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Allochem .composition also varies from one division to
another (Text~fiq.J5){‘ Intraclasts constitute mofe than
50% of allochem; greater thén é mm in divisions I, IV and
VII. Intraclasts and fossil deﬁris are approximately equal
in proporﬁion in division V, and fossil debris predominates

in divisions II, III and VI. Disarticulated crinoid

pleuricolumnal§ occur throughout the formation, but form a

'significant portion of the fossil debris enly in divisions

IT and VI.

- Fossil Content

The fossil content of the seven divisions is.shown -
diagrammatically in text-figure 6. Fossils are common in
the Douro Formation, locally constituting several per cent

of the rock, and hence ?an be regarded as both lithOiogic

¥

and paleontologic features. Approkimately 9,000 in situ
fossils were collected from the Douro Formation of south-
eastern Somerset Island during this study.

Brachiopods constitute 50-95%-0f the fauna {(by number) of

each division. Most of the brachiopods are specimenms of the

smooth-shelled spiriferids Atrygoideé and Protathvris

(P1. 2, figs. 1,2) which together form almbst 70% éf the
total fauna. Gastropods, chiefly murchisonids' (Pl. 2,

fig. 2) occur Ehroughdut the formation, but are most cdmmon

in divisions I and IV. Significant numbers of corals occur
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Plate 2

Upper surfaces of fossiliferous ‘slabs of the Doura Formation.
Area 2, division IV. Scale bar represents 2 cm.

Fig. 1. Numerous specimens of the brachlonod Atrvpoidea
(= AtrvEella)

Fig. 2. Specimens of Atrypoidea (A), rhynchonellid prachio-
pods (R), gastropods (G), brvozoans (B) and
trilobites (T).
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in divisions II, VI-and VII. The presence of coral faunas is
readily recogniiable in the 'field, and thus forms an addi-

tional criterion for .the recognition of divisions.

» -

"The presence of reefs p:evides an independent, but éupp—

lementary criterion for subdivision of the Douro Formation.

Reefs occurred commonly within measured sections[ In addi-

tion théiﬁtocctrrence within a division could be inferred
from the presenge of: 1) typical reef-derived deposits such
as, channels filled.with crinoidal oackstone, 2) transported

reef blocks or reef derl d fossils in crinoidal deooszts,

or 3) reefs exposed in strata laterally equlvalent to a measured

section. : - *

Reefs occur in two stratigraphically-separated zones
- Nt

.within the Douro Formation (Text-ffgs- 5,6). Differences in

faunal composition allow the two reefal zones to be readily

33istinguished“(Part II}). Reefs of the lower zone ocqg& rarely .

. . . v . )

: - - T - .. * . . -
in division II, and are inferred-to occur.throughout division

IIT and in the uppermost;S m of dfvisien I. Reefs of the .
upper zone occur rarely to commonly throughout divisionj{i
and are inferred toloccur very rarely in tﬁe uppermost 5 mv
of division V. Within the mapped area (Areas 1_3)t.3 reefs
"of the lower zone and more than 200 reefs of .the upper zone
. were obseryed n outcrop and in ﬁndisturbed felsenmeer.

WitKin this area, the_distribution of reefs of the upper zone

. TN, ' .
is readily map (Text-fig. 4). |

-

YT
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-
Local Correlation

Lithologic correlation of the four composite sections is
E .. N
illustrated in text-figure 7, using the top of division III

as a datum. The boundary between divisions III and .IV is rela-

tively sharp, and can’'be readily recognized in all four
sections.

None of the divisions pinch out within the area of
study (40 km).

Divisions commonly vary in thickness between

sections, but an apparent northeastwards thickening of
divisions I and IT was the only definite trend noted.

Division EV apparently thins between Areas 1 and 2, but

insufficient data are available to determine whether this is
part of a general trend.

Correlation based on predominant fauna vields comp-

lementary, but less refined results (Text-fig. 8).

A north-
eastwards thickening of the two lower fauﬁal‘ZOnes of the
Douré Formaticn correspohds to the £hickening of divisions I
and II.-

The Lower Reefal Zone also apparently thickens in
the same direction.

Correlation of the composite sections suggests that the

Douro‘qumation on southeastern Somerset Island is 225-275 m
thick..



A )

-

EALH (HVISHW REFRESLHIS 20 HEIRES

S
S.W
AREA I
,-rl aoaoaas, Somerset Isicnd .
| =——/===== Formation
o S o . .

i
PREDOMINANT LITHOLOGY

SUGHTLY ARGILLACEQUS
RUBBLY LIMESTONE

o

5

-

% MOCERATELY ARGILLACEOUS
RUBBLY LIMESTCONE

BLANAR-ZETCZED
SOLSMITIC LIMESTONE

m— ENGEWISE INTRAFORMATIONAL .
CONGLCMERATE

AREA 3

Leopeld Formaticn reoooood

——

—X e LM 4 T o X

EACH CIVISIQN REPRESENTS 5 KM

.

Text~fig. 7. Correlation of the Dourc Formation on southeas-

tern Somerset Island using predominant

lithology.

¥



W

I 1= i

PREDOMINANT FAUNA
o Somerset Istand 551 BRACHIOPOD-CORAL
F‘?f'.’.’_f,‘““ : 2] BRACHIOPOD

GASTROPOD-QSTRACCO

==

1

» TRANSPORTED BLOCKS

1

gl ke caca—r:

1

EACH DIVISION HEFRESENIS 10 MEIRES
I_?

iy Smbiy S

o

-

= ——————— : — — _
EACH DVISION REPRESENTS 5 KM

Text-fig. §. Correlation of the Dourc Formation on south-
eastern Somerset Island using predominant
favna.



Depositional Environments

Paleomagnetic evidence (Irving 1979; Scotgse et al. 1979)
suggests that the Late‘éilurian position of south;astefn
Somerset Island was 10-20° north of Fhe equator. This would
suggest a warm climate, a view supported by the faunal
and floral composition {(Text-fig. 6). The sediments of the
Douro Formation accumulated on a broad carbbnate shelf,
approximately 250 km_south of the shelf margin (Text-fig. 3).

The fauna and flora of the Douro Formation overwhelmingly
suggest a subtidal shelf environment of normal to slightly
elevated salinity (cf. éeckel‘l972, text-figs. 3, 4), a view
also supporﬁed by geocheﬁical evidence ' (Veizer et 5;. 1978).
The occurrence of large numbers of Atrvnoideé.sug@ests some-
wha; tu;bid conditions (Jones 1979, pp. 408-409).. The very
fine grain-size and scarcity of current indicatars.in the rub-
bly limestone is tywical o% relativelv low energy deposits.
Most fossils of sedéntary'benthic organisms are still in
life position, and the majority of the brachiopods are still
articulated. These features suggest that most of the form-
ation acéumﬁlated in relatively calm environments with only
minor -turbplence._ However, interbeds of storm-deposited
bioclastic and intraclastic limestone suggest that deposition
occurred above storm wave-base.

The subtidal Douro Formation lies conformably between two

predominantly intertidal formations (Dixon and Jones 1978;

Miall et al. 1978; Miall and Gibling 1978). The Douro therefore
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may show features representing progressive c?anées in bathyF
metry and water turbulence.

Subtidal carbonates of epeiric seas can—be divided'into
shaliow subtidal deposits, which show evidence of intermittent
to continuous wave action, and deep subtidal deposits, which
do not (Laporte 1971). Relative proéortions of rubbly limef
stone éna clastic limestone, the two major lithotypes,‘do not
vary significantly from one division to anotﬁer ané hence
.cannot be Fsed as paleoen&ironmentai-indicators. However, '
the compositidn of the clastic limestone varies considerably
among the divisions (Text-fig. 5). Jones and Dixon (1976, |
PP- 395—396) concludeé that the Douro intraclastic limestones
represented higher energy regimes than the bioclastic lime-
stanes. On southeastern’Somerset Island, intraclasts consti-
tute more than 50% of clasts greater tﬁaﬁ 2 mm in divisions I,
IV, V and VII; in other divisions shells and/or c¢rinoid '
pléuricolqmnals predominate. The intraclast-rich devosits
probably accumulated in more turbulent, presumably shallower
environments than did the shell-rich deposits. Ripple-marks
and megaripples cccur most commonly in intervals I, IV and
VII; oolites and oncolites, considered indicative of shallo@
subtidal énvironments (Laporte 1971, Table 1}, were observed'
only in these three divisions. Low amplitude, colloform
stromatolites occur rarely in division IV and the base of

division V, further suggesting a shallow subtidal environment

for these deposits (cf..Hoffman'l976).
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Text-fig. 9. Palecenvironmental interpretation of the
Douro Formation on southeastern Somerset
Island. Usage of "shallow subtidal" and "deep
subtidal" as in Laporte (1971). Lithologic
symbols are the same as those in text-fig. 5.
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The reefs of this study consist of lime mudstone and
wackestone baffled by thin-walled lithtstid sponges. These
reefs could not have withstood the force of breaking waves,
and p@bbably formed in calm environments well below wave-
base (Part II).

A oeneralized bathymetric curve for the Douro Formation
on southeastern Somerset Island is presentedlin text—tigure 9.
According to this model, reef growth occurred dur%ng the two
deepest stages of Douro transore551on (primarily represented
by divisions II, III and VI), whereas intraclasts, oqolites,
oncolites and stromatolites were common only in shallower\
environments (primarily represented by divisions I,\IV, \Y
and VII)

Wlthln the study area, artlculate brachloDods occurred
abundantly in subtldal shelf environments but were very rare
in the 1ntert1dal zone. Gastropods occurred in all bathvmetrlc
zones but were most common’ln lntertldal and shallow subtldal
envxronments. Corals occurred sporadically throughout the
subtidal zone but were most common in the deep subtidal,

eSpecially in association with reefs. Corals were also common
in shallow subtidal environments at the close of the deposition
of the formation, but diversity was less than 20% that of the.

deep subtidal. Trilobites, lithistid spongés, stromatoporoids

and calcareous algae (Pseudookaetetes) were also most common in
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_deep subtidal enQironments, particularly in associaﬁion with
reefs. However, most of the changes in faunal and floral
composition throughbut the Dourc Formation were relatively
miﬁor and commonly iﬁconsistent, suggesting that‘differenées
" in bathymetry and water energy were not pronounced.

The amcunt of argillaceous detritus in the rubbly lime-
stones was apparently lérgely independent of batﬁyhétrQ

(Text~-fig. 9). More likely, it'was primarily controlled by

‘changes in the source area and in distribution patterns.

REGIONAL COMPARISQNS

Location of Sections

Completg sections cof the Dduro‘FSrﬁation were measured at
three localities on Cornwallis and Devon Islénds.(Tekt—fig. 3).
In a&ditioﬂ, comparisons were made witﬁ‘complete sections
measured at Pressure Point én northwéstern Soﬁerset_Island
(Jones 1974; Jones and Dixon 1977; Jones et al. 19739; O.A.
Dixon, pers. comm. 1980), and neér Cape Garry and in the
West Creswell River area on southwestern Somerset Island
(Savelle 1978).

The Dourc section on Cornwallis Island was measured along

Goodsir Creek, type section for member A of the Read Bay
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Formation (Thorsteinsson 1958, pp. 48-54). At this locality,
member A'overlieslghe Cape Storm Forﬁation_and is overlaiﬁ.by
the shales of the lower membef of the Barlow Inlet Formation
(formerly member B of the Read Bay Formation). The deposi-
tional environments of these strata have been discussed by
Gibling and Narbomne (1977, éﬁ, 1148-1149) and Thomas and
Narbqpne‘(l979, s} 3-4).

A séction was meagﬁréd along the south bank of Sutherland
Rive; in the Dourc Range of northwestern Devon Island (section
4 of Morrow and Kerr 1977). Due to inclement weather, it was
not possible tc measure the actuélrtype‘section of the. Dourc
Formation, but the section along”the Sutherland River is con-= "

siderably better exposed ané is situated onlv 4 km te the south.

On northwestern Devon Island, the Douro Formation is underlain
o
by the Cape Storm rormation and éverlaip by the Devon Island

rormation. The depositional‘environments of the Douro

Formation in this area have been discussed by Morrow and Rerr

(1977, p. 46) .0

IMorrow and Rerr (1977, pp. 91-92, text-fig. 21) measured

approximately 95 m of Douro Formation at this locality, the
thinnest complete section measured anvwhere in the Arctic
Islands (Thorsteinsson, 1ln press). Remeasurement by the
author vielded a thickness of approximately 140 m; this is
closely comparable to the thickness of the Douro Formation in
two nearby sections measured by Morrow and Xerr (1877, text-
fig. 21, Sections 3 and 7}, and te the thickness measured by

the author on southwestexrn Devon Island.



A composite section of the Douro Formation was measured
‘at Degly Point and Gascogne Inlet on southwestern Devon Island. -
A summary of this section is\Eresented in this p;per; details
will be published.later by R. Thorsteinsson and U. Mayr (in prep-
aration)."The ﬁouro Formation on southwestern ngon.Island is |
undérlain by the Cage Storm Formation and overlain by member 'C
of the Read .Bav. Formation. Depositional environments have

been discussed by Mayvr (1978, p. 22).
o . 5

Regional Correlation-

' Lithostratigraphic correlation of the seven composite
sections is illustrated in teﬁt—figures 10 and 11l. Al?hough
the sections span a distance of more than 600 km, they are
remarkably similar lithologically. All seven éreocomposed
predominantly of rubbly limestone with thin interbeds of bioc-
- clastic and intraclastic limestone; the only significant dif-

N

ferences between the sections are in the shale content of the
rubbly limestones. similarly, the fauna.of the seven sections
is dom;ﬁated by_smooth—shelled brachiopods with some zones
rich invcorals. This strong.lithologic and Qaleontologic
similarity over a broad area strongly suggests that a common

formational name is appropriate for these strata.

i
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RUBBLY LIMESTONE BLOCKY LIMESTONE

) T MOTTLED DOLOMITIC LIMESTONE LIMESTONE AND SHALE

E==2 SLIGHTLY ARGILLACEQUS- LIMESTONE

MODERATELY ARGILLACEQUS UMESTONE

- HIGHLY ARGILLACEOUS LIMESTONE

. Text-fig. 10. Correlatidn of complete sections of the Douro
Formation in the southeastern Canadian Arctic
Islands using predominant lithology. The low-
. est and highest lines mark the contacts with
underlying and overlying units, and the middle-
line marks the top of the more argillaceous
- lower part of the formation. Blocky limestcne
' in the upper half of section D represents a
tongue of the 2Cape Phillips Formation.
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Lines show.
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Note that a lower coral-rich zone can be
recognized in localities A, D and E. The
pelecypod-graptolite assemblage occurs in a
tongue of the 2Cape Phillips Formation.
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The only exception noted is the upper half of the section

" at Goodsir Creek, Cornwallis Island. These strata are blocky-

weathering, planar-bedded lime mudstone and shale; bioclastic
-~

uni are verv rare and intraclastic units were not observed.
o

Mon aptid§ (Bohemograptus) and bivalves (Cardiola) are .

predominant. in the sparse f;una. These strata represent a
tongue of basinal deposits extending to the south (Gibling
and Narbonme 1977, p~ 1149; Mavr 1978, p. 23; Thomas and
Narbonne 1979, p. 3). They were originally includéd in

~

member A of the Read Bav Formation (Thorsteinsson 1958) and

are probably eculvalent in age to the upper part of the Douro

Formation elsewhere in the Arctic Islands (Mavr 1878;

Thorsteinsson, in press). However, they differ sxgnlﬁicantly
Nt

;ln llthologv, paleontology and weathering character from the

Dourc Formation at its tvpe locality and throughout the Arctlc
Islands. They should probably be regarded as a tongue of the
Devon Island Formation (Mayr 1978) O{\the Cape Phillips

Formation (Thomas and Narbonne 1979),‘but should not be inclu-

ded within the revised Douro Formation.

Equiﬁalents of several of the stratigraphic divisions

B

.present on southeastern Somerset Island can be recognizeé on

northwestern Scmerset Island and southeastern Cornwallis

~

s
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Island (Text-flg 10). However,:noﬂe Qf‘the divisions can be

-

. recognlzed ln all sections, and varlatlon in total shale

con— :

tent hinders recognition of these divisions even on Somerset

Island. For these reasons, it is necessary to use larger

- and mofe’distinctivé stratigraphic intervals for lithologic

correlation between the islands.

Jores and Dixon (1977, p. 1445) noted that the lower part

of thé Douro‘Formation on northwestern Somerset Island 1

s more

argillaceocus than the upper part. This-generalization appears

to be true for the Douro Formatlon on all three islands.
+otal amount of shale varies from oné sectlon +o another

generally the upper part of the formation contains less
v

The
, but

shale

than the lower oart (Text-£1i g 10). Minor amounts of very

£ine sand are oresént in the upcermost strata of the Douroc

Formatlon at some localltles on Somerset Island (Savelle

1978) and Prince of Wales Island J(Miall et al. 1978, p.

r
this minor incongruity is probably related to the initia

kﬁh—_iiji/Lgdlovian movements of the Boothia Horst.
- J a.. -

ones and Dixon (1977, p. 1445) concluded that, on

~

Somerset Island, brachiopods predominate in the lower pa

185);

1

rt of

the Douro Formation whereas corals predominate in the upper

part. This is an oversimplification, as & coral-rich zone

W

ez g

R



, 1s now known to occur 1in tﬁe lower part of the formation at
several localities (Text-fig. 11). However, the upper coral-
r&eh zone 1is thicker and more widespread; it was recognized
in all_the-sggtibns except the one on northwéstern Devon >
Island. The;%ercentage of the total thickness of the Douro
Formation represented by thé upper coral-rich zone decreases
in a northerly direction. |

The regression during the mlddle of Douro Formation
ée0051t10n (Text fig. 9) can be recognized in sections
throughout Somerset Island. Near the Boothia Horst on south-
-western Somerset Island, it was associatea with deposition of
minor amounts of very %ine sand (Savelle 1978, p. 35). How-
ever, etiqﬁnce of this regression was not recognized in

’
sections on Cornwallis or Devon\Islands. Most ‘likely, it was

local, and perhans resulted fromﬁmlnor movements of the
~

Boothia Horst. ‘ -

~

. . - . . . /_ﬂ-—"“‘-—_
Thickness Variations -

\\E?e thickest measured section of the Douro Formation is
on Griffith Island to the north of Pressure Point, where the

formation is approximately 400-460 m thick (Thorsteinsson,'in

press; .J. Packard, pers. comm. la\p) The thlnnest measured

sections are on western Devon Islaaa““where several sectlons
apvroxlmatelv {:b m thick are present (Morrow and Kerr 1977;

this study). Miall and Kerr (1977, p. 101) noted a general



northward thickening of the formation on Somerset Island and
Boothia Peninsula, but insufficient data are presently
avallable to discern any other consistent thickness variations.

Origin and Transport of'Terrigenous Detritus

Coarse silt and very fine sand form a significant part

of the terrigenous detritus near the base of the Douro

Formation in many localities. This.aetritus wa; probably
derived from the same source as the detritys in the under-
lving Leopold 6r‘Cape Storm Formations, most likely Epé ¥
Precambrian crfstalline and sed%@entary rocks presently ex-—

posed on the§eastern margin of the Arctic Archipelago (Dixon et

al., in press). Minor amounts of coarse silt-very fine sand

in the middle and uppermost strata of the Douro Formation c¢n
southwestern Somerset Island may“have been derived from minor
erosion of séﬁimentary cover on the Boothia Horst.

However, the-distributionlpf-terrigenoué detritus 1in
rubbly ljimestones throughout the studyv area (Text-fig. 107
strongly sugges%sﬂthat neither of these was an important source
for most of the mud-sized detritus in.these rocks. The mud
content increases regularly to the northeast, suggesting:that'
the source of the detritals lay in this direction. On cen-
tral Cornwallis anrd southern Ellesmere Islands,‘ platformal
limestone of the Douro Formation passes into basinai shale,

siltstone, and limestone of the Cape Phillips Formation



- 51...

(Tho;steinsson 1958; Kerr 1956). During the Ludlovian, the clas-
tic sediments of thé Cape Phillips Formation were derived pri:-
marily from the north, most likely from Pearya and/or the Rens
Fiord Uplift on the northwéstern margin of the Arctic Archipelago

(Trettin 1979). These areas presumably formed the source of most

of the fine terrigenoﬁg detritus in the Douro Formation as well.

A northerly source area implies that this fine-grained
terrigencus deﬁritus was transported south across the- Hazen Trough
and the basin befgre finally settling out on the shelf. The

precise mechanism of ifansport is presently unknown, but it

."15 possible that the ine clastics were transported in surface
-éﬁrbid layers. Sediment—ladenrwaters may form surface lavers
if they are markedly warmer or less saline than the underlying
waters; flow within this laver (hypopvcnal plane jet flow) can
transport mud hundﬁedsrof kilometres aéross?a basin (Blatt and
Totten 1980). The absehce of large reefs, islands or shoals
along the Douro shelf marqin'would héve allowed surface turbid
waters to spread over much of the shelf as well. However,
transpérta;ion of detritus may have been lécallf impeded by
the shoaling effects of the Boothia Horst. -

This mechanism of transport would imply a relatively
turbid sea, a view supported by paleontologic evidence

(see “Depositional_Environments" above) .
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ECONCMIC POTENTIAL

Within the study area, the rubbiy and reefal limestones
of the D&hro Formation are dense, with negligible permeabilify
and pérosity. Bioclastic units are commonly more porous, but
are too thin to hold largé gquantities of oil or gas. These
factors, together with apparent absence of bijkumen stains and
éetrolifefous odours, suggest that the platférmal limestones
of the Douro Formation are unlikelyv to hold'egonomic guanti-
tfes of‘hydrocarbons. The transition between the Douro
Formation and the basinal Cébe Phillips® Shale is a more
likely prospect, but where this transit}on is exposed at
Goodsir Creek (Area D) largé reefs, oolite shoals and other
potential reservoirs are not present.

Copper minerals, chiefly bornite, malachite and azurite,
£i1l fractures within the Douro Formation north of Creswell
Bay (Savelle 1978, . 24) and on Griffith Island (J..Packard,
pers. comm., 1980). The origin and economic potential of these

deposits is presé&ntly unknown.
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CONCLUSIONS

Rubbly-weathering gfey limestones of Ludlovian (Late
Silurian) age océur in corresponaing stratigraphic
positions oh most of the southeastern Canadian Arctic
Islqnds: They have previously been referred to the
undivided Read Bay Formation (e.g. Somerset Island,
solthern Devon Island), toiﬁembgy A of the Read Bay
Formation (southern Cornwallig—;sland2 or to the Douro
Formation (northern Devon Island); These three uﬁits
are closely similar in both lithology and fossil con-
tent, and should be regarded as a single widespread
unit, the Douro Formation.

The relatively monotonous lithologic and paleontologic
character of the Douro Pgr;;tion hinders internal stra-
tigraphy and correlation. Nevertheless, variation in
tﬁé shale content of the rubbly limestones and in the
allochem composition of the clastic limestones permit
recognition of seven stratigraphic divisions; these
divisions can be correlated along the southeast coast of
Somerset Island. Coral-rich zones and related reefal
zones provide an independent, but supplgmentary, cri-

terion for correlation.
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The Douro Formaticon on southeastern Somerset Island was
deposited on a subtidal platform, probably in warm,

turbid, predominantly tranguil waters of normal or near-

normal marine salinitv. Relatively shallow subtidal

deposits conhtain abundant intraclasts and rare oolites,
oncolites, stromatolites and megaripples. Deeper sub-
tidal deposits lack-these features; but contain sponge
reefs and greater fossil diversity.

Two features can be used to correlate sections of the
Douro Formation on Somerset, Cornwallis and Devon Islands.
Although the tofai amount of shale varies between sections,
the lower part of the formation tends to be more argilla-
ceous than the uppef part. In addition, co;al-rich zones
occur in corresponding stratigraphic positions in most
sections.

The amount of terrigenous detritus in the Douro Formation
increases regularly to the northeast, suggesting that the
éource area lay in this direction. The mud-sized detritus
was probably carried in suspension across the Hazen Trough
and basin, finally settling out on.the'glatform.

The Douro Formation is unlikely to contain economic guan-
tities of hydrocarbons, but localiy hosts fracture-filling

copper deposits.
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UPPER SILURIAN LITHISTID SPONGE REEFS ON SOMERSET

ISLAND, ARCTIC CANADA

"‘Abstract. The Upper Silurian (Ludlovian) Douro Formation on
Somerset Island, Arc&ic Canada contaigly the first reported
Silurian sponge reefs. The Douro Sponge Reefs range from 5
to 35 m in diameter and are composed of unbedded, richly
fossiliferous mpdstone and wackestone. Fossils, chiefly
lithistid sponges, constitute approximately 50% of the
reef:-geopetally-filled cavities up to 15 cm in length are
common.

Reef growth occurred on a brecad carbonate platform,
probably in warm, tranguil, turbid waters of normal or near-
normal marine salinities. Periddic deposition of large
quantities of terrigenous mud adversely affected reefal size,

-
and resulted in changes in their biotic composition.

Threg, distinct stages of reef growth cas be recognized.
Abundant crinoids and local concentrations of trepostomate
bryozoans, solenoporid algae and rhynchonellid brachiopods
stabilized and accentuated a loose pile of bioclastic debris
(Crinoid Stage). This lens was colonized by lithistid
sponges which-baffled lime mud to produce a low mound (Sponge

Stagel wWith continued growth of the mound, the sponge

i}
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community was gradually replacéd by numerous corals and fewer
sponges,‘calcéyeous algae;'bryozoaps and stromatoporoids on a
substrate of bioclast-rich lime mud (Coral Stage). Diversity
of skeletél'organisms increased throughout the stages of
reefal developmeni. Topqgraphic relief incfeased-from a few-
decimetres in the Crinoid Stage to about 3 metres in the
Coral Stage. During the Speonge and Coral Stages, the reef
was surrounded by an irregular apron of bioé&astiC'debris.
The abundance and diversity of all skeletal groups, as well
as the proportion and average size_of the bioélasts, decreased
régularly with distance from the reef. Reefs only rarely
exerted a significant influence on sediments more than 15 m
from their margins. )
Much éf the reefal lime mud was transported from inter-
reefal areas, but significant guantities were produced on
the reefs. Cavities which were eqlarged by boring organisms
and blocks of reefal mudstone-which were dislodged and
transported by storm waves suggest that the reefs underweﬁt
synsedimentary cementation. Three generations of sparry
calcite cement in cavities precipitated from meteoric waters.
The originally siliceous spicules of the lithistid
sponges have been dissolved and the voids later infilled with

sparry calcite. Pervasive formation of interspicular micrite -

apparently played an important role in the preservation of the

\
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- sponges. Early dissolution of siliceous spicules is common
in*reefal environments, and ﬁay have resulted in sponges
being under-represented as fossils'in ancient reefs.

