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J ‘1nf§riei:lliiﬂpu Calcaire de- Sargent Bhy (Ludlovien moyen).

’ - , e < . u 5 .
carbonatee constituee d¢ -monticules recifaux et,

-carbonatees dans lg$ deux reg1ons, L1me Ridge- Marbleton et

. ’ ., . .
sedimentaire profond se retrouve présentement entre le |

[N
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Dans la région des Cantons de 1'est du Quebec, deu¥ °

ceintures de carbonates d'adge Silurien se trouvent,  en contact

Q

4 PR ’ ~
discordant sur les roches Cambro-Ordoviciennes de l'orogene —
Jaconique., La ceinture sud-ouest, le long des rives du Lac

Memphrémagog, consisteygen ordre ascendant, du-Conglomérat de
~ ’ , = - oo T

Peaslex Pond ‘(d'aygye Wenlockien ou plus vieux), de Ta

Formation de Glenbrooke (d' age Wenlocklen Ludlov1en

i - ’

Une quatriémé unite (Ludlovien Sup6r1gur), reposant sur le |

Paan

calcaire de Safgent Bay dqm{ des aftleurements le long de
ruisseaux dans la partie,aq{,&f Lac Memphrémagog, a 6&té

Vs - ‘ - [
1ngentifiee, La principale unite de calcaire (Ludlovien-
) ) . e . L ‘
Pridolien) de la Formation duy Lac Aylmer a Bte g¢xaminee dans
‘ - LY
L e . 7 . . .
la ceinttre nord-est,'d}ns la region de Lime Ridge-

<
v

Marbleton. ’ Lo .

-9 L

Lvanalyse de faciéiydé ces roches indique une platkf rme

5 - °
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- - - : 8 . £
possiblement, d'une sér1e de recifs a la Qprdure du tatus,

deveioppee a partir-d'un talus de roches SIQ1c1cPast1ques et

Lac Memphrem&gog.l Au Lac Memphremagog, e fac1es

N

craton, a l'ouest, et le talus et S facies continental a
1'est, Cette. contiguration est 1'inverse de celle, proposee

pour les regions de ‘Lime Ridge-Marbleton et Lac Aylmer,
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Plusreqrs_modeles tegton1qggsﬂont ete propoges po%r expliyuer

J'invétsion du talus, Ceux-ci incluent (1) formation de
/., ) ‘ ! ’

failles de decrochement pré-AcaQiennes avec bassins
f v ¢’. "' /:h

d'extension dans le Synclinorium de Connecticut.Vallgy-Gaspe,

(2) extension du saie Taconique au Silurien sdpérieur, et (3)
¢ - . _h ’ ‘ ' ' '~ -~ 2 ©
au Paleozoique sup§r1@ur, tormation g¢ tailles de
H
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decrochement dextres post-Acadiennes.
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/ ABSTRACT A - P

. \_\

Two S?1ur1an'carbonate belhﬂ lie unconformab]y%
Cambr}an Ordovician rock of the Tacon1c Orogen wYthin the
Fasteranownships of Quebec. The southgfst bel a]ong Lhe
. ;hbres ot LakeuMemphréﬁagfg consists, jn ascending order,%of
the Peasley Pond Conglomerate (Wenlackian or older), tbe
qunbrooke Formation l#Mentockian-Early Ludlovian); ati tﬁe
. Sargent Bay Limestone (Middle-Ludlovian). A fourth unit
(Late%gxdlov1an) was discovepPed overly1n§:the Sargent Bay
Limestone in creek exposures a1ong the eastern side of Lake
Memphremagog. The main ]1mestone un1t (Ludliovian-Pridolian)
of the Lake Aylmer Formation was examined in the northeast
belt in the\Lime Ridge-Marb]etdn areas. - . ‘

Faciés anafytis of these qocké—indicate that a éarbonate

shelf-platformconsisting of patchJFeefs, and possibly, a

reef tract-margin, developed from a siliciclastic and

carbonate ramp in both the Lake Memphremagbg and Lime Ridge-
Marbleton éreas. At Ldke Mem hremagog thé\bas1n facies
presently lies between the craton in the west. qnd the s]ope
and shelf facies in the edst. Th1s con#1gurat1on is the
reverse of .that proposed for the Lime Ridgg-Marb]etqq and
Lake Aylmer aréas.&Seteral‘tegtoniC‘mod%1s are propbsed to.
explain thé slope reversal. These in¢clude (1) pre-Acadian

strike-s1ip faulting in the Cpnnecticut‘;{alley—Gdspe
N

Synclinorium with pull-apart basins, (2) Late Silurian’ .

extension of tmévTaconié basement, and (3) Late Paleozoic,

-

. post-Acadian, dextral, strike-sTip faulting.

jii )
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CHAPTER ONE -~ INTRODUCTION \\

Cqrbonate rocks <exposed around the shores of  Lake
Me?phremagog and in quarries and natural exposures 1in the
Lime Ridge-Marbleton area of Queb;c (Figse 1) allow the
reefal facies of the Upper Silurian Focks of the soutfern
Gaspe peninsula to be traced southwestward ‘along strike
into the Eastern Townships. The Acadian Orogeny -(Middle
Devonian) has deformed rocks in both argés into folds gith

vertical limbs., At Lake Memphremagog the Silurian beds are
/

..folded into two complex, north-south tﬁen&1ng synclings~

informally called the Sargent Bay Syncline and the dake
Memphremagog‘ Synclipe (Fig. 2). In the Dud&yell area the
beds are folded’i;to synclines and anticlin;s that have
been cut by thrust faults :(Fig. 3). Th; calcareous
siltstones and shales are prominently cleaved and-bedding is
obscurel_ while the limestones are clearly bedded. Despiie
the degree of deformation the fossils of ‘stromateporoids and

corals may be well preserved particularly in the Dudswel)

area where deformation is not as intense.

n
Location
Lake Memphremagog is Jlocated within the Eastern
o . 0
Townships of the Province of Quebec between latitudes 45 00

0

0 : 0
to 45 20'N and longitudes 72 05, tq 72 20' E (Fig. 1). The

area is‘easily accessible, from Montreal- by Autorodte l10.
1 ] ’ b ‘ ‘

TheLDudswell Qap- area encompassing the towns of Lime-Ridge,

Saint Adolphe-de Dudswell and Marbleton lies 80 kno thed

northeast. >



AN
area on a regional scale and “Silurian
belts in the Lake Memphremayog and Lake
Aylmer areas. C-0 = Cambro-0rdovician
strata, S = Silurian strata, D = Devonian
strata. g

~

‘o

Figure 1: Location map showing study .
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=, FIGURE 2.
LEGEND e

UCS - Upper Calcareous Siltstone.
SB_L - Sargent Bay Limestone.

GF - GlenQrooke Formation.

PPC - Peasley Pond Conglomerate.
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v+ FIGURE 3, LIME RIDGE
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(1) examine and describe litpofaciesi relations

. ‘

-

Tbere is considerable relief within the ” Lake
Memphremagog_map’afea. The maximum glevatiom§ of 828 m and
953 m are for the summits Owl's Head and’ Mont 6rford
respectively. The lake straddles ;heQSutton and Stoke ranges

of the southern Quebec Appalachians. The Sutton Range

Es

‘parallels the western shore of Ldke Mémphréhagog; The Stoke -.

Range enters the Province at Owl's Head on the southwestern
side of the lake and continues on the eastern side as far as

%

Dudswell Township.

4

Purpose of Study
. Published studies by Clark (1936), Cooke {1950), Boucot
and Drapeau (1968), Laﬁéthe {1981la, £981b,and 1979), ,de
Romer:. (1980, and 1985) and hnpublisheﬁ work by Petryk
(1985),% and Lavoie (1985) have provided the stratigraphic
framework , within  which detailed lithofacies  and

corresponding biofacies can be defined... The following

~ontent, :.and

researth is based on stratigraphy, fossi
{

lithofacies of the Lake Memphremagoqg aanDudswe1l areas.
The purpose of this paper is to:
<~

ips and

corresponding fossil types withirf the limestones and

-galcareous siltston6§ of} both the Lake Meqphremagog and

Dudswell areas, and to correlate them.
1 & B , ' ’
(2) construct a depositional facies model: for these

limeston®s,

Q

(3) “To put the Duifwell and Lake Memphremagog areas into a

. - v o~
“deposttional model" of Late Silurian time. °

A}
bad

o
o

5
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".1.2. REGIONAL GEOLOGY

-~

' , Introduction

The sedimentary focks of the Easgern Townships havg been
divided by St-Julien and Hubert (1975) into 5 structural-
stratigraphic ‘domains (Fig. 4):  autochthoneus domain,
foreland thrust domain, allochthonous domain, oceanic

! .
domain, and the Connecticut Valley-Gaspe Synclinorium.

"Sediments within the first four domains were deposited 1in

Cambrian to Middle Ordovicién time, those ln the last domain
were deposited in Siluyian and Devonian time. Thexsediments
of "Cambrian-Ordovician" and "“Silurian-Devonian" age form
two temporal belts. These »Belts together - form the
soutpwes{grn portion of the Quebec Appalachians.

