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f‘Pooh and Plglet Go Hunu" \g

-cxcucdly in front of him. *J ooh"' :
*What?” said Piglet, with a jump. And then, T
show that he hadn't been [rightened, he jumped |

up and down inan cxc1cmni_, sort of way.

“I'he tracks!” said Pooh. A thod animal luu_
joined the other two!”

“Pooh!” cried Piglet. "Do you think it s

“another Woozle?”

“No,” said Pooli, “because it makes dilferent
marks. 1t is either Two Woorles and one, as it might
be, Wizzle, or "T'wo. as 1t might e, Wizzles, and one,
if so 1t is, Woozle.”

f\t:ul/lll('.ll \\'illlli.(“lll("l'llll]l \lnlllu'cl ;lg;iill. and
licked the tip of his nose g cooling manner, for he
was lecling hot and anxaous "Do vou see, Piglet?

L.ook at their racks! Fhiree, as 10 were, Woozles,

and one, as 1t was, Wizzle dAnother Woozle has

;joim:d Hl)\'(!.:\ Winnte-the-Pooh .

Frontispiece
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. GENERAL ABSTRACT

The Read Bay Porﬁation on Somerset Island, the lower
vart of member A of the Read Bay Formation on Cornwallis
Island, and the Douro Formation on Devon Island represent.
a single widespread unit which should be termed the Douro
Formation throughoqt these three islands. The Douro
Formation is of Late Silurian (Ludlow) age, and consists
pfedominantly offrubbly (nodular) limestone with a shellyv
fauna dominated by smooth-shelled brachiopods. The pres-
ence of argilléceous divisions and coral-rich zones
provides two independent, but complementaryv criteria which
can be used to correlate sections of the formation through-
cut the sod%%éastern Canadiaﬁ Arctic Islands. The
argillacecus deitritus was most likely derived from a
nertherly source area. The Douro Formation was deposited
in subtidal shelf environments, probably in warm, tranguil,
turbid waters of normal or near-normal marine salinities.
On Scmerset Island, the Douro Formation is underlain by the
Cape Storm/Leopold Format;ons and is overlain by the
Somerset Island Formafion; these underlyving and overlying
units were deposited in tidal flat environments. The two
deepest stages of the Douro transgression were characterized
by a diverse fossil assemblage and sporadic feefal develon-
menﬁ, whereas shallower deposits wefe characterized by
abundant intraclasts and rare colites, oncolites and

stromatolites.
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The reefs of the Dourc Formation are the first reported
Silurian sponge reefs. These relatively small (5-35 m in
diameter) mound-shaped structures contain, on average, 35%
lithistid demosponges. Each reef is underlain by a lens of
crinoidal wackestone to grainstore rich in crinoid holdfasts;
treéostomate bryozoans,’solenoporid algae and rhvnchonellid
brachiopods are locally common. The main mass of each reef
consists of lime mudstone with abundant lithistid sponges.

A thin laver of wackéstone with abundant tabulate and ?
rugose corals and fewer lithistid sponges, calcareous algae,
irepostomate brvozoans and stromatoporoids caps each reef.
Reefs are commonly surrounded by irregular haloces of crin-
oidal debris; the abundance and diversity of all fossil
groups decreases regularly with distance from the reef.

The Douro Sponge Reefs were relatively low structures, with

a maximum topographic relief of about 3 m. Much of the
reefal lime mud was transported from inter—reefél areas,

but significant quaﬁtities were produced on the reefs.

Reefs underwent synsedimentary cementation, biocerosion and
minor storm erosion. The originally siliceous spicules of
the lithistid sponges were dissolved and later infilled with
sparryv calcite. Fabrics and compositions of sparry calcite
in cavities record three generations of meteoric cementation.

- These sponge reefs formed during a geologic period in which

coral faunas were diverse. As a conseguence, sponge reefs



were much more restricted iu environment and distribution
than they were during periods, of evolutionary decline of
éorais, - The Douro Reefs are similar to some Ordovician,
Jurassic and ﬁolocene sponge reefs in that the sponges
occﬁrred mainlv in colonization communities which Qere
later ;eplaced by coral-rich climax communities.

