted from an influx of sediment. Langillé
(1974) noted that the fumnels may represent a zone of
sgéiment disturbance resulting from the alternating éx-
tégsion and retraction of a feeding appa;étus; multi-

funnels resulted from an influx of. sediment in which

the animal would adjust to its position. As previously

" outlined, Frey and Howard (1972) indicated that the

dwelling tube of the polychaete Diopatra cuprea resem-

bles Monocraterion.
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..C); _ The IQEBPgenué'Skblitﬁéé Haidemann;tIS&O'
- (Pl. 571, figs.'lfBﬁ'Pi;‘S—Z, figs. 2-4).
Skolithos Haldemann, 1840, p. 3; Howell, 1943,
p. 6-16; Howell, 1957b, p. 17-18; Hintzschel,
1962, p. W214; Gekker and Ughakov,:;QGZ, p. 857;
Dalgarno, 1962, p. 7-8; Hintzschel, 1964, p. 88-
91; Hintzschel, 1965, p. 85; Borrello, 1966,
p. 25; Webby, 1968, p. 1002; Conybeare and
Crock, 1968, P1. LZ; Pi. 43, fig. A; Swett,
1969, p. 635; Seilacher, 1969b, Pl. 1, fig. 2;
Osgood, 1970, p. 325-327; Cowie and Spencer,
1970, p. 94-96; 3anks,-l970, p- 30; Crimes,
1970a, p. 61; Crimes, 1970b, p. 101-103; Frey
and Chowns, 1972, p. 26, 28; Greggs and Bond,
. 1972, p. 939; Germs, 1972, p. 865-866; Young,
1972, p. 5; Chamberlain and Clark, 1973, p. 680;
Alpert, 1974a, p. 35-36; Alpert, 1974b, p. 661-
663; Langille, 1974, p. 55; Peterson and Clark,
1974, p. 766-767; Copper, 1974, p. 375; Alpert,
1975, p. 510; Hintzschel, 1975, p. W106-WL08;
Pickerill, et al., 1977, p. 246; Crimes, et
al., 1977, p. 126; lurran and Frey, 1977,
p. 148-150; Baldwin, 1977, p. 27; Pickerill,
1977, p. 6; Miller, 1977, p. 1334; Ekdale and
Berger, 1978, P. 273.
Fucoides verticaliS;Hall, 1843, p. 242,

ot
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Scolithus Hall, 1847, p: 2 (non Pascoe, 1873, . -
. 171 - inseét); Hitchcock, et gi;, 1861;‘-‘
p. 356; Hunt, 1878, p. 135-139; Nathorst, 1881,
p; 49;‘Barrois,‘1882, p. 177; Whiteaves, }883,.
b. 109; Ami, 1886; p. 304;.Lébes¢onte,'1sse,
p. 793; Miller, 1889, p. 520-521; Dawson, 1890,
p. 602; Wanner, 1890, p. 35-38; James, 1891,
p. 32-44; Grabau and Shimer, 1910, p.. 246;
BSgbom, 1915, p. 45-59; Bassler, 1915, p. 1153;
Westergard, 1931, p. 14-16; Shimer, 1933, p.
192; Fenton and Fentom, p.\341-348; Twenhofel
and Shrock, 1935, p. 137, Text - gis. 42E;
Shimer and Shrock, 1944, p. 234; Moore,
Lalicker and Fisher, 1952, p. 456; Shrock and
Twenhofel, 1953, p. 258, 512-513, Text - figs.
 §-5a, B, 11.12E; Andkews, 1955, p. 235; Seil-
acher, 1956; p. 164; Opik, 1959, p. 11-12;
Hantzschel, 1965, p. 83; Lowry, 1966, p. 254-
255, Andrews, 1970, p. 184; Swett, et al., 1971,
p. 408; Swett and Smitt, 1972, p. 3230-3231;
Goodwin and Andersom, 1974, p. 781-784,
Skolithus Hall, 1847, p. 2 (misspelling)
Scolithas Billings, 1862, p. 96 (misspelling)
Scolitus.Fritsch, 1908, p. 18- (misspelling)

Scolithuus Sampelayo, 1915, p. 279 (misspelling) .

Scollithus Sampelayo, 1915, p.. 283 (misspelling)



Scolithos Seiladher 1967a, p. 72 Cmisspelling)J

Tubulites Rogers in Hall, 1847, p. 2 (nomen

'nudlum non Gesiver, 1758 = anmelid; non

Beln, 1932 = microproblematica); Hantzschel,

. 1965, p/’/s.

Scolecollthus Roemer 1848 p 171; Goeppert, 1851,

p. 189; Andrews, 1955, p. 235; Hintzschel, 1965,
p. 83; Andrews, 1970, p. 194,

Tigillites Rouault, 1850, p. 740; Tromelin and

Lebesconte, 1876, p. 624; Tromelin, 1877, p. 26;
Crie, 1878, p. 687; Lebesconte, 1883, fig. 20,
21; EQE Lisson, 1904, p. 37-41 (U-shaped);

- Haug, 1922, P1. 79, left; Bodéek, 1938, p. 244~
252; Peneau, 1946, p. 78; Melendez, 1950, p. 67;
Lessertisseur, 1955, p. 60; Andrews, 1955, ».
251; Hantzschel, 1962 (pattim), p. W218; Hintz--
schel, 1965 (partim), p. 92-93; Gubler, 1966,

p. 181-182; Borrello, 1966, p. 25-26; Volk,
1967, p. 97-99; non Webby, 1968, p. 1003,

Text - figs. 3, 4 (= Monocrateriom); ? Gregory,

1969, p. 12-13; Heinberg, 1970, p. 232; Andrews,
1970, p. 215; Ffe} and Chowns, 1972, p. 28, 28;
Hantzschel, 1975 (partim), p. W1l7; Hayward,
1976,

non Tigillites danieloi Rouault, 1850, p. 741

(? - Laevicyclus) .

-



g

. L 252 |

.- -

.. non Tigillites habichi Lisson, 1904, p. 41, Text -
fig. 21; Douvillé, 1908, p. 362, figs: 2-4; -

non Tigillites vertebralis Fritsch, 1908, p. 28,

Pl. 5, figél 7, 8 tbranches dowuward); Bouéek,
1938, p. 245-250, PLl. 17-19; Text - Fig. L.
‘Tigilites Prestwich, 1888, p. 39 (misspelling)
Foralites Rouault, 1850, p. 742 (partim); Tromelin _
and Lebesconte, 1876, p. 624; Delgado, 1885,
p. 87-89; Peneau, 1946, p. 77; Melendez, 1950,
p. 67, P1l. 2, flg 3; Howell, 1954, p. 1l- 2;
Andrews 1955, p. 159; Hantzschel 1965 P- 36

Andrews, 1970, -p. 90.

non Foralites pomeli Rouault, 1850, p. 745 (hori-

zontal; ‘Melendez, 1950, PL.2, fig. 3.
non Foralites hoeninghausi Rouault 1850 P. 743—
744 (double tubes). :

Forallites Bigsby, 1868, p. 30, 213 (misspelling).
Floralites Gubler, 1966, p. 182, 279 (misspelling).

Scolites Salter, 1857 (partim), p. 2Q§; Hintzschelq
1965, p. 83.
non Scolites Salter, 1873, p. 2, 10 (= Planolites);

Salter, 1881, p. 483; Prestwich, 18888, Text -
figs. 10C. |

non Scolecites Salter, 1873, p. 2, 10 (= Plano-
lites); Hintzschel, 1965, p. 83. '

%Haughtonia kinahan, 1859, p. 118-120; Hantzschel,
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non Scotolithus Llnnarsson,.187l p.. 18 (star- . L
. shaped) Hantzschel 1962 . P- W242 Eantzschel
1965, p. 83; Hantzschel, 1970 p. 210.
Arenicolites Whitfield, 1882 (partim) D. 177

‘Chdmberlain, 1883 (partim), p. 127:128; Ethe-
rldge, 1888 (Eart , P- 34. ‘

- SaEellarltes Rlchter, 1920, p. 226 (non Dawson,

1890, p. 605 = tubes); Hantzschel, 1965, p. 81l.

‘Sabellarifex Richter, 1921, p. 49 (pro Sabellarites);

Hintzschel, 1962, p. W214-W21S; Hintzschel, 1965,
p. 81; Selly, 1970 (partim), p. 484; Hintzschel, . .
1975, p. Wi02. : ) ‘;L

Asabellarifex Klihn, 1932, p. 14; Hintzschel, 1962,

p. W184; Hintzschel, 1965, p. 1l1.

Cylindricum Linck, 1949 (nat seen);’HEntzschel,
1962, p- W189-W1§0; Hintzschel, 1965, p. 28-29;
Webby, 1968, p. 1003; Hantzschel, 1975, p. W57-
w58. -

non Neoskolithos Kegel, 1966, p. 17;25 (inorganic)

Pilichnia Chamberlain, 197la, p. 223; Chamberlain,
1971b, fig. 6-9; Chamberlain and Clark, 1973,
" p. 679; Hintzschel, 1975, p. W95; Gutschick and
:u‘Roa:iguéz,.1977, p. 202-203.
Pilichna Chamberlain and Clark, 1973, p. 679, PL.
3, figs. 1, 7, Text - figs. 3 E;isspelled)
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i). Descrlptlan

VErtlcal,‘51ngle-entrance unbranched burrows

cylindrical to subéylindrical, lined or unlined. The

burrows are straight to sinuous to arcuate’and-aré often

*

" jnelined (but never horizontal). Diameters and lengths

are hlébly'varlable. The inner walls are smooth but_;uh‘_ﬂf,

may be flnely annulated, sediment xnflll is usually

structureless but may dlsplay a meniscus-£ill.

o

-

ii). Geological range

~

The ichnoésnus Skolithos ranges throughout the
Phanerozoic, from the Late Precambrian”to the Quatermary

_ (Hantzschel, 1975).

iii). Iuterpretation

Like usny ichnséenera, Skolithos has been in-
terpreted in a multitude of differen; ways (Table 5-2).
gpst.early workers interprsted Skol%uhos to be the re-
mains of marine plants preserved in situ (Haldemanu,

1840; Hall, 1847, 1852). Logan (1852) seems to be the

U

c first to have uostulated an annelid origin for such
structures. A rather unusual explanaticn-was given by
e Billings (1865) who clalmed to have disc;vered sponge
| splcules in the sediment of 1nf111 of Skolithos burrows
-frcm the Potsdamféfﬁsstone of Eastern Canada and~egu-
‘cluded, that they were the result of some type of sponge
activity. An inorganic origin was postulated by Hogbom

-
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"n f_r.(lgls) who believed-that.Skolithos represented the pas-

' sage of air through the sediment which‘nas fcrced to the
’ surface when the inccming tide covered a dry sand fIat.

o This theory, however, did not gain'much acceptance :‘3

b

-since Skolithos burrows never branch.or 1ntersect and -
are in some cases too straight and dense to represent
anything else but an organic entity Richter (1920,

. 1921), in his review of the’ ichnogenus, suggested that
-~ ' .

nelid Sabellaria. This view is still maintained by some

later workers (Rirtley and Tanner, 1968; Copper, 1974)
Macnair and Reid (1929), in a most conv1ncing

argument, postulated that the Skolithos burrow was

similaf_to the intertidal burrow of. the:lugworm Areni-

cola. This interpretation was dismissed by Wells

(1&25)‘who:showed'that Areieéa constructs a J or L
l shaped burrow and not the simple vertical burrow that
‘'was assumed earller In a now-classic paper, Fenton )
_ and,Fentsn ki§34)'conc1uded that many dense associa-
~‘;}ions ofrékolithos mayrbe the tubes‘ofIBphoﬁhorate--.

eeding phoronids This was.based on observations of

-

the burrows of The phoronid Phorcnopsxs v1r1dis in the
tidal flat - at'éikhortﬁSlough California. ‘
Seilacher (196&) 1ntr08§ced the ethological

g . a classification £ 1chnofossils in which it wa$ recog-

? ”.nized that‘thege exists more %han one originator for a

-
.

/‘ . . . . ‘ o "'. . " 1;.;' o {_ a.

ah . s

» : . - a'l- . . -t ) N .
. : - . o, . . -
. - f'o- - T ‘_ ’ - ' ~ ’ .
.- . . - b . . :

they were the fossilized tubes of the filter-feeding an- -

[
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- preserved in situ

- Table 5—2 - List of tentatiwe interpretations'given-tb!;:"~if'f ﬂ f'f

e . explaxn the origin of Skolithos.
..: : ‘..‘ - N -
- Interpretation | ‘ Reference .
'-—“Stem's of marine plants - ldeman, 1840

Hall, 1847, 1852

eunelid burrow - a ;- ngan. 1352
sponge affznlty T Billings, 1865
brachiopod pedlcle " Perry, 1872 . f‘
perforations - _ - oo o
«!norgan;c-pathways of ) Hogbom, 1915 "
“rising air bubbles . - Geinirz, 1915 .
- tubes of the filter- " Richter, 1920, 1921
feeding annelid : oL
Sabellaria - 7 A
burrow similar to the © McNair and Reid, 1929
lug worm Arenicola S
- tubes of the phoroni@ . ~ Fenton and Fenton, 1934
Phoronopsis viridis . - ) ~
tubes of the filter- - Rirtley and Tanner 1968 7
feeding annelid Copper 1974 -
Sabellaria ' ) i
burrows of the poly- . Curran and Frey,«1977 ST
chaete Ongghis ;
- microcepnala . d
/‘ -



rows were probably created by sabellid pélychaetes:

particular ichnogemus. As a fesult of this, it is im-

perative to note that.sirnce there exists a muititude

-

-

of possible originators, -gach’ separate example must be’

studied on-its-own_aﬁd.in erpretaticné,should'beréased ‘

on the particular characteristics displayed by-it. For

~ example, Curran and Frey (1977) present excellent data

that indicate that Skolithos burrows in the Pleistocene
of North Cafoiiniiwere probably created by the burrow-

ing polychaete Onuphis microcephala. Kirtley and Tanner

. ~
™
(1968) . and Copper (1974) suggest that some Skolithos bur-

r

- With the advent of studies on modern burrows, it was

showngeiila.multitude of polychaetes could be respon-
sible fo¥the creation of a Skolithos-like ichnofossil.

These include, for example: Laeonereis culveri, Meso-

chaetopterus taylori, Onuphis eremita, Onuphis nebulosa

(Hertweck,’ 1972; Curran and Frey, 1977); Clvmentklla

torquata, Spiochaetopterus oculatus, Owenia fusiformis,

Pista sp. (Howard and Frey, 1975).

D). The Ichnogenus Stipsellus Howell,‘lQSY (Pl. 5-2,
fig. 1) .°

I

? Trachyderma serrata Salter, 1864, p. 290, Pl. 15,

L

figs. %a, b.

‘Stipsellus Howell, 1957, p. 18-19; Hantzschel,
. 1962, p. W218; Hintzschel, 1965, p. 80; Hantz-
schel, 1975, p. Wll2.



Stripsellus Howell, 1957, p. 18-19 (misspelling);
| Hintzschel, 1965, p. 89.

SR “Scolithus Hall Picard, 1962 (partim), P- 11- 1&

‘McRee, 1945, p. 46. .

Skolithos annulatus Alpert; 1974b, p. 664.
Skolithos sp. Pickerill, -et al., 1977 (partim),
p. 246. ) .

- non.Stipsellus-Dawson, et al., 1977, p. 179 (hori-

zontal, branching).

e

4 i). Description

-

: Verrical, gvlindrical, single-enfrance burrows'

that never branch. Diameters and lengths hiéhly vari-
-y _ R i _ ;
able. The burrow walls are sﬁooth except were expdnded

at regular intervals, so t%;t narrow ring-like expan-
sions form. The burrows are found perpendicular to the

bedding plane but may be 1nc11ned (never horlzontal).

. ) 3 ' : .
'ir). Geological range 3

The ichnogenus Stipsellus has received very
q -
‘#Lsgrle mention in the literature; the orlglnal descrip-

tion was based on specrmens frcm the Lower to Mlddle
Cambrian Tapeats Sandstone of Arizona (McKee, 1945;
Howell, 1957). Certain forms from a Lower Cambrian
formatioa in western Arabia described by‘Picard‘(IQ&Z)
~and placed in the ichnogenus Skolithos may be referrah}e

" to Stipsellusd. Additional Lower Cambrian speEimens

| N




. héﬁé’ﬁeén seen by the writer in the Bradore Formation

'6f southern Labrador.: Pickerill, etiaii'(1977) stated
‘.that some vertical forms frcm the Silurian Chaleursl
Group of Québec resemble Stlpsellus.

i31).” Interpretation -

.

Since very.few samples of Stipééllus have been
: =

described not much is known about its probable origina-

tors. As previously discussed, the ring-like expansions'

‘are known from a2 number of modern eoxrganisms, most not-

ably maldanid polychaetes (Howell, 1945;'Sch5fer, 1972).

-
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Explanation of Plate 5-1

B |

Inclined specimen of Skolithos sp., note thé;

. orientations vary from vertical to obligue,

séale bar ‘equals 1 em (specimen courtesy.of

Princeton University).

Arcuate specimén of Skolithos'sp.i(= Foralites

americanus of Howell, 1954). From‘uppgr Cam-
brian Theresa Fm. of New York, Xl1. (Specimen

NQ; 56432, Princeton Universit?).

bpecimen of Skolithos sp. displaying distinct
annulations, X2. (Specimen courtesy of the

National Museum of Belgium) .

'Czlindrichnus sp. from the Lower Cambrian

Bradore Fm. of southern Labrador. -Note the
distinct nature of the multilayered lining.

Scale bar. equals 1 cm.

K [;_
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Fig. 3.

Fig. 4.

262 S

Explanatién of Plate 5-2

Stipsellus annulatus from the Cambrian. Tapeats

Fm. of Arizona, X1 (Specimen courtesy of the

Grand Canyon Natiomal Park Museum, No. 8535). (}

-~ -

Dense assemblage of Skolithos linearis burrows

-

from the Lower Cambrién Bradoée Fm., southern

: \ .
Labrador, scale baxr equals.l.5 cm.
- - »

Variations in sinuosity displayed by Skolithos
sp. burrows (specimens courtesy of Princeton

University). Scale bér equals % cm.

Skolithos linearis from the Lower Cambrian

Bradore Fm., southern Labrador. Scale bar

equals 1 cm.






Fig. 4.

(after Howard and Dafges, 1972).

plane view showing central cylinder, X.75..

264 ST "
* Explanatjon of Plate 5-3

Monocraterion sp. from the. Lower. Cadbrian Eri-

boll Sapdstone,vnorthwesterﬁ_Scotland, in

. vertical section. Note downward deflection

of sedimentaryvlaminaé. (Specimen courtesy
of the Grant Institﬁtg;of Geology, University

lasgow, No. 22063). Scale bar equals 1 em.

X-ray radiograph of upper portion of Baionoglos-

sus feeding burrow. Scale bar equals 3 cm.

-

X-ray radiograph of the dwelling tube of the

polychaete Diopatra cuprea, from the Georgia

coast. Note that the fummel-shaped depressions
in the sediment laminae surrounding the upper
portion of the tube (after Frey and Howard,

1972). Scale bar equals 1 cm. — e

Monocraterion sp. from the Lowexr Cambrian

Bradore Fm., southern Labrador. Bedding

-
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Fig. 1.

Fig. 2.