‘The oceanic éequence of the Cambrp-Ordoviciin belt s
characterizéd Py a basal. red and green argillite and
conglomerate overlain' by ';he enigmatig St-Dﬁhiel shale-
olistostrome. 0vgr1yiqg the St-Daniel “are pelagic-
hémipelagic sediments and-turbiditj sequences of the Middle
0r40vician; ‘Magog Grqup.’ The S%LDaniel blistéstrope is
contempbraneous with fhe first orogenic movement of

allochthonous terranes. The Magog Group represents

\

sedimentation/ in a foreland .basin undergoing rapid
subsidence and narﬁow}ng due to viscoelastic rglaxation' of
the 1lithosphere (Quinlan and Beaumonti 1984). The Mébog
Group formﬁvfhe Base@ent upg; Qﬁich ehe Silurian sequence

\
¥ ‘ ‘ ‘
3 - ) -
‘ »

was erositéd.




~

2
Figure 4: Structural domains from St-
Julien and Hubert (1975). From west to
east, they are: ‘Autochthonous Domain,
Foreland Thrust Belt, Allochthonous
Domain, Oceanic Domain, and the .
Connecticut valley-Gaspe Synclinorium.
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The second belt represents a deep water package of a

e "monotonous turbidite sequence of alternating grey and black
A shale and fine grained laminated sandstone" (St-Juﬁien‘ et.
al., 1983, p, 107). These authors maintain that the Acadian

lSilurian-Devonian sedimentany rock westward,
. S

"

« 0rogeny thrust

upon Caqprian-Ordoviciah strata.

A K &
’ Paleotectonic Setting
\ The  Silurian rocks of the Lake Memphremagog and Lake

Aylmer synclines lie uncoﬁ?ormab[y on Tdcohic deformed,”
) Cambqian-Ordovfcian' strata, adjacent to the 'Conﬁeéticut-
Val;ey-Gas;e Sjnciinori;m (Eig. 4 ). This large synclinorium
Bas beeﬁ interpreted as & Late Silurian trough by Ngylor and

Boucot (1965), Boucot'(1968), Rodgers (1970), Poole (1976),

Roy (1?89), and Bradley (1983). Additionally, other Silurian
- paléotopographic feature; have baen \reCOgnized. . These
’ include, from west to east: (1) North Aﬁer{can Craton; (2)
Foreland Basin or Sandstone Belt; ('3) Appalachia or Tacopia;
(4) Connecticut Valley - Gaspe Trough; ‘(5) Piscataquig
Volcanic Belt; (6) Aroostook - Matapedia Tréugh; (7).
-; Miramiehi Troagh; {8) Merrimack Iroug@; “(9) Fredericfon
Trough; (10) Coastal Volcanic Belf; and kll) Avalon%a (Fig..

5). * The «Lake Memphremagog and Lake Aylmer synclines are .

-

. . copsidered here as remnants of the western margin of the

. ‘ . hed
Connecticut Valley - GasBe Trough that onlappeJ the Taconic
land mass in Lite Silurian Time.

. ‘ ;
Models degcribing the formation of these Late Silurian,

‘:\ Ludlow¥3;idolian, ‘paleotectonic elements are complex -and
: . \




Silurian time!(modified after Bradley,
1983). These include, from west to east:
North American Craton, Foreland Basis,
Taconia, Connecticut valley-Gaspe Trough,
Piscatagquis Volcanic gelt, Aroostook-
matapedia Trough, fredericton Trouwgh,
Coastal volcanic Belt, and Avalonia.
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controversial, The controversy arises in the interpretation
of the Piscataquis volcanics, a Silurian-Devonian volcanic
belt that borders the eastern margin of the Connecticut
Valley - Gaspe Trough, These xo1canics, many of which were
erupted subaerially, have been identified as a varied suife
of basalts, andesites, dacites and‘ff’rhyolitesa(Rankinz 1968; .
McKerrow and Zeigler, 1971; and Bradley, 1983).
Additionally, plutons thought to be comagmatic with these
volcanics show calc-alkaline differentiated trends and REE
patterns characteristic of subduction ' derived magmas
(Bradley, 1983). In congrast, other workers (Hepburne, 1981;
Bedard, 1985) have 1nterpreted the vofcanics to be of
tholeiitic to alkaline affinity. Bedard (1985), working on
pre-Acadian magmatic suites of the Chaleurs Bay area (and
inpjuded Cwithiq the Piscataquis Volcanic Belt, Bradley,
1983), has concluded that the apparent calc-alkaline trend
interb?eteg by other workers can be attributed to felsic
contamination, Hepburne (1981) has interpreted the possibly
correlative Standing Pond Volcanics Jlocated within the
eastern part of the Connectitut Valley-Gaspe Trough as LREE-
%gyleteq_iggfeiites.

‘The interpretation of the_ Piscataquis volcanics as
showing either calc-alkaline br tholeiitic-alkaline
aff;nities invariably leads to t very different tectonic
models. Bradley (1983, 1982b) has proposed a “Moilucca-Type,
arc-arc collisjon", in which northwestward sﬁbduction in a
bilateral subduction model! (McKerrow and Ziegler, 1971) is

responsible for an island arc (Piscataquis Volcanic Belt)

?
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and a bagk-arc trough (Connecticut Valley - Gaspe Trough).
Tns back-arc setting is regarded by Bradlex (1983) as a‘zoné
of oblique, dextral strike-slp movement in which the
Mistigougueche and Lac des &aies'subbasins of Roy (1980),
énd Lajoie et. al. (1968) respectively, origthated,as pull

aparts. Subsidence within these basins was localized and

id.
rapi ’ ‘J\ .

In the $econd model Ruitenberg et. al. (1977) and Poqle
(1976) postulated a single subduction zone lying much
further to the southeast.- Subduction dipped northwest under

A\ 2

Avalonia producing the C(Coastal Volcanic Belt, The
K s
Piscataquis volcanics would then have been generated, as

k7

suggested by Bedard (1985) for the Chaleurs Bay area, by

~major strike-slip faults with localized tensional

environments within a foreland to an orogemic belt, Along
this belt Avalonia probably collided with North America.

Whether the subduction zone is placed along the western

margin of the Frederic%on-Merrimack Trough, r along the

eastern border of Avalonia, "the  Connecticut Jvalley-Gaspe

Trough and the Piscataquis Vplcanic Belt mGst have been

areas of major transcurrent mo Pull-apart basins like
the Lac des Baies subbasin (Lajoie et. al., '1968) were a
product of major strike-slip movement (Mitchell and Reading,

1980; Aydin and Nur, 1982). ‘
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Upper Silurian Depositional History

Silurian sedimentary rocks of the4”Eastern Townships
comprise the Lake Aylmer Formafion,gland Glenbrooke, and St.
Francis groups. The Lake [ambtqp Formation, the ohly
formatioﬁ of Silurian age, belonging to the St. ‘Frantis

Group, consists =~ of a basal conglomerate, shale and

siltstone, and calcareous and dolomitic siltstone

—
L3

aésemblage. The Lake Aylmer Group was reduced ‘to formation
status by Lavoie (1985). The Upper Silurian, Lake Aylmer
Formation consists of threg members Ayl, Ay2, and Ay3 (St-
Ju1ien.31970b).These three megbers ire respectively, a basal
conglomerate alternating with sandstone and shale,

alternating siltstone and shale, and blug-grey 1limestone.

The Glenbrooke Group is comprised of a basal conglomerate,

an oGerlying slate, siltstone and calcareous siltstone, and
an uppermost limestone (Clark, 1936; Boucot and Drapeau,
1968).

Lavoie. (1985) has divided the Lake Lambton Formation
into eight 1lithologic members (see Table 1I). Lavoie's
classification of these m;mbers‘as “A" through "H" is an
adaptationirgf Duquette's (1961) original recognition of
members A,B,E;D, and E. Correlation between the Lake Aylmer
Formation and the’ Lower Sf. Francis Group, ,lake Lamb?oh
Formation was first proposeg by Duquette (1961) and
confirmed by Lavoie (1985, p. 105).

The following depositidonal history for the Lake Aylmer

and Lake lambton Formations is a summary'gf that presented

by Lavoie (1985). Both formations rest unconformably on
T—
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CTABLE I (Lavoie, 1985) '

F

LAKE AYLMER FORMATION LITHOLOGY W
, l\AyS - Membei . cslpareous siltstone/  deep ﬁarine & :

silty limestone . shallow marine (limestone)

Ay2 - MemGer . 8iltstone subserial

Ayl - Member gohglomerate, ' ' /ﬁw
siltstone, subaerial

LAKE_LAMBTON FOR_M-ATION LITHULOGY‘ POSIT N N

H - Member dark green shale deep marine o’

'G - Member /////! :i}igzgﬁéngngo;gZ?étlc deep marine ‘

F - Member Silty dolomlte,‘ shallow marine

crindids brachiopods
and corals

E - Membler Shele and silty deep marine
) limestones : )
D - Member sandstones and shallow marine
conglomerates
— brachiopods, corals ~
C - Member shale with s1lty deep marine
- dolomite and
L limestone - rare
crinoids
>
B - Member limestone and silty shallow marine
dolostone \
A - Member conglomerate and subserial
orthoquartzite
'locslly argillaceous

@3 & "
13° '



Cambrian and Ordovician strata. The two formations are
presumed by Lavoie (1985) to have been Heposited

concurrently -in the same basin and to have shared the same

source.