Upper Silurian strata on Somerset, Cornwallis and

Devon Islands contain numerous trace fossils. A Polarichnus -

Bergaueria association characterizes intertidal limestones
and dolostones (Cape Storm and Leopold_Formationsy{ a

Fuersichnus - Uchirites association characterizes subtidal

shelf limestones (Douro Formation); and a Scalarituba

association characterizes basin slope limestones (tongue of
the ?Cape Phillips Formation). Features resulting from
formational and preservational processes of trace fossils
suggest that lime mud substrates were generally firm,
whereas substrates composed of silt;sized carbonates ranged
from firm to thixotropic. Subtidal planar—bedded.calcisil—
tite exhibits a diverse trace fossil assemblage similar to

. those reported from bathymetrically-equivalent siliciclastic
depgsits. In contrast, extensive diagenetic modification in
the subtidal rubbly calcilutite resulted in a low diversity
assemblage restricted to infaunal feeding and dwellihg

traces. Although the mineralogic composition of the substrate



is probably relatively unimportant-inlcontrolling the dis-
tribution of trace-making organisms, the greater suscepti-
bility of carbonates to early and late diagenetic processes
can significantly affect the nature of their trace fossil

assemblages.
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GENERAL INTRODUCTION

LOCATION AND ACCESS
L

Somerset, Cornwallis and Devon Islands_are'located in
the eastefn part qf the District of Franklin, Northwest :
Territories (Text-fig. 1). They exhibit mode&ate reiief;
excellent bedrock exposure décurs along sea cliffs and 1in
river gorges. Most geologic{field work is carried out
during June, July and August, the only months in which the
mean temperature exceeds OOC. Details of the histqry,
physiography, climate and wildlife of the region caﬁ be
found in Thorsteinsson (1958). and Fortier et al. (1963).

Resolute, a small village on southern Cornwallis
Island, is the only permanenﬁ settlement in the region.
Resolute is served by commercial flights from Montreal,
Winnipeg and Edmonton. ‘?ield camps were reached by single-
or twin-Otter flights from Resolute; landings were made by
ski on the snow or with balloon tires on gravel. Lgcal
transport was primarily by foot, with limited use of Honda
90 ATC bikes, a Bell G-4A helicopter and a Hughes 500-C
helicopter.

Thé project concentrated on southeastern Somerset
Island; sections on southeastern Cornwallis Island, south-
western Devon Islénd and northwestern Devon Island were

examined in less detail.
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Text-fig. 1. Location of Somerset, Cornwallis and Devon
-Islands in the scutheastern Canadian Arctic
' Islands {(from Gibling 1978).



GENERAL GEOLOGY

The geologic history of the Arctic Islands has been
summarized by Thorsteinsson and Tozer (1970), Daae and
Rutgers (1975) and Kerr (1977). The regde; is referred to
these papers (and references therein) for more detailed
aécounts of the geology of the region. .

Study areas lie within two major geologic provinces:
the Arctic Platform and the Boothia Uplift (Text-fig. 2).
The Arct?c Platform consists of predominantly undeformed,
Lower and Middle Paleozoic strata. The Boothia Uplift is
" cored by the Boothia Horst, a northwards extension of
Churchill gneisses of the Canadian Shield. The horst was
uplifted several times during the Proterozoic and Early-
Middle Paleczoic (Kerr.l977). Major uplift during the late
Ludlovian, Pridolian and Gedinnian (Late Silurian - Early
Devonian) resulted in the formation of the Cornwallis
Fold Belt, a north-plunging anticlinorium of strongly
.folded and faulted Lower Péleozoic strata. The Cornwallis
Fold Belt flanks the Boothia Horst on Somerset and Prince
of Wales Islands and overlies it on Cornwallis and northern
Devon Islands (Text-fig. 2). |

Lower Paleozoic strata on Somerset Island are approxi-
mately 2 km thick (Miall and Kerr 1980); similar or greater
thicknesses ére present on Devon and Cornwallilis Islands.

During most of the Silurian (Llandoverian-Late Ludlovian)
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platform carb&nates of the Allen Bay Formation, Cape Storm/
Leopold Formations and member A of the Read Bay Formation
were deposited throughout Somerset, Devon and southern
Cornwallis Islands. Uplift of the Boothia Horst in the
late Ludlovian, Pridolian and Gedinnian ended this pattern
of stable shelf carbonate deposition, and resulted in dep-
osition of a variety of regressive carbonate and clastic

sequencés on the three islands (Table 1).