During geologic periods in which corals were in ewvolu-
tionary decline (e.g. Early-Middle Ordovician, Late Paleo-
zéic), sponge reefs were common andlénvironmentally
widespread; sponges commonly plaved significant éonstruc-
tional roles in all stages of reefal development, including
climax s;agés. In contrast, sponge reefs were rare and
environmentally restricted during periods in which coral
faunas were diverse (e.g. Siluro-Devonian, Jurassic,

Late Cenozoic):; 5p0nges in these reefs commonly occurred as
: v

colonization communities which were later replaced by coral-

rich climax communities.

INTRODUCTION

Sponges are common elements in moderﬁ reefs. Bbring
demosponges (chiefly clionids and adociids) play a major
role in shaping reefs by reducing lithified carbonates and
MEoral skeletons to-silt-sized sediment (Goreau and Hartman
1963; Bromley 1978). Large, massive sclerosponges contribute
to the framework of deep forereefs (Hartman 1977), and smaller

sclerosponges and demosponges strengthen cavity walls and bind
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corals together (Hartman 1977; Wulff and Buss 1979). . Demo-
sponges are the principal_frame builders of small géunds
which occur locally on the Great Bahama Bank (Bliefnick and
Gebelein 1978; Wieaenmayer 1978, 19804d). However, most
reefal sponges are apparently, accessory organisms dwelling
in deep or sheltered areas (Vacelet and Vasseur 1977), and
contributing littlé to reefal construction.

although sponges plaved major constructional roles in
some Qrdovician, Pennsélvanian, Permian, ?riassic and
Jurassic reefs (Rigby lé?l), they were relatively.unimportant
in most Silurian and Devonian reefs. The Siluro-Devonian was
characterized by extensive development of coral-stromatoporoid
reefs. Sponges OCcurred_rarely in these structures, generally
as reef dwellers 1living in deep or sheltered areasr(e.g.
Lowenstam 1957; Manten 1971; Rigby 1979)- Sponge'reefs have
not béen previously reported from Silurian or Devonian strata.

The Upper Silurian Douro Formation on Somerset Island in
the Canadian Arctic Archipelago contains the Zirst reported
Silurian sponge reefs. Their occurrence was documenééd in a
preliminary report by Narbonne and Dixon (1978); the present
paper &escribes the.paleoecblog? and sedimentology_of these?

unique reafs- in greamter detail.

AT
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METHODS AND ?ERMINOLOGY

Approk;mately 50 spchge reefs‘were-examined qualitatively

-

in tnis study. Four, in which reef cross-section was well

" exposed in vertical gorge walls, were selected for detailed

-

quantitive analysis. A vertical or horizontal band of one
\ . L
metre square areas was drawn-across the most accessible

portion of‘the'reef-section. All visible fossils greater

-

‘than 1 cm2 within each square were 1dent1f1ed, measured and

their exposea cross-sectional areas <alculated. -;e;cen-
F

. tag® of a square represented by large visible specimens of

%
each of the fossil groups was then calculated. Two or three
samples of matrix.were also collected; these were subsequently

analvsed in the laboratorv by point counts of large {40-100
[
cm ) acetate peelis. The percentage of a peel represented

by an individual conponent'was multiplied by the percentage ‘#\\\
of the square occupied by matrix. This value was added to
—the Dercentage of the component visible on the surface to
calculate the total percentage of the square occupied by . -
the component. Results from several squares in the same
facies of one reef were averaged to calculate the overall
composition of one faczes of reefal develooment.

Fossil compoSLtlon of inter-reefal strata was guantified

by a method similar to that used for the reefs, the major

difference being that only macroscopic fossils were analysed. - g



r
”-
]

AsAin the analysis of the reefs, only complete fossils were

. considered as paleontologic ~ units; disarticulated brachio-

- pod valves and crinoid pleuricolumnals were treated as

.sediment particles. Diagenetic fabrics on the reefs and (f s

. ) . ! * _ .
flanking beds were studied in thin section using standard

;staining techniques.(cf.~Friedman|1959), g

V. The extreme heterogeneity of reefs can make accurate

-

“gunntifieatiod of theif composition exceedingly difficult

(Scoffln 1971, pp. l76—l77f Several methods wbre applied

-
¢

- ~

. f to mlnlmlze tHis oroblem, lncludlng the use of large acetate

L] .« P "

. .peels rather than staadard thln g%ctlons, the selectlon of

relatnglv large study sguares, and the combination of data

e

from several study sguares- Wlthln a single-reef fac1es.

&
7 Aonroxlmatelv 10% of the exposed'area of each reef was

- amalvsed in the f£i®ld, and 2;3% ef the natrix in each square
T was analvsed undeaéthe mlcroscooe. Nevertheless, some
cautlon is neeaed in lnterpretlng the results. Only major
. fossr’ grouos such as classes ‘ox growth forms can be com=
pared betweéh facies, as varlatlon in indivicdual genera and
- a soeg;es was® frecuentlv greater between studv,squares in the
bsameﬁfacres than lt was, between sguares in dggfér£§t fac;es.-
oz L Varlatlon in-any major comnonent between samoles in the '
’ same‘fac1es was 10-20% for the-maln mass ofithe reef and

.‘7'- ) 1
o _/=\ aearlv 50% for the exceedinglv heterogeneous basal facies;

- ‘e

.similar vaers were oh;a;ned in compaf}sons of the same

-
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facies in stratigraphicalf}-equivalent reefs. Most impor-
~ R tantlv; in providing a measure of the "average" composition
of a reefal fac;es, quantlflcatlon obscures the different

lithologic and fannal aSSOC1at10nS that comprlse the facies.

- -

. These aSSOC1athnS are discussed in detail in the text.
Rock €§Des were classified accordlng to Embry and
Klevan's (1971) modification of Dunham's (1962) system. In
this paper,.the term "reef" refers to a mound—shaped mass
of fossiliferous carbonate which shows evidence of original
fitODogranhlc rellef Reefs can be subdivided _ into ecologic

reefs, which exhlblt features indicative of wave resistance,

and strahigraphic reefs, which do not (Dunham 1976).

r=y . The recognition of Recent coralline sponges, the

s

sclerosponges {Hartman and Goreau 1870), has resuhteﬁzzn

F

N . . uncertaintieS'regarging the taxonomic-position of several
-“g;bupé,of extinct organisms formerly regarded as hydrozoars.
. Features typical of sponges have.been observed in stromato-
‘ porcids (Hartman and Goreau 1970; Stearn 1972) and.even in
some "tabulate corals (Flﬁg;l;l976). However; the classifi-
cation of these groups with the sponges is ‘not unlversallv

accepted (cf Oliver 1979) Furthermore, theﬂgeef—bulldlng
//H’;;Bacipies of ‘Silurian tabulates and stromatoporoids is not

H

seriously’in doubt; what remains to be determined is the

P

extent tofwhich the organisms tradit}onally“regarded as
~

v, . :"‘3':_'.‘ B . . ) . (\ . ) . j
- . S,
- A .
- - ) - . : v '
Ce s, . . A /
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_ éponges participated in the construction of reefs. For these

reasons, this paper restricts the igrm "sponge" to'the tra-

'dltlonal sponge classes Calc19pongia (Calcarea), Hvalasnongla

(Hexactinellida) and Demospongla. Stromatoporoids are not

referred to any higher taxonomic division, and tabulates are

-

regarded as corals.

o

GEQLOGIC SETTING

Stfaiigraph§ and Age . \\

The spongé reefs of—this study occur on Somerset -Island )
in the Canadian Arctic Archipelago (Text-fig. 12). Paleozoic.
strata on Somerset Island are more than 2 km thick, and range
in age from Latg"Cambrian to Early Devonian (Miall-aand Kerr
1980). All the Upper Silurian strata were formerly referred.
to the Read Bav Formation of Thorsteinssqn and Fortier (1954},
but recent studies have indicatqd that it can be subdivided -

<D
into four mappable formations (Part I; and references therein).

~

The lower two, the Leopold Formation (Jones and Dixon 1975)

and the Cape Storm Formation (Kerr 1975) occur at roughly

equivalent levels on different parts of Scomerset Island.

\
Both units are largely composed of planar-bedded dolostone
and limestone, but can be distinguished by the greater ger-—

centage of detrital units in the Leopold Formation xon and
v . ’ j

PN
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Jones 1978). 'Faunas and sedimentary structures suggest that
both units were deposited under predominantly intertidal/
supratidél conditions (Jones and. Dixon 1975, 1977; Gibling
and'Narbonne 1973). They are overlain by the reef-bearing
unit, the Douro Formation (Thorsteinsson 1963), which con-
sists predominantly of rubbly limestone deposited under
shallow subtidal conditions (Jones gﬁ al.1979; part I).

The overlying Somerse;.Islané Formation (Miall et al. 1978)
conéists of a regréssive segquence of pianar-bedded dol;stone 
and limestone depositeé/ﬁnder predominantly intertidal/-
syupratidal condifions. Thé entire Upper Silurian succession
is believed to be conformable (Gibling and Narbonne 1977);

On Somerset Island, the Douro Formation ranges in

r
thickness from 180-275 m. . Bryozoans above and below the

‘reefs at Fury Point -are Ludlow in age (Bolton in Narbonne

>

1977), and conodsnts suggest a Ludlow age for reef-bearing
strata at Pressure Point (Uyeno in Jones and Dixon 1977).
Precise ages of other reef-bearing sections are‘unkno&n,
but Thorsteinsson (in press) considered that stratigraphic
relationships and available concdont dates indicate a Late
Ludlo& age’ for thé Douro Formation throughout the Canadian

- e

Arctic Islands.
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Distribution of Sponge heéﬁs///L\\

Sponge reefs occur in two distinct zones in the Douro

Formation on Somerset Island (Text—fig.\i3). On southeastern
Somerset Island, the Lower Reefal Zone rangeé approximately
from 70 to 100 m above the base of the Douro Formation.
Reefs are rare in the lower 10 m of this zone, and exceed-
ingly fare in the upper 20 m. Reefs of .the Lower Reefal
Zone have only been observed on southeastérn Somer;et_Island,
but coral and sponge faunas typical of this interval occur
at a corresponding stratigraphic level near Pressuré Point
to the northwest, thereby suggesting the presence of undis-
covered reefs in this area as well. i

On southeastern Somerset Island, thé Uéper Reefal Zone
ranges appréximately from 30 to 80 ﬁ belo# the top of the
. Douro Formation. Reefs tend to be common‘in the lower part
"of this zone and rare in the'upperjparf. _They have Seen
observed from Fury'Pofﬁé in the south to Pressure.Point and
Garnier Bav in the north, a distancé of more than 150 km.
In additiom, coral and sponge faunas typical of this inter-

val occur at a corresponding stratigpaphic level near Cape

Garry to the southwest.
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Text-fig. 13. . Stratigraphic positions of the Douro Sponge
Reefs.
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Inter-reef Deposits
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REEFS AND ASSOCIATED DEPOSITS. B
-

e

More than 90% of inter—reetal depos;t§ are-rubbyy lime-

stone (Pl. 3, figs. 4,6), a rock type in which lumps or

irregular lenses of dense mudstone or wackestone are sur-

s

rounded by a softer trix of shale or finelv-crvstalline
dolomite. Sedimentologic and Daleontologlc evzdence sug-
gests that the lumns formed as incipient hardgrounds due

to penecontemporaneous lithification; ‘the composition of the
matrix reflects both the initial come\eltlon of the sediment
and the degree 'of diagenetic modification through selectlve
dolomitization, calc1f1patlon and pressure solution (Jones
et al. 1979). Rubblv limestone in the Lower Reefal Zone
contains 15- 50% shale as matrlx, whereas rubbly llmestone

o

in the Upper Reefal Zone contaans onlv 10-20% shale.

" Rubbly limestone of both reefal lntervals-contains a sparse

but diverse assemblage of in situ berrthic fossils, chiefly
- _ .

thet brachiopod Atrvpoidea.

Thin units of planar-bedded packstone, grainstone,
floatstone_and mudstone occur sporadically throughout the
inter-reef deposits (Pl. 3, figs. 4,6). Units exhibit ero-

sional bases and graded bedding; they. are composed predomin-.

~antly of transported and broken fossil debris, chiefly
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’brachiopo@ and‘gastropcd shells and cripoid pleuricolumnals.
These units of shelly 'limestone closely resemble storm

depos&;gvdeQSiZ:ed by Jones and Dixon (1976) from the Doura
Formation of notthern Soperset Island. ST~ ,

iTﬁe basal.;eefal facies can directly'overlig either
_ rubbiy'liﬁégtone‘or storm—deposite@\clastic limeétone.
Reefs :

”Field'appearance

Reefs are composéd of massive, iight grey wéathering
mudstone and wackestone. Although spongés are the most com-
mon fossils observed in polished slabs, thin sections and
acetate peels of the 2eefs, they are rarely evident in oﬁt-
crop. In contrast, thesfew large corals an@ stromatoporoids
present are readily vfsible in the field. Fof/;hig reason,
the reefs agsemble coral—stromatopbroid mud mound;'in their
field appearance. ’

Reefs teﬁd to weather resistantly due to their unbedded
nature and relative scarcity of shale;(Pl,'B,‘figs. 122f5).L
Mos£ are subSphefical;.oblate and pillar-shaped structures
are less common. Reefs are predominantly sub-circulagr in
pian vie&, nggesting that there wés no preferrea directional

influence on growth by currents or waves. Reefs of the

lLower Zone are 5=10 m in all dimensions, whereas those of
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Plate 3

Field appearance of reefs_and related deposits.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 5.

Eig. 6.

w

Three weathered-out reefs approximately 20 m high.
Upper Reefal Zone at Fury Point. <

Large weathered-out reef. O0.A. Dixon for scale.
Upper Reefal Zone at Furv Point. Photo by W.G.
Parkins. : :

Basal 10 m of a reef. Note the sharp contacts
between the massive mudstone (M), laterally equiva-
lent rubbly wackestone (W) and underlying bedded
crinoidal packstone(P). Upper Reefal Zone near
Fury Beach.

Channel-fills of crinoidal packstone in inter-reefal
rubbly mudstone. One medium bed of crinoidal grain-
stone in the lower part of the section. The hammer
handle is 0.3 m long. Lower Reefal' Zone mnear Two
Rivers Bay. Photo by O.A. Dixon.

Two pillar-shaped reefs fused at their tops. Note
sharp contacts between massive mudstone and surrbun-
ding rubbly wackestone. M.I. Rupners for scale.
Upper Reefal Zone at Fury Point.

"‘Wedge of crinoidal packstone with a transported'

block of reef-rock (arrowed) in iInter-reefal rubbly
mudstone-wagkestone. One medium bed of crinoidal

.grainstone near top of photograph. The hammer

handle is 0.3 m long. Lower Reefal Zone near Fury

- Beach.
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the Upper Zone have dimensions of 10-35 m. In general,
the size and abundance of reefs is inversely p;pportional
to the amount of argillaceous mate;ial in equiyglent inter-
reefal éeposits.

Reefs commonly occur in small groups, with ohly sSpor-
"adic reefal development between the clusters. Most reefs
are discrete structures; only locally are adjacent reefs

coalesced (Pl. 3, fiqg.
e

5). Some large, irregularly shaped
-
structures may represent several coalesced reefs (Pl. 3/

fig. 2).

Boundaries of the reefs.are sharp (Pl. 3, figs. 3,5;;
with only minor mixing of the mudstone and surround wacke-
stone in the outer 0.3 m of the reef. Ext%ﬁsive inEer—

calation of reefal and surrounding bioclastic limestones
is not evident. Minor indentations in the margins of théﬁ’

’

reefs are commonly symmetrical, and appear to be related to
increases in the amount of argillaczous material in equivalent

inter-reefal deposits. Most inter-reefal argillaceous seams

terminate at fhe¥pargins of the reef; few pass into or through

the reef itself. Argillaceoﬁs seams in the reef are parallel

tb the bases of in situ corals and stromatoporoids, ang thus

probably represent sudden influxes of mechaniéally deposited

*

mud over the reef 3urfaces.

-



Cavities and cements
’

Matrix constituteq approximately 50% of the reefs. Most

o:Kthe matrik is lime mudstone, with less finely crystalline
dolomipe, fine to coarse skeléta} debris and clay-‘to siIE;'
sized terrigenous detritus. ﬁuch 5f the mudstone is micriﬁe,
but locally it has been aggraded to microspar.

Cavities ranging from l)mm to 150 mm in length are
common throughoué the reefs. They are infilled geopetally
with floor deposits of };me hudstane overlain by void-filiing
spar. -éavities rarely contain concentratioﬁs of micromorphic
ostracods or gastropods, but complex cavi;f—dwelling faunas
and floras were not observed.. )

Most cavities occur3wé§hin corals gr sponges, Or between
brachioped wvalves (Pi. 4, figs. 1-3) . Shapes of others sug-
gest the dissolution or collapse of sponges. These relatively
small cavities have floor deposits $f calcilutite, much of it
pelleted. Somewhat larger cavities (Pl. 4, figs.- 4-6), are
more irregularly shaped and gxhibit floor deposits of angular -
calcisiltite. Scalloped walls ;nd ceil;ngs smoéthly truncate
.skeletal fragments. \

Three generafions éf sparry calcite cement occur in (
g;a%nstones and in both regfal and non-reefal cavities- through-
out the Douro Forma£ion (Pl. 4, figs. 3-5). The firstlgener—

ation comprises iron-poor, inclusion-rich, priskatic crystals

15-30 y'm wide. Tﬁese crystals occur on skeletal material and
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Diagenetic features in the Douro Sponge Reefs. Svmbols-

C = calcilutite (predomlnantly pelleted); A = angular calcis-
iltite; S = undifferentiated spar; 1,2,3 = generations of
spar cement; V = present day void; T = skeletal truncation.
Scale bar represents S5 mm.

Fig. 1. Cavity in soongocoel Positive print of an acetate
peel.

Fig. 2. Cavities within and locally (arrowed) between
Syringopora tubes. Positive print of an acetate
peel. . °

Fig. 3. Cavities between valves of the brachiopod Steger-
hvynchus. Note truncation of shell, sediment and
spar along stvlolltlc seam (arrowed). Thin sectlon
in plane polarized light.

Fig. 4. Irregular cavity in stromatolitic wackestone. Note
truncation of bryozoans (arrowed) across cavity
ceiling. Thin section with crossed nicols.

Fig. 5. Irregular cavity with scalloped'ceiling. Note
truncation of crinoid (arrowed) across cavity ceil-
ing. Ehin section in plane polarized light. -

Fig. 6. Irregular cavity wi :rgggiioped ceiling. Note
truncation of crineid fragment (arrowed) but not of
1ithistid sponge. vity lined by pvrite. Positive

print of an acetate/peel.







on the roofs of cavities, most commonly in ckystgllogzaphié'cenf
tinuity with their substrates. .Generation'l cenments are locally
geostrophic. The second generation is representeﬁ by inclu-
sion-free prismatic crystals which coarsen towards the
centres of cavities. This generation occurs on all sub-
strates; it succeeds generation 1 crystals, commonly as
inclusion—free.exténsions of the same crystal, and occurs
directly on floor deposfﬁs in cavities. Variable reaction
to potassium ferricyvanide indicates that most generation 2
crystal§ are iron-free, but thosé neafest the centres of

P
cavities contain small amounts of iron towards their ter-
minations. Generation 3 comprises includion=free, iron-rich,
prismatic to blocky crystals which coarsen towards the centres
of cavities. They represent the final stage of cementation

in cavities, and are the sole. filling of most fractures.

All three generations are cut by stvlolites (Pl. 4, fig. 3).

Bioclastic Limestones

Three tvpes of bioclastic limestone are assoclated with
the sponge reefs: a lensoid to tabular bedy of wackestone
to grainstone underlies each reef, irregular haloés of
ﬁackestone surround most reefs, and channel-£fills and

wedges of packstone extend off each reef into inter-reef

depesits.



Reefs are underlain by rubbly- and irregularly bedded

crincidal calcarenite, predominantly packstone. Where reefs

.are isolated, this deposit is a .lehs 20-50 m long and 0.5-

-

2.0 m thick. Where reefs are élustered, lenses commonly

- coalesce.to form a tabular bddy 1-3 m thick, in_which several

reefs are :ooted. Wackestone with abundant in sifu crinoid

holdfasts constitutes 5-15% of the “facies. Bioclastic

. deposits are predominantly packstone with less wackestone,

grainstone, floatstone and rudstone.

Reefs are commonly syrrounded by irregularly-shaped
haloé; of crinoidal debris, predominantly rubbly wackestone.
Crinoidal haloes are relatively narrow, passing into inter-
reefal rubbly mudstone within 10-15 m of the reefs. This is
accompanied bv a decréase in the dips of-tﬁe stfata from

4-6°

at the marginsjbf the reefs to essentially horizontal

at the outer limits of the haloes. Steeplyv dipping flank

beds are not presént around anyv of the reefs studied.
Crinoidal debris Qas derived both in situ and from the margins
of the reefs. Fossils are abundant, and include both reef-
derived and autochthonous specimens.

Wedges and channel-fills of crinoidal packstone extend
from the reefs into inter-reefal rubbly mudstone (Pl. 3, figs.
4,6). Crinoidal packstone exhibits planar cross-stratification,
and contaﬁns_numerous transported, reef-derived fossils; angu-

lar blocks of reefal boundstone 0.1 tc 0.4 m in diameter occur

sporadically.
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The complek in;erfinéering_of facies associated with
Ehe.lower portion-of a reef is shown dfagrammatically in
text-figures 14. ’

REEF ORGANISMS
Whole fossils constitute 45-50% of the reefs. .drganisms
were classified accdrdinq to'theif dominant constructive
rgle as f:ame buildefs, binders, bafflers or éwéllers
(Tabkle 2{- Thgﬂgoundaries beﬁween these caéegories are not
sharé: initial stages of‘frame builders are commonly
encrusting, and the size  limits of dweller and framebuilder
categbriés are largely a function of water turbulence and
thus vary from réef to reef. Furthermore, it is unlikely
that all specimens of one species had exactly the same
function regardless of size or abundance. Nevertheless,
classification according to the dominant role of organisms
provides a method of compéring organisms, both within the
same reef and between reefs of different ages.

Diversity of the major fossil groups in the reefs, bio-
clastic haloes and inter-reef deposits of the Upper Reefal
zZone is shown in Table 3. Similar trends characterize the
Lower Reefal Zone. With the exception of the brachiopods
and sponges, none of the fossil groups-have been studied in

detail taxonomically; hence all values represent the minimum

number of species present.
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REEF BIOCLASTIC HALO INTER-REEF

Solitary Rugose Corals
Compound Rugose Corals
Tabulate Corals 1
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Stromatopofoids
Sponges

Algae

Crinoids
Bryvozoans
Brachiopods
Trilobites
Ostracods
Molluscs
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Table 3. Minimum species diversity of the major fossil groups
in the Upper Reefal Zone.

-

T
1
[
|
f



- 80 -

Sponges

Reefal intervals in the Douro Formation contain abundant
lithistid demosbonges along with fewer hyalosponges and rare
calcisponge spicules. Rigby and Dixon (1979) described nine
species of lithistids ané_one hyvalosponge species, all of
them previously undescribed.

Specimens and isolated spicules of hvalosponges are most
commen in reefal zones, but were only rarely obsefved in the
reefs per se. In contrasg, lithistid sponges are the most
common fassils in the reefs, constituting an average of 35% -

of the rock. Some slabs contain up to 70% in situ ldthistids.

A varietv of lithistid growth forms are present\(Pl. 5).
The vast majority are thin-walled, conical to cvlindrigal
anthaspidellids 2-12 cm high. These wereg too small® an fraéile
+o have functioned as frame builders, but we
tive sediment bafflers. Massive, hemispherical to tabular
forms up to 12 cm in diameter were probably small frame
builders. Lamellar, encrusting and bowl-shaped forms up to
10 cm in diameter mav have been binders. Cylindrical and
conical forms occur rarely in bioclastic haloes and even in

inter-reefal and .non-reefal deposits; massive and bowl-

shaped specimens were only observed in situ in reef-rock.

Lithistids are very rare in non-reefal strata.
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Plate 5

Growth forms of lithistid sponges in the Douro Sponge Reefs.
Figs. 1,5 Haplistion; Figs. 2,3,4,6 Somersetella.

Fig. 1. Tabular

Fig. 2. Cyvlindrical

Fig. 3. Lamellar to bowl-shaped
Fig. 4. Conical

Fig. 5. Hemispherical

Fig. 6. Conico-cvlindrical



cm

Pl.5



Corals

Although specimens of Favosites, Syringopora, Aulopora

and.solitary rugosans occur sporadically throughout the Douro
Formati&n, the abundance and diversity of corals is greatest
in reefal intervals. Field identifications suggest that

more than B80% of .coral species are restricted -to reefal
facies. Dixon (1979) discuésed the taxonony.of some helio-
1itid corals from Garnief Bay, and W.G. Parkins (in prepara-
tion) is studying the taxbnomy and paleocecology of the
solita&y rugosads,.but the remaiﬁgg} of the fauna has not

vet been studied-systematicallyfc |

Corals are rare in inter-reefal mudstone, but are abun-
dant in haloes of crinoidal wgé&estone surrounding the
reefs. Similarly, corals consti?ﬁte only 2-3% of mudstone
but more than 20% of wackestone facies within the reefs.
This distribution may reflect preferential attachment to
hard substrates by the larvae.

A variety of coral growth forms filled most major con-
structional roles (Table 2). As in modern coralgal reefs,
the principal role was that of frame-building. A few
hemisvherical Favosites colonies greater than 0.5 m in
diameter are present, but the majority of the hemispherical
and tabular corals are only 5-10 cm in diameter. Corals are
jsolated, and only rarely form an interlocking framework.

These forms probably functioned as frame-builders in a



relatively calm environment, but could not have formed a
rigid framework capéble of+ resisting oceanic waves.
Encrusﬁing forﬁ; are locally common (Pl. 6, fig. 1).

Halysitid corals are common in most Silurian reefs.
Their apparent absénce from the Douro Sponge Reefs is problem-—
atic, particularly in view of their occurrence in Upper

Silurian reefs on Cornwallis Island to .the north (Packard

and Dixon 1979).

Stromatoporoids

Although stromatoporoid biostromes are present in for-
‘mations immediately underlving and overlyiné the Douro
Formation, stromatoporoids are rare in the rubbly limestone
of the Douro Formation (Savelle 1979). Stromatoporoids in
the Douro Formation are apparently restricted to reefal
intervals. Their distribution is similar torthat of the
corals, in that they occur most commonly in crinoidal wacke-
stone, especially at the tops of reefs. Strométopordids

functioned aé both binders and frame bullders.

Bryozoans
Trepostomate, cyclostomate and crvptostomate bryoczoans
occur sporadically throughout the Douroc Formation (Bolton

1966). A more diverse assemblage, comprising more than ten
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Plate 6 .

Fauna from a reef of the Lower Zone north of Fury Beach.
Scale bar reoresents 2 cm.

Fig.

Fig.

Fig.

Fig.

1.

2.

3.

4.

Stromatoporoid and encrusting Coenites (tabulate
coral) in wackestone. matrix. . Base of specmmen
parallel to geopetal structures.

Monotryvpa? (trepostomate brvozoan) exhibiting
encrusting and ramose habits. Packstone and grain-,
stone matrix.

Columnar Diplotrvpa (trepostomate bryozoan) and
discoid crinoid holdfasts in packstone matrix.

Cirriferocus crinoid holdfasts in watkestone matrix.

3
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spegies,‘is'found'in thé reefs. None of the species of
-reefél b;&ozoaﬁs baé-Been obée;ved in inter—rggﬁal or ﬁon—
reefal déposits‘CT.E:Bolton, pers.comm., 1980).

Brvozoan growth forms were relatively "plasﬁic". One
.specimen of Monotrypa? kPl. 6, fig. .2} shows a change
frcmwéﬁ-encrusting toja ramose habit "following the_death
and collaose of its 1n1t1al subport {a criﬁoid stem) . ?he
same species of Diplotrypa can occur as a small mound- shaced
body, a lamellar sheet over sediment or an encrustation on
skeletal material. Lecally, reneatéd'thin encrustations of
Dlolotrvoa have resulted in spherical and columnar forms
51m11ar to alcal oncolltes and stromatolites (Pl. 6, fig. 3).

Although brvozoans constituted a relatmyel? small por-
tion of the fauna, theyv plaved a major role in reef construc-
tion. Lamellgr sheets grew over ;he reef surface, bindinq

ig situ skeletons and the intervening sediments into a solid

structure. Locally, brvozoans and auloporids are intensély
intergrown to form a solid framework. Bryozoané also func-
tioned as bafflers ‘and small frame-builders. The participation
of, brvozoans in é wide varietv of constructive roles is a
common feature of many garly Paleozoic reefs (Cuffey 1976).

. -t-" ’ . )
Algae

Calcareous algae are commen in the reefs, constituting

more *than 10% cf some facies. Most genera are restricted to



the mounds, but the solenoporid Pseudochaetetes also occurs in

_interérgefal and non-reefal deposits.

ﬁlue-gregn, green and red algae functioned as binders,
encrus£ing skeletal material and growing as lamellar.sheets
over the sediment. Algae commonly encrusted other algae to
form complicated successions (Pl. 7A): the sequence of
éncrustation by the different genera was apparently random.

Hemispherical to subspherical masses of Pseudochaetetes up

to 7 cm in diameter may have been small frame builders.
Thin-walled dasycladaceans, 2-4 mm in d}ameter and approxi-
mately 1 cm long, occur in local concentrations which
'probably-reprgsent thickets of baffling organisms (Pl. 9,

figs. 1,2).

Crinoids
Unlike other reef builders, crinoids had highly differ-
entiated skeletons, with each part fulfilling a different
constructional role. Holdfasts ('root systems') and stems
were the most important crincid elements ih reefal construction.
Franzén (1977) recognized four major morphologic groups

of Silurian crinoid holdfasts, two of which are present in the
' ,

Douro Sponge Reefs. Small circular to digitate disceid hold-

fasts are cemented on large bryozoan, coral and stromatoporoid

skeletons. Cirriferous holdfasts consist of root-like networks

of repeatedly branching radicular cirri or pseudocirri. Most
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Plate 7A

Photograph and line drawing of algal and ?coral encrustations
on a sponge.

Plate 7B

Photograph and line drawing of a reef of the Upper Zone near
Fury Beach. Note the increasing relief of the shale seams
upward through the reef.
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of the cirriferous holdfasts in these reefs are compiexly
intergrown ?etworks of pseudocirri which branch radially
off a main ;Eem (Pi. 6, fig. 4). The radial pattern of
branching and the occurrence of bryozoan encrustations
almost exclusively on the uppermost pseudocirri suggest
that the root svstem formed within the sediment with only
its uppermosf parts exposed on the sea floor. The dense
intergrown pattern of cirriferous holdfasts suggests that
they were effective sediment binders, much like the rhizoid
systems of most Cenozolc sSeagrasses.

Crinoia‘stems assisted in reefal construction in
several wavs. Dense thickets of stems were sediment bafflers,
and disarticulation of the pleuricolumnals following the
death of the crinoid released large volumes of sand-sized
sediment. In addition, stems c¢f living crinoids formed
attachment sites for brachiopods and encrusting bryozoans,
further increasing the reef mass. Crinoids combined
baffling, binding and sediment-producing roles, and were
undoubtedly fmportant reef builders.

As in most other Silurian sequences, crinoids are closely
associated with the reefs. Discoid holdfasts and small accu-
mulations of pleuricolumnals occur sporadically throughout the
Douro Formation, but cirriferous holdfasts and pleuricolumnals
greater than 5 mm in diameter were observed onlv in reefal

intervals. Although large deposits of crincidal debris
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surround the.reefs, calices are rare. To date, the_camerate

Carpocrinus is the only crinoid calyx identified from,tbgse
[

reefs (Frest and Strimple 1977; Narbonné 1977) .

Others

. Brachiopods, gastropeds, ostrécods; trilébites, nauti-
loids, bivalves, cornulitids and probable echincids were
dwellers on the reefs. Representatives of all these groups
occur throughout the Douro Formation, but there is consider-
able difference at the cgeneric ilevel betwéen reefal and
inter-reefal assemblages. Several species of brachiopods,
gastropeds and trilobites were apparently endemic to the
reefs.

The Douro Fermation contains a diverse assemblage of
trace fossils (Part III). Bioturbate textures are common
in the reefs, although the scarcity of lithologic inter-
faces or selectively dolomitized burrcws makes specific

identification difficult. Palaeophvcus and Teichichnus

were the only burrows identified.

LATERAL ZONATION

Intramound

Quantitative and gqualitative analyses of lateral wvari-

ation in composition revealed few consistent patterns. Crinoid
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holdfasts occur mest commonly along th; ﬁargins of the reefs,
and are locally associated with coral-rich crinoidal wacke-
stone. Distribution of all other paleontologic and sedimen-
tologic components,‘although patchy, showed no consistent

lateral variation.

Bioclastic Haloes

In contrast with the poorly developved lateral zonation
of the reefs, bioclastic haloes exhibit consistent lateral-
zonation. All paleontologic and sedimentolcéic components
vary regularly witﬁ distance from the reef. Results of a
quantftaéive analysis of a single bedding surface beginning
5 m from a reef (Upper Reefal Zone, Fury Point) are shown
diagrammatically in text-figure 15.

Some aspects of -the zonation shown in text-figure 15
warrant special comment. The percentage of skeletal
material in the rock';nd the average bioclast size both
decrease markedly away from the reef. Disarticulated crinecid
pleuricolumnals constitute more than 80% of skeletal debris;
the distribution of holdfasts suggests that most of the
- ¢rinoidal debris was derived from within two metres of the
reef.

Fossils decrease in numbers and diversity away from the
reef. Reef builders {(sponges, ccrals, algae, bryozeans and

crinoids) decrease most markedly: reefal dwellers (brachidpods,
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molluscs, arthropods, etc.) show lesser decreases. Mean size

of some colonial organisms (e.g. Favosites, Pseudochaetetes)

also tends to decrease away from the reef. With the exception
of disarticulated crinoidal debris and fossils in bioclastic
channel deposits and wedges, most fossils did not undergo
extensive transpoftation. Fossils, particularly near the
reef, are commonly overturned but rarely s%ow signé cof wear.
Reefal blocks and reef-derived fossils in bioclastic haloes
were only observed within 2 m of the reef.

This zonation can be observed around many isolated reefs.
Where reefs are closely spaced, lateral zonation is less
obvious due to coalescence of bioclastic haloes. In general,

reefal development only affected those sediments within 15 m-

of the margins of a reef.
VERTICAL ZONATION

Lower Reefs

Qﬁalitative studies of reefs from Furw Point to Two Rivers
Bay (Text-fig. 12) suggested a consistent vertical zonation of
lithology and fossil content. A well-exposed reef north of
Fury Beach (Text-fig. 16) was selected for detailed guanti-

tative analysis of this zonation (Text—-fig. 17B).
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b} METRES g
BEDOED DEPCSITS ___ UNBEDDED OEFOSITS

55 CRINOIDAL GRAINSTONE CORAL-RICH WACKESTONE

E=d crinoloAL PACKSTONE SPONGE-RICH MUDSTONE

g crinoipaL wACKESTONE & CRINOID HOLOFAST-RICH WACKESTONE

FOSSILS
wmr STROMATOPOROIDS ade  COLONIAL RUGOSE CORALS
& TABULATE CORALS &7 LITHISTID SPONGES

Text-fig. 16. Vertical secticn of half of a reef, showing
faunal and facies relationships. White areas

represent areas of nc exposure. Lower Zone
north of Fury Beach.
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Crinoid-Bryozoan Facies

Reefs are underlain by elongate lernses of bedded bio-
clastic debris. Lenses are 0.5-2 m thick, and are composed
prédominantly of crinoidal debris, chiefly packstone.
Irregular lenses of graihggone, floatstone, rudstone,
crinoid hﬁldfast-rich mudstone to wackestone (Pl: 6, fig. 4),
brvozoan-rich mudstone to packsﬁone (pl. 6, figs. 2,3), and
brachiopod-rich wackestone to packstone (Pl. 4, fig. 3) occur
sporadically throug%out the packstone. Boundaries of the
various litheotvpes vary from gradational to erosional.

Complete fossils, chieflv crinoid holdfasts and krvoe-
zoans, constitute approximately 30% of tke facies by volume.

Most crincid holdfasts are cirriferoﬁg, chiefly rhizoid

holdfasts with fewer Rhizocrinus—-like holdfasts; discoid

holdfasts are rare. Bryozoans diéplay a wide vériety of

growth forms- Mound-shaped, columnar and encrusting Diplo-
trypa occur in mudstone anéd crinoidal wackestone. Ramose
Monotrypa? occurs in all lithotyvpes but is mest common in
packstone; Cvclotrvepa? encrusts crinoids throughout the facies.

The articulate brachiopods Stegerhynchus, Atrvpoidea,

GindulaRand Tannuspirifer are com;éh?—’Tﬁé small rhynchon-

ellid Stegerhynchus 1is particularly abundant, constituting
2-3% of the facies by volume. In contrast to the other bra-
chiopods;\which are predominantly in 1ife position (cf. Smith

1976, pp. 16-17)., specimens of Stegerhynchus show no preferred

&
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o;iéntation. They may have been attached to crinoids by
their pediqle, falling into random positiohs following the
death of the brachiopod or crinoid (cf. Halleck 1973).

ffA variety of simple and spinose gastropods are common.

Leperditiia ostracods, lithistid sponges (Somersetella),

and corals (Svringopora, Aulopora, fasciculate and solitary

rugosans) are very rare. _In total, approximately 20 species

were oObserved.

Sponge 'Facies

ﬁnbedded mudstone of the sponge facies overlies bedded
packstone of the crinoid-brvozoan facies with sharp contact.
The sponge facies consists of richly fossiliferous lime
mudstone (Pl. 8§) wi%h less than 3% broken fossil debris.
This relatively homogeneous facies constitutes the bulk of
the mounds.

Lithistid sponges constituté almeost 80% of the fossils
by volume (Pl. 8). Sponges comprise cylindrical and conical

anthaspidellids (Somersetella) with fewer dish-shaped and

massive hemispherical forms. Cirriferous anéd discoid crinoid
holdfasts are common, but are much less important than in

the underlying facieﬁf‘ Bryozoans comprise lamellar and
encrusting Diplotrvpa and Cyclgtrvga?, and rare ramose and

fenestellid forms. Encrusting algae (Spongiostroma,

Girvanella, Sphaerocodium, Pseudochaetetes and the'possible
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b ' Plate 8

. : .

' Sponge-fich facies from a reef of the Lower Reefal Zone north
of Fury Beach. Symbols: S = spar-filled cavity; H = crinoid
holdfast; L = lithistid sponge. Positive print of an acetate
peel. Scale bar represents 1l cm. '

o
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-alga Wetheredella) are rare; ramose algae (dasycladaceans)

are very rare. -  Corals occur rarely. Most.corals are
hemispherical to spherical colonies of Favosites and deli-
cate fasciculate (chiefly dendroid) rugosans, with fewer

Syrinéqggra, Aulopora, streptelasmatids and conical

mucophyllids. Brachiopods (Stegerhynchus; Atrvpoidea and

indeterminate small articulates), gastropods, ostracods
and trilobites are rare. In total, approximately 35 species
were gbserved.

*

Coralgal Facies

Richlv fossiliferous, unbedded, shelly and ecrinoidal T
wackestone (Pl1. 9, fig. 1) of the coralgal facies caps the‘
reefs. The boundary between the sponge and coralgal facies
is gradatiamal over 0.3-0.5 m.

Corals ére abundant, constituting almost 50% cf the
fossil assemblage (by volume). Most coloniés are hemi-
spherical, but the uppermost'O.S m of the mound contains
numerocus tabular and lamellar forms (Pl. 6, fig. l). The

lower part of the facies contains, in approximate order of

abundance, Syringopora, foliate Coenites, Favosites, cerioid

rugosans, fasciculate rugosans, conical mucophyvllids and
streptelasmatids. The upper ' part of the facies contains

Syringopora, lamellar Coenites, fasciculate rugosans, foliate

Coenites, cerioid rugosans, Favosites, Alveclites, dish-shaped




Plate 9

Coral-rich facies of the Douro -Sponge Reefs. Positive prints
of acetate peels. _Scale bar represents 1 cm. '

Fig. 1. Lower Reef north of Fury Beach. Symbols: C = fol-
ijate Coenites (tabulate coral); R = fasciculate
rugose coral; A = spongiostromate algae; D = dasv-
cladacean algae; P = crinoid pleuricolumnal; B =
brachiopod; T = trepostomate bryozoan.

Fig. 2. Upper Reef at Fury Point. Symbols: S = 8vringopora
(tabulate coral); R = cerioid rugese coral; L =
lithistié sponge; D = dasycladacean algae.
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mucophvllids, streptelasmatids and ‘Heliolites. Stromato-

poroids occur rarely in the lower part of the facies and
commonly in the upper part. Algae (same genera as in sponge
facies) are abundant throughout the facies, but dasyclada-

ceans and Pseudochaetetes are especially common in the

upper part. Brvozoans are common, and include Cvclotrvpa?,

Fistulipora?, Monotrypa? and indeterminate ramose trepo-

stomates. Crinoid holdfasts (cirriferous and discoid),

lithistid sponges {(chiefly Somersetella), brachiopods

(Atrvpoidea, Atrypa, Stegerhynchus and indeterminate articu-

lates), gastropods, ostracods, “trilcobites and cornulitids

-are rare. In total, approximately 50 species were observed.

Upper Reefs

Reefs from Fury.Poiht +o north of Fury Beach exhiﬁit a
consiétent vertical zonation of litheclogy and fossil content.
Unfértunately, no well-exposed and accessible section was
founé through an entire reef of the Upper Zone. As a con-
sequence, parts of three reefs were studied in detail: the
two lower facies were étudied guantitatively in reefs at .
Fury Point and Fury Beach, and the uppermost facies was
studied semiguantitatively in a reef at Fury Point. A com-

posite of the two studies at Fury Point is shown in text-

figure 17A.
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Crinoid Facies

Reefs are underlain by a lensoid to tabular body of
crinoidal debris, chiefly packstone, with less grainstone,
flcatstone, rudstore and holdfast-rich wackestone. Cqmplete
fossils constitute approximately 20% of tﬂéxfacies by
volume. Almost half the fossils (by volume) are crinoid
holdfasts. Most holdfasts are cirrifercus, chiefly rhizoid 2=
holdfasts with fewer large radices with stout cirri; discoid
holdfasts are veryv rare. Mound—sh;ped specimens ¢f the

solenoporid alga Pseudochaetetes are very common. Conical.

anthaspidellid sponges (Somersetella) and brvozoans (ramose

Mcnotrvpa) are rare; corals (Svringopora, Aulopora, strep-

telasmatids and foliate Coenites), brachiopods (Atr?ooidea,

Stecerhynchus and Gvoidula) and gastropods are very rare. ‘___//”

in total, approximately 15 species were observed.

Sponge Facles

The crinoid facies is overlain by unbedded mudstone
rich in sponges. ‘Most of the mudstone containslless than 4%
broken skeletal material, but irregular lenses df crincidal
wackestone with numerous corals occur sporadically throughout
the mudstone.

Lithistid sponges constitute more than 80% of the fossil
assemblage by volume. Sponges comprise mainly cylindrical,

conical and encrusting forms with fewer dish-shaped and massive



- 102 -

hemispherical forms. Corals occur rarely, and comprise
hemispherical to lamellar (predominantly -tabular) specimens

of Favosites, Syringopora, cerioid rugosans, Aulopora,

Heliolites and lamellar Coenites along with fasciculate
rugosans, foliate Coenites, dish-shaped-mutophyllids and
streptelasmatids. Crinoid holdfasts (mainly rhizoid

holdfasts), stromatoporoids (lamellar and tabular), algae

{(Spongiostroma and Girvanella), brvozoans (Monotrvmea,

Eridotrvpa, Fistulipora? and Fenestella?), brachiopods

(Atrvooidea, Stegerhvnchus and indeterminate articulates),

gastropods, trilobites and ostracods are very rare. In

-~

total, approximately 40 specles were observed.

Coral-Sponge Facies

Unbedded, c¢rinoidal and shelly wackestone rich in
corals and sponges (Pl. 9, fig. 2) caps the reefs of the
Upper Interval. The contact with the underlving sponge

faclies was not observed.

~

Corals Are, volumetrically, the most important fossils

in this facies. Growth forms are similar to those of the
Sponge Facies, and do not change markedly towards the top
of the reef. Corals comprise Favosites, Syrinéqpora, cericid

5
A

rugosans, dish-shaped mucophyllids, Heliclites, fasciculate

rugosans, Aulopora, streptelasmatids and Thecia. Sponges are

common, and comprise encrusting cvlindrical and conical forms
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with fewer dish-shaped and massive hemispherical specimens.

Stromatoporoids {chiefly tabular forms), algae (Pseudo-

chaetetes, Spongiostroma, Girvanella and ramose dasyclada-
ceans) and brvozoans (Fenestella, ramose Eridotrypa and

Monotrvpa, and encrusting Fistulivora?) are rare. Brachio-

pods (Atryvpoidea and indeterminate articulates), gastropods,
ostracods, trilobites and cornulitids are very rare. In

total, approximately 50 species were observed.

Bioclastic Halces

As previously demonstrated, the fossil composition of
the bioclastic haloes differs considerably from that'of
laterally equiyglent reefal deposits. However, most trends
present in the zonation of the mounds are mirrored in the
bioclastic haloes. For example, whereas the percentage of
corals and stromatoporoids increases upwards through the

bioclastic beds, the percentage of sponges decreases..

REEF GROWTH

Environmental Setting

Based on paleomagnetic evidence (Irving 1979; Scotese
et Ei' 1979), the Late Silurian position of Somerset Island

was probably 10-20° north of the equator. This would suggest

a warm climate, a view supported by the faunal and floral
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composition of the reefs. Sabkha evap&rites-in the over-
lying and underlying formations (Jones and Dixon 1975;
Miall et al. 1978; Reinson 19%5) further suggest hot arid
‘conditions.

Silurian strata of the southeastern Canadian Arctic
Islands are divided by a major east-west facies ﬁoundary
passing through Cornwallis Island (Text-fig. 12). ©North of
this boundary, graptolitic shales accumulated in a deep-water
basin, while south of this boundarg shelly limestones were
deposited on the shelf (Gibling and Narbonne 1977). tThe
sponge reefs grew on a broad carbonate shelf, 100-250 km
south of the shelf margin. To the west, the Boothia Horst
was submerged, but may have exerted a shoaling influence
(Jones and Dixﬁn 1977).

The fossils and sedimentary structures of the Douro
FPormation are typical of deposits formed under subtidal
conditions of normal to slightlv elevated marine salinities
(Veizer et al. 1978; Jones et al. 1979). The occurrence of

large numbers of the brachiopod Atryvpoidea suggests somewhat

turbid conditions (Jones 1974, pp. 408-409).7\The fine grain
size and scarcity'of current 'indicators in thgﬁrubbly lime-
stone may reflect relatively guiet-water conditidns. Most
fossils of sedentary benthic organisms are still in life
position, and the majoritv of the brachiopods are articulated.

These features suggest a predominantly quiet-water environment,

[ &4
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well below wave base, a view supported by the fragi;e reeﬁ—d
builders and very fine-grained reef matrices. Storm- -
deposited shelly limestanes and dislodged reef blocks are
evidence of periodic higher energy levels, and mav indicate
deposition above storm wave-base.

Clastic limestone units in ﬁon—reefal intervals_ through-
out the Douro Formation contain zbundant intraclasts and
rarer oclites and oncolites in addition to shelly debris.

In contrast, intraclasts are rare in cl%stic units through- «
cut the reefaljntervags; oolites and oncolites were not
observed. Scarcity of these highzenergy indicators from
rocks of the reefal intervals suggest that the reefal strata
.were deposited under less turbulent conditions than were
non-reefal deposits. Reef growth probably occurred during
the two deepest stages of the Douro transgression (Part I).

Although the fossil composition of the Lower and Upper
Reefs are broadlv similar in equivalent stages of development
(Tex;-figs. 17A,B), several important Aifferences are evident,

aé follows:

1) Bryozoans and the brachiopod Stegerhynchus are more

<

common in reefs of the Lower Zone, particularly in the
crinoid-rich facies.

. 2) Branching and "organ-pipe" corals (Svringopora,

Aulcopora, fasciculate rugosans} are more cCommon 1n

the Lower Reefs.
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3) Heliolites, Alveolites, dish-shaped mucophyllids,

lamellar "and tabular coral colonies (all genera) and
stromatoporoids are more common in reefs of.the Upper
Zone.

4) Calcareous algae are more common in criﬁoid—rich facies
of the Upper Reefs and in coral-rich facies of the
Lower Reefs.

5) Major fossil groups are commonly represented by

different genera or species in regfs of the two zones.

The two reefal zones are both of Ludlow age, and are
separated by only about 100 m of strata. Most of the reefal
fossils range throughout the Ludlow, ‘and many range through
the entire Silurian. For these reasons, evolution of reefal
‘ organisms cannot.<;T22§a;ded as the major cause of differences
in fossil éomﬁosition between the two reefal intervals. It is
more likely thét reefs of the two intervals grew under slightly
different paledenvironmental conditions.

Similar fléral, faunal and lithologic successions in
reefal depo;its (Text-figs. 17A,B) and similar sedimenta&y'
features (e.g. grain size, degree of fossil breakage, sedi-
mentary structures) in inter-reefal deposits, suggest that
there were no éignificant differences in depth or water
turbulence between the two reefal intervals. However, the
amount of terrigenous‘detritus suspended in the water may

have had an influence on the faunal composition of the mounds.

-
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. . LY
Terrigenous clay and silt constitute 15-50% of inter-reefal

strata of the Lower Zone, but less than 20% of equivalent

strata of the Upper Zone. Organisms tvpical of argillaceous

carbonates, such as bryvozecans (Duncan 1857, pp. 784-785;

Manten 1871, p.'427), branching and "organ-pipe" corals
(Copper 1974, po. 381) and'rounded coral colonies (Manten
1971, pp. 430-432; and references therein), occur more
commonly‘in the Lower Reefs, whereas organism;-typical of
relatively pure carbonates, such as st;ématopcroids {Manten
1971, pp. 438-439; Heckel 1972; p. 283) and flat coral
(Maﬁten 1971, pp. 430-432) occur more commonly in the Upper
Reefs. The predominance of conical sponges and mucdphyllids
in the Lower Reefs in contrast to dish-shaped and lamellar
forms in the Upper Reefs mayv reflect attempts to expose
minimuﬁ surface areas during deposition of terrigenous
detritus. Lower turbidity during fermation of the Upper
Reefs would have resulted in increased illumination, favour-—

ing the growth of red algae (Pseudochaetetes) in the Crinoid

Stage. These evidences suggest that the amount of terri-
genous detritus was a major influence on the fagnal and

floral composition of the two reefal zones.

Topographic Development

The sharp boundaries between massive mudstone cores and
rubbly bioclastic haloes indicate an abrupt change in sedi-

mentary epvironment, suggesting that the reefs were at least
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slightly elevated above-the sea floor. The presence of
storm-dislodged reefal blocks'in inter-reef channel deposiés
indicates that the reefs were elevated above ‘the sea floor.

Scoffin (1971, pp- l94'f/;F has shown that the original
morphology of reef surfaces can be determined through study
of the éngular reldtiohghips between geopétalg and the bases
of thin, in situ, tabular organisms (cf. Pl. 6, fig. 1).

The utility of this ﬁetho@ in the present study is limited
somewhat by the abundant occurfence of tabulér corals and
stromatoporoids only in the uppermost parts‘of the reefs.
Scattered observations within the uppermost 3 m of a reef
suggests that the growth surface wés convex, with dips aver-
aging 30-40° at the margins. The centre of the reef had
highly irregular relief, with decimetre~ to metre-sized
knobs and hollows. )

Argillaceous seams of primary origin pass into and
through the reefs. Uniformity of lithologytyﬁroughout the
main mass of the ree?s suggests that any post-depositional
compaction would havg been uniform. The bases of érgillaceous
seams should therefore parallel the original growth surfaces
of the reefs. ‘Several argillaceous seams pass thfough the
reef shown in plate 7B, providing an opportunity to.observe
sﬁccessive growth stages. The lower seams are straight tb

gently convex with a maximum relief of considerably less than

1 m. The upper seams are irregularly convex and exhibit up
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to 3 m of relief. This suggests that topographic relief

.'.incréased during the .growth of the reef.

Synthesis of the evidence'of original topographic

relief suggests that the reefs were relatively low structgres,

with a maximum relief of about 3 m above the sea floor. The

ded icate nature of most,feéf builders (especially the

-~

sponges) , the mudstone matrix of the reefs and the absence

of steépiy dipping flank beds indicate that the reefs were

not expoéed to sustained vigorous wavé activity. They should

therefore be classified as stfatigraphic reefs,(Dunc;n'1970)

or réef mounds (James 1978) rather than as ecblogic reefs.’
(.. -

Formation gg Reefal'Mudstone

Petrographic studies of lime mudstone are hindered by
the very ﬁﬁe grain-size of the particles and theilr common

? ) } g
aggradation to microspar. As a conseguence, the origin.of

the matrix of many mudstone mounds remains uncertain.
Suggested'o;igins_include the Baffling of inter-reefal mud
{Wilson lé?S, pp- 165-167), the disintegration of célcified
algae (iaudon and Bowsher 1941), the breakdowniof skeletal
carbonates by boring organisms (Xlement and Topmev’lSG?} and
the precipitation of ﬁicrite_céments (Mountjoy and Jull
1978).

;The presence of disseminated terrigenous clay in the

mudstone of the dero sponge reefs indicates that at least

some 0f the reefal matrix was derived from non-reefal sources.

>

S

.
.
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It is likely that reefal organisms Sugp as spongés, crinoids
and- branching corals baffled weak currents and caused depo-
sition of argillaceous lime mud on_the reefs. However

{gefal-mudstones(cdntain.cpnsidefably léss terrigenous .

material tﬁan-is present in‘inter*reef deposits, suggest-
ing-that much of the lime mud was produced on the reefs
(cf. Petta and Serhard 1977).

This cohdluéion is supported by preservational char-
acters of the sponges. The spaéeS‘betWeen’the spilcules are
consistentlv completely infilled with lime mud (Pl. 5:

Pl. 8), but several features of this fill suggést that,
passive settling of sedimeqt can agcceount for only a small
fraction of the material.- Mudstone‘between the spicules
gengrally contains less argillaéeoﬁé and fine .shellv debris
than does the mudstone-su;rqund;ng the spénges. Althougﬁ
infill between the spicules was virtually complete, ‘cdmmonly -

LI

the larger areas between the tubes of Svringopora (Pl. 4,

“

fig. 2} or even within the central cavities of:sponges

(Pl. 4, fig. 1) were not cbmpletely infilled. These features

are not tvpical of passive infill, and suggest pervasive

formation of micrite between the sponge spicules.

Microscopic examination of micrite in the interspicular
mudstone reveals patches qﬁ numerous, very poorly preserved
” . . 1
tubules which resemble the alga Girvanella (B. Mamet, pers.

comm., 1980). Girvanella represents a blue-green alga in

which the filaments are internally and externally calcified

/



- 111 -

wit% micrite (Riding 1977). Growth anghcalcification of the
filaments is veryv rapid, and tﬁus could result in the pro-
duction of large volﬁmes cof lime mud (Schroeder 1972;
Kobluk .and Risk 1977); The disinteératién of "Girvanella
tubules could have formed significant amounts of lime mud
in the Douro Sponge.Reeﬁs. Alternatively, the lime mud may
have been formed through inorganic precipitation of micritic
cements between the spicules. .
Thé spicules of moaern lithistid sponges.are composed
of opaline silica {de Laubenfels 1955, p. E34; Hartman 1980,
P. 28). The spicules of many fosgil lithistids are presently.
composed of quartz pf chert (cf. Toomey and Nitecki 1979).
However, depgilgd ﬁétrégraéhic examinations reveél that vir-
tually no.primary spicular material is present in the Dourc
Sponge Reefs;‘the spicules have been dissolved and the voids
later infilled with sparry calcite. Tittle evidence of the
original sponge composition of the mounds .might remain if
the spicules had not been molded by the micrite. In addigion,
spicules are not visible in patcheé where tﬁe micrife has
undergone even slight dolomitization.
| Siliceous spicules are unstable in most modern reefal
environments, and are rapidly dissolved. Dissolution is

apparently most pronounced under conditions of rapid car-

bonate deposition and synsedimentary cementation (Macintvre

-
.
r

1977, pp. 510-511; Riitzler and Macintyre 1978, p. 149
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Wiedenmaver 1980a, pp. 1L08-109). Although siliceous sponges

served (Land.1976; Hartman 1977). Early éissolution of

silica and:late diagenetic alteration of spicular limestones

has probably, resulted in sponges being under-represented as
foési}s in many ancient ;eefs. Indeed, spongeé may have
plaved a significant role in the construction of many of
the enigmatic "unfossiliferous” mud mounds common throughout

the Phanerozoic record.

Diagenesis

Small shelter cavities éommonly formed beneath or within

‘skeletons in the Douro Sponge Reefs (P1. 4, figs. 1-3).

Cav;tieg formed by the collapsé or dissolution of svonges
were considerably rarer. The pelleted floor deposits may
have resulted from cementation processes (Macintyre 1977f or
the excretion of fecal pellets.

Larger, more irregularly shaped cavities exhibit’'scal-
loped walls and ceilings that smoothly truncate skeletal
fragments (P1l. 4,'figs. 4-6). The absence of solution fea-

tures suggests that.these cavities were formed by macroboring

;nvertebrates which reduced skeletal material and lithified

mudstone to silt-sized fragments. The borings and resultant
fré@mehts are broadlv similar in size and morphology to those
produced by Recent adgeciid sponges (cf. Rutzler 1971; Warme
1975, p. 199), but the scarcity of information on Paleozoic

sponge borings (cf. Bromley 1970, p. 77) makes direct comparisons

difficult.
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Several,features of the reefal‘mud;tone suggest that it
underwent synsedimentary lithification..-Diglodged blockg of
reefgl mudstone in channels, and cavities which remained
open-despité compaction, both indicate that the mudstone
had considerable internal cohesion. Cements are commonly
substrate specific (James et al. 1976; Longman 1980); the
" restriction of generationil to skeletal yaterial.and the
roofs of cavities can be explainéd as a restriction to
lithified substrates. Bicgenic excavations in reefal mud-
stone smoothly truncate skeletal fragments, suggesting that
cavity roofs and skeletal material were similar in con-
sistency, and therefore both lithified. By analogy with
recent reefs (James et al. 1976) it is likelv that the
fine-grained matrix of the re?fs was cemented bv
ﬁicrite.

. Comparison with other sequenées of cements (James and
Kobluk 1979; Longman 1980; ané references therein) suggests
that all three g?nerafions of cavity;filling cement pre-
cipitated from meteoric waters. Generation 1 probably
formed under meteoric vadose (freshwater, subaerial) con-
ditions whereas generation 3 formed under meteoric phreatic
{freshwater, below the water table) conditions: The environ-
ment in which generation 2 crystals precipitated is more

problematic, but this generation was apparently transitional.
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between the other two, and hence probably formed in an

intermediate environment, possibly near the vadose-phreatic

interface.

,

Fracturing probably accompanied precipitﬁﬁion of gener-.
ation 2 crvstals; pressure. solution followed precipitation

of generation 3.

Growth Stages

The occurrence of similar lithologic and paleontologic
sequences in all reefs examined suggests that the Dourc
Sponge Reefs_of both zones paésed through similar develop-
mental stages. The ideal succession common to both zones
appea:s‘to involve three stages in which crinoids, sponges
and corals predominated in turn. |

, In the initial Crinocid Stage of reefal development

(Text-fig. 18A) crinéids, brvozoans anéd (locally) soleno-
poroid algae stabili;ed and accentuated an accumulation of
bioclastic debris. Of these, the most important were the
crincids: thgy baffled sediment Qith‘their stems, bound
sediment with their holdfasts, and produced large volumes
of sand- to gravel-sized sediment upon death and disar- N
ticulation. This produced a low mound'with a maximum

topographic relief of a few decimetres.
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FJSSILS

2 crINOIDS
T.SRYCZOANS .

U LITHISTID SPONGES
& TAZULATE CCRaALS

e COMPCOUND RUGCSE CCRALS

L S0UTARY 2UGOSE CORALS
o STROMATOPCR0I0S

LITHOTYPES

— SEDCEC UMESTONE

: UNSE0CED LIMESTCNE

Text-fig.

18.

Stages irn the development of the Douroc Sponge
Reefs. .

A. Crincid Stacge
B. Sponge Stage -
C. Coral Stage

)

-,
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- The succeeding Spohge Stage began  when numerous lithi~

stid sponges golonized an area near ﬁhé centre of theé mound
of crinoidal debris ‘(Text-fig. 18B). They baffled argil-
~laceous lime mud transpbrted from iﬁter—reef areas; lime
mud was also produced on the reef. A few corals functioned
as frame builders and bafflers; brvozoans and calcareous
.algae.funct;oned mainly as binders. Crinoids growing near
the margins of the réef contributed to the development of
an irregular halec of bioclastié debris. Diversity was more’
than twice that of the Crinoid Stage, and topographic relief
had inéfeased to about one metre. fhe lime mud matrix was
lithified by micrite-sized cement, and cavities were
.enlarged bv boring organisms. Storm-generated waves inter-
mittently dislodged reef organisms and blocks of reef-rock
and transported them into inter-reef channels.

With continued growth of the reef, corals gradually
became more prevalent and produced the cuiminating Coral
- Stage (Text-fig. 18C).  Sponges, calcareous algae, bryvozoans
and stromatoporoids were locally common; species and growth
form diversity of reef builders and dwellers reached an acme.
The matrix of lime mué rich in skeletal fragments was subjeck
to processes of synsedimentary lithification, bioe€rcsion and
storm-erésion. Topographic relief increaseé tc a maximum of

)

about 3 metres.
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‘Walker and Alberétadt (1975} suggesﬁed that reefs Qf
all ages pass through-four basic stages of development,
which they termed the stabilization, ddlonizag}on,_diver—
sification and domination stages. James (1978) confirmed
the general applicabilitg of this model, but showed how
evolﬁtiona;g and environmental factors could result in s£age§
being absent or poorly developea;

The stabilization (pioneer} stage most commonly con-
sis;s of an accumulation of skeletal debfis bound by rooted

organisms or algae. In the Douro Sponge Reefs, it is rep-

resented by the Crinoid Stage. The colonization stage,

composed of unbedded mudstone-wackestone witH nimerous deli-
cate baffling and binding organisms, 1s represented by the

Sponge Stage. The diversification stage, consisting of a

diverse assemblage of organisms in a mudstone — wackestone

matrix, is represented by the Coral Stage. The domination

stage, consisting of a low diversity assemblage of lamellax

and encrusting binders, 1is apparently not present 1in any of
+he Douro Reefs. The greater proportion of lamellar and
encrusting corals and stromatoporoids at the tops of the
Lower Reefs is broadly similar, but taxonomic diversity 1is

unchanged and growth form diversity is even higher.

yr
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COMPARISONS

Siiurian Reefs

| The Douro Sponge Reefs are most simildr in size and
morphology to small, "patch reefs" such as the Wenlock Reefs
of England (S¢§ffin 19713; the Upper Visby ané Hoburgen
reefs. of Gotland kManten 1971) and the Gasport Reefs of New
York-State (Crowley 1973). These reefs average less than,
10 m in all dimensions, and are composed of mudstone or
wackestone with abundgnt in giggafossils. Flanking éeposits
commonly contain abundant bio;lastic material, but steeplv
dipping flank beds are absent. Core and flank deposits
are generally quite distinct, but there is a greater amount
ofkintercalation than is tfpical of the Douroc Reefs. Cores
of these reefs do not exhibit a consistent or well-developed
~lateral zonation. There is commonly a decrease in bioclast
size away from reefs (e.g. Manten 1971, pp. 217—21%), but
similar analyses.of fossil zonation have not been carried
out. Maximum topographic relief was less than 3 m.

In contrast, the Dourc Sponge Reefs show few similarities
to the larger Niagaran reefs of the Great Lakes area (Shaver
et al. l97§; and references therein) and Llandoverian reefs of
North Greenland (Eurst 1980; and references therein). These
reefs are up to 500 m thick and sevéral kilometres wide, and
exhibited a -primary topographic relief of several tens of
metres.- Steeply dipping bioclastic flanklbeds

extend from the mounds. 1In some reefs, distinct

-3
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concentric belts, eéch characterized by a different faunal
group, occur arcund and within the central core; forereef
and backreef facies can commonly be distinguished; The
absence of these featurés from the Douro Sponge Reefs, prob-
ably reflects their smaller size, 1owef topograﬁﬁic relief

A

and less turbulent environments.

Although ver;ical zonation is not present in all
Silurian reefs (Scoffin 1971; Manten 1971), it has been
repa;ted from.the Gasport patch reefs (Crowley 1973),
Michigan Basin pinnacle reefs (Mesolella et al. 1374; Huh -
et al. 1977) and the Niagaran reefs (Loweﬁzlam 1957; Shaver
1974). The patch and pinnacle reefs.rest on crinoidal
_deposits. An initial core facies, éontaining numerous
delicate branching corals ané encrusting algae, passes
upwards into low diversitv assemblages of stromatoPorpids

(Gasport reefs) or stromatoporolds and stromatolitic algae

(Michigan Basin pinnacle reefs). Basal stages of a typical

Niagaran reef consist of Favosites and Syringopora colonies
growing on an accumulation of crinoidal debris. Faunal
diversity, and the abundance of Stromatoporoidé, ;orals and
reef dwellers increase upwards through the core whereas the
abundance of sponges and stromatactis decreases.’

The fauna of the Niagaran reefs and most smaller Silurian
reefs is dominated by porals and/or stromatoporoids. ;n

- -”»
contrast, the Douro Reefs are dominated by sponges; corals
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are common only in the uppermost facies. With the exception
of the halysitids,_all major groups of Silurian reef—building
corals are present in the Douro Reefs, although most. are

considerably reduced in abundance and diversity.

Holocene Buildups

The Douro SpongeAReefsican be compared with two of the
categories of western Atlantic Holocene buildupshdescribed
by Cinsburg and:James {1974). They are similar to both
algal-bankg‘(Turmel and Swansoen 1976) and patch reefs
(Garrett et al. 1971; Jordan 1973} Scoffin and Garret£ 1974;
Jones 1977) in terms of their sheltered locations and rela-
tively low topographic reliefs. Fedatures more tvpical of
aigal'banks include the gcarcity of abraded skeletal material
in the reefs and the growth forms of the corals; features
more typical of patch reefs include their sizes, their steep
and sharp margins‘and the associated haloes and channel-fills
of bioclastic debris. Lower Paleozoic reefs commonly e#hibit
a combination of features typical of banks and patch reefs
(Scoffin 1971; Abbo;ﬁ 1975; James and Kobluk 1979).

Perhaps the closest Recent analogues are the sponge reefs

growing on the Great Bahama Bank (Bliefnick and Gebelein 1978;
Wiedenmaver 1978, 18804). These occur in a narrow belt within
the subtidal grapéstone facies, well back from the shelf

margin. They are 1 to 5'm in diameter and generallv less than

0.5 m high, although relief rarely attains 3 m. The most common
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reefal organisms are demosponges, green algae and alcyonarian
corals. Sponges dominate the 1oﬁer portions of the reefs,
but corals dominate the upper parts. Reef matrix comprisgs
silt- to sand-sized carbonates cemented by acicular and
micritic aragonite. Both matrix and ékelétqhs'are

extensively bored.

Spoenge Reefs Through Time

The major occurrences of sponge reefs in the geolégid'
record are summarized in Table 4. Sﬁbnge;dominated reefs
have also beepn reported from Pennéylvanian and Triassic
strata (Rigby 1971; Wendt 1980b; and references thérein)pw
but insufﬁicieﬁf information is available on.thése

gccurrences .-

With the exceptions of-some Jurassic. and Permian reefs,

-sponge reefs tend to be relativelv small structures; most

are less .than 10 m in all dlmenSLOns- The matrix 1s gener-

ally @udstoné or wackestone.* @ Sponges occur most commonly

in facies.repfeéenting_reiatively trénquil environments; even
the ma551ve sglerosoonges of modern Jamaican reefs occur most
commonly in deep forereef deo051ts.

' it seems llkely that sponges filled the ecologic niche
of éorals‘aé reef builéers during geologic pgriods iﬁ which
coral diversity was low (Finks and Toomey 1967, pp. 96-97).

During these periods sponge reefs had a élobal distribution,
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marginal settings,. whereas sponge reefs formed rarely,

- 123 - - '

v

and formed in platformal, platform marginal- and basinal
settings. Spongesfoommonly'occurred throughout all stages

of reefal development,_including:climax stages. TheSe

reefs were similar to Early Cambrian archeocyathid reefs

in that thev lacked massiée; hemispherioal framebuildere,
end ﬁZnée could hot become wave resistant (James and kooluk'
e

Sponée-feefs a;so‘otcurredi aLbeit rarely, during geo-
logic pegiods-iniwhicn coral faunas were more diverse (e.qg.
Late Silurian,_Jureeeié; Heolocene). puriné'these .
periods ‘coral reefs were’éommon, esgecialiy in plafform

mainly in platformal an&fbaéinal-settings. Sponges occurred

,throughout many of the basinal Jdiaesic reefs; 1in Silurian,

Holocene and some basznal Jurassic sponge reefs, sponaes

‘Qgre common in early stages of reefal development bu; were

-
-

generally replaced by corals in cl&@ax.stages.

Svnthesis

Throughout the Phanerozoic, sponges and corals have N
generallv tended to mutual exclusion (Finks 1970). Sponges

. 2

were probably less efflc1ent competitors in reefal environ-
ments than were corals and other typlcal reef bullders (Finks
and Toomey 1969, p. 97), and hence played significant roles

in reefal construction only in situations in which the usual

“ ’ - B ¥4
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reef builders were restricted or excluded, either by evolu-
tionary decline in one of the groups or by environmental

conditions unfavourable to the'groweh of normal.reef builders

(Heckel 1974, p. 124).

| Evolutlonarv restriction can be ruled out in the case of

these Upper Silurian sponge reefs, as the corals and stroma-

. toporeids were near an evolutionary acme (Heckel 1974;
Copper 1974). It is also very unlikely- that corals‘were
e\cluded bw extremelv unfavourable envzronmental condltlens.
The Douro Sponge Reefs grew between wave-base and storm wave-
"hase in warm meflne waters of normal or near-normal salinity,
conditions which did not differ markedl; frem those of moet
'Silurian coral—stromatoporeid reefs. in addition, both
corals and sponges occur in all feefal_and inter-reefal
-facies, indicating that neither was strictly excludea from any
of the micro—envieonments.
| It is most likely that, as in the case of the Recent
Béhamianesponge reefs (Bliefnick and Gebelein l§78;
Wiedenmaver 1978, 19804), a combination of subtle ehvifon-
mental variables favoured the growth of sponges over that of

coralg jn the initial stages of reef growth. Three inter-

related factors which may account for this are:

1) Paleogeography. Recent sponge reefs occur in plat-
) " " formal settings rather than in the platform margingl

settings tvplcal of coralgal ecologic reefs.

s
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~ Similarly, the Douro Reefs grew on the. platform,

more than 100 km from the platform:margin. “Silurian
platform marginal'buildﬁps are predominantly composed
of bpréls apdrstroﬁatopofoids, whereas those of the
pl;tform:are more ‘variable in'composition with

local development of crinoidal, bryozoan or algal
reefs (Wilson 1975, op. 107-112}.

Substrate.- Sponges grow on dithified, firm and ‘even
some soft substrates whereas golonial corals prefe?
lithified substrates or skeletal fragments for larval -~ .
attachment.(Heckel 1972, pp. 248-249). 1In the Douro
Reefs, Sponge§ characterize mudstone facies whereas

corals characterize most wackestone facies.

Growth Requirements. Studies of the feeding mechanisms

. -]
of modern- demosponges (Reiswig 1971) and a Recent zoned
coral-sponge patch reef (Boném and Stanley 1977) sug-
gest that, at present, the growth of sponges is favoured

over that of corals in relatively calm, turbid, nutrient-

- poor or light-deficient environments. Paleontologic

-and sedimentologic evidences suggest that the Douro

sponge faunas flourished under calm, turbid conditions.

The nutrient and light levels are more difficult to

‘determine, but these are commonly low in initial stages

of reefal development, particularly in turbid

~

environments.

AN
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It is uhlikely that any single environmental factor was solely.
fesponsigle for the unique sﬁonge development of the Douro
Reefs. More likelywthé platforﬁal setting, muédy substrate,
‘high turbidity, low water turbulence and other reiaped

f/ﬂ’n\ factors combined to favour the growth oflsponges over ‘that
of corals in eariy stages of reefal developmént.

Howéver, many of these factors Ehanged during- the
growth of the'reefs.' Incredsed topogrgphic :eliefvprobgbly
increased turbulence, circulation and\gllumination, ané may
have decreaégd the effects of bottom turbigdity. The lime -

mud substrate became progressively richer in skeletal debris.

- All of tgese changes would increasingly favour the growth of

cerals over that of sponges. For theég reasons, the sponge
colonization cbmmunity was gradually replaced by a more.
diverse assemblage 6f corals and stromatoporoids.

The upwards replacement of a sponge colonization com-
muniﬁy by a coral diversification.cohmunity has been reported
from Ordovician,_Silurfan, Juréssic and Holocene sponge'réefs
(Table 4). Sponges commonly functioned as initial reef col-
onizers in situations in which evelutionary or environmental
factors restricted branching-corals, bryozoans and other
cormon cplonizers. Reefal development resulted in phfsical
and biological changes in the environment which generally

o

tended to favour the growth of frame building corals and

stromatoporoids over that of sponges. Only under conditions
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of extreme evolutionary or environmental coral restriction

(e.g. Early Ordovician-worldwide; Late Jurassic-deepwater

basins) were-sponges'able to fiourish in all stages of

reefal development.

1)

2)

3)

[
-

" CONCLUSIONS
Sponge reefs occur abundantly in two zones within the.
Upper Silurian (Ludloviaq) Douro Formation on Somerset
Island, Arctié Canada. They are the first reported
Silurian reefs constructed pre&ominantly by sponges.
Tﬁe reefs are relatively small (5=-35 m in diameter),
predéminantly subspherical structures composed of

unbedded, richly fossiliferous midstone and wackestone.

' Each reef is underlain by a lensoid to tabular body of

_crinoidal packdtone, and 1is surrounded by an irregular

halo of crinoidal wackestone. Wedges and channel-£fills
of crinoidal packstone extend from the reef into the
inter-reefal rubbly mué;;cﬁé.

Lateral‘zonatiozéigfhot well developed within'the reefs.

g S

However, the proportion and average size of skeletal
debris\in reef haloes decreases with distance from the
reefs-- The abundance and diversity of all fossil groups,
especially reef builders, algo decreases away from the

’ . ———
reéfs. The influence of the reefs on the surrounding
deposits was negligible at distances of more than 15 m )

from their margins.



4)

5)

6)

7’
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Vertical zonation is well developed. The basal reef

facies is a thin lens of bedded crinoidal packstone

with abundant cirriferous crinoid holdfasts and local

concentrations of bryozoans, solenoporid algae and

rhyvnchonellid brachiopods. This is overlain abruptly
by unBedded sponge-rich mudstone which forms the major
part of the reef. Towards the top of the reef, this

facies passes into crinoidal wackestone with abundant
corals; célcareous algae and sponges are also locally

common. This zonation corresponds closely to the

stabilization, colonization and diversification stages

of wWalker and Alberstadt (1975).

Reef growth probably occurred in calm, turbid, tropical,
marine shelf environments: Concentrations of terrigenous
mud restricted the abundance and average size of the
reefs, and resulted in changes in tHeir biotic
compositién.

Orientations of both in situ tabular organisms and .seams
of mechanically deposited clay suggest that topographic
relief increased to about 3 m during the growth of the
reefs. However, the delicéte nature of the fossils,
mudstone matrices and absence of steeply dipping flank
beds indicate that thé reefs were not wave resistant.
Some of thgfmudstone matrix was transportgd from non-
reefal areas, but a_;arge amount was produced %

on the-mounds, possibly by breakdown of algal tubules

-
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10)
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or inorganic'preéibitaﬁion of ﬁicritic cement. The
originally siliceous spicules of Ehe 1ithis£id sponges
were dissolved.and the voids infilled with sparry
calcite. Pervasive formation of inter-spicular micrite
apparently pla?ed an importént role in sponge preﬁer—
vation. Early dissolution of sponges is common in
reefal environments, and may have resulted in the
under-representation ofrspongés in many fossil reefs.
The presence of dislodded blecks of reefal mudstone in
inter-reef beds, reefal cavities which remained open
throﬁghdut_gompaction, and probable invertebrate

borings in mudstone suggest synsedimentary cementaticn
of thé reefs, probably byﬂmicritic Mg-calcite. Fabrics
and compositions of sparry calcites in cavitigs record
three generations of meteoric cementation.

The Douro Sponge Reefs are similar in structure to small
Silurian "patch reefs", but show few similarities to the
larger Niagaran reefs. They exhibit features typical-of
both algal banks and patch reefg of the western Atlantic,
but their closest Holocene aﬁalogugs are small sponge
reefs growing on the Great Bahama Bank.

During geologic periods in which normal reef builders
(corals, stroﬁatoporoids and corallineﬁalgae)'wefe in
evolutionary decline, sponge reefs were geographically

and environmentally widespread, and sponges commonly
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plaved significant constructional roles thfoughbut thé
reefs. 1In contrast, duriné periods in whicﬁ the normal
reef builders were diverse, spoﬁge reefs were rare and
environmentally restricted; sponges occurred mainly -in
colonization communities during earlyv stages of reefal,.

development.
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PART III
TRACE FOSSILS FROM UPPER SILURIAN TIDAL FLAT
TO BASIN SLOPE CARBONATES, SOUTHEASTERN
g CANADIAN ARCTIC ISLANDS
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TRACE FOSSILS FROM UPPER SILURIAN TIDAL FLAT TO

BASIN SLOPE CARBONATES, SOUTHEASTERN

CANADIAN ARCTIC ISLANDS

Abstract. Ludlovian carbonates on Somerset, Cornwallis and

Devon Islands contain numerous trace fossils. A Polarichnus-

Bergaueria association characterizes limestones and dolostones

deposited in the intertidal zone (Cape Storm and Leopold

-

Formations), a Fuersichnus-Uchirites association characterizes .

limestones deposited under shallow subtidal conditians (Douro

Formation), and a Scalarituba association characterizes basin

slope limestones ({(tongue of ?Cape'Phillips Formation). - °
Trace fossils in planar-bedded calcisiltite and dblo- :/’#”—E‘

siltite were preserved through toponomic processes, which

~

resulted in diverse ichnocoenoses similar to those reported

from contemporaneous shallow marine siiiciclasticrrocks. In .
contrast, trace fossils i?/%athymetrically equivalent rubbly
(nodular) calcilutite wefe preserved through diagenetic pro-

cesses, which resulted in ichnocoenoses largely restricted to

infaunal feeding and €welling traces. Although.the mineralogic
composition of the substrate is probably relatively unimportant
in controlling the distribution of trace-making organisms, the

o
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greater susceptibility of carbonates to early and late diagen-
etic processes c;n significantly affect the nature of the
ichnocoenose. -

Details of the formation and vreservation of trace fossilé

suggest that the calcilutite substrates were generally firm,

whe:eés calcisiltite substrates ranged from firm to thixo-

tropic. -Simp;e,'"ndn—d;agnostic" bur;§w§ such as Palaeophvcus
can contribute a wealth of informaﬁion on sub- .
strate consistency, much of.it'not readily availab;e from mg}e
fraditional environmental indicators.

The trace fossils can be attributed primarily to the

activities of worms, trilobites and sea anemones. Twenty-seven

species and forms are described, including the new species

Fuersichnus dourcensis, Hellcodromites arctatus, Uchirites

ascendens-and U. ramosus. Fuersichnus, Helicodromites,

Laminites and Uchirites are herein reported for the first

time from Lower Paleozoic strata.

rad
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INTRODUCTION
Studies of both fossil and recent traces have repeafedly
demonstrated their value as environmental indicators. Trace
fossils can vield imporﬁant infermation on, a~variety of \

3

paleéenvi;onﬁental faetors including bathvmetry, substrate
copsisteﬁcy, sedimentation rates, salinity, oxvgen levels and
degree of water agitation (Seilacher 1964; Rhoads 1975).
Characteristics of ichnofossils which make them especially

useful in palececology include their broad time ranges,

-

—_—

narrxow facies ranges,.lack of secondary transport and common
enhancement by diagenetic alteration (Seilﬁcherzi964, v. 301}).
Most ichnologic studies have been based on-'siliciclastic
seqguences, particularly elternating sandy and shaly beds, in .
which abundant, well preserved traces are commonly the only
fossils present. 1In contrast, trace fossile in carbonates are
generally inconspicuous and difficult to study, and are com-
monly overlooked because of the ebundance of bodyv fossils
(Frey 1970, p. 10). Although detailed ichnologic studies
havercontribqted to an understanding of the depositicnal and
diageeetic histories of some Mesozoic carbonates (e.qg. Broﬁley
1967; ﬁeﬁnedy 1967, i970; Frey l§70; Ward,a?d.Lewis 1975), the
ichnology of Lower Paleozolic carbonates has ‘been relativelf
little studied (Kennedy 1975, p. 378). Some individual ichno-

species have been discussed in detail (elg. Palmer 1978:
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Pickerill aﬁd Forbes 1977, 1978; Narbonne EE.ii‘ 197§) and
tra;e fossil evidence has been incorporatea in several sedi-
mentologic and paleoecologic studies (e.g. Braun aﬁd Friedman
1969; Walker and Laporté 1970; Bye;s and Stasko 1978; Jones
et al. 1979), but two studies of Ordovician limestones
{Osgood 1970; Pickerill and Forbes 1979) represent the only
detailéd ichnologic studies of Lower Paleozoic carbonates to

date.

The present study is the first comprehensive and detailed
examination of an ichnocoenose from Silurian carbonates. In 7
addition, although trace fossils have been mentibned in various
regienal geologic revorts (e.g. Trettin. 1975, 1978) and

several new forms have been named (Ami 1906; Narbonne et il'.

--.'\'._’_

- —
1979), no systematic study of an entire ichnocoenose from

Arctic Canada has been previocusly published.

i
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METHODS AND TERMINOLOGY

_ Straté in the study area are superbly exposed on high
sea-cliffs and in deep river gorges. Detailed sections wereg
measured on southeastern Somerset and Cornwallis Iélands
(Text—£ig. 19, 1oca1;t;és A-F). Sections were divided on the
basis of litholog§ and contained body fossils into field units
averaging one metre in th%ciness. All observed trace fossils
were collected or carefully recorded in the field. Subse-
guently, a large hand sample from each unit was cut, polished,
gently etched and stained wiﬁh Alizarin Red-$ (cf. Friedman
1959), and this revealed numerous otherwise bbscure trace
fossils. Specimens obtained from reconnaissance sections on
southwestern Devon Islana (Text-fig. 19, loé. G~-H), and from
the'Uniﬁersity of Ottawa collections of Dr. O.A. Dixon from
‘northern Somerset and eastern Prince of Wales Islands (Text-
‘figﬁ 19, loc. I-K) are also incorporated in this manuscript.

| In this paper, the term assemblage is used for a group

of trace fossils which occurs consistently in one subfacies or

lithology within an environmental zone. An association com=-

orises all trace fossils within an environmental zone, and

commonly consists of several assemblages. Ichnofacies is a

-

term coined by Seilacher (1964) for a trace fossil association.
which has.a global distribution and recurs throﬁghout the

1

Phanerozoic. Términology follows Seilacher (1964) and
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Martinssbn.(lgza} for.toﬁonomv; Simpsoh (1975
table 3. 4) - for mede of preservatlon, and Osgood (1970, pp.

Cw 314 315, 351) for U shaped burrows ‘and arthropod tracks.

' ,) - STRATIGRAPHIC AND PALEOENVIRONMENTAL SETTING .

" All strafa copsidefed-in this study were fofmerly

-

regarded as part of the.Read Bay Formation of Thorsteinsson

and FoftiEr (1954), but recent studies have indica;ed that this

‘unit comprises several mappable formations (Part I; and refer-

" .ences therein). The Douro Formation (Thorsteinsson 1963),

the principal unit of this study, is composed predomirantly of
- fossiliferotis rubbly (nodular) "limestones. The upper half of
the Douro Formatlon on' Somerset Island is 1aterallv equivalent’

r
to_blocky-weatherlng limestone and shale on eastern Cornwallis

Ty

Isiandi these blocky-weathering strata probably represent a
tongue ¢f the Cape Phillips’Formation. On eastern Somerset
Islaqd, the Douro Formation is underlain by the.Leopold
Formation (Jones and Dixon 1975), whereas on other islands it
‘is udde;lain by the Cape Storm Formation (Kerr 1975). Both

~— c#”these formations are composed predominantly of planar-bedded
dolestone and limestone, but can be distinguished bv the
greater proportion of detrital, evapéritic and stromatolitic
units in the Leopecld Formation-(D;xen and Jones 1978, ». 422).
ell streea considered in this sfddY.are Ludlovian in age

(Parf I; and references therein).
.\E
j

-~
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The strata in this séﬁdy were deposited'during a major
£ran§gressidn; and fecsrd_a‘variety of environments ranging
frem high intgfzzéal fo basin slope. Strata:oh éouthern
Somerset and‘éevon Islands aécumulated oh a broad, shallow
carbonate shélﬁ, while thﬁée on Cornwallis Island were ne;;"
the shelf margin.

The *lowest strata of the Leopold Formation exposed in

the measured sections, the planar-bedded dolosiltite and ///”*\\
sandstone of Ehe Cape Clarence Member (P1. 10, fig. 1), were / ;
deposited in intertidal environments (Dixon and Jones 1978). -/ N

The overlying Prince Leopol@ Member is com?osed of planar-
bedded dolosiltite, calcisiltite and sandstone, depositea’

i
under low intertidal conditions, interbedded with minor \ -
rubbly aﬁé biostromal limestones dé?osited ﬁnder shallow sﬁb-
'_tidal conditions (Dixon and_Jones-fEIB). The upper part of
the Cape Storm Fogﬁétion on eastern Cornwallis Island simil-
arly consists of planar-bedded dolosiltite and calcisiitite
interbedéded with rubbly and biostromél limesténes; and was
also }eposited'under alternating low intertidal-shallow sub-
tidal conditions (Gibling and Narbonne 1977, pp. 1148-1149).
The upper'part éf the gg;é Storm Formation on Devon Island
consists predominantly of dolosiltite and calcisiltife, and’
was probabiy deposited under méinly intertidal conditions

" 2NRN
. (Mayr 1978, p. 20).
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Plate 10

Field appearance of typical trace—Bearing lithotvpes.

N

Fig. 1. Planar-bedded, ripple-marked sandy calcisiltite and

. calcareous sandstone. Cape Clarence Member of
Leopold Formation. Scale bar represents 15 cm.
Photo by . 0.A. Dixon.

Fig. 2. Planar-bedded calCilutite and shale. Tongue of
: - ?Cape Phillips Formation. Ruler is 15 cm long.
Photo hy J.F. Packard.

Fig. 3. Rubbly"galcilutite. Douro Formation. Scale bar

represents 3 m. o

\ . :
Fig. 4. Rubbly calcilutite with three planar beds of cal-
cisiltite. Dourec Formation. Ruler is 15 cm long.-
Photo by J.J. Packard.
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The Douro Formation is composed largely of fossiliferous .

rubbly calcilutite with interbeds of calcisiltite, calcarenite

-

and calcirudite (Pl. 10, figs. 3,4), and was deposited in sub-

tidal shelf environments above storm wave-base (Jones and
Dixon 1976; Gibling and Narbonne 1977; Mayr 1978, pp. 21-22;
Thomas and Narbonne l979,.p.A3). ﬁelatively shallow subtidal
shelf deposits {(cf. Laporte 1971) are best developed in the

&
lowermost 60 m of the formation. These are predominantly

rubbly calcilutite interbedded with storm deposits consisting

of erosionally-based units of planar-bedded intraclastic'and
shelly calcarenite and calcirudite; very thin (<0.1 m thick)

storm deposits of calcisiltite with ripple cross-lamination,

prod marks and megaripples occur sporadicallv. Somewhat

deeper subtidal shelf deposits are predominantly rubbly cal-
cilutite with storm deposits of shelly calcarenite and
calcirudite. Inorganic sedimentary structures are very rare.
Lithistid sponge bioherms of quiet water origin occur spora-
dically.(Narbonne and Dixon 1978; Part II), and faunal

diversity is greater than in the shallow subtidal deposits.

-The tongue of the ?Cape Phillips.Formation on southeas¥ern

. Cornwallis Island consists of very sparsely fossiliferous,

fl . 3 ) - v
thinly planar-bedded calcisiltite and calcilutite which is
locally interbeddqp with black silty shale containing abun-

dant monograptids (Pl. 10, fig. 2). These strata were
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deposited below storm wave-base (Thomas and Narbonne 1979},

and closely resemble peri—piatformal slope deposits described

by McIlreath and James (1978). The uppermost 10 m of these

deposits contain an assemblage. of. bodv fossils similar to
that of the deep subtidal shelf deposits, suggesting a
return to shallower-water conditions near storm wave-base‘
(Thomas and Narbonne l§79). |

The distribution of trace fossils in ?he two main

sections is shown in text-figqures 20 and 21.
TRACE FOSSIL ASSOCIATIONS AND ENVIRONMENTS

Trace fossil associations have been showh to be valuable
pgleoenvirqnmental indicators. Althougg-they are not strictly
depth contrelled, ichnocoenoses are strépgly influenced by a
number of depth—related énvironmental Qariables including
turbulence, degree of exposure, sediment character and'food'$
supply (Rhoads 1975; Seilacher 1978). Each of the environ-
mental zones recognized in this.study exhibits a distinctive

association of trace fossils.

Intertidal Environments

-

Trace fossils were observed in approximately 25% of all.
units deposited under intertidal conditions. Trace fossils

are considerably more common in strata deposited under low
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Stratigraphic distribution of trace fossils on

from Two Rivers Bay
Somerset Island Formation.
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igtertidal conditions than in strafa-deposited in the high
intertidal-zone. This difference may have been due to
different durat;ons of subaerial exposure, most-probably
under arid éonditions (Jones and Dixon 1975, p. 409).
The intertidal ichnocoenose is dominafed by dwelling
_rand feeding traces with fewer reéting and crawling forms.

Chondrites, Palaeophycu!t Polarichnus, Bergaueria, Skolithos

and Bifungites are common; Arenicolites, Laminites, Gordia,

Petalichnus, Cochlichnus, Cruziana, §y§coprulus, Diplocra-

terion, Helicodromites, Monomorphichnus and Rusophvcms are

- \

rare. This ichnocoenose is termed the "Polarichnus=

Bergaueria association". It is analogous to the Skolithos
ichnofacies (Seilacher 1967) which is a predominantly inter-

tidal ichnocoenose. dominated by dwelling traces.

Subtidal Shelf Environments

Rocks deposited under subtidal shelf conditions contain
-
the greatest. abundance and diversity of trace fossils. More
than 60% of units contain trace fossils, chiefly feeding

traces with fewer dwelling traces and relatively few crawling

and resting traces. Palaeophvecus, Chondrites, Skolithos,

Fuersichnus, Arenicolites and Uchirites are common, Teichichnus,

Bifungites, Cochlichnus, Gordia, Phvcodes, Helicodromites,
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Diplocraterion, Monomorphichnus, Rusophyvcus, Cruziana and

Laevicvclus are rare. This ichnocoenose is termed the

"Fuersichnus -. Uchirites association™. It is analogous to

the Cruziana ichnofacies (Seilacher 1964, 1967) which is.a
predominantly shallow subtidal ichnocoenose dominated by

feeding traces, and arthropod resting and crawling traces.

Basin Slope Environments .

-

Trace fossils are distributed sporadically in peri-

platformal calcilutite and calcisiltite beds’, but where
ichgofossils occur they tend to be abundant. Skolithos,

Chondrites, Palaeophvcus and Scalarituba are common;

Phycodes, Margaritichnus?.and.Teichichnus are.rare. This

ichnocoencose is termed the "Scalarituba association”. It

is environmentally equivalent to the Zoophvcos ichnofacies
{(Seilacher 1964, 1967); the appvarent absence of this ichno-
genus illustrates how unreliable single indicators can be

in paleocernvironmental reconstruction.

Synthesis

Trace fossils are abundant in these Upper Silurian car-
honates and occur in three associations, each restricted to a
different sedimentary environment (Text-fig. 22). Associations
are distinct; the only overlap is in the uppermost 10 m of the

Douro Formaticn on.Cornwallis Island where Fuersichnus,.

AN
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INTERTIDAL

SUBTIDAL SHELF

SLOPE

ICHNOGENUS

PALAEOQPHYCUS

CHONDRITES

SKOLITHOS

ARENICOLITES

HELICODROMITES

POLARICHNUS

BERGAUERIA

PLANAR-BEDDED
DOLOMITIC CALCISILTITE | CALCILUTITE

RUBBLY

P-8.
CALCISILTITE

SYNCOPRULUS

LAMINITES

PETALICHNUS

CRUZIANA

RUSOPHYCUS

MONOMORPHICHNUS

BIFUNGITES

DMPLOCRATERION

COCHUCHNUS

‘GORDIA

UCHIRITES

LAEVICYCLUS

FUERSICHNUS

TEICHICHNUS

PHYCODES

SCALARITUBA

MARGARITICHNUST

Text-fig. 22.

Litholegic and palecenvirconmental distribution

of trace fossils in the study area.
not observed;

area -

Blank

light pattern - rare;

dark pattern - commeon to abundant.
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Uchirites and diminutive Scalarituba occur togethér. The

overlap of the Fuersichnus-Uchirites and Scalarituba

associations supporté other paleon£ologic and sedimen .logic
'gviaence which suggests that these strata were deposited in
a transitional environment with aspects of both deep subtidal
shelf and basin slope cond;tions (Thomas and Narbonne 1979,

D. 3). 7 :

=

/

Although each of the associations is similar in overall
composition to one of Seilacher's (1964, 1967) marine ichno-
facles, there are a number of differences in detail. Polar-
ichnus and Bergaueria have proven reliable as bathvmetric
indicators in other studies (e.g. Crimes 1%70b, p. 103; 1877,
table 4; Narbonne gg'gi. 1979), but ichnogenera such as

Scalarituba, Uchirites and Laminites are eurvbathic, and

their apparent restriction to a single environmental zone in’
this study is only of local significance. Skolithos is
equally abundant in all the environmental zones of this study,
and trilobite traces diagnostic of the Cruziana ichnofacies
occur in both intertidal and shallow subtidal- deposits.
Phvcodes, generally regarded as a reliable ind&pator of the
Cruziana ichnofacies, also occurs in basin slope deposits. -
These differences serve to eﬁphasize the need to base paleo-
environmental reconstructions on the overall composition of
the ichnocoenose, rather than on the occurrence of an indi-

vidual "diagnoétic" ichnofossil.
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Studies by Rhoads (1967), Walker and Laporte f&Q?p) and

-

Firsich (1975) have shown thét intertidal deposits are éom-
.monly characterized by abundance of deep vertiéal.buirows )
whereas subtidal deposits commonly contain ﬁainly horiéBhtal '
trace fossils. However, Frey ¥1970, pp.  32-33) beiieveé'that
depth of burrowing is controlled by a wide wvariety of factors
and is not a reliable baéhymetric indicator. Both horizontéf
and vertical trace fossils are commen in'all the environmen-
tal zones of this study, and although the diversity of ver-
tical burrows is slightly highér in intertidal deposits than
in basin slope‘de§osits, maximum depth (3 cm) and maxi;&m—
density (150/100 cm?) of vertical burrows 1s the same in both'
environmental zones. These observations support Frey (1970)
in suggesting that depth of burrowing should be used with

extreme caution as a bathvmetric indicator.
SUBSTRATE CONSISTENCY

Substrate consistency is one of the most important factors™
controlling the distribﬁtion of benthic organisms (Rhoads 1976,
pp; 401-404; Howard 1975, bp. 141): Unlike oﬁher sediment char-
acteristics such as composition and grain size, the original
coherence of an ancient subsﬁraté_cannot be observed directly.
It is most commonly determined through examination of animal-
sediment interrelationships.

The presence of numerous infaunal worm burrows in the
rubbly calcilutites of the Douro Formatibq indicates that the

substrate was relatively soft, glthgugh the absence of thick

-
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burrow linings suggests that it was not thixotropic (cf. Frey

*
.

1970).'-§reservation of distinct‘burrow boundaries (cf. Rhoads

1970, pp. 399-400), fine arthropod scratch-marks (cf. Flursich

1975, P. 156) and organism-induced microtectonics (cEf. Osgood
N - . \ .

- , i , . €

1870, pp. 380-38l) also suggest a relatively cohesive . .sub-

-

strate. Paleeophycus, the most common trace fossil-in the

. . - o LW .
Douro Formation, exhibits circular burrow cross-sections and

is commonly infilled,with late diagenetic, void-£illing ‘
- - . ) .
spar (Pl. 14, figs. 7,;8);. these features‘indicatg that the

cqlcil@p@;es have not been- compacted to any,significant

\ . .
degree, and coPld reflect either-aiflrm substrate or early

- __/ 4 . - -
\L'rg:mficaﬂion of the sediments. .

; 4 Burrows in calcisiltite beds of Cape Storm, Leopold and

_ Douro, Formations apparently lack sparite infillings

-
-

.and thick burrow linings- Tﬁé“pregence éf.disﬁinct

L 4
burrow boundaiies, circ¢ular burrow cross-sections, organism-

induced miérétecfonfgi, and fine arthropod scratch marks in
. M < .

some units suggests-a relatively cohesive substrate. In con-

trast, other u?dts, Darficularlv intertid§l deposits, exhibit

.

'soft—sedlment deformatlon\structures {Dixon and Jones 1978,

-

P%) l/y%lg ), or contalﬂ burrows which exh1b§§;1nd;§tlnct

.PI
outllnes, lentlcular cross-sections, collapse\fgatures and

poor preservation of mlcrotectonlcs, sugyesting a thixotropic

?substrate.. Substrates composed of silt sizedicarbonétes"prob—

abf@ exhibited 4all gradations from firm to thixotropic.
o . .

-

- :
o & »
- ks . . -

Y
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— _ The relatively simple tubiform burrows Palaeqphycus and

- 4 -

Planolites are common in.most Phanerozoic sedimentary sequen-

. ) ves. Although they are eurybathic and eqr?haline, these

ichnogenera can vield valuable information on substrate con-

sistency through 'details of their nature of preservation

(e.g. burrow#ross-sectional shape, clarity of burrow dutline,

presence or absence of microtectonics, etc.). Moreover, their

v

bread strétigraphic and environmental.ranges would permit
precise comparisons of substrate consistency. of rocks of most

ages and environments. In this way, these "non-diagnostic"
g b N g
) -~

trace fossils may eventually prove exceedingly useful in 'ﬂ

environmental reconstruction. — L(’//
r . ' _ » ‘
TRACE FOSSIL ASSEMBLAGES OF THE SUBTIDAL ‘SHELF

. |
. - 4
Subtidal shelf deposits of the Douro Formation contain.,a

" diverse ichnocoenose, herein termed the Fuersichnus-Uchirites

-] . ~

-association. This association can be subdivided into three
’ ; .

aséemblages, each restricted‘to a different lithotype.

v Rubbly calcilutite contains a Fuersichnus assemblage consist-

/’;yxl<3£‘numef0us Palaeophvcus, Chondrites, Fuersichnus, Skol-

ithos and Brenicolites with fewer Teichichus and Helicodromites

(Text-fig. 22). Planar-bedded calcisiltite contains a

-

Uchirites assemblade which includes all forms. present in the

Fuersichnus-assemblage-éin»abcut‘thg same..ordexr-:0f_dimportance),

together with numerods Uchirites and Bifungites and fewer

-

- ‘ . ) .
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Cochlichnus, Gordia, Phycodes, Diplocraterion, Ruscophycus,

Monomorphichnus, Cruziana and Laevicvclus (Text-fig. 22).

Calcirudite and coarse calcarenite only rarely contain iden-

tifiable trace fossils due to the coarse grain-size relative

to the size of the trace fossils. .

The Uchirites assemblage occurs maihiy in shallow ‘sub-

tidal shelf deposits, wHereas the Fuersichnus assemblageg

occurs in.both shallow and deep subtidal shelf deposits.

However, with the exception of:BifungiEes‘and“Diglocrateridn,
all ichnefossils of the Uchirytes assémblage'have been

previously reported from deeper water environments as well,

- -

and there i?ilittle reason to believe that they were unusu- N
ally reétrig¢ed in the study‘area. Furthermore, the Uchirites
assemblage is not present.in rubbly calcilﬁtites deposited
under shalleow subtidal conditions, but is present in one
planar-bedded unit at the top of the ?Cape Phillips Formation
at Goodsir Creek (Text-fig. 21) which was deposited under
conditions 'transitional bétween deep subtidal shelf andgd$asin
slope. These occurrences suggest tﬁgt: within these Qubtidal'
shelf deposits, the primary contrél on the distribution 5f the
Uchirites dssaemblage wgs‘lithologic rather than bathyme£rié.
Traces typiCaE of the Uchirites assemblage occur in a

wide variety of rock-types in other seqguences, suggesting that

ptrfolled .

oo

the originators of this assemblage were not substrate c

"
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The calcisiltiﬁe beds exhibit many features £ygical of storm
deposits (cf. Jones and Dixon 1976), but the Uchirites

assemblage is relatively high in diversity whereas most
ichnocoenoses of storm deposits are low diversity assemb-

lages of dwelling tracesf(Pemberton lé79, pp..lé2-184).

+ 1]
Most trace fossils in this study were preserved through_

either toponomic or diagenetic.processes. -foponomic proces-
_'ses comprise all métho@s whereby a trace produced inAone tvoe °
of sediment (tvpicallv mud) is cast by a different type of
sediment (tvpically sand or silt) derived from the overlying

or, underlying bed.. Toponéﬁ?b“p;ocesses were the predominant
method of trace fossil preservation in siliciclastic sequences,
but iﬁmthis study were only important in calcisiltites. Dia-
genetic processes involved the selective diagenesis of either
the trace fogéil or, less-commonly, the surrounding matrix.
The most important diagenetic process in the carbonates of this
study was the selective dolomitization of burrow fiils, ?rob—‘
ably because their increased permeébility favoured the flow of
dolomitizing fluids (Jones et al. 1979). Burrows also commonly
contain spar which exhibits fabrics‘t§§iéal of late diagenetic
void—filligg cément {cf. Bathuret 1971), indicative of selec-
tive cementatioﬂ‘of an open burrow system. Rarelv, burrows
are parély or completely infilied with pyrite( probably becaﬁ;e
organic mattér in the burrows led to the formation of a reducing
micro—enviroﬁment (qf. Kennedy'1975, p. 390,392). Most trace

fossils in rubbly calcilutite were preserved through diagenetic

processes. ' . /\\
- |

174
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~

to producg markedly different assemblages. Selective diagenesis
ociurred most commonly in calcilutites, whereas toponomiC‘proF
cesses were most important in calcisiltites. Toponomic pro-
cesses preserved traces predominantly in semi-relief, in contfasﬁ
with diagenetic proce;ses which resulted exclusively in full
reliefs. Both epifaunal and infaunal traces were‘préserved by
toponoﬁic processes, whereas only infauéél burrows were preserved
th;ough diagenetic processes. In addition, the qualfty of pres-
ervation is generally pooEE; among traces preserved through
diagenetic processes, particu;arly those which were selectively
dolomitized.

In view of-the different modes of trace fossil presérva-
tion in the two lithotypes, it is most likely that the apparent

Qe H - -
lithologic association of these assemblages reflects preserva-

tional rather than environmental factors. Many of the ‘trace

fossils of thé Uchirites assemblage were not readily preservable
in rubbly calcilutite. Selective diagenesig in the calcilutites
did not preserve epifaunal traces, most probaply becauseLEhey
were‘;ater infilled with ﬁaterial identical to thaﬁ of the
overlving bed and hepce did not act as conduits for diagenetic_

fluids. Pressure solution and the formation of nodules modi-

‘fied all original bedding surfaces in the calcilutites, .des-

troving all bedding-plané traces. These two processes selectively

—_—— »

v T

¢ . -

0

—.._The two major-processes—of-preservation—acted-independently — ——
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Al

removed epifaunal traces (e.g. RuéSbH?éus, Monomorphichnus,

Cruziana) and traces only readily identifiable on bédding«

surfaces (e.g. Bifungites, Laevicyclus, Phycodes) from the

~calcilutite ichneccoencse. Selective dolomitization obliter-
ated fine morphologic details (e.g. striae on Uchirites)

resulting in later identification as non-diagnostic forms such

as Palaeophycus. Non-preservation of these and other traces

of the Uchirites assemblage in rubbly calcilutite probably
resulted in the relatively low diversity of the Fuersichnus

assemblage.

-

':'-b

DISCUSSION

Most ichnologic studies of Lower Paleozoic strata have.
been based. on siliciclastic séquences. The recognition of

equivalents of the Skolithps and Cruziana ichnofacies in this

study suggests that tr;c§ fps$il contepts, such as SeiIacher;s
"universal ichnofacie;“, can be abplied equally well t6 car-
bonate'sequences (cf. Osgood 1970; Frey and Howard 1970; -
Kennedy 1975). None of the genera of this stu@y are restricted
to'carbénate rocks, and most cf the previgusly described species

have also been reported from siliciclastic rocks deposited

under equivalent environmental conditions. The mineralogic

composition of the substrate was probably- of-less importance than

other environmental variables such as substrate coh istency and

water tPrbulence‘in controllingmkhe distribution of the\trace-

‘making organisms.

-
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Nevertheless, the greater susceptibility of'carbonates-to
“early and late diagenetic processes gresents special ichnologic
problehs. The influence of synsedimentary“lithificetion on
burrowing and boring organisms, and the role of burrowing
orgénisms in the diagenesis of carbonates has recently,been
summarized bv.Kennedy {(1375) and Bromley (1975). However, it
has not generallv been recognized that late dlagenetlc pro—'

cesses in carbonates can SLgnlflcantlv reduce the diversrtv

of an lchnocoenose. Selectlve dlagene51s does not act uni-.

formlv on all traces produced 1t enhances rnfaunal burrows
(tvolcallv dwelling and feedlng traces) but commonlv ‘has
little or no effect on eplraunal traces (tvpically resting
and crawling:traces). Selective dolomitization and neo-
morphism of.trace fossils® can further bias the ichnocoenose
towards simple eurvbathic forms by obliteratiTQ/EZne‘morpho-
logic details. Even trece fossils preserved in semi-relief
through toponomic processes can later be destroyed by the~_
diagenetic alteration.of bedding planes during pressure solu-
tion, diagenetic segregation and the formation of nodules.

- Selective diagenesis of trace fossils and the diagenetic
alteration of bedding olanes were 1mDortant.Drocesses in the
formation of many fine grained limestones. As a consequence;
these limestoneg§ can exhlblt ichnocoenoses which differ in
oreservation or omposition from those preserved in environ-

mentallv eguivalent siliciclastic sequepnces. An extreme example
v, : v i

4

!
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-igmﬁhe’formatién.of.m6¥£1ed limestones through thélsglective
dolomﬁtization of 5urrow filié (Kendall "1977;: Morrow 1§78).-
Trace fosgils are abundant in these rocﬁs,ialthouﬁﬁ in'most
cases they are poo;ly-preserved'and‘relatiJély low in
diversity. : _ | ' e e

. Préservationai féctors can even;influence the recbgnition
of an ichnofacies. Ibwa;.Egleozﬁic éhallow marine silici-’
clastic deposits are characterized by a Cruziana ichnofacies
'containihg numerous trilobite trace fossils (Seilacher l96§,
\1970). Clastic limestones commonly contain‘a similar ichno-
coenose (Osgood 1970; Pickerill-and Forbes 1979;- this study).:
Althoggh rubbly and burrow-mottled dolomitic limestones com-
monly contain trilobite body fossils, trilobite trace fossils
are onif rarely preserved. “In these limestonés, the Cruziana

.

ichnofacies is best recegnized by the presence of infaunal

feeding traces such as Phvcodes andﬂﬁhizocoralliuml

———

LA N
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SYSTEMATIC PALEONTOLOGY

-~ - Regositofz. All type and figured specimens are in the reposi-

tory of the Geological Survey of Canada, Ottawa (GSC) . -
o Lo X x . -

kW

-

Material. Ma;erial'is listed for all new species, and for all

species represented by less than 20 spéecimens. Geographic and
stratigraphic locations of holotypes of new species accompany-

ing the systematic descriptions; locations of figured specimens

are described in the figure captions.

- . ARENICOLITES Salter, 1857

-
Type species. Arenicola carbonaria Binney, 1852, p. 192,

”

subsequent designation of Richter 1924, p. 137. //’
. .

Diagnosis. Siﬁple U-tube without spreite, perpendicular to

‘bedding plane (H3ntzschel 1975, p. W38).

Arenicolites carbonarius (Binnev), 1852

Plate 11, figs. 3,5

Diagnosis. Relatively small Arenicolites; maximum depth and

distance across the "U" approximately equal, and less than 3 cm.
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Descxiption. The U-shaped burrows are verticél to slightly

obiique with a maximum deviation of 35° from the vertical.

Tube diameter is 1.5-3 mm; theitﬁbé\walls are. smooth and‘

unlined.‘ fﬁe shafts gre pafallel to slightly divergent and

the distance across the "Ué is 17-20 mm. Tﬁe maximum obser-
ved depth was 18 mu. Specimens rarely exhibit a single

funnel-shaped aperture up to 15 mm in diameter and 5 mm deep.

Preservation. pronomic - full relief

Diagenetic =~ full relief (selective cementation:

rarely selective dolomitization).

Remarks. The specimens are similar to those illuskrated by
Binnev (1852, Pl. 1, fig. 2) except that all of his speci-
mens are pe;pehdicular to stratification, and many exhibit

- - -~ »
two funnel-shaped apertures. Binney considered that A.-car-:

bonarius was similar to the J- to U-shaped burrSW'of the
déposit-feeding polychag}e Arenicola. This burrow.ﬁas a
single funnel which serves as a collectiné pit for nutrient-
rich sediments (Schafer 1972, p. 301-302). Funnel-shaped

apertures are, however, exceedingly rare in the specimens of

A carbonarius in this study, and those present do not resemble

the Arenicola collecting pits. Although some species of

Arenicolites may have been constructed by deposit feeders
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(Frey gnd Chowns 1972, .p. 29), A. carbonarius ﬁés.most prob-

ably the dwelling burrow. of a small'filter-feedingnarganism.
Simple U-shaped'burrows in Recent sediments are constructed
by a variety of organisms including amphipods, echiurids,
enteropneusts, holothurians and polychaetés (Schifer 1972,

p.f2995. Arenicolites is most common in the shsllow marine

Skolithos and Cruziana ichnofacies, but has also been reported

from flysch sequéncesv(ﬁakes 1976, p. 20;‘§rimesf1977, Table 1).

BERGAUERIA Prantl, ig45

Type species. Bergauefia perata Prantl, 1945, p. 52, by .

original designation.

Diagnosis. Broad, unlined vertical gylinders; U-shaped 1in

cross-section (Fursich 1974b, p. 2). B
¥ Bergaueria spr

2
Plate 11, fig. 2

@ pescription. The burrows are hemispherical, 11-32 mm {average

16 mm) in diameter and 8-23 mm (average 18 mm) in depth. They

are unlined, with a smooth external surface. Specimens rarely
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exhibit concentric markings about a central depression. Maximum
observed densities were approximately 10/100 cmz. Specimens
are most commonly isolated; where thevy are numerous, short

strings- of 3-5. apparently randomly overlapping specimens occur

very rarely.

Preservation. Toponomic - convex hyporelief, rarely concave

epirélief. _ . _ Ne

-

Remarks. Among the described species..of. Bergaueria, B. .

radiata Alpert, 1973 is most similar in size to B. sp. The
latter lacks the radial ridges diagnostic of B. radiata, but
this may, however, be due to the relatively poor quality of
preservation of the specimens in this study. g;rgaueria
represents the resting or dwelling trace of an actinian
anemone (Hantzschel 1962; Arai and McGugan 1968; Alpert 1973;
Flirsich 1974b), and.is tvpical of shallow marine deposits
(Seilacher 1964, table 1; Cyimes 1970b; 1977, table 4).

-

_BIFUNGITES Desio, 1940

Type épecies. Bifungites fezzanensis Desio, 1940, p. 78,

by originél designation.
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Diégnqsis. Dumb-bell or double arrowhead-shaped structures
on bedding surfaces.
kY

Bifungites fezzanensis Desio, 1940

Plate 11, figs. 8,9

Description. Burrows coccur as dumb-bell shaped fidges 4.1-

15.0 mm. (average 8.6 mm) long on soles. They exhiﬁit £wo =
bulboué terminati?ns 2-5 mﬁ (average 3‘mm) in diameter con-
nected by a smooth cylindrical bar 0.8-2.0 mm (average 1.2

mm} in diameter. Terminations are predoﬁinaﬁtly hemispherical,
but specimens commonly exhibit-one or more spherical, arrowhead-

shaped or irregularlv shaped terminations.

Preservation. Topcnomic-convex hyporelief.

Remarks. Bifungites has been regarded as the base of a U-shaped

spreiten-burrow (Osgood 1970, p.- 324}, the base of-an inverted

ﬁ—shaped burrow without spreite (M&lou and Plusguellec 1975;

Gutschick and Lamborn 1975) ox a truncated spreiten-burrow
-{Seilacher 1955, p. 383). Unfortunately all specimens in this
study cccurred in semi-relief pon erosion surfaces (cf. Seilacher

T
&
1969, p. 122); consequently the nature of the U-plane section

R U}
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could not be determined. The relationship between Bifungites

and the morpholoéically similar burrow Arthraria Billings is .

uncertain as the holotype of Arthraria is lost, but Bergstrom

. (1976, p. 1630) examined topotvpic material and suggested

that Arthraria is a junior synonvm of Diplocraterion Torell.

The shape of the terminations has commonly been used to

distinguish B. fezzanensis (hemispherical terminations) from

B. halli (spherical terminations). However the presence-of
terminations of. different shapes on a single bedding surface
(Pl. 1I, fig. 8) or even within single specimens (Pl. 11,

fig. 9) suggests that this criterion is unreliable as a

species indicator. Species based on size criteria also over-

lap, and are of guestionable validityv (Pickerill and Forbes
1977, p. 90}.
Bifungites probably represents the dwelling trace of a

polychaete, and is common in.tidal and shallow subtidal

.deposits (Pickerill and Forbes 1977}.

C

CHONDRITES Sternberg, 1833

———

Type spécieé. Fucoides targionii Brongniart, 1828, p. 56,

subsequent designation of Andrews 1955, g. 130.
|

Diagnosis. Tunnel systems possessing a small number of master

shafts open to the surface which ramify with depth to form a

dendritic network. The individual branches may or may not

cross over and interpenetrate (Osgood 1970, p. 328).
' -

-



Chondrites - tvpe 1

Plate 11, fig. 7

Description. Specimens consist of a cluster of subvertical

burrows éﬁrrounded_by short secondary galleries that project
from:- the main shafts in a radiobligue pattern and become more
horizontal distally. Branching proceeds to the second order
and is predominantly altérnate; the angle of bifurcation ran-
ges from 40° to 85°. Individual branches are straight to
gently curved, and up to 30 mm long:; complete svystems are up

to 55 mm across. Burrow diameter is 0.6-1.3 mm and does ndt
éhange appreciably within a single system. Burrows only rarely

interpenetrate. .

Preservation. Diagenetic - full relief (selective dolomitization)

Toponomic - full relief

»

Chondrites - tvpe 2

-

Plate 11, fig. 6 -

.
* -

Descriptidn. Specimens consist of a fan-shaped cluster of hori-
zontal, stféight to gently curved, branching burrows. Branching
proceeas to at least the £ifth order and is predominantly random;
the angie of bifurcation ranges from 20° to #5°. 1Individual
'branches are up to 75 mm long. Bprrow diameter is 0.9-1.2 mm and
-does not change appreciably within a single system. Interpene-

tration of burrows was not observed.
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Preservation. Diagenetic - full relief (selective dolomitization)'
Toponomic - full relief.

Rémarks. éhondrites was originally dfﬁgribed as an alga, and
was the last of the fucoids to be geﬁerally_recognized as é
trace fossil (see Osgood 1970, pp. 328-332). The existence of
twenty‘generic'synonyms and more than 130 described'species
‘represents a serious if noé impossible problem of syﬁonymy
{Chamberlain 197l1a, ». 234). The problem is compounded by the
fact that most of the forms were described in botanic rather
than ichnologic terms.

The. two types of Chondrites are readily separable in the
study afea, but in some other areas they apparently intergrade
(pers..comm., A. Rindsberg, 1980). Chondrites - tvpe 1 is
broadly simi;ar to Chondrites sp. A Frey and Chowns, 1972:

Chondrites - type 2 is broadiy similar'to Chondrites sp. B

Frey and Chowns, 1972.

Simpson (1957) suggested tha£ Chondrites'fepresents the
regular probings of a’sediment-ingesting worm, possibly a
sipunculid. He demonstrated that the burrows were originally
open, although the precise mechanism whereby the very long,
narrow burrows wefe ihfilled 1s still uncertain (Feréuson 1965;
Osgood 1970, pp. 338-339). Chondrites is eurvbathic (Seilacher

-

1964).

—
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COCHLICHENUS Hitchcock, 1858°

Type species. Cochlichnus anguineus Hitchcock, 1858

p. 161, by monotypy-

v

Diagnosis. - Regularly meandering_ smooth trails, resembling

" sine curve {(Hintzschel 1975, p. W52).

Cochlichnus sp-

'id

Plate 12, fig. 7

Deséription. The sinuous traces are 3-6 mm wide and gp to

.85 mm long; wavelength 1is 15-25 mm and amplitude is 3-5 mm.

> . . . . .
Preservation. Toponomic —- concave epirelief, convex hyporelie

Remarks. A review of the literature suggests that two distinct

forms are presently encompassed under Cochlichnus. Seilacher

(1964, text-fig. 6) figured specimens of Sinusites (referred to

Cochlichnus by Héntzschél 1975, p. WS52) which are preserved 1n /)
£ull relief and exhibit short, upwardly directed probes; these
probably represent infaunal feeding burrows. 1In contrast,

Moussa {(1970) described Recent cochlichnus which were formed as
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crawling trails at the sediment;water interface. The specimens
observed in this study were preserved only in semi-relief, and
were probably also surface trails. Béidwin {1974) demonstrated
experimentally that deéiccation cracks gommonly follow surface

trails. ©One slab exhibits numerous desiccation cracks which

follow the Cochlichnus trails- along the surface of the slab

but do not extend upwards into the overlying bed, further sug-

gesting that these Cochlichnus specimens were surface trails.
Further work is needed on tvpe material to determine whether
this difference is of taxonomic significance.

Cochlichnus is a eurvbathic ichnofossil (Crimes 1970b,

p. 106), and was most likelv construgted by an annelid or

nematode {Seilacher 1963, p. 82).

CRUZIANA d'Orbignv, 1842

Tvpe species. Cruziana rugosa d'Orbigny, 1842, p. 30, bv

subsequent designation of Bassler 1915, p. 292.

'
W~

Diagnosis. Elondate, bilcbate, band-like furrows covered by

herringbone-shaped ridges (after Hantzschel 1975, p. WS55).

Cruziana problematica (Schindewolf), 1921

plate 11, fig. 4
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.Diagnosis. Small Cruziana, 1-11 mm in width, with tr:;§V€§:e

to sub-transverse striae (after Bromley and Asgaard 1979, p. 68)

Description. The bilobate$ band-like structures are l.5-5 mm
(average 4 mm) wide and up to 30 mm long. Numerous transverse
striae spaced 0.3-0.3 mm apart extend from the median furrow
to just bevond the edges of the furrows. Most specimens are
regular in form, but one exhibits three coffee bean-shaped

expansions connected by a band-like furrow.

Preservation. Toponomic - convex hyporelief.

Remarks. This speciées has had a rather confused nomenclatural

historv. Schindewolf (1921) originally'named it Ichnium

problematicum, but later (1928) regarded it as the type species

of Isopodichnus Bornemann, 188%. This dimorphic genus com-

prises both band-like and buckle-like forms; these forms were
\

distinguished from the mérphologically similar genera Cruziana

d'Orbigny and Rusophvcus Hall, respectively, chiefly by the

*
smaller width of Isopodichnus. Isopodichnus was regarded as

an indicator of fresh-water environmenﬁs, whereas Cruziana and
Rusophvcus were believed to be restricted to marine environ-
ments (Seilacher 1970; Trewin 1976). However Bergstrdm (1976,
p. 1628} Pickerill and Forbes (}979, p. 2029), and Hofmann

61979, pp. 34-36) subsequently described occurrences of
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Isopodichnus in marine strata, and Bromlev and Asgaard (1972,

1979} described fresh water Cruziana from the Triassic of
east Greenland. 1In a superbly illustrated article Bromley

and Asgaard (1979) demonstrated that Isopodichnus overlaps in

size and morphology with Cru=ziana and Rusophvcus, and

recommended that Isopodichnus be regarded as a subjective’

junior synonvm of these two genera. This paver follows their

suggestion in referring the band-like form of Isopodichnus

problematicus to the genus Cruziana.

The specimens in this study were preserved in convex
hvporellef and do not extend up 1nto the overlving bed they
were Drobablagfbrmed at the sediment-water interface. Cruziana

problematica probably represents the crawling trace (Seilacher

1955) or feeding trace (Glaessner 1957) of a small arthroped,
most likely a phvllopod or trilobite (Héntzsche; 1975). C.

problematica is the only species of Cruziana which is known to

have been formed in both lacustrine and shallow marine environ-

ments (Bromley and Asgaard 1979).

DIPLOCRATERION Torell, 1870

Tvpe species. Diplocraterion parallelum Torell, 1870, o. 13,

by subseguent designation of Richter 1926, p. 214.

Diagnosis. Vertical U-shaped spreiten-burrows: interpreted as

dwelling burrows (after Fursich 1974a, p. 958).
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Diplocraterion sp.
-~ ) '//\\ -
J \
Plate 12, fig. 8

-

Description. The U-shaped burrows are vertical to slightly

inclined with a maximum deviation of 25° from the vertical.
They exhibit either a protrusive spreite or a wall of dolom-
itized sediment between tﬂe arms of the burrow. The ichno-
fossils are 19-37 mm (average 24 mm) long: depth could not

be determined -as all specimens were incomplete. In plan view
(transverse section) ‘the érace fdssil 1s commonly dumb—béll-
shaped, with two cirgular burrows 5-6 mm in diametef.connected

by a bar of spreite 2.5-4.5 (average 3.5 mm) wide.

Preservation. Toponomic - full relief, concave hyporelief

-

Diagenetic - full relief,(selective dolomitization)

-

Remarks. The taxonomy of Diplocraterion has been recently

reviewed by Flirsich (1974a), who recognized five distinct.
specles. Unfortunately, the specimens in this study are not
complete, and thus cannot be identified to species level.

Diplocraterion is generally regarded as the dwelling burrow of

a suspension-feeding worm or arthropod (Fuirsich 1974a,b), and
is common in high-energy marine environments. (Crimes 1977,
Table 1), particularly in the shallow marine Skolithos ichno-

facies (Seilacher 1967; Fursich 1975).
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FUERSICHNUS Bromley and Asgaard, 1979

Type species. Fuersichnus communis Bromley and Asgaard,

1979, ». 59, by original designation.

~—~__~—"Diagnosis. Horizontal, retrusive burrow complexes composed of

bow to J-shaped fills showing varving degreés of organization
from an ear- or tongue-shaped spreite to isolated curved burrows

(after Bromlev and Asgaard 1979, p. 59).

Fuersichnus douroensis sp. nov.

Plate 12, figs: 1,2,4,5

Etymology. From the Douro Formation, in which this ichnofessil

is abundant.

o

Material. Approximately 200 of the several thousand observed
specimens were collected. The holotype (GSC 64033) was col-
lected from strata 14.7-17.1 m above the'baée of +the Douro
Formation along the side of an unnamed creek 3 km south of Twd
Rivers Bay, Somerset Island (Text-fig. lB,locaiity D) .

a—

Diagnosis. Fuersichnus exhibiting a well—devéloped. predomin-

antly heorizontal spreite. ‘
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Description. In plan view, the ichnofeassils are oval to cres-

‘centic structures 39-112 mm (average 85 mm) long and 11-61 mm
(average 35 mm) wide. Although commonly occurring in profusion
on bedding surfaces, the burrows are predominantly isolated.
Fan-shaped or r;dial patﬁerns are rare, and may be fortuitéus
as no central connecting burroﬁ was observed. Specimens
exhibit slightly to markedly curved ridges representing a trun=
cated spreite; the final burrow is commonly preserve& as a
smooth-walled, évlindrical, curved to J-shaped tﬁEe 6—11 mm 1in
'diaméter. In transverse seétion, most specimens appear as a
single subhorizontal spreite; specimens less commonly exhibit
two or threé stacked subhorizontaf spreiten, or a spreite

oriented slightly to markedly oblique to stratification

(locally subvertical).

Preservation. Diagenetic - full relief (selectiveé dolomitization)

Toponomic - full relief, convex hyvporelief.

1

Comparisons. Fuersichnus comprises a continuous series from

well-developed horizontal spreiten-burrows to isolated curved

burrows. F. douroensis is the most highly developed member of

t
this continuum. In plan view, it resembles the most highly

-

developed specimeng F. communis, but differs in being com-

posed of true retrusiy, spreite rather than a spreite-like
- Vo
pattern of closely packed burrows. In addition, specimens of
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F. dourcensis are 2-3 times as long as épecimens of F. communis.
Very highly developed specimens of F. douroensis resemble

Rhizocorallium Zenker, but exhibit a bow- to J-shaped tube

rather than the U-shaped tube with parallel arms diagnostic of

Rhizocorallium. Specimens which exhibit possible fan-shaped

and radial patterns are reminiscent of Asterosoma von Otto,
but Asterosoma 1is most commonly composed of concentric lam-
ellae packed about and below a horizontal tube whéreas F.
douroensis is composed of retrusive spreite. In addition F.
dourcensis comprises both oval and crescentic specimens,
unlike Asterosoma which exhibits exclusively oval lobes. The
absence of minor lamellae in the spreite (cf. Simpson 1970}
and the ‘rare occurrence of subvertical spreiten serve to

distinguish F. dourocensis from Zoophycos.

Remarks. The formation of a regular pattern of horizontal

spreite suggests that the originator of Fuersichnus dourocensis

svstematically mined nutrient-rich layers of the sediment for
food. Tubes are smooth-walled and cvylindrical, suggesting a

“vermiform originator. Fuersichnus communis was described

from Triassic lacustrine deposits (Bromley and Asgaard 1979,
pp. 76-77), whereas F. douroensis occurs in shallow subtidal

limestones of Silurian age.
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GORDIA Emmons, 1844

Type species. Gordia marina Emmons, 1844, p.. 24, bv monotypy.
- T

Diagnosis. Long, slender, smooth, loosely meandering traces
with numerous level-crossings (after Ksiqékiewicz11977,

p. 155).

Gordia sp.

Plate 12, fig. 9

Description. -The émooth,.horizontal burrows are strongly
curved, commonl? overcrossing. Burrow diameter is uniform,
and ranges from 0.8 . to 1.4 mm in different specimens. Maxi-
mum observed length was 125 mm.

Preservation. Toponomic - full relief, convex hyporelief.

Remarks. Gordia was regarded as the senior synonym of several

similar genera by Hantzschel (1975, p. W64), but the range of
variation of the different species of Gordia remains uncertain.
Gordia probably represents the feeding trace of a vermifornm
organism, and has been reported from a variety of marine environ-

ments (Chamberlain 1977, o. 12).
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HELICODROMITES Berger, 1957

Type species. Helicodromites mobilis Berger, 1957, p. 540,
r

by monotypy.K
Diagnosis. Smooth, straight to slightly sinuous helical bur-
rows 1-10 mm in diameter; axis of helix parallel to stratifi-

cation; individual coils not in contact.

Helicodromites mobilis Berger, 1957 '

Plate 12, fig. 3

Diagnosis.. Unbranched Helicodromites with burrow diameter .
_*jL.___d, ,

1-3 mm; distance between coils much greater than byrrow diameter.

Description. Two specimens of the unbranched, helicallv-coiled,

smooth-walléd burrows were collected. Helices are dextrally
coiled, with axes straight and parallel to stratification; the
distan;e between coils is 3-4 times burrow diameter. The
smaller specimen has a burrow diameter of 1.5 mm and a coil

diameter of 4 mm, and in the larger specimen the measurements

are 3 mm and 8 mm respectively.

Preservation. Toponomic - convex hyporelief, full relief.

-
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Helicodromites arctatus sp. nov.

Plate 12, fig.. 6

Etymologyv. Latin ‘'arctatus’', compfessed: referring to the

very tight coil of the helix.

Material. Five specimens from the Douro Formation of Somerset
.and Prince of Wales Islands and the Leopold Formation of
Somerset Isldnd. Holotype (GSC €64039) collected from strata
255-266 m above the base of the Douro Formation, from crags
aiong the side of an unnamed gorge 6.5 km south of Savage
Point, Prince of Wales Island (Téxt-fig. 19, locality k). '

» -

Diagnosis. Branched and unbfanched Helicodromites with burrow

diameter 4-10 mm; .distance between coils less than or¢egual to

burrow width.

Description. The burrows are helicallv-coiled, smooth-walled

cvlinders with a diameter of 4—7l5 mm and distance between
coils of 50-100% of this value; coil diameter is 10-16 mm.

The axes of the helices are straight to sinuous and are para-
llel to stratification; Ehe helices are either sinistrally or
dextrally coiled and the direction of coiling changes from the

main burrow to the branches. Two specimens are branched.
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Preservation. Toponomic ~ convex hyporelief, concave epire;ief,‘

full relief. .

- e ~

Comparisons. Helicodromites has a,greater burrow diamater than

eithéi,Helicorh@Ehe Ksiazkiéwicz or Helicolithus Azpietia-Moros,

- +

" and further differs from the former bv the separation between

the coils and from the latter by the absence of first-order

'regular meanders. - In Helicblithus, the direction of coiling

-

Ltbanges at each of the first order meanders (Seilacher 1977a,

-~

Y

p. 306}, similar to the change in the direction of coiling

from the main burrow to the branches in Helicodromites arctatus.

Specimens of Helicodromites mobilis in this study are

similar to the holotype in respect to burrow diameter and dis-.
tance between coils, but have a smaller coil diameter and )
exhibit dextral rather than sinistral coiling. However, as the
tyvpe species 1s represented by only a single specimen from a
well core (Berger 1957), the range of véfiation of H. mobilis
is unknown. Furthermore, the presence of both sinistral and

dextral éggling in H. arctatus and in species of Helicolithus

and Gvrolithes de Saporta suggests that direction of coliling
may be unreliable as a species indicator.

H, arctatus differs from H. mobilis in three major res-

‘-.o.l" -

pects. The distance between coils is less than or equal -to
burrow diameter in H. arctatus, whereas in H. mobilis it is
much ‘greater than burrow diameter. The burrow diameter of H.

-

-
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-arctatus is about three times greafer_than'that of the geno~
‘type. In addition, H. arctafus commonly exhibits brénqhingﬁ

a feature not noted in H. mobilis.

Remarks. Horizontal helical burrows 51m11ar in size to

Heiicodromltes have been renorted in Recent sediments from two

environments. Hertweck and Reineck (1966, pﬂ 434) , Reineck et
al. (1967, pp. 242—243) and Hergweck (1922, p. 135) reported
- horizontal helical tubes which form ‘the bases of large,
irregular, U-shaped burrbws constrﬁcted by the capit%klid
polychaete Notomastus. The burrows were formed in upper and
lo#ér offshore sediments by both suspension and depoéit feeders
(Hertweck 1975, p. 486) . "Miller (1971) observed horizontal

helical burrows in aeclian sand dunes, and suggested that these

were also constructed by worms. The specimens of Helicodromites

in this studv exhibit complex branchbing patterns and apparently
iack vertical segments, and hénce-weré probably constructed by
deposit feeding worms. - Specimens were cbserved in strata
deposited under intertidal and Qubtidal shelf conditions.-

-

LAEVICYCLUS Quensted:t, 1879

——

Tyvpe species. (Cvclozoon philippi Wurm, 1912, p. 127,

subseqguent designation of Alpert and Moore 1875, p. 229.
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Diagnosis. Vertical?“cylindrical burrow; with circular mark-
ings concentric with the burrow on upper bedding surface

{after Alpert and Moore 1975, p. 229).

Laevicvclus sp.

Plate 13, fig. 5

Descripticn. The single specimen appears in epirelief as a

central circular depression 3 mm in diameter surrounded by

several concentric circles. Radial grooves 1.5-3 mm in
diaﬁeter are aléo locally visiblé, particularly towards the
edges of the specimen. The total diameter of the ichno-
fossil is 152 mm. The central depreséion continues through

the rock as a subvertical cvlindrical burrow at least 23 mm

deep.

Preservation. . Toponomic - full relief.

Remarks. The specimen occurs in a 1 mm thick layer of calcareous
shale deposited in a‘trough surrounded by intefference ripple-
marks. Sectidning suggests that the radial grooves are strictly
a surface feature and do not continue down in the underlying
calcarenite. The position of a horizontal tube cﬁtting the

ichnofossil is suggestive of possible relationship between the

.l)‘
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two (see also Osgood-1970, pl. 71, fig. 3), but this is not
supported by the fact that its diameter is 3-5 times that of

the central vertical burrow. The specimen of Laevicycius in

this study is considerably larger than any previously reported,

but is within the size range of Palaeoscia floweri Caster,

1942 which was later gquestionably referred to Laevicvclus by

Alpert and Moore (1975).

Seilacher (1955, p. 389) compared Laevicvclus with the

traces produced by the recent polvchaete Scoclecolepis

squamata Sdderstrdm. This worm lives in a vertical cvlindrical
burrow and gleans food from the substrate by rotating its.
tentackes in a circular pattern along the sediment-water inter-

face. Laevicyclus is most common in shallow marine seguences

(Frey 1970, ©. 34), but has been reported in flvsch deposits

as well (Chamberlain and Basan 1978, p. 56).

LAMINITES Ghent and Henderson, 1966

Type species. Laminites kaitiensis Ghent and Henderson,

1366, p. 158, by original designation.

Diagnosié. Horizontal, unbranched, subecvlindrical burrows
~ 2-15 cm in diameter, interrally composed of transverse concave

lamellae representing a back—-£fill structure. .

-
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Laminites kaitiensis Ghent and Henderson, 1966

Plate 13, fig. 1; ?fig. 2

Diagnosis. As for genus.

Description. The burrows are horizontal, unbranched, gently

A}

to markedlyvy sinuous with numerous transverse concave lamellae
1-10 mm apart. The spaéing of the lamellae is constant within
any individual, and does not vary regularly with diameter.
Burrow cross-section is lenticular, with diameters 20-52 mm

(average 31 mm). Maximum observed length was 220 mm.

Preservation. Fecal stuffing - full relief.

Comparisons. Laminites is similar in some respects to Beacon-

ites vialov 1962 and Séglicia de Quatrefages 1849, and has
been fariously feferréd to these ichnogenera. The monotypic
ichnogenus Beaconites, first described from a field photograph
of a slab of the Devonian Beacon Sandstone of Antarctica, was
diagnosed aé "Cvlindrical hollow tubes (or semicvlindrical
grooves), diameter up to 1.5 ¢m, straight or bent, with ‘septae

of the same thickness as the length of adjacent hollow portions

of the tubes. ™ (Vialov 1962, p. 728). Webbv (1968) recognized

T
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two genera of septate burrows in the Beacon Sandstone, and
referred only the smaller form (4-6 mm in diameter) to
Beaconites. Gevers et al. (1971) also recognized the two

forms, and believed that their "narrow form" (4-15 mm in

diameter) was very similar to the specimens of Beaconites

antarcticus in Vialov's (1962, fig. 9) photograph. Although

thev hesitantly referred the "giant form" (27-103 mm in -

diameter) to B. antarcticus as well, Gevers et El' (1971,

p. 85) stated that "...the giant forms are so strikingly
different in 'septal' shape and structure that a nomenclatural
distinction seems justified."” Hantzschel (1975, p. W45,

fig. 28, 1) further complicated the probleﬁ by describing

and figuring .the "giant form" of Gevers et al. (1%71) as
Beaconites, which he regarded as a possible senior synonym of
Laminites. However this creates a nomenclatural problem, as
Hintzschel's diagnosis of Beaconites excludes the holotype:
Tﬁﬁgﬁissent author agrees with Hantzschel that the "giant
form" is probably synonymous with Laminites, but would res-
trict Beaconites to the "narrow form" of Gevérs ggﬁil. (L1971 .
This definition corresponds most closely with Vialov's (1962)
original diagnosis, and Webby's (1968) subseguent usage of

the name "Beaconites".

Gregory (1969) recognized a complete transition between

tvpical Laminites and forms with a medium longitud{sal gap

in the transverse lamellae, a feature typical of Scolicia de
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Qﬁatrefages. Laminites_is-an infaunal burrow (Gheﬁt and
Henderson 1%66), and thus canno£ be_classified aé a true
synonvm of Scolicia s.s. which represents a surface trail
(Hintzschel 1975). Nevertheless, the features described by
Gregory (1969) suggest that Laminites should be included in
the "Scolicia group", whicﬁ comprises several ichnogenera

of highly variable burrows and trails generally attributed

to gastropods (Hantzschel 1962, p. 215).

Remarks. Laminites represents the feeding burrow of a holo-

thurian (Ghent and Eenderscn 1966}, annelid or gastrecpod
(Gregory 1962), or echinoid (Ward and Lewis 1975) . Laminites
is eurvbathic, occurring in marginal marine (We?by 1968;
Gevers et al. 1971) and flysch seqguences (Ghent and Henderson

196€6; Gregorv 1969).
MARGARITICHNUS Bandel, 1973

nom. subst. pro Cvlindrichnus Bandel, 1967, p. 6, non-

Cvlindrichnus Toqts 32 Howard 1966, p. 45.

Tvpe species. Cylindrichnus reptilis Bandel, 1967, p. 6,

by original designation.
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Diagnosis. Ball-like structures 15-30 mm in diameter; -

P
.

originally spherical; commonly arranged like string of pearls;
rarely connected by ridges which show crescentic transverse

grooves (after Hantzschel 1975, p. W82).

-

Margaritichnus? sp.

Plate 13, fig. 4

Description. Each specimen consists of a sinuous, uniserial

string of hemispherical bodies, each sphere in contact with
the preceding and following one. Two specimens were collec-
ted: one consists of six hemispheres 23 mm in diémeter; the
other consists of thirteen hemispheres 12-14 mm in diaméter.

Sectioning one hemisphere did not reveal any internal structure.

Preservation. Toponomic - convex hyporelief.

Remarks. Due to their preservation in convex hyporelief, it
is impossible to determine whether the individual bodies were
originally hemispherical cr spherical. For this reason, they

are onlyv questionably referred to Margaritichnus, as this

genus is restricted to "originally spherical" bodies (Bandel

1967, p. 6; Hantzschel 1975, p. W82).
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Bandel regarded Margaritichnus as a string of spherica;\
fecal pellets. Hakes (1976, p. 30) observed evidence of
vertical movement and local impingement of spheres in topo-

tvypic material, and concluded that Margaritichnus was formed

"...by chance settlings of anemone-like organisms next to

each other or in successive positions in the sediment".

..However Hakes' explanation does not readily account for the

uniserial tangential contact of up to 13 spheres, the local
connection of spheres by ridges exhibiting crescentic trans-
verse grooves, oﬁkthe comﬁon uniformity of size of spheres
in a string. Puréhermore, although several genera of hemi-

spherical to cyvlindrical anemone burrows are known (e.g.

Bergaueria, Kulindrichnus), it is difficult to imagine how
an anemone ccould construct a truly spherical resting burrow.

It is more likely that Margaritichnus represents a series of

spherical excavations produced by an infaunal feeding or

grazing organism.

MONOMORPHICHNUS Crimes, 1970a

Type species. Monomorphichnus bilinearis Crimes, 1970z,

p. 57, by monotypy.
Diagnosis. A series of straight or slightly sigmoidal ridges
sometimes repeated laterally; inferred to have been produced

by a number of clawed limbs (after Crimes 1970a, p. 57).

——
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Monomorphichnus bilinearis Crimes, 1970a, p. 57

- i -
Plate 15, fig. 12 ;

Diagnosis. Monomorphichnus in which the ridges are grouped.

in pairs (after Crimes 1970a).

Description. Four specimens were collected. Each consists of
5~9 pairs of parallel straight ridges 12-30 mm long; the
ridges in each pair are approximately equally developed.

Associated tool marks indicate that the ridges were formed at

o
angles 10-70 from the paleccurrent direction.

Preservation. Toponomic - convex hyporelief.

Remarks. Crimes (197Ca) regarded Monomorphichnus as the trace

of & swimming trilobite which periodically raked the sediment

with its endopodite claws. Moromorphichnus resembles a number

of inorganic sedimentary structures, principally brush marks
and graptolite drag marks. Although no single feature is
conclusive, common orientation at an angle to paleccurrent
indicatprs, local occurrence in units lacking current indi-
cators, association with confirmed trilobite ?race-fossils

(Rusophycus and Petalichnus) and consistent occurrence 'of

e - . - .
bifid ridges are considered to be evidence for an organic

origin of the specimens in this study.

LY
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The specimens in this study were probably produced by
a medium-sized trilobite'w;th nine or more body segments
and with two claws at the‘énd of each leg. Trilobite
traces are typical.of the sﬁa}low subtidal Cruziana ichno-

facies (Seilacher 1964).

PALAEOPHYCUS Hall, 1847

-

Tvpe species. Palaeophvcus -tubulare Hall, 1847, p. 7,

subsequent designation of Bassler, 1915, o. 939.

-

Diagnosis. Unbranched to irregularly branched, straight to
slightly curved, horizontal to slightly inclined burrows
3-20 mm in diameter; interpreted as originally open burrow

systems.

Palaeophvcus sp.

Plate 14, figs. 1,2,5,7.,8

Description. The smooth, horizontal, cylindrical burrows

are 4-9 mm (average 5.5 mm) in diameter and up to 300 mm in
length. Most specimens are irregularly branched. Burrow
fill is structureless, and can be either similar or dis-

similar to the host lithology.

_/\
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Preservation. Toponomic - full relief, convex hyporelief

Diagenetic - full relief (selective dolomiti~

zation, selective cementation).

.-

Remarks. The distinction between the morphélogically simple

burrows Palaeophvcus and Planolites Nicholson, 1873 has

~

. h
been a mattergsf some controversy. In a recent review,

Alpert (1975) suggested that Planolites and Palaeophvcus

be distinguished by the presence of true branching in the
latter. However, this is problematic, as extreme crowding
can make it difficult to detefmine whether true branching
is present .and short sections of branched burrows commonly
appear unbranched. Moreover, Alpert's distinction is rot

based on characters evident in the tvpe specimens; in

fact, several of Hall's syntypes of Palaeophvcus tubulare

do not exhibit branching.
Osgood (1970, pp. 375-376) also reviewed this problem
and noted that Planolites was originally restricted to L

actively-filled burrows whereas the type specimens of

Palaeophvcus show evidence of passive fill. He suggested
that the two genera could be distinguished thfough a com-
parison of.ﬁhe lithologies of the burrow fill and host
rock: Planclites exhibits a mgrked difference whereas

Palaeophvcus does not. However this distinction is not

always practical (Hakes 1976, p. 32). In the present study,
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burrow £ill comﬁanly varied from calcilutite or calcisiltite
(similar to the host rock) to sparite ({(dissimilar to host
rock} along the length of a single burrow, and there are

numerous examples of a geopetal calcilutite/sparite fill

(Pl. 14, fig. 7). ¥strict application of Osgood's diagnosis

in these cases would necessitate a change in nomenclature
along the length of the burrow, or even from bottom to top.
Selective ddlomiﬁization of burrow fills further restricts
the usefu;ness of this distinction. However the original
intent of Osgood's distinction, active versus passive fiil,
reflects‘a major ethologic distinction which is probably of
generic significance. ) ‘

The presencé of void-filling spar inlmany of the burrows
(Pl. 14, figs. 7,8) indicates thaé they were originally open
Eurrow systems. Burrows filled predominantly with calcilu-
tite or calcisiltite‘commonly exhibit;é.thié'channel of
sparite at the top of the burrow (Pl. 14, figs. 2,5);

r

Seilacher (1968, p. 200) suggested that similar structures

in Thalassinoides Ehrenberg represent f£ill channels on the

crests of passively infilled open burrow systems. Specimens

of Palaeophvcus are commonly surrounded by micro-tecteonic

fractures (Pl. 14, figs. 7,8), suggesting that thev were con-

structed by forcible penetration of sediment.
O

{ 5



Fucusopsis Palibin occurs as hemicylindrical, unbranched

to irregularly branched sole ridges covered with discontinuous

lonéitudinal striae. Osgood (1970, pp. 300-381) regarded

" Fucusopsis sulcatum {Miller and Dver) as a Palaeophvcus-like

surrow constructed just above an’ interface, the forcible
penetration of sediment causing Iongitudiﬁal tensional

microfaults in the basal laminae of the bed. The present
study supports this hypothesis. In one soecimen (P1l. 14,

fig. 1) part of the microfaulted silt laver has flaked off,

revealing a Palaeovhvcus burrow beneath; in another example,

2 specimen of Fucusopsis sulcatum passes laterally into a

branched Palaeophvcus. These occurrences suggest that’

Fucusopsis sulcatum is a preservational variant of Palaeo-

phvcus and shoulé not be regarded as a distinct species.

More than 50 species of Palaeophvcus have been named,

most of them based on relativelv minor differences in mor-
phology or preservation. Monographic study of this genus’
1s necessary before meaningful specific names can be applied.

A number of authors (e.g. Osgood 1970, p. 376} have com-

pared Palaecophvcus to the burrow of Glvcera. This oredaceous

polvchaete canstructs a two-part burrow, with-a central tube
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that serves asADermanent dwelling and a number of temoorarv

. foraglng offshoots (Frev and Howard 1972, p. 17%); burrows

are const*ucted by forc1ble penetration of sedlment (Ockelmann’
and Vahl 1970). However the .burrows. of lecera are pre-

dominantly obligue, whereas most Paleozoic specimens of

Palaeophvcus are strictly horizontal. In view of its
simplicity, broad environmental tolerance, and long time

rangé,'it is probable that Palaeophvcus could have been

constructed by @wwide'variety of crganisms (Osgood 19870} .

'.Palaeqphfcus represents a dwelling (Frey and Chowns 1972,

d

‘p. 32) or crawlingﬁ(bégood 1970) trace.

-~

PETALICENUS Miller, 1880

Tvee species. Petalichnus multipartitus Miller, 1880,

p. 222, by monqtvnv

----- s st

Diagnosis. Trail, 1-3 cm wide, consisting of twe parallel
series of single or bifid imprints. Imprints elongate

obliguely to trail axis; ©9-12 imprints per set . (after Osgood
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1970, p. 362 and Hantzshel 1975, p. WS.l).

-

Petalichnus sp.

Plate 14, fig. S

.

Description. Seven specimens were collected. The trails are

-

15-24 mm wide ‘(average 18 mm)} and consist of two parallel
series of bifid imprints elongéte at an angle of 55-85 degrees
‘from~thé trail axis. -Due to the éiscontinuous nature 6f the
trails, it was not possible to determine- the number of imprints

per set. - e

"

e

‘Preservation. Topornomic - convex hyporelief.

-
~ .

Remarks. Following Seilacher (1955, pp- 342-343) most authors

have referred these relatively simple trails to Diplichnites

Dawson, 1873. However Osgood (1970, p. 352) and Briggs et al.

(1979, op. 288-289) noted that Diplichnites differs from these

trails in size, environment and presumed originator, and sug-

gested that Diplichnites be restricted to Dawscn's original usage.




Petalichnus was probably produced bv a medium-sized

trilobite walking straight ahead (Osgood 1970, p. 355); the
- direction of movement is inferred to have been opposite to

the direction of convergence of the pairs of imprints
o :

(Seilacher 1955, pp. 342-346). The-bifid imprints suggest

-\\

that the trilobite had two claws on each‘?bot{‘ Trilobite

tracks are tvpical of the shallow marine Cruzia;;\Ythpracies

T

(Sediacher 1964). ' T

PHYCODES Richter, 1830

Tvpe species. Phvcodes circinnatus Richter, 1853, p. 20,

by subseguent mcnotypy (see Magdefrau 1934, p. 260).

Diagnosis. Bundled structures of flabellate or broom-like
pattern, consisting of horizontal tunnels; proximal part_og
main tunnels unbranched, distal tunnels divide at acute angles
into several free cylindrical tunnels; main branches may show

structure similar to retrusive spreiten (after Hantzschel

1975, p. W93).

Phycodes palfmatum (Hall), 1852)

Plate 13, figs. 3,6 _

—
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Diagnosis. Phyvcodes exhibiting few branches arranged in a

palmate pattern. . -
- ) -

Description. Specimens exhibit four or five cvlindrical tubes

which branch- from a main shaft ir a palmate pattern, then pass
upwards irnto the overliving bed. The main shaft is 5-8 mm in
diameter, ané the seéondary branches are 4-6 mm in diameter.
The mair burrow and proximal parts of the secondary branches

exhibit retrusive spreite.

Preservation. Toponomic - full relief, convex hyporelief.

Remarks. The figured g?ecimens closelv resemble Hall's {1852)

three svntvpes of Buthotrephis palmata, subsequently referred

to Phvcodes by Seilacher (1955, %' 383). Phvcodes rewresents
the feeding trace of a vermiform organism (Seilacher 1955;

Hantzschel 1975). Phvcodes has been previously reported only
from the shallow marine Cruziana ichnofacies (Seilacher 1964),

although Gregory (1969) described a possible occurrence from a

Miocene flysch.

x

POLARICHNUS Narbonne 55 Narbonne et al., 197¢

m

Type species. Polarichnus garnierensis Narbonne in Narbeonne

et al., 1979, p. 133, by monotypy.
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Diagnqsis. Vertical, U-shaped bur;yw 1-15 cm in length,
burrow cross-section subrectangular ﬁo elliptical. Appearihg
in epirelief as a raised rectangular zone of disturbed sedi-
ment exhibiting numerous gently curved transverse ridges.

concave towards the centre of the structure (after Narbonne

et al. 1979, pp. 133-134).

Polarichnus garnierensis Narbonne in Narbonne et al., 197¢

Plate 14, fig. 3

Diagnosis. As for genus.

- ‘\.

Description and Remarks. Polarichnus was discussed in detail
by Narbohne et al. (1979) who based thei:“%tudy largely on
material from the Cape Storm and Leopold Formations of Somerset

¢ .

and Cornw slands. This description will not be repeated
ut one correction is necessary. Narbonne et g&. {1979) -
interpreted the concave ridges as microtectonic features,
formed during the construction of a dwelling trac; by forcible
penetration of sediment. However, some-specimens subsegquently
collected illustrate that, instead, the ridges are the edges 5f

E 3
spreiten exhibiting both major and minor lamellae; this would
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suggest that Polarichnus represents a feeding trace. Polar-

ichnus has, thus far, been reported only from Siluro-Devonian

boundary strata deposited in tidal flat environments (Narbonne

et 237 1979) .

\u/// RUSOPHYCUS Rall, 1852

-~

Tvpe species. Fucoides biloba Vanuxem, 1842, p. 72, by

original designation of Hall 1852, p. 23.

Diagnosis. Short bilobate buckle-like forms, resembling shape
of coffee beans; lobes transversely wrinkiled bv anterclater-
ally directed coarse or fine striae; with deep median furrow;
outline mostly elliptical (Hantzschel 1975, p. W101).

Rusophvecus pudicum Hall, 1852

- Plate 15, fig. 11

-

Diagnosis. Fairly deep Rusophvcus with irregular transverse
scratches and commonly with impressions of pleural spines and

genal angles (Seilacher 1970, p. 471).

+
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Description. Traces are bilobate wi;h forwardly expanding
lobes anéd a moderately developed median furrow. Transverse
striaé are poorly developed. Thrge specimens were collected:
the Douro specimens are 35 mm long and 15-19 mm wide; the

“

Leopold specimen is 12 mm iong and B mm wide.

Preservation. Toponomic - convex hyporelief, concave_ epirelief.

Remarks. The nomenclatural status of -Rusophvcus and its

relationship to Cruziana d4'Orbigny are subjects of consider-
able controversv. . This paper follows Osgood (1970),\Crimes
(1975), Hintzschel (1975) and Bergstrdm (1976) in retaining
Ruséﬁhycgi as a distiﬁct genﬁs. Althcugh some specimens may
have been feeding or dwelling traces, most were probably tri—o'
lobite resting traces (Seilacher 1970). Osgood's (1970,

Pl.'58,_figs. 4,5) figures of an Ordovician specimen of R.

pudicum with its preducer, Flexicalymene meeki Foerste,

preserved in place, have led most workers to stiggest a caly-
menid originator for El pudicum. Calymenids, however, have
not been reported from the Douro Formation on Somerset Island,

although encrinurids similar in size and shape to R. pudicum

are common. Rusophycus is tvpical of the shallcow marine

+

Cruziana ichnofacies (Seilacher 1964) .



- 198 -

SCALARITUBA Weller, 1899

Type species. Scalarituba missouriensis Weller, 1899,

P. 12, by monotypy.

Diagnosis. Precdominantly horizontal, subcylindrical, sinuous
to meandering burrows with fine, transverse curved scalariform

ridges;icommonly exhibiting lateral, hemispherical, -bioturbated

lobes. Lf,ff“\

X L
Scalarituba missouriensis Weller, 1899, p. 12
7

-

Plate 15, fig. 6

Diagnosis. As for genus.

Description. The horizontal, highlv sinuous tubes exhibit

ellipéic?& cross-sections. Where preserved in hvporelief, the
tubes aré flanked by lobes of bioturbated sediment arranged in
an oppoSite pattern. Burrow diameter is 2-12.mm, and the

diameter of the tubes is 1-5 mm.

Preservation. Fecal tube: Diagenetic - full relief (selec-

tive dolomitization)

Lateral lobes: Toponomic - convex hyporelief.

o~
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Remarks. Seilacher and Meischner (1965, p. 615) pointed out

similarities between Scalarituba Weller (fecal tube with

transverse scalariform ridges commeq&y surroungded by a bio-
turbate halo), Nereites Macleay (fecal tube with transverse
scalariform ridges with lateral bioturbate lobes) and ’

Neonereites Seilacher (bioturbate lobes without a central

fecal tube), which they regérded as preservational variants.

Chamberlain (197la, pp. 228-229) regarded Neonereites as a

junior .synonvm of Scalarituba, and restricted Nereites to

forms in which subsequent meanders were in contact with each
other. In contrast, Hantzschel (1975) and Hakes (1976) pre-

ferred to retain Scalarituba and Neonereites as separate

genera. In the present study. fecal tubes were preserved
through selective dolomitization‘and thus occur both within
beds and at interfaces, whereas the lateral lobes are preserved
through toponomic processes aq? thus occur only at interfaces.
It would be inconsistent to iden?ify specimens within a bed

-
. . . | . .
as Scalarituba, while simultaneously regarding the specimens
1 - N

on its sole as Neonereites. Chamberlain’'s (197la) suggestion

that Neonereites is a junior synonym of Scalarituba is there-

fore adopted in this paper.

The mode of formation of Scalarituba was discussed in

detail by Chamberlain (1971la). Scalarituba represents the
feeding or grazing trace of a vermiform organism {(Chamberlain

1971a; Hakes 1976). Specimens in the present study are highly
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sinuous and do not cross-over, and hence are probably grazing
traces {pascichnia). - Selective dolomitization of the fecal
tube has obliterated most of the scalariform ridges; as a

result the specimens resemble the "fecal ribbon form of

Scalarituba" described by Chamberlain and Clark (1973, b. 678) .

Scalarituba is eurvbathic (Seilacher 1964), but is

especially common In offshore and slope deposits (e.g.
Chamberlain 1971b). Specimens in the basin slope deposits ovér-
lving the Dourc Formation on Cornwallis Island average 10 mm in
width, with the fecal tube 4-5 mm in width. Tﬂe uppermost 10 m
of this succession represents a transition into subtidal shelf

deposits; Scalarituba is less common in these strata, and 1is

represented by specimens 2-4 mm wide with a fecal tube 1 mm in
diameter. This supports the suggestion by Martintsch and

Finks (1978), that specimens of Scalarituba formed under

unfavourable environmental conditions tend to be smaller than

rhose formed in an optimum environment.

SKOLITHOS Haldeman, 1840

P

Type species. Fucoides? linearis Haldeman, 1840, p. 3,

by monotypy.-

Diagnosis. Single, unbranched, vertical to gently inclined,

cylindrical to subcvlindrical burrow; 1-15 mm in diameter.
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Skolithos verticalis (Hall), 1843

* Plate 15, fig. S

'Diagnosis. Burrows cylindrical to. prismatic (where in contact),
‘; .

straight to curved, vertical to inclined. Diameter 1 to 4 mm,

length 2 to 15 em. Burrow wall smooth, rarely corrugated

(Alpert 1974, p. 664). . ) .

,/_

. !
Description. The burrows are straight to slightly curved un-

branched cglihders oriented 0-30° from vertical. '~ Burrow aia~
meter is 2-4 mm and the maximum observed depth was 30 mm. The
walls are smooth and most are unlined; 'pyritic films on the
walls of several burrows may represent_éiagenetic alterations-
of original mucus linings.  Burrows are most commonly isolated,
but densities of approximately 150/100 cmz_occur rarely in
strata deposited under intertidal, subtidal shelf and basin

slope conditions.

Preservation.. Tovonomic ~ full relief

Piagenetic - full relief (selective cementation;

-— rarely selective dolomitization and

selective pyritization).



- 202 -

Remarks. The taxonomy of Skolithos has recently been reviewed

by Alpert (1974) who recognized five distinct species and

N

laﬁer-(lQ?S) proposed a sixth. Skolithos probably represents

thé\grfiling burrows of filter feeders, possibly annelids

{Richter 1921) or phoronids (Fenton and Fenton 1934).

Seilacher (1967) established the Skolithos facies as the

shallowest marine ichnofacies in his bathymetric zonation.
Altﬁough isolated specimens of Sko}ithos have been reported
from.neritic, bathyal and even abyssaf:environments {e.g.
Crimes 1977, Table 4; Ekdale and Berger 1978), occurrences

of deeply dug, closely crowded spécimens ("pipe-rock")} have

thus far only been reported from nearshore environments.
. SYNCOPRULUS Richter and Richter, 19392

Type species. Syncoprulus gharméceus Richter and Richter,

193%a, p. 164, by monotypy.
3

H

Diagnosis. Simple, unbranched or branched, tubular burrows

filled with fecal pellets.

Svncoprulus aff. pharmaceus Richter and Richter, 193%a

Plate 11, fig. 1

N

“8

q
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Description. ‘Nine sﬁecimens'wére collected. The horizontal;
sinuous burrows rarely exhibit branchinq. Burrows are ellip-
tical in transverse section, and fange from 9-16 (average
11.5) mm in diame;er; the maximum observed length was 170 mm.
Burrows are fiiled with subspherical to elliétical pellets

- 2-3 mm long and 1-2 mm wide.

4.

Preservation. Fecal packing - full relief. A

Remarks. Despite several recent attempts.at clarification,
the taxonomy of pellet-filled burrows remains confused. One
major guestion i; whether the pellets and burrows should be
named separately or grouped under the same name. Article
24b(i) of the .Internatisnal Code of Zoological Nomenclature
states: "The Law of Priofity aprlies when anv part of an
animal is named before the whole animal". This regulation
is clearly applicable where a name is apPliéd to a £rilobite
pygidiﬁm before a whele specimen is diiﬁgﬁered, but is of

questionable applicability in the case of fecal pellets and

. [
pellet-filled burrows.. The same’kypé of pellet commenly
occurs boég’as isolated individuals and in a variety of

burrow-tvpes (e.g. elliptical pellets occur in Svncoprulus,

Quebecichnus, and some species of Chondrites and Granularia),

and different tvpes of pellets commonly occur in otherwise
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similar burrow-types. Moreover, pellets can filter into oéen
burrows (Simpson 1957), where they may be mistaken.for the
belléts of the bﬁfrowinEQQrganism.. For these reasons, it is
probably best to regard coprolites as s;parate from trace
fossils (cf. ééntzschel'l975, P. W139).

Simple pellet-filled burrows have heen referred to

Alcvonidiopsis Maséalongo, 1856 wand- Svyncoprulus

Richter and Richter, 193%9a by various authors.

Aléyonidiopsis is the earliest named pellet-filled burrow

(Chamberlain 1977, p- 7). However this name apparently was
not used during the sixty-three vears preceding 1955, and

hence should be considered a nomen oblitum (International

Code of Zoological Nomenclature, Article 23b). It is there-
fore unavailable; and is not to be used unléss the
International Commission on Zoologica; Nomenclature so
directs. Tomaculum Groom is a commonly cited name which was
first applied to strings of cvlindroidal to elliptical péllets
of unknown origin. Groom's (1902, p. lZ?—lZBLeriginal des-
é;iption is somewhat vague, bu£ it is probable that he
intended the name to refer to the individualfpeliets rather
than the bufrows (Hofmann 1972, p. 194). Richter and Richter
(193%92) also described burrows filled with cvlindroidal QS‘\

elliptical fecal péllets, naming the pellets Coprulus and the

burrows Syncoprulus. Theyv later (1939b) regarded Syncoprulus

as a subjective Jjunior synonvm of Tomaculum, but Hofmann (1972)

—

N
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has pointed out that Coprulus, rather than Syncoprulus;

should -have been rejected as the synonym.
# From the foregoing discussion, it would appear that

Svncoprulus Richter and Richter, i93§alis probably the oldest

available name for simple, pellet-filled burrows. The speci-.

-~

mens in this studv are similar in size to the genotype, S.

pharmaceus, but differ in the presence of rare branches. The

5

r

pellets are slightly less elliptical than fhose commonly

[l

referred to Tomaculum.

Svncoprulus probably represents the feeding tracé of a

polvchaete (Chamberlain 1977).

4

TEICHICHNUS Seilacher, 1955

Tvoe sgzgges. Teichichnus'rectus Seilacher, 1955, p. 378,

~

by monotvpy.

Diagnosié. Long, wall-like spreite-burrow, formed by vertical

displacement of horizontal or obligue tubes {after Fursich

%

1974b, p. -40).

Teichichnus rectus Seilacher, 1955

rplate 14, figs. 4,6

V4

o
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DiagnosisL' Simple, straight or sinuous Teichichrus (Firsich

1974b, p. 40).

- - : - . ! .“'
Description. Two distinet size groupings are present. The

sméller one‘comprises stfaight to slightly sinuous burrows
3-6 mm (average 4 mm) wide,‘up Eo 55 mm long and up to 14 mm
high. Tﬁe larger form comprises straight to irregulaflf
sinuou§ burrows 9-15 mm (average 12.5 mm) wide and up to

400 mm long and 25 mm high. Both forms exhibit a retrusive
or protrusive spreite, b; a wall of dolomitizediseaiment;

the septa are parallel to stratification.

Preservation. Toporniomic =~ full relief

Diagenetic - full relief (selective dolomitization}

Remarks. Teichichnus was probably produced by an organism

systematically mining the sediment for food by the vertical

displacement of a subhorizontal burrow. Teichichnus ocecurs

throughout a broad range of environments (Chamberlain 1978b,
fig. 131).

r

UCHIRITES Macostay, 1967

}
Type species. Uchirites triangularis Macostav, 1967, p. 38,

,

by monotvpy. -

-
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Diagrosis (emend.). Unbranched or branched burrows 1-15 mm_ih

. . . 1 . . . it
diameter; covered with numercus fine striae crossing exterior

surface obliguely and converging near lower and upper crests

of burrows;

occurring on bedding surfaces as ridges with tri-

angular, subtriangular or bilobate transverse sections.

Uchirites lenadumbratus (Chamberlain);ll97la o

1970

v1i970

v*1971a

1871b

1975

v1977

1977

1978a

1978

Plate 12, fig. 10; Plate 15, fig. 2

Gvrochorte ichnosp. a; Ksigzkiewicz, p. 288;
pl. 1, figs. al, a2.

Cruziana?; Rodriguez and Gutschick, pl. 9, fig. d;
pl. 10, fig. b-.

Sustergichnus lenadumbratus Chamberlain,.p. 231;

pl. 31, figs. 8,11.

Susterqgichnus; Chamberlain, text-fig. 6, 35

Sustergichnus lenadumbratus Chamberlain;

Hintzschel, p. W1l2; figs. 68a,b.
Cruziana?; Gutschick and Rodriguez, text-fig. 3a;
pl. 1, fig. h.

Gyrochorte burtani Ksiazkiewicz, pp. 113-114;

pl. 11, figs. 1-5; text-fig. 19.

Sustergichnus; Chamberlain, text-figs. 2.20, 4.25.

Sustergichnus; Chamberlain and Basan, text-figs.

7,8,10,11
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Diagnosis. Unbranched Uchirites occurring ,on bedding surfaces
as ridges triangular to bilobate in transverse section; with
smooth-walled inner core circular to almond-shaped in trans-

verse section.

Description. The unbranched, straight %o gently curved

burrows occur as hypichnial ridges 1.5-8 (average 5.8) mm
wide and‘up to 110 mm long. Ridges axe triangular to bi-
lobate in transverse section; ridge crests most commonly
pecint downwards, at are rarely oriented up to-90o from the
vertical. Burrows exhibit numerocus £ine striae which cross
the exterior surfagce cbliguely and converge near the crest.
Striae commonly appear to represent the edges of thin (0.1-
9.5 mm thick) sheets of léﬁellag which are imbricated in
the direction in which the striae converge {(when viewed in
hvporelief). The burrow exhibits an inner core which consists
of a2 smooth-walled rod (50-75% of burrow diameter) with a
circular to almond-shaped transverse section. Where the
outer sheath of lamellae was locally not preserved, the

ichnofossil consists only of the smooth-walled rod.

Preservation. Toponomic - full relief, convex hvporelief.

Uchirites ascendens sp. nov.

Plate 15, figs. 1,3,4,7

/
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Etymology. Latin 'ascendens', moviﬁg upwards; referring to
the development of retrusive spreite during predominantly

voward migration of the producer. Ty

Material. Fifteeﬁ specimens from the Douro Formation of
Somerset and Devon Islands. The hoiotypé {GSC 64060) was
collected from stfaté‘36.3-40.4 m above the base of the
Dourc Formation from ciiffs on thg southwest side of Dealy
Point, Devon Iéland (Text-fig. 19, locality H).

Diagnosis. Unbranched Uchirites exhibiting retrusive

spreite.

Description. Burrows occﬁr as straight to slightly curved,
unbranched hvoichnial ridges 4-11 {average 8.0) mm wide and
up to 120 mm long. Ridges are subtriangular in transverse
‘section; crests most commonly point downwards but rarely
point horizontally. Burrows are covered with numerous fine
striae which cross the exterior surface obliquely and con-
verge near the crest of the fidge.' In many specimens the
striae are simple lines, but in several well-preserved
specimens thev appear to represent the edges of thin (0.1-
0.2 mm thick) imbricated sheets of sediment: imbrication

is in the direction in which the striae converge (when

viewed in hyvporelief). In transverse section, specimens
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exhibit either a well-developed retrusive spreite or a wall

N .

~ of disturbed sediment with rare. septa; this zone is up to

r

25 mm deep. The septa are most commonly_parallel to. stra-

T e

//ﬂ_,,/”i,’:}fication. In one specimen the septa are inclined, giving

, i ,
the ichnofossil an imbricated surface appearance; specimens

with crests coriented horizontally exhibit horizontal retru-

sive spreite (septa perpendicular to stratification).

Preservation. Toponomic -~ full relief, convex hyporelief.

Uchirites ramosus sp. nov.

Plate 15, figs. 9,10,?fig. 8

v1970 'trail of unknown affinityv'; Rodriguez and

Gutschick, P1. 10, fig. c
Etymologv. Latin 'ramosus', full of branches.

Material. Fourteen specimens observed (8 collected) from the
Douro Formation of‘Somerset, Cornwallis and Devon Islands,
and the Cape Storm Formatioﬁ of Cornwallis Island. The holo-
Ao  _ tvpe (GSC 64052) was collected from strata 44.7-48.8 m above
the base of the Dourc Formation, along the side of an unnamed
stream 3 km south of Two Rivers Bay, Somerset Island (Text-

fig. 19, locality D).



Diagnosis. Uchirites exhibiting true branching. -

L 4

. Description.. The gently cu;ved,-branched'burrows occur as
. hypichnial ridges with triangular ﬁfanéverse sections. .

/ . -
Crests of/;édbes_mé;—;; directed -either downward or ‘later-
«_~ . : "

ally, even within a single specimen. The ridges are )
covered with numerous fine striae which cross the exterior

surface obliquely “and converge near the crest: striae

commonly appear to represent the edges of thin (0.1-0.2

mm thick) sheets of lamellae which are imbricated in the

direction in which the striaze converge (when viewed -in TS
' -
hvporelief). ~—

o

-~ L. . : /
'~ "Most specimens exhibit four to eight secondarv tunnels

Sy

which branch off the main shaft in an irregular to palmate hE
pattern; the diameters of the main shaft and secondary

tunnels are constant within any individual specimen, and

range from 1.5 to 7 mm among the different specimens.

Internal structure is generally poorlyv preserved,‘but one
Specimen\(the'holotype) exhibits a structureless, almond-
shaped inner core/;ﬂrfbupded by’ a sheath of lamellae. One
individual questi&nably referred to U. ramosus (Pl. 15,

fig.'S) exhibits sickle-shaped tunnels (2-4 mm in diameter)
which branch off one side of a main shaft (6-8 mm in

diameter), pass around it, and extend upwards intc the over-

lying bed. A zone of disturbed sediment 15 mm deep immediately
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overlies the proximal end of the- burrow; the”distai end

exhibits structure typical of the holotype.

Preservation. Toponomic = convex hyoorelief, Ffull relief. -

Comparisons. U. triangularis Macostay, 1967 (tvpe species

of Uchirites) and S. lenadumbratus Chamberlain, 197la

{type species of Sustergichnus) both comprise relatively

small burrows covered wiﬁh numerous fine striae whichﬁcross
the exterior surface obliguely and converge near the crest

df'the ridge. Both are unbranched, and occur predominantly
as hypichnial ridges with triangular transverse sections.

There is no significant difference between them, and

Sustergichnus .Chamberlain is herein regarded as.a subjective
junior synonvm of Uchirites Macostav, as originally suégested
by Seilacher (1977b, p. 363).

Uchirites is broadly similar to a number of ichnogenera,

notably Keckia Glocker, Muensteria von Sternberg, Olivellites

Fenton and Fenton, Halymenidium Schimper and Gyrochorte Heer.

Most of these ichnogenera are poorly understood (Hantzschel

1975; Ksigzkiewicz 1977). However, it appears that none of

them exhibits the diagnostic features of Uchirites, particu-.
' >

larly an outer sheath with numerous fine striae arranged in a

herringbone pattern. The striae on Xeckia, Muensteria and

Olivellites apparently represent surface expressions of septa
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(Hantzschel 1975{, the striae on Halymenidium*are consider-

-ably more irregular and apparently represent marks of tuber-
cules and spines (Ksigzkiewicz-1977, p. 6%), and the striae

on most species of Gyrochorte are biserially-arranged,

plaited ridges (Hantzschel 1975). One exception, G. burtani

Ksigzkiewicz 1977, is similar in size and overall morphology

to échiriteé. Indeed, the holotype (Ksigzkiewicz 1977, pl.

ll; fig. 1) clearly exhibits a structureless inner core sur-
_.——-rounded by a sheath co%ered with numerous fine striae arranged—
, . : .

' in a hérringbone pattern, rather than the plaited ridges

diagnostic of Gvrochorte. G. burtani’ dces not exhibit a

number of other features typical of Gvrochorte (Ksigzkiewicz

1977, ». 114), and is herein regarded as a subjective junior

synonym of Uchirites lenadumbratus (Chamberlain).

U. ramosus sp. nd®. can be distinguished from all other
species of Uchirites by the presence’ of +rue branchiné. It

somewhat resembles the branched specimens of Crossopodia

dichotoma Bandel, 1967, but the striae on C. dichotoma
apparently represent curved segments (Bandel 1967, pp. 5-6)
rather than a sheath of lamellae. The specimen of 2U.

’

ramosus resembles the Cambrian ichnofossil Phvcodes pedum

Seilacher, 1955 in its pattern of branching, but exhibits

the pattern of fine striae diagnostic of Uchirites.
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U. lenadumbratus (Chamberlain) and U. ascendens sp. nov.

can be distinguished only on the basis of internal structure.

U. lenadumbratus exhibits a structureless inner core sur-
rounded by a striated sheath, whereas U. ascendens exhibits

spreite. Unfortunately, Macostav did not figure the internal

structure of U. trianqularis, and the present author was

B
)

unable to obtain any type material. Until tvpe material is

sectioned, it will not be known whether U. trianqularis'is

the senior synonym-of U. lenadumbratus or U. ascendens, or

represents a distinct species. ) W

Remarks. The vresence of retrusivé spreite in U. ascendens
and palmate branching in some specimens of U. ramosus suggest
that Uchirites represents a feeding trace. The smooth-walled
tube suggests a vermiform originator. The worm probably worked
through the sediment, packing the reworked material in- thin
imbricéted sheets. The pattern ofkbranching in.yJ. ramosgs,
and the direction of imbrication ({when viewed in epirelief)
indicate tﬁat movement was in the sense opposite to that in
which the striae converge.

Uchirites has been recorded from shallow subtidal and
flysch-deposits' (Chambeflain 1978a). U. ascendens and U.
rameosus have been observed only in shallow subtidal shelf

deposits.

-

—y
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CONCLUSIONS

Trace fossils can be valuable palecenvironmental indi~ "

cators in carbonates, particularly when used in conjunction

with other paleontologic and sedimentologic‘indicators.'
-

The original distribution of traée-makinqtdrganisms‘is
probably l#rgely independent of substrate mineralogy.
Early and late diagenetic processes can gigﬁificantly
affect the preseréation?and diversity of trace fossil
assemblages.

Characters resulting sfrom formational and preservational
processes of trace fossils can vield infor%ation on sub-
strate consiétency. |
Trace.féssils can provide paledntologic and paleoecélogic

information not readily available from body fossils. 1In

the present study, the abundance of Skolithos, Arenicclites,

Chondrites, Teichichnus, Bergaueria and other ichno-

genera indicates that soft-bodied filter feeders,
deposit feeders and precdators were an important part of

the ecosystem. Specimens of the trilobite trace fossils

Monomorphichnus ané Petalichnus suggest that their

originators had two claws oﬁ each foot.
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Plate 11

Trace fossils. All magnifications X 1, except fig.'4 X1.5;

figs. 5,8,

Fig. 1.

Fig. 2.

Figs. 3,5.

Fig. 4.

Fig. 6.

Fig. 7.

Figs. 8,8

9 X 2.

Svncoprulus aff. pharmaceus (Richter and Richter),
epirelief, 5-7 m below top Cape Storm Formation,

.locality F, GSC 64021.

Bergaueria sp. Six specimens in hyporelief, scree
E;om Leopold Formation, locality I, GSC 64024.

Arenicolites carbonarius (Binney). 3, hvporelief,
359-40 m below top Cape Storm Formatiecn, locality F,
GSC 64022. 5, cross-section showing funnel-shaped
aperture on left limb and poor preservation of
right limb of tube, 41-43 m below top.Douro
Formation, locality A, GSC 64023.".

Cruziana problematica {Schindewolf). Hyporelief,
band-like and connected buckle-like forms, 40-43 m
below top Leopold Formation, locality D, GSC 64031.

Chondrites - tvpe 2. Epirelief, 15-19 m below top
Cape Storm Fermation, locality F, GSC 64028.

Chondrites = tvpe 1. Epirelief, four specimens
intersected at different levels by a bedding sur-
face, scree from uppermost 30 m Douro Formation,
locality H, GSC 64027.

Bifungites fezzanensis Desio. Hyporelliefs. 8,
several specimens exhibiting a mixture of hemi-
spherical and spherical terminations, approximately
25 m below top Leopold Formation, locality E, GSC
64025. 9, specimen exhibiting one hemispherical
and one arrowhead-shaped termination, 17-19 m above
base Douro Formation, locality D, GSC 64026.
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. Plate 12
Trace fossils. All magnifications X 1.

Figs. 1,2,4,5.  Fuersichnus douroensis sp. nov. 1, epi-
relief of oval specimen, scree from basal 30 m
Douro Formation, locality C, GSC 64034. 2, cross-
section exhibiting two stacked horizontal spreiten,
121-122 m above base Douro Farmation, locality F,

- GSC 64036. 4, cross-section exhibiting a sub-
horizontal spreite, 35-38 m above base Douro
Formation, locality D, GSC 64035. 5, holotvpe,
hyporelief of cresceéntic specimen, 15-17 m above

- base Douro Formation, locality D, GSC 64033.

Eig.'3; Helicodromites mobilis Beréer. Hvporelief, 36-40 m
- above base Douro Formation, locality H, GSC 64038.

Fig. 6.- Helicodromites arctatus sp. nov. Holotype, hypo-
relief, 255-266 m above base Douro Formation,
localltv X, GSC 64039.

Fig. 7. Cochlichnus sp. Epirelief, 35-39 m above base
Douro Formaticn, locality D, GSC 64029,

Fig. 8. Diplocraterion sp. Hyporelief 27-28 m above base
Douro Formation, locality D, GSC 64032.

Fig.. 9. Gordia sp. Hyporelief, 31-33 m below top.Lecpold
Formation, localityv D, GSC 64037.

Fig. 10. Uchirites lenadumbratus (Chamberlain). Eyporelief,
" transition from smooth walled tube (inner core) to
bilobate striated ridge (outer sheath) from upper
left to lower right, 27-33 m above base Douro
Formation, leocality H, GSC 64065.




-
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Plate 13

Trace fossils. All magnifications X 1, except figs. 1,2,5 -
X 0.5.

Fig. 1. Laminites kaitiensis Ghent and Henderson. Epi-
relief,. 68-74 m below top Cape Storm Formation,
_locality F, field photograph, GSC 64030,

Fig. 2. ?Laminites s?. Hyvporelief, 0-2 m below top
Leopold Formation, locality D, field photograph,
GSC 64042.

Figs. 3,6. Phvcodes palmatum (Hall)., Hyvporeliefs. 3, speci-

men exhibiting irregular palmate branching, 36-40-<
m above bkase Douro Formation, locality H, GSC
64050. &, two specimens from basin slope facies
exhibiting regular palmate branching, 125-155 m
below top of tongue of (?)Cape Phillips Formation,
locality F, GSC 64051.

Fig. 4. -~ Margaritichnus? sp. Hyporelief, 125-155 m below

top of tongue of (?)Cape Phillips Formation,
locality F, GSC 640460. :

Fig. 5. Laevicvclus sp. Epirelief, €1 m above base Douro
~Formation, locality D, GSC 64041.




Pl. 13
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Trace fossils. All magnifications X 1, except figs. 4,6 X 2;

fig. 5 X €; figs. 7,8 X 4.

Figs. 1,2,

Fig. 3.

Figs; 4,6,

Fig.

9.

5,7,8. Palaeophvcus sp. 1, hvporelief, smooth-
walled tube visikle where micro-faulted silt laver’
has flaked off (near centre), 18-19m above base
Dourc Formation, locality B, GSC 64045 2, epi-
relief, note ridge of sparite along crest, 102 m
below top Douro Formation, localitv A, GSC 64044.
5, pegative print of cross-section showing calcilu-
tite fill except for a thin channel of sparite at
crest of burrow, 142-145 m below top Douro Forma-
tion, locality A, GSC 64046+ 7, cross-section .
showing geopetal calcilutite/sparite fill, micro-
tectonic fractures above and to right of tube,
93-94 m above base Douro Formation, locality D,

GSC 64047. 8, cross-section showing sparite fill, -
170-172 m below top Dourc Formation, locality A,

GSC 64048.

Polarichnus garnierensis Narbonne. Hyvporelief
exhibiting rectangular shape and spreite with major
and minor lamellae, scree from uppermost 10 m
Leopold Formation, locality D, GSC 64054.

Teichichnus rectus Seilacher. Cross-sections. 4,
small variety, 45-59 m above base Douro Formation,
locality D,.GSC 64059.. 6, large variety, llel2 m
above base Douro Formation, localitv B, GSC 64058.

Petalichnﬁslsp. Hyporelief, movement from left to
right, 39-40 m below top Cape Storm Formation,
locality F, GSC 64049. _ '
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Plate 15

-

Trace fossils. All magnifications-x l,'except figs. 4,7 X 3.

Figs.

Fig.

Fi§.~

Fig.

Fig.

Figs.

Fig.

Fig.

1,3,4,7. Uchirites ascendens sp. nov. 1, holotvne

E:

9,10.

11.

12.

(curved specimen), hyporelief of two crassing

‘specimens, 36-40 above base Douro Formation,

locality H, GSC 64060. 3, hyporelief, crest
directed laterally on the bedding plane, 45-49 m
above base Dourc Formation, localltv D, GSC 64062.
4, holotvoe, cross-section showing retrusive
spreite. 7, cross-section showing zone of distur-
bed sedimentr with rare septa, 27-33 m above base
Douro Formation, localltv H, GSC 64061].

Uchirites lenadumbratus (Chamberlain). ‘Hyporelief,

:15-17 m above base Douro Formation, locality D,
GSC 64063.

Skolithos wverticalis (Haii). Qross—sectibn,
stained with Alizarin Red-S, note protrusive

‘Teichichnus to left, 124-125 m below top of tongue

of (?)Cape Phillips Formatlon, locality F, GSC
64057. -7

Scalarituba missouriensis Weller. Hyporelief of

-two specimens, 125-155 m below top of tongue of

(?)Cape Phillips Formation, 'leocality F, GSC
64056. :

?Uchirites ramosus sp. nov. Hyporelief, 40-43 m
above base Dourc Formation, locality . H, GSC 64053,

Uchirites ramosus sp. nov. Hyporeliefs. 9,
5-8 m below top Cape Storm-Formation, locality F,
GSC 64064. 10, holotyvpe, 45-49 m above base Douro
Formation, locality D, GSC 64052.

Rusophyvcus pudicum Hall. Hyporelief, 56-60 m above
base Douro Formaticon, locality D, GSC 64055.

Monomorphichnus bilinearis Crimes. Hyporelief of
two specimens, prod marks oriented north-south,
60 m above base Dourc Formation, localitv D, GSC
64043. '




o
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