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- ABSTRACT Lot

Mudmound colplefes and intermound fagies occcur in the
topmost Douro Formation and lowermost Bgrlow Inlet |
Foriatidn’in a transition sequence up to 66.4 m thick. The
trénsition sequence 1is superbly expo%ed in_cliffs at -
Gascﬁyne Iniet on southwestern Devon Island.

A pre-mudmound sequence consists of up to 16.9 = of
rubbly limesatone intercalated with 4 resistant ohgolite—
rich packétone/ wackestohe units. The uppermost unis is
overlain by uuqnounds and mudmound complexes. The latter
are mound- ‘to piﬁnacle-like and show no preferred
orientation. The cﬁlplexes aﬁe'uﬁ to 52.2 ® thick and
comprise a sparsely fossiliferous core, crinoidal flankbeds -
and’a stromatoporoid bindstone cap. Intermound sediments
consist of a basal rubbly limestone abruptly overlain by
the crinoidal flankbeds. in turn overlain by well be&dgd

mudstones and marls that are capped by laterally

.discontinucus stylohleurid biostromes. The post-mudmound

sequence éonsiats of crinocidal grainstones, fossiliferous
wackestones and packstonés. reefoid buil&ups.and strom-
atoporoid biostromes of‘the basal Barlow Inlet Formation.

Pnleoecoloéic and sedimentologic studies indicate
that the mudmound complexes develcoped on a carbonate ramp,
on stor--t}ansported sediments Iin subtidal, low energy

conditions above storm wave base. Cryptalgal fabrics and

sponges suggest that the praﬁﬁ;inant mound coanstructors

g -



were algae and sponges. With upward growth into shallower,
nore‘azitated conditions crinoids, tabulate corals and to a
iessgr degree rugose corals played 2 more active role in
mound co;;truction. Extensive crinoidﬁl flankbeds
developed and.atéthis time the mudmounds had about 4 m
relfief. During development of the crinoidal flankbeds, the
fudmounds grew above fgir u;ather wave base. ' The presence
of a hardground in one mudmound coamplex overlain‘by an
irregular, sparsely fossiliferous unit which is-in turn
overlain by a unit containing a predominantly
stromatoporoid biota suggests significant changes in
envg(onmental conditions. dranatlc redhction of flankbeds

.
abave the hardground surface and presence of coeval f}ne"
grained mudstone/mar]l In intermound locallities indicate an
initial decrease in energy probably related to deepening.
A medial to proximal foreslope setting is consistent with
the observed facies relationships and this compares with
similar tacie; in the Barlow Inlet FPormation on Cornwallis
Island. Stylopieuridjbiostro-eu developed over the entire
sequence and prbbably formed in the ramp equivalent of a
proximal foréhlope setting. Influx of fine grained
sediment largely as periplatform ocoze could have

—~—A

rednced the growth potential o?rtho stromatoporoids to the
'point where sediment deposition exceeded growth of the .

stromatoporoids, resulting {n the demise of the mudmound

complexes.



L oo

Conditions of sedimentatjon changed ab;uptlx as

deposition of the transition sequence ended: turbidity was

-

“gubstantially reducgg and mud deposition was succeeded by
carbonate production in association with benthic . :

communities. v This resulted in development of.extensTuQ,//

overlying reefs and biostromes.
L
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1.0 GENERAL INTRODUCTION

1.1 Locatien and Access

The field area is on the western side of Gascoyne
Inlet (74°39'18"N; 91°22'W) on southwestern Devon Island in
the Canadian Arctic Archipelago (Fig. 1). The area is

accessibie by fixed wing aircraft from Resolute Bav,

Cornwallis Island.

96"W 92°W 88w

o
-~
%)
Z
(‘{;

v
§ ISLAND } pguee 2

Y
ér = Barrow Stralt

P >/ Dovon Island .
L S M oo
' o) ? Y SOMERSET
BHPC‘hQ\' taland
JEEEL ISLAND
(a) Barrow Strait .
100°W _ 92°W
Fig. 1. Location Map. ;
I“m ) i
N _ 1.2 Scope and Objectives ~
v

The project is a stratigraphic. sedimentologic and
paleoecologic_analysis of the upper part of the Silurianm

Douro Formatlon and the lower part of the Siluro- Devogian'
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Barlow Inlet Formation at Gascoyne Inlg;. The objectives
were to establish the stratigraphic framework in the
Gascoyne Inlet area and to interpret depositional

L%
environneqts in this context. The uppermost Douro

Formation ;nd lowermost Barlow Inlet Pormation contain
.carbonate mBdmound complexes and these were studied in
particular detail to establish their morphology, foss{l
content, environmental settfng. palectopography and history
<

of growth.

1.3 Previous Work

"Operation Franklin", a major mapping project of the
Geological Survey of Canada during the late 1950's and
early 1960'5. ﬁade significant contributions to the geology
of'southwestern Devon Island (see Grelner, 1963). From
geological information compiled‘in 1955, the'region from
‘Beechey Island to sligatly east of Radstock Bay was mapped

.

as ifddle to Upper'511urian Read Bay Formation, a 2,200 ft+
(670 ;+) sequence of marine limestone and argi{llaceous |
limestone (Map.1099A of above reference). The Read Bay
Formation uasf&T¥st described by Thorsteinsson and Fortier
{19%4) for a thick (2500 m)} sequence of limestone and
argillaceou;.linestone on the east coast of Cornwalllis
Island‘overlying the Allen Bay Formation and underlying the
Snowblind Bay Formation. This formation has since been

elevated to group status and the four informal members

{A,B,C,D) originally described by Thorsteinsson (1958) are



now recognized as the Silurian Douro (A) and Barlow Inlet

(B,C) formations and the Devonian Sophia Lake Formation=-(D)

{Thorsteinsson, 1980). )

-

) L
Southwestern Devon Island has been little studied in-
ey

detail. Contributions in works

— -

of more regional scope have
concerned aspects of the Cape Storm Formation (Kercr, 1973)
and the Deouro Formation (see Jones and .\Iarponne. 19845

Narbonne, 1981. 1934 and XNarbonne and Dixon, 1982). The

regional stratigraphy of socuthwest Devon Isl‘a\nd is

sresented in Thorsteinsson and Mayr (1387). The a
stratigraphic relationships of the aforementioned
formations are shown in Figure 2.
=] v Balllle Boothia
L E_-’ Northwostern :amii:::m Qouthern | Southwestern Peninsuls
B o Devon ang nar ul Cornwnllls Dovon and
> I laland Cornwalila Isiand Island Somersot
| » tsiand - tstand
\.
8 g | BARLOW BARLOW M
o DEVON 3| NLET INLET PEEL SOUND
T ISLAND 9 FM FORMATION | coRMATION
FORMATION - (Lowar mamber}
- . <
o SOMERSET
ISLAND '
2 3 Al |
= CAPE = ‘
% PHILLIPS
2|2 pouRo | FORMATION DOURO DOURO DOURO
-1 o {2 | rorMaTION ™ FORMATION | FORMATION
19
S
- CAPE CAPE CAPE CAPE
STORM STORM STORM STORM
FORMATION FORMATION | FORMATION | FORMATION
Fig. 2. Table of Silurlan (Ludlovian~Pridolian) formations
of the central Canadian Arctic. p

atter Thorsislasson, 198C; Thorsteinsson and Mayr, 1987
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1.4

Basin (Fig. 3).

General Geology and Stratigraphy
The study area is lqcated.within the Devon Foreland

Stable Platform

one of five Paleozofi{c basins in the Arctic
(Interior Platform of

Christie. 1972).
This platform comprises up to 3000 m of relatively un-

deformed, largely Cambrian to Devonian seé}méntagv rocks.
The basin extends from'Deﬁfn Island to.El;ésmere Island and
Is boundeé by

Coastal Uplifze

the Boothia Uplift to the west

, the Eastern
(cratonic Canadian Shield rocks)

and the Central Ellesmere Fold 8elt te the north and west.

to the east
TEGEND
-
Homocline A
| EE—— |
km
, 0]

Melvilie Basin
:}U\f\ |

Fig. 3. Map of the central Arctic Isia

o u;o\“
u\udn 103829

i
’ /
K

Devon foreland basin within the regio
framework. )

ﬁgs showing the
f tectonic

modified from Christie, 1972
|
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On Devon Island, the basin contains a westward thick-
ening wedge of Paleozoic rocks involved in two major struc-
tures: the Devon homocline west of meridian 88°00' and the
Devon arch to the east, a west- plunging arch that strikes
approximately along the axis of the island (Thorsteinsson
and Mayr, 1987). Devon.Island is broken by numerocus
steeply dipping normﬁl faults.

Within and surrounding the Devon Basin, the Silurian
carbonate platform represents continuation of the shaliow
marine sedimentation that pgpvailed during the Ordoviclan.
The platform gradually subsided and accumulated a widely
extensive sequence of sediments. Sediments are typical of
warm, shallow marine environments (shallow a#btidal to
supratidal) and occur as limestones and-dolostﬁnes'with
various 5roportions of argillaceous and coarser
siliciclastic sediment. The sedimentary sequences show
evidence of deepening and shallowing within a Fraduglly
subsiding tectonic area and display both vegp{cal and .
lateral facies changes.

The shelf was moderately influenced by pulses of the
Cornwallia Diafarbance (Kerr, 1977: Packard, 1985). The
initial pulse is represented bf an unconrorilty with parts
of the Late Ordovician to Early Silurian Allen Bay
Formution and lower formations having been eroded away.

The second pulse duridg the Silurian résulted in clastic

!

sediments (Peel Sound Formation) onlapping the carbonate

ta



platform and in deposition of the lower member of the
Barlo; Inlet Formation in a restricted area on eastern
Cornwallis Island (Packard, 1985).’ These pulses influenced
local sedinenfatibn but did not affect the iargin-to—basin
transition (carbonate/shale facles boundary).

The region surrounding Gascoyne Inlet is covered by
{ower Paleoczolic strgta consisting of theg Cape Stora, Douro
and Barlow Inlet foerFions. with Quaternary overburden
occurring In low lying areas (Filg. 4). Strata dip‘gently
to the west- southwest (240°-250%) at 6°. Apparently
steeply dipping normal faults transect the area and are of
various trends except for two east-west trending faults,
west of Gascoyne Inlet that dellneate a.graben {FPig. 4.
These structurai features and steep cliffs along the coast
probably resulted from fragmentation of the Canadian Arétic
into numerous sub-pliates in part durlng the early to mid-
Tertiary Eurekan Defo;nation (Kerr: 1982).

The Cape Storm Formation (s an Early (late L;qndj
overian} to Late (early Ludlovlian) Silurian sequence ;}
dolqatone and limestone exposed widely on Devon and
adjacent islands. It was origlinally Ineluded in u;derlyinz
and overlying formations but due to 1ts'extensive
mappability, desplite being laterally variable, has been

ralised to formation status {(Kerr. 1975). On Devon Island *

it consists of three faclies: a doloamitic pelmicritic litho-
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facies, 2 limestone-intraclast lithefacies and a strom-
atolitic lithofacles (Kerr, 1975). It is typically poobly

fossili'ter& - i

L fhe Douro Formation &as first defined by Thorstein-
sson (1963} as a 400 m thick sequencé of argillaéeous
limestone and minor calcaredus shale, with the type section
located ‘in “the Douro Range on northwest Deveon Island. it
is of probable late Ludlovian age throughout tﬁz Canadian
Arctic based on its stratiggaphic position and conodont age
deterninations\(Uyeno in Thorsteinsson. 1980), and is
exposed on Ellesmere, Devon, Cbrnwallis. Somerset, Prince_
of Wales, Stefansson and Victoria islands and on Boothia
Peninsula. It ranges in thickness from S5 m to 460 m and
comprises two najér lithofacles: a mottled dolostone

consisting of masses of limestone in a yélbowish dolomite

matrix and a rubbly argillaceous limestone with minor silt-

x
.

stone, shale and bioclastic material (Narbonne, 1981). It
contains varlious aubunts of bfachiopods. corals,
trilobites, sponges and crinoidal debris. The Douro
Formation on Devon Island reaches a maximum thickness of
238 = (Thorsteinsson and Mayr, 1987). At Gascoyne Inlet 1t
is atypical in that bioclastic beds and particularly
Iintra-formational conglomerate beds occur through nost‘or
the stratigraphic sequence (Dixon, pers comm.). On
Somerset Island, uoﬁndlike lithistid sponge reefs ranging

from 5-35 m in diameter occur within 2 distinct intervals

-~

.
fs‘u.\



(Narbonne, 1981; Narbonne and Dixon, 1884).

The Barlow Inlet Formation is a Late Silurian to
Early Devonian carbonate,succession exposed on Cornwallisl
Devon, Griffith and Lowther islands. It 13.1400 n thick on
Cornw;llis Island and consists of a 50 m lower member of
predominantly calcareous and quartzose silty shale with
minor sandstone and nodular llmestohe and an upper member
of limestone, dolostone, shale and rare sandstone inter-
beds. Brachiopods and microfessils are rich in the lowér
member while the upper member contains a rich and diverse
fossil assemblage Yncluding corals, stromatoporoids, bryo-
zoans, trilobites anq brachiopods. The lower member

represents deposition\in a deltaic setting while the upper
member represents a carbona;e platform complex with a spec-
trum of foreslope to peritidal lithofacles. Bioherms and
biostromes occur withia medial foreslope to restricted
lagoonal facies (Packard, 1985}. While it has been exten-
sively studied on Cornwalllis and Griffith islands (see
Packard, 1585; Packard and Dixon, 1983 and Thorsteinsson,
1958, 1980), relatively little is known about the Barlow
Inlet Formation on Devon fgland except for its general
stratigraphic framework.and an estimated maximum thickness
of about 750 a (Thorsteinsson and Mayr, 1887).

—

The distinctive lower member of the Barlow Inlet

Formation has not been recognized on Devon Island and
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. . r .
consequently the lower boundary of /the .formation must be

fR—
™

defined differently than on Cornwallis Island. The problen/;)
is made difficult by the presence of a sequence that is +
transitional between "tjg}cal" facies of the Douro and

Barlow Inlet formations. The bgse of thisstransition

L]

sequence 15 placed at the base of the loweramost oncolite-
rich packstone-wackestone unit of the oncolite facie; and (
the top of the sequence is placed jhere there 1s an upward
change from rqlatively’recessive dark mudiisge and marl |
Egzddedrliuestone/narl sub-facies)} to extre;ely resistant
grainstone and large, massive mound faclies (Fig. 5).
Thorsteinssqn and Mayr (1987) placed the Douro/Barlow Inlet
form;tional boundary at the base of a discogti;u?us
crinoidal grainstone/rudstone- (see figure 68, pgg 73 of
above reference) Interval (herein described as the
crinoidal grainstone/rudstone sub—facies)“!nd at the base
of the middle (flankbed-equivalent) sub—fac;e; (FPig. 5).
This boundary placement hés been adopted.grovisionally in
this study. However, in the description ;nd Interpretation
that follows. the transition sequence warranted individual
emphzsis as it is clearly distinct from the more. typical
facles of the two formations.

The age range of the Barlow Inlet Formation in the
study area, based on regional work. was eaéablished by

. e &
Thorsteinsson and Uyeno (1981) as lzte Ludlovian to early

-

Lochkovian.
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Fig. 5. Stratigraphic terminclogy applisd o the siudied sequence,
1.5 Fleld Work
- Field work was conducted over two field seasons: July

15 to August 10, 1984 and July 4 to August 1, 1985.

these seasons. 8.2 hours of fixed wing (Twin Otter) tran-

sport time and 6.8 hours of helicopter (B206) time were

used.

During

The area studied covers four square kilometres and 1is

readily accessible by hiking.

The use of Honda 90 ATC's

enavled extensive sampling to be conducted. Excellent

¢clif?® exposures up to 200 m in height occur in the area but

due to gentle dips and the unscalable nature of some parts

of the cliffs., sections through the studled interval were
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rarely conplegely accessible.

During:the first fieﬁd season, 11 stratigraphic sec-
tions totalling 4#5 R were doéunented systematically and
form the stratigraphic franéyo;k for the stu&y in the
Gascoyne Inlet area. All uqﬁts were described in detail
and 193 samples were colleféed to be examined in the lagj
oratory. ) \

During the second field season the morphology.
distribution and components of\ the mudmound complexes were
examined in detail using a number of net%ﬁds. Their
lateral extent was ascertained by a helicopter survey.
Their morphology was defined in terms of height, width and
shape as displayed in random cross-sections on the cliffs.
Grid sgquare a;alysis was used to determine the relative
percentages of allochems, matrix and cavities on suitably
exposed surfaces. Fossil constituents. growth forms, pre-
servation-.and orientation on these surfaces were also
described in detail. A total of 196 samples were collected
in conjunction with these studies and examined in the
laboratory in.ter-a\gi;fossil content, paleoecology. faunal
associations and sedimentology. .

I.6 Lﬁboratory Work ~
'Laboratofy work consisted largely of examining the

389 samples collected. All samples were cut and polished

and surfaces studied. Where polished surfaces did not
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adequately show textures, acetate peels were made as an

alternative. In addition, 60 thin sections were used to
) g

examine and describe microtextures and fabrics of the mound

cores. All samples were examined and described according
to lithology, sedimentary structures‘and fossil types and

-
abundances.



2.0 PACIES DESCRIPTIONS AND INTERPRETATIONS

Al
o

2.1 TIntroduction b

within the 4 square kilometre study area, 11 strati-
graphic sections, 4 of the 8 exposed mudmound complexes
;nd 3 of the 4 exposed, isolated, smaller mudmounds were
. documented {Flg. 6). Table 1 presents comparative data on
thicknesses of the main sequences recognized. Copies of
stratigraphic logs (sections 1-11) and locations of samples
. collected from mudmound complexes "a" and "b" are included
with the departmental copy of the thesis. Figures 7 a,b
and ¢ are a summary of théﬁéections and their correlation.

For purposes of desc;iption and {nterpretation, the
relevant stratigraphic sequence has been. divided Iinto 3
parts, based on characteristics seen in the measured strat-
igraphic sections, in mapping of intervening exposures and
in examination of mosaics of obligque air photos. These 3
parts are the Douro Formation (main portion), the Douro/
Barlow Inlet transition sequence and the Barlow
Inlet Formation. The Douro Formation overall is
substantié?ly less resistant than the overlying Barlow
.Inlet:Fornation. Within the Douro Formation, however,
several parts weather sonewhat'more resistantly and résult
in a2 stepped profile on most cliffs‘(Plate 3-a). Three
resistant subdivisions alternate with 4’that are recessjive.

The uppercost of the latter. the recessive transition

sequence, can be sub-divided further into a oncolitic
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LEGEND
£ Reefoid buildup
e Mudmound complex
@a Complex examined
| e Mudmound (small)
\.l Section

Exposure

Scate(km)
0 0.5

Fig. 8. Location of measured stratigraphic sections and buildups in the topmost
Douro and basal Barlow Inlet Formations.
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Table 1. Summary thuckness data from the measured stratigraphic sections.
facies conzZaining four ltaterally exXtensive oncoli'r | oiss
4

and an overlying mound interval comprising the mound and
intermound faclies {Fig. 7). The base of the Douro/Barlow

nlet transition sequence is informally placed at the base

4

[ ]

of the lowermost oncolitic unit of the oncolite facies.

While the oncolite facies 1iIs not exposed everywhere in the

study area [t is readlily recognized and laterally

extensive. The upper contact of the transition sequence is
4

informally placed at the top of the bedded mudstone/marl

sub-facies at the top of the mound interval and is also

recognized throughout the study area. This transition

sequence is a predominantly recessive interval bounded by

(
~

resistant strata. The overlying Barlow [nlet Formation
consists of diverse carbonate lithologies and weathers
brown-grey overall, as iIs typical of the formation on
Cornwallis Island. This stratigraphic breakdown provides

the necessary framework for a detailed assessment of the
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mudmound interval ir the transition sequence. FPigure 5
shows the general subdivisions and teruinoiogv used in this
study.

In the study area, but based on regional work, the
Douro/Barlow Inlet formational contact coincides with the

siluricus/latjialata conodont zonal boundary (Uveno, 19?0).

Conodont samples from this study were analysed by Dr. T. T.

”

Uyeno at the Institute of Sedimentary and Petroleum

Geology. The siluricus/latialata boundary could not be

identified within the sampled interval due to the absence
of zonally diagnostic taxa (Appendix 1).