SCOPE OF THE PROJECT

The University of Ottawa Group has been engaged in
geologié_studies of the southern Arctic Islands continuously
since 1964. Studies have focussed on the Upper Silurian-
Lower Devonian succession of Somerset Island. All Upper
Silurian strata on Somerset Island were formerly referred
to the Readd Bay Formation of Thorsteinsson and Fortier
(1954), but work bv Jones (1974), Jones andﬂDixon {1975,
1877}, Reinson et El- (1976), Miall and Kerr (1977), Miall
et al. (1978), Gibling (1978), Savelle (19783 and Mavr (1978)
has shown that this unit comprises several distinct form-
ations. As a result&vphe once heterogeneous Read Bay
Formation has been restricted to a thinner, relatively homo-
geneous succession of fossiliferous rubbly {(nodular) lime-
stones closely comparable to the Douro Formation (Thorsteinsson

1963) of Devon Island.
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Although Jones (1974), Gibling (1978) and Savelle (1978)
had studied Upper Silurian'deposits on northern, western and
southern Somerset Island, the geology of the  east coast had
not vet been studied in detail. Scattered geologic obser-
vations and fossil collections made during the voyages of
Parrv (1826), Ross (1835) and McClintock (1859) had estab-
llShEd the presence of Silurian llmestone and evaporltes in
+this area, ané Blackadar (1963a) and Norrls {1963) had
studied the east coast of Somerset Island during June 1955,
referring the straéa to the Read Baf Forma£ion. Howevef
the internal stratigiaphy of these strata, and their rela-
tionship to the four members of the Read Bay Formation in
the type area remained unknewn. )

‘ During the'summers of 1975 and 1976, the author carried
out detailed field studies of thg geology of southeastern
Somerset Island. In order to better understand the reéional
relationships of these straté, the author also examined |
seetions on scutheastern Cornwallis Island (August 1976 - in
conjunction with M.R. Gibling) and on westetnfDern Island'
(August 1978 - in conjunction with Drs. R. Thorsﬁeinsson and
U. Mavr). . ' .

Two maj&r aims of this projec£ were as follows:

1)  Determination of the stratigraphy of the Read Bay Formation

on southeastern Somerset Island and comparison with

eguivalent strata elsewhere in the Arctic Islands.



2) Analysis of the paleoecqlogy and se@imentoldg§ of the a
formation in order to elucidate its palecenvironmental
hisfory. I ‘

The first of these aims was carried out as .originally
) plannea Investigation of the paleocecology and sedime\tologv

-of the formation revealed that most varlatlons in bodvn>3§s 1s
and lithotvpes can be related to the snoradlc development of
v

lithistid sponge reefs. Trace fossils are abundant in the

Read Bay Formation and immediateiv underlving units, and form

o a valuable tool in Daleoenv1ronmental analysis.

As the study orogressed it focussed increasinglv on
tﬁese three main aspects of the formation: its llthostratl— b;ﬂ\
graphv,,lts reefs and related deD051ts, and its trace fossils.
These subjects are substantially inter-rélated; the ritho-
stratigraphy provides the essential framework for the other
two studles, and the three subjects collectlvelv contribute
to the paleoenvironmental and paleogeographlc lnterpretatlon
of this lithic succession. However, the three subjects can
be presented logically as discrete, independent studies, and
this three-part fofﬁat was chesen as more appropriate for
this study than a more conventional thesis format.