-266 ST
 Explanation of'Plate.S-é

>

Momocraterfon sp. from the Lower Cambrian Brad-

Srg-Fm.,‘southern Labrador, showing central
shaft which-ends abruptly. Scale bar equals

1l . em. ‘ - ' l
_ —

Monocraterion sp. from the Lower Cambrian . -
Bradore Fm., southern Labrador. Buzrrow re-
sulting when the infill weathers out, note

expanded aperture and sudden decrease iﬁ dia-

meter. Hammer for scale.

e
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' CHAPTER 6

‘Trypanites from Southern Ontario: -

Origin,.Form and Zoological AffiﬁitieS‘

- 6-1. Introduction :

Many groups of metazoa are known to bore into
hardgrounds and skeletons, among which are the cirri-
peds, sponges, polychaetes, sipumculids, phoronxds, and
pelecypods (Warme, 1975). Aigﬁough the history of

macroborings is-.long and includes borings in rocks as

"' old as Lower Cambrian (James, et al., 1977), almost -

nothing”is known, with eny.degree of reliability, of
the organisms responsible. A notable eféeption is the

fecent study by Pojeta and Palmer (1976) on the borings

of mytilacean pelecypods from the Ordovician. There

are manj reasons for this 1eck of understanding, among b
the most prominent being the lnherent difficulties in
-studyxng often poorly preserved and infilled fossil
borings. An exceptionally well-preserved subaerlal

karst erosion surface on the Silurian of southern On-

tario that underwent boring during the Devonian marine

transgression (Robluk, et gll, 1977) provides the evi-

* dence for detailed analysis and iﬁterpretation-

F3]

T o The sub Devonian (Gedinnian) dlsccnformlty

is developed on the Upper S}lurian Bertie Forpation
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(formerly Bertie-Akron Formation Caley.:19h0 19&1 .
Telford and Tarrant, 1975) " In the study area. in
.soothern Ontario from Hagersv1lle in the west Xo Port
‘Colborne in the east (fig.- 6-1), the lowest Devonian
beds, the Oriskany Sanostone and the Springvale Fand—

' stone Member of the Bois Blanc Formation (Emsian),
directly overlie the Silurian Bertie Formation (fig.
6-2). | | o

The diecoyEormity at the top of thebﬁertie For—u:
mation repéesents extreme shallowing and suoeerial )
exposure; The transgression which covered the area:
with Oriskany orthoquartzltlc sand, was followed by a
second regression and period of subaerial exposure
prior to the influx of Springvale gleuconitic and
quartzitic sands (Koblok, et al., 1977). Both.discon- -
formity surfaces~developed small scale Karst features,
including an irregular to undulatory solution topo-
greppy, ridges, solution holes and protuberances as
well as ledges, solution-widened jointé and surface
pite. In addition, macroborings are commonly deve-
loped on the 1lpS of joints, aloﬂg rldgeSxeg\\ledges
and along the surfaces of both pre- and post- -Oriskany
‘disconformities; ﬁhe'boring§ were produced during

intertidal and subtidal nearshore and shoreline phases

@

of the Devonian marine transgression. The borings in

the Bertie dolomite contain detrital quartz, clay, and

N
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Fié1 6-1. Map of Niégara Peﬁinsulé,(scéthern
Ontarlo 1n\icating localities where Sllurlan-Devonlan

congact has been identified and fleld studies were under-

taken (after Kobluk, et al.,.1977).
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-dolomite grains and rock fragments and'clearly indi-*"

"zoic deposits as old as upper Lower Cambrian (James, s

.‘; R

cate that ‘the dolcmitization of the. Bertie sediments

-was pre—Devonian possibly primary dglcmltization. a

_ These borings have been identifled as belonging N

- to the form- ichnogenus Trypanltes Magdefrau, 1932 (fig. -

6-3), which includes’ any single-entrance, pouch—shaped
boring'(Bromléi. 1972).j Alfhough well known from Paleo=’

-

et al., 1977) llttlg work has been done on the zoolo-

-

- gic 1 afflnities of Trypanltee Bromley (1972) sug- . -

gested that probable orlginators of these and similar e

-

borings include Bivalves, polychaetes sxpuncullds and
N _ _ : ~.

‘ phoronids; Glazek, et al. (1971) concluded that bor-

ings attributed to the sabellid pdiychaete Potamilla
. » . . ——
A j :
could also be classified under the genus Trypanites.”

™

N

6-2. The.Ichnogenus Trypanites

Recently BrmeEy/(l970, 1672) and Hantzschel
(1975) pointed out the confusipn thqh arises when fos-
sil cavities are given the names of modern boring or-
ganisms. They suggested general ichnoloé;cal names
for groups of borings, such as Entobia ngn for all

borings possibly produced by sponges (Bromley, 1970),

and Trypanites Magdefrau for all single-enffénce, pouéhf‘

shaped borings (Bromley, 1972), as described above.

Redescfiption of Trypanites involved grouping seven

differegt ichnogenera into a synonymy. In additionm,

L e



Fig. 6-3. Schematic loﬁgitudinal sections of a

range of forms of Trypanites. A: Subspher;gal boring of

bivalw{g.. B: T. vadaszi (Vitdlis). Boring of bivalve

in wood. C and D:_ T. clavatus (Leymerie)-. Flask-shaped
borings of.bivalves with or without cai&areous lining.

E: Boring of teredinid bivalve (in wbo& with calcareous
lining. ¥F: Commoz form, ge%erallﬁ with the work of
sipunculids or ;nnelids. G: T. weisei Maédefraﬁ. Borihgs
of sipunculids, photpnids or annelids. ﬁ: T. cretaceas. |
and I: T. biforans.- Borings of polychaetes (after Bxom-
ley, 1972) . '

A ~
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Bromley (1972) suggested that 2 ichnospecies which were

_named after-extant organisms namely'folydora blforans .

Gripp. 1967, and Dodbcacéria cretacea Voxgt 1971,

. should also be intluded in synonymy with: Trypanites.

Borings described from several deposits have been at-

tributed to the recenf, sabellid polychaete Potamilla

' (Ellenberger, 1947; Radwanski, 1959, 1970; Holder and

Hollman, 1969; and Glazek et al., 1971). These are

very similar in morpho ology to Trypanites and should be

~{ncorporated into thij ichnogenus (Holder and Hollman,
. ¢

1969; Voigt, 1970b; Glazek, et al., 1971). Recently,
Hillmer and Schulz (1973) redefined borings attributed

to Polwdora blforans and established the new ichno- -

genus Ramosulcichnusfbr borings of this type It is

suggested that Ramosulcichnus be placed in synonymy with

Trypanites.

A). Systematic paleontology

Ichnogenus Trypanites Magdefrau, 1932

Teredolites Leymerie, 18&%, p. 2., PL. 2,

figs. 4-5

Gastrochaenolites Leymerie, 1842, p. 3,

Pl. 3, fig. 1
Trypanites Magdefrau, 1932, p. 151
" Nygmites Magdefrau, 1937, p. 56
Specus Stephemson, 1952, p. 51, Pl. 8,
figs. 4-6

-
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. Martesites Vitalis, 1961, p. 124, Pls. 1l-2
Vermiforichnus Camerod, 1967, p. 190, ‘

figs. 1-2

Conchifora Muller, 1968, p. 68, figs. 3-7

Ramosulcichrms Hillmer and Schulz, 1973,
(\ p. 9-10, PL. 1, figs. 1-4

ﬁiagnosis: Simple borings with a single open-
ing tolthe surface. v

Discussion: Pouch-shaped borings excluding
those of acrothoracican cirripeds. - From the single
entrance the boring may.extend -as 2 subspherxcal crypt,
a flask- shaped or conical cav;ty, as a long cylxndrical
tube or a flattened U-shaped chamber with figure-eight
entrance. Borings im all hard substrates are included,

with no age or size restriction.

6-3. Description of Modelling of Boring Morphology

The borings in the hard ground disconfirmity in

Ontario have been preserved in two ways. Springvale
Member sands have infilled most of the borinés. form-
ing well-preserved casts (Pl. 6-1). Lbcallf, however,
post-disconformity sedimentation by Oriskany ortho-
quartzites has plugged the entrances of meny borings

so that they have remained open and pristine (PL. 6-2,
fig. 1). Plate 6-2, figure.Zf is a radiograph cof a

typicgl cut section illustrating this feature.
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A model was developéd in order to provide some’

. basis, other than simple description, for comparing

the fossil structures to modern borings. Direct
measurements of the size and geQmetry of the borings
were made in order to describe the morphology.  Ratios

of the dimensions of. the borings were found to be in-

dependent of size, which permitted mathematical model-

ling of- the borings. ~
Two slabs from the Silurian hardground were
embedded (surface downward)'iﬁagiastic casting resin,

then immersed in hydrochloric acid. After acid diges-

tion, the remains consisted of some undissolved car-

bonate, silica, and the quartz, clay, and glauconite
infilliﬁgs of the borings, as casts. Thirty-seven
complete casts, as well as a large number of broken
ca;ts, were obtained in this fashion. /5
Typical borings are narrow, elongate struc-
tures that expand downwards gradually and end in hemi-
spherical to hemielliptical terminations (Pl. 6-3,
figs. 1-5). Plate 6-4 illustrates the high densities
and spatial relationships of the ‘borings within the
hardground surface. . The length &f individual borings
ranges from a few millimeters to over 6 cm. The aver-
age length is 1.4 cm (37 samples); the average width
is 0.18 cm (37 samples). A few of the boriﬁgs show

branching as well as cross-cutting by adjacent borings



280

-;(Pl._6-3: figs. 2, 3, 6), repreéénting a later épiséde
of boring. Most of the branchings appear to be inva-
sions of the imitial boring, probably by larval or
juvenile forﬁs ‘as suggested by the large contrast i
branch lengths and diameters (PI. 6-3, fig. 6). Branch-
ings caused by one individual should.tend to be more
umiform in size. B _

To model the.bofings, 37 complete‘casts ob-
tained by acid dissoclution wer used. The-procedpre
is similar'to that applied by Evans (1968a) in-his

study of the boring morphology of Penitella penita.

Casts were measured using e#;her a micrometer, a ruled
grid under a binocﬁlar microscope, or from photographs;
figure 6-4 summari%es the fésults.

Indlvidual borings were found to increase in
diameter dlstally from the aperture, becoming largest
near the termlnatlon. The bottom of the boring, from
the maximum diameter to the ‘end, is here termed the
cap (see fig. 6-4). All further measurements of the
boring are taken relatiﬁe to the maximum diameter N,
which defines the top“of the cap.l D is the length of
the cap measured from N to the end‘&f the boring; L is
the length from the top of the boring to N, and NO, Nl’
N,, N,, are thé diameters of the boring measured at
quarter of L intervals. N, is the’ diameter ‘measured

1 cap length (D) from N (nmumerical analysis conducted

by R. K. Yeo). . .



Fig. 6-4. Empirical models describing'the ;Lr-
phology ofrthe hardground borings. The bottom of the
boring, from the maiimqm\diameter to the end, is here
termed the cap.- All further measurements of the boring
are taken relative to the maximum diameter N, which de-
fines the top of the gcap. D is thé‘length of the cap
measured from N to the end of the boring; L is the iength
from the top' of the boring to N, and ﬁO’ Nl' Ny, N3 are
the diameters of the borings measured at quarter o?gL
intervals. N, is the diameter measured 1 cap length
(D) from N. Diagrams indicate parameters measured aqd
shapes of Tyﬁe A and Type B caps. -Mbrphotypea A and B
represent the mean of their fespective populations, and

type A-B, the overall mean for the 37 specimens.

-
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Two dlfferent populatlons are drfferentlated
using the data gathered fromﬂmeasﬁrr\g these para---
:meters which are.here referred to as morphotypes A
and B, based upon the proportions of'the cap (see fig.
' -&)-' Cap type—ﬂvdefines a nearly perfect half-clrcle
(D ="0. 50 N) whereas type B is elongated in the D a8
dlrection (D = 0 80 ‘NY. The- separation of the two
morphotypes was made at D = 0.65 N, approximately the
mean for the .37 spec%mens. This regulted in two al-
most equal populations‘(n = 16 for type A; n = 21 for
7type B). Mbrphotypes A and B represent the .mean’ of

their respective populations and type A—B the overall

mean for the 37 speclmens. The- table in flgure &-&

a*n e Y

presents the emplrlcal data relatlng dlmensions of a

borlng to a percentage of the parameters N or D .For

example, given a.type A borlng wlth.a.;mxlmum dlameter; -
‘CN)‘of 2.0 cm, the diameter of entrance to the borlng

(N,) should be 0.5586 x (2.0 cm = 2.4%). | |

: In general, type A botings show greater varia-

tion in diameter, with a rapid increa:e in diameter to
"tte‘cap. Type B borings tend to be slightly longer
with-more.constant diameters. One feature not.immeoi;
ately.apparent from the model is that in some cases,
the NO diaﬁeter‘is greater than the XN,, indicating an
enlargement -just 'at the ovening of the bore hole:

Many of the borings are also gently-curved or bent
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at angles of 1206;t6 160°, commonly near the top oT

base of the structure .

Another féature of the borings includes later
pengtratlon of the bo;ing walls by endolithic algae

(Robluk, et al., 1977).

6-4. Survey of Modern Mncrobor{ﬁg-Organisms

- -

A) . Polychaetes"

Many different species of polychaetes are known

to be active-borers,_including representatives of the

eunicids, sabellids, spionids, flabelligerids and

ci:ratu;i&s. - ~

i). Eumicids .

The morphology of the borings- of. eunlcids fol-
lows two basic strategles The most prolific . consxsts
of a branchlng network Wlth many separate openings

(pl. 6-6, fig. 1), and is characterized by the species

Eunice mutilata, Eunice schemacephala, Eunice klnbe:gi,

.

Morphysa stylobranchiata and Palola paloloides (Mac-

" . Geachy and Sterm, 1976; McHﬁron, 1976: Bromley, 1978) .
These systems attain diameters of from .5 to 4 mm and
. lengths of up to 10 cm (MacGeachy and Stern, 1976). A
diéferént'morphology, one of a long horizoﬁt#l, mean-
dering, U-shape, with two entrances, is displayed by

the species Marphysa sanguinea (Warme, 1975)

L231d1ce ninetta (Bromley, 1978). Systems of this
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type attain widths of up to.5.mm or more. and are com- .
monly many decimeters in length (Warme, 1975)

Boring is acccmpllshed mainly'by‘mechanical
means; eunic;ds possess strong jaws, setae and acicula'
" which are employed to physically excavate the-borxng

system (Har tman, 195&) Dales (1963), however, points
out that euricids’ sec:eté mucus and suggested that
this may aid in softenlng the rock matrix, thus facili-
tating the mechanical exbavat;ng process. This mech-
dnical rasping;df the substrate results in ch;racter-
ststic géuées on the burrow walls along the entire -
length of the borlng (McHuron 1976). Tﬁis séhlptur-
lng, however, is less ev:dent in the older (proxlmal)

sections of the boring, where the walls have been—ﬁ—\\'

smoothed by the constant passage of the worm (Bromley,
ey - : :

11978) . Eunicild borings have .been found in a wide
variety of lithologies, from corals (Ebbs, 1966; James,
1969; MacGéachv and Stern, 1976; Bromléy, 1978) and
carbonate lithologies (McHuron 1976) to Durely ter-
rigenous mudstones, smltstones and sandstones (Warme

1975; McHuron, 1976) .

ii). Sabellids

Initial investigation by Treadwell (1917) in-
dicated that sabellids were not active borers but
rather embedders, whose growth kept pace with that of

the coral. Later studies by MacGeachy and Stern (1976)
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" and Bromley (1978), however have demonstrated that .

the sabellid Bypsicomus elegans 1s an active borer -

: . (based mainly on cross-cutting relationships of tbe

borlng and. the corallites). The ‘boring of Hypsicomus

glgggng is a vertical wabranched structure which ex—
hibits a circular cross-section (fig. 6- SA) and attains
diameters of from 1 to & mm and lengths of u§“26 20 cm
(Bromley,/}ﬁlS) Although the boring displays a uni-
form'd}aéeter throughout its length, MacGeachy and
Stern—f1976) noted that the distal end tapers rapidly
to a blunt point. Bromley (1978) observed that the
borings were lined with a chitinous sheath and as a’” . o
result the walls display no sculpturing or ornamenta-
tion. S : -

_ ég&ther well-known sabellid borer’'is Potamilla,
which excavates a straight boring with a circular
cross-section (fig. 6-6A)'. Diameters have been re-
ported up to 6 om'and lengths up to 5 cm (Glazek, et
g&.,~1971) Borings are isodiametric throughout their
length and display no thickenings or comnstrictions
(Radwanski, 1959). Glazek, et al. (1971) observed
'__that Potamilla borings were rarely vertical, but in-
_stead were .oriented obliquely. The borings are never
found to blf;rcate or to intersect one another

(Radwanski, 1959) and commonly display a fumnel-shaped
aperture (Holder and Hollmann, 1969).
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* * Fig. 6-5. Macroboring morphologies. A. Boring

of sabellid polychaete Hypiscomus elegans, longifudinal

section, X1 (after Bromley, 1978). B. Boring of flabel-

ligerid polychaete Pherusa inflata.-longitudinai section,

X2 (after McHuron, 1976). C. Boring of gastréchaenid bi-"

valve Gastrochaena hians, longitudinal section, X1

(after Bromley, 1978). D. Boring of pholadiﬁfbivalve

Penitella penita, longitudinal section, X1 (after Mc- -

Huron, 1976):

.
o
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Fig 6-6. Schematic longitudinal sections of

the borlngs of organlsms that create Trypanltes ~-like
. WM -

traces. A: The sabellid polychaete Potamilla sp. (af-

ter Holder and Hollmann, 1969). B: The sipunculid

Dertdrostomm (after Bromley, 1970).. C: The thoracican

cirriped Lithotrya. The series of calcareous discs rep-.

resent successive attachment positions of the animal

b .
(after Bromley, 1970). D: The phoronid Phoronis ovalis
(after Bromley, 1970). .

o
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. Bromley (1978) stated that it was unlikely

4

that - sabellids could bore with their head end due to-

. its specialized prostcmium Likewisf sabellids are

° not able to douhle back w1thin their narrow boring.

"-- .

which suggests that boring is accomplished by the

posteriormend Lack of any obvious tools led Bromley -

(1978) to postulate that boring is done by chemical
means. . Similar observations were made by Knox (1951)
for Potamilla borings. abellld borings have been
found in shells and coral\(MacGeachy and Sterm, 1976;
Bromley. 978) and calcareous rocks (Holder and Holl-
man, 1969; Glazek, et al., 1971).- '

*

iii). Spilonids-
Blake and Evans (1972) state that only the
members of the polydorid complex (Polydora, Pseudo-

polydora, and Boccardia) are capable of active boring."

The polydorids are perhaps the most studied group of

"'polychaete borers (Korringa, l951 1952; Hempel, 1957

Do:sett 1961; Dean and Blake, 1966; _Haigler, 1969;
Cameron, 1969 Bromley, 1670; Blake and Evans, 1972).
Although a large variety of morphologxes and sizes
exists in the borings. of this group, the basic plan is
quite gimilar. The boring is a straight, blind-end
structure with a figure- elght or oval cross-section
(Blake and Evans, 1972) McHuron (1976) states that'
polydorid borings often exhibit complex branching

. o
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" patterns while Héiﬁ'aﬁd‘Risk (19?5) observed that

.they are commonly U;shapgd:_

]

The mechanism of boring.is g‘much debated is-
's?e,.aﬁg_has beqﬁ summarized by Biake and Evans (1972). .
, jwb different theories‘have been @ostulated, mechani-
cal boring ufilizing the setae and chemidél boring uti-
lizing acid secretion. The prinéipal'propouentlof the
mechanical theory is Hegpel'(1957) who fqu#d scratch
marks on the'bbriﬁg wall and worm setae in some speci-

wens of Pdlydofh ciliata. On the other hand, Haigler -

(1969) observed that specieg of Polydora etch carboﬁaté
and no inorganic material was dischafggd from an ac-
tive ﬁoring, which both indicate that boring was
Vchemica}. Evarns (1969) also observed that Polydora
cancharum enlarged the branches of the boring simul-
taneously which also indicates chemgagl-excavation.
Hannerz (1956) and McHuron fl976) observed features of
both mechanical (scratch marks) and chemical (etch
marks) and suggested that both means were being uti-
lized.