The term 'mudmound complex' is applied to biohermal
structures at least 35.6 m thick, showing various facles
aqd sub—ta&?es:‘j mound facies consisting of lower (pre-
flankbed equivalent), middle (flankbed equivalent) and
upper {post-flankbed equivalent) sub-facies and the mound
flankbeds herein desqribed as the crinoid grainstone/
rudstone sub-facies of the intermound facies. Small (< 2 =
in stratigraphic thickness) audmounds inswhich no sub-
facies can be differentiated and that rest on the uppermost
éncolitic unit_of the oncolite facies are herein described
a3 the 'isolated mound sub-facies' (Fig. 5). The term
'mudmound’ is used in a purely descriptive sense for a
buildup that is do-inated‘by'a lime mud matrix (Wilson,
1975).

0f the four audmound complexes examined, only two are
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well exposed and easlly ‘accessible (a and b of figure 8).
Mound facies descriptions are largely restricted to these
complexes (Piates 1, 2). Where considerable variation
within individual facles occurs, these are identified and

explained within the appropriate facies descriptions.

-

2.2 —Douro Formation *

2.2.1 Description

The sea cliffs south of section 4 (Fig. 6} expose
about 110 m of unro Formation beneath the transition
sequence. The base Jf the formation is not exposed in the
study area. This lower 110 m consists predominantly of
green-grey weathering rubbly limestone, minor shale and
bioclastic and intraclastic beds. Weathering of the cliff
exposures accentuates a series of three more resistant and
three more recessive members in which the proportions of
these rock types differ (Dixon, pers. comm.). The general
characters of these members are summarized below.

The lowest 10 m exposed is a recessive member con-
gsisting of medium grey to grey-green weathering planar to
rubbly bedded calcisiltite. Beds range in thickness from
0.5 to 9 cm, average about 2 cm and alternate with marl
interbeds up to 1.5 cdfthick. The calclisiltite beds are
faintl§ laminated, occasionaliy ripple marked and less
commonly thick beds exhibit mega-ripples. Minor intra-

I

clastic beds occur 0.3 m from the top. Fossils, although
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rare, include articuiated brachiopods and orthoconic
nautidoids.

The overlying 56 m, comprising two more resistant
members and a thin intervening member that is slightly less
so, contains about S0-70% nodufar calcisiltite mudatonel_lo—
30% siltstone and shalé and S—IOxLintraclastic
congioperate. packstone and planar bedded calcisiltite
mudstone. The nodular calcisiltite mudstoﬁe weathers to a
light.brownish grey and tends to form massive, semi-.
resistant units. It consists of 1rregular_beds of mottled,
bioturbated mudstone. The calcisiltite 1s well bedded and
beds 1-5 cm thick alternate with marl and marly shale up to
2.5 cm thick. The calcisiltite exhibits faint plane-
lamination and low angle c¢ross-lamination. The intra-
clastic beds are up to 12 cm thick. weather light brown and
are more resistant than the surrounding rubbly limestone.
They exhibit erosional basal contacts and clasts are
commonly Iimbricated. They_are in pa;t rich ;n brachiopod
nolgs and fossils. Fossils are common in this member and
include bulbous favositid corals, sqlitary rugose corals
and smooth shelled brachiopods.

The next overlying member is 30.4 m thick and s
largely recessive. It coensists of 40-60% nodﬁlar calci-
siltite, 30-50% laminated calcisiltite and shale and 5-10%

intraclastic floatstone and packstone. The lithologlies are

gimilar to those in the underlying member, differing only
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in relative abundances. The overall recessive nature
probably refiects increaséd argillaceous content. Fossils
tnclude atrypoid brachiopods and less commonly
rhgnchonellids. .

The next member is 14 wm thick and has a resistant
weathering style. It consists predominantly of nodular
calcisiltite (Plate 3-b) with minor crinoid packstone, intra-

—_clastic beds and oncolitic beds. The irregular calci-~

. siltite beds range in thickness from 1-3 cm. The/mudstone

1is extenstvely bioturbated and Plénolitea is evident.

Crinoid packstone bedsAare up to 0.2 m thick, contain
crinoid debris and minor brachliopod and gastropod fragments
and are commonly mega-rippled. The member is quite fossil-
itferous and fossils include trilobites (Hemiarges sp.?),
small high- and low-spired gastropods, atrypoid.
rhynchonellid and strophomenid brachiopods and érinéid

debris.

\/‘-_//

Finaély. the up to 686.4 m thick Douro-Barlow Inle;
tranaitio; sequenée will be described in detail in
subsequent sections 2.3¢ 2.4 andxz.s of the theslis.

2.2.2 Interpretation

The following synopsl!s is derl;ed largely from
extensive studies by Narboanne (1981) on the Douro

Formation. 3

The rubbly limestones of the Douro Formation were
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deposited on a broad carbonate shelf in the subtidal Zone.

B
Low energy conditions were prevalent as suggested by the

predominance of rubbly limestone, the fine grain size and

the paucity of current indicators. Tgis is further

"substantiated by the presence or\fossil material of

“ . .
sedentary benthic organisms commonly in life position. The

profuse Atrypoidea fauna is generally indicative of turbid

waters while the overall biotic associations suggest normal
“to slightly elevated salinities, a Qiew supported by geo-
chemical evidence (Veizer et al., 1978). Deposition
cccurred above storm wave base as.both bioézzﬁtic and
intraclastic storm deppsits are present throughout the
sequence. The intraclastic beds were probably deposited in
more turbuleqt, shallower environneﬂ;s.

The section at Gascoyne Inletz appears largely to
conform to this interpretation. The weather}ng profile as
previously described probably retlects‘dif{érences in
arglillaceous content of the ruBET? limestones. The
reaulting lithologic members are lithostratigraphically
correlatable over mﬁch of the Douro shelf (Narbonne and
Dixon, 1982). .

At Gascoyne Inlet there is 2 greater proportion of
bioclastic and intraclastic beds throughout the Douro

i -

Formation than in other areas in the southern Arctic

archipelago (Dixon, pers. comm.). While shelly and intra-

clastic limestones suggest deposition under higheT energy

s
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conditions, tﬁis situation can occur in either the subtidal
or intertidal domain. The greater proportion of rubbly
limestone in tgick sequences, the lack of rapid lateral
facies changes and the intercalatiomr of coarse grained
limestones at regular fhtervals suggest predominantly
stable hydrodynamic conditions. These conditions are more
likely to occur in subtidal environments (Jones and Dixon,
19?6). This is further supported by {he presence of a
subtidal fauna: trilobites, atrypoid brachiocpods and
corals. The largely brachiopod assemblage is typical of
warm, shallow marine conditions.

The greater proportion of storm transported debris in
this study area suggests that more frequent turbulence'and
possibly shallower environments prevailed throughout Douro
deposition than in other areas where the Douro was
deposited. On Somerset Island, the Douro contains two
1ntervals‘with bioherms rich in sponges, corals and to a
lesser degree stromatoporoids (Narbonne and Dixon, 1984).
Based on their stratigraphic position and sedimentologlce
and pﬁleontologic evidence, these appear to have formed-in
the deep subtidal zone above storm wave base. No
equivalent\bioherms were observed at Gascoyne Inlet, which

suggests that conditions were not suitable for their

development.

Evidence of upward shallowing through the Douro-
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Barlow Inlet tran#ition sequence is discussed on sub;equent
paées.

2.3 Douro/Barlow Inlet transition- Oncolite Facles

2.3.1 Description - P

The oncolite facies constitutes the basal part of the
Douro/Bariow Inlet transition sequence (Pig. 5). It is
underlain by the Douro Formétion proper and overlain by.the
mound and intermound facies. The lower boundary is the
base of the lowermost of four oncolitic units and.the upper

boundary is the top of the uppermost oncollitic Qnit. This

lithofacles consists predominantly of rubbly limestone and

- .‘ ~

ledge-forming units (Plagés 1 and 3-a).

The facies 1s up to 16.9 m thick and is largely
recessive. The four resistant., oncolitic units are
separated by thicker units of recessive, green-grey
weathering, irregularly bedded, rubbly arglllaceous, calci-
siltite mudstone {(Plate 4-a}). These units are laterally
persistent and occur at corresponding stratigraphic
igtervals throughout the study area. This facles is
exposed 1n all sections except sections 1, 3, and 10 where
the 1ﬁterval is covered by scree.

Fossil taxa, sedimentary structures, allochem types
and percentages, matrix types and bedding characteristics
are summarized in Tables 2 and 3.

The variability in thickness of each of the oncolitfc

units is a result of lateraily differing proportions of
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rubbly limestone and oncolitic beds within the oncolitic
units (Plate 4-b). The oncolitic packstone beds (Plate 3-
¢c) can grade laterally ihto ianinated calclisiltite and are
commonly interbedded with rubbly calcisiltite mudstone and
crinoidal wackestone. Locally the packstone contains up to
40% spar. This consists of fibrous calcite cement

“ »

surrounding bioclasts and clear, blocky spar occludes any
1]

remalining porosity. Fossils tend to be disarticulated and
some are fragmented by compaction. Brachiepods are common
on bed tops. Convex valves of Megalomoides sp. up to S5 cm

-

long are generally. concave down. Some beds show partially

burrowed fining upward sequences.

The thicker rubbly limestone units between oncolite
units are poorly fossiliferous and partially bioturbated.
Small lenses of laminated, calcisiltite mudstone are
present and increase in abundance upwards. The uppermost

unit contains discontinuous beds of oncolite packstone.

2.3.2 Interpretation C,/
The oncolite facles represents deposition in the

subtidal zone under conditions varying from calm to
turbulent. The rubbly limestones are remarkably similar to
those of'the underlying Douro Formation proper. This would
indicate that lower energy conditions prevaliling during
earlier Douro deposition continued during deposition of the

oncolite facies. Deposition occurred in the subtidal zone
- o
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éenerally under turbid conditions as suggested by the pre-
dominance of rubbly, fine-grained limestones aﬂd by the low
abundancg and poorly diverse assemblage of brachiopods,
corals and bryozoans. The thorough bjioturbation is
evidenée'of an infaunal community as well. Rare isolated
lenses of calcisiltite-were probably the result of minor
agitation.

The four oncolite units within the facles represent
brief, more turbulent episodes in these overall calm
conditions. -

Oncolites are variously shaped, carbonate p%rticles
that rarely exceed 10 ¢m in diameter. Each contains a
nucleus, commonly a bloclast, and an outer sheath of
concentric, com;only discontinuous laminae representing
accretion of fine sediment and cyanobacteria. Oncolites are
also known a; spheroidal (8$) stromatolitlic structures
{Logan et al., 1964) and algal oncoids (Fllgel, 1982).

Bathurst (1976, p. 20) discusses SS-type strom-
atolites as forzing where “... the substrate is free and
mobile ..." and various authors suggest that they are
associated with hard grounds and/or high energy environ-
ments (see Fliigel, 1982, p; 137). Oncolites require
turbulgnce and light for growth of discontinuous laminae of
cyanobacteria. This would suggest potential deposition

within a variety of environments ranging from the

intertidal to the subtidal zones (above storm wave base)



31

and this can_be demonstrated with the following examples.

Deposajits containing oncolites are known to occur in
Yario&Q settings: shelfward and on the crest of coral s
knolls at the sheif margin and alsoc within backreef facies
in Oxfordlian strata in the Swiss Jura ﬁbuntaiﬁs (Wilson,
1975);: within a narrow belt along the basin margin of the
‘Middle Triassic Muschelkalk Basin (Aigner.'1985): in a

shallow open marine., subtidal, offbank environment in the
Siluro-Devonian Helderberg‘Group of the central i
Appalachians (Dorobek and Read, 1986), within facles

representing submerged offshore shoalsiin the lower part

\
(Douro Formation) of the Read Bay Group on Somerset Island

in the Canadian Arctic Islands {(Savelle, 1979); and at the
base of tidal hemicycles in the Barlow Inlet™Formation on
Cornwallis Island (Packard, 1985).

The above examples indicate that oncolites on the;r
ownh are not accurate environmental indicators. They only
suggest turbulent conditions and., as such, could be
deposited in waters down to storm wave base. Other
criteria, such as matrix type, relative abundance of
oncolifﬁs. associated constituents, position within the
stratigraphic sequence and paleogeographic locale must be
used to determine their environment of deposition.

The presence of the four principal units of oncolitic

.
wackestone and packstone. indicates repeated changes from
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predominantly low energy to turbulent conditions.
Individual oncolite beds contain various bioclasts derived
from an open marine fauna, and their diversity appears t;
increase stratigraphically upward (Table 3). Other
\;;atures ;hat collectively indicate an open marine setting
influenced by storm activity include: clasts s;rrounded by
either cement, micrite or caléite silt: pervaslive
bicturbation, and rare low angle cross stratification.

No characteristics of lagoonal settings are present
nor 1s there conclusdive evidence for shoaling,. aithough the

relative thickness of the {ndividual units may suggest

shoals. The bioclasts and oncvlites may very well have been

-

derived from shallower water shoals. Shalﬁowing upward 1{s
. Ve -

invoked for the oncolite facies as the omcolific stornm
deposits are better developed upward stratigraphically.
Why individual oncolite beds are not more random throughout
the interval is not known but episodic shallowing upward of
nearby shoals or tectonic uplift wéreﬂpossibly Iinvolved.

It is suggested thaf the oncolite facies as a whole
represents shallowing upward, as diversity of biocclasts
increases upward and crinoids and metazoans in life
position are present on the third oncolgtic unit‘and became
established as bioherms on the uppermost unit. The
deposition of these extensive oncolite deposits would also

have had a shelling effect over large (at ieast ¢ sqg. km)

areas, temporarily reducing_turbidity by covering the

-

A
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otherwise muddy argillaceous substrate. They would also
haverprovided firm supstrates for colonizatior by c¢rinoids
and other metazoans.

2.4 Douro/Barlow Inf??f&aggiiz}on- Intermound Facies

2.4.1 Description

2l4.1.1 Rubbly Wackestone Sub-facies

The rubbly wackestone sub-;acies directly overlles
the oncolitg faclies (Filg. 5). It envelopes the isclated
mound sub—fa;ies ;nd 1nterf1;gers with the lower suﬂ-facies
of the mudmound complexes. It is overlalin by and is in
abrupt contact with the crlnolid gralnstone/rudstone sub-
facies (Plate 4-a).

This sub-facies varies in thickness up to 2 maximum
of 8.1 m. The basal contact ts abrupt but bed contacts are
irregular. Beds raAge in thickness from 1.5 to 2.5 cm and
consist of irregular wackestone nodules surrounded by thin.
discontinuous, irregular-seans of grey to green-grey shale
and marl (Plate 4-a}. The bioturbated matrix of silt-
(microspar) and mud-sized calcite comprises up to 85% of
the wackestone. The remainlng 15% consists of bloclasts of
crinoid ossicles, solenoporid algae, ostracod valves,
peioids. gastropods and mucophyllid rugose corals. Some
ossicles exceed 1 ¢m in diameter. Fossils in }ire position

include strophomenid and rhynchonellid brachiopods and

rarely bulbous helilolitid corals and irregular specimens of



. Alveolites, Favosites and syringoporlid corals. So-q\
4

gpecimens of Favosites appear to have encrusted irqetular

bed surfaces. Fossils tend to be more common in the wacke-

e L

stone adjacent to the small buildups (isolated méund sub-

facies) located on the uppermost oncolitic unit. Nested

atrypold brachiopods become evident up to 4.0 m away fronm

these %pall buildups and overturned mucophyllidscorals and

L]
’

thin irregular tabulate corals are also present rarely.

Pyrite is a minor constituent. Near section 10, a channel

Al

deposit cgntaining disoriented mef%zoan foasils in a

crinoidal packstone/ zrainstonelmatrix occurs 4.5 m fron
'
the top of the sub-facies (Plate 4-c¢).
t
2.4.1.2 Crinolidal Grains;QPe/Rudstone Sub-facies
™

The crinoidal graips;one/rudstoﬁe sub-facies overlies
the rubbly wackestone sub-facies and 1s in turn overlain by
the bedded limestone/marl sub-facies (Fig. 5). it is
represented throughout the study area as\a beige to cream-
coloured unit of variable thickness (Plates 1 and 4-a). It

is generally thiognest at considerable distance from

mudmound complexes and thickens towards these structures.

As a result the facies coniists largely of qsdge— and lens-

shaped units that overlap one another. The sub-facies has

a maximum neasqaed thickness of 14.2 m (mudmound complex

"

a" at section 8) and a minimum thickness of 7.4 m (mud-

" L

mound complex "b" at section 10)}). At mudmound complex "a",

the sub-facies is very irregular in exposed thickness. The

=t



-

contacts with thé mudmound are partly abrupt and partly
gradational (Plate 5—5): The sub-facies thins from 14.2.3
(section 8) at the mound to 10 m at 54 m to, the nﬁrth.

- At complex. "b" the basal unit 4A4s up to 2.5 m of
criﬁoid packétone/grainstone that displays low angle‘cross
lamination (Plate 5-b) and is laterally extensive. The
basal contact is erosional and locally deformed by loading.
The un;t is dark brown as a result of the carbonate mud
content. The dnit is massive near the mudmound but at a
distance of 54 m it consists of beds 2 to 7 cm thick. Beds
are separated by thin marl and clay partings. Allochems
constitute up to 65% of the rock and are predominantly -
crinoid ossicles ‘but include brachiopods, stromatoporoid
fragments, heliolitid corals and rhynchonelllid brachioepods.
The average grain size is estimated to be 1 mm. )
Partly dolomitized crinoid grainstone and rudstoneé/{
predominate in the sub-facies and are generally massive and
featureleqs except feoer the presence of high amplitude.
peaked to columnar stylolites. Crinoild ossicles are common
and up to 1 cm in digmeter. Accessory bioclasts include
brachiopods and branching bryoczoan fragments (up to 2 mm X
17 mm long). Tabular to elongate greenish mudstone litho-
clasts {up to 1 cm X 5 ¢m long) are rare. The bioclasts
are conmonly disoriented but well scrted and some define

faint low angle cross lamination (Plate 6-a). Interparticle
4
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pdrosity is commonly occluded by clear blocky spar.

Micrite 1s less commoq\and is weakly mottled. .Light.zrey—
green silt is locally concentrated within shelter porosity.
Exposed bed surfaces commonly exhiblit crinoid pluri-
columnals and rhizoidal holdfasts surrounded by a clay- and
silt-sized matrix. These show up in cross sectlion as thin
brown layers in the predbminantly beige units. These thin
layers occur rarely adjacent to the mounds but are common
at a distance over 54 m from the mound. U,Laterally away
from the mounds the micrite increases in abundance, and
graln size of allochems decreases. Also the diversity of
fossils increases as well as the abundance of fossils in
1ife position away from the mounds. These include crtnoid
holdfasts, wafer tabulate corals and small bulbous
helioiitid corals. Units up to 2.4 m thick wigh weakly
defined, inclined bedding are generally truncated by other
beds with inclined bedding at different angles and
orientation.

The sub-facles terminates upward differently in

different places. Adjacent to "the south §ide of mudmound

" L

complex "a", the clean grainstone and rudgtone are sharply
overlain by part of the mudmound, a ;.2 m g&ick packstone
containing colonies of syringoporid corali*ﬁggsciculate

rugosans and stromatoporoids. At 54 m ncr%ﬁ‘af the mound

the grainstones are sharply overlain by 4 m of brown

weathering, crinecid rudstone with common solenoporid
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rhodoliihs on bed surfaces. The tongue of mﬁdnound
material aﬁd the‘brownish weathering rudstone appear to be
éoeval.

2.4.1.3 Bedded Limestone/Marl Suﬁ—facies

The bedded limestone/marl sub-facies overlies the
crinoid grainstone/rudstone sub-facies (Fig. 7) and in'part
grades into (Plate 6-b) and overlies the upper ({(post-
flankbed) sub-facies of the mounds. It is overlain by the
Barlow Inlet Formation {(Plate 1}).

This sub-facles is thickest in intermound areas
(maximum of 11.3 m /section 10) and thinnest over the
.mounds (minimum of 0.5 m where it overlies mud;ound complex
"a"}. It consists predomindntly of Limest05§7beds 2 to 15
¢ thick. averaging 6 c¢cm, with up to 3 cmtinterbeds of
friable recessive marl or marly shale (Plate 7-a).
Generally the marl 1s structureless but some- appears
faintly‘laminated. The distinctly-flaggy limestone
weathers a featurgless light grey. with pale vellow-grey
mottles. Some beds are.lighter In colour and become
slightly moré recessive égwards bed boundaries suggesting
an lncrease in argfllaceous content. Upper and lower con-
tacts are sharp and some bed tops are irregular and
hummocky. The limestone beds can be traced laterally at

least 50 m and either pinch out or,- less commonly, become

discrete nodules. They are rarely truncated by overlying
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"beds and deformed by kink folds.

. The limestone beds are redominantly poo}ly fosgil-
iferous calcisiltite mudstone and ;ackestone;' The matrix
consists of calcite grains averaging 25 nicéons. Thig
either grades into or is in stylolitlic contact with a
brownish, hematitic matrix that consi{sts of subhedral to
euvhedral dolomite’ crystals up :te 100 microns. Within this
dolomite matrix some allochems are neomorphosed but some
“such as crinold debris are still ldentifiable. Isolated
euhedral dolomite crystals are common within the calcite
matrix. Angular tﬂ subangular quartz grains account for
less than 1% of the components and hematite, pyrite blebs
and pyrite casts (up to 380 mlcrons) rarely account for
more than 10% of the components. The calcite matrix- is
burrow-mottled with 3 distinct burrow types: dark brown-
grey burrows up to 1 mm in dlameter that show no preferen-
tial orienfgtion; light srown-zrey burrows similar to the
above; and sub-horizontal burrows up to 5 mm in diameter.
Finely comminuted bioclagtic dedbrls is present throughout

the matrix but less common in the burrows, and elongate

/
fragments can be concentrically .ortented. Larger fossil

debris temds to occur in isolated patches or as debris beds

adjacent to the mounds. These rarely extend further than
10 m ?lthough one bed extends exceptionally up to 120 m
(Pldtg 7-b). Fossils within l!mestone beds are generally

not in life position and rare. al!though they locally

~\\~ \

A

i
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constitute up to 40% ofrthe rock. Fossil debris includes
sponge spicules (largely mondxons). gastropods (low and
high spired up to 4 mm), crinoid ossicles (up to 8 mm Iin
diameter). ostracods (articulated and disarticulated),
trilobite fragments, specimens of Coenites and other coral
fragments, bryozovan fragments, brachiopods (thin walled and
up to 3 mm long), solitary rugosans (at least 2 types),
stylopleurid coral branches and solenoporid rhodoliths.
Fossils and debris are commonly less than 5 mm in size,
except in the topmost‘sfylopleuridrrich ienses. and laék
size sorting or orientation. Well rounded to elongate
pelolds occur in section 8 and are intermixed with other
allochems. They are 500 to 750 microns in size, have
sharp boundaries and some con:ain fine pores.

At section 10, 3.3 m below the top of the intermound
facies is a serles of resistant wackestone beds that con-
taln abundant fossils similar to those in the buildups.
These can be traced laterally to section 3 into an 18 cm
graded bed (Plate 7-b).

The sub-facles at section 3 is unique 1ﬁ containing
6.8 m of dark breown weathering wackestone and packstone_
above the flankbed of a mudmound complex to the north
(mudmound complex in Plate 17}). This part of the sub-

facies 1s wedge-shaped and increases in thickness towards

the mudmound complex. The basal 2.0 m 1s well bedded but
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also nodular wackestone with beds 2 to 5 cm thick. Marl
;nterbeds up to 2 cm thick are present. The matrix of the
wackestone 1s burrowed. Fosslls are mostly disoriented and
include crinoid ossicles, gsolenoporid rhodoliths, Alveo-
lites, solitary rugosans and rhyncho;ellid and atrypoid
brachiopoeds. The overlying 4.8 m consists‘of packstone
with beds 2 to 9 cm thick. Fossils fnclude ecrinoid debris
and pluricolumnals up to 3.5 cm in length, Gypidula, penta-
merid, rhynchonellid, atrypold brachiopods, Favosites,
solitary rugosans, orthoconic nautiloidé and rarely tabular
stromatoporolids.

The basal 1.6 m of the upper part of the sub-facies
at section 3 is ]Jight medium-grey, mottled wackestone and
packstone that grades from the underlying packstone. It
contains interbeds of marl up to 2 cm thick. It 1s poorly
fossiliferous and includes trilobite fragments, branching
specimens of Coenites, solenoporid algae, rhynchonellid and
ratrypid brachiopods, specimens of Planolites and sponges up
to 6 mm in diameter. The fossi]l abundance decreases

Y .
upward. The middle 4.8 m consists of light buff-brown,
mottled wackeétone and packstone. The basal contact is
gradational but bed contacts are sharp. Allochems are
unsorted, are up to granul; size and fossils include _
crinoid ossicles and less ;omnonly hemispherical spézziens

of Favogsites, solitary rugosans, tabular stromatoporoids,

atrypold and rhynchonellid brachiopods including specimens
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of ngidula and’pentanerids. The upper 4.6 m is mediu;
grey, mottled mudstone with nodular bedding. Vertical
wedge-shaped cracks occluded by spar extend into the mud-
stone from nodule boundaries.- Fossils occur rarely and
include small crinoid ossicles, solitary rugosans, high-
spired gastropods and irregular specimens of Favosites.

‘ The bedded limestone sub-facles in section &, in the
southwesterg part of the study area, is 8.4 m thick and
much more fossiliferous than at other sections but this may
be due to its proximity to a mound. The basal 6.2 m con-
sists of well bedded packstone.\wackestone and mudstone
ranging ?.5 to 12 cm bedding thickness. Fossils include
small crinold ossicles with large crinoid pluricolumnals
common near the top and rarely atrypoid and rhynchonellid *
brachiopods, solencporid algae, overturned bulbous strom-
atoporoids, hemispherical and tabular (5 Xx 17 cm) speciqené»/’
of Favosites, styleopleurid cora{ branches and lamellar {0.5 x
10 cm) and tabular stromatoporoids, an orthoconic nautiloid
(5 mm in diameter) and a pelecypod valve. in 2 concave down
position. Son; of the tabular stromatoporoids are not in
si*tu. The large diameter pluricolumnals occur in lenses
and on bed tops particularly in the interval from 3.5 to
4.0 n. Some of the allochems have been selectively

-

silicified. “The upper 2.2 m consists of light grey,

uniform to slightly mottled calcisiltite mudstone with 1 cm
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thick marl ifrerbeds. The bed toqs are frregular and-
bioturbated and the unit as a whqge is distinctly more
recessive than the underlying units. Bed thicknesses range
from 3.5 to 13 cm. Fossgls generally occur on bed tops and

are coamonly solitary rugosans, rarely cerioid rugosans,

with crinoid ossicles, specimens of Alveolites, large (2.5

cm wide at base and 4.5 cm long) high-spired gastropdds.
thick-branching specimens q? Coenltes fragments and
hemispherical and small bulbous sﬁecinens of Favosites.

’ On the southwest side of complgx "a", the intermound
limestone ranges from crinoidal grﬁinstone and rudstone of
the mudmound flankbeds up into crinoidal wackestone and
then into mudstone. These beds dip 25°~46°away from the
mound. Some beds terminate abruptly against the complex
while other mudstone beds grade upwards .into crinoidal
wackestone and packstone and into the mound itself. The
basal 3.4 m of the bedded limestone sub-facies has onlapped
the mudmound complex.(Plates. 1 and 8-a). The lower 1.4 nm
is well bedded, mottled wackestone with interbeds of marl.
Crinoid debris decreases upwards but coverall the wackestone
contains crinoid debris, gastropods (up to 2 ¢m in
diameter), small rhynchonellid brachicopods, ostracods and
pyrite blebs (up to\;\cm)‘ The overlying 2 m consists of

N\
irregular beds of mottﬁbd mudstone that contain beth

.
— y

isolated and in situ nés&s of pentamerids. Crinoid debris

is less common and smooth shelled brachiopods (atrypoidg?)
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}arelg occur. This unit is wedge shapedJénd pinches out
within the mudmound complex. On the northeast side of the
mound, pentamerids also oécur at this stratigraphic level.
The sub-facies in the vicinity of complex "a" 1s poorly
fossiliferous and rarely contalns fragments of branching
-

specimens of Coenites aﬁd tabular stromatoporoids,

In all areas, except at sections 3, 4 and 6, the
uppermost part of the intermound facles consists of

generally thin, elongate. lensoid units ¢f rugose coral

rudstone. The corals (Stylopleura) are fasciculate/

phaceloid colonies (Plate 8-b). Patches of large so%itary
rugosans also occur locally. The lenses are up 2.0 m
thick. The coral branches tend to be prone and clustered
on bed tops and are less common within the beds. Isolated
overturned stromatoporoids occur rarely on the north ;ide
of mﬁdnound complex "a". Other. fossil components include:
crinoid debris, gastropods, solitary rugosans:_Jlow- and
high-spired zastropéds. trilobite rrazﬁents. Coenites frag-
ments and rare hemispherical specimens of Favosites. These
rudstone units form distinct bilostromes that are common
over the tops of muduouhd complexes and are not always
present at the top of the sub-facies in intermound areas.
2.;.2 Interpretation

2.4.2.1 Rubbly Wackestone Subdb-faclies

The rubbly limestone of the sub-facies is similar to
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the rubbly limestone in the oncolite facies and in other
parts of the Douro Formation but has greater fossil diver-
sity and pervasive crinoid debris.

The origin of rubbly limestones has peen discussed in
various papers. Jones et al. (1979) descr%bed the rubbly
limestones (types I and II) of the Douro Formation and

.attributed the formation of limestone lumps to early dia-
genesis. Some of these lu;ps could have been exhumed by
storm activity and subsequently micritized or encrusted by
fauna. Due to the lack of hardgrounds, cementation
probably occurred below the sediment/water interface. The
presence of corals whi;h appear to encrust some 0f the
irrégular surfaces of nodules in the rubbly wackestone sub-
facies corroborates this origin for these limestones.
McCrossan (1958) discussed the presence of "boudinage”
structures in calcareous shales and argillaceous limestones

of the Upper Devonlian Ireton .Formation of Alberta. Fine
spar—%illed. wedge-shaped cracks penetrating the nodules
were interpreted as tension features. These features could
also have formed duripng differential co;paction of the
surrounding sediment and are present within some of the
nodules in the sub-facies.

The presence of this lithology suggests generally
turbid conditions similar to those prevailing through most
of Douro deposition. The adjacent small buildups and

diverse fossil assemblage indicate moderate to shallow =
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depths; The envelopment of the isclated mound and lower
(pre-flankbed) sub-facies by fhis sub-facies indicates that
only locally were conditions suitable-for the development
and proliferation of a benthic comnu&ity. Some bioturb-
ation indicates that an infaunal community was algo present
within the muddy substrate. Channel deposits rarély
associated with ubiquitous moderately diverse bioclasts
suggest agitated conditions although not sufficient to
create abundant or extensive tempestites. The sediments
were deposited evidently above but near storm wave base.

2.4.2.2 Crinoidal Gralnstone/Rudstone Sub-facies

The crinoidal zrainstoﬁe/rudstone sub-facles, with
its low angle cross-stratification and partly erosional
‘base, represents deposition in agitated conditions above
wave base. The wedge-shaped units thicken towards mudmound
complexes and are in both abrupt and gradational contact
with the mudmound cores, demonstrating their temporal
continuity. Under agitated conditions, bioclasts from the
bioherms were transported and redeposited in extensive
flankbeds. Thus the few large lens-shaped structures
observed in this sub-facies are off-mound cross sections of
these flankbeds. Thin accumulations of crinoid pluri-
columnals and rhizoidal holdfasts occur rarely adjacent to

the mounds but are common in Iintermound areas. This

suggests that conditions for crinocid colonization on the

N



48

flankbeds were rarely suitable near the moynds, probably
due to more frequent bioclastic influx and substrate
instability. However it can be extreﬁely difficult in the
field to detect holdfasts in clean crinoid grainstones and
rudstones and therefore groﬁth of crinoids near the mounds
cannot be precluded. Further from the mounds, bioclasticﬂ;
influx would have been less frequent, allowing for the
colonization and development of extensive meadows of
crinoids.

Distinct flanking debris is relatively common
surrounding nudmound complexes. Deeper water types
componly have flanking beds with a2 muddy matrix (Wilson,
1975) and this is typical of conditions of minimal
agitation. Lithiétid sponge reefs in the Dourc Formation
would be an example of this type (Narbonne and Dixon,
1984). They evidently formed above gtorn wave base and.
were subject to only minor water agitation.. In contrast,
grainstone flanking beds éend to develop near fair weather
wave base and can coampletely envelope mudmounds {Flugel,
1982). These tend to form shoal complexes in a shallow
ramp setting (Read, 1985) or form Wilson's Type 1 shelf
margip with shoals and dcwnslope mudmounds (Wilson, 1975,
p. 360). An example of these would be the thick grain-
stone\rudstone accumulations of the Kéyser Formation of

v .

the Devonlan Helderberg Group. These carbonate sands

accumulated on the basin edgé and developed in association
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with stromatoporoid-capped mudmounds. Coral-
stromatoporoid buildups developed basinward of these in _
slightly deeper water (Dorobek.and Read, 1986).

2.4.2.3 Bedded Limestone/marl Sub-facies

Limestone~ shale/marl sequences are relatively common
worldwide and are found in virtually any stratigraphic system
(Walther, 1982). They also appear to have been deposited in
a varlety of depositional settings ranging from deep basinal

to shallow lagoonal.

Perhaps the most extensively documented is that of the
foreslope or basin margin (see Cook ané Mullins, 1983).
These settings are characterized largely by pelagic and/or
hemipelagic sediment with interspersed units containing
allochthonous, shallow water-derived sediment and debris.
Relative proximity to a rimmed shelf is generally marked by
an increase in reefal material and storm-transported oolitic
and bioclastic debris. Distal deposits reflect deeper water,
low energy conditions and a lesser component of shallower
water derived sediment. These deposits may be laminated
indicating either anoxic condlitions (non-burrowed) or that
laminations possibbly resulted from compaction.

A tongue of ?Cape Phillips Formation occurs within
the Douro Formation at Goodsir Creek on Cornwallils Island.

This interval consists of thin planar bedded calcareous

mudstone locally interbedded with black silty shale. The

-
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interyal is poorly fossiliferous and appears’ to have been
deposited in a basinalﬁto distal foreslope setti;z. Near
the top of the‘successionia fossil assemblage similar to
that of the Douro Formation, and the presence‘of gutter

-
casts, hardgrounds and some erosional contacts suggest\.

depositioh above storm wave base in a sgelf-slope ;
transitional setting {(Narbonne, 1984). Packard (1985{j
described similar 1%thologies overlying diverse community
mudmounds up to 30.5 m above the base of the Barlow Inlet
Formatién on Cornwallis Island. These were interpreted to
have been deposited in a medial foreslope setting.

Perhaﬁs less well documented but no less significant
are limestone- shale/marl sequences interpretfd to have
been deposited in shallower water settings. £;ese deposits
can best be identified by the presence of sedimentary
structures indicative of shallow water. Structures
indicating tidal activity would in¢lude herring bone cross-
bedding and flaser be@ding. Intertidal settings can be
inferred from desiccation cracks and stromatolitic units.

Exanmples of these are: the upper Givetian, sub-tidal
inter-reef "Schleddenhob Beds~ (Krebs, 1971), the offshore
and onshore facies of the Jurasslc Blue Lias of Dorset and
Glamorgan (Hallam, 1961) and the shelf margin to lagoonal
Hampen Marly and White Limestone formations in the Jurassic
of central England {Palmer. 1979).

\

At Gascoyne Inlet, the limestone/marl sub-facies
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displays a number of features that ald in interpreting the
depositional setting. The sub-facies is in part the
lateral equivalent of the upper (post-flankbed) sub-facles
of the mudmound complexes. Intermound limestone beds
either sharply abut against or grade to coarser textures
near the mounds. At complex "a"” the limestone/marl sub-
facles in part truncates the bulldup and all the complexes
appéar to be overlain by 1t. The sub-facies 13 poorly
fosslliferous Ltut does contain sponge spicules, overtu}ned
stromatoporoids and corals displaced from the buildups.
The relationship to the uéper (post-flankbed) sub-facies of
the mudmound co;plexes suggests deposition in warm, open
marine, well circulated waters under subtidal conditions.
Intermound areas could héva been more turbid and under
lower eneré& conditions than the topographically higher
mound top;. The fine grain size and minor debris beds
indicate deposition under predominantly low energy
conditions but above storm wave base. Any original primary
features have been obscured b; bioturbation but that In
itself. demonstrates deposition in oxygenated waters. The
presence of orthoconic nautiloids suggests some access to
open sea but the lack of extensive benthic epifauna either
within or upon limestone beds shows conditions were not
conduclive to the development of benthic communities,

possibly as a result of soft substrates.
<
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Some of these features have been described from - (h-l
Jurassic rocks_{? southern Germany interpreted to have E
been deposited in a shallow ;argidhl sea. Limestone/marl
alternations 6ften overlie‘submerged,cyanophycean— and ,
sillceous sponge-rich reefs and biostromes and their blo-
clastic deposits (Ricken, 1985). This would be idgntical
to what is observed at Gascoyne Inlet 1f the uppet (post-
flankbed).sub—facies had not developed. The middle T{flank-
bed equivalent) sub-facies and its extensive bioclastic
halo would have been completely overlain by the lime-
st;ne/marl sub-facies. The Jurassic limestone/marl

sequences thicken into palepdepressions and are generally

thoroughly bioturbated by organisms producing Planclites,

Chondrites, fhalassinoidés and Teichichnus. Prinarf

structures are often obliterated By bioturbation but

locally low angle lamination and channelling are observed

-

{Ricken, 1985). Thesé sequences can effectively level pre-
existing topography.

The presence of-the extensive, albeit discontinuous,
stylopleurid coral biostromes at the top of the sequence
provides an indication of ﬁepésitiogal setting. In the

Barlow Inlet Formation, Packard (1985, p. 388-398, 414-418)

reported Stylopleura in several facies, generally inter-

preted to represent proximal>foreslope environments.
Stylopleurid boundstone occurs within lithistid sponge-

dominated mudmounds, forms a cap over part of one mudaound

- ~

-
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- and fasciculate colonies form 11-5 m thick lensold bio-
stromes at least 30 ;\wide'and with low relief. The fine
graln size and open frameworg of the biostromes and thelir
closely assoclated diverse qarine fauna together suggest a
relatively calm.'oﬁen marine setting. Relatively rapid
éedimentation was inferred from the generally wide spacing

of tabulae and thinness of the Stylopleura skeletal

elements (W.G. Parkins, pers. comm., 1955).

At Gascoyne Inlet, the poorly represented although
moderately diverse faunauﬂithin the sub~-facies suggests
open marine conditions. The fine grain size and lack of
sedimentary structures indicative of a.high en¥rgy'regime
are evidence of depésition in calm waters although rarely
occurring storm deposits indicate deposition above storm
wave base. Packard (1985) discriminated between medial and
proximal'foreslspe based on relatively ccarser.lithologj
and more common grading, planar cross beds and accretion
foresets in the latter and a-less diverse open marjine fauna

; - .
and gfeater abundance of slump structures in/ihe former.
While this may be applicable whqu a shelf m;rzin and

,Fd

considerable slope are present, differentiation would be
difficult on a shallowly iInclined ramp.with no major shelf
barriers. A serles of small buildups could decrease water

agitation sufficiently for fine grained sediment to be

deposited in shallower water. A shallow inclined ramp with



& L ‘ ;2

-

-

? S - gcattered buildups would al;L preclude sldppinz. The
stylopleurid bios;romes at the top of the limestone\ marl
sequence with the predominantly toppled colonies indicate
a change from low energy to sub-turbulent conditions. This

hwould be comparable to deposition up to the base of the
high eneTtgy or°Y zone of Irwin's (1965) ramp model. ~Thus
this'facies appears to represent shallowing upward from the
ramp equivalent of medial to proximal foreslope water
depths. The sequence poorly demonstrates coarsening upward
and resulted in a near levelling of pre-existing

- “topography.; -

2.5 Douro/Barlow Inlet transition-Mound Facies

2.5.1. Introduction ’

Wifhig the study area, 8 mudmound complexes and 4
smaller mudmounds were {dentified (Flg: 6). Of these, 4 of
the complexes were examined, 2 in detail (a and g), and 3
of the smaller ﬁudmounds. Two of the compleXxes kc and d)

N were only partly exposed and these were studied in less

detail in the fleld and using samples collected fpr
Y

laboratory study.
-

- The buildup ekamination consisted of 1) a general

s

rfie}égstudy. 11) 2 semi-quantitative study of mound

component types and abundances, and 1ii) a qualitative .

study of component relationships and associations.
The general field study involved a reconnaissance of

the study area in order to establish the lateral and
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vertical distribution of the mound complexes, their general
thickhesses, widths, shapes, major characteristics and,
relationships to the intermound fadies. The qualitative
study ﬁrovided detailed information on the composit]on of
gheiiomplexes and relationships between the varlious
components. This information was gathered through both the
field and laboratory observations.

Thé semi-quantitative study was based on analysis of
fossil type and matrix data gathered from the 4 accessible
mound complexes. Grid squares were drawn on representative
surfaces and polnt ¢ounts performed. A total of 19
isclated surfaces were examined ranging in size from 0.36
sq. m to 1.21 sq. m. Grids were laid down on thesE
surfaces with horizontal and verntical lines 10 cm or less
apart. This s;paration was chosen to reflect relative
allochem size, and detail obﬁerved on the sﬁrfaces. The
point where lines intersected was ;;ken to be represen- N

tative of the area surrounding the point. The high

proportion of mudstone and wackestone matrix common to all

b
mudmounds was subdivided into ‘crinoid debris', 'matrix’
and 'algae (cryptalgal)'. In order to facilitate the

exaninatidn. a mixture of crinotd debris and mud- and silt-
gsized sediment was described as ‘'crinoid debris'. This

e
mixture could vary from crinoidal wackestone to crinoidal

rudstone. Where apparently barren mficrite was present,

this was termed 'matrix'. Samples were taken of the matrix



within anﬁ %oundingﬁ;he.grid and analysed in‘the
laboratory in order to impro&e the deécription and,
quantification of matrix material.

In polished sectlions of many of the gamples, it was
apparent that mgch of the 'barren micrite' contained a
mixture of allochems such as fraghents of sponges and
bryozoans surrounded by micrite and cryptalgal fabric.
‘Both poli;hed samples and acetate.peels were examined and
proportions of components estimated visually using
estimation charts (Fligel, 1982, p. 247-257).

The matrix data deriveg through field grid counts and
laboratory analysis of polished sections an? peels were
combined using a method similgr to that usea b; Nérbonne
(1981, p. 60-62) fhe percentage of a matrix sample surface
covered by an individual component was multiplied by the
percentage of matrix previously determined by grid
analysis. This amount was tpen added to the griff component
for a total hut also subtracted from the orxiginal matrix
total. Only components of slgnificant quantities (> 5% of
samble surface) were included in the total  percentages.
Less sig;I}icant allochens remain within the matrix total.
Although these allochems are quantitatively insignificant
they can be significant in te:%s of paleoecology and are
discussed appropriately.

Based on the general field study, the complexes were
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subdivided into lower (pre-flankbed), middle (flankbed
equivalent} and upper (bost—flankbed) sub-facies and semi-
quantitative’data was averaged for each sub-facies (Table
4).

It Is important to note that this semi-quantitative
Study-provides ocnly a very rough determination of relative
quantitlies of fossils on the exposed surfaces. Buildups
are generally quite Inhomogeneous and the object of this
gtudy was nb?’to‘ﬁ}ovfﬁe a statistically valid assessment
of components, As,é result, no attempt was made to deter-
mine average volumes of components within the complexes.
This would have necessitated 3-dimensional modelling based’
on assumptions of vertical and lateral homogeneity.
Suffice to say that the semi-quantitative study coqfirms
and lends confidence to the general field estimateskof
component types and abundances.

2.5.2 Description

2.5.2.1 Occurrence and Morphology.

All the small, isolated mounds and the mudmound
complexes are restricted to the interval underlain by the
uppermost oncolitic packstone unit and overlain by the
intermound bedded limestone/marl sub-facies. They occur
throughout the study area where this interval is exposed.
In all localities except at section 4 the‘conplexes are

overlain by up to 0.5 m of stylopleurid coral rudstone (at

section 6, the rudstone consists predominantly of large
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solitary rugosans up to 8 cm long) described in section
section 2.4.1.3. At section 4, a covered interval between
the transition sequence and the Barlo; Inlet Formation
represents éither the stylopleurid rudstone or an upward
continuation of stromatoporbid bindstone (the uppermost
exposed mound complex sub-facies) into the overlying
reefoid bulldup.

The mudmound interval 1s rarely completély exposed
and few of the localities are fully accessible. Extra-
polations of the laterally extensive oncolitic units, baseds
on photom¢saics, suggest that there is no unidirectional
fhickening or thinning of thé interval. Thickness varies
from a2 maximum of 52.2 m in mound complex "c¢" {section 4},
to at least 40 m in complex “b" (section 10) a;; éossibly
up to 45 m by extrapolating from nearby sections 2 and 3,
to 35.6 m in mound Eomplex "d" {secton 6), to 34.9 = in
mound complex "a" (section 8). The interval éppears to be
thickest beneath overlying reefoid buildubs (Table 1;

Fig. 6) and thiny away from these areas.

The mudmound complexes occur randomly throughout the
-jntervaL—qnd show no obvigsus orientation. They appear to
be largely mound-like as seen in cross sections of various
orientations on the c¢cliffs (Pla%EHBMa). On-site and photo-
graphic measurements reveal an increase in helight relative

to width from south to north (Table §5). However, an

inherent -error may be the assumption that the top of the

»

L
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mound .i8 at the topmost exposure at each locality. Height
was measured from the uppermost oncolitic unit to the top
of the mound: width 1s the width of the micritic core

excluding the flankbeds.

- . RELATIVE MOUND LOCALITY RATIO
POSITION :

S east of sec. 6 (complex "d") 0.23

west of sec. 10 (complex "b") 0.58

between secs. 2 and 3 0.42

N section & (co=mplex "a") 0.78

Table 5. Height/Width Ratiocs of Cores of
Mudmound Complexes

2.5.2.2 Isolated Mound Sub-facies

Pour small mudmounds up to 2 = In stratigraphic
thickness and Ep to 1.0 m wide, directly overlie tﬁe
uppermost oncolitic unit {Plate 9-a). Such structures were
not cobserved at any othgr stratigraphic level but micrite-
rich pods containing rhizoidal holdfasts were observed
rarely on the nnderlying oncolitlic unit.

The basal contacts are generally gradatlonal and
patches of micrite occur within the oncolite unit,
indi«ating that the mounds are in part coeval with the
upper part of the oncolite unit. 3rzillaceous seams tran-
sect the mounds and indicate up to 27 é- of primary rellief

at a distance of 1.2 m from the base.
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The mudmounds consist of patches of barren micrite,
crinoidal wackes;one and packstone containing rhizoidal
crinoid holdfasts, sponges, hemispherical corals (specimens
of Thecidae up to 19 cm‘wide by 9 cm thick}. strdmatactis:
irregular wafer-like tabulate corals, high spired |
gastropods, hemispherical specimens of Favoslites (up to }ﬂ'
cm wide by 7 cm thick), solencporacean algae, large
diameter fasciculate rugosans (up to {4 cm wide by 5 cm
high) and rarely lamellar and bulbous stromatoporoids
{apparently stromatoporellids and clathrodictyids).

The matrix constitutes 20-60 X of samples collected
and consists of micrite, rust—c&loured carbonate silt
(microspar) and less commonly yellowish, finely crystalline
dolomite. Some of it exhibits falint ifregular mottles,

.
lamination or rarely faint normal grading. Dark, clear,
blocky calcite infills birdseye., shelter and interparticle
porosity. Bioclasts are generally poorly sorted and
include crinoid ossicles, thin- and thick-shelled
brachiopod frazlenfs (up to 7 mm long), gastropods (up to 7
nm long). bryozoan fragments, solenoporid rhodoliths (up to
1.3 cm in diameter), ostracod valves, sponge splcules and
rarely serpuli& tubes. Pyrite blebs < 2 mm in dlameter are
clustered within the matrix and along microfractures. Some
allochems have been preferentially silicifled. The matrix

is rarely hematized. Stylolites are uncomamon. Irregular

sponge masses are difficult to distinguish from matrix
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except where splcﬁlar networks are observed. Dark brown
micrite exhibits fine,. raint.lirregular horizontal té:gub—
horizontal laminae in associﬁtion with faint darker
micritic clots. These are suggesﬁiv? of cryp;algal fabrics
{(Altken, 1967).

The mudmounds are surrounded and capped by crinoid-
Fich packstone and wackestone that grade into the
surrounding rubbly weathering crincidal wackestone. ’

Directly adjacent to the mudmound at section 8 i{s a
serles of stacked channel deposits composed predominantly
of crinoid packstone and wackestone. The fcssils occur
largely on, rather than in. the channel deposits.
Assocliated fossils include lamellar stromatoporoids (up to
65 cm long by 9 cm thick), hemispherical syringoporid

corals (up to 10 cm wide by 6.5.cm high), specimens of

" Alveolites (up to 20 cm wide by 11 cm thick), wafer-like

tabulate corals, tabular specimens of Favosites (up to 35

c by 4 cm thick), articulated brachiopods (Stegerhynchus),

solitary rugosans and rhizoidal crinoid holdfasts. Pyrite
blebs up to 1 cm in diameter are also presen? in the
channel deposits.

2.5.2.3 Lower (pre-flankbed) Sub-facies

The lower (pre-flankbed) sub-facies is the lowermost
of the 3 sub-facies in the mudmound complexes and is.

exposed only at mudmound complex "bh". Nelther the base nor
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the contact between the mound and adjacent rubbly crincidal
wackestone are exposed. The upper contact is placed at the
base of recessive rubbly limestone beds that transect the
mound at a maximum of 10 m from the exposed base (Plate 2).
Original relief along this upper contact was up>to 2 m.

Major recessive rubbly argillaceous units also tran-
sect the mound sequence at 1.8 m, 4.5 m and 7.2 m. Their
thicknesses vary and the units weather irregularly from
massive to rubbly. The unit at 4.5 m 1is 0.7 m to 1.3 n

-t
thick and consists of irregular bedded to nodular
calcareous mudstone with interbeds of buff-coloured
calcareous silitstone. The mudstone nodules are up to 3.5
cm thick by 0.7 m long and some contain c¢rinoid debris and
pyr;te blebs. The underlying mudﬁound surface i1s generally
smooth but slightly hummocky.

The semi- quantitative study (Table 4) conflirms field
observationg that this sub-faclies contains fewer corals.
than the overlying (flankbed equivalent) sub-facies, the
least stromatoporoids and crinoid debris of the 3 sub-
facies, and the most sponge and matrix material. Of the
various coral morphologies, irregular shapes predominate

(Table 4). -
Metazoan fossils tend to be clustered and form
patches of framework within the predominantly poorly

fos-iliferous matrix. All large colonies.are in life

position but scattered coral debris occurs sporadically,

C
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throughout the lower sub-facies. Specimens of Favosites
and Alveolites are the most common corals. They are

generally irregular in ghape but some are tabular to
hemispherical. They appear to encrust underlying
structures that are not visible in outcrop. Syringoporid
corals occur as hemispherical to inverted cone-shaped
colonies up to 18 cm wide by 16 cm high. Solitary rugosans
up to 1.3 ¢cm in diameter tend to occur ?solated and
surrounded by micrite while colonieg of fasciculate
rugosans‘including specimens of Trvolasmn/pccur throughout
b®t generally are assoclated with other,é;rals.
Mucophyllid corals up to 3.5 ¢m by 1 cm are randomly
scattered throughout and where in life position they appear
to have thelr calices fac&ng away from the mound core.
Other types of solitary rugosans tend to be {solated.
Heliolitid corals ar: per;asive but predominate on the east
side of the mound where they form complex colonies up to 13
cm thick.and at least 45 cm wide, composed of thin
interconnected wafer forms 2 to 7 mm thick {(Plate 9-b).
Sponges present are at least 5 ¢m in length and are
commonly barcrel-shaped. but irregular and lamellag forms

are also present (Plates 10 and 11). They can be

differentiated from the surroundihg matrix by their .

spicular networks and/or peloidal textures and by sharply



delineated boundaries. Where these features are lacking
the sﬁonges can be extremely difficult to distinguish from
matrix. Sponges both in life position and overturned are
commonly encrusted by bryozoans {(Plate 10). Spar-
occluded borings up to 0.25 mm occasionally perfor#te the
sponges. Monaxons and polyactines (up to 6 actines) up to
0.4 mm in length occur scattered or in patcnes throughout
the matrix.

A few types of encrusting and possibly baffling bryo-

zoans are present and include specimens of Diplotrypa,

Fistulopora and possibly a feneatellid. Bryozoan bioclasts

.gccur throughout the sub-facles.

Algal structures appear to be in low abundance in the

sub-faclies and of low diversity. Small colonies of
Renalcis hang from cavity roofs. They are clotted to

poorly chambered with clots up to 0.15 mm. Mastopora, a

dasycladacean, locally constitutes a boundstone with
branches at least 0.75 ¢m long and 0.25 ¢m in diameter.
The walls are recrystallized to a granular mosalic by‘grain
diminution. Scme of the branches are infilled with
micrite, others with clear blocky spar that increases in
size Eentripetaily.

The matrix consists of zones of sparsely
fossiliferous dark micrite exhiblitling cryptalgal fabrics,
and zones of lighter coloured, slightly coarser gralned,

more biloclastic mudstone and wackestone (Plate 11}.
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Crﬁptélgal fabrics present consist of horizontal to
subhorizontal dark laninae remihiscent of stromatolites and
irregular dark micritic thromSolitic clots. Some exhibit a
vermiform texture. -Inipially the cryptalgal structures
develcped'on presumed firmgrounﬂs with rapid }qteral but
predominantly vertical growth. Some contain burrows
infilled by finel& crystalline apd bloeclastic mudstone
(Plate 11).

§§§ The ~areas with cryptalgal fabric are surrounded by
finely bloclastic and slightly coarser grained matrix
(Plate 11) that is generally lighter in colour as a
5

. 1
result of being neomorphosed to microsp?r. The matrix _

i
contains assorted allochems. .Angular monocrystalline

N

quértz grains up to 0.04 mm in length are rarély present,.

as are elongate (up to 0.03 mm), pleochreic¢ minerals.
&> I

Circular to ovoid to elongate peloids and pellets 0.01 to
0.04 mm in size commonly exhibit diffuse boundaries. Bioc-

¢lasts include sponge splcules, crineid debris, triloblite,

brachiopod and pelecypod fragments, articulated and dis-

articulated ostracods, .finely ribbed high- and low-spired

'gastropods {up to 1 mm in length}), solenoporid rhodoliths

and rare orthoconic nautiloids. Rhizoidal crihoid hold-

fasts cccur rarely, scatEFred throughout the sub-faclies.

Crinoid debris up to 1 cm in diameter is dispersed through

~
the matrix or concentrated on firmgroungs. "Calcispheres

o : : . .

-
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are rarely present.

‘ Fehiestrae up to 1 mm in length occur in thg b;o—
cldst-;ich part ¢of the matrix. Some contain 5 geopetal
£f11l1 of peloids with the femaining space occluded by blocky
spar. In some fenestrae, round to ovsid peloids up to 0.3
mm long consist of peloidal micri;e\sgfround1§g a thin-
walled ostracod valve. The matrix also contains
stromatactls-llke structures up tc 5 mm long.

Burrows and burrow networks are common throughout the
matrix. Some horizontal burrows'up to 3 mm in diamgter are
‘defined by concentrically oriented finely biloclastic
debris {Plate 11). . Irregular burrow networks have
sharply defined burrow &oundaries and are infilléd with
dark internal mudstone or peloidal gralinstone. The
surrounding matrix is generally spicular micrite.

Discontinuous, alternating dark-peloidal mudstone and
lighter coarser peloidal laminae up to 0.5 mm in thickness
are present locally. These lighter layers also contain
sponge spi?ules. Irregular but undulatory, smooth surfaces
with up to 2 mm rellef (Plate 10) afe interpreted as
£irmgrounds. Some are overlain by finely b{ﬂclastic.
fining-upward beds that abut azainst‘fosaf{; such as
sponges. |

f
. Minor dolomite occurs aj\igg;z{;d subhedral to

euhedral crystals up to 0.15 mm in size or is concentrated

£ 4 -
\*é%?in zones or patches. The latter contain non-interlocking

b
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crystals .that appear to have grown at the expense of

adjacent crystals. Primary porosity-is occluded generally
by a clear. drusy mosalc of calciée crystals enlarging
centripetally. fn some fenestrae and larger cavities, a
rim of poorly isopachous yellow-brown fibrous calcite
surrounds the drusy spar. Early lithlficatioﬂ 1s indicated
Sy spar-occlndedv;;dge—like fractures that penetrate
carbonate nodules. Some cavities are 1nfif1ed‘uith breccia
consisting of subrounded to elongate micrite clasts within

L

a vellowish dolomitic mgtrix. Stylolites occur rarely and
are marked Ey hematitic staining; dolomite is asscoclated
with some of them. '

2.5.2.4 Middle (flankbed eﬁuiva}ent) Sub-facies -
The middle (flankbed eELivalent) sub-facies 1s \
exposed in all 4 mudmound complexes examined. It is over-
lain by the upper (post-flankbed) sub-faclés of the
complexes and the bedded limestone/marl sub-facies and in
part the crinoid grainstone/rudstene sub-facles of the

intermound facies. In complex "a" the core-to-flankbed

contact is in part gradational and in part abrupf. In

a”, the base of the sub-facies 18 not exposed and

\ 4

complex

the upper contact is'indistinct.
In complex "b", the up toc 12.8 m thick\gub-facies is

bounded by 2 recea;lge rubbly units. The basal rubbly

argillaceous unit var1es in thickness but generally is less

M
»

LN
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than 10 cm thick (Plate 2). It consists of at least 70%
greenish calcisiltite with elongate micritic nodules,
crincid ;ssicles. sponge spicules and o;tracéd valves. The
sponge spicules are concentrated in lumps within the
nodules. The nodules are up to 1.7 x 0.4 cm in size, are
elongéte parallel to bedding and rarely display boudinage.
Some of the nodule boundaries are obscured by pressure
solution features with concentrated clay and insoluble
residue. Pyrite {s a minor constituent disseminated
throughout and is associated with hematitic staining. The
rubbly limestone unit at the top of the sub-facles also
varies in thickness up to "a maximum of:2:2 m Iin the centre
of the mound where it appears to fill a paleodepression.
The unit thins rapidly towards the periphery of the

.
mound . A wackestone texture predominates In beds averaging
about 3 cm thick. The unit is rubbly at the base but
becomes more bedded towards the top with beds decreasling in

[N

thickness upwards. Crinoid debris 1s the common bioclast

E 4
and Stegerhynchus is also gFesent.

In complex "b" the upper contact of the middle sﬁb-
facles is a sharp but not eroslonal surface ccnsidered to
be a firmground or hardground, 22.4 to 25.3 m from the base
of the bulldup. This surface is encrusted by low hemis-
pherical corals, tabular Favosites (up to 45 x 5 cm high)
aqd crinoid holdfasts (Plate Ié-a).

In complex "c", rocks that appear to be flankbeds
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very closely adjacent to the middle sub-facies are exposed,

68

but not the sub-faclies itself. A bedded rudstone up to 2.7
. : b

m thick occurs above an erosional contact on the lower
(pre-flankbed) sub-facies. It consists of 2-17 cm thick

beds and contains various allochthonous fossils, Including

tabular teo lamellar specimens of Favosites and Alveolites,

branching and solitary rugosans., syringoporid coralifand
bryozoans. Some lamellar and branching fo}mj_AJQ/{n growth
positioqs. The rudstone s overlain by 7.8 m of poorly
bedded crincidal packstone and rudstone. These beds
contain fossils similar to those elsewhere in the middle
sub-facies but based on the presence of bedding and weakly
defined finihg upward cyclii_appear to be more related to
the flamkbeds.

. In complex "d" the upper and lower boundaries of the
middle sub-facies are indiskinct although faunal criteria
can be used to identify the presence of the different sub-

/
facles.

~~
Beige-coloured, lensoid channel deposits with
eroslional bases are scattered throughout the sub-facies 1;
all the complexes and are well dlspiayed in complex "b”
(Plate 2). The middle sub-facies typlcally consists of‘a
patchwork of poorly fossiliferous micrite-rich matrix,
;hnldfast—rich micritic matriix and locally bafflestone and

r

boundstone. €rinoid debrls occurs throughout.” The sub-

P



69

——

"( : S

facies contains more cora}s. boeth branching and non-
Fa

branching, than the undeflying sub-facies-(Table 4) and

corals are the predominant fossils. Tabular specimens of
Favosites up to 45 x 5 c¢m thick are common. Large

branchling rugosans up to 0.5 m high x 0.6 m wide are
locally encrusted by lamellar specimens of Favosites.
Generally micritic matrix surrounds the branches of
fasciculate corals but in some rugosans with larger (7 nom
diameter) more closely spaced branches, the branches are

surrounded by calcite cement. These include Entelophylum,

 Tryplasma, Microplasma and some fragments of Stylopleura.

Boundstone of this type locally constitutes 20% of surface

é

exposures, Hemispherical syringoporid colonies up to 27 x

9 cm high and tabular to irregular Alveolites occur

predominantly in upright positions as do less common,
large, up to 1 m x 6 cm thick, lamellar Favosites which
appear to occupy poorly defined bed tops. Hellolitid
corals form thin Jlamellar colonies and some are covered by
a thin veneer of green shale. ?ucophyllid ;ugosans occur
both upright and overturned. Nonbranching rugosans present

include Radiastrea or Zenophila. Coenltes fragments are

present but not common.
The matrix 1s heterogeneous and consists of patches
of micrite with minor calcite silt and also irregularly

bedded crinocidal rudstone and less commonly grainstone beds

up to 10 cm thick. Ossicles are up to 5 am in diameter.

&
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The rudstone matrix locally account for up to 80% of the
rock surface. The migrite is either grey or light browﬂ
and in part recry;tallized tﬁ microsbar. producing a
lightly mottled texture.

Fenestral fabric occurs Focally in the micrite matrix
botﬂ as discontinuous laminae (Plate 12-b} and as spaces in
clotted peloidal fabric (thrombolitic). Fenestrae some-
times segarate light coloured micrite from darker micritic
laminae. Locally the micrite is pelleted and some may‘
exhibit-a vermiform texture. Allochems are generally
poorly sorted and disoriented. Elongate birdseves less
tﬁan 1 mm in diameter, occluded by dark spar, generally
occur in the poorly fossiliferous micrite. Stromatactis is
present and generally has a basal geopetal sediment fiil.
Some contaln ostracod valves oriented concave down.

Primary cavities up to 5.5 cm by at least 4 cm high are
present and surrounde& by matrix consisting predoninéntly
of.lithistid sponges and micrite (Plate 13). The cavity

walls are encrusted by cryptic bryozoans (Fistulipora),
. A 3

_serptlids and gastropods. Cavities are occluded by clear

to yellow-brown calcite sp;} that exhibits wavy extinction.
M\aLHorizontal burrows averagiﬁg 1.5 mm in dianéter but up to 7
mm are present, some with geopetal filis of micrite or

‘pellets and the upper ﬁortipns cccluded by spar.

The matrix contains a varied fossi] fauna. Over-
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turned hemispherical clathrodictyld stromatoporoids are
rarely present as are tgbular stromatoporoids. Irregular
stromatoporoids are present but not coamon Iin the upper
part of the sub-facies. Cryptaigal fabrics locally
consﬁitute up to 20% of the rock and some are bhurrowed.
Sponges, predominantly lithistids,., appear to be common in
the micritic portions of the matrix . Crincid holdfasts
are commonly cirriferous. Some are attached to specimens
of Tryplasma or to sponges.. Some holdfasts are at least 13
¢cm long and comprise a thick central rhizoid with abundant
tiny rhizoids radiating from it (Plate 13). Bryozdhns,
including Cyclotrypa encrust corals, sponges and locally
firmgrounds. Solenoporacean algae rarely encrust
bryozoans. Smooth-shelled atrypoids (Q&; bioherma. Jones
and Narbonne 1984) are randomly scattered throughout the
2

sub-facles and locally are concentrated in nests. Minor
constituents include sponge spicules, brachiopods,
ostracods, gastropods, solenoporid rhodoliths, dasy-
cladaceans (Mastopora) and bivalves (Plate 12-b).
Calcareotis,worm tubes encrust crinoids, rugosans and
brachiopods. ‘frilobgtes are‘rarely present. The gastro-
pods can be up to 1.25‘mm iﬁrdiameter. high- or low-spired
and with ribs up ta'o.s mm long. 'Quartz grains are rare
(<11) as 13 disseminated pyrite. ‘

Shelter and interparticle porosity 1s occluded by

white or clear, coarsely crystalline calcite spar {Plate
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12-b). Isopachous spar is rarely present. .-

Stylolites are common and include columnar and ;icro-.
stylolitliec or irregular or anastomosing tyﬁes. They are
commonly assoclatgd with hematite staining. Additional
pressure solution features are irregular wisps of‘non-
carbonate insolubje residue.

2.5.2.5 VUpper {post-flankbed) Sub-facies

The upper (post-flankbed) sub-facles is the uppermost
sub-facies of the mudmound complexes. It in part overlies
the middle (flankbed equivalent) sub-facies and is
surrounded and overlain by the intermound limestone/mari
sub-facies. The brown weathering c¢rinoid rudstone on the

north side of complex "a" is in part laterally equivaleht

.to this sub-facies (Plate 1-a). The upper sub-facles

interval is exposed In complexes a, b and c.

At complex "b"™ the sub-faclies is 18.4 m thick and
pqgfly accessible. The basal 2.2 m rubbly‘wackestone unit
overlies a hardground surface anq was described in section
2.5.2.4. This basal unit is in turn overlain by a 1;6,m
thick, massive, predominantly poorly fossiliferouws lime

mudstone. Stromatactis-like. irregular, spar-occluded
——

cavitles are abundant and contain up to 1 cm of finely

lqninated geopetal sedimeat. Crinoid debris, holdfasts and

delicately branching rugoaans are the conspicuous fossils.™
~\

This basal poriion is overlaln by 0.6 m of less resistant,

1
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rubbly weathering. crincidal grainstone and rudstone
containing crinoidal ossicles, pluricolu-nalg and bulbous
specimens of éavosites. This is in turn overlain by 3& )
least 13.4 m of fossil-rich calcilutite mudstone con}aining'

frregular Alveolites. large tabular Favosites (60 x 12 cm

thick), heliolitid corals, hemlspherical cerioid rugosans
and delicately branching rugosans. Holdfasts are abundant
and lenses of crinoid rudstone 0.4 x 0.5 m thick are
conspicuous. Stromatopordids are also randomly scattered
throughout and increase in abundance upward.

In complex "¢" the lower contact of the upper sub-
facles 1s inferred to cccur at the'top of the crinoid-rich,
bedded packstone, gralnstone and ruqfione flankbeds and the
upper contact Is placed at the base of 2 2.1 m thick
covered Interval. The thickness of the upper {(post-

flankbed) sub-facies Is 16.5 =m.

The matrix\ef the sub-facles in complex "c¢" is \

heterogeneous but predominantly crinoid packstone and

wackesfone. Fossils include those coamon in the sub-facles
in other complexes but stromatoporoids, including clathro-
dﬁctyids and actinostromids appear to be more common.
Tabular forms up to 0.85 m x 11 c= thfck are the most
common, followed by hemispherical then bulbous foras.

The upper (post—flangbed) sub-facies is best exposed

and accessible Iin complex "a”. where {t is up to 7.3 m

thick. Accessible exposures were examined in the southern

7

N
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and northern sides and in the central core-afea of the-
complex. On the south side of the complex the basal
contact 1s well defined where a2 1.8 m tongue of the sub-
facles abruptlin overlies poorly exposed, bedded. crinoidal
packstone and grainstone qf the flankbeds (Platg ld-a).
Favosites (up to 36 X 8 ¢m thick) rést in growth positiom
directly on the uppermost flankbed grainstone. The
overlying mudmound tongue consists predominéntly o;'
bindstone ana bafflestone that grades laterally to
packstone away from the core. The uppermost part of the
sub-facies is bafflestone containing colonies of branching

rugosans (Microplasma) up to 0.3 m x 0.6 m high. Accessory

fossils include tabular heliolitid corals (up to 14 x 2 cm
thick), tabular and Iirregular stromatoporoids (7 x 2 cm‘
thick), syringoporid corals and articulated brachiopods.
The metazoan fossils are in life positions. f

The matrix in this southern tongue of the sub-facies
ig crinoidal packston?iand wackestone with minor crinbid
holdfasts. ?he matrix alﬁo contains min:; (< 1%) amohnts
of Mastopora branches, éponges.'ostracods. gastropods and
possible calcareogs foraminifera. The 1nferstitial

-

micritic sediment is partially burrowed_and contains dark,

7

presumably organic-rich burrow fills up to 0.5 mm in /
diameter and less commonly, non-organic-rich horizontal to

vertical burrows of larger diameter. Sub- to euhedral

¥ S

4



75

dolomite crystals up to 0.05 mm in diameter are rare and
associated with irregular stylolites. The matrix darkens
upwards, decreases in allgchem content, becomes slightly
nodular and then grades into the overlying bedded lime-
stone/marl sub-facies.

In'the southern portion of mudmound complex "a”, a
2.4 m thick wedge of bedded limestone/marl cuts into the
top of the upper sub-facies (Plates 1-a and 8-a) and
pinches out towards the mound core. The wedge 1s sharply
overlain by up to 3 m of fenestral mudstone (Plate 14-b}
that fs unique in the study area,. It is very Irregular in
thickness and consists of poorly fossiliferous mudstone
exﬁibiting lamenoid fenestral fabric (Plate 14-b). The
matrix consists of calcilutite with a vermiform texture and
minor caicisiltite and contains gastropods up tﬁ S cm In
diameter, ¢rinoid oséicles. ostracods, sponge spicules.ﬁ/{
calcareous algae and bracﬁiopods up to 1.7 mm in diamef;;iﬁ
The fenestrae are horizontal to sub-horizontal and up to
1.5 om tBlck. They generally exhibit smooth, sharp basal
surfaces and irregular upper surfaces. The majoglty of the
‘fenestrae are fil1%d with fine falcite Qi}t.- In some
thicker fenesirae the lower portion contains reddish-brown hd

»

.peloids up to 0.05 mm in diameter and spar and the uppef
portion is occluded by clear to pale brown blocky sgpar.
The fenestral layers are overlain by dark calcilutite with

a distinct vermifonﬁ texture. Intraclastic/bioclastic

/ '
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packstone laminae up to 3 nn thiFk rarely occur and coqtain
ostracod valves, sponge splcules and rare dasycladacean
fragments and peloids up .to 0.05 am.

Poorly fossiliferous rubbiy limestone gradationally
overlies the fenestral mudytoné in complex "a". It
contains birdseye structures < 1lmm in diameter, solitary
rugosans up ﬁo 0.8 ¢cm in>diameter, articulated smooth-
shelled brachiopods, branching Coenites up to 15 x 35 cm
high and crinoid holdfasts. <Crinoid debris, irregular

specimens of Alveocolites and lazmellar, lrregular and rarely

bulbous stromatoporoids become abundant laterally and

upwards. An upward transition into stromatoporoid
<y
bindstone occurs over 0.5 to 1.5 m. The stromatoﬁ%ro;ds on

" "

the south side of complex "a" include Vicunostachyodes and

representatives of the Stromatoporidae. Rarely, the

actinostromatid stromatoporoids present are bulbous and

R}

mamellate and the areas between mamellons are typically

infilled with micrite containing dolomite rhombs.

Branching rugosans including specimens of Stylopleura,

Favosites and hellolitid corals also occur. Fossil
allochems are similar to those of the underlying middle
(flankbed equivalent) sub-facies and.include crinoid
ossicles, ostracod valves, crinoid hoidrasts. selenoporid
rhodoliths, solitarylrugosans {up to 5 mm iﬂ diameter),

sponge spicules, gastropods, trilobite fragements,

—~

~
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dasycladaceans (Mastopora ?) and crusts of calcareous algae

" (Rothpletzella and Girvanella) (Plate 15). Algae are more

diverse than in the underlying suo-facies and commonly
encrust stromatoporoids. Greeﬁish—orange calcilutite and
calcisiltite constitute up to 55% qf"exposed surface areas
with 10-15% clear spar occluding interparticle porosity.
Through the core of the complex, the base of the
upper (post-flankbed} sub-facles is placed at a thin
receséive bed. The upper sub-facies overlyling this
recessive bed ls generally poorly bedded to unbedded and
rubbly weathering increases upward (Plate 1 and $-a). The

overlying 1.9 m of the core consists of magsive but .

lrregular weathering, variably fossiliferous calcareous

nudstone that cqntains branching fugoséns (19 x *6 cm
high), Coenites, hemispherica} Favosites up to 5 cm x 3 c¢m

thick, lamellar and irregular Alveolites up to 6.5 cm long

-

and-qprioid rugosans (Shastaphyllum). Fossil allochems

2 )
include crinoid ossicles., ostracods, solitary rugosans up

to 5§ mx in diameter, gastropods up to 1.5 m long.
trilobites, solenoporaceans with thalli up to 3.5 cn,
crinceid holdfasts and brachoplopods including

rhynchonellids. The uppef 0.7 m of this basal portion

-ccntains‘abundant colohies of In-place Coenites. Locally

/
the matrix is up to 90X micrite with up to 10% spar-

occluded birdseye structures. The birdseyes are typlcally
1 2 .

€f%nzate horizontally and generalfy are < 1 mm in diameter.

[
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They resemble fenést;ae but are smaller and more
discontinuous and rarely develoﬁ”in;o poorly connected
fenestrae'up to 2 mm long. The fenestrae are ACc}uded by
white, poorly disopachous spar or by brownish crystalline
cement and then clear blocky spar. Most allochems are
Qhole fossils., This Coenites—ﬂich layer_ appears to be
-laterally equivalent teo the fenestral mudstone/ Coenites
mudstone on the south side of the complex.

The uppermost 5.4 m of the core of complex "a“
consists.of tébular to irregdlar stromatoporoid bindstone.
Its lower contaét }s ‘irregular and marked by pa%ches of
crinoidal gT;inséone and rudstone. The'bindégone is
commonly rubbiy weathering and iron oxide {ﬁéined. Stroma-
toporoids increase in proportion upwards and theiintervai
darkens upwards-overﬁll. The matrix varies fromicrinoidal
wackestone to rudstone and is locally up to 45% of exposed
surfaces. . Allochems in the matrix inclﬁde‘crihoid débﬁis.
brachiopods (pent;merids and rhynchonellids), solenoporid
rhodoliths..stylopleurid’fragments, bryozoan fragmenfs and
possible sponge spicules. The most c;mmop hihders are
stromatoporoids and less commonly Favosites are also
present. Some of the stromatOporoiJ; are fragmented and
overturned. Irregular, lamellar, tabular and hemispherical

coenostea up to 25 cm x 5 ¢m thick are the major morpho-

\
types. The tabular to irregular forms genifally have
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nggge& edges or'fips: some eﬁcrugt braqchihg rugosans; some
have been;encruate& by algﬁe'sucﬁ'aa solenopo;ids and:}hegg
in éurn e#qrusted by lamellar.stgsiatoporoids (Plate 18).
Burrows are rare and restrictedhto micrite-rich patches.
Pressure solution features such as styloiitea ;nd sutured
grains are common. Blocky gpar occludes minof 1ntrafossil
and shelter porosity. .

In the northernmost part of complex "a", the basa;.
. 2.9 m of the upper sub-facies consists of tabular strom-

atoporoid‘binﬂstone containing tabular specimens of

Favosites up to 0.4 m x 0.1 m-thick. This is overlain by

0.6 m of'rubbly mudstone containing a bryozoan (Fistulepora

and Cyclotrypa)-algal boundstone. The mudstone shows

abundant dark laminae sug stive of stromatolitic

lamination and also synsedime ry fractures that contain
lithoclasts and clathrodictid an solenoporid fragmenfs.

Unlike the south side, tha north side shows abundant

transported flankin; debris. Be\; of backstone and wacke—
s%one 3.5 to.6§ c; fﬁick have sharp béd contacts and contain
crinoid ossicles, overturned tébular FPavosites (10 cm x 3
cw thick) and.branching rugosan fragments. Horizontal
burrois up to.3 mm in diameter-and vertical burrows up to ;
mm Iin diameter and 5 mm deep are present in the packstone
and wackeétonq. Allochems are concentrically orienggd

» ] [

within the burrows.

Sharply overlying these flanking debris beds is a 2.2 .
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m thick, massive weathering urit. The-lower 1.0 m 18 up to

90% micrite, poorly fossiliferous and contains branching

ruéosans (Microplasma) up te 15 x 15 cm high~and
syringoporids. The upper i.é m is more fossiliferous
micrite contaihing disoriented stromatoporoids, Favosites,
styldpleurids and abundant colonies of Coenited up to 10 x
‘11 ém wide in apparent growth pos{tion. This is in turn
.overia¥n by 1.7 m of stromatoporoid bindstone.

The stromatoporoid bindétone is sharply overlain by
the stylbpleurid unit ;f the limestone/marl sub-facies.

2.5.3 Interpretation ‘ -

2.5.3.1 Isolated Mound Sub-facies

The isolated mudmounds observed all occur -on the
uppermost oncolite unit and organisﬁs appear to have used
the oncolitic and bioclastic debris as a substrate for
growth. . Mound growth was in the subtidal zone above storm
wave base'as iaﬁicated‘by“the underlying oncolitic debris,
the stacked channel deposits adjacent to one of the nounE:.
units of-rainf grading and zones of interparticle‘porosity
within the mounds. With generally muddy substrates, watér
clarity would have been poor e§cept shortly'aftgr
deposition of the extensive oncolite-rich storm aedinenf.‘
The deposition of this coarse debris could have temporarily

improved water clarity by "shelling” or blanketing the

otherwise prevailing muddy substrate. This wouild have

Y
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further encaurazed.nound-constructing organishs; Normal
turbid conditions returned thereafter as shown by the
presence of the intermound rubbly'argillaceoua limestones.

The primary mound constructors were sp&neés'

(prédominaﬁtly lithistids) and élgae. Peloidal YXabrics and
outlines ﬁf sponges within the matrix {cf. BEurque_and
Gignac, 1983) suggest that épongeg were much more common
than the more readiiy-observed spicufar networks suggest.
Mesoclots (mm- and cm-sized clots separated by mud- to
sand—éiied sediment, bioclastic debris or sparry .
carbonate), the mesbstructure characieristlc of throm-
bolites, were not observed. Stromatoids (the ishividua;
layers.or laminae of stromatolites- see Kennard and Jameé,
1986) were locally observed. The most common
qharactefistic of the micrite Is irregular, mottled or ‘
'p;tchy fabric in which bioclastic patches can be >
Jdifferentiated from poorly or non-bioclastic patches.
Kenﬁard and James (1986) interpreted such features as
representing ;rganically or diagenet{cally disrupted throm-
bolites and/or-stromatolites and termed them 'crgptoz X
micr&}ﬁai fabrics'. Both algae and sponges bound an;:;\f
baftlealloose and partly consolidated sediment.
Cirriferous crinoid holdfasts with either interwoven
cirrli or repeatedly bfanching pseudocirrifare comaon in

unconsolidated sediment such as mud pockets in reefs

(Franzen, 1977). Holdfasts of these types occur in the
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mounds and the crinoids probably also aided in baffling -
sediment., Coral and'sfromatoporoid éfouth forms are )
sconsistent with éohditions of rapid se%imentation4xigg\\\
hemispherical and‘branphing corals and bulbous strom-
atoporoids would ha&é been more effective sediment shedders
than most laméllgr or tabular forms. Howevet the tabular
specimens of Thecidae have no se@lment enclogsed ifi their
skeletons. Ragged edges and sedrﬂent-covérlng lglinae on
some stromatdporoids suggest tﬁqt sedimentation was
sporgdic (¢f. Kershaw, 19q4)t’ Although the feeding methods
of gastropoeds are diverse (Furchon. 1968) and can be
difficult to analyse in the rock recofd. the asaociation of
“abundant gastropods and algag(ln this sub-facies suggests

~

that the gastropods were possibly herbivorous browsers and

\
-

grazers. . . .

The suﬁstrate was not homogenéous over the mounds.
The pfesence of cirriferous holdfasts and bioturbation
. suggest that thé;e wére-poﬁkefs ofﬁuncﬁnsolidated sediment.
Some of the {rregular stromatoporoid and coral formg
repre;ent'zronth on at least firmgrounds. The skeletons
they br;duced provided hard substrates to be encrusted by
‘other organisms such as solenoporacean algae.

The encroachment RELintermound sediment on the upper

‘parts of the mounds indicates that the organisms were not

i)

1deaily suited for the enviroanment or were not able to cope
.
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with 1uc;edsed turbidity. Pleld megsuremenﬁs indicate
topog%aphic-rélief of as much as 27 &a. in the exposed
section of the mound at section 8 although differeﬁgial
compaction would have accentuated any difference.in relief
between gariy éemented mound sediments and Interﬁound
sediments. The mounds wereé evidently of very low pelief
and would havgabeen eas]ly affected by changes In sedimen-
tation rates. The return of normally turbid conditions
could'have resulted in the demise of many of the mounda.} -

2.5.3.2' Lower (pre—flankbed) Sub-facies

All the complexgs ogeur within the interval between

the uppermost oncglitic unit and thelbrown-grey weathering

carbonate§ of the Barlow Inlet Formation. No complexes

[}

studied were_directly in contact with the oncolitic unit
but exaﬁination of photographs of all iﬁaccessible cliff
exposure indic%tes that one unstudled~ccmp{ex (Plate 3-a)
does rest'on the oncolite unlt and expands abruptly above
it. This‘indicates that some and possibly ail of the. -
complexes (lowérlsub—facies)“lnltlated on the same
substrate and at the same time as the smaller mudmounds.
An ekaiidation of thelir rqspectlve characteristiés reveal
many s;mildrities between fhe complexes.

Th; lower (pfe—glankbed} sub-facies i{s interrupted by

at least 3 recessive, shaley, .argillacecus units that

contain nodules of spicular mudstone. There is ho evidence

of erosion at the-bases of these units nor are there
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structures indicative of deposition under high energy

»

\ conditions. Rarely Qo'the surfaces beneath the recessive

{ units suggest firmgrounds as they lack in situ fauna.

\:Epese deposits are interpréted ag_the distal equivalents of
storm deposits. In deeper waters under low energy
conditions, distal tempestites simply ppnsist of very fine
gralined sediment that fall out of suspension once 'normal'
conditions ppevailed. The presence of spiculaf mﬁdséone

‘nodulgs suggests that semi-cohesive sediment from the
complexes may have been displaqed during some of ;hese
events,

The matrix of the gub—facies is typicallyspoorly
qusiliferoué although the presence of mottled micrite,

LY

gstromatoids and less cdmmonly thromatoids suggests that
cyanophyceans played an active role in sediment
stabilization dﬁd probably‘also contribuéed significant
amounts gf mud-sized sediments. In modern éhallow water
environments algae abe.known to contribute significantly to
the fine sediment fractipn. In the Bight of Abac% on
Little Bahama Bank, it is estimated tﬁat gpecimens of
Halimeda, Rhipocephalus and Penicillug produce enough lime

mud to f111 in the sgfllow water area., Excess must be
Q :

carried out to deeper water (Neumann and Land, 19735).

Melobesoid algae growing on Thalassia in Discovery Bay,

Jamaica produce up to 2800 g/m /yr of carbonate mud
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(Pafrfquin. 1972) and epibionts up tﬁ 118 + 44 g/# /yr in-
Florida Bay (Nelson anthinsbﬁrg. 1986). The role of algae
. in mudﬁound growth is preséntly beiﬁg given greater
attention by researchers (Pratt, 1982, 1587: K;nnard and
James, 1986).. | o B '

Spongeg are-also'prevafeﬁt within the matrtx, and
based on the presence of spicular networks, zones of
- peloidal fabric (Bourque a?d Gignéc. 19835 and bervasive

Isolated spiculeé, spongeﬁ were p;obably significant in
gstabilizing sediment and.contributiﬁz td sediment
production. The role of sponges in mound construction has
‘been extensively document;d (Narbonne and Dixon, 1984;
_Bouéque and Giénac, 19833'Du1est}e ahd';lling.-1967).

%he patchy occurrence of netigaan fossils and low
abundance-of crinoid holdfasts with only piqor contri-
butions of crinoidal biloclastic nateriallsﬁggest that
these organisms played only minor roles in mound |
construction. Corals are typically irréguqu in shape and
this is ﬁoaaibly the fesglt of a stressed, turbid enviran-
ment and.diacontinuous sedimentation. In Devoniah reef
conplexea in Belgium, small irregulatf favositids appear to
be common in muddy environments (Tsfen. 1571). In the
S{ilurian Gower Formation of [owa, the irregular nature of
coelenterates was related 1o‘rluctua£10na in sedimentation
rate {Philcox, 1971). The signiflicance of irregular

colonies of interconnected laminated heliolitids on the



flank of one of_fhe mounds is unclear but this relaéiohshib :
rhas previously been documented on the flanks of sponge/’
coral reefs in:the Swabian Alb (Gwinner, 1976).- The
diberse fauna, including trilobites, brachiopods,
gastropogf. ostragods and bryozoéns, shdws that open marine
conditions prevai}ed.

Both unconsoiidatedfsediment and firmgrounds are
represented in the mounds. Burrdws'and Burrow networks are
present in parts.of the matrix and rarely truncate
Strométoids. The fifmgrounds are indicated by frregular
basal surfaces of metazoans and by irregular basal contacts
of thin, finely biloclastic, fining—ppward séquences.
Rhizoidal crinocid holdfasts are an indication of‘growth in
unconsolidated sediment (Franzen: 1977).

2.5.3.3 Middle (flankbed-equivalent) sub-facies

The rubbly argillaceous unit that separates fhe lower
and middle sub-facles in_complex "Q“ is similar to the
underlying rubbly units exc;pt that elongate spicular
micritic nodu%;s-are mere common. Like the preceding units
it possibly r;presents a storm event. The middle sub-
facles is quite similar in compos;tion to the underlying
sub-facies excqpt-that metazoan fossils are more common:
crinoid debris is pervaslve and relative diversity appears

to bq greater. Patches of holdfast-rich micrite are common

and patches of metazoan baffle- and boundstone locally
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constitute up to 20% of the rock surface. These features ;
T e :

collectively suggest that conditiona*héd.improved for these

types of orgahlsms. Turbidity was substantially reduced as

indicated by the lack of adjacent rubbly limestones and by“

the pro{iferation of susﬁensiﬂn feedérs. Incqeased ater.
‘agitation is indicated by ghé abundance of suspension
feeders and extensd've cross-stratified flankbeds. ’
Discontinuous units of crinoidal rudstone and bioclastic
channel deposits within the mound cores represent more’
frequent storm influence. A
Similar to the underlying sub-faclies, the matrix
contains sponges aﬁd'cryptalgal fabrics and evidence that
blota stillrwere active ih‘Sedimént stabilization and
production. Probably most of the sediment within and'upon
the mounds was fofmed by mound-constructing organisms and
was then eith&r stabilized by organisms or cemented early
as Iindicated by firmgrounds and spar- cccluded cavities
_encrusted by a cryptit fauna. Coarser bioclastic material
1s more common than In the lower sub-faclies. 1In a Trlassic
platform margin reef complex in Austria, 90% of the reef
consists of sponge-coral detritus created by bicerosion of
the sponge-coral framework (Zankl, 1971). This suggests
that bloerpsion can create signiflgant quantities of mound
gsediment. thle\{iizfroun%s and éariy cementation are

evident, pockets of burrowed and thusg unconsolidated

sediment are also present.

.‘~\—'r\\
o



Overall, this sub-facies indicates a relative "
increase_{n water agitétion with the extensive cross-

. . .

stratified flankbeds suggesting deposition above fair

weather wave base. Thé-increasé in metazoan foasils and

overall increase in faunal abundance and diversity

Pow

indicates clearer, less turbid and pbssibly better
circulated marine waters dﬁring deposition of the mliddle
sub-facies. This is_in agreement wifh gradual shallowing
upward froﬁ the lower suh-facles.
‘ 2.5.3.4 Upper (pos}—flankbed) Sub-facies

The upper (post-flankbed) sub-facles represenEs the
final phase of growth of the mudmound complexes. The basal
part of the sub-facies Is observable in 3 of tﬁe complexes
.bﬁt only 1; complex "a" 1is the sub-facies complekely
accessible. Recorded thicknesses:var} (7.3 m at complex
"a" to 16.5 m at complex "c") possibly because the surface
exﬁosdresrare'randon cfdss—sections through different p;rts
of coupiexes. .Alternativefy. the thlckness variations
could be due to original differences in growth conditions
on different parts of a ramp.

In the few places where It s exposed, the sharﬁ

asal contact of'the upper sub-facles.sugéests an abrupt

change in conditions of deposition. The weathering style
changes from rubbly to massive at this horizon in Eomplex

"a" (Plate 1) but becomes rubbly towards the top of Eﬂe
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sub-facies. In’}omplex "b", ‘the basal cdntagt is )
~apparently a hardéféund.encrusted by cdrals and crinoids.
The surfaée bears a distinctly ﬁlat—botto;ed rhizoid hold-
fast that is comparable to crinoid holdfasts'on the hard-
"groudnd contact between the Silurian Laurel Limestone and
Waldron Shale in southern Indiana (Halleck, 1973). The
holdfast does.not penetrate the mudstone beneath, {in
contrastlto hoﬁdfasts elsewhere in the mound mudstone.
_Hardgrogn&s:téhd to occur at the tops of regressive
carbonate sequenzes (Fﬁrsich; 1979;‘Pursér. 1969). hTheg
are forméd duriné peﬁiods of'slow-deposition'or noen-
deposition by_synseéimentary l1ithification of the
substrate just below the sediment-water interface. The
"hardground in complei_"b" most resembles.Fﬁrsicﬁ's (1979,
p. 27) type "a" hardground in which pre-cmission high
eneggy deposits (here the flankbeds and t0pographically
higher nudnoﬁnds) are overiain by post—omissionllow ehergy
deposits (here carbonate mudstones and argillaceoué rocks).
The change represents a lafge transgressive event. The
scarcity of fosails is most similar to the "low biomass
hardgr&und" of Fliirsich (1979, p. 41). Poor conditions are
inferreﬁ, possibly related teo turbidity, as the overlying
gsediments are fine grained in mound and intermound areas.
Based on the above criteriaf the sharp contacts

between the .middle and'upper sub-facles, the change in

ueathering style, the presence of a hardground, the
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preééﬁce‘qf low energy sediments overlying ﬁigh energy

-

¢ = - A .

B sediments in .coeval rocks (bedded lfmastongﬁﬁanl over
crinoidal flankbeds)- this sub-facies boundary appears to
represent the top of a submarine cemented regressive cycle,

- The basal unit of this sub-facies in the cores of,
‘complexes "a" and "b" is a poorly fossiliferoqg mudstone
with a varled fenestral fabric- blr&seyes and more elonéate b

fenei@rae in the basal 1.9 m in-conplex."aJ aﬁd;strbm—
- )
atactis in the basal'l.8 m in complex "b". Fenestral
L] : -

! Jfabricg by themselves should be used witli.caution in

-

1nterpreting sedimentary ényironngnts {eg. Shinn, 1583. p.
627). Altho&gh fengstrae-su;h as birdeves ;re common
features of intertidal and sﬁpratldaL facles (eg. Flligel,
1982, p. 218; Grover and Read, 1978), they have also been
) ‘.

reported in subtidal carbonate mudmounds (Jamieson, 1967,
p. 97, 101, 1971; Packard, 1985, p. 422428, 462—463;
Heckel. 1972, p. 12). The origin of stromatgbtis. a fornm
of fenestrée. has long been co&trovéraial {see Tsien, 1985,
Table 1, p. 274) but its presence i(n subt;dal‘settings in
Paleozoic mudmounds is also well docpnented.

| The.schrcity of fossils\in the fenestral mudstone
might be attributed to deepening and related deterioration

of bottom conditions. However, this Is inconsistent with

the patches of abundant benthic fauni in the laterally

equivalent chroglasma and Coenliteg-rich mudstone on the

L3
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‘nofth flank of complex "a" and thefcloaely associated bound-
stone tongue at complex "a". The paugity of éorals on the
mound surface ;;-this stage could altérnatively have been
dﬁe to proliferation there gf algae or cyanobacteria. The
latter.mighf alsc have been responsible fof thg development
of cryptalgal fenestral fabrics. |

’

Coral morphology has been used with mixed success in
interpreting depositianal envirpnnénts. as not all corals \&
of similar form represent similar environﬁenté. quever;
branching forms are reported to be characteristic of muddy,
calm conditions In the Silurian reefs of Gotland (Hadding.
1950) and pf "underturbulent conditions in Devonian reef '
complexes of Belgium (Tslien, %971). Sheet-1lilke forms
evidently preferred deeper, calmer conditions in Silurian
reefs of Iowa (Philcox, 1971). The large, rdbust. tabular
favositids and delicately branching rugosans .in life
positions in the boundstﬁne tongue, togethig:ézﬁh the fine-
grained matrix are consistent with low energy conditions.

The coral fauna was eventually destroyed by encroachment of
argillaceous sediment, répresented by the overlying bedded

L=

linestone[hcfl sub-facfes. :
\ -
Fdi&gf?hg deposition of this basal portion of the.
sub-facies, the Intermound bedded limestone/marl sub-facles
. briefly onlapped complex "ag, forming a wedge that now

. “
penetrates the southern flank\ of the complex. Calcilutite

mudstone rich in fenestrae (stromgtactis and birq?eyes)

b ' . Vi



92
continued fo accumuléte on the reduced, nopthern part of
the buildup and éxpanded again southward on top of this
wedge. The calcilutite gra&gg dpward and to the north into
delicately branching rugose coral anq Coenites rudstone
and bafflestone. The onlap and subsequent retreat of
intermound facies couid have been related to changes 1in
rates of either deposition of‘intermound facies, or growth
of mounq—constructiﬁg organisms, or both. -
The feneatrae don't provide conclusive evidence

about depﬁsitiqnal environments, although they are
remarkably similar to ones described by Heckel (19872, p. 2,
flg. 4a) 1in calcilutite mqﬁnds in the Devonian Tully
Limestone. The latter appear to have formed by raﬁid
accumulation under calm conditions but no c&ear dgpth ~
relationship was lﬁferred. The evidence af closeiy
associated Coenites in also inconclusive., Packard {1985,
p. 441-447) interpreted Coenites-capped fqyestral mudmounds
in the Barlow Inlet Formation on Cornwallis Island as
possibly representing restricted, higher stress .
environments of the platfornm interior.. These noﬁnds formed

during a transgressive episode with Fhe Coenlteg growing
| predominantly during the périod of maximum submergence.
However, he also reported Coenites from various biohermal
and biostromal structures, ranging from shallow protected

backreef lagoons to turbulent shelf margin and proximal
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slope'séttingsw
+In summary, ther?énestral mudstones iﬂi}the rarity

and low diversity'of gossils-assoqiated with delicately

branching Coenites collectively suggest caln, but possibly

stressed conditions. The Influx of argillaceous sediments

. to intermound:areés could have been the stress and a

modgrately deeper water settingsmight be inferred from the
position in the overall sedimeiftary sequence.
Finafly,-the fenestral mudstone/Coenjiteg mudstone in

complex "a" grades up inio qt;onatoporoid bindstone 1in
which lamellar and irfegular stronaéoporoids and ifregular
Alveolitegs become increasingly important. The possible
enviroﬁhental significance of stromatoporold growth forms
has been addressed by many authors bht must be interpreted
with caution, considering both extrinsic (environmental)
and intrinsic controls‘on shapé/?iershaw, 1981; Stearn,
1982). o

In the literature, stromatoporoids with lamellar
growth forms are known, for example from the Alberta.
Devonian in lower reef foreslope environments {Campbell,
1987) and subturbulent afgillaceous and seaward reef margin
environ?ents {Kobluk, 1975), from Silurian bulldups of
Gotland| representing deeper water turbid envirqnments
{Riding,\1981) and from Silurian mixed carbonape/
si}iciciastic shelf reginmes lanaspésle (Bdgrque et al.,

1986). Large laminar and irregular forms are important in
. A .



e

T |

. m

. — . 94
\ / :

_Silurian bioherms of Gotland and smooth lapinar forms were

_ihterpreted there as occurring in conditions of slow .

sedimentation (Kershaw, 1981). Thick platerlike forms
occur in Devonian marginal reefal envirdnments in Alberta
{Jamieson, 1971) and Jamieson considered thin tabular forms

rs N
to be environmentally wide-ranging. Plate-like metazoans.!

“In general, occur 1in modérn lower reef front to forereef-

zoneQ: in conditions of low wave energy and high
sedimentatlon rates (James, 1984).,!These example% éhﬁw
thaf lamellar stromatoporoids did occur in deeper water
settings under possibly turbid conditions as well as in
shallower séttings; the former is a zone wﬁere tabulate
corals have been described more commonly. .

The"presence of lamellar and irregular strom-
atoporoids in the uppermost part of the mound complexe§
indicates possibly that sedimentation rates decreased but
weré sporadic. The lameliar forms .generally encrusted
other stromatoporoidé or corals and did'not occur in inter-
mouhd areas, indicating that they were substrate dependaﬁt.
Thin interlaminae of sediment betwqen some stromatoporoid
lamellae suggest that sporadic sedimentation was.partly
responsible for the irregular growth forms. The overall
upward darkenlhg of the bindstone .and its rubbly nature
s;ggest that the mound-constructing ofganisma were not

able to maintalin growth above the encroaching intermound
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sediments.

.The uﬁper sub-facieé of the mﬁund éomplexes appears
to represent 6vera11 upward shalloning Sut growth réuained
in low energy conditlions as indicated by the'%nsignificance
of flanking debris and the p:edominaéce of fine grained
intermound sediments. The mognd coTplexes are oveflaiﬁ by
the stylopleurid rudstone unit of the bedded limestone/marl
sub-facles, The upper sub-facles 1s coeval with the lower
part of ghe bedded 11me§tone\marl faclies because of the
following relationships:

1) some individual mudstone beds 6; the bedded limestone/
marl sub-facies pinch out into ihelnound flank but many
grade into texturally coarser beds.ngar thq mound. This
coarser debris was mound derived.

2) a wedge of bedded limestone/marl pinches out into

" 1"

complex "a
3) moundfderived bioclasts occur in the bedded 41mestone/
marl! sub-facies. For example at conplex "a" the middle
part of the intermound sequence contains a stromatoporoid
encrusting a styopleurid fragment that could only'have
been derived from the top of the mound complex.
Allochthonous stromatoporolds are also present in. the
bedded limestone/ marl sub-facles and a large overturned
bulbous stromatoporoid near the flank of the mound rests

on and has depressed the underlying mudstone.

4) storm-derived mound debrls occura in units thickening

. ,/“\_\

;
4
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towards mound complexes such as'the ?Fit in section 2.

2.6 Barlow inlét Formation

2.6.1 Description

The'Barlow Inlet Formation overlying the 'transition
sequence at the top of the Douro Formation, consists of a
diverse aésemblagé of lithofacies and biofacies. It
sharply overlies the mudmound interval. The formatiqn is
generally grey-brown, more massive-weathering than under-
lying rocks and contaigé thick, beige-coloured, crinoidal
grainstone and ruﬂstone units. The most conspicuous
features of the formation in the area are large reefoid
buildups.

The largest reefoid buildup overlies sections 2 and 3
(Plate 17) and ¥s at least 70 m thick. It contains
stromatoporoids of Varidhs shapes, favositid corals,
brénching specimens of Cgoepjtes apd abundant accessory
fossils, including solenoporid rhodoliths, high-spired.
gastropods up to 7 cm long, mucophyllid rugosans and
pelecypad valves (Megalomoides?).' The matrix is
predominantly crinold debris. The larger fossils locally
form boundstone. This buildup dominates the formation in
the area and isuassociated with thick, extensive, crinoidal
grainstone and rudstone flankbeds that drape ovéw parts of

the buildup and thin distally. .These flanking units .can be

traced ovef 0.9 km from sections 7 to 1. The gr&instone
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conaisis of various allochems iﬂflqding.crinﬁid debris,
bryozoah and brachiopod fragments. and solenoporid
rhodoliths. Parts are dolomitizéd and stylolitization 13-
pervasivéﬁ Units are laterally vériﬁble as indicated by
the T;weer§t 5.6 m of the reef which is predominantly
gralastone, }udsgone and packsyone but with patches of
boundstone. Large branching rugosans océur within the
basal unit but are rare and isolated at section 1, while
extremely common at section 10. f@e unit contains a

diverse assemblage including stromatoporoids

{clathrodictids) and heliolltids (Stelliporella) that

locally form boundstone. Accessory fossils include holdt
fastb. rhodoliths, gastroﬁods. brachiopods, trilobites,
ostracods aﬁd serpulids.

‘A more laterally restricted reef occurs at section 5
and‘is at least 60.1 m thick. It 1s exposed at the toﬁ of
a 2.5 m covered interval between the underlying mudmound
complex and thé overlyiﬁg reefoid buildup. Examination of
Athe talus suggesté that a stylopleurid rudstone is not
presanfmﬁnd the reefal buildup 1s possibly a continuation
of the underlying stromaéopﬁroid bindstone (upper sub-
f&cizg of the mudmound complexes).

The reef at section 5 consists of thick units mainly

of various amounts 6& reef bullding stronatohoroids‘and
favositids, heliolitids and syringoporid corals ;n a

crinoidal packstone/wackestone matrix. Tabular organisms

»,



are up to 45 cm x 5 cm thick. Micrité—rich patches
containing stromatactis are also present. Neptuniah;dikes
at least 2 cm wide and 75 cm deep, fnfilled with crinoidal
grainstone, are present in the lower bartgof the réefal

74 ’
"complex. One”18.3 m unL{ in the rief consists of
branching stromatoporbids (15 cmlx 20 cm high), tabular
corals (65 cm x 13 cm thi;k). sEEom%toporoids (19 cm x 2
cm thick), mucophyllid corals (up to 12 cm in diameter),
crinoid holéfasts. orthbconic na;tilogﬂé and-pockefs of
gasFropod hash. Isopachods spar ls pervasive. This unit
gradesrupwirds into thickly bedded crinocidal grainstone.
Such reefal units are generally sharply truncated by
crinolidal grainstone and rudstone units of various

thicknesséq. -

Most other sections revqal thick crinoidal grainstone
and rudstone units in the basal Barlow Inlet Formation.
Section 8, the northernmost section, consists predominantly
of wackestone and packstone with only minor units of
crinoidal grginstone. Stromatoporoi&s and branching and
noﬁ-branching corals occur ;hroughodt the interval and
locally form boundstone. One l.é m bilostromal unit
corsists predominantly of lamellar to tabular clathrodictid
stromatoporoids up to 0.7 m wide x 0.2 m thick. Thé
mottled calcisiltite matrix locally constitutes up to 90%

of the exposed surfaces. Accessory fossils include
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solitary rugosans, criﬁoid debris, bryozoan fragaments,.
brachiopods and gastropods. | -

The Barlow ;nlet Formation at Gascoyne Inlet there-
fore, consists predominantly of large stromatoponoid—fich
reefal buildupé with thick extensive crinoidal flankbeds.
The character of thé northernmost:section and examination
of oblique aerial photograpﬁs indicate that buildups and

v , , .
flankbeds become less common to the north and that darker,

finer grained carbonate rocks and blostromes piffﬂ}ﬂa_,ff’/ﬁ\E

L

2.6.2 Interpretation

The basal 70 m (or more) of the Barlow Inlet
Fonagéon at ﬁascoyne Inlet consists of large reefoid
‘buildups and tﬂefh-associated facies which Iinclude
extensive flank beds rich in crinoid debris. The réefs
contain an abundant and diverse fossil assemblage
suggestive oﬂ open marine conditions. The presence of th}s
assemblage along with.coafse ﬁioclastic debris within and
surrounding the reefs indic;tes highly agitated water

- conditions.

The buildups are most similar to stromatoporoid-
crinoid skéletal buildups, the largest buildups reported by
Packard (1985) in the Barlow Inlet Formation on Cornwallis
Island. While the Gascoyne Inlet reefs were not studied in
as much detail ;s those on Cornwallis Island, they do

3

compare'in general gizef shape 'and composition. Those at

Gascoyne Inlet appear to be thicker, upwards of 70 m,
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compared to a maximunm of 40 m on Cornwallis Island. Those
on Co;nWallis Island are mound-like. to.irregular,-
lenticular in shape whiie at Gasdoyne Inlet the cross-
section is lenticular, with an unknown third dimension.
The Cornwallis Island reefs are underlain by wﬁckestone to

’sBarse bafflestone rich in either Coenites or Stylopleura,

analogous to the stylopleurid rudstone capplng mudmound
cpmplexes at Gascoyne Inlet.

Packard (1985) interpreted thése reefs as éccurring
at the apogee of large scale shallowing upwafd sequences,
Althouéh a shallowing upward sequence of this type is not
fully exposed at Gascoyne Inlet, the basal Barlow Inlet
Formation does represent slgniffcantlysshallower environ-
ments than the underlying transithnal seguence containing
the mudmound complexes. .The uppermost sub-facles of the
mudmound complexes and tne adjacent limestone/marl sub-
facies and capping stylopleurid rudstone suggest a medial
to proximal foreslope setting. Relati/é shallowing upward
and Increased water agltation.uassociated with an abrupt
decrease in fine-grained sediment deposition andlimproved
Qater clarity would have encouraéed proliferation of reef-
building organisms. |

l The norfhernmost section. dominated by bioclastic

wackestone and packstone units with minor grainstone and

biostromes, suggests lower energy conditions. Together with
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the fauna of'stromatoporoids. corals, sclitary rugosans,
‘bryozoana; brachiopods and gastropods, these features
suggest open marine conditions possibly in a slightly

deeper proximal foreslope setting.l

uE
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3.0 SUMMARY
‘3:1 Loc;1 Asﬁects . o _ !

3.1.1 Depositional Eis£ory and Mound Develeblent

The stratigraphic interval studied represents “
sediment deposition and buildup development in wérn.
‘mﬁfine; subtidal waters.

The rubbly lineatone‘qf the Douro Formation waQ
deposited dbove storm wave base as indicated by the //’
frequency of bioclastic and intraclastic debris beds.. ,
Water depths probably varied between deep and shallow sub-
t{dal. The presence of rubbly limestone, the fine grain
size and the predominantly atrypoid brnch}opod assemblage
suggest low energy, turbid éonditions. AThd overlying dnco—
litic facies‘is a continuation of the rubb&yllileatone
facies but represents deposition in progfessively

N ,
shaﬂ%ower wafera. The four major oncolitic and bioclastic
unfﬁs repreéent periods of storm activity and are sheet-
like deposits apparenﬁly derived from shallower' water shoal
coemplexes. Partial bioturbation and the presence of’
calcﬁ;eous algae, crinoids and corals indicate well
oxygenated, open—ig§}We conditions. thfe it cannot be
determined conclusively whether the oncolitic facies
représepts a continual and gradual upward shallowing, or

the oncolitic units resulted from relative sea level

fluctuations, the former 1s suggested as fossil diversity
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and ahundance fincrease in eachlstratieéhthCQlly higher
oncolitic unit suggeating decreﬁge‘in turbidity and |
improvement in conditions éonduclvé'to benthic community
development, o
The depositional history of the nudipund yequence-and
the development of the mudmound éonplexea can best be
 dé'scribed in 6 stages that make up two‘shallowing upward
cycles (Figs. 8A and B). *
STAGE 1
Deposition occurred in.the subtidal zone above.etorl
wave base; Genergllyl water clarity was poor except |
shortiy after deposition of the axtensiveloncolfte-fich
gstorm deposits. The deposition of this coar¥e debris could
.havé had a "shelling” effect that temporarily improved -~
water clafity. This coarse debtrig. provided a Qite for'
attachment of aﬁspenaion feeders (qunges. crinoids and
corals) and cyanophycean fllaneﬁ}s also appear to have
grown on thia surface. Upon death and disaggregation of
thege orzahlalc. the skeletal material) was locally
stabilized by the surrounding organisms. Therefore mound
grqnth_fasﬁited fronjﬁrzanign dolonléation on a firm
sibstrate and from decreased tqrbidlty. ﬂound-constructing
organisms lay_haVe grownt in areas where there was some

topographic relief or possibly where currents concentrated

, organic particles in ausbenaion.
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STAGE 6

STAGES

Fig.8B. Depositional history and mound davelopment (continued).
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STAGE 2

Deposition continued in the subtidal zone above storm
wave base bu't possibly in'water sllghtly shallower thaa in
stage 1. Rubbly limestoné édjacent to the mounds indicates
a return to normal tﬁrbid conditions. The substrate ranged
from soft to firm as indicated by widespread bioturbation
and the general lack of benthic organisms except for local
brachiopods and a few coréls that apparently encrusted
exhumed sediment nodules.: Slightly agifated conditions
were the norm aé'the intermound sediments are poorly bio-
clastic, although debris increases towards the mounds.
Channel deposits containing mound-derived debris are rare.

Some of the mounds were terminated prematurely, presumably
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by excesaively turbid conditions with which sound N
congstructing organisms wera_nof able to cope auccessfully.ﬁ
At a height of 1 m above the-ancplitic unit these mounds
had a relief of aq--uch‘aé 27 cl; On other mounds, mound
~organisms proliferated and appear to have coped success--
“'fully with the turbid conditions. The sponge/algal assoc-
;ation appéars to have been able to both bind.and baffle
carbonate muds which were largelQ'nound—derived. This
s£;bilized surface also provided a aubstrate for the growth
of other organisms.

STAGE 3 ! .

Water clarity 1nproveq g8 the mounds grew ahovg fair
weather wave bhase. Branching.and non~branching corals and
crinoids proliferated in clearer, more agitated conditions
but cyanophyceans and sponges still blaQed important roles
in mound construction. 7VUpon death and disaggregation of
the crinoids, crinoid debris was larzely'snébt off the
mounds and deposited as extensive cross-bedded flankbeds
that completely covered intermound areas. Cbinoid meadows
developed on parts of the riankbeds as indicated by thin
units of pluricolumnala and holdfasts. Topographic relief
increased from about 2 m to a maximum of 4 m during this
stage. The top of stage 3 répreaoﬁtt the top of a
shaltowing upward %;916 that commenced with deposition in

deep waters above storm wave base and terminated in shallow

waters above fair weather wave base. During this stage the

-
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HEHHmound complexes probably occﬁpled the high energy
. | zone of the ramp (Fig. 9) and this is simiiar to the
setting of mudmound complexes and shéals in the Siluro-
Devonian Helderberg Group in the Appalécﬁians {Dorobek and

Read, 1986).

&

NwW? SE?

STAGE 4
Abrupt deepening at the base of stage 4 is marked in '

cemplex "a" by a bedding plane overlaln 1n part by a tongue
of branching rugosan bafflestone that extends out over part
of the flankbed and dark coloured crinoidal rudstones, and
in complex "b" by a smooth but irregular Pardground over-

lain by a thin, irregular marl. During initial deepening,

. sedimentation apparently slowed markedly or ceased. The

4
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basal fossil asse!ﬁlage in stage 4 reselBlea that of stage
3 but {é genaraliy sparse. Low energy conditions prevailed’
as flaqking Aepria beds were dranatiqally peduc;d.and fine-
grained sedimentation resumed in intermound areas. The lack
of scoured surfaces and low.frequency of storm debris and
coarse sediment indicate calm conditions. Benthic
carbonate-secreting orzanis.s do not apbeﬁf fo have been
able\fo inhabit the intermound envi?onlent(bﬁt pervasive
blotu;bation indicates that an éxtenaiva burrowing
community wa; present. The presence of orthocontc
nautiloids guggeats ;ccess to cpen ocean. The intermound
sediments progressively encroached on the loqnds. At
complex "a" the top of stage 4 coincides with the wedge of
intermound sediment that pinches out into the south side of
the mound. This suggests either 1ncfeaae in the rate of
intermound sediment deposition or reduction in the rate of
mound growth.

STAGE 5 /

The presence of local patches of laminoid fenestral
fabric and of Coenites %arflestone in the lower part of
atage 3 i8 an enigma. They do suggest low energy
conditions and perhaps record environmental changes on the

mourds. The presence of crinoidal debris with only minor

R

fine sediment in the stromatoporoid/algal poundatone. and
of minor flanking debris indicates that the mound tops were
occasionally exposed to water agitation. The predominance

{
]

o
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‘.of irregular and lamellar stromatoporoids as ioundj
constructing‘orzanfgns in the upper part of the stége
‘“auggésts gshallowling upn&rd. Fine sediment covering some of
the irregular coenostea suggests that'atronptoporoid growth
.was sporadic and did not reach fuil potential. The change
from massive to rubbly weathering style upward 1& the
complex indicates an increase in the amount of fing gralned
giliciclastic material most likely from intermound areas.
Intermound sediments continued to encroach upon the mounds,
substantially reducing Eheir ar;ua of growth and redueing
thelr pe;ief. This stage developed in greater water depths
than stage 3 and would:place the stromatoporocids basinwards
of the high energy zone. This is similar fo the Siluro-
Deéoni&n Helderberg Group where stronatoporoid-corﬁl_frane—
stone buildups occur basinwards éf the mudmounds and ‘
crinoid shoale and are interbedded with nodular limestones
(Dorobek and Read, 1986). Stylopleurid corals began to grow
on the mounds and were present in'anall numbers. T

STAGE 8

The mounde were completely covered by the fine
capbonata sediment and ;arl. Extensive meadows of stylo-
pleurid corals developed in this subtidal settinz. The
fine sediment and thin walls and deep calices of thé stylo-

'pleurids indicate rapid sedimentation under iou energy

conditions. Stylopleurid blostromes have been documented
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in the Barlow Inlet Formation on Cornwallis Island in
proximal foreslope faéieé ({Packard, 1965). Such a'aetting
is conaistent with tﬁe observed features at Gascoyne Inlet
but depdsition evidently took place on a ramp, as ghelt
margin features are not present in the area.

Stage b_ended abruptly with substantially reduced
turbidity. Mud deposition was succeedeﬁ by carbonate
prbduction and flourishing benthic communities. This
resulted in the formation of the overlying extensive reef,
biostrome and flanking facles of the Barlow Inlet Co
Fornation.

3.1.2 Paleogeographic_Inplications

The Late Silurian- Early Devonian paleogeggraphy
(Pig. 10) of the Arctié Islands 1nd1ca%es tpd{/deaper waters
were to the north (Cape;Phillips back—barr§er Basin) of the
study area. This general trend is consistent with features
observed in the Douro/Barlow Inlet transition sequence.
Exposed mudmound complexes in predominantly a N-S8 transect
permit a determination of relative bhgin direction.

The carbonate mudmound complexes afe thicker and
-ound—liko in the southern part of the sﬁudy area and
pinnacle-like to the north. Thick, low relief mudmound
comrlexes to tﬁe south éould'indicate organslﬁls
mainvaining growth in an optimal éropth zone (shallow,
clear waters) while the thinner but more pinnacle-like

forms could indicate an attempt to reach and maintain
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Fig. 10. Late Silurian- Early Devonian palecgeography,
central Arctic Islands.

adapted lrom Thorsteinssen and Mayr, 1987;
Morrow and Kerr, 1886; Packard, 1985; Karr, 1568

growth In that zone.‘ Deeper waters to the north are also
suggested by the facies changes overlying 5;@ mudmound
cpomplexes. The complexés underlie ejther stromatoporoid
reefs or flank qus to the south and deeper water
carbo&gfes to the north. These features would suggest
deeper waters in a northerly direction.

3.2 Regional Considerations

3.2.1 Depositional Environments
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Rezloﬁ?ily. thé'Douro forlation rgpresents sediaents
deposited on a broad carbonate ramp that gradually deepened
to the morth and'lergéd wlth/fie Cape Phillips back-barrier
basin (Narbonne, 1981). While the extent of this basiklis

not known, ﬁ gradual deepening to the‘nqrth i3 postulated.
.Sedin&ntatiun coﬂtinued in the back barrier b;sin during
deposition of the Barlow Inlgf Formation, but as a result of
a series of diastrophic events invelving the Boothia
Uplift, the bathyletrIC‘coAfiguratlon changed from ramp to
rimmed shelf (Packard, 1985). Deposition of the local

. slliciclastic lower member of the Barlow Inlet Formation on
Cornwallis Island could have been one result of tiris period
of diastrophisnm. Tﬂé extent of the basin to the east and
southeast during Dou{z>Barlow Inlet deposition is not
known. Cratonic uplﬁnds are inferred to have been present
to the east at some unknown distance. To the south on
Somerset Island, the Somerset Island Formation onlaps the
Douro ?orlatlon and has been correlated bicostrat-
1gfaphica11y to the Barlow Inlet Formation (Fig. 2). The
dbloailtitea. limestones aﬁﬁ si&tatonea of the Somerset
Isaland Formation were deposited probably on intortidal
mudfliats and supratidal flats under arid conditions (Miall
et gl.. 1978). While the formation apparently becomes

vounger to the north and therefore represents a prozrading

shoreline, minor sea level fluctuations probably occurred

as suggusted by a tongue of Douro Formation (formerly
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cailed Read Bay_Forlﬁtlon) {Miall and Kerr; 1977;. This
could represent a f?varaal to subtidal conditions within
the generally 1htert1da1/ sup;afidal éblerset Island
Formation. | .

Within the back bafrier basin north and northwest of
the Douro ramp.and Barlow Inlet shelf, sedimentss of the
Cdpe Phillips and Devon Island formations were deposited.
Packard (1985) pqatulated that these sediments also
accumulated during Barlow Inlet time in an embayment in the
Wellington Channel area between Cornwallis and Devon
islands. The principal paleogeographic elements in the
reglion during Late SiIuEiaﬂ- Early Devonian time are shown
in g{gure i10.

' 3.2.2 Correlation and Stratigraphic Problenms

Several facfors aremfesponsible for sone‘uncertainty
- about the préciae correlaticon of the Gascoyne Inlet
sequence with equivaleﬁt sequences elsewhere:

1? local variations in the Egper Douro Formation ”

2) substantial variatidn in facies overlying the |

Douroc Formation |
3)'inc0lplete information on conodont bicostratigraphy

4) an event stratigraphy complicated by Boothia

Uplift epelirogeny

These factors are considered below in more detatl.

Firstly, although the Douro Formation as a whole is




renarkahly unitorl in character across the Arctid islands,
'rocks rererred in the literature to the uppermost Douro
vary s}gnififantly in character in cefta;n\areaa. The
upperl;st Douro in fha gstudy area and at Goodsir Creek,
Cornwallls Island are examples df these anoua}ies.

A 150 m thick sequence of rocks ypiéal of the Douro
Formation directly underlies the lower member Lf the Barlou
Inlet Formation at Goodsir Creek. The louar 40 m of thia
seduence consists of “uediup grey‘ueathering, fisagile,
calcareous, silty shale interbedded with unfossiliferous
lime mudstone" (Pacqud. 1985, p. 40). This sequence has
been interpreted by-various authors (Packard, 1988;
Narbonne, IQBf} Mayr, 1978; Thorsteinsson, 1880) as a
southward-directed tongue of basinal sedilents.-either Cape
Phillips or Devon Island Formatlion. The upper 110 :-
consist of unfossiliferous, partially laminated, planar
bedded, arglillaceous lime nudstbne (Thorsteinsson, 1958, p.
49). Narbonne {1984) interpreted these sediments as
possible periplatform slope deposits formed below storm
ﬁave base. He concluded that the upper part of the Douro
Forlat;on an both %onerset and Devon islands is laterally
equivalent to the tongue of Cape Phillips (and/or Devon
Island) Formati&n on Cornwallis Island. The sedimenta were
deposited probably as p;riplntforn ooze under poorly
oxygenated, calm conditions. The upparnoat'lq_n were

r

deposited probably below but near storm wave base along the
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slope-shelf transition (NhrBonne. 1984). The lithofaclies
bears a remarkable resemblance to the bedded liqestbne/narl
sub-facles at Gascoyne Inlet {(cf. Narbonne, 1984, p. 401,

fie. 3B) and corroborates the deeper water nature of the

]

deposits interpreted in this study. The Eggxqugh.