€

The denudation ., of Taconic highlands in the northwest
' hd
portion of the~basin resulted in the deposition of Ayl and
Ay 2 members under fluviatile conditions. Members A, B, and C

of the Ltake Lambton Formation suggest deposition under

.transgressive marine conditions that were concurrent with

Ayl -and Ay2 d;position. The marine regression inferréd from
the deposition of member D at Lake Lambtag hEE\little effecé
oh the Lake Aylmer area as conglomerate€, siltstones, and
shales continded to be deposited under fluviatitle

coqditionsi A marine transgression inundated both Lake

"Aylmer and Lake Lambton areas depositing \éii_¢ calcareous

siltstgnes and silty limestones and E-member shales ‘and
calcareous siltstones respectively. Ay3 and F-members

indicate Early Pridolian regression, and Ay3 and G-H members:

—_
indicate Late Pridolian transgression. \

Doolan and others (1983, p. 106) have’'correlated the

R
lower two formations of the Memphremagog Ggoup by 1lithic

si:;&;f?ty with the Shaw Mountain Conglomerate and the
No field Slate of northern Vermont. The Sargent Bay

Liﬂestone was correlated .with the St. Francis Grﬁup in

'§ou%h3astern Quebec and the Ayers Cliff Member (not to be

confused with the Ayer's Cl1iff Formation of the Saint Francis

Group) of the Waits River Formation in northern Vermont.

However, their correlation of the Lake Mémphremad?d Group

//
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with the .eastern Quebec, St. Francis Group is not? clear
(Fig. «#% 'p. 106). The upper two formations of the St
Francis Group have been assigned a Devonian age (St-Julien,
1970).

Rocks of the Silurian-Devonian, Connecticut Valley- Gaspe
Synclinorium of northern Viﬁﬂont and southeastern Quebec
have been intruded by many Devonlan plutons. These dioritic,

quartz d15r1t1r and granod1or1t1c plutons have been

interpreted as Acadian orogenic intrusives.

Acadian Orogeny (:::

The Silurian-Devonian cover, along with the Cambro-
Ordovician basement w;s deformed during the Acadjan Orogeny.
Acadian deformation began in the Lake Memphremagog area as
early as Eifelian time (Boucot, 1968), Emsian in Maine
(Donohoe and Pajari, 1§73), and Siegenian—at Chaleurs Bay
(Donohoe and Pajari, 1973). The Acédian Orogeny was

characterized by a west-directed over-thrust of \either an
accretionary wedge (Bradley, 1983) or by the allochthonous
Avalopian ;errane (Ruilénburb at. al., 1977; Poole, 1976,
and Osberg, {978). Loading of the crust resulted in crusta]”
downwarping and rapip subsidence in th# Connecticut Valley-
Gaspe Trough (Bradle;/’ 1983). Erosion of the wuplifted
highlands to the east and of the periphe(al bulge to the
west (Quinlan and Beaumont; 1984) provided sediment for
turbiditic deposition 1in the Ayers Cliff, - Compton,
Seboomook, Temiscouata, Gile Mourtain and Fortin formations

in Devonian time. * \ el

-15




In latgst Devonian time dextral strike:slip' faulting
dominated. regional tectonics on the Avalonian side of—lfhe
Acadian Orogen (Bradley, 1983; 1982b) while thrust faulting
dominated the area closer to the craton (St-dulien et., al.,
1983). The Connecticut Valley-Gaspe Troughnwasjfdlded” and
ei?engive1y fiultgd into a broad synclinorium kSt-Julien'and
Hubert, 1975;;&St-du1ien et. a]., 1983). The allochéhonous
Lake Lambton .For?ation has 'been thrust against the
au®ochthonous Lake Aylmer Fortftion. fhg iqterbretatTon of
the Guadaloupe fault, however, along the St.‘ Victor and
Connecticut Valley-Gaspe synflines as a zone in whigh
younger, Devonian strata wag thrust westward over older,
Cambro-Ordovician strata is cpntroversial. This sequence of
faul t-ing 'is opposite of the typical, old thrust over young
sequence (Dahlstrom, 1972). Strikg-slip motion afong north-
east trending high-angle lf@ults has been - recognized by
Bradley (1983) in southeastern A;ine, and the Fredericton,
Aroostook-ﬁatapgd}; troughs. Although most movement s

Carboniferous 1in age some -occurred_ as early as- Middle

Devonian,

1.3, PREVIOUS WORK

Logan first described the rock’s of the Lake Memphremagog
area in a series of reports (1849, and 1863). In these
reports he assignedﬁthé limeséone exposures along the Ehéres
of Lake Memphremagog to a Late Silurian age.* Ells (1é87,
1888, and 1896) confirmed the Siluro-Devonian age of these’

rocks, Clark -(1936) 1in a brief article proposed the Lake

16




Memphremagog ‘succession .be called the Glenbrooke Group.

Cooke (1950) suggested a‘'Devonian agelfor the limestones qé .

Lake Memphremagog Eased on poorly  preserved fossils
colfected by Kerr in 1923 and described by E. M. Kindle.
Boucot and Drapeau (1968), have reviewgd the evidence for
the Late Silutian age of the Glenbrooke Group. Preliminary
maps_ of the Lake Memphremagpé area have been published by
Lamothe_(1981a, 1981b, and 19795 and‘de Romer ,(1980).

' A Devonian age was ass%gned to the Lake Aylmer Group
within the Dudswell area by Cooke (1950). Cooke's tonclusion

was based entirely on fossils classified by Clark (1942) as

®

Helderberg iLower Devonian) in age. Boucot and Orapeau
(1968) and St-Julian (1970) proposed a Ludlovian-Pridolian
age for the Lake Aylmer Group within the Dudswell area.
Petryk (&985) in an unpublished map shows the distribution
of limestones of the Dudswell area and assigns them a Late
Silurian age. Eavoie (1985) and de Romer (1985) have

A}

described the stratigraphy bf the Late Silurian’ 11mestongs

of the Lake St. Francois and Jake Aylmer areas.

Local Stratigraphy
he Lake Memphremagod drea Ehe Silurian rock® have
beéﬁ chlled the Glenbrooke Group but the term is
inappropriate as it has also been used for one oOf the
formations witpjnuthe group. _The author suggests this }erm

be_dropped and replaced with the term "Memphremagog Group",

The Memphremagog Group would then include the Sargent Bay

17
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Limestone, Glenbrooke Formation, and Peastey Pond

Conbﬁomerate,
An angular unconformity separa;;s the Silurian
succession from the underlying Ordovician slates. The
Peasley Pond Conglomerate overlies this unconformity aloﬁg
the west side of hpke ﬁemphremagqg. In'the type sectioanor
the Peasley Pond Conglomerate,q along the north shore of
Peasley Pond, Clark (1936) described 63.3 m of alternating,
polymictic quartz and chért conglomerates and sandstones.
Boucot and Drapeau (1968,. p. 5) state that “the
conglomerates are ponmictic% and the pebbles, few of which
exceed one inch in diameter, are composed of quartzite and
chert with smaller pebbles of slate and metavolcanic rock
set in a matrix'of sand-sized grains of quartz with some
feldspar." Recrystallization, these authors contend, has
masked the original cement, but they believe that it may
have been siliceous and calcareous. The sa?dstones are
described by ClaFk (-1936) as grey to light tén in. colbur
with subangular to subrounded grains of gquartz similar to
the grains found in the conglome%ate.‘\These rocks are now
classified as quartzites (Boucot‘and Drdapeau, 1968).

‘The lower, non-calfareous slate and upper calcareous
siltstone that overlie the Pgas1ey Pqnd Format-ion
const®utes the Glenbrooke Forrpation. «Clark (1936) first
described this unit calling it the Glenbrooke shale. The

type section for this unit is in Glenbrooke C(Creek. Cooke-
(1950) simply termed this unit "“Argillite", but Boucot and

Orapeau (1968), in keeping with Clark's (1936) nomenclature,
—— N
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have called it the Glenbrook® Formatiodn, fhe lower, blue-
grey shales wéather rusty, The upper, greénish-grey‘
si{;stones weather to a pitted surface,

The contact of the Gienbcoéke Formation with the
overlying Sifgent Bay Li@fstoné js locally abrupt .at the
Glénbrooke Créek section, Boucot énd prapeau‘(1968,“ p. 7)
described this 1limestone a; “greyish-blue, fine grained
limestone tha} may be shaly at the base"., The Sargent Bay
Limestone 1in Glenbrooke Creek consists of thin, massive
rhythmic beds separated by shale par;ings. BThe boun&ary of
the Sargent Bay limestone is“arpitrar{fJfﬁlaced at the top
of the highest calcareous siltstone bed retaining the
’gra&ai\onal sﬁcceséion in tﬁe Glenbrooke Formatton. No body
fossils and only a few trace fossils were collected from the

calcareous siltstone member (Al) but Ells (1896), Cooke

(1950) ﬂ/&ﬂﬁ Boucot and Drapeau (1968) report a variety of

fossils including triPobites, brarh1opods and rephalopods.
On the east side of Lake Memphremagog at MacPherson and
Quinn Brooks (Fig. 2) the upper 35 to 50 m of the Gleﬁbrooké
Formation <consists of fossiliferous, nodulér calcareous
siltstones. Ceoke (1950, p.' 69) described the rock as a
“béd1y4 sheared nodular material, with nodules of hard
ca1c$reous material in a slaty, somewhat calcareous matrix”
Cooke’ concludgs that the nodules appear to be partly
silicified fossils" in an\ accumulation of calcite that
1 separate free‘ as the matrix weathers to a; earthy dust.
ﬁossils'include cr%noida1 debris, tabulate and rugose co;a1s

and stromatoporoids,

19
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; A similar sequence of basal® conglomerates, overlain by
slates and a less argillaceous uéper limestone is described
C in the Lake Aylmer Formation (Cooke, 1950: Boucot and
Orapeau, .1968; and Lavoie, 1985). Cooke (1950) described the
conglomerates as* composed of rhyolite, grey granite,
quartzite or greywacke, and slate pebbles up to a foot or
"more in diamefef that are crowded together in a matrix of
quartz, chert and rhyolitic gritn ‘The matrix is sandy to
slaty 1in places. The Lake Aylmér dark b1ue-grey’rs1ates,
Cooke (1950) maﬁntajns, ;o noE occupy,a specific position
within the group and two bands of them exist northeast .Bf