:Rglydorid borings are found in a‘wide range
of- sediment types both calcareocus and noncalcareous
(Blake and Evans, 1972; McHuron: 1976) as well as _
organic substrates (Blake, 1969; Eaigler, 1969; Brom-
ley, 1970). |
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iv). Flabelligerlds

MacGeachy and Stern (1976) and McHuron (1976)
were the first to suggest that the flabelligerid
Pherusa was an gétibe borgr.' Although no‘direct ob-
servations were ﬁade on the organism.activelﬁ boring,”
the snug fit of the organism in the boring suggests
that it was not occupying a pre-existing hq}e (Mac-
Geachy and_Stern,.l?76). The borings of Pherusa are
club—shaped with a eircular cross-section (fig. 6-5 B)
and are generally quite small thh diameters of from
1 to 2 mm and lengths of up. to 25 mm (MacGeachy and
Stern, 1976). The aperture shows a slight funnel
shape (McHuron, 1976) and the boring tapers from-the
anterior apd terminates in a point (MagGeachy and
Stern, 1976). McHuron (1976)apostulated that boring
was accomplished by a combination of mechanical and
chemical means. The only sculpturiné'found was faint
annulations on the wall in the central portion of the
boring (McHuronm, 1976). Flabelligerid borings have
been observed in coral, shells, and terriginous rocks

(MacGeachy and Stern, 1976; McHuron, 1976) .

. v). Cirratulids

The cirratulid Dodecaceria is known to be an

active borer in shells (Blake, 1969)-and pebbles
(Voigt, 1970b). The boring is similar to that of
Polydora in that it is a sub-horizontal, flattened

-
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U-shape (Evans, 1969) ' It differs in that the boring

w\“

) of Polzdora has a flgure-elght cross—sectlon whlle 5*;

Dodecaceria has an oval cross-sectlon (Bromley, 1970)

&

-

v;} F05511 polychaete boringA

Fossil'borlngs attributed to polychaetes have
recently been reviewed by'Cameron (1969) Brcmley (1970)
and Warme (1975)-; As 1is the case w1th modern nolychaete
~borings, forms szmllar to the polydorlds have recelved
the most attention.i A number of ichnogenera.have been d

' establlshed to encompass forms attributed to polydorlds,

1nclud1ng Polydora biforans (Gripn 1967), Polydorm;es _

'_(Ho}der and Hollmann, 1969), Meandropolydora (Volgt

1965), Caulostrepsis (Clarke, 1308), Ostreoblabe -

- (Voigt,” 1965), Ramosulcichnus (Hillmer and Schulz,

1973), and Vermiforichnus (Cameron, 196%a, 1969b) .

“Borings, attributed to the sabellid Potamilla
have been described from the Middle Jura351c of Wes-
tern Europe (Holder and Hollnann, 1969),_the Lower
Jurassic of the Tatra Mountains (Radwanski, 1955), the
Cretaceous of the éraeow Upland (Glazek, et al., 1971),
the Paieocene of the Paris Basin (Ellenbetger; 1947) ,
the Eoceme of the Tatra Mountains (Roniewicz,u1970).-
and the Miocene of the Holy Cross Mountaine (Radwan-

 ski, 1970). In addition, Teichert (1945) established

the ichnogenus Conchotrema for fossil forms in Permian

brachiopeds, that displayed polychaete affinities,d'x'
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Bromley (1972) also suggesfb&‘that certain forms of
the ichnogenus Trypanites may have been created by

-y

e“B)H Phnronids'”f‘.l S .y e
o Phoronld borings (fig 6 6D) are irregularly

windlng tubes from .2 to .3 mm in diameter, and are of

B bl ‘I‘

varlable length (Bromley, 1970). The 1nd1v1dual tubes‘
are isodiametric throughout their length and dne to
| secondary boring by new 1nd1v1duals a complex branch-
ing pattern results’ (see Bromley, 1970) . Densities
of up ‘to 150- borings per square centlmeter of Phoronls
ovalis, in various shells, were recorded by Marcus .
_(1949). TFossil borlngs attrlbuted to phoronlds have
been restrlcted to Mesozoic deposits (Joysey. .1959;

Vozgt, 1970a;_1972. Perkins, 1971). Yoigt (1972) has

- ascribed the ichmospecies Talpipa ramosa to fossil

phoronid ppringé.u

'C). Thoracican cirripeds

DT . The llterature deallng ‘with borlngs of the

thoraczcan clrrlped Lithotrya has recently been re-
v1ewed by Bromley (19703 Ahr and Stanton (1973) and
Warme (1975) These cyllndrlcal bore holes with an '~

oval cross- sectlon (fig. 6-6C) range in dlameter from

. 5 to 8 mm and. attarn lengths of up to 10 cm (Bromley,

x1970). VThe_boring.ls commonly gently turved and tapers
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occur on the surfacé of the peduncle and covér the

' D). Sipumeculids

- . ol . .

“to a rounded'end'(Ahr and'Stanton, 19735‘ \Uithinathe Ty

' ;borlng, a trail of abandoned basal plates are often

well preserved (P1. 6-6, frg. 2) along one side near_af
the base. (Bromley, 1970 1978 Ahr and Stanton 1973

' McHuron 1976) . . The genus thhotgza‘ﬁores by mechanl-‘:~x

"cal abrasron with the aid of calcrfred plates whlch

Iy

capitulum (ahr and Stanton, 1973)._ The borzngs_are

: . ..
usually oriented perpendicular to the surface and are

often found to penetrate upwards from overhanglng sur-
faces (Ahr and, Stanton, 1973 Bromley, 1978) .-

AlthOngh thorac1can c1rrlpeds date from the

~

Triassic (Newman et al.,_1969),'no f05511 borlngs have

been attrlbuted to thls group (Ahr and Stanton 1973).
-

- '

Sipuncuiid borings (P1. 6f6, fig. 3) are nor-
mally straight to gently curved with a circular cross-
seotion, and terminate in a rounded, cnpulate chamber
(Rice, 1969) Because many species of sipunculids

bore, the dimensions of" the-bore holes ‘are hlghly

~variable. (Rice, 1970). Bromley (1978)“noted that the

walls were unlined and did not display any sculptur:ngt
but Sellacher (1969b) stated that 31punculld borlngs
often show sllght radial scratch marks. Rice (1969)
and MacGeachy and Stern (1976) state that dlfferences

in diameter, length and degree of tw1st1ng were
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- well suited for mechanical abrasion —since many hooks,
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sufficlent to enable the bOtlngs of different species
to be-dlfferentiated. Brcmley (1978) however,:&oes
not fee;~th£t these differences were great enough to -

allow for such a differentiation and thus grouped the

_different species bo%ings together.

Sipuncuiids bore with the aid of botﬁ mechani-

cal and chemlcal means (Rice, 1969; Rice and Macintyre’’

1972; Williams and Margolis, 1974) : Chemlcal secre-
tions from the epidermal glands weaken the inter-
crystalllne bonds permlttlng detachment of the crystals
by mechanical abrasion (Rice, 1969; Williams and Mar-
golis, 1974).7 Riee (1969) noted that sipunculids are

)

snines, and papillae are located on the introvert and

—

'along the body wall. This dual boring mechanism en-

“ ables sipunculids- to bore into a variety of substrates

ranging from coral (MacGeachy and Stern, 1976; Bromley,
1978) to calecareous rocks (Rice, 1969; Williams and

Margolis, 1974; Warme, 1975) to non-calecareous rocks

* (Warme, 1970, 1975).

Sipunc?].ici borings (fig. 6-6B) have been ob-
served oriented at many different angles to the sur-
face (Rice, 1965} Warme, 1970) and observa¥iogs of

modern sipunculids®indicate that in high denmsities the

" closely packed borings commounly interconnect'(Warmel

1970). S

! -
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Aithoﬁgh rare bod§7£ossils”of siéunculids are
known from as far back as ‘the Middle Cambriam (Walcott,
1911) and - Silurlan (Weller 1925), few reports of fos-
sil sipunculid borlngs are known. Perkins (1971) has :
suggested that - smpuncullds may have -been respounsible

for some of the borings in Cretaceous limestones and

corals from Texas. . h

E). Bivalves

-

Borlng is w1despread in the class Bivalvia, amd
has arisen independently in seven super-famllles Gas-
trochaenacea (Qttqr, 1937; Purchom, 1954); Hiatellacea
(Hunter, 19&9); Myacea (Yonge, 1951a); Mytilacea tpt-
ter, 1937; Yonge, 1955; Hodgkin, 1962; Turner and Boss,
1962; Goreau, et al., 1969, 1970; 1972); Pholadacea
(Turner 195& 1955; Evans, 196%a, 1969b); Tridacnacea
(Yonge, 1936); and Veneracea (Otter, 1937 Yonge, 1958;
Narchi, 1975). Of these, only three contain wide-"
spread bbring genera: Gastrochaenacea, Mytilacea,
and the Pholadacea (Warme, 1975). Turner (1954) notéd
_that in‘blvalve borings the wldespread range of form
is useful since the type of boring 1is frequently
dlagnqstlc‘for a given group.

- Bromley (1970) indicated that bivalve borings
are of considerable importance to paleoecologists be-

cause:
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a).' they are abundant in M230201c and Ter-

;{/”—_?Iary;rccks (hardgrounds and boulders) and shells;
b). they commonly contain the body f05511 of

......

-

the borer; and
¢). owing to detalled knowledge of modern forms,

Y

identiﬁicatlon and_paleoecologlcel lnterpretatron of the -

ichnofossil is feasible. . .

-,

- -

i).‘ Gastrochaenids

The borings of‘most'gestrocﬁaenids (fig. 6-50C)

_are typified by the species Gastrochaéna'bians (Warme;

1975) which construct a long (up to 10 cm) club- ~
shaped borehole (Bromley, 1678). The borxng exhibits
a circular cross-section and invariably posseses a
calcareous lining composed of aragonite (Warme, 1975;

l MacGeachy and Stern, 1976; Bromley,. 1978) Bromley
(1978) pointed out that the aperture consists of two
separate siphonal tubes which may be jointed (as in

Gastrochaena hians) or widely separated (as in Spong-

~ leria rostrata) _These siphonal tubes may be extended

for some length beyond the substrate surface and en-
cased in calcareous chimmeys (Warme, 1975). Since the
boring is lined, the external wall does not display any.
ornamentation although the inner wall may show a
coarse rlbblng which is usually confined to- the cen-

tral portion of the boring (Bromley, 1978} .
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- ‘It is believed that gastrochaenids'employ
chemical dissolution as a boriﬁg'means (Kihnett, 1933;

Warme, 1975; Bromley, 1978). As a result gastrochae~

nids have been noted to be restricted to calcareous

substrates, mainly coral ‘heads and large shells (Warme

1975). ST L - $\\\:

ii). Mytilids :

Lithophaga a common .and well- studled boring,

-belongs to the famllV'Mytllldae.. Kuhnett (1930) recog-

nized 46 distinct species of Lithophaga, most of which

Eore._ The borings of these different species however, -
are somewhat similar and dlsplay a number of shared

characteristics: spindle-shaped, lined, smooth walls,
circular cross-section (Bromley, 1970, 1978; MacGeachy
and Stern, 1976; Warme, 1975). The spindle-shaped
outline: (Pl. 6-6, fig. 4) results from the animal ro-
tating in the boriog. " Since so many different species

of Lithopﬁaga.exist, the dimensions of the borehole

) a#E highly variable (Warme, 1975;.

The method of boring in'Lithophaga is related

to the rotation of the shell and has been attributed
to :[a combination of chemical and.‘physig:al means '.
(Yonge, 1955; Turner and Boss, 1962; Soliman, 1969).
An acidic solution is released by glend celle posi-

tioned on the margin of the mantle, which softens

the substrate and facilitates the mechanical abrasion
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'bfrthé rotary ﬁévements of the valves (Yonge, 1955).

. Ciliary currents then in turn remove the loosened frag-

ments from the boring (Hodgkin -1962) . Recent data
however, indicate that the chemlcal reagent used Jin

boring by Lithophaga 1s not an acid but a calcium-

complexing mucroprotein which would restrict the bor-

ings to calcareous substrates (Jaccarini, et al , 1968).

Although mytilid borings are well known in
calcdreous substrateé (Yonge, 1955; Ansell and Néir,
1969; Bromley, 1970, 1978; MacGeachy and Stern,-1976;
Warme, 1977), they have also been deseribed from cal-
caréous (357 calcium carbonate cement).quartz sand-
stones {(Warme and Marshail' 1970); ané non-calcareous,
seml consolldated mndstones (Haas, 1942).

Other well-known mytllld boring genera dlffer

from Lithophaga in that they do not rotate in their

boreholes (Yonget 1955) . As a result, they take on
the outline of the borer and the borings of the
genera Adula (Warme, 1975) and Botula-(Yonge, 1955;

Bromley, 1978) ., which are basically heart-shaped.

iii). Pholads
Pholads are another well- known group of bi-
valve borers; over &2 species have been identified

along the North American coast (Turner, 1954, 1953).

~In a seriles of excellent papers, Evans (1967a, 19670,

1968a, 1968b; 1968c, 1968d, 1970) ocutlined the life

et S
[N
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history, ecology and boring characterfstics of the

-~

well-known pholad borer'Penitella penita. The borlngs

of mogg pholads (fig 6-5 D) are straight conical

in shaoe and possess a narrow entrance and a: large'_'
rounded terminus (Evans, 1970). ' The borings are usu- .
"ally oriented vertically and are;cifcular in cross-
sectlon (Evans, 1968a).

X Pholads- bore mainly through mechanical means by
a series of periodic rotating motioms (Yonge, 1964) .
As 2 result they are not ;eotricted to calcareous sub-’
strates and are known_ to bore into almost ény‘kind of
rock’ (see Warme, 1975, for details). Turner (1954)
ooiﬁted out that pholads are ible to bore into rocks
that are much harder than their shell because they
accumulate rock graios in ohe mucous coat covering

the foot and shell and uses them to excavate the bore-

hole (e.g., Pholas dactyles). Rock hardness does,

-

howo?er, affect the shape and ornamentation of the
boring (Evans,‘l970). In soft substrates (e.g., mud-
stones) spines on the shell produce deep parallel
grooves on the wall, while in harder.substrates the
wall is smooth and the boring is shallow (Evans, 1970).
Although many pholads occur in high denéities,-
_the borings never interconnect or branch and in un-
usually high densztles boring may even cease entirely

if entrance to another borehole cannot be avoided .
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(Ewans, 1970) Since many different species bore, the
dimensions of ‘the borings are hlghly variable- aia- “
meters of up to .8 cm have been attained‘(Zirfaea '
 pilsbryi; Warme, 1975). -

-

iv).' Other bivalve borers - ° C

..

< In addition to the three groups already ex- .

1 [3

amined, four other bivalve ‘groups contain genere capable
of bcringi These, however, are of little consequence
to the diecdssion at hand since the majority of them
do not rotate, and thus ‘the borlng reflects the mor-

-

phology of the sheld, e.g., Petriccla (Vereracea;

Warme, 1975 Bromley, 1978), latzdon (Myacea; Warme
1975); Hiatella (H1 tellacea; Warme 1975) ; 7and
Tridacna (Tridacnacéa; Warme,*l975). The majority of
theee bcrings aré'ceart-sceped‘in cross-section and .

irregular-in outline.

v). Fossil bivalve borings *

-

A multitude of fossil bivalve borings have been
described from a wide range of deposits (see Radwenski,
1964, 1965, 1959; Keen, 1969a, 1969b; Turmer, 1969
and Bromley, 1970, for complete details). These ex-
amples, however, are mainly restricted to_Mesozoic
‘and Tertiary rocks,"since most boring genera evolved
before then LTable 6- l)- Recently, however, Pojeta
_and Palmer (1976). described the- oldest bormng blvalves
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,mytiiids from the Eower;OrdoVicdan;and'pdinted\out that

»

they represent. the only Paledeoic bivalve beringd.

'6-5. Comparison With Recent Forms

Examination of the macroborings produced by
recent endolithic organisms indlcates that four dif-
ferent groups produce traces similar to the hardground

Trypanites.borings: phoronids, polychaetes, sipuncu-

lids and thoracican cirripedé. Table 6-2 ‘summarizes.

the major attributes of each group.

305 . -
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Bivalve borings have been emitted,:as probable’

producers for a varietérof reasons. In most cases,

- boring bivalve genera belong to superfamllles and

families that did not evolve until the Mesozoic (see
Table 671; and Turner, 1969). -The mytilids, which are
known to be aetive borers from at least the Lower Or-
dovicxan (POJeta and Palmer, 1976) can be eliminated
because. the borings of mytilids are usually 11ned

i

do not incredse in diameter gradually but rather ex-

 hibit a rapid expansion due to-the shape of the shell,

do not branch and do not interconmnect (see previous”_ ‘
discussion for references). Other mytilid‘boringé |
do not. £fit -the general shape of the foisil forms and‘
can thus be'easily dismissed.

Although each of these four major groups dis-
play similar features to the fossil borings, all but

one may be eliminated as producers of the borings:‘
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Phoronid borings are dismissed because of their small
size and isodiametric dimensions. Sabellid poly-
. chaete borings, fepresented by Potamilla and gzgsgf-
comus, can be elipinated'due‘to thei; isodiaﬁetric
dimensions, fiared aperture, the lack'of'bifurcations
and interconnections and the fact that distél end
tapeégjto a blunt point. .Fl§be1Liéerid polychaete
‘ borings, represented 5& Phefﬁsa,.can be eliminated be-
cause of their flared aperture, iack of wall éculpfur-
ing, .and the fact that the boriﬁg tapers from the an-
terior and terminates in a point. , Other Eolyﬁhaete
borings belonging to the eunicids, the cirratulids,
and the spionids do not resemble the fossil ébecimens
in their}morphologyl Ahr and Stanton (1973) summarized
the features diagnostic of thoracian cirriped borings,
- as represented by Lithotzza, to be: a). the trail
of abandoned-basal plates; b). frequent interconneé-'
tions; c¢). oval cross—gections;'and d). tapering to
a-rounded end. fThé foséil borings (Pl. 2, figs. 1-5)
66 not possess .a trail of abandoned basal plates, do
not taper, and display circular’ cross-seéctions. |
Modern sipunculid borings, however, closely
resem£le the'Silurian éxamples‘boﬁh in size and mor-
phology. Plate 6-35 illustrates the siﬁilaritj be-

d

tween modern sipunculid borings of Phascolosma sp.

from Florida reef rubble and the hardground borings.
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_;A number of modern sipunculid borings were*examined'
and two complete borings were measureﬂ in the same f
manmer as the parameters for the fossil model dlS-
cussed above Table 6-3 lists a camparlson between . -
‘observed measurements and those predicted using the-
"N" value (maximum diameter) of the recent borings ap-
plied to a Type B Silurian model. A Type B model was
used since the cap morphology of the smpunculld bor-3'rwe:
ings fell within the ranges of’the Type B cap dlscussed
previousl Predlcted measurements closely paralleled
VaCtﬁﬁ' easurements within the range of error of the .
model, except for dlameEef“‘at 1/& L (fig. 6=4). Ac-.
tual dlameters were smaller than predicted values, butﬂffb
&thlS may be a functlon of the particular- sipunculid-
species lnvolved )

" Because many of the hardground borings have
remained open and pristine, many surface features re-
main unaltered (Pl..6—2, fig. 1). Slight radial
scratch marks are present (Pl. 6-3, figs.l; 2) simi-
lar to the ones described by Seilacher (1969b) for
modern slpunculid borings. : : ' T

Boring sipunculids -are known from a wide var-

iety of different enyironmepgs, ranging from inter- ~ :
tidal to subtidal (Rice, 1969). They are known :ftf‘h\\\~_:s~ ’
infest calcareous beach rock and living coral (Rice,

1970), as well as texrigenou$ sandstones and mudstopes

. -
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, _ Table 6-3 o , | _
‘Comparison of predicted and observed measurements of o
-modern sipunculid borings taken from Florida reef
rubble based on the fossil hardground model
Observed = _ .Pred;cted ~ Obsexved Predicted
|; - ‘- . ’
R N 2.6 om. 2.4 ‘ © 2.0l mm - 2.01
L . 3.55cm .- 3.88 % .42 2.6 em 2.48 = .39
D 1.63 mm 1.51 + .24  °1.53 mm 1.61 + .17
‘ Ny cl4mm , 1.73 = .13% 106 mx 1.5 & .1*
Ny - 1.9 mm  1.86 ¢ .09- 1.59 mm 1.62 = .08 -
N, 2:13mm 2.1 & .09 . 1.8mm . 1.76 = .07
. . ")\\ -
: N3\i 2.23 mm 2.22 = .06 ~ 1.9 wm 1.89 ¢ .05
; N, 2.32mm 2.32: .06 ° 1.96mm  1.95: .04
.f T

.

Predicted values were obtained by applying the
"actual measurement of the maximum diameter of the borings
(N) to the empirically derlved multlpllcatlon factors
found in Fig. 6-4.

* Indlcates significant devzatlon from the
observed value.

PR, - 2o bl A LSl ZaR e Ml ART S DL T T i
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‘(Warme, 1970). Rice -(1950_) des.éribec_i‘_‘ borings att;i':i-
_ buted to Phascoloscma antillarim in exposed bedrock

(composed of calcite with some aragonite aﬁd'quartz)
in densities of 415 per square meter. This type of
environment is consistent with the paleoecological in-
terpre;é.tion of the. ha.rdéround proposed by Kobluk, et
_g . (1.977)..

6-6. Summaty . . oot 7
' ,Well-}n_:esgnied hard_gfomd borings of genus

‘Trypanites provides the opportunity for detailed. mor-

phological study and the determination of zoological
affinities. The description and modelling of the
fossil forms in aséociatio:;"_with comparison ﬁo modern

borings suggests that the '.f.‘ry'pa?xites_morpho:typ_e pre-

'sent probably were created by sipunculids. This sug-

gests that sipunculids may have been widespread in

the lower Paleozoic and that the process of the coastal

erosion of limestomes by the macro-endoliths was active

in the Devonian.

tf
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.,. Longitudinal section of_I;zpan;;gs showing sub-
N ES

parallel sides, and the glauconltlc Springvale sand

The dlsconformlty lS developed*below the “dark

infill.
edlment above ‘the boring, and filling the smati frac-,_

ture. Scale bar equals 2.6 mm. o
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. Explanation of Pléte;G-Z - - . '1;'11‘-_'f'§
Sldbbed secteon 1llustrating the open Silur-. * ' I
1
ian haragrbund borlngs. Note*that ornafmen-
tation on the rnner surface ‘of the boring :; ) .
well preserved Metrrc scale., : S .
X-tay radiograph of elabbed‘secticn of
hardground_boriqge in Berq}e‘doiomite. : T
The borings'branch, interconnect, are never
U-shaped, X1.
-
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Explanatigﬁ Qf.ilate'G-B

-,

Fiés.il-s._ Glauconitic casts, the result of acid disso-
* lution techniques, of Silurian ﬁérdground.
borings. . Features inéiude radfal scratch
marké"(Fig. l),'intercdhnectioﬁs (Fig. 2), .-

and branches (Fig. 3). Scale in mm.

Fig. 6. Hardground boring casts showing multiple
branchings and variability in branch sizes.

Scale in mm.

“
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317 .
ﬁxpléhation of Pléte 6-4 "-i
Dissolved remains of hardground material
showing high densities and spétial‘érrange—-"
ments of the glauconitic;filied boring cé;ﬁsv‘

Side view. Scale bar equals 1.6 cm.
@ T ’
Same specimens as in Fig. 1, in.plan view.

Scale bar equals 1 cm.






'Explanafiqg of Plate 6-5 - .

-Small coral ﬁead_(Montastiea'annularié)

broken open to illustrate boring of modern

sipﬁnculid_(?hascoiosbﬁa sp.), from Key Lar-

go Florida._'Métric scale.

Silﬁrién;hardground boring. Note shape and

similarity to recent sipunéulid boring.

Boring has remained open due to infilling

by Oriskany sandstone seen in upper portion

_of boring. Metric scale.
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_ Explanation of ?late.é-ﬁ

Borings o%‘eunicid polychaete Eunice sp.

from reef rubble, Pirate Béy, Tobago.

HillimeQer scale.

Boring of thoracican cirriped Lithotrya sp.-
from reef yubble, Pirate Bay, Tobago; note

series of'abandoped calcareous discs which

represent successive attachment positioms of -

Fig. 1.
Fig. 2.
Fig. 3.
Fig. &.

the animal. Millimeter scale.

" Boring of sipunéulid Dendrostomum SP.

(poﬁrtesy of Dr. M. Rice). Millimeter scale.

Boring of mytilid bivalve Lithophaga nigra,

from reef rubble, Pirate Bay, Tobago. Mil-.

limeter scale.
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. | CHAPTER 7

Oldest Known Brachlopod Burrow- .

The Lower Cambr an of Labrador - .

7-1. introduction'

Almost every sxgnlficant aspect of the 11fe
hlstory, physiology, and ethology of lingulid brachlo-.
pods has ‘received attentlon (see Cralg, f952 Chuang, ...
1956, 1962 1964; Ferguson, 1963 ‘and Palne 1963)
Recently there has been an upsurge of interest in the
burrow1ng}methods of llngullds (Thayer and Steele-
Petrovlc, 1975) and in their relatlonshlp to the sedi-
ment substrate (Paine, 1970). There are numerous
accounts of fossil lingulids found in the ﬁertioal
position and considered'to be oreser;ed EE.éiEE-- Table
?-l documents‘the occurrenoes of in situ or vertical
lingulid fossils in Paleozoic rocks. Maﬁ? more fossils‘_
in situ examples probably await recognition, in light
of the recent -study by Thayer ‘and Steele-Petrov1c
(1975) on the burrow1ng dynamlcs of the recent lingulid

Glottidia pyramidata; they demonstrated the lingulid

" purrows are U-shaped and .that shells may also assume

obllque or nearly horizontal pos;tlons within the
sednment as 111ustrated by Yatsu (1902) for recent

s
species, and Pickerill (1973) for fossil llngullds.
, B ' 323 ’
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. ' Although fossil shells of liﬂgulid brachiopods

.. are not uncommon preserved burrows- of lingulids are

- ] .

‘wvery rare. Two ‘new ichnogenera have been establlshed

for burrows attrlbuted to lrngullds Lingulichnus

(Hakes, 1976)“emd Linguiichnites (Szmuc, Osgood, and

Meinke, 1976). .Because Lingulichnus has taxonomic

priority due to publication date and in order to avofd’_

confusion, Szmuc et al. (1977) called for the supres-,

sion of the lchnogenus Llngullchnltes and placed it in

" synonymy with Lingulichnus.

.Thi; paper describes a well-preserved specimen

of Lingulichnus verticalis Hakes from the Labrador

Group (Bomnia-Olenellus zone) of southern Labrador.

- Rocks assigned to the Labrador Group record‘deposition -

during initial phases of the Lower Paleozoic trans-

gression onto the eastern cont1nenta1 margin of North

" America during the late Lower Cambrian time, In Labra-‘

dor the Lower Cambrian comprises two formations: the

lower, the Bradore Formation, 'is a series of conglom-
erates, sandstones and minor siltstones; the upper, the
Forteau Formation, is a series of siltstones, shales,

and fossiliferous limestomes containing archaeocyathid

reefs (Schuchert and Dumbar, 1934; Jgmes and Kobluk,

'1978). The Lingulichnus burrows were found in-a red

" subarkosic sandstone unit near the top of the Bradore

Formation. This unit also contains abundant Skolithos

linearis burrows. - -



'Llngullchnus vertlcalls Hakes (1976)

‘7?2. Systematic Ichﬁblogyif,. )rzf?> I i

- - . . "

. Lingulichnltes amygdallnus Szmuc Osgood and
Memket (1976). .

A). Description

-

Tongue to spade-shapea vertical burrow with
the widest dimension at the tdt.“The.aperture and
uppet tongue:like part are elliptical iﬁ transverse
section, displaying two‘planes‘ef symmetry; one would
pass between the valves and the othet-bisect the
valves and form a nlnety degree angle with the flrst
The single most diagnostic feature is the basaI pro-

jection down from the main chamber.
e

Age range of known forms

Lingulichnus is known from only two locations,

the Upper Devonian Chagrin Formation of Ohio (Szmuec,

et al, 1976) and the bppef Pennsylvania Rock Lake

Shale Formation of Ransas (Hakes, 1976). In addition,

specimens referrable to Lingulichnus are known from

the Silurian Thorold Formation of Oﬁtario-(see Chapter

3. Examéles of lingulid shells™Zound in situ in

Paleozoic rocks range in age from Ordowvician to Penn-

sylvanian.



*B). Interpretation : T
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The Lower Cambrian form (PL—? 1, fig. 1) is ,i
almost identical to the spec1men lllustrated by Szmuc‘
et al (1976, fig. ‘2B, p 165); it differs only in its
larger size{ The upper spade-llke chamber in the Lab-
rador soecimen is 4. 1 cm. long and 3.5 cm wide; the

basal stem is 5.7 cm.long and 1 cm. w1de giving the

_ entire burrow a length of 9 8 cm. This burrow is large;

however there are examples of both recent and fossil
lingulids that attaln these dlmensrons. In a étudy of

the recent spec1es Lingula unguis, Chuang (1962)

describes specimens that are 5.2 cm. in length and
2.2 em. in width. Pickerill (1973).-described speci-

mens of Lingulaama tenuigranulata (P1l. 7-1, fig. 2)

that attain lengths of up to 4.5 cm. and widths of up

to 3.2 cm.

»

-

7-3. Discussion
Examination of Table 7-1 shows. that most of .
the examples of vertioally oriented lingulids are from
fine-grained siliclastic sediments. Until recently it
was commonly accepted tﬁat lingulids lived in these
fine grained'aediﬁents exclusively (Craig, 1952; Fer-
guson, 1963). Quantitative studies conducted on a -
wxde range of recent species, however .have shown that
extant 11ngu11ds prefer shallow sandy areas (Palne,

1970) and that the paleoenv:ronmental distribution of
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fossil llngulids is produced przmarily by a preser-
'fvational bias (Thayeriaﬁd Steele-Petrovic, 1975). The
" reasons for this preference for sandy areas have been
_outllneo by Thayer and Steele-getrov1c (1975) as fol-
lows: L

| ). ﬁinergrained materiai canupass’between the

-

setae and can thus foul the mantle cavity.

T L

2). Flne-gralned sediments usually’ exhlblt
high water contents and low shear strengths and thus
are unable to-support the pedlcle, ‘

-

3). Because of the low shear strength, fine-

-
A
-

' grained sediments are.easily resuspended, causing
'clogging of.suspension-feediﬁg organisms (Rhoads and
Young, 1970). |

The Lower Cambrian Bradore Formation is inter-
preted, on the basis of physical sedimentary structures,
to be a series of tidal-dominated, near-shore sand
shoals (Swett and Smit, 1972). These sandstone units
are devoid of body fossils so that ichnofossils pre-
sent the only clue to the-biologic component. The-

saﬁple of Liﬁgulichnus occurs. in a medium-grained sand-

stone near the top of the Bradore Formation and is
found in associatlon with the 1chnogenera Skolithos,

Monocraterion, and Dolopichnus Table 7-2 summarlzes

the known ichnogenera that are associated elther w1th

Lingulichnus or with vertical 55 situ lingulid shells.
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These data indicate that in situ llngullds are

'generally found‘wmth 1chnof08311s that charaoterlze

£

‘relati ely shallow,.sandy areas (the Skolithos zone

I
of Sellacher, .1967). Therefore, the distribution of

‘ l
Llngnlichnus and 1ts associatlon wlth other ichnogenera

iconforms with the known paleoecology of lingulid body

: f055113. This points out the importance of establlsh—

lng zoologlcal afflnltles for ichnofossils since in
high energy environments even organisms with hard parts
may be represented only by -their traces.

Another consequence of the occurrence of the

Lower Cambrian Lingulichnns burrow concerns the evolu-
tion of the ethology of lingulids The burrowing lm::de
of life of 11ngulids is known prev1ously from as far
back as the Ordowvician (see Table_? 1). Rudwick (1970)
indicated that Cambrian forms lack the parallel—oided
shell form characterlstic of those that are known to

burrow and suggested that these forms, normally led an

=

epifaunal life. However, the discovery of Lingulichnus

<+ .
in Lower Cambrian strata suggests that the infaunal
habitat was exploiteduty at least some lingulids as
early as the Lower Cambrian and probably has remained

essentially unchanged since that time.
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' Explanation of Platé 7-I _

Lingulichnus verticalis from the Lower Cam-

' brian Bradore Formation‘of Southern Labrador.
. Scale bar is 1 cm. The specimen is housed

in the paleontological collection of the

Royal’bntario'queum. NumBe: R.O.M. 37226.

Lingulasma tenuigranulata from the Lower Ox-

dovician Pen—y-Garﬁedd.Fm.-of North Wales.

Centimeter scale. (Specimen cbﬁ:tesy.of

-Dr. R. K. Pickerill, Upiversity of New

‘Brunswick.)
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CHAPTER 8
' Spatial Distribution of Some Selected

.Vertical Ichnofossils"

L7

- .
2 : “

8-1. Introduction ~

‘ Spatial pattein is one of the most imporéapt
characteristics of any gfoﬁpuof living‘drganisms (Con-
hell,.}963). Preliminary studies on the spatial -dis-.
tribution of organisms were f%rst introduced by plant

e -

ecologists (see Greig-Smith, 1957; for review) and have

_since been appliéd to animal populations (Salt and Hol-

lick, 1946; Holme, 1950) . Three main types of distri-

bution have been recognized in natural populatioms:’

uniform, aggregated, and random.

" _A non-random spatial distribution pattern

implies some sort of constraint on the population.

Aégregation is thought to be caused by gregarious be-
Havior, reprodﬁctivé habits or hetérogeneity‘of the
environment, such.that individuals are clumped in the
more favourable parts of the habitat (Conneil, 1963)§?
A,uniform pattern results from negativg interaction A
between the individuals (Holme, 1950), such as compéti-
tion for food. A distribution pattern that is coms
pletely uniforﬁ is one where the individuals are
situated in a hexagonal pa#tern. ¢

33 - a
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. o &
-Although the analysis of the spatial distribu-

tion oélpopulations of extant organisqf is widespread,

few studies have been atFemptedLon foséii populations.

Millef (1956) has gsed nearest-neighbour relationshiﬁs

in an aﬁtempt to determine the curftnt.direétidh, in

: the Pennsylvanian Mécca Black Shale. This study, how-

‘ever, was not related to' the dynamics,of,the fossil ;g:
situ population but instead was concerned wiﬁh its re-

) latlon to .a physical property (the water current).

It has long been" known that ichnoféssils ° é .

~_possess certain characterlstlcs that set them apart

from body fossils:

1). Since ichnofossil morpholog? reflects cer-

tain £ﬁnctions and behavioural patterns, ra;her tfan
body éhape, it‘hés beenlshown that different organisms
may create similar traces when their ethology is alike
(Chamberlain, 197Ib). The:efoie, many types of ichno-
fbssil§ may occur through manngeiiods or even eras of
geologic history, which facilitates iong-range facies
comparison (Seilacher, 1964).

2). Seilacher (1964) has also shown that
31gnlficant types of traces are facies-specifie, ‘re-
gardless of what organisms produced them. : o

3).. oOf partlcular sxgnlflcgnce_to tﬁés

study is that ichnofossils cannét:be reworked. Thus,

every ichnocoenosis represents part of an actual

~

R
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benthlc communlty (Sellacher 1964) *

8. Although ichnofo srls oceur in most Sedl-

Teom e

Lol

clastlc series. Often these clastlc unlts'are dEVOLd

_ of body fossils and-thusa 1chnofosszls_represent the
Vonly clue to their biotic component.“'

‘ 5). Selacher (1}964) pornts out that‘while
preservation affects body f05511$ in a negatlve sense
.(secondary solutron d151ntegratzon, or deformatlon)
ichnofossils seem to 1mprove rather than degrade
through dlagenetlc processes. ' )

' 6). Field studies in the Bay.of Fundy shows

that 11V1ng tublcolous polychaetes may be analagous to

,some.vertxcal ichnogenera (Featherstone and Risk, 1977).

Careful se;vmng of tubeworm populatlons 1nd1cates that
the majority of. the tubes on the Fundy flats are 1n-'
hablted.by 1iv1ng£¥orms at any one time (M. J. Rlsk
personal . communicagion) -

Thesi characterlstlcs and observatlons indi-

cate that 1chnofossrls may represent the only fossil"

element’ that may be conducive for such x spatlal

distribution analysis.

8-2. Techniques

In the analysis of the spatial distribution
of selected wvertical. ichnofossils, two independent

- techniques have been employed: the distance to the

s




T

‘efficient of- dlsper51on (Clapham 1936)

Sl s e

nearest nelghbour (Clark.and Evans, 1954), and the co-

A). The distance to nearest nelghbour :
L)

The technique of using the dlstance to the

nearest nelghbour in analyzrng the dlsperSLOn of an

- .individual population was first introduced by Hertz

-

(1909). Subsequent development of the techmique-was
by Spooner quoted in Holme (1950). Dice (1952) was
the first to use distance to nearest ne;ghbour in

measurlng a departure from randommess. The technlque

was further reflned by Clark ‘and Evans. (1954, 1955)

and Clark (1955) This has been used effectlvely in

the analysis of populatlons-of.the bivalves Telllna

(Holme, 1950); Mya and Petricola (Comnell, 1956); and

the amphlpod Erlchthonlum braziliensis (Connell, 1963).

This measure of spacing is a measure of the
degree with which the distribution of 1nd1v1duals in

a population departs from that of a random distribu-

_tion (Clark and Evans, 1954). The physiography of out-"

crop patterns necessitates_two types of measuring
procedures. In areas where large horizontal bedding
planes are:exposed (as in the Lower Cambrian Bradore
Formatlon) quadrats of a standard size were con-
s ted.' Random areas were chosen on these exposed
b:ZZiB% planes by throwing a hammer,. the point at 4

which the hammer hit was used as the center of a



-

| '_"sultant area and all burrows were charted and

' d:istance to the nearest neighbom: recorded. 'In ar

| quadrat.- R'ep'ed quadrats wére 'st!.;et:ched aver the Te-

s

-

T o

where large beddin.g pianes were not exposed (such as T
the Thorold Formation) an alternate procedure had to

be used. I.a.rge blocks were extracted from the vertical

_outcrop face at-the horizon to be analyzed.  The area

of the sample. was determined by using a Keuffel and
Esser Planimeter (accuraée to within 1%), and all‘
burrows were charted and the distance %tfxe neaz.'ést

ne1¥hb0ur recorded.
L

'I.'he equat:.ons used (Ta‘ble 8-1) and the pro-

cedure outlined below i summarized from Clark and

Evans (1954).
' In a 'po(

. _ ?uiwitﬁ N individuals and a )
‘density (p), the distamce (r) from each individual €o

of the departure from the randém expecta(\?.on. .In a

its nearest -neighbour is measured. The mean observed

distribution is given ’ljy: N . \J

Ty v I /N

and the mean-distribution,expected if the population
is a random one is given by:

rE-llz\Cp_.' - A ) "—.

The rat:.o rA/rE (R) is then used as a me'asure
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A_List.of-SYﬁbols:an& Definitions pf'Concépts,' .
.Employed in a Measure of Spacing Based on
the Mean Distance Between the Nearest -
.Neighbour (after Clark and Evans,1954)

-
-

N: ' ' number of measurements
., Lt -"I . . .

r: - : L distance to nearest neighbour

p: o ’ density per umit area

Ir: . - .. summation of the measurements
el : of distance to nearest neigh-
' bour :

rr?: A summation of squares of the

measurements of distance to
nearest neighbour

T, = TT/N: . 7" the means of the series of
distance to the nearest meigh-
bour :
EE =1/2/p : ' " mean distance to nearest neigh-

bour expected in an infinitely
large random distribution of
density p '

R =T,/Tg: | the measure of the degree to
which the observed distribu-
tion departs from random ex-

: pectation with respect to the
. . . distance to nearest neighbour

c = EA - EE : ' standard variate of the normal
—T . . curwve :
*E
_ ~ -
oz = 0.26136/ ;5 : the standarg_az;or of the mean
T ‘ P b distance to’ nearest neighbour

in a rando#ly distributed
populationt of density p

-

- s T
- -

[y



random distn.but:.on R w:.ll equal unity; under condit:.ons
.6f aggi:egat:on, R will approach zero; and tmder con-
dltions of maximum spacmg R will be greater than
unity,:‘ If- the va.lue of R indicates that a given popu-
lation is not _randomly dis_ta:lbuted, the s:.gn:r.f:.cance‘

of whe dgéé.rttﬁé of T, frcm Ty can be tested by ‘the
normal curve. The test ‘of Asignif.igance of the measure

is given by:

. where ¢ is the standard variate of the normal curve,
. 0 : \
and org is the standard error of the mean distance to

N

the nearest neighbour in a randomly distributed popu-

lation of the same density as the observed population.

¢ \B). The coefficient of dispersion

* In the analysis of the distributio_ri of organ-

isms over a specific area many inveétig;tors have used
Fisher's "coefficient of dispersion." The method was
‘introduc'g& in studies of plant ecology by Cl:alpfnan
(1936) and Blackman (1942) and in terrestrial and
‘marine ecology by Salt and Hollick (1946), Holme
(1950), and Barmes and Marshall (1951) .

'];'hé coefficien:t of dis?ersion is give;:x b}:

D (=02 '
3 (n-l} . -




; where z (x--x)2 is the sum.of squares of the- dev1a—_rl
tlons of’zndlvldual wmits (x) - fram the mean (x) of all
~ the units (n) comprlslng the sample. .
The coefficient is wnity whee;the nopelation
T is randomly dzstrlbuted less than one if the popula--
tlon is over-dlsnersed (evenly dzstrlbuted) and greeter
jﬁﬁ»—than one if it is. under—dlspersed (aggregated) The

significance of the.departure from unity is tested by:

51 :72J2N?(n_l)2
_where n is the number of units in the éaﬁple—(Heime,
1950) . Where n is less than 10, this letter'expies-
sion is greater than unity, so that sémﬁles-nuﬁbering
less than 10 can not be tested for an even dispribu-‘
. tiom. ‘ )

In the present study, it.was found that only
popuIatiens from large horizontal bedding planee T
could be analyzed, due to the fact that a standard

'Quad;eet size must be employed. Where this method
was usea, a frame, of standard size, wes-eonét ucted
and thrown 'randomly' over the exposed-bedding plane.

o :
The resultant area was then sampled and the burrow

density recorded.



'8-3.' Ichnogenera Analyzed - ' i'} :  +;..w* .

Three dszerent lchnogenera have been'selected

for thlS analy51s. Skollthos, Monocraterion and. e

. Dlplocraterlon (Table 8- 2)

. Skolithos and Mbnocraterlon burrows were Studled

from the Lower Cambrian.Bradore Formatlon of southern *

Labrador. The Bradore Formatlon consists of a ser;es

- of'conglomerates,,sandstones and minor elltstones de- ,
posited.in.whet has been interpreted to be a series"r (T‘\\H“_
of tidal-dominated, mnearshore, sand shoals (Swett and |

Smit, 1972; James and Kobluk, 1978). Skolithos linearis

—r
-

" burrows are usually confined to the qoertzitic sand- -

" stone beds and are analogous to the classic "pipe-

" .rock" facies of the Eriboll Sendstone‘of Scotland

: 1
(Swett, et al., 1971). Monocraterion burrows are
b -
restricted to an arkosic sandstone layer which lies

above the Skolithos horizon. Although present, Sko-

lithos is not found in abundance in the Monocraterion
rd

horizomn.
In response'to the difference_io lithologies -

‘-coupled with extensive coastal outcrops, erosion.has

exposed laxrge horizontal bedding surfaces. These

surfaces allow for the impiementatioo of both of the

ospaciog techniques previously outlined.. o ' 'r*%’
An extensive hpopulation" of Skolithos -

burrows were studied from the Middle Silurian Thorold
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Formation of. the Niagara Peninsula~ Due to: 6;:crob
’ 11mitatlons only tﬂ;‘distance to the nearest nelghbour .
technique could be employed. -

In an attempt to galn informatlon on the .

‘ technlques appllcafion ‘to multi-eatranced forms the

_ -ichnogenus Diplocraterion was sampled from the Thorold

- Formatiog.. As with the-Skollthos zone, only.the dis-

tance to the nearest neighbour techpique could be used.

8-4. Results of Spatial Distribution Anaiysis'

A). Skolithos burrows

i). Skolithos liﬁearis: Br;dofe Fm.
(P1. 8-1, £ig. 1),
In ordgroto determine the coefficient sf dis~-
éersion qﬁadrats. 20 mﬁ by 26 cm, werewfonsérﬁcted
and the bedding plane exposure was sampled. In all, 20
quadrats wefe counted (Table 8-3); densities per 400
$q. em’  ranged from 92 to 212 with a mean demnsity of
142.‘ THLs cdrresponds to a coeﬁficient of dispersion
of 9.85 (Table 8-4). The limits of the coefficient of
. dispersion for a random distribution at n = 20 are:
0.3342 to 1.6658. Analysis of these data therefore
‘réveéls that thé Skolithos popul;tion is significantly
aggregated Lo - S \\\
In order to determlne ‘the interactions of

the individuals within the popu}ation. a nearest
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. Table 8-3. Dens:_ty counts of sTcolz.thos burrows £rom the
‘ Bradore Formation _

Quadrat Number . Number of burrows ~

99
106
. 201 -
. - 212
' ' 114 -
92
: 110
3 _ 196
198
142
111
132
127
125
150
136
156 -
180 ‘ ’
105
147

W oo 2 0w N

| di ol e =
w N+ O
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‘Table 8-4. Coefficient of dispersion for SkOllthOS burrcws
' ’ frqm the Bradore Pormatlon ' ;

-

. A ' ' ~ Average méan
Number of Quadrats Total number of density
‘ burrows - (no. /20 cm* 2)
20 | .2839 0 -1a2
Coefficient of | 1 .
" dispersion - = : 9.85

Limits of the coefficient of dispersion for random distribution
at n = 20
0.3342 ~ 1.6658

»



Table 8-5.

Distance to n
- . Skolithos burrows\ from

_ Qua'd?at SB-~1

o

Quadrat gizéi

Number of burrows:

0.6
0.6
0.5
.0.5
0.8
0.8
. 1.0
-1.0
0.5
0.5

0.5 0.5

st neighbour aﬁalysis of
the Bradore Formation:

400 sg. om.

Distance to nearest neighbour (in cm)

0.6 1.5 1.2
0.6 .1.5 1.0
0.7 1.0 1.0

0.7 - 1.0 1.5
1.0 1.8 1.5.

1.0 1.8 0.9
0.8 0.4 0.8
0.8 0.4 0.8
0.5 0.5 1.

1

Sum of distances to nearest neighbour = 97.5 cm

1.4
1.3

1.3

1.0
1.0

0.7

1.5

1.4
N

1.0

1.0
l.o

10

0.7

. 0-7

1.4
1.0

0.8

1.2

2.0

0.8 1.2 .1.6

1.3
1.3
1.6
0.8
0.8
1.0
1.0
1.2

~1l.4

0.6
0.6
0.5
0.5

1.5

1.0
l.0

1-6

1.2

T IL2

1.0
1.0
0.8
0.8
1.4

N .



Table 8-6. Distance to nearest he;ghbbur analysis of

Skollthos burrows fram the Bradore Formation:
aﬁt SB—2

400 sg. cm. S k\).

Number of burrows: 106

' Quadrat size

Distance to nearest nelghbour (ln cm)

96.9 cm

0.8 0.5 1.8 1.5 _ 1.2 1.0 1.4 0.6 0.5 1.2
0.8 0.5 1.6 1.4 1.2 1.0 1;3_ 0.6 0.5 1.2
120 0.6 1.6 1.4. 1.4 1.5 1.3° 0.7 0.6 0.5
1.2 0.6 1.2 1.0 0.6 1.5 1.1 0.7- 0.6 0.5
1.8 0.8 11l.2 1.0 0.6 0.8 1.1 1.0 0.8 0.8
0.9 0.8 .0 1.2 0.5 0.8 ,0.9 1.0 0.8 0.8
0.9 1.0 1.60 1.2 0.5 1.0 0.9 0.8 0.7 0.5
1.1 1.0 0.8 0.7 1.5 1.0 0.4 0.8 0.7 0.5
1.1 0.5 o.é 0.7 1.0 .'1.6 0.4 0.5 0.5 0.4
1:2° 0.5. 1.4 1.0 1.0 1.2 0.7 0.5 0.5 0.4

| %

s .

—Sum‘éf disténces to nearest ;eigﬁboﬁf'=



Table 87. - Distance to nearest neighbour dnalysis of
- SkoTithcs burrows from the Bradore Formation: .
-_Quaafat_SB—s - .
Quadrat size: 400 'sq. -cm., .
-Number of burrows: 162 T

" Distance to nearest neighbour {in cm)

0.8 1.7 1.5 1.1 1.0 .3 0.5 0.8 0.4

0.9 0.8 1.4 1.4 1.1 1.0 1.2 0.5 0.8 0.4
6 1.2 1.4 1.4 - 1.3 0.7 1.2 0.7 0.6 1.0
0.6 1.2 1.2 1.0 ‘0.6 0.7 .1.0° 0.7 0.6 1.0
0.5 1.4 1.2 1.0 0.6 0.9 1.0 1.0 0.8 1.8
0.5 0.9 1.0 1:2- 0.5 0.9 0.9 1.0 0.8 0.9
9.7 0.9 1.0 1.2 0.5 1.5 0.9 .0.8 0.7 0,9
0.7 1.0 0.9 0.7 1.3 1.5 0.4 0.8 0.7 1.1
0.5 1.0 0.9 0.7 1.0 - 1.6 --0.4 0.5 0.5 1.1
0.5. 1.2 1.6 0.9 1.0 1.2 -0.7 0.5 0.5 1.2

1.1 1.2 1.0 1.2 0.5 0.6
1.1 1.2 1.0 1.2 0.5 0:6
‘0.5 - 0.4 0.5 0.5 1.3
0.5 0.4 0.5 0.5 0.8
0.6 0.7 0.7 0.5 0.8
0.6 0.7y 0.7 1.5 0.5
0.5. 0.4 0.5 0.4 0.5
0.5 0.4 0.5 0.4 0.5
0.5 0.4 0.5 0.5 1.2
0.5 0.4 0.5 0.5 1.2

N *

o HKFHOOOOoOOoOOo
L]
H - 00 O & &> O 0

)
(-3

o
F S

Sum of distances to. nearest neighbour = 133.7 cm

“+
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“mble _8'—8. Dista.nce 0 nearest ne::.ghbour ana.lgsis of--

-
7/

R . Skolithos burrows :Erom the Bradore Format:.on.
“i s Ouadzat sB-4
' Quadrat s:.ze. “-_"f"-“- 400 sq. cm. - ' S
'_‘Number d$~burrcws'i 201 :
D:.stances to nearest ne:.ghbour {:.n cm) _
o.i 0.8 1.8 1.6 1.4 1.2 1.4 0.6 1.2 1.8
0°77 0.8 1.6 1.4 1.4 1.2° 1.3 0.6 1.2. 1.8
0.6 <13 1.6 1.4 '1.5. 1.6 1.3 1.2 0.5 1.4
0.6 1.3 1.5 1.0 0.7 1.6 1.1 '1.2 0.5 1.4
0.8 1.8 1.5° 1.0 0.7 1.0 1.1 1.I 0.8 0.6
0.8 °1.0 1.0 1.2 0.6 1.0 0.9 1.1 0.8 0.6
1.0 ‘1.0 1.0 1.2 0.6 11 0.9 0.8 '0.7 - 1.0
1.0 1.1 0.8 0.7 1i6 1.1 1.4 0.8 0.7 1.0
0.5 1.1 0.8 0.7 1.1 1.7 1.4 1.5 0.5 1.5
0.5 1.2 1.5 1.2 1.1 1.3 1.7 1.5 0.5 -1.5
0.8 1.5 1.8 0.9 0.6 1.2° 0.6 1.3 1.2 1.3
0.8 1.3 1.5 0.9 0.6 1.2 0.6. 1.20 ~1,2 1.3
¢.5 . 1.3 1.5 1.2, 1.2 1.5 1.1 1.2 1.4 1.
0.5 0.9 1.4 1.2 1.2 1.5 1.1 1.0° 1.4 O.
0.8 0.9 1.4 1.5 1.1 0.8 1.0 10" 1.0 oO.
0.8 1.1 1.1 1.0 1.1 0.8 1.0 0.8 1.0° 0
1.0 1.1. 11 1.0 0.8 0.7 0.9 0.8 1.1 0.
1.0 0.6 0.8 0.8 0.8 0.7 0.9 1.3 1.1 1.
‘0.6 0.6 0.8 0.8 1.5 1.0 1.6 1.3 1.5 1.
006 1.1 1.4 1.1 1.5 1.0 1.6 1.6 1.3 1.

' Sum of distances to nearest neighbours = 215.5 cm

L]
QD_UIU'ILHG\G\#



...........

"Quadrat sa.ze. ..
 Number of burrows:

T

1.8
1.8
1.2

1.2 .
- 0.6 -

0.6
1.0
1.0
1.3
1.3

0.8
0.8
0-5

0.5

108‘

1.8
1.0

1.0

0.6

0.6

' Quadrat SB~5

351

Distance to nearesu‘nen.ghbour 'analys;s of
Skolithos burrows from the Bradore Format:x.on.

L)

400 sq. cm.

212

1.2 0.8. 0.7
1.2 0.8 0.7
0.6 1.0 0.6 -
0.6 1.0 0.6
0.7 1.1 0.8
6.7 1.1 0.8
0.8 0.9 1.0
0.8 0.9 1.0
0.6 1.4 0.5
0.6 1.4 0.5
0.8 1.5 1.7
0.8 1.4 1.4
1.3 1.4 7 1.4
1.3 1.3 °Ti1
1.5 1.3 1.1
1.1 1.0 1.2
1.0, 1.0 - 1.2-.-
o.:\\ 0.8-° 0.7
0.7 0.8 - 0.7
1.1 1.4 1.2

«

1.2

1.2
1.6
1.6
1.2

-I-z

1-2

1’2.
1.8
1.5

”l.'3

103

1.5 .

0.8
0.8

0.5
0.5

1.6
102'

1.2

1.3
1.3
1.7
0.7

0.7
0.8
0.8
1.6

]

1.2
1.2

1.1
1.1
1.5
1.5
1.1
1.1

'l-l

1.1

1.7

1.4

“Distance to.nearest.neighbour (in cm)

1.6 2.0 - 0.8
1.4 1.8 0.8
1.4 1.8 1.5
.1.2. 1.7 1.5
1.2 1.7 - 1.8
1.4 1.2 1.2
1.4 1.2 1.2
0.9 1.0 1.1
0.9 1.0 1.1
1.4 1.7 1.4°
0.8 0.9 1.7
0.8 0.9 1.7
8.5 1.1 1.3
0.5 -1.1 1.3
0.8 - 1.0 0.6
0.8 1.0 0.6
1.1 0.9 1.1
1.1 0.9 1.1
0.4 1.3 1.2
0.4

1.3 1.2

Sum of disté_nqe‘s to, nearest neighbour = 240.4 cm

1.7

1.7
0.6
0.6
0.7
6.7
1.2

1.2

1.5

1.5

1.0
1.0
1.2
1.2
0.5

0.5
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pable’8-10: ‘Results of distance to nearesi % neighbo analysis< " <
o .. ‘of skolithds burrows frdm the Bradore Formation .

- .

. - ] a
" _Quadrat © Area - N . S ; Ir . EA §E R y
. © . - (sq.cm.) ,
g - 8Bl 400 - 99 0.248 97.5 0.985 1.005 0.98 -
4 - 'sB=2 400" 106 0.265. 96.9 -0.914 0.972 0.94
B SB-3 - 400 - 162 0.405 133.7. 0.825 0.786 1.05
. . . ] ——
- sB-4 400 - 201 0.503 215.5 (1.072 0.705 1.52°
- , . R - t. .
. ~ SB-5 . 400 °212° 0.53 240.4 1.134 0.687 1.65
. . . :,. i - , * . B
\.‘ e . | | | 1. “
) . . . ’ ‘- . - . . -

. ; - RS a .
-
. -~ . .
: - . . 3 . . e‘ - -~
’ - - - e * . . “ . . - . SR
Dot 2T - SR | .
. - B s e 1 .
» ¥ — , - " ,
- : L.
- R S S, ; - v [} » Ty “ N
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L ST

-'Qﬁa&rat

" -sB-1
SB-2
sB-3
SB-4

SB-5

.+ = 1.96, P =-0.05

"** c - 2-56_' P = 0.01

0.98
0.94
1.05

1.52

l1.65

(1]

~ 0.053
0.049
0:032-
0.026
0.025

significant

0.377

1.184
1.218

17.88%%

highly significant

N

14.115%*
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the~observed-densrty T

o - .{ o 354 ___:_H :

ne:.ghbour analysiswas condncted on five of ‘the above

e. "Each’ burrow was located

-quadrats. These were jelected to be representatzve of

and the nearest neighbour was determined and measnred-

(Tables 8 5 to 8- 9) A summary of the results of this -

-analysrs is given in Table 8- 10.. The two quadrats re-

flecting 1cwer densities (SB—l and SB 2) did not dlsplay
fny srgnzflcant departure from the random R = 98 ,,'
for SB-1; and R.= .9 for SB- 2) - The quadrat repre-
sentlng the middle densrty (SB 3) 31milar1y drd not
dlsplay any significant departure from the randcm _

=1.05). In contrast, the two quadrats reflectrng
the higher;densities (SB-& and SB-5) did'show a depar-
ture from the random in the directionlof wmiform

spacing (R = 1.52 for SB-4; and R-= 1.65, for SB-5).
Tests-of significance (Table 8-11) illustratie that.

while quadrats SB-1, SB-2, and SB-3 can be considered

random, the higher density quadrats were significantly

wmiform (¢ = 14.115 for SB-4; and c = 17.88 for SB-5).

It
. !

LT : ) ) Y
ii) > Skolithos: Thorold Sandstone (Pl. 8-1,

fig. 2). |
TLe analysis og the spatial distribution of
Skolithoslburreqs in the;Thorold'proved to be much
more complicated than in the Bradore Formation. There
exist no large exposed horizontel Bedding §urfacee in

which to sample. As-a result, large blocks were
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St ".L'able 8—12- D:.stance "to nearest neighbour analys:.s of—
' Skolithos burrows from.the 'I:horold Fomat;on.
Quad.rat ST"I

Quadrat location: _ Ball's Fall's

Area of Quadrat: 200.18 sq.” cm.
‘Number of burrows: - 23
//' - . Distances to nearest neighbour (in cm)-
1.5 % 0.9 0.4 1.2 1.7
S 0.9 - 0.4 16 2.1
. — 1.4 1.9 1.0 1.6 2.1
l.6 i 3.3‘ T 2.8 2.3
P i 0.9 1.2 X l.2. o -1.7.
. . b 3 : .
Sum of distances to nearest neighbour = 35.1 cm
LR ,
. . N

.,
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" rable 8-13.

fD;stance.ta nearest ne;ghbour analys;s of‘ _
Skolithos burrows from the Thorold.rb:matlon~‘

EEEEEEE_§T-2 [
. A S i
Quadrat location: ~° Ball®s Fall's. . =
' Area of quadrat: 154.9 sqg. cm. ”

Number of burrows: _ 23

 Distances to nearest neighbour (in cm)

0.6 1.5 - 2.3 | 0.7
2.2 . 0.6 2.2 0.5.
0.4 o 0.6 0.9 0.5
0.4 ? 1.6 0.8
1.9 - 2.1 - 0.8

Sum of distances to nearest neighbour = 26.3 cm




'}g Table,8—14;f,Dlstance tornearest,nelghbour analys:s of L
' .- Skolithos burrch'frqm the Thorold Pb:matlon. - -t
Quagrat: ST3 . :

-

- . - . LY

Location of quadrat: Flock Road

Area 6f quadrat:’ 128.7 sq. cm.

Number of burrows: . 36 R . N -

Distances. to nearest neighbour (in cm)

1.5 .1.1 1.5 1.0 (_1.4 1.6
1.s 0.8 1.0 1.0 0.6

.1.1 0.8 0.9 1.5 0.9

|_l

[ ]

[=]
o o o' o
. e ] »

8
4 -

8 1.1 1.5 . 0.8 1.0 0.9 g
8
8

1.1 0.5 .0.3 1.4 1.2

- -

Sum of distances to nearest neighbour = 36.7 cm



lLocation 'of quadrat:  Flock Road

R - P - .
L ) o L
- - - s .
A - ] . .
. T v
o T T N R s
-, L. - "‘ » : :
- B - -
A
- - .
- a . > > !
- - - :
N -
- - N
o -
- - -
- r- -
b

Table 8~15. Distance-to«neé:eét_ﬁeighﬁour analysis of .
. Skolithos burrows from ‘the Thorold Formation:
Quadrat: ST-4 f '

>

Arga.of gquadrat: _ « 706.5 sq. cim. ' .
Number of burrows:. .iB '

' Distances to nearest neighbour (in cm)

.-
r

0. 1.2 - 11 1.0 .
0.9 1.5 1.1 - 1.5
1.5 1.5 1.4 1.0
0.6 © 1.3 1.4
0.6 0.5 | 1.0

Sum of distances to nearest neighbour ?-20 cm



Table 8-16.

Dlstance +o nearest ne;ghhour analysis of - ..
Skolithos burrows frcm the Thorold Fozmatlon‘
Quadrat' ,

Location of quadrat:

‘%;ésaa of quaaiat:

Numbexr of burrows:

Distances
0.5 0.8
0.7 0.9
0.7 0.8
0.7 0.8
0.8 1.3

[ -

ST—S

Highway 403

-~

34
\

to nearest neighbour

95;4 sq.’cm.

~
.

(in cm¥

0.4"
0.4
0.5.
0.7
0.6




mablg;a;lz;'rinzstance to neaxest ne;ghbour analysxs of

. Skolithas burrows:fram the Thorold Fbrmation.

Qua_dx"a't : ST-6 ]

Location of éﬁadrat: _Eigﬁﬁayi403"

Area of quadrat: 100.6 sq. cm.

Number of burrows: 38 -

Distances to nearest neighbour (in- cm)

0.6 -0.4 1.1 0.3 0.6 0.3 0.5 0.7

0.6 - 0.6 1.1 ‘0.3 . 0.6 - 1.2 0.5 1.2
0.7 0.5 = 2.1 0.3 - 1.7 0.7 0.5 . 0.7

0.7 0.5 1.9 0.4 0.6 1.0 0.5

0.4 = 2.2 1.3 0.4 0.3 1.0 0.5
e Sum of distances to nearest neighbour = 29.8 cm

1
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- Table 8-18. Dlstance "o nearest nelghbour analysxs of -
A ) o Skolithos burrows from the Thorold Formatlon..
HEat- ST=7 4 _

=

e Locatién of guadrat: Sydenham Road. ’ -
:Area of quadrat: 359.6 sq. cm. o - .
Numbe{_ﬂf]burrows 64 B i . -

Dlstances 0 nearest nelghbour (in cm)

1.2 - 0.6 1.6 1.7 2.2 1.1 - 0.6
. e o34 4.8 2.3 | 1,§' S 1.0 - 1.0
0.6 - 0.9 _  I.4 1.8 0.9 . 0.5 0.8
0.5 0.9 1.4 ° 0.5. 0.8 . .0.5 0.8
.+ 0.5 1.6 ‘1.5 0.5 0.8 0.6 0.5
" o.s 1.0 1.0 1.3 1.3 1.3 4.4

0.8 . 0.8. 1.7 0.7 0.7 2.0 0.9
0.7 - 0.6 0.8 0.5 0.5 3.1 1., 1.1
1.1 1.1 0.6 - 0.6 . 0.6 . 0.6 1.6

1.1 |

Sum of distances to nearest neighbour = 75.2 cm

N

v M Y

i“



Table 8-19.

T e _—

b - . - :‘- L - .

. * . . - -

- - T . L PR R

"_" - ». - . ;':‘_ " - .
ST 382 - ; T

L ERSEE
. . S
- -

‘Distance to nearest nelghbour analysis of
- Skolithas burrows from the Thorold Format;on.

Quadrat- ST-B

- . e

»

Location of quadrat:  Jolly Cut Section
Area of quadrat; | 166.7 sg. cm. - : . ”j. y
Number of burrows: - 69° o

s

Distances to nearest neighbour {in cm)

¢.5

0.5

1.0

1.2

l.l

l.l

1.3
0.7

0.7.
0-9 .

0.9 . o0.4 0.6 . 1.0° 0.7

0.4 - 0.3 0.6 - 1.5 1.0

T ela 0.3 . 0.6 0.4 . 1.6

0.8 0.6 0.7 0.4 1.0

0.8 0.7 0.5 . 0.6- 0.3

0.4 0.7 0.5 0.7 0.3

- 0.4 0.7 0-4 1.2 0.4

0.4 0.6 0.4 0.7 0.4
0.4 0.6 0.5 0.7
0.7 0.7 0.6 0.7

Sum of distances to nea;est‘neighbonr*= 49.
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Table 8-20..

»

Quadrat

sT-1
ST-2
- S§T-3
ST-4
ST-5
ST-6-
ST-7

sST-8

Area
{sqg.cm.)

200.1
154.9
128.7.
70.5
96.4 -

100.6 ~

359.6

166.7

a. \

N

23"

23

. 36
18 .
34

38
64
69

0.115
0.148
' 0.279
| 0.255

0.352
0.378
0.178

0.414

‘26

Ir

35.1
26.3
36.7

- 20

29.8
75.2
49.7

A

1053 -

1.14

'1.019
1.111.

..0.765

0.787
1.175
0.720

A
P
T

_Results of distance to nearest neighbour apalysis .
of Skolithos burrows from the Thorold Formation '

\

-

E

T 1,474
“1.3°

0.947
0.990

0.843

© 0.813

1.185

0.777

‘:“%

L]

11.04
0.88
1.08

1.12
0.907
0.966
0.991
0.927
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" pable 8-21.".

Quadrat

sT-1
ST-2
sT-3
“sT—4
ST-5
ST-6
s1-7

sST-8

-

Tests of significance
analysis: - Ski

1.04
0.88
1.08
1.12

1 0.907
" 0.966

0.991

0.927

+c=1.96, P = 0.0S

** c.= 2.58, P = 0.1

. &t nearest nei ar
olithos burrows from the Thorold
Formation = . - . . B

0.3478

0.878".

. significant

highly significgnt
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\t-_ extracted from a specific horizon known to comtain -

S

abundant burrcws The surface area was measured using
.a planimeter and all measurements were. recorded for 8
_quadrats from five different 1oca11ties (Tables 8- 12 to
8-19). A summary of the results of this analysis is
given in Table 8—20. In all eight quadrats- R-values

indicated no departure from the random. { In addition,

of the tests of. significance (Table 8§-21) confirmed
'tha there was’ no departure from the random. The "
Skol thos population therefore seems to be randomly -

dispe%q . P |
T ' . L

——r

B). Mbnocraterion: Bradore Fornation (Pl. 8:1,‘Figf3)

The gonocraterion burrowa were sampled in the
same-manner;aa were the" Skolithos burpows from the
Bradore Formation. ' In the detefmination of the co-
efficient of dispersion 20 quadrat (1 m by 1 m)

o

counts were made along a single bedding su:face,(Table’ .
8-22). Densities ranged'from 7 to 2§ ner square .
_meter with a medn density of 11.5. This ccrresponds

< to a coefficient of 2.568 (Table 8- 23) The limits of
the coefficient of dispersion for a random distribution

at o = 20 are: 0.3345 to 1.6658. Analysis of these

data therefore indicates that the Momocraterion popu-
1ati§n.as a whole is slightly aggregatedjover the |

_entire bedding plame. T ST o &

I



L 366

- -

A nea:est‘neighbour analysis was.then conducted
on eight ‘quadrats, representing the full rangg-of ob-.
served densities. (Tablés 8-24 to 8-31). A summary of

the results of thls~analy31s is given in- Table 8- 32

Tests of sxgniflcants (Table 8-33) 111ustrate that all -

quadrats were significantly unlform.

P . —

C). Interpretatién of Skolithos-Monocraterion data
- Spatial distribution analysis of the ichmo-

genera Skolithos and Monocraterion reveals the follow-

ing: s

1). The Skolithos population from the Bradore

Formation as -1 whole Seems to be aggregated

o

2). Indlviduals within thls Donulatlon inter-
‘act in two observed ways, at low densities they seem
to be randoﬁiy-dispersed, while aFThigh densi;ies they
appear to be ﬁpiformly spaced. |

~3). ' The.individual elements of the Skolithos
. population from the Thorold Sandstone are randomly

dispersed.

T &), The Moﬁocraterion population from the
Bradore-Forﬁation.as a whole seems to be siightly ag-
gregated. -

3, 5). Individuals within this populafion
interact ﬁégatively and a uniform spacing pattern

results. | _ B
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Table 8-22. Density coxmts of Honocraterxon burrws £rom .
T s the. Bradore E‘ormat:.on ) . -
"Quadrat Number Number of burrows
1 7
2 7.
. 3 . 9 -
4 s 10
5 - 12
. 6 . 16
7 26
8 i 26
a9 -10, .
.10 ({
< &t ?.l \ 9
N 12 . 8
13 12 7
14 - % 7
15 14
16 9
17 - T 16
18 11
19 ' 9 .
20 9




~ Table 8-23:- C_&:éfficie_:it of ai'sée:"sign for Monocraterion -
’ : burrows from the Bradore Formation = .
- -t e
) Average mean
Number of Quadrats . Total number of density
~ burrows - - (no./sq. m)
20 B 231 : 11.5.
Coefficient of -
dispersion - 2.568

Limits of the coefficient of dispersion for random distribution

at n = 20

: . 0.3342 - 1.6658
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.'r'a.ﬁl‘e 8-24. Distanceé to nearast neighbour dhalysis of

. Mon‘ocra.tenon burrows from the Bradore :
. G,@Nmatlon. Quadrat° M‘.B-I e

* Area of quadrat: T 1 sg. m. ot T
Number of burrows: 7 L
Distance .to nearest neighbéur (in cm)

Sl o220 L 234 . 30.4
"22° 0 26.6 |
23.4. -3 26.6

Sum of distances to nearest neighbour = 174.4 cm- '

N . . - .
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- Table 8-2S. ' Distance to nearest neighbohr analysis of -
- -~ Monocraterion burrows from the Bradore
. Formation. Quadrat: MB-2' T

Area of gquadrat: -1 sq. m..
Number of burrows: 7

.

-

Distances to nearest neighbour (in cm)

27.3 34.8 33:4
) 24.6 © 25.5 .
¢ 34.8 25.5
~  Sum of distances to nearest neighbour = 205.5 cm
\
~

-

e



Table 8-26. Dzstance to nearest nelghbour analysis ofg.-

B

Pe

'Mbnocrate:;on burrows from the. Bradore
Pormation. - Quadrat.\ MB-3 .

Area of quadrat: 1 sq. m.
Numbe:/ng:urrows: .9

.‘~§&4;

Distances to nearest neighbour (in cm) | -

21.7, 27.8 28.3 o

21 7 27.8 ‘1;7

. 30.3 . 28.3 - 24.7
Sum‘of7distances to nearest neighbour = 235.3'cm.

"



-

' Table 8-27. f'Distance ta nearest nelghbour analysis of
- ' - Monocraterion burrows from the. Bradbra
- Formation. Qundrat. ‘MB-4

Area of quadrat: 1 sq. m.
Number of burrows: . 10 - a
{f Distances to nearest neighbour  (in cm)
. 22,1 1.8 - 24.3
38.4 - 17.8 . 35.2
40-9 17-\8' 33.4‘
11.8

Sum of distances to nearest neighbour = 253.5 cm

<

hr'd



Table 8-28. Distance to nearest neighbour analysi{\gkxf
T Monocraterion burrows from the Bradore
Formation. Quadrat: MB=5 ' 3
- Area ‘of quadrat: 1 sg. m.

Number of burrows:' 12

)

Distances to nearest neighbour (in cm)

16.6 © 52.1 22.1
16.6 ] 15.7 36.6
13.3 . 15.7 36.6
13.3 C22.1 - 38.6

Sum of distances to nearest n!gghbdui = 299.3 cm

——my

——



- Number of burrows: 16

374 .

. . . T ;v
Table 8-25.. Distance to nearest neighbour analysis of ;
Monccraterion burrows from the Bradore i

Formation. Quadrat: MB-6 'C/”

~ P

~

Area of quadrat: ~ 1 1 sqg. m.

- ] . s

.
.
-

Distances o nearest ﬁeighbouf (in cm)

19.6 9.2 8.2 20.6

156 9.2 © 28.8 I 21.5
15. 13.5 18.7 29.8 -
15.8 13.5 18.7 52.5

Sum of distances to nearest neighbour = 314.2 cm
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- Table 8-30. Distance.éh\nearest neighbour alysis of
~ Monocraterion burrows from the Bradore
Formation. Quadrat: MB-7 )

N
5

—
Area of}quadrat: 1l sg. m.
Number Of burrows: 26

2

¢ . - |

Distances to nearest neighbour (in cm) .

///’ 14.6 14.8 16.4 19.6 20.2

13.1 14.8 27.6 13.9 12.8
20.1 20.1 18.1 15.5 12.8 -
19.6 .20.1 18.1 10.5 - 26.1
19.6 16.4 13.6 10.5 26.1
13.1
Sum of distances to nearest neighbour = 448.1 cm
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“Pable 8-31. Distance to nearest neighﬁbur analysis of
ST Monocraterion burrows from the Bradore '
Formation. Quad{_at: MB-8 )

’

L)
Area of quadrat: 1l sqg. m.

Number of burrows: 26 O

Distances to nearest neighbour (in cm)

21.6 17 14.3 20.4 14.2

33.7 17 14.3 20.4 14.9
'17.9 29.9 12.6. 40.6 14.9
17.9 13 13.5 19.8 23.9

' 19.4 13 12.6 14.2 21.6
23.9

Sum of distaqces‘to nearest neighbour = 496.5 cm

—
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Table 8-32.
of Hon9craterion burrows from thg Bradore .
FPormation -
Quadrat Area N -P Ir ?:A I-E ‘R
(sq.cm.) -
MB-1 10,000 7 0.0007 174.4 24:91 18.87 1.32
MB-2 10,000 7 040007 205.9 29.4" 18.87~. 1.56
MB-3 10,000 9 0.0009 235.3 26.14 16.67 1.57
MB-4 10,000 10  0.001 253.5 25.35 15.82 1.6
MB-5 10,000 12 0.0012 299.3 24.84 14.49 1.72
MB-6 10,000 16 0.0016: 314.2 19.64 12.5 1.57
MB-7 10,000 26 0.0026 448.1 17.24 9.8 1.75
10,000 26 0.0026 496.5 19.09 9.8 1.94

377. °

Results of distance to nearest neighbour analysis
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Table 8-33. Tests of~significance of nearest neighbour

analysis: Monocraterion burrows from the
Thorold Formation :

Quadrat Number
MB-1

MB-3
MB-4
MB-5
MB=6
MB-7

MB-8

* ¢c=1.96, P

** ¢ = 2,56, P =

132

1.56

{
H

1.57
1.6

1.72
1.57
1.75

1.94

i
o
.-
o
w

|
o
L]
o
=

-

"

)

Cr c

E
3.734 " 1.618%
3.734 2.82%%
2.904 3.261%%
2.614 3.646%*
2.178 4.798%*
1.634 4.370%*
1.005 7.403%*
1.005 9.244%*
significant

highly significant
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;'ﬁD. Hnltiple-entrance vertical burrows . -

. :' LA significant number of marine organisms dwell
or feed in burrows with more than one opening at. the
-sediment-water interface. These types of burrows are
also prolific dn ancient sedimentary deposits. -In-

. order to invesfigate the application of the spatial
'distribution techniques previously discussed two bur-
row systems were studied (Table 8-2): . The ichno-

genus Diplocraterion, representing U-ghaped fossil

forms, from the ﬁiddle Silurian Thorold Sandstope; and
2. Vertical burrow systems attributed to&the;thalas-

sinid crustacean Axius serratus from recent sediments-

T

of the Strait of Canso, Nova Scotia. @ e

.-_i)n Diplocraterion: Thorold Sandstone -

. (Pl: 8-1, Fig. 4)

The 1chnogenus Diplocraterion is locally abun-

-

-
dant +in selected horizons in the Ihorold Sandstone at

the Jolly Cut section in Hamilton. During the course

of sampling the Skolithos population from this section o

numerous large slabs containing abundant specimens Qf

Diglccraterion were found. These specimens were‘

treated in a 31milar manner as were the Skolithos spe;
cimens previously discussed. -One important difference
hoﬁever, between two ichnogenera was noted. Skolitﬁcs
is merely a single burrdn of rather small.dimensions

and- measurements could be taken From the center of
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‘;,,biologicalhparameters that control the abundance and

' Consequently. the distance to the nearest nelghbour = ho!