For convenience, a "General Abstract" summafizes the
significant contributions of the study as a whole, and a

"General Introduction” provides brief background information

applicable to the entire thesis. Each of the three subseguent
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parts is an independent manuscript with a separate abst;gct,
introduction and conclusion, and each is intended: to be
fully comprehensible without prior reading of the other

parts. This has resulted in repetition of some stratigraphic

\\\\%nd palecenvironmgntal information, but different aspects of

-

. those subjects are emphasized in each of the three parts.
To avoid’ extensive duplication, a combined list of refer-

ences serves the entire thesis. v
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PART I

LITHOSTRATIGRAPEY AND DEPOSITIONAL ENVIRONMENTS
OF THE UPPER SILURIAN DOURO FORMATION IN TEE
SOUTHEASTERN CANADIAN ARCTIC ISLANDS

1Y



LITHOSTRATIGRAPHY AND DEPOSITIONAL ENVIRONMENTS OF THE

UPPER SILURIAN DOURO FORMATION IN THE SOUTHEASTERN

CANADIAN ARCTIC ISLANDS

.Abstract. The Douro Formation of northwestern Devon Island
is a Ludlovian unit which consists predominantly of rubbly
1imestone with abundant smooth-shelled brachiopods. Similar
strata on other arctic islands have previously been referred
to the undivided Read Bay Formation (e.g. Somerset Island)
or to the lower part of member A of the Read Bay Formation
(e.g. Cornwallis Island}. There are no signifigift differ-
ences in lithology, fossil content or age.between these
units, and the name "Dourc Formation" should qf applied to
all three.

The presence of argillaceous divisions and coral-rich
zones provides two independent, but complimentary criteria
which can be used to correlate sections on southeastern
somerset Island. Coral-rich zones and associated reefs
occur in similar stratigraphic positions on Somerset,
Cornwallis and Devon Islands. Variation in total shale con-
tent between sections makes inter-island recognition of the
argillacecus divisions more difficult, but on all three

islands the lower part of the formation tends to be more

'



argillaceous than the upper. The terrigencus content of the
rubbly limestones increases regularly in a northeasterly
direction; the ultimate source méy have Qeen Pearya and/or
the Rens Fiord Uplift.

On southeastern Somerset Island, the subtidal strata of
the Douro Formation lie conformably between two predominantly
intertidal formations. Sponge reefs characterized the two
deepest stages of the Douro transgression, whereas oolites
and oncolites formed rarelv in shallow subtidal environments.
The sediments of the Douro Formation probably accumulated
mainly in warm, tranquil; turbid waters of normal or near-
normal marine salinities.

The Douro Formation is unlikely to contain economic
guantities of hvdrocarbons, but locally hosts fracture-

filling copper deposits.
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INTRODUCTION

Rubbly-weathering grey limestones of Late Silurian age
oCccur in corresponding Eﬁratigraphic positions on most of the
southeastern Canadian Aréiic Islands, from southern Ellesmere
Island to Boothia Peninsula (Text-fig. 3). Despite their
relatively uniform lithologic and paleontologic character
over a breoad area, three factors have frustrated correlation
of these limestones. The first is the uncertainty as to
their correct nomenclature. These limestones have been
referred to the Read Bay Formation on Boothia Peninsula
(Miall and Kerr 1977), Somerset Island (ibid:; Jones and
Dixon 1977), Prince of Wales Island (Mayr 1978) and south-
ern Devon Islang (EEEQ')' to member A of the Read Bay
Formation on Cornwallis Island (Gibling and Narbonne 1877),
and to the Douro Formation on northwestern Devon Island
(Morrow and Kerr 1977) and southwestern Ellesmere Island
(Kerr 1975). No lithologic criteria have yvet been suggested
to justify separation of these units, and Thorsteinssen
(1963, p. 228), Jones and Dixon (1977, ». 1429), Gibling
and Narbonne (1977, p. 1150) and Mavr (1978, p. 23, text-
figs. 8, 10) have suggested that they are, at least in part,
lithologic equivalents.

Problems in dating have also hindered correlation. .
Graptolites are present only in a few localities near the \

platform margin, and hence are not useful for correlation
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of platformal deposits. Shelly fossils are common in most
sections, but very few of the fossil groups have been

studied in detail taxonomicallv. As a consequence, although
the shelly fossils suggest a Late Silurian age, they cannot
readily be used to distinguish the Ludlovian and Pridolian
series (Morrow gnd Kerr 1977, p. 40; Jones and Dixon 1977,

p. 1142). Conodonts are presently more precise age indi-
cators, but they have been studied in relatively few sections.

The extreme scarcity of lithologic marker beds presents
the third major problem in correlation. These rubbly lime-
stones are monctonous in character (cf. Miall and Kerr 1977,
p. 101), with only minor differences in composition between
field units; verv few individual units can he ;raced later-
aily for more than one kilometre. As a consequence, no
consisteﬁt internal stratigraphy has vet been proposed for
these limestones. This problem 1is especially critical in
areas such as eastern Somerset Island and southwesterﬁ Devon
Island where complete sections of the rubbly limestone
succéssion are rare.

The present studv represents a llthostratlgrabhlc and
paleocenvironmental analysis of these Ludlevian rubblv lime-
stones on Somerset, Cornwallis and Devon Islands (Text-fig.
3). The Read Bay Formation was studied at four localities
on southeastern Somerset Island and near Radstock Bay on

southwestern Devon Island. Member A of the Read Bay
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Formation was‘studied at its type locality on southeastern
Cornwallis Island, and the Douro-Formation was studied near
its tvpe section on northwestern Devon Island.

Sectiops'were divided into ﬁield units averaging l-2 m
in thickness. All visible fossils were collected or care-
fully_recorded in the field. At least cne large lithic
sample was collected from each unit; this-was subseguently
cut, polished, etched and stained with Alizarin Red-S (cf.
Friedman 1959). Thin sections of all major lithotypes
were examined.

Detailed logs of all measured sections are on file witﬁ
the Department of~Geology, Universityv of Cttawa. Simplified

composite sections are presented in this manuscript.

STRATIGRAPHIC TERMINOLOGY

Previous Work

—,

The Read Bay.Formation was defined by Thorsteinsson
and Fortier (1954) in their study A{ﬁ&gs_gfgigéy of
Cornwallis Island. As originally defined, the formatign was
a relatively thick (>2,600 m) seguence of limestane, dolo- .,
stone, sandstone and shale which occurred between the
underlving dolostones af the Allen Bay Formation and the
overlving conglomerates and sandstones of the Snowblind
Bay Formation. Thorsteinsson (1958) restricted the

formation to the shelly deposits in southern

~



Cornwallis Island, referring the graptolitic shales to the

.

north to the newly-némed Cape Phillips Formation.
Thorsteinsson recognized four members within the Read Bay

Formation and named them, in ascending order, members A to D.

He regarded the formation as predominantlv Late Silurian in

- -—

age. .

Regional geologic mapping by the Geclogical Survey of
Canada (Thorsteingson and Tozer 1962: Fortier et al. 1963;
Blackadar énd Christie 1963) resulted.in recognition of the

Read Bay Formation on most of the squthefn ané eastern

Canadian Arctic Islands. On Somerset Island, all strata ’

¥

hetween the Allen Bay and Peel Sound Formations were referre

o]

+o the Read Bav Formation (Thorsteinsson and Tozer 1963;

McMillan 1963: Norris 1963;: Blackadar 1963a,n; Blackadar and

Christie 1963). Greiner (1963) recognized the undivided Read
Bav Formation cn scuthwestern Devon Island. On northweétern
Devon Island, Thorsteinsscon (1363) named four new formations
which he later (in Thorsteinsson and Tozer 1870, p. 55%)
réferred to ;hé Read Bav Group. Thorsteinsscn (1963, p. 228)
regarded the oldést of these, the Dourc Formation, as the
lithologic and paleontologic equivalent of member A of the
Read Bay Formation.

The Cape Storm Formation was named by RKerr (1975) for a
distinctive succession of thinly planar-bedded, predominantly

fine-grained dolostones and limestones underlying the Douro

S



Formation on southwestern Ellesmere Island. The Cape Stofm
Formation has béeh recognized throughout the southeastern
Canadian Arctic Islands (Kéfr 1875) . It includes strata
formerly assigned to the upper vart of the Allen Bay Forﬁétion
on Devon Island (ké&r 1875), to the lower part of the Read Bay
Formation on western Somerset Island (Miall and gerrf1977) and
to the boundaryv strata of both formations on Cornwallis Island
(Thorsteinsson in Kerr 1975).