Dudswell where the wunits appear to be interbedded with

limestones. Similarly, Lavoie (1985) has described the Lake

Aylmer Formation as consi§ting of a ba;a1 ‘conglomerate
alternazing with sandstones, siltstones and shales, and a
reguIar alternation of lim%fiodgs and calh;reous siltstones.
Adopting St-Julien's (1970) élas if{cation of Ayl, Ay2, and

& Ay3- for the Lake Aylmer Formation, Lavoie (1985) shows the
‘\upper A&B thickening towards Lime Ridge, where he dgscribes

limestoﬁe rich in stromatoporoids, corals and brachiopdds.

The- Ay3 in other areas of the Eastern Townz?ips‘consists of

{ grey-blue limestone beds up to 8m thick with rare fossils.
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CHAPTER TWO - LAKE MEMPHREMAGOG . e
-

-

2.1, STRATIQRAPHIC SECTIONS
’ Introduction
Three schematic stratigraphic sections (figs., 6) (1)

Sargent Bay Syncline,' (2) Lake'Memphigmagog Syncline, and
(3) eastern 1limb of, the Lake, Mémphremégog S¥nc11ne were
co:structeg from data ébfle&ted albnq Glenbrooke Creek,
Glenbrooke Road, the shdcelﬁne of Léke Memphremagog,

MacPhérson Brook, Macpherson Bay, and Qu1nﬁ Creek. Geologic
»

profiles (figs., 7,8,9,-%and 10). Field and petrographic

14

maps of the hreeks'arégpresenteq~JPlong with structural

» observations summarized in these sections and maps were used

)

in the identification of lithofacies for the Sargent Bay
Limestone and the structure in the Lake Memphremagog a{éa.

Detailed descriptions of Glenbrooke Creek, 91en5rooke Road,

‘MacPherson Brook and Quinn Creek are preséﬁted<fn Appendix

[ ]
A v : )
* -
:\{fm e

Glenbrooke Creek \
The Glenbrooke Creek section consists of approximately
Z0m of . Peasley Pond Conglomera;e, 180m of élenbrooke
Formation, and 65m of Sargent Bay Limestone. The vlewef
poqtian of the Glenbrooke Formation,‘ Tying abruptly on the
\ o

' l'ql
Peasley Pond Conglomerate, consists of 120m of non-

calcareous to moderately calcareous, unfossiliferous sl te.

' Thé contact between the basal Slate member and the overlying

A member is gradational, as is the contact with the
overlying Sargent Bay Lim¥stone. -
t, 4
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Figure 6: Schematic stratigraphic
sections for Sargent Bay Syncline, lake
Memphremagoy, and Eastern Limb.’
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MACPHERSCON BROOK = STRUCTURAL PROFILE
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Figure 9: Structdral profile and geology
map for MacPherson k., °

24




w

w QUINN CREEK STRUCTURAL PROFILE

Sargent Bay Limestone
5 Upper Calcareous Siltstone
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60m

Figure 10: Structural profi¥e and
geology map for Quinn Creek.
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Glenbrooke Road Section

The Glenbrooke road section (P1, I; figs. A-B) has
approximately 22m of Peasley Pond Conglomerate (sandstone),
110m of Glenbrooke ¥formation, and almo%t. 100m of Sargent Bay
Limestone., A 2m thick bed of green sandstone, similar to the
Peasley Pond Conglomerate was ‘observed in the Glenbrooke
Formation. The contact between the sandstone and th%<,
overlying gbates is abrupt. ,Gradational contacts, however,
exist between all other wunjts witﬁjn the Silurian section.

. Lake Memphremagog'Shoréline

The ;hqreline of Lake Memphremagog showed 400m of non-
calcareous slate, 200m of ‘unfossiliferou;, calcarbous
siltstone, and 300-400m of Sargent Bay Limestone.mThe Slate
member\\co;;ists of a thick monotonous sequence';f sTates.
The nzture of the gontact betwe?n the Slate member and the
Ordovician basemengU is not «clear. Small pockets of
conglomerate similar to the Peasley Pond conglomerate .weré\;)y,
found as weathered regolith near the road to Belmere Point.
The conglomerates are presumed to lie close to, or at the
contact between the Slate member and the 0rdov1c1an’
base t. Although actual beds were not observed, St-Julien,
in Boufot and Drapeau (1968), found a small patch of
conglomerate, the precise location of which is not known,
except that it is on the southeastern side of the lake:

Pockets of conglomerate outcrop locally on the western -‘side

of the -lake where, in the Lake Memphremagog Syncline, it can

be found dJverlying the Ordovician basement. The - contact
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between thg State member and the A member 7@ grgdational, as
is the «contact between the A member and the overlying

vSargenthay Limestone.

3
¢ ,‘7“..,’.&

MacPherson Br&ok, MacPherson Bay, and Quinn Cre;k Section
The rocks within MacPherson and Quinn creeks and in
MacPherson Baxwyre fossiliferous. The Glenbrooke Formation
is represented by 140m of slate pverlain by 20m of
unfossiliferous, calcareous siltstone of the A member, The A
member 4 consists of a basal, unfos;iliferous, ~and a

fossiliferous calcareous siltstone. The Sargent Bay

"Limestone in MacPherson Brook consists of 15m of 4

texturally distinct limestones. These limestones in Quinﬁ
Creek are overlain b& 25m of rhythmically bedded,
argillaceous ~ lime mudstones separa£ed by shale partings. A
previously wunidentified wunit consisting of fossiliferous.

fine silt and lime mud overlhies the Sargent Bay Limestone,

s
4

2.2. GLENBROOKE FORMATION

Introduction
The Glenbrooke Formation is divided into 3 members: (1)
a basal sequence of sl§tes overlain by (2) wunfossiliferous
and (3) fossiliferous calcareous siltstones. Only the lower
two members are pre§ent in the Glenbrooke sections. On the
eastern side- of the lake all three are przsent within

exposures along natural drainage ditches, shoreline and

27

TN




roadside outcrops. All members represent deposition under

similar conditions with a gradual increase in carbonate.

content upward. AL formations and members grade into one
another;
S .
Description and begositional Environment , o
The Slate member consists of a thick sequence of dark
grey q{ates that have been iseverely sheared, gffective1y
destroying prima;y segimentary structures. The calcareous
siltstone members in contrast, commonly show primary
sedimentary structures such as burrows, cross and paraliel
laminations, and possible "ball and pillow structures".
Thin beds and pseudonodules of siliceous dolomitic siltstone
are founé in the upper portion of the Slate member. They
redresgnt either (1) carbonate remobilized into concretions
and along bedding planes, (25 original carbonéte beds: thgt
have undergone deformation forming tectonic boudins, or (3)
" soft sediment l?ad structures, Evidence for any one of these

interpretations is inconclusive. The pseudonodules range in

length of a few centimetres to discontinuous lenses up to a

metre or more in length, The tabular pseudonodules have a

mean thickness of 6cm. ‘

The: Al member consists of bedded calcareous siltstones
and turbidite beds. Boucot and Drapeau (1968) recorded body
fo;si1s from this member, however, none was ‘collected .in

this study. The turbidites are interpreted as evidence

suggestive 'of a distal depositional enéironment. Most

turbidite sequences identified in the Al member (Fig, 11) of

28
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’Figure 11: Stratigraphic section showing
turbidite sequence in the A member,

Glenbrooke Creek. -
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the éfédbrooke Creek section represent the -C, D, and E
divisions of the Bouma cycle. A typical turbidite sequence
with1ﬁ this member consists of a C-division, cross-laminated
calcareous siltstone that grades upward into a D-division of
parallelslaminated <calcareous siltstone and shale, a}l of
which are overlain by a burrowed, dark calcareous shale of
an .E-division., Some beds within the sect%on, such as the
massive ‘%olomitic siltstone bed located a third of the way
up the section, may represent lower divisions. However, as
these beds do not grade into higher divisions they may have
been deposited from grain or mass flows. -

. -

The burrows are manifest as small elliptical blebs to
dis&bntinuous and irregular ‘“"stringers" subparallel to
bedding. Movement of the organism through the sediment,
although dominantly hori}ontal was also vertica1/as sediment
from the overlying bed infills the burrows. The burrows must
have had structural rigidity produced by a'lining or other
wall structure that allowed the network of tunneI; to remain
vacant until the 'deposition of the overlying bed. The
sediment infill is nowtdqlomiéic. The cross-section of the

b
burrows is like that of Planolites and Chondrites., Both are

considered to have a wide range of environmental habitats,
from shqllow water, below wave base'to deep-marine.