7
Ve
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- hand

.one burrcw to the .center of another. Diplocraterfon -
-con31sts of two vertrcal tubes 301ned by sprelten,.
which results in the specimen*occupyrng a greater area
'Clark and Evans (1954) suggest that the measurement of
distance to the nearest nelghbour in- 1nd1v£3§als that .
occupy ‘an area—rs-anpllcable only to’ the centers of -the
1ndrv1duals and distances should be taken accordrngly

_—-

'ln the Diplocraterlon population was measured fromw the

center pornt of each individual .(i.e., midway between

: the two vertlcal elements)

Slx quadrats were sampled, each burrow was
1ocated “and the nearest meighbour was ﬂetermined and
dhasured (Tables 8-34 to 8- 399 A.summary of the re-
sults of this analys;s is given in Table 8-40. In all
& quadrats there exists an R—value lndlcatlve'of.a
departure“fromhthe,ranQOm. Tests of signlflcance (Tam
ble 8-41) illustrate that all quadrats were signifi-
cantly uniform. - ) - _

J There exists, however, a question in the -
reliabllity of the measurement of the distance to the
nearest nelghbour analysis in U-shaped burrows of

this’ type, The spatial distribution of a population

.is influenced by many of the important physical and

‘:ftehauior‘offthé-individuals“of the population
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‘Area of quadrat:

Number pf bﬁrrcws:

1.1

1.2
1.4

0.2

1.1
1.3
.0.3
0.1
0.1

0.8

0.5
1.1
1.1
0.9
1.4
1.2
1.2
1.5
1.3

Table 8-34.
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Distance to nearest neighbour (in “cm)
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 294.8 sq. cm.

0.8
0.2.
0.9

1.1

0.3
1.1
0.3
1.0
0.8
0.9
1.0
1.3
1.4
1.0
1.0
1.2 -
1.3

~ .

128

-

0.8
0.2
. 1.4
1.1
0.7
1.5
0.3
1.0
1.5
0.2
0.7
1.0
1.3
1.0
1.2
1.1
0.1

\

1.2 1.4

0.7

0.9

~1.1

1.2

0.5
0.7

0.7
1.3

1.7
0.2

0.7
1.0
1.3
1.3
1.1
1.1
1.1
1.2
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0.7
1.0
0.9
1.3

o
. . ] . s, @
n

ance to nearest neighhoﬁr analysis of
Diplocraterion burrows f£rom theé Thorold: . -
© Formation. Quadrat:. DT-1° . :

0.8
1.4

0.2

1.3

1.3

0.3
0.1
1.0

1.0

1.5
1.1
0.5
0.6
1.1

L4

2.0

-l.?l

0.9

Sum of distances to nearest neighbour = 124.1 cm
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Table 8-35. Distance to nearest neighbour analysis of
- Diplocraterion burrows from the Thorold -

.1 . Formation. Quadrat: DT-2 _ e
‘Area of quadrat: 172.1 sg. cm.
Number of burrows: 64

!

. { o 5
Distances- t® nearest neighbour (in cm)

T2 1.4 1.2 1.1 1.6 1.0 1.0
" 1.0 1.0 1.5 0.9 0.9 . 0.9 0.8
N T4 2.0 = 1.3 1.0 1.0 1.3 1.2
1.2. 1.3 0.9 0.9 - 1.4 1.0 1.0
0.6 . ~ 0.6 1.0 1.0 . 1.1
1.3 - 1,3 0.5 0.5 0.3
0.7 - 0:3 0.7 1.7 . 2.0
0.5 0.8 1.4 1.4 0.2
1.2 1.1 1.2 1.6 1.0
1.0 .

Sum of distances to nearest neighbour = 67.3 cm



Table 8—-36.°
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Area .0of gquadrat:

Number of burrows:

H 0
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Sum of distances to

* 3.32‘.2 sq. m.

0.7

1.1

. 1.2
1.7
1.1
0.8
0.6
1.0
1.1
1.3

1.3.

1.3
1.0
2.1
1.1

1.0

nearest neighbour

Distance to nearxest neighbour énal?sis of
Diplocraterion burrows from the Thorold
Formation. Quadrat: DT-3

.

/Distances to nearest neighbour (in cm)
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s
L[]
—

(=
[ 8

[
‘
W

1.5
l.l
1.8
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=
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=
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1.0
0.7
1.2
1.0
1.1
1.1
1.3



Table 8-37. . Distance to -nearest ne;ghbour analys;s of
- Diplocraterion burrows. from the Thorold
Formathn. Quadrat" Dm—4 :

b ]

Area of gquadrat:, 153 sg. cm.

Number of burrows: 48

.j-

Distances to nearest neighbour (in cm)

n1.0" 1.1 1.0 0.9 0.7
1.3 1.2 1.0 1.5 1.4
1.3 1.1 - 1.1 1.5 . - 1.2
0.7 2.0 0.6 0.7 0.7
1.7 1.4 1.1 1.6 1.3
1.3. 0.7 1.3 1.2 1.7
1.3 1.1 0.7 1.1 2.4
1.1 1.1 1.6 - .-1.3 1.1
1.2 1.4 1.2 1.5
0.6 1.1 1.4 1.3

Sum of distances to nearest neighbour = 58.5 cm
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) L'J.‘;i‘ale .8=-38. .

-

Axea of qﬁédratr
' Number

1.1
1.0
0.7
0.7
0.5
0.1.
0.4
0.8
0.5
0.8
0.9

i

Distance to nearest neighbour (in cm)

of burrows: 72
1.1 1.0
1.0 1.0
0.6 0.1
1.2 0.8
0.5 0.9
0.1 0.7
0.8 1.5
0.7 1.2
1.6 0.8
0.8 1.5
1.2

Sum of distances to
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197.4 sg. cm.

1.6

o
[

1.1

0.9

1-4

1.4

. _
n o W ® G H O W0 U

| ond o o o o (= o o o
[ ]

. 1.3

0.7

0.6

0.9
1.4

1.5

0.7
1.3
0.1
1.7

orqld

Distance to nearest neighbour analysis of
. Diplocraterion burrows from the Th
Formation. Quadrat: DT-5

nearest né%ghbour = §7.2 cm
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r'l‘a.b,]\.e .8-39'.'_ ' Distance to nea.rest neighbcur analys:.s of
L Dipldcraterion-burrows from the" Thorold
. Forma.t:.on. Quadrat- DT-G

ce \ AT N
: . . . _ SN
LT o | T~
""Area of quadrat: = 236 sq. cm. o v
. Number.of burrows: A--lll\" .
= _© - Dpistances to nearest neighbour (in cm) -
~0.5 ° "0,5 -  0.8. - 0.1 1.7 1.9 " 0.8
" 0.8 - 1.3 1.2 0.7 1.2 0.7 . -0.1
0.1 1.3 1.0 - 1.0 1.1 1.3 0.1
0.3 - 0.3 0.9 0.9 1.4 .8 0.8
0.8 1.7 1.1 1.1 1.3 1.1 1.4
0.8 ° 0.8 . 0.8 0.6 0.1 0.1 1.3
0.9 0.9 0.9 0.9 0.5 0.5 1.2
1.0 0.2 0.2 0.2 0.1 1. 0.2
0.2 0.1 1.6 0.9 0.9 1.3 1.3
1.9 1.9 1.1 1.1 1.2 1.6 1.0
1.0 0.1 0.1 0.1 0.1 0.2 0.2
1.3 1.0 1.8 1.5 1.5 1.3 2.0
1.2 1.0 1.0 1.4 1.0 1.0 1.0
0.1 0.1 1.0 1.2 1.3 1.2 1.4
1.2 1.2 1.2 1.4 1.3 1.3 1.2
1.0 1.0 1.3 1.3 1.1 .

Sum of distances to nearest neighbour = 101.9 cm'
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Table. 8-40. Results of -dist'a.-nc;e{ to nearest' neighbour ana'lys.is' ‘, -
. _  of Diplocratérion:burrows from the Thorold -
_° Formatiom - . . : oo
v L)
. . = S
Quadrat Area N P Exr ¢ .T, Ty R
' (sq.cm.) :
Dr~1  '294.8 128 0.434. 124.1 0.97  0.75% 1.278
| DT-2 172.1 64 0.372  67.3 1.052 0.82 -'1.28
'DT-3 332.2  114- 0.343 127.3 1.117. 0.854. 1.31
DT-4 153 48 0.314  58.5 1.219 0.893 1.37
‘DT-5 197.4 ¢ 72 0.365  47.2  0.933 0.79  1.18 X
DT-6 236 ' 111 0.47  101.9 .0.918 0.729 1.26
—_—
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. Table 8-41. . Tests;éf significaﬁze of nearest neighbour
- .. analysis: Diplocraterion burrows from the

S : Thorold Formation ;
‘ZQuadrat Number R . S e

- - . . . E
DT-1 o 1.278 0.035 6.03*
DT-2 s 1.28. . ., 0.054 4.296%%

. DT-3 - o 1.31 _ -0.0418 6.29%%
DT-4 _1.37 . 0-067 4.87*x
DT=5 . 1.18 ~0.051 2.8 *x
DT-6 . 1.26 0.036 5.25%%

* ¢=1.96, P = 0.05 : significant

** ¢ = 2.58, P = 0.01 : highly significant

P
.
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(Lev1nton 1972b) . ‘It has- been shown that strong

negative or. p051t1ve 1nteractlons.between lnleIduals A

is a direct cause of the spatlal dlstrlbutlon patterns
exhibited by many populatlons (Holmes, 1950; Teal,
1958 Johnson, 1959 and Connell 1963; among others)
In this regard, U—shaped'butrows p:esent a special
problem of measurement that‘may-ngt'be:rectified.
Organisgé that utilize a U-shaped Eurrqwing'

mode, do so for a variety of reasons;‘thése may vary

from feedihg miethod, as in Balanoglossus and Arenicola’’

(Schafer, 1972) or for ventilation purposes (Vogel and

Bretz, 1972). In most.U-shaped burrows the two tubes
take‘on different functions; one is a feeding tube
while the othér serves as a fecal tube.- This dif-
fereptiation of use is reflected to some degree in the
morphology of each tube. In recent sediments, when
the burrow is active these‘differences can be recog-
nized.

It is common, however, to find U-shaped fossil
burrows on bedding surfaces which have been truncated
by erosion, which results in an inability to distin-
guish between the tubes. An organism feeding in a
U-shaped burrow exerts its strongest influence in the
feeding tube, the site of active nutrient uptake. The

-fecal tube, which is used primarily for the passfte
tassage of wastes, would be relatively ignored.
a
/ .

A impten.
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Individuals of a population would thus be more cén-
cerned with any interference with its feéding.sphere
than with the burrow ;s a whole. As a result any néga--
tive.interactionsfbetween'indiéiduals (competing for a
food supply) would probably be translated at the feed-
ing tube of the burrow. This is illustrated in the
modern burrows of Arenicol2, where the feeding tube may
change poéition ﬁrequently while the fecal tube re-ﬁ
mains stationary (Schafer, 1972).

Therefore in the determination of the spatial

distribution of U-shaped burrows (such és Diplocraterion,

Corophioides, Arenicolites, Bifungites, and inclined

Rhizocorallium) it may well be more advisable t¢ con-

sider the distance between feeding tubes and not the

entire burrow.

ii). _Axius serratus:- Strait of Canso

In addition to U-shaped ichnogenera there-
exists another group of burrow complexes that possesses
more than one épening to the sediment-water interface.
These may take the form of verticai feeding structures,

such as Phycodes, Teichichnus or Tricophycus or dwel-

ling burrows with multiple ovenings such as Ophiomorpha,

Thalassinoides or Polveylindrichnus. Unfortunately,

no fossil specimens were found in sufficient numbers
to warrant investigation. However, the spatial dis-

tribution of burrow compiexes attributed to the

B PP IR TR
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’ type may present. e
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thalassinid crustacean Axius serratus is included to

illustrate the difficulties that structures of this® -
. . - : R - T
A coefficientrof dispersion. analysis was con-

ducted on the burrows attrfbuted to Axius-sérrathS-in

the Strait of Canso'(for)l&éatiqn details, see Pem~
'7. -’ - . .
berton, 1976). "In the determination twenty quadrat

counts were made in each sub-area (Ship Harbour " and

Pirate Harboﬁr)?-_Within'eadh.quadrat, counts were

made to determiﬂe\the total number ofvburrows. the

number of main burrow openings, the ﬁﬁmber'of auxillary. -

-

burrow ‘openings, and the tetal'number.of burrow com-
plexes (Tabies 8-42 and 8—23). In each area a coef-
ficient of dispersioniw;E obtained for the total mumber
of burrows and the total number of.burrow'c§bplexes
(Table 8-44).

| In Pirate Harbour the mé;n deﬁgity (nuﬁberiper
square meter) of the total number of burrow openings
is 19.25, with a correspoﬁdin% coefficient of disper-
sion of 0.7429; the number of burrow complexes shows
a mean density of 12, with a corresponding coefficient
of dispersion of 0.3246. Similarly, the mean density
of burrow openings in Ship Harbour is 14.1, with a
corresponding coefficient of dispersion of 0.4621; and
a mean density of burrow complexes of 8.75, cofreqund-

ing to a coefficient of dispersion of 0.1789. The
\

ha

et gt s 1 et - &
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Table §-42. Random burrow densities taken from- Ship Haxbour. -
- . Bach- qnadrat is one square meter

No. of main No. of auxiliary Total no. of

Quadrat = Total No. burrow . burrow burrow
. of burrows . openings . openings complexes

SE-200 16 10 6 10
SH-201 17 .9 , 8 9
SE-202 . 17 9 . 8 9-
SH-203 18 11 7 11
SE-204 12 - 7 5 7
SH-205 12 .9 3 9
SE-206 - 18 10 8 .10
SE-207 12 .8 4 12
SH-208 10 7 3 . ‘
SH-209 14 10 - 4 - #L "
SE-210 18 11 7 11
SH-211 14 g 5 9
SH-212 2 1s 9 6 9
SE-213  °© 14 - 8 6 8
SE-214 | 12 7 - 5 7
SE=215 14 5 8 6 8
SH-216 10 7" .3 7
SE-217 12 9 3 9
SH-218 13 9 4 S

8 6 8

SB-219 14

i o o R e e e A i
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Table- -’8'-43." _ Randon bnrraw de.nsi‘t;es a-t:,ari':t‘a.r:t from P:r.rate Harbour. -
- Each quad:rat :.s one sguare meter - e
. ‘ :No.- of main No. of aux:l.l.xa.ry 'I'otal no. o_f '
Quadrat Total No. -. burrow . - burrow = ' " burrow :
] of_ bu;:rows mope.m.n_g-s_ : - openings - .: '_‘_._gpmple:ogs.__

PE-100 - © 18 .12 e
PE-361 Y. ..27 . . 15
PE-102 - .22 13
PE-103 ... 18 10,
‘PE-104 ‘., 26 15
pE-105 - 200 . . 12
. PE-106 - 21 13
"PH-107 2 14
PE~108 = - 16 B I
PE-109 . * 15 11
PH-110 1, 12
PE-111 - 14 . 9 -
PE-112 17 . 10 - ‘
PH-113 18 12
PH-114 23 14 .

S &
- 15
.13
5T I
15 . .
12
13
118
10
1
12
9
10
12
14

=
M .-

b
[

S N NEF QTR SV - NS TR, S BN NI~ Sy

PE-115 19 - 13 2 13
PH-116 . 24, 15 15
“PH-117 14 10 10
PE-118 15 ' 9 9,

N PE-119 17 - 11 11



Tab1618-44. :COefficlent of d;sperszon for Axlﬁs serratus, in
e Strait of- Canso o . -
f'A_ \ Number Total no.  Ave. mean COefflcxent
R - of ~of - density of
E quadrats . - burrcws _ (no./squm) dispersion

I Pirate Harbour .

A. Total no. of . 20. 385 19.25 .7429 ¥
.burrows (main- : : -
openings plus

- auxiliary
- openings)
- B. Burrow 20 .240 12 . 3246
complexes N
: \\_
IT Ship Harbour
A. Total no. of = 20 282 14.1 4621
~* burrows (main -
openings plus }
auxiliary .
openings)
B. Burxrow - : 20 175 8.75. TT-.1789
: complexes -

?

- ._‘ atn;z\o-/.

0.3342 ~ 1.6658

Limits of the coeifiéient of dispersion for random distribution
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limits of the coefficlent of dispersron for a randcm A,ﬁl
dlstrlbutlon at.n = 20 are. 0 3342 - 1 6658.

Analys;s of these data reveals that in both
‘Shlp Harbour and Plrate Harbour extreme care must be
taken in the dlscrlmination of the mumber of burrows"
present. When all burrow openings (main openings plus
>anuxillary openings) are counted, the coefficient of
éiséersion falls withiﬁ the limits of a random distri-
bution. When Sn1§ the nuﬁber of burrow complexes
are used, the coefficient of dispersion indicates a .
uniform distribution. Thus the intermixing of auxil-
lary openings connected to main burrow openings or

burrows of other organisms may result 'in erroneous

results (Pemberton, 1976). 'In the analysis of the

spatial distribution of Nephrops norvegicus, Chapman
and Rice (1971) may have used all burrow openings in
the area sampled, which not only consisted of main

openings, but also auxillary openings and burrows of

the crab Goneglak rhomboides. This may have affected
the results obtain;d as outlined in Atkinson (1974).

| It is possible to differentiate eetween-bur-
row opep;egs'in modern active burroq'systems., Pember-
ton, et al. (1976) observed that one main Axius burrow
may‘be'asééciated with up to three auxillary holes.
The relationship between main openings and auxillary

openings was established by squirting a potassium



' permanganate solution down the main opening ‘and observ-

ing from whlch holes the dye is expelled . This dye
1rtitates'the thxmp-andlls actively pumned out of the

LY . -
system (Pemberton, et al., 1976). It is extremely .

difficult, however, to dlscern bu:row complexes in fos—.

sil form unless subtile relatlonshtps remain intact and

are observable. THis would suggest that techniques -

€
related to the determination of the spatlal dlstrlbu-

tlon £ lex multl-entranced lchnof0551ls be

approached w th cautio

E). Interpretatiof of data.onmulti-entrance ichnofossils

Invesciga%:fs— of the spatial distribution of °

multi-entranced ‘burrows suggest .the following:

1). Nearest neighbour dlstances should be
made from feeding tube to feeding tube. If the dis-
tinction cannot be made an analysis should not be
attempted.

2). Care must be taken to discern between’

main openlngs and auxillary openings in multi-entranced

 forms. Only burrow complexes should be used in the

coefficient of dispersion analysis.

8-5. Discussion

A). Deposit-feeders versus suspension-feeders
‘The spatial distribution of a population is’

influenced by many of the important physical and
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'.biglogical parameters~that contré} the abundance and
behavior of the individuals. of the population (Levin-
ton, lé?Zaj. Environmental heterogeneity hés been
shown to be a principal cause in the aggregatibnal
distribution'exhibited by many.species, forlexample,
the filter-feeding bivalves Mya and Petricola (Conmnell,

| 1956) and Modiolus demissus (Commell, 1963). Harriston

(1959) has demounstrated that this is particularly true

" for species thaﬁ exist only under a limited range of

-

environmental conditions. Strong negative interactioms -

between iﬁdividuals; due to direct interference or
gerritorial.behaviof, is a pfincipal cause of uniform
distributions (Holﬁe, 1950;.\ Johnson, 1959; Connell,
1963;.among others). Random distributions have been
‘ascribed to a variety of factors, which include: random
larvae settlement (Connell, 1955); an.abﬁndance of
resources (Harriston, 1959); random movements of in-
dividuals (Leviﬁton, 1972a) ; random distribution of
resources . (Levinton, 1972a); or wrong sample area
(Risk, personal commmication).

There exists a differentiation between the
spatial distributions exhibited by suspension-feeding
organisms and deposit-feeding organisms. Levinton
(1972b) has éhown that this difference is related to
the availability of food. Suspension-feeders feed bn

a variety of substances such as plankton, dissolved

L3N
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7ofganic matter, organic aggregates aﬁd-bactéfia._'fhéée'
resources tend to fluctuate in quantity with time .
(Harvef, 1950; Levinﬁon, IQ}Zb); and thus thefe‘exists
a changing qualitative food supply available for sus-

pension-feeding populations. Levinton (1972b) suggests

that suspension-feeders must therefore maintain an

adaptive strategy which maximizes the general natﬁiea.J

of ‘the food source and results in inhibiting the devel-

-opment of narrow food preferences. Since the majority
of suspension-feeders are immobile they must féed'on.
a resource that passes by them. ‘Analysis of the mode
of feeding of suspension-feeders by Levinton.(1972b)
indicates that no two closely located individuals of
the same suspension-feeding species or of a different
species have access to the same food particle. There-
fore, each igdividual's food is unique and Eompe;itive
exclusion by explbitation does nqt;take place and all
individuals are independent (Levinton, 1972b).
Deposit-féédérs also feed on a number of food
items such as plankton, dissolved organic matter, plant
debris (which has been mechanically broken down), dia-
toms, and bacteria. Newall (1965, 1970) and Hargrave
(1970) have shown that bacteria is often the major food
source of a deposit-feeder. Zobell (1938) has demon-
strated that bacteria are very abundant in fine-grained

marine sediments. The activities of deposit-feeding

-
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organisms such as corophagy._biogéﬁic reworkiﬁg ;hd - t‘.'.
bacterial conversion of &etritus results in a constanthfr
‘recypiing of food througﬁout the system (Rﬁqads.;nd
Stanley, 1965; Rhoads and Young, 1970). This implies
that a relatively stabie food supply is exploited by
deposit—féeding organisms (tevintoﬁ, 1972b). " As apposed
to suspension-feeders, dequit-feeders are usualiy |
mobile, either moving'through the‘sedimentAor grazing
directly on téé'féod‘source. Analysis of the mode' of
feeding of deposit-feeders by Levinton (lé?2b)‘indi—
cates that all individuals in én area have access to
app;dximately ﬁhe‘saﬁe food supplies.. As a result,
differences in feeding effiéiencf or digestiaﬁ effi-
ciency can bé utilized to enable one species to ex-
clude another by competition. This competitive
interaction leads to trophic sﬁgcialization {(Turpaeva,
19g9) and adaptations to different substfat types by
different species (Levinton, 1972b). - '
This differentiation in food supply and mode
of feeding has led Levinton (1972b) to conclude that
deposit-feeders display uniform spatial distrigution
or random distribution (in the presence of an abundant
food supply). Suspengion-feeders, on the other hand, ‘
usually exhibit an aggregated spatial distribution

over large areas and random distributions within the

aggregates.
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Aﬁalysis of previous studies on the spatial

digtribﬁfions exhibited by modern orgénisms confirms

Levinton's hypothesis. Table 8-45 summarizes data

that indicate that a differentiation indeed exists be-~ -

tween certain ffophic types and their spatial distribu-
tions. _
Holme (1950) has shown that the deposit feeding

bivalve Te11ina tenuis displays a uniform distribution

pattern ﬁﬁich is correlated with the foraging activi-
ties of the inhalent'siphon on the mud éuf%ace. Several
species of‘the‘scavengiﬁgﬁéecapod crustacean Uca also
exhibit uniform distributions; of the three species

studied, Uca pugilator (Crame, 1941; Teal, 1958; Weis,

1976, Uca pugnax (Pearse, 1914; Weis, 1976), and Uca

minax (Ono, 1965) all were found to be extremely ter-
ritorial. -ITwo species.of tube-dwelling, deposit- .
feeders have also been shown to exhibit populations
that are uniformly spaced, the sabellid .Eirorbis
boreali (Wisely, '1960), and the nephthydid Nepthys
incisa (McCall, 1977). The deposit-feeding bivalve

Nucula proxima, on the other hand, displays an ag-

gregated spatial pattern for the entire population,
with individuals.ran&bmly distributed within the
aggregate (Levinton, 1972a)? This has been attributed
to the fact that Nucula is a non-siphonated, free-

burrowing form which lacks the means for territorial -

-~
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defedse Since it does not have a permanent burrow
it does not establlsh a terrltory (Lev1nton 1972&)
Recently, many studles have been conducted on the spa—
tial T pattern displayed by the dep051t-feedlpg lobster

Nephrops norvegicus (Dybern ‘and Hoiseter, 1965; Chap-

man and Rice, 1971; Atkinson; 1974; Farmer, 1974)
Considerable variation has been found to exist -in the
spatial pattern of the burrows, from aggregations (Djl
bern and Hoiseter,.1965;lChapman and Rice, 1971), to
random (Atkinsbn,.1974), to uniform (Farmer,11974).
" All studies agree, howeder,; that in the p;esence of
high densities, terriforial behaviour is strong and a
degree of spacing wil result. From these selecﬁed
examples, the spatial distributions exhibited by
deposit-feeding organisms seem to be food-related.
Suspensioﬂ-feeding organisms, on the other
hand, exhibit spatial patterms that are usually random
or aggregated. Variatiom in substrate conditions has
been dE%;d as the principal cause in the aggregated
distributions displayed By the suspension-feeding bi-

valved Mya arenaria and Petricola pholadiformis

(Connell, 1956); Modiolus demissus (Connell, 1963);

and Mulinia lateralis and Gemma gemma (Jackson, 1968).

However, individual relationships within the aggre-.

gates proved random for M. arenaria and P. pholadifor-

mis (Comnell, 1956) and M. lateralis (Jackson, 1968).

e e
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-;Sxe&lar results have been reported for the Dhoronld

Phoronopsis virldls by Johnson (1959); the entmre

population was aggregated but individuals were ran-
domiy dispersed within the aggrégate. Epifaunal
suspension-feeding-barnaoles, on the other hand, -
display a uniform spatial distribution which is re-

1ated.to space requirements (Crisp, 1961). From these

. e .
selected examples, the spatial distribution of suspen-

sion-feeding organisms seéems to be substrate (or
environmentally) controlled, Competition for food

does not play a prominent role.

B). Nature of traoe-maker

Perhaps one of the most important aspects of
the study of the spatial distribution of ichnofossils
is its role in aioing in the .identification of Epe _
trace-making organism. At present it is extremely
difficult to’assign a spéoific organism to a specific
trace. This can only be done on those rare occasions
when the trace-maker is preservod within the trace,
such as with the examples illustrated by Cameron
(1967) and Pickerill and Forbes. (1978). 1In a now
classic study Sellacher (1964) has classified ichno-
fossils by ethologlcal grouplng, 3551gnment to these
groups is usually based on the morphology of the ichno-

fossil. The determination and recognition of the

e
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sﬁatial'distribution of selected ichrofossils may aid
in further refining the ethological classification
of a particular trace.

Analysis of the data previously presented on
the spatial distribution of Skolithos burrows is sigh )
nificgpt in a number of ways. The nature‘of the |
Skolithos-making organism has long been debated and a
number of tentative assignﬁentb.have placed it in
groups ranging frbm inorganic'gas bubbles toifos-
silized algae (see Chapter 5 for a méée detéiled exami-
nation). It is generally conce?éd now that Skolithos
represents the dwelling burrow of a ausvenSLOn-feedLng
organism.‘ This assignment is based primarily on mor-
phological features. A spat’él distribution analysis
may provide additional quantitative data on this
problem and may aid in the refinement of the present.
state of knowledge. .

The entire Skolithos population found in-the
Bradore Formatiun was found to be distributed in ag-
gregate, based on the coefficient-éf dispersion.
Analysis of the spatial pattern of the individuals .
within the aggregate, by the distances to nearest
neighbour method, shows that athigﬁdensitiés they
are distributed wniformly. Since only a distance to
néarest‘neighbour énalysis was done on the Skolithos

burrows from the Thorold Formation, nothing concrete
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can be said about the dispersion of the entire popu-
lation, but individuals within the population were
distributed randomly aﬁ all observea_densities. The

. only other study coﬁducted'on the-spatial distribution
of Skolithos concerned a population from the Upper
Ordovician Ely Springs Dolémite of Nevada (Miller,
'1977). The population was found to not significantly
depart from the random; sample'size was 100 sq. cm aﬁd
although no procedural data are given, this would. rep-
: resigggégé inperactions of the indiviéuals within
the-populétion. _—

. A significant feature of the distance to neatr-
est neighbour method is that it allows for ;.compari—
son of observed densities between different samples,
even if the quadrat areas are not standard. The den- -
sity (p) used in the method is defined as the numbér
of individuals per unit area (Clark and Evans, 1954)
in both areas analyzed, this would be the number of
individudls per square centimeter. A comparison of
rhe observed densities of Skolithos from both areas
‘(Table 8-46) reveals the following:

1). Observed densities per squaré em from
5 sampled guadrats in the éradore Formation ranged
from .248 to .53. "
| 2)l Aﬁ densities recorded as 248, .265,agd
.405 per square cm, the individuals were randomly

-

dispersed.
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| . Table 8-46. Comparison of density data of Skolithos from
. - } the Bradore and Thorold Formations.
Formation -~ . Quadrat No. . Density Distribution
. ‘Bradore Fh.: S.B. -1 l248 random
- o " S.B. -2 .265 random
S.B. - 3 .7 .405. random
. S.B..- & .503 - uniform
‘ _ -~ S8.B. -3 .33° uniform
Thorold Fm. . ST -1 .115 random
. ST+ 2 .148 random -.
- ST - 3 .279 random
) ST - & .2557 random
ST - 5 .352 random
ST - 6 .378 random
ST - 7 .178 random °
8T - 8 414 random

e e i o ik O ik 8 D et
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were _ﬁanﬁo@ly dispersed. ' S

2 . - _
persed. This is very characteristic of the pattern

3). At dens:‘.lties‘ feco;‘ded:as .503 a:nd .53 per
square cm, the individuals werg_@iformly .dfis?e‘z-sed.
T 4) . Observed densities per square cm from 8
sampled quadrats in the Thorold Sandstone ranged from
.115 to..4l4. | | |

5). At all recorded demsities the indivi&uals

~ These data indicate that the recorded densi-

ties in the Thorold Skolithos population ma-.y nqt.be ‘ \/
high _enougi'l for the individuals to display an uniform
C1:1:’.sp‘er's.:i.on. pattern. " The highest demsity in the Thorold

(.41 per sq. cm) was observed at the Jolly Cut ‘Section

(S'I‘—8) . A comparable dens:Lty (.405 per sq. cm) was

obsérved in quadrat SB-3 from the Bradore. Both dis-

‘played ranéom distributions. Ungform spacing in the

-
~

‘Bradore Formation did not occur until densities exceeded ’
.5 per sq. cm.. There are no dens:.ty data given for

the Skolithos population from the Upper Ordov1c:x.an E'.Ly ’

Springs Do lomte‘(M:Lller 1977)

Therefore, che spatlal -,jp_?.t’;:e:':n of Skolithos
burrows from both areas nggeé.ts -that dth_e eptire popu-
lation is d:.spersed in aggregatlons. 'Wi;thin these
aggregations, the individuals are dlstrlbuted rand@ply
except that at very high--dens:.t:.es (poss;bly exceedlng.

.5 per sq. cm ) that individuals are uniforﬁzly dis-

-
) I
’
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\t71‘dlsplayed by’suspens;on—feedrng organlsms 'as pre-.d
?ﬂ.>: _f'v1ously tllned Of snec1a1 1nterest is the study

‘done b Johnson (1959) on the phoronld Phorononszs )

v1r1dls from the 1ntert1dal sands of Tomales Bay,

, Callfornla the entlre nopnlation was dispersed xn age
gregatlon throughout the area, which he attributed to
a response to envmronmental features (although o -

‘_dxscernlble dlfferences were found between colonized

'tand non~colonizeé areas). Within the aggregate the
ind1v1duals were distributed randomly in areas of low

‘denSLty and uniformly in areas of high density (3ohn-
son, 1959). This is not unlike the patterm displayed
by Eollthoa\ Johnson (1959) attributed the unlform

. distribution at high densities to the expansion of the
lonhophore during feeding.- The similarity between the
spatial patterns exhibited by Skolithos and Phoronqg-
sis 1; especially’ lnterestlng 51nce.Fenton and Fenton
(1974) attributed Skolithos burrows to suspension-
feeding phoronids. |

For the first time, therefore, spatial dis-
tribution analysis quantitatively shows that Skolithos

“probably was the dnelling burrow (or tube) of a
snspension-feeding organism. In addition, it can

be shown that the Skolithos-maker was probably a

lophophorate_or tentacular-crowned suspension-feeder. ™

b
-l




Q). Differentlatlon of lchnogenera

One of the many enlgmas that olague ichnofossil

workers is the well known Skollthoékuonocraterlon prob-

\—‘
1em>(see Chapter 5 for a ccmplete synop515) Hallam
and'?wett,(lQGG), while investigating the “chnofossils
of,rhe Lower Cambrian pipe- rock'of Scotland, concluded

that Skolithos and Mbnocraterlon were produced by the

same worm-llke organlsm, responding ‘to different sedl-‘

mentatlon regimes. Skollthos was formed during periods

D o

of negligible sedlmentatlon while Monocraterion was

formed in response to sediment influx. More recently,
Goodwin and Anderson (1974), investigating the Lower
Cambrian Chickies Formation of Pennsylvania made simi-

1ar conclusions and interpreted Momocraterion as merely

the funnel-shaped top of a Skolithos burxow. They 1
reached this conclusion based on the following:

1). Monocraterion funnels are always attached

[ 3

“_JEQ/Skolithos tubes.

2). Where Skolithos occurs alone in the Chick-

ies, it is associﬁted with higher energy tangential

cross-stratification in sets separated by planar ero-

sion surfaces. Thus Monocraterion fﬁnnels were eroded.
3). _The difference in spacing is attributcd
to difference‘in_time of submergence and'pérsistence
of tidol.currents.
| It has been pointed out, however, by Crimes,

et al. (1977) that:

L ]
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&

- oL Although_the.lbwer Monocraterion tubes

. are similar to Skolithos, it does not necessarily fol-

.'1;;?that the lower tube represents Skolithos.

2). The cross-cutting of the cross-laminae'by‘

Skolithos, which terminate at an unper erosion surface,. -

does not prove that the burrows were eroded 1t indi-
‘cates only that they are a later feature i

3). Other deposits w1th sandy beds with grada-
tional upper contacts with overlying muds have only

~-

Skolithos burrows, despite the apparent absence of

erosion. _
. Crimes, et al. (1977) therefore ;eject the
efosion hypothesis of Goodwin and Anderson (1974) and
although they_egree with the sedimentation hy@othesis
of Hallam and Swett (1966), they.reject the same-
organism theory.

The study.of the population structure of Sko-

1lithos and Monocraterion from the- Lower Cambrian

Bradore Formation may shed additional light on this
problem. The Bradore Formation of Southern Labrador
is analogous to the Chickies and Eribel Formations
(Swett and Smit, 1972), where bofh Hallam and Swett
(1966) and Goodwin and Anderson (1974) did their in-
veetigatibnsf Similar tidal-origins have been’postu-
lated fog all thfee formations (Swett, et al., 1971;

" Swett and Smit, 1972; Goodwin and Anderson, 1974).

W
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In comtrast to the Skolithos findings.-andly-

.sis of the Honocraterzon burrows indicates’ that while-

the entire population is dlsoersed in aggrecates the
'lnd1v1duals are unlformly dxsoersed at all densities.

Ana1v513 of these data in conjunctlon thh studies on
modern organisms (prev1ously dlscussed) suggests that

the spatial patterns of Monocraterion burrows resemble

that of 2 deposit-feeding or carmivorous form, in which
negative.interactiono are common. - .

~ Sospension-feeding and deposit-feeding popu-
latlons are not only separated by thELI mode of feed-
ing and spatlal arrangement, but are also somewhat
faoles controlled Infaumal suspenszon-feeders reach
their maximum abundance in well-sorted sandy sediments.
Sanders (19585 has determined that a median grain size
of 0.18 om diameter should theoretically be most favor-
able. Deposit-feeders, on the othor hand, reach maxi-
mm abundance in finer-grained silts and claysl(Séoders,
1958). Ihis is correlated with food abundance, since
silts and clays offerAlarger surface areas for bacterial
production (Newell, 1965). In the Bradore Formatiomn,
the Sxollthos 'pipe-rock™ is associated with clean

quartzitic sandstones and do mot contain Monocraterion

burrows. On the other hand, Monocraterion burrows are

associated with arkosic sandstones which contain much

more detrital material and do have some Skoiithos burrows.

o
¢ "y

- '

L} L
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The differeppe in spacing of Skolithos and

Monocraterion burfows observed by Goodwin and Anderson |
| (1974) (and attributed to a difference in time of sub-
mergence and persistence of tidallcurrents) may in
facc be related to a difference in feeding strategies,
as shown by the Bradore examples. Since these feeding
strategies are somewhat facies-controlled, the obser-
vations of Hallam and Swett (1966) and Goodwin and An-- -

derson (1974) are valid to some degree. Monocraterion

burrows were probably produced at times of negligible

sedimentation or slow déposition by low velocity cur:

rents, which would be consistent with detrital input.

Skolithos, on the other hand, would be produced in the
main after deposition of beds from high velocity cur-

- rents, including those producing tangential cross-

bedding. The one-organism hypothesis of the formation

of Skolithos and Monocraterion (Hallam and Swett, 1966;

Goodwin and Anderson, 1974) is rejected. The spatial
distributions of the two burrow types suggest that

they were created by organisms employing different
feeding modes. This, in association wich morphological
studies (see Chapter 5), indicates that Skolithos and

Monocraterion were indeed created by distinct organisms.

D). Summary of the applications of the measure

The determination of the spatial distribution

of selected ichnogenera could be potentially useful in
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- a2 number of ways. The technique may aid in the deter-

mination of the mode of feeding of a portion‘df the

soft-bodied biota. The trophic analyéis of body fos-
sils has long been known to be of significant value in

paleoecological reconstructions (sée Walker, 1976).

.However, the soft-bodied fauna {as repfesehted by ichno-

fossils)» has often beeh_ignored in the reconstruction
of fossil commmities, which may be due to a lack of
adequate methodology. Thus, the spatial distributional
analy§i§ of ichnofossils may serve as aﬁ additional ‘
tool for extracting information for use in such paleo- .:
eéological studieé.

The analysis may also aid in problems dealing
with ichnofossil taxonomy and nomenclature, an example

of which is the Skolithos-Monocraterion problem out-

lined earlier. Analysis of this type will provide

quantitative data (for the first time) in which com-

parison with specimens of different ages can be made.

E). Summary of the limitations of the measure

Although useful, the measure does have & num-
ber of limitatioms. It is suggested that the measure
does not lend itself (at this time) to U-shaped or
;multiple-entrahced burrow systems; for reasons pre-

viously outlined. Care must be taken to be sure that

~all samples are from a single beddihg plane or horizon.

Tn areas where extensive horizontal exposures are
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found it is suggested that both _techniques be employed.
‘ This will give 1nformation on both the spatial distri-
bution of the population as a whole and aléo on the
dispersion of the 1nd1viduals within the pooulation
The two-fold analysis system is widespread in studies
dealing with the- determination of the spatial dlstrl-:
bution of extant organisms (Hughes, 1970). 1In areas
where extensive hotizontal exposnres are missing, itr
is'suggested tnat the distance to the nearest neigh-
bour analySLS w111 give data on the dlstrlbutlon of
lndlviduals within the population. These in turm can

: be used as a comparison-with other areas.
\
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Explanation of Plate 8-1

-~

Skolithos linearis from the Lower Cambrian

-

Bradore Fm., southern Labrador. Scale bar

equals 1 cm.

L.

Skolithos sp. from the Middle Silurian Thorold

_ Sandstone, southeastern Ontario, Xl.

Monocraterion sp. from the Lower Cambrian

Bradore Fm., southermn Labrador. Bedding plane

view, X.25.

Diplocraterion sp. from the Middle Silurian
Thorold Sandstone, southegstern Ontario.

Bedding plane view. Scale bar equals 1 cm.

-
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