L .
bioturbation of the deposits and biohermal equ:balenta_at'
Gascoyne Inlet suggests that they were deposited in well

oxygenated waters. Evidence of such a deepening event

—_

might be expected to be present elsewhere adjdcent to the

Cape Phillips basin. If it can be correlated, then it has

I
-

important implications for the placement of the Douro///‘

e

o~

. Barlow Inlet foruatigpal contact. C A

Se é;dly, the Douro Formation is overlain by markedly
engﬁz-raciea in different areds. Immediately overiying
rockas 1n the study area and on southern bbrnwallia Island
are shelf facies of the Barlow Inlet Formation; to the
nortﬁ they a;e basinal facies of the Devon Island
Formation and to th@.aouth. péiifidal,facies of the
Somerset Island Formation. |

To the north of the study area, ne#r Dragleybek Bay
on Devon Island, mudmounds up to 25.n thick are present.on
the tap of the bouro Formation and sur?ounded by Devon Island
Formation 1Thorstelnaaon'dnd Mayr, 1987). Large re;fo;d
bodi;s are also preasent in the same stratigraphic position

Lo -
on the south coast of Ellesmere Island (Packard, pers.
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com., 1987).

r

.Carbonate mudmound complexes (diverse conlﬁnity
hudnounas) up to 5.4 m thick are present ub fo 30.5 m ahova
the base of the Barlow Inlet ?oruation a;ong the east coaﬁt
of Cornwallis Island (Packard, 1985, p. 400-413). Some of
the mudmounds are covered ﬁith argilladeoﬁa.icunchoida}ly-
fractured lime nudstong similar ﬁo the mudatone of the

bedded limestone/ uarﬁ sub-facies at Gascoyne Inlet. This
. d .

correlation would place the mudmound complexes at_ Gascoyne

Iniet within the Barlow Inlet Formation.
‘ /

-

Thircdly, ionally-diagnoatlc conodonts are lacking

in the study area: (see Appendix 1). On Cornwallis and

-

Devon isiands, the Douro/Barlow Inlet formational boundary

has been located between the gsilurjcus ahd latialata

conodont zones (Thorsteinsson and Uyeno, 1981) but

siluricus zone taxa have also been found up to 400 feet

above the top of the Douroc Formation within the Devon )

Island Formation near DPragleybek Bay (Thorsteinsson and f
Mayr, ‘1987, section 49). The top of the Douro Formation

has previously been considered reglonally asynchronous. The

presence of gjln;lgug zone taxa Iin the Devon Island

Formation would suggest that this is not correct.

Correlation of the Douro/Barlow Inlet transition

sequeace at Gascoyne Inlet with the lower part of the Devon

:Islanq Formation to the norsh would provide for a

tranasition from shallower water deposits to basinal
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deposits. The lower part of‘the Devon Island Pormation on
northern”Devon‘Islandfconeieta of well bedded, lazinated
nudetonee and siltstones probably deposited under anaerobic‘
conditiona in a basinal setting ¢ The bedded lineglone/
marl euhrfaciea at Gascoyne\lnlet cogld.be shallower water
‘equivalznts of this interval depoaited under aerobic ﬂ
conditions as suggested by the 1) .thorough bioturbetion.nz)
relationship to the upper (poet-flankbed) sub-facies, and
3) capping b§ the branching rugosan unit. These sediments
would still have been depoetted in waters of moderate depth
(equivalent to medial to distal_foreeiop ).

'Finally. event correlation is colplgcated by the fact
that sequeece changes related-go local epeirogenic
movements of the Boothia Uplift are superimposed on
sequences fepresenting events of.luch more reglonal extent,
such as global sea leveiéchanges: Diecrllinatihg between
theee‘eeenta is essentlel to event cdrfeiation. Four

o — i
pulses of the Cornwallis Disturbance, of differing
intensities and duration, have affected the‘centrel'arctic
archipelago (Packard, 1985, p. 115). The results ‘'of these
events were dramatic, causing rapid and -ajog changes 1in
environments, iithology and sedimentary atructdree adjacent
to the Boothia;Uplift. Correlation of evenE? away from the

uplift is complicated in part by the local nature of some

of the pulses and also by the lack of detailed
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]
’ -

stratigraphic and/biostratigrnphic studies. PFor exanmple,

N - ’ }
Pulse 2, which involves uplift and subsequent deposition of
the deltaic éedfients of the lower member of the Barlow |,

Inlet Formation on Cornwallis Island, {s not apparent in the

study area 2nd the base of the Barlow Inlet Formation can

only be approxinateg.
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4.0 CONCLUSIONS
~ The following findings result from the study of the

Upper Silurian carbonate mudmound co-plexeﬁ at Gascoyne
Iniet, Devon Island.

1. The complexes developed on coarse, bipoclastic
debris during a lull in‘nornally turbid conditions.

2. The conplexdﬁ form 2 shallowing upward gsequences.

3. The basal sequence represents growth in depths -
above atorn‘wavé base up to and above fair weather wave
base.

N

4, Sponges and algae were the ddlinant mound-

constructing organisms in fhé"bpsai”ﬁgrt of the mounds and

kY
\

corals played a more active rolé'aa th mounds grew ﬁp to
and above fair weather wave base. The extensive crinoidal
flankbeds formed above falr weather wave base and at this
stage the conpléxes occupled the high energy zone of the
ramp. ‘ - 2

5. This shallowing sequence was terminated by a
deepening event that caused a reduction in flankbeds and the
audmounds became temporarily sparsely fossiliferous.

8. With continued shallowing upward, corals and then
stromatoporoids became active in mound construction. - The
complexes occupied a positiqn basinwards of the high energy
zone of the ramp in a setting similar to the proximal

foreslope of a platform.

7. Intermound sediment deposition increased,




fa

encroached upon and terminated the mounds.
8. A reduction in turbidity allowed for the
flourishing of carbohate producing benthic communities

the formation of extensive reefs and biostromes in th;

overlying Barlow Inlet Formatlon.

121

and
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Barlow Inlet Fm,

Douro Fm.

transition
sequence [

Stratigraphy of sea cliff eastward from section 6
(next to scree slope). Cliff about 200 m high.
Nodular calcisiltite mudstone from the upper Douro
Formation, section 2, immediately below transition
sequence. Irregular mudstone nodules (dark) contain
-<10% crinoid debris and are surrcunded by irregular,
discontinuous argillaceous calcisiltite (polished
sample GCG-03-01-5a}.

Oncolitic packstone from second oncolite unit, near
section 8. Note diversity of algae-encrusted
bioclasts and concave down brachiopod valves
surrounded by calcisiltite (polished sample B3-13).



Plate 3—a

Plate 3-b

| Plate 3—c

135



Plate 4

Rubbly wackestone sub-facies underlying mudmound
complex "a". Note sharp upper contact with overlying
crinoid grainstones and rudstones of the mudmound
flankbeds. Measurlng stick 1.2 mn long.

Oncolite unit 3 near section 8, with rubbly
limestones above and below. Oncolite unit consists
of individual beds of oncolites {more massive),
bioclastic debris, calcisiltite and rubbly X
wackestone. Resistant interval is 90 cn thickﬂh

Channel deposit within the rubbly wackestone sub-
facies, east of mudmound complex "b" {(base shown

in red}). Channel fill mainly crinold packstone to
rudstone enclosing large overturned metazoan fosslls,
Measuring stick marked in 10 cm intervals.
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Plate 4—c



Plate 5

“Intertongueing relationship between brown crinoid
rudstone of flankbeds and the equivalent upper sub-
facies on the north side of mudmound complex “a",
Mudmound unbedded below measuring stick but poorly
bedded behind measuring stick. Flankbed well bedded
above measuring stick. Measurlng stick 1.2 m long.

Low angle cross-stratification in crinoid packstone
at base of crinoid grainstone/rudstone sub-facles at

mudmound complex "a”. 3
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. Plate 5-a




Plate 8

Crinoid, grainstone/rudstone sub-faciéa west ogmhhl
saudmound complex "b". Rock largely crinoid debris,

in part cross-stratified. Staff marked in 10'cm
1ntervala¢;/f

Bedded limestoqé/narl sub-facies (A) grading
laterally into upper {post-flankbed) sub-facles (B)

of weat flank of mudnound complex "b". Staff marked
In 10 cma intervals.
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Plate 6—a

Plate 6-b . o
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h Plate 7 ‘ >

Bedded limestone/marl sub-facies in section 8
consisting of mottled mudstone beds alternating with
laminae and beds of marl up to 3 ca. Sub-facies
poorly fossiliferous but contains gastropods,
cephalopods and other minor bioclasta. Staff marked
in 10 cm intervals. .

Bedded limestone/marl sub-facies east of section 10
containing unit of resistant mound-derived storm

debris . (A). Illustrated exposure of sub-facies about
10 & thick. ‘ >
L
7
: r
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Plate 7-b



Plate 8

'South side eof nudnound‘conplef "a". Lower part of

bedded limeatone/marl sub-facies pinches out leftward
into mound. ' Upper contact with overlying mound (just
above figure) is sharp. Greyish rock (A) at centre
right contains fenestral fabric (plate 14-b). Beige
coloured rocks (B) in upper half of photograph are
stromatoporoid bindstone that bRcomes rubbly upwards.
Figure 1.75 m in height.

Stylopleurid coral rudstone in upper 2 m of bedded
limestone/marl sub-facies in sectlion 8. Stylopleurid
branches commonly lie prone on mudstone bed tops and
occasionally within beds. Ruler 15 cm long.
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Plate 8-b



‘Plate 9

Isolated mound sub-facies in section 8 {outlined fin
.red). Micrite-rich mound up to 2 m in stratigraphic
‘ thickness and up to 1.0 m wide resting on uppermost
oncolitic unit and surrounded by rubbly wackestone
sub-faclies. Measuring stick marked in 10 cm
intervals. . ‘

Heliolitid coraf colonies in lower (pre-flankbed)
sub-facies of eastern flank of -mudmound complex "b",
.Colonles up to 45 cm wide are composed of
interconnected, thin wafer forms 2 to 7 mm thick.
Ruler marked in mm.
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Plate 9-a

Plate 9-b



Plate 10

-Lower (pre-flankbed)} sub-facies of mudmound complex
“b" (thin section of sample B1-5a). Lithistid |,
sponges (SP) commonly encrusted by bryozoans, here
Diplotrypa (BR). FPossiliferous matrix shows light

and dark coloured patches. Undulatory firmground
(FM) present with up to 2 mm rdlief. Underlying the
firmground is a dark, poorly fossiliferous micrite.
Fining upward bioclastic debris lncluding sponge
spicules overlie the firmground and generally fill in
depressions. Bar represents 5 mm.
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Plate 10
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Plate 11
Lower (pre-flankbed) sub-facies of mudmound complex-
“b" (thin section of sample B1-15). Generally
lighter coloured mudstone matrix (MA) contains more
finer bioclastic debris commonly surrounded by
microspar. Burrows (BU) show as concentrically
orlented debris. Darker, less fossiliferous mudstone
matrix locally contains cryptalgal laminations (CRY)
and crinoid ossicles and ostracods (0S) ‘are less
common. Overturned barrel sponges (SP) display
bryoczoans that encrusted upper surfaces prior to
overturning. Bar represents 5 nmm.
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Plate 12

Firm to hardground surface at contact of middle and
vpper sub-facles of mudmound complex "b". Contact
25.3 cm from base of buildup. Surface encrusted by
hemispherical corals including cerioid rugosans (lower
of the two colonles) and Favogites (upper of the two
colonies). * Note encrusting crinoid holdfast (lower
left). Ruler 15 cm long. :

Middle sub-facies of mudmound complex "b" (thin
section of sample Bi-25). Irregular bryozoans {(BR)
encrust micrite and socme completely engulf
gastropods. Gastropods (GA} occur throughout matrix .
along with minor crinoid debris, sponge spicules and
thin sheiled brachicpod fragments. Fenestrae with
planar bases and undulatorygupper surfaces overlie
some bryozoan crusts but underlie matrix containing
bioclastic debris {directly to right of white BR).
Bar represents 5 mm. -

r;‘,g



Plate 12-b



Plate 13

.Middle sub-faclies of mudmound complex "a" (thin

section of sample B3-30). '"Apparently poorly
fossiliferous in hand samples, this mottled mudstone
contains diverse fossiis. Some disoriented,
irregular and barrsl-shaped sponges (SP) are
encrusted by crincids (CR). Bryozoan fragments (BR)
comnon throughout. Matrix partly bioclastic,
containing spiny gastrepods (GA), ostracods (0S),
crinoid debris (CRD) and very fine bioclastic debris.
Within this matrix are patches of dark micrite and
lighter micrite (partly microspar). Bar represents 5°
oM. :
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. Plate 14

Tongue of upber sub-facies of mudmound complex "a",
overlying massive crinoid flankbed with contact shown

in red. Upper sub-facles contains large tabular and
branching (A) coral colonies in 1ife postion
surrounded by micritic and bioclastic debris. Sub-

ftacies darkens upwards due to decrease of fossils and
increase of bedded mudstone and marl and grades
upwards into bedded mudstone/marl sub-facies.
Measuring stick marked in 10 cm intervals.

Mudstone with laminoid fenestral fabric in upper sub-
. facles of southern part of mudmound complex “"a".

Calcilutite mudstone, commonly unfossiliferous with
elongate, laminoid, spar occluded fenestrae. Large
sub-divisions on ruler are cm. . -

-

9



Plate 14-a
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Plate 15

-Stromatoporoid bindatone of upper subfaciea of

mudmound complex "a" (thin section of sample B3-50).
Irregular stromatoporoid {ST) with microstructure
similar to Vicunostachyodes, is encrusted by
calcareous algae (CA), including Rothpletzella.
Matrix of crinoid wackestone/pacKatone contains
microspar on right and micrite on left and crinoid
debris (CRD). Bar represents 5 mnm.
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Plate 18 - .«5‘}

Stromatoporold bindstone of upper sub-facies of
mudmound complex "a" (thin section of sample B3-73).
Upper part of sub-facies consists predominantly of
stromatoporoid bindstone containing irregular corals
and irregular to lamellar stromatoporoids (ST). Open
spaces within and surrounding coenostea commonly are
occluded by spar but some contain fine grained
carbonate. Tops.of some lamellar forms are covered
by wisps of micrite. Calcareous solenoporid algae
(S0) encrust stromatoporoids. Matrix is crinoid

packtone. Bar represents 5 mm.
AN
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Plate 17

Reefoid buiidup (A) in Barlow Inlet Formation directly
overlying mudmound complex (B) between sections 2 and

3. Douro/ Barlow Inlet-formational boundary shown in

red. Reefoid bulldup at least 70 m thick.
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Appen@lx 1- Report on conodont samaples collected from the
Douro/Barlow Inlet formations at Gascoyne Inlet, Devon
Island.

Fourteen samples were chosen to cover the uppermost
Douro and Jlowermost Barlow Inlet formations. The datunm
used in the study is the base of the lowermost resistant
encolite packstone unit of the oncolite facies and at the
time it was considered to be the Douro/Barlow Inlet
formational boundary. In keeping with the placement of the
boundary at the base of the crinoidal grainstone unit of
Thorsteinsson and Mayr (1987) herein described as the
crinoidal grainstone/rudstone {(flankbed) sub-~facies, the
‘samples above and including GCG.08.07b.5a occur within the
Barlow Inlet Formation. '

The samples were processed by Dr. G.S. Nowlan
(Geological Survey of Canada, Ottawa} and sent to Dr. T.T.
Uyeno (Inatitute of Sedimentary and Petroleum Geology,
Calgary) for identification of conodonts and conodont
zenes. The purpose of this study was to attempt to locate
the boundary between the siluricus and latialatg zones as
this boundary has been observed to coincide with the
Douro/Barlow Inlet formational boundary in the Boothia
uplift area of the Arctic islands (Uyeno, 1981). The
following is a summary of the data from Dr. T.T. Uyeno's
Unpublished Report No. 05-TTU-1987. : :

r
Field No. G85-2 Probable age: Late Silurian
Stratigraphy: Douro FPm, 5 m below datunm
Weight of sample processed= 385 g.
Conodonts: Panderodus sp. ) ‘ >
unassigned-M element .
unasggzned element, possibly of Qulodus sp.

Field No. GCG.Q04.03.5a Probable age: Late Silurian
Stratigraphy:. Douro Fm, 4.8 m belowidatunm
Weight-of sample processed= 327 g. ~
Conodonts: "Neoprioniodus"” sp. A of Uyeno (1981
T Oulodus sp. 5'o0of Uyeno {1981)
T Panderodus sp. '
I

Field No. GCG.04.03.5b Probable age: Late Silurian

Stratigraphy: Douro Fm, 3.7 m below datum
Weight of sample processed= 310 g. /ﬁ

Conodonts: unassigned Sc (hindeodelliform) element

Field No. G85-1 ' ~ Probable age: Late Silurian
Stratigraphy: Dourc Fm, 3 m below datum .
Welight of sample proceaaed; 135 g,

rd
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Conodonts: "Neogrioniodus" cf. "N." sp. A of Uyeno
-{1981)
pzarkodina excavata excavata (Branson and Mehl)
Panderodus sp.
unassigned Sb element

Field No. GCG.02.03.5a Prcbable age: Late Si{lurian

Stratigraphy: Barlow Inlet Fm{(?), 7.4 m above datum

Weight of sample processed= 1005 g. '

Conodonts: Ozarkodina excavata excavata (Branson & Mehl)}
‘ “"Neoprlioniodus” sp.

Field No. GCG.08.02.5b - Probable age: Late Silurian

Stratigraphy: Barlow Inlet Fm(?), 9.3 m above datum

Weight of sample processed= 293 g.

Conodonts: Qulodus sp. indet (fragmentary S elements)

»
.,

Field No. GCG.02.04.5a Probable age: Late Silurian
Stratigraphy: Barlow Inlet Fm(?), 9.4 m above datum .
Weight of sample processed= 285 g. !

Conodonts: Ozarkodina excavata excavata {Branson & Hehl)
Panderodus sp.

Field Neo. GCG.08.02.5a Probable age: Late Silurian
Stratigraphy: Barlow Inlet Fm(?), 13.4 m above datum T
Welight of sample processed~ 130 g.

Conodonts: none observed .

Field No. B3-1 Probable age: Late Silurian

Stratigraphy: Barlow Inlet Fm(?), 17.4 l)$b0V9 ddTum
Weight of sample processed=~ 1845 g.

Conodonts: Oulodus sp. fd
Ozarkodina confluens (Branson & Mehl), alpha
morphotype of Kiapper & Murphy (1975)
. 0zarkodina excavata excavata (Branson_& Mehl)
Panderodus ap. o

Field: No. GCG:Da.Jﬁ.sa Probable age: Late Silurian
sfratigraphy: Barlow Inlet Fm(?), 20.5 m above datum
Weight of sample processed= 765 g.

Conodonts: gulodus ap. indet.
zarkodina excavata exhavata (Branson & Mehl)

J Panderodus sp!
Apparatus B of Uyeno (1981) X 3

»

Field No. GCG.08.05 5b . Probable age: Late SildFian

Stratigraphy: Barlow Inlet Fm (?}, 23.5 m above datum

Welight of sample processed= 840 g. .

Conodonts: Ozarkndina excavata excavata (Branson & Hehl)
’ Panderodus sp.

/
{ - '
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Field No. GCG.08.07b.5a Probable age: Late Silurian

Stratigraphy: Barlow Inlet Fm(?). 37.8 m above datum

Welght of sample processed= 6815 g. -

Conodonts: Ozarkodina excavata excavata (Branson & Mehl)
Panderodus sp.

FPield No. GCG.08.16.5b _Probable age: Late Silurian
Stratigraphy: Barlow Inlet Fm(?), 49.4 m above datum
Weight of sample processed= 545 g.
Conodonts: Panderodus sp. )

unassigned Pb (ozarkodiniform) element

Field No. GCG.08.12.5a Probable age: Late Silurian
Stratigraphy: Barlow Inlet Fm{?), 53.0 m above datum
Weight of sample processed= 990 g.

Conodonts: Panderodus sp.

Conclusion: Most of the taxa present are long-ranging and

pregsent in both the Douro and Barlow Inlet Formations. In
the absence of any zonally diagnostic taxa the silurfcus/

latialata boundary can not be located.