The Leopold Formation was named by Jones and Dixen (1975)
for a unit of thinly planar-bedded, fine-grained dolostone,
limestone and sandstone which underlies the Read Bay Foémation
on eastern Somerset Island. Reinson et al. (1976), Miall and

Xerr (1977) and. Mavr (1978) regarded. the Lecopold Formation as

an unnecessarv svnonvm of the Cape Storm Formation, but this

was disputed by Dixon and Jones (1978) who considered that the
two formations could be distinguisheé bv the “‘greater proper-
tion of sandy, evaporitic and stromatolitic units in the
Leopold Formation.

.On Somerset Island, Miall et al. (1979) defined the
Somerset Island Fermation for a unit of thinly planar-bedded,
fine-grained sandy dolostone, limestone and siltstone. The
Somerset Island Formation comprises strata formerly referred
to the upper part of tﬁe Read Bav Formation and the lower part
of the Peel Sound Formation.

Bryozoans throughout the Read Bay Formation at Fury Point

on southeastern Somerset Island are Ludlovian in age (Bolton
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in Narbonne 1977), a view supported by the presence of the

Ludloviar conodont Ozarkadina n. sp. B Klapper (in Xlapper and

Murphy 1975) in the uppermost strata of the formation (T.T.
Uveno, pers. comm. 1979). Although a few guestionable
Pridolian dateé have been oﬁtained, conodont studies of the
Read Bay Formation on northern Somerset Isiand (Cyeno 1in
Jones and Dixoﬁ 1977, pp. 1442-1445), member A of the Reaa
Bay Férmation on Cornwallis Island (Uveno 1977) and the Douro
Formation 6n Devon Island (Uyeno in Morrow and Kerr 1977,

. 122) suggest that all three units are Ludlovian in age.

Recommendaticns

The recognition of the Cape Storm, Leopold and Scmerset

-

Island.Formaﬁions has resulted in the once heterogeneous Read
Bay Formation of Somerset Island being restricted to a homo-
geneous succession of rubbly limestone. This succession
compares closelv with the Douro Formation of Devon Island

and with the lower half of member A of the Read Bay Formation
on Cornwallis Island. All three are of Ludlovian age and
overlie the Cape Storm Formation or its sand-rich lateral
equivalent, the Leopold Formaticon. They are similar litho-
logicallyv, consisting predcocminantly of nodular and wavy-
bedded, argillaceous to dolomitic, fine-grained limestone

with interbeds of bioclastic limestone and calcarecus shale.



- 22 - .

All three contain numerous fossils, especially. the smooth-

shelled brachiopods Atrypocidea (a=Afrypella) and Protathyris

(Smiih 1976; Johes 1979). There are no marked differences
in thickness between the three units. . . - - ‘

A common formational name is probably appropriate fér
these three units. it is-heré suggested that the name
"Douro Formation" be extended throughout Somerset, Cornwallis
apd Devon Isiands to encompass ;hese strata. The Dourc
Formation could be regarded as one of the formations of the
Read Bay Group, as suggested by Thorsteinsson (in
‘Thorsteinsson and Tozer 1970, 9. 559) and Kerr (1975, p. 69).

Thorsteinsson (in_press) has carried ocut detailed Eio—“
stratigraphic studies of all Upber Silu£ian - Lower Devonian
strata in the central Canadian Arctic Islands. In this manu-
script, he extended the term "Douro Formaticen" throughout the
southeastern Canadian Arctic Islands ané regarded the form-
ation as the basal unlb-o; a revised Read Bay Group. The
detailed lithologic correlations proposed in the present
study support ?horsteinsson's conclusion, which was based on
a broad litholbgic similarity énd evidence of a Late

Ludlovian age throughout the Arctic Islands.
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- " LITHOTYPES | .

-

Rubbly Limestone

| ﬁubply limestone consists of lumps and thin, irregular
beds of fine-grained limestone surfoundgd by a matrix of
~dolbmite and/or shale::”ﬁiffgréntial weathering of the
dense limeétone lumps and the softer matrix results in Lhe
characteristic rubbly-weathering pattgfn (P1. 1). Rubblv
limestone occurs rarely in the formations immediately
underlyving and overlying‘the Douro Formation, but is
mbst commén in the Douroc Formation, in whiCh it consti-
_tutes more than‘BO% of the rocks.

‘The nature and origin of the Douro rubbly limestone have
been discussed in detail by Jones et al. (1979). They‘recog—
nized twoh.n divisions of rubbly limestone: . rubbly mottled
.dolomitic limestone, in which’tpe matrix consists of dolomite;
and rubbly argillacecus limestone, in which the matrix con-
tains sigﬁificant'amounts of ;hale. In the pfesent study,

\
_ three éypes of rubbly argillaceous liﬁestone were recognized
based on the percentage of shale in the rock. These sub-
divisions are termed: slightly a;gillaceous (approximately_
10-20% éhale), moderately aréikiaceous (qpproximateiy 20-50%.
shale) and highly argillaceous (>50% shaié). Rubblf mottled
' dolomitic limeséone contains less than 10% argillaceous

detritus.

.
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Plate 1

Field appearance of the Douro Formation on southeastern
Somerset Island.\, '

Fig.

Fig.

Fig.

Fig.

Fig.

AT

1.

Modéggfgly argi&laceous rubbly limestone (recessive)
interbeds of planar-bedded intraclastic and
stic limestone (resistant). Leopold-Dourc
occurs at lower stream level. Approximate-
f strata are exposed. Area 4, division I.

Moderatelv and slightly argillaceous rubbly lime-
stone. Approximately 150 m of strata are exposed.
Area 2, divisions II-VI.

Rubblv limestone with one small reef (R). Approxi-
mately 40 m of strata arg exposed. Area 3,

divisions I-II.

Divisions IV-VI with one small reef (R). Approxi—

mately 45 m of strata are exposed. Area 2.

A}

Leopold Formation (L) and divisions I-IV of the
Douro Formation. Approximately 150 m of strata
are exposed.” Area 2. ’
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‘The terrigenous compénent of rubbly limestone consists
predominantly of particles of quartz, feldspar, muscovite
and clay minerals 1-15 »m in length (Jones et al. 1879,
pp- 538—235); units rarely contain coarse silt and verv fine
saﬁd. The limestone component consists of mudstone or, less
commonly, wackestone. Jcnes et al. (1979)‘suggested that
the lumps formed as a result df svnsedimentary lithification
below the sediment-water interface. They concluded that the
composition of the matrix reflected the rate of influx of
detrital sediments and, to a lesser degree, the .amount of

dolomitization and pressure solution.

Other Lithotvpes

Planar-bedded bioclastic and intraclastic limestones
{(P1. 1, fig. 1) constitute approximately 15% of the rocks of
the Douro Formation. These clastic limestones occur pre-
dominantly in lenses and beds less than 0.2 m thick, but
locally form units up to 1.5 m thick. Units are erosionally-
based, and commonly exhibit graded bedding; planar Cross-
stratification and megaripples are rare. Bioclastic deposits
consist of coarse sand- to pebble-sized fossils, chiefly
brachiopods, gastroﬁods and crinoid pleuricolumnals; basal
portioﬁs of some ugits contain intraclasts. Intraclastic

limestones consist of granule- to pebble-sized, rounded to

b%ade-shaped intraclasts. These bioclastic and intraclastic
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limestones probably represent étorm—genératéd deposits (Jones
and Dixon.1976).

‘Small mounds with abundant sponges,Acorals and‘stromato—.
poroids are locally common (Jones and Dixon 1977, p; 1437;
Narbonne and Dixon 1978; Part II). These reefal structures
{(prl. 1, figs. 3,4) are composed of unbedded mudstone and wacke-
stone; associated lenses, fongues and chaﬁnel—fills of
crinoidal packstone occur in the inter-reefal beds. Reefal

.

deposits constitute 2-3% of the rocks of the Deguro Formation

on Scomerset Island.
Units of medium-bedded mudstone and @rgillacecus mud-

stone (calcilutite)' occur spor;é} v throgghout the Douro

'-/
Formation. Many of these uwnits exhibit a labvrinthine pattern
\ _ .
of selectively dolomitized burrcws. Very thin, planar-bedded
units of mudstone (calcisiltite) occur sporadiecally-throughout

the lower parts of the formation in most localities. Thin

units of planar-bedded oolitic packstone occur very rarely.
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SOUTHEASTERN SOMERSET ISLAND

——

Areas of Study : ’
- On southeastern Somerset Island, the Douro Formation
lies conformably between the underlving Leopold Formation
and the overlying Somerset Island Formation. The Douro
Formation was studied in fou; areas along the soﬁéheast
.coast ﬁText-fig.'3). Within each area, two to eight sec-
tions 10-160 m thick were measured, and a composite secticn
for the é?ea was produced. In addition, a coastal strip
approximately 5 km widé and 30 km long encompassing Areas

1-3 was traversed on foot in order to produce a geclogic

map (Text-fig. 4).

Lithologvy

Few individual units could be correlated with any con-
fidence between sections. A unique edgewise conglomerate
cén be traced virtually continuocusly throughcout and between .
Areas 1 and 2. The Leopold-Douro contact occurs in Areas
2-4, but the units immediately underlving and overlying the
contact differ from section to section. No other individual
units or horizons could be traced with certainty between any

two areas.
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SOMERSET
ISLAND

26°W

A THICK DRIFT COVER

t | SOMERSET IS. FMN.

OOURQ FORMATION

%LEOPOLD FORMATION

REEFS
« OUTCROP
o FELSENMEER

FURY PGOINT

Text-fig. 4. Géologic map of southeastern Somerset Island
(Areas 1-3) shawing the distribution of reefs

of the Upper Reefal Zone. "500" = 500 foot

{approx. 150 m) contour.
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Neverthelesé, consideréﬁkon of the overall cparacter of
the Douro Formation oQér several tens of metres has resulted
in recognition of seven lithologic divisions within the for-
mation (Texﬁ-fig. 5): Each division contains a variety of -
lithotypes, but exhibits an overall lithologic éharacter
distinct from all other divisions. Boundaries are grad-
ational over 1-5 m. .Although they are readily recognizable
in stratigraphic sections, most divisions'wduid'be exceed-
ingly difficult to map and hence could not be regarded as
members.

ﬁariation in shale content of the rubbly limestone was
the principal criterion used td distinguish these divisions.
Although individual units within a division exhibit a broad
range in shale content, the predominant lithology of each
division differs from that of the underlying and overlyving
diviﬁions. Shale content i; best determined through examin-
ation of stained hand samples or analysés of insoluble
residue content,ebut can be estimated in the field and is
closely ﬁeflected in the weathering profile (Pi. 1, figs. 2-5).

Divisions I, III and V consist predominantly of moder-
ately argillaceous rubbly limestone (20-50% terrigenous ’
detritus) whereas divisions 11, IV,-VI and VII consist pre-
dominantly of slightly argillacecus rubbly limestone (10-20%
terrigenous detritus}. Terrigenous detritus of divisions II-

VII is almost entirely mud-sized, but division I contains

minor amounts of coarse silt and verv fine sand.
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Text-fig.

5.

Profile of the Douro Formation on southeastern
Somerset Island showing predominant lithologyv,
stratigraphic position of reefs and composi-
tion of the clastic limestones. I-VII desig-
nate the lithologic divisions of the formatiorn.
Section and data on allochem composition are a
composite of Areas 1 and 4.,
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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.

i
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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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Text-fig. 1ll. Correlation of complete sections of the Dourc

Formaticn in the southeastern Canadian Arctic

Islands using predominant fauna.

Lines show.

the correlation of thé upper coral-rich zone.
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
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(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
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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
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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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+ ~ e . I
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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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T%ft-fig. 12. Geographic location of the -Douro Sponge( Reefs.
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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.



- 67 -

V-V
W = =
FE=
[T ———
. [=]
= —
< I
= -
2]
— [ ]
' —
w
N
o
ALl ey
| =
F 3
|
|
I

===

i
2t - ’
=E 3
= | E
< P
2 B
a8
i
= H
= |
o
2 |
amn e ]
5l
R
i
}
|
' z
- o21 SUGHTLY ARGILLACEOUS RUBBLY LIMESTONE
! < :
< ,
= . ,
| 8 % MODERATELY ARGILLACEOUS RUBBLY LIMESTONE
9
. £ = === PLANAR-BEDDED DOLOMITIC LIMESTONE
! b =T . =
] VVVVV’\

~ -

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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A

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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part of a reef.

Y through the outer part of

wall.
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section cuts tangentiall

located behind the gorge
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14.

Text-fiq.
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Zone near Two Rivers
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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-
clas