Aw turbidite ﬂseiuence is commonly "overlain by thin
bioclastic packstone-grainstone beds. These beds locally are
graded but are, * for the most part," massive. The
allochemical constituents consist of ech#noids (60%),

Arachiopods _(20%), quartz sand (10%), unidentified shell
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fragments (8%), tabulate corals (2%). The beds are similar

&

to those beds found in the.lower‘pdrtion of the "overlying
Sargent Bay Limestone and may répresent' deposition from
either turbidite flows or from grain flows.

~ This study Has divided the A member into tW;:sﬁggembers
KZ and Al-on the presence or absence of body fossils and
\turbidites.'_ﬁhe Al ﬁember contains turbidites and,‘although
fossils were not found in thjs member in this study, a

number of collections havezgken made by past workers (Ells,

1896; Cooke, 195d; and Boucot and Drapeau, 1968). A list of

/1

specimens collected by these workers is given in Table II.
In contrasx to Al, the A2 member con'tains abyndant fragments
of crinoids and fossid corals, mainly Favosites sp:
Concretions .are scattered throughout the A2 member and were
probably formed by remosiikzeﬂ calcite but many conéain a
core;;gf silicified fossil coral. Body fossi1s‘found in the

A2 member suggq;t deposition under shalloﬁer marine

conditions than for the fgurbiditic Al member, Fossils

o

collected from the Al member in Glenbrooke Creek by past
workers are presumed ‘to have been transported 'to "deeper
-areas of .thé basin in mass flows..'Th; Al and A2 ﬁembers are
therefore interpreted as codtemporane%us deposits under

different water depths within the same bas{in.
° !
> Age of the Glenbrooke Formati/n
The coral Favosites suggests an-Early Silurian to Early
Devonian age for the A2 member. Consequently, the Al and

Slate members are at least-this age or older., The trilobites
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collected by previous workers (Table II) are of Silurian

¥ ’

age. The «coral Favosites gothlandicus found by Boucot and

Orapeau (lékﬁe implies a Wenlockian-Ludlovian ége for both

the A2 and Al members.

-

2.3. SARGENT BAY LIMESTONE |
s
v Introduction

The type section located in G1enbrooie ~Creek (Ctark,
1936), represents a portiog (1/6)' of the lithofacies
identified in exposuregﬁ for the whole of Sargent Bay
Limestone on both sides of the lake. A.low diversity fauna
of crinoids and brachiopods occurs herefif thin allodapic‘
beds comprised Large1yiof bioclastic debris. The 1owdrmost
beds <contain allodapic¢ 1imest%nes, and the uppér beds are
Time-mudstones. Outcrops along the east shoreline of Lake
Memphremagog conté%n skef%tal fragmenfs similar to <those
found . in’ the allodapic limestones of the Glenbrooke .Creek
Section. irhe only significant additions to the fauna come
from MécPhersdn and Quinn-creeks\where body fossils of
corals, stromatoporoids and’brqchiopods wegé collegted from

-~

. w .
argillaceous, lime-mudstones. -

| Description and Depositional Environment
Six lithofacies have been identified in the Sarge
Limestone, The relative abundance of these lithofacies

not considered to reflect on—tﬁe original abundance,

L o




Eﬁ TABLE. II:

studies done on the Al

List of specimen types collected in vﬁrious
lithofacies of the Sargent Bay

Syncline. Modified after Boucot and Drapeau (1968).

Fossils

Spirophyton sp.
Psilophyton sp.

A Buthotrephis sp.
Favosites gothlandica
Dalmanites lunatus
Dalmanites sp. ind.
Bronfeus pompilius
Calymene sp.
Cheirurus sp.
Ceratocephala. geniata

! Chonetes sp.

Encrinurus sp.

Orthoceratites sp.

Leptaena sp.

? Wilsonia sp.

Atrypa nodostriata

Coelidium sps

Ells Cooke
1896 1950
X < -

x -

x . -

- X
- X
- 4 X
- X
- X
- X
- X
- X
- X
-y x
- ¥ X
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to the intensg deformation and erosional loss. Consequently

they are described below 'in the order of ‘appearance from
‘ - -

west to east. - . \\/////A
Lithofaciies I \\\\J/

(P1, 2; figs. A-D)

\
.

4
Lithofacies I consists of rhythmically bedded, shaly

1ime-mudstones, calcareous ﬁfha1e partings and laminated,

argillaceous lime-siltstones with graded~- and noa-graded-

3
calcarenites of allochthonous origin, Graggng and non-

(™
. grading of the calcarenites suggest deposition by two

mechanisms, Thin beds of calcareous siltstone commonly

/

overlie the calcarenites., The calcarenites and siltstones

2

°

dominate the lower portion of this facies. Small Tenticulars,

and tabular beds of calcarenites are comprised of packstones
and grainstones that 1lie abruptly on the underliying,
rippled, <calcareous, darL grey shale and fine, 1light grey

siltstone. S T

Argillaceous Time-mudstones separated by shale - partings
into beds of relatively even tﬁ;ckness dominate tﬁé uppe;
portion of this facies, Buff-coloured pseudonqdhles, ranging
in length from a few cent{ketrés to 15 fténtimétres, are
cémmon in the 1mythmica11y bedded shaly 1iméstones: Axi}in-
section of these pseﬁ¢onodu1es shows distorted inteélrnal
Taminations within a 1ight céloured,“ carbonate -(dolomite)
siltstone, )Necks or iobes of carbéﬁate ~siltstone extend
outward from the maih p§eudonodu1e iqto~ the surrounding'

shale lime matrix'riéh in skeletal debris (20%). Pettijohn,

34
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Potter and Siever (1972) have described these pseudonodufes
{ :

as ball and.pillow features. These structures .form whenever

two adjacgnt layers are unstable, Instability will result -

when the upper layer, 1in this case carbonate silt, has a

larger specific weight than the lower shaly lime mid and
silt (Fig. 12). "Differences in specific weights may result
from (1) original: differences in ';acking (porosity), (2)
degreé¢ of saturation, and (3) expansion of clays ptoducing
swelling" (Pettijohn et. al., 1972, p. 370). )

This li;hofacies is typical of that -in deep marine
basins and slope environments (Wilson,.  1975). The graded-
calcarenites are interpreted ass allodapic limestone
deposited from turbidity currents (Meischner, 1964). The
non-g;;ded calcarenites may have been deposited from grain
flows (Lowe, 1976). The horizontally laminatsd.‘ Time-
mudstones, and ' calcareous, Ergtllaceéus siltstones may
represent the C and D divisions of a turbidite sequence., The

calcareous shales are commonly bioturbated and are
0

interpreted as hemipelagic, probably the E division of the

4

Bouma cycle.

) Lithofacies 1
(P1., 111; figs. F and G)

This facies is composed of bedded limestone consisting
® ' ¢

of skeletal wackestone and grainstoné. Rip up clasts and

trough cross beds are common, The grainstones- are well
sorted and roupded crinoid, -brachiopod, and coral - =«

(Cladopora) skeletal fragments. The mean grain-size varies

k.
[L “
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Figure 12: Dragram from Pettijonn et.al,
(1972) showing the development of ball
and, pirllow structures. See text ftor

description.




d Q
from bed to bed, the smallest is 0.12mm, and the largest,

(

; 0.52mm. The skeletal fragments are well-cemented witHh
syntaxial qalcite overgrowths, well-rouéded quartz‘ sand
gr%ins with silica overgrowths represent 10% of the
allochemical component, Other beds ‘show an even

,distribution of allochemical components within moderately -
sorted, silty, calcareous packstone and wackestones, These
alternating beds of well and moderateny sorted calcarenites
are ing;rpreted to have been deposited in a moderate to high
energy environment, ‘where storm ‘and wave action produced

e winnowed and well sorted calcarenites (Heckel, 1972). The

Jﬁ conditions were open marine on a shelffor near a shelf

brea:. ( y\Jr
-
Lithofacies III
(PY, IIL; Fig. H) .
The facies consists of blue-grey packstone-wackestone
composed domi nantly of «crinoids and minor amounts of

brachiopod fragments, in beds up to §m in thickness, The
‘moderately sorted, angular to sub-angular allochems within
what is now an argillaceous, pseudospar matrix suggest* that .
transport distances were not significant. 0eposition was in
an open,_ marine envirohmént under low to moderate energy

v !

conditions below wave base.
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Lithofacie; Iv
(P1, III; Fig//E)

This facies ig comprised of bioclastic debris within a
floatstone-rudstone. Fossils <consist of crinoid fragments
and body fossils of brachiopods, stromatoporoids, “and-
corals, The stromatoporoid fragments exhibit both digi%ate

and hemispherical growth forms. The solitary rugose coral,

Tryplasma sp., and the tabulate <coral Syringopora are
locally overgrown by hemispherical stromatoporoids. Cavities
in specimens of the brachiopod Kirkidium often show calcite
spar and geopetal structures: The unit is poorly sorted with
50% consisting of an argillaceous lime mud matrix that has
been repliaced by calcite pseudospar. The angularity of the
QOdy fossils suggests that these organisms had wundergone
livtle transport before they were deposited. The fact that
this facies occurs 1in lenticular beds (5 X 10m) may
indicate it was deposdted as smqli patch communities “under
low to moderate energy, shallow open .marine conditions. -

3

.«? Lithofacies V
ithofacies v consists of a thick sequernce of
arg llacegus, lime-mudstone, and digitate stromatoporoid

{Ecclimadictyon stylotum) bafflestone with locally,

L}

Favosites and rugose corals. Large hemispherical concretions

are oscattered in the Quinn Creek section. The

'\%’ffTomatoporoids ¢ probably trapped lime mud forming a

bafflestone. Internal structure of the stromatoporoids have

38




been largely‘masked by replacing calcite microspar. Kerogen

has fortunatezgﬁhighlighted the growth form and some minor
periphe‘al structure. Kerogen highlighting of thj fossils

indicates that the muds were once rich in residual organic

matter., Using the «classification scheme of McIlreath and

James (1984) the digitate and bulbous growth fo:ms of * the
stromatoporoid and Favosites respectively, suggesé growth
under moderate energy and high to mvbderate sedimentation
rates. However, the regularly bedded argillaceous 1lime-
mudstone are indicative of elpvironments of fower energy and
sedimentation rates. i

Many workers have completed paleoenvironmental‘ studies
on the assumption that environment controls the growth form
of modern reef-building corals. Comparative studies between
modern reef zonation ;nd Paleozoic coral and stromatoporoid
reefs have been made. Stearn (1982) concluded that (1) no
general pattern of_  shape-zonation on modern reefs 1s
applicable to all reefs, and (2) variations in shape are the
resﬁﬁl of the interaction of ﬁany environmental factors with

the  genetically dictated growth pattern of thé coral.(modern

and ancient) and stromatoporoids (ancient). Pope (1986)

concluded that paleoenvironmental analyses based on

stromatoporoid morphologies alone are invalid.

“Lithofacies VI -

This facies constitutes the‘upper porttion of the Sargent

Bay Limestone. It is composed of thin (10cm) rhythmically

bedded, argillaceous lime- mudstone separated by shale

39
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partings. Abundant Favosites sp, occur throughout this
fécies, which s classiffed texturally as a mudstone.
Lenticular and spherical concretions were observed near the
top of the facies. These concretions are lime green patches
in Sydark grey, lime-mudstone. The mud appears laminated,
and these laminations exist within the nodules., Deposition
under low to moderate energy below wave base under moderate
sedimentation rates is.suggested.for the lower bortion of
this facies. The dark laminated limelmudstones in the upper
portion of this facies indicate deposition under quiescence
and lower sedimentation rates possibly verging on restricted
marine conditions,

A

2.4, UPPER CALCAREOUS SILTSTONE
/

Introduction
A previously undefined unit was discovered in the c¢reek
sections on the eastern side of Lake Memphremagog. This unit
consists of at least 70m of fine silt and lime-mudstone. A
variety of tabulate corals and a single rugose corfal were
collected from this unit. Most fossils are located at the
head of MacPherson Bay. The unit is moderately to well
sheared making bedding difficult to detect in the 1limbs.
Weathering to a pitted rust colour, 'the unit resembles both
the A2-member and portions of the main carbonate wunit at
Lime Ridge. and Marbleton. fhe Upper Calcareous Siltstone
grades into the underlying Sargent Bay Limestone within ‘a

retatively short interval that may be as little as 1 metre.
4
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Description and Depositional Environéént
Two 1lith faciesgy were ideﬁtified in this unit, one
located only at the head of MacPherson Bay, the other in
both MacPherson Brook and Quinn Creek. Poor outcrop has made
it next to impossible to map the original distribution and
relative abundance of these two Tithofacies. The inability

to observe Tlateral relationships along strike make the

observafion of Jlateral facies relationships between these -

two lithofacies purely speculative,

Lithofacies VII
(P1. IV; figs. AS0; PI. V; figs. I and J)

This facies occurs in both MacPherson and Quinn creeks
where it consists of a crinoidal wackestone., Silicified
coral fragments were found in parts of the section. This
unit shows a sl}ght increase over the previous wunits in

coral diversity with Alveolites, Heliolites, Halysites

catenularia, Cladopora, several species of Favosites and a

colonial rugose coral ?Entelophyllum. A large angular block

of -?2Entelophylium was found in the nose of,a fold within

MacPherson Brook. The fold forms a small cataract just west
of the bridge. A stereo plot (Fig. 13) of bedding and
corallite attitudes revéaled that this coral was in fact a
fragment inclined to the original bedding plane at an angle
of 49 degrees. Furthermore, the matrix between the
corallites contained Jless silt than the wackestone, The
uppeg%3 portion of this facies «consists of 1nterbe&déd

dolomitic siltstone and skeletal packstone-calcarenites, The

41
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Figure 13: Stereoplot. showing present
and .original attitudes of bedding and
corallites of the colonial rugose coral,
Entelophyldum sp.
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packstones oftenr form nodules that may occasionally contain

the brachiopod Kirkidium. The corals and brachiopods in
‘i% calcarenite beds are believed to be allochthonous deposits

.

below wave base.

Liggg;acies VIII
(PT. V; Fig. k)
At the head of MacPherson Bay a densely fossiliferous
unit consisting of brachiopods, crinoids and a variety of
corals in a nodular calcareous siltstone occurs in a .small

we athered outcrop. The tabulate coral Cladopora is by far

the most abundant specimen, Cladopora, Favosites, and

- Syringopora are locat'ed within a very siliceous matrix that

contains a red "iron-rich" carbonate. Kerogen has not only

higﬁlighted the coralég but also occurs in concentric bagds

throughout the fossils, This type of kerogen is also found

in- fossils at Lime Ridge. Angular fragments of Favosites

coralla are rargly encrdsted with a laminar silty lime mud

that is compositionally similar to the matrix. The nodules

. consist of blue-grey, crinoidal wackestone- and packstone-
calcarenite,. Fossil fragments  include brachiopods,
crinoids, stick corals, and a few pelecypod fragments., The
boundaries between the nodules and matrix are abrupt with

'fossils 3ying across the nodule and matr{x interface, Smat)
fragments of wackestone float along with fossils 19- a

dolomitic siltstone matrix adjacent to larger calcarenite

nodules as do many fossils. This lithofacies was deposited

0 /




as a debris flow of partiallyylithified and wunlithified

material,

Age of Sargent Bay Limestone and Upper Calcareous Siltstone

A  Late Silurian, Ludlovian age is suggested for the
Saggent Bay Limestone and the overlying unnamed unit., The
diagnostic fossils for this age assignmgnt include the
brachiop;d, Kirkidium SP., and the stromatoporoid,

Ecclimadictyon stylotum, Another fossil that may be

considered diagnostic is the coral Heliolites sp. «cf. H.

lavieillensis.

2.5, STRUCTURAL GEOLOGY OF THE LAKE MEMPHREMAGOG AREA

The Silurian rocks of the Lake Memphremang area are
sheared and isoclinally folded within two decoupled north-
south trending synclines, formally named by Ambrose (1942)
as ‘phe Sargent Bay and Lake Memphremagog synclines. Boucot
and Drapeéu (1968) interpret the structure of the Sargent
Bay Syncline as three minor synclines. Lamothe (1981a?b),
in contrast,r had proposed two minor synclines. Cleavage is
axial plane, wusually lying within 10 degrees of vertical.\
The same cleavage overprints the Ordovician basement where
it is classified as §S3 cleavage. The repetigion of
stratigraphy on either side of a fold axis in (i)fenbr'ooke
Creek and, in a section exposed along strike to the ngr?h in

the Glenbrooke Road rock cut, confirmed the interpretation

. N/
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of structbgf as a sjng1e syncline, Cleavage refraction
(Plate 1) at the Glenbrooke Road section shows that beds of
calcareous shales and siltstones dip steeply to }he west,
Furthermore, both bedding and cleavage attitudes a1on;\the
Glenbrooke Road rock cut, from Austin towards the west,
appear to indicate a single syncline axis lying to the west
and adjacent to'the Ordovician basement (Fig. 9).\ The fold
axis plunges to the south, Boucot and Drapeau's (1968) and
Lamothe's (198la,b) proposals of several synclines for the
Sargent Bay Syncline are therefore in doubt.

The stratigraphic thickness of the Memphremagog Group in
the western limb of the Sargent Bay Sync¢line is much thinner
than in the eastern 1imB. There are, however, two solutions
to this problem. (1) Sediments within the western limb were

deposited on a series of step faults. This would explain why

only 20m to 30m of Peasley Pond Conglomerate was measured in

"the Glenbrooke Road section and yet along strike, to the

north and up plunge, Clark (1936) measured 63m of the

conglomerate. (2)21The eastern limb has been folded and
fau1t%d into a series’of climbing folds and small thru§§
faults with east vergence that repeat ~the sthq&lfraphy
several times within the eastern 11@@ of the syncline-(Fig,
9). In addition, the western limb had been thrust eastwards
along a fault that truncated the axial plane near the fold

axis (P¥. 1; Fig. A), thereby reducin thickness of the

Memphremagog Grobp through erosion of[the hanging wall,

o
Beds in the western limb of ( the Lake Memphremagog

Syncline dip at or near the vertical, Along the eastern
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shoreline of Lake Memphremagog beds within.the'$argent Bay
Limestone dip westward at angles as low as 45 Fegree%y/ Beds
along both sides of Route 247, just noﬁ{% of. Georgeville,
indicate a small antiformal structure. A small road®ide rock
cut north of'Georgevi11e where Route 247 joins the road to
Fitch Bay shows bedsfgﬁat dip east at 31 degrees. Exposures
on the eastern alimb of the Lake Memphremagog Syncline
therefore show beds with d1ps between 45 to 75 degrees.

These measurements are less than those measured by Boucot -

.and Drapeau (1968). Structure for the) Lake Memphremagog

Syncline is that of a large sync]ine'Oﬁéxtgrned to the east,

Cooke (1950), Boucot and drapeau (1968\}1

and de Romer
(1981) have all noted the large fault bounding the 'eégzern
limb of the Lake Memaﬁremagog Syncline. Direction of

0

movement along this fauit wa; not specified by Cooke or de
Romer, but Boucot and Drapeau-(1968, p. 12) suggested that
"movement, westé?dé downward, is approximately equal to, or
somewhat greater "than, the thickness of the Glenbrooke
Formationz. This direction of mové;ent is opposite to that
suggested by‘strurture w1th1n the MacPherson Brook ang Qu1nn
Creek sections adjacent to the east bound1ng ‘fault., Faults
and folds within MacPhefson and Quinn cxeeks all.show east
verging structures with d1rert1on of movement along these.
faults as west side up. The d1rect1on q{ movement is s;m;}ar.
to Acadian faults in the Ordovician basement described by
Lamothe (1981b) on ggg\western side of the lake in an area
from Owl's Head to Sargent Bay. Sections exposed within the

creeks show convergent fan.cleavage with axial planes that

*
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diplsteeply to the west. In summary, the structure within
the MacPherson and Quinn creeks is 'complex with steep
dipping faults and folds. The Sargent Bayimestone provides‘
a good marker unit that shows these structuges weli. The.
author suggests that structure within the creeks on the
east;rn side of the 1a@£: and-adjacent to the Ordovician
basgment represents a zone of intense deformation., This zone

is to be called the "MacPherson Fault Zone". .0

I3
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CHAPTER 3 - LIME RIDGE & ST-ADOLPHE-DE-DUDSWELL

*r

3..1. LAKE AYLMER FORMATION - Introduction
. " )
The Lake Aylmer Formation crops-out in the_Lime Ridge

and St-Adolphe-de-Dudswell area in small, patchy exposures

-

and in —gquarries. In asténding order, this formation

’

consists of: (1) a ,ﬁpsal unit comprised of polymictid/ ™
conglomerates and intraforéational breccias alternating.with
quartzites, siltstones and shales; (2) reefal limestones and
calcareous siltstones and silty liﬁégtonﬁs;'(3) an overlying
unit of calcareous siltstones and silty iimestones; and (4)

an overlying unit of calcareous siltstones interbedded with
et

LN _sandstones and silty 1imestbnes'(Petryk, unpublished map,
1985, de Romer, 1985). The first unit corresponds to the Ayl
and Ay2 members of Lavoie (1985) and. St-Julien 2(1970). The

last three wunits 1lie wholly within the Ay3 member. The

4

boundaries between all units and members. are gradationa1,{

and siliciclastics dominate throughout the entige section,

Only the main limestone unit was .studied in detail.
'S

Furthermore, these uniEf have been described in detail for

ki

other areas by Lavémg/}ggss), St-Julien (1970), Duquette
y

(1961), and” Burtan (1931),
3.2, LIMESTONE UNIT'%T‘LIME'RIDGE AND DUDSWELL . -

The Lake Aylmer "main" limestone unit diSp{axs a variety
of textures.and Tithologies. In the Lime Ridge and Dudswell
area Petryk (1985) has identified grainst&nes, rudstones,
packstones, “calcilutite and coral and stromatoporoid

b

. ) ‘ ) @
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boundstones. In addition to massive 11mestones.‘

- s
fossiliferous breccias and reefal limestones. De Romer

"(1985) described interbedded calcareous siltstones and

dolostones. The stratigraphic section (Fig. 14) for‘thé main
limestone “531t can be divided into three divistons: (1) a
basé] nodular calcareous siltstone; (2) a middle floatstone,
rudstone, and sedimenﬂ%ry breccia; and (3) an]upper blue-
grey lime mudsteme, stromatoporoid and coral breccia anq
stromatoporoid framestone, ~

Fossils found at Lake Memphremagog were also found 1in
greater numbers at Lime Ridge and PudsweTl. Faunal diversity
was also higher in the Lime Ridge and DOudswell area. In
addition to the greater‘abunaance and diversity, of fauna in
the Lime ﬁidge area, framebuilders were -found 1in. both
ordanically éonstructgd and detrital facies. Only theﬂlatt;ﬂ
was observed in the Sargent Bay Limgsto;e at  Lake
Memyhrpmagog.

The'?ime§tones and their associgted faunas were assigned
to five mappable 1ithofacies.'§§tpyk (pers. comm. , 1987) has
also sugggfz;d a five-fold lithofacies ﬁodel for the main
lTimestone unit at Lime Ridge. However, his facies model is
not presented here, The paurity of good exposures has made
the ;¥eaf/;1str1but1on of the faries at Lime Ridge diffirult
to decipher. Thus, exact relationships between facies s

2

uncertain.
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Description and "Depositional Environment

Sampling in the area <could not be sys;emat;c and
consequently relative facies abundance isc not known. Any
attempt at determining the relative, present-and original
abundances is hampered by the paucity of outcrop and
complexity of structure, The descripiions of various
lithofacies for the Lime Ridge and Dudswellb area are
presented beginning at the base of the main limestone unit.

L1thofac1e§'1

This facies 1is a nodular, well sheared, crinoidal
wackestone. The yshearing has occurred along anastomosing
shale partings giving the rock a nodular appearance. The
nodutes consist of remobilized carbonate and commonly have a
fossil core, The facies weathers to a pitted rust surfacé
which contrasts with the dark blue-grey colour of a fresh
surface, Stromatoporoids and 'Favosites sp. are found
sporadically throughout the facies anduexist‘as fragments
that are progigfgadetr1t§1. This lithofacies is wubiquitous
in the Lime Ridge gnd Dudswell area, and forms a basal unit
within the main limestone unit, Thin beds ©vof calcareous.
siltsYone are interbedded with crinopidal packstone-
calcarenite that forms rhythmic beds near the top of the

facies., Specimens of the coral Heliolites, very similar to

Heliolites lavieillensis (Pers.,” comm. Dixon, 1987) were

found” in these beds. In areas where deformation is intense
the packstones are commonly segmented and separated by

siltstohe from underlying and overlying beds, similar to the

-
)
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Upper Calcareéus siltstone (P1. 1IV). These structures are
interpreted as pinch and swell features (Hpbbs, -Means, and
.w1111ams, 1976). The szltstone§ are commonly cemented with
dolomite (de Romer, 1985). Tabular stromatoporoids occur
with dendritic and branching forms of Favosites sp. These
growth forms are indicatjve of moderate to high wave energy
under Tow sedimentation rates. Only fragments of

stromatoporoids and corals are found in this facies, and

they are probably allochthonous.

Lithofacies I1I

This facies is composed of bedded limestone consisting
of a brachiopod rudstone and an overlying f1oatsfone-
packstone. Tﬁe only example of this facies is located in a
small drainage ditch, due north of Saint-Adolphe-de-Dudswell
(PY. vIII, figs. G and H; and PV, 1IX, figs. I-L). It
consists of the pentameran br%chiopod, Kirkidium sp., first
identified in the area by Petryk (1985, p.56; 1986, p.5) and
confirmed as Kirkidium by Boucot (1985, pers. comm. to A.
Petryk). These large brachiopods, with an average length oﬂ
50mm, lie within a fine grey lime SLLT. Most are
disarticulated, and show a preferred orientation that is
proba;ay qepositional (seé Appendix B). In addition to the
large brachiopods, numerous sﬁall, ahgular fragments of
favositid corals,{vHeliolites: brachiopods, and Erinoids

4 -

occur together in the rudstone forming a packstone matrix.

The rudstone-packstone is interbedded with thin bedded
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dolomitic sdiltstones. A floatstone containing Kirkidium $p.
and a dendritic Favosites sp. in a skeletal packstone-
wackestone matrix overlies the rudstone. The facies s
interpreted as é storm deposit below wave base. A kerogen-
like ﬁéterial is commonly visible as a thin film on fossi)

.,

skeletgns, and has penetrated 1into the skéiéton via

A

3
fracture systems.

Lithofacies I1I1

(P1. VI, figs. M-Q; Pl. VII, figs. A-D; P1. &¥iI, figs. E-F)-

This facies consists of a floatstone-packstone,
sedimentary breccia, and a boundstone block. Fauna)

diversity for this facies is high but none of the fossils

is in situ. The fauna 1includes several species of

Favosites, the rugose coral Tryplasma, a species of

CladopoXa, and Heliolites. The stromatoporoids grew 1in

globular \ and -« tabular forms and have locally grown over

corals, Echinoderm debris is ubiquitous, Corals and
stromatgfPoroids are commonly whole with only minor breakage.
M1 fossils are randomly oriented wjthin a‘rust coloured,
dolomitic siltstone mét}ix. Small angular -blocks of graded
cross-laminated and laminated, siliceous calcarenite ~1ié
within the floatstone-packstone matrix at Domlim number 3
quarry. The matrix weathers +preferentially ‘leaging' the
fossils -and allochthonous blocks standing in relief, The

facies is massive, and Hn outcrop shows little ipdication

of bedding attitudes.
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At a small roadside outcrop, located in front of the
cemetery just north of St-Adolphe-de-Dudswell and east of

Silver Lake, 1is a coral and stromatoporoid framestone. The

44

tabulate corals include Cladopora sp., both branching and
hemispherical species of Favosites, fragments of MNalysitew

sp., .and Syringopora sp. and the rugose coral Tryplasma sp.

Stromatoparoids show both tabular and globular growth forms
- ' .
and have locally grown over rugose corals and the tabulate

Syringopora. The matrix is comprised of a fine dolomitic and

calcareous bioclastic siltstone that weathers to a rusty
(earth) colour. Most of the skeletal debris consists of
small coral fragments, brachiopod shells and minor amounts
of crinoid debris. The odtcrop is 7.5 metres in length and
gives no indication of the local extent of tﬁis boundstone
bl?ck. A domal and tabular stromatoporoid and globular
Favosites coral framestone ddyinates the eastern portion of
the. outcrop. The south portion of the outcrop is dominated
by a bafflestone consisting of a dendritic Favosites.
Textural variations among the blocks within this facies
suggests they are allochthonous within a mass flow deposit.
The calcarenite blocks are allochthonous apnd indicate
transport along with organic eebris in a mass flow. This
would explain the randomly oriented, sediment supported
bioclasts in the matrix. If this hypothesis is correct, then
the boundstone’ﬁﬁy also be an allochthondus block. There is,
hbwever, little conclus{ve proof to show this to be true,
Geopetal structures are parallel to measured bedding

attitudes.of the block in question. A smaller outcrop lying
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45m to the west on the same side of the road shows bedding
attitudes near vertical.
Lithofacies IV
Lithofacies IV is comprised of interbedded, dark blue-
grey calcilutite, packs;one( f]oatstbne-ruds;one, and minor
grainstone beds. Ubiquitous skeletal debris contains

fragments of stromatoporoids, brachiopods, Alveolites,

Halysites, Cladopora, seveﬁal ;Bbcies of Favosites, and
\

large pumbers of echinoderm ossictes. Whole stromatoporoids

in growth position are common., Grainstones are rarely
graded, with crinaqidal debris and clasts of fine lime silt.
Small rhombs of dolomite commonly float within syntaxial
calcite cement., This facies also contains thin beds composed
of stromatopo;oid and coral reef talus. An environment of

moderate to high energy and sedimentation rates are

interpreted.

Lithofacies V
Small hemispherical o ;abulsr stromatoporoids form a
framestone that has.trapped fine, blue-grey calcilutite., The
stromatoporoids“have locally grown over dendritic Favosites.

The digitate stromatoporoid, Ecclimadictyon stylotum, rarely

occurs as small Tenticular globes scattered among the other
stromatoporaids and corals, The stromatoporoids are imn-situ,

N ‘ T K
thus wave energy is considered to have been low to moderate

with moderate to high sedimentation »ates and aeg low

siliciclastic input.



Age of the Main Limestone Unit
The diagnostic brachioped, Kirkidium sp., and the unique

stromatoporoid, Ecclimadictyon stylotum indicate a

Ludlovian-Pridolian age for thigbunit. Heliolites sp. cf. H.

lavieillenses occurs along with Kirkidium sp. within the

lower beds of the main limestone unit.

-

! <

3.3. STRUCTURAL GEOLOGY OF THE LIME RIDGE DUDSWELL AREA

The Lake Aylmer Formation forms a 1large syncline that
. plunges to the northeast at Bishopton, and southwest at
Lake Ryimer (Fig. 15). Large faults on the northwestern and
southeastern limbs, suggest that the Lake Aylmer Formation
is allochthonous (de Romer, 19§5). Lavoie (1985) has shown
. the Weedon Fault truncating the southeastern limb of the
syncline, bSt-Ju1ien (1970, p. 16) reports that in the Lake
St. Francis area "“the southeast limb ofythe syncline is
truncated by rocks of the St. Francis Grqup and the Ascot
Formation, which forms. part of a series of allochthonous

rocks fust-faulted toﬁ?#g the northwest", There s,

howgver, 1little agreement among workers (de Romer, 1985;
Lavpie, 1985; and Petryk, 1985) as to the exact position of
this fault in the southwestern part of the syncline. De
Rome (19§5) interprets the fault as lying withif a zone
parallel to route 112 east of Silver Lake in the Lime Ridge-
Marbleton area. He has placed this "fault between similar

lithologies of the Lambton Formation (Lake Aylmer Formation)
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and the Ayer's Cliff Formation. This mapping places Devontan

rock fuhﬁher to the northwest than suggested in Lavoie's
(1985) Figure 14. Petryk (1985), 1in contrast, has placed
this fault slightly to the northwest and has it cutting
across both the St. Francis Group an?gfthe Lake Ayl@er
Forﬁatioh. Both workers have the St, Francis Group lying
concordantly on the Lake Aylimer Formation. This study has
seen evidence in the main limestone unit that suppoerts both
proposals, It therefore seems reasonable th?t the area
includes many faults and that they represent'splays within
the Guadaloupe Fault Zone (St-Julien et, al., 1983).
Direction of movement along these faults would all have been
in a northwésterly direction forming a structure like that
of an imbricated thrust zone. ‘

The main limestone unit in the Lime Ridge-Marbleton area
lies within the northwestern limb of the syncﬂ*&e, and has
been folded into a series of small northeasterly plunging,
S-Type, patasitic folds. Beds dip steeply (50 to 70 degrees)
around the vicinity of Domlim numbér 2 quarry, but in other
areas the dip is shallower, between 25 and 50 degrees,
Cleavage is axial plane, and is sligﬁvly convirgent.
Deformation within the Lake Aylmer Formation has Dbeen

defined by de Romer (1985) as second phase.
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CHAPTER 4 - DISCUSSION

C /(\\1{ FACIES INTERPRETATION, -

Two facies are recognized in the A member of the

7

Glenbrooke Formation and three facies are recogniiga in the
Sargent Bay Limestone in the Lake—Memphremagog aréa (Fig.
164, These include basin-ramp and ramp-slope facies for the
A member, and basin-slope, shelf-margin, and shelf-platform
facies for the Sargent Bay Limestone. . The upper calcareous

siltstone is 1ntenpre£:d as a second phase of slope
sedimentation within the Lake Memphremagog area. One facies
(slope-facies) 1is recognized. Three main facies, élope,
reef-margin and back-reef-lagoonal facies and facies are

recognized “for the main limestone unit at  Lime Ridge-

Marbleton.

A member, Glenbrooke Formation

Basin-ramp & ﬁamp-slope Facies
Moderately deep marine clastic sediments dominate most
of the section 1in the Sargent de Syncﬁine (Basin-ramp
Facies), the 1lower half of shales and siltstones and thé
upper half comprised e§sentia11y of calcareous siltstones.
Turbidite deposits dominate the top portion of the
calcareous siltstongs, and persist into ‘the overlying
Sargent Bay Limestone. A similar sequence of sediments was

observed in the Lake Memphremagog Syncline (Ramp-slape

Facies), however, skeletal wackestones and packstones rather

‘: than turbidites dominated the upper portion of the
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calcareous. siltstones along the eastern g{éreline of Lake

‘}emphremagog.

Read (1985) has described carbonate ramps as having
gentle slopes, on the order of 1 degree or less, Nearshore,
lshoal-water complex of skeletal sand banks or shoa1s‘ often
pass downslope,t without a marked break in slope; into deep
wate;, bésin lime muds and {;?E?gedded shales with rare
breccias and turbjdites.

~mmy

. Sargent Bay limestone

N Basin-slope Facies

) The basin-slope deposits are ‘comprised entirely of
lithofacies I overflying a basal siliciclagtic ramp-slope
deposit, The assogiation consist; of thin-bedded, 1lime-
mudstones with graded and . non-gréded packstone- and
grainstone-calcarenites. The lower po?tion of lithofac{es I
contains turbidites“ éonsisting of graded and non-graded
calcarenites, Along the eastern shoreline of Lake
Memphremagog, and’ further ubslope towards the margin;
ltmestoneg, calcareous shales with fine-grained turbidites,
and thin bed§lof graded-calcareni‘tes ovérlie marine, non-

calcareous and. calcareous clastic beds of the preceeding

ramp facies; . \/- )

Turbidites and allodapic limestones indicate a carbonate
slope. It s unlikely that this carbonatg\'asspciation
. consists of ‘only the one lithofacies. Further detailed

examination mﬁy prove that many more lithofacies exist
\ . — é '
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within the basin-slope facies. ﬁpn-graded and graded-

Lalcarepites S%e' well docymented in the 1literature 'as

éﬁ% allodapic. limestones (Cook et. al., 1972; Conaghan -et. al.,
IQ;Sqr and Srivastava et. al., .1972). These allochthonous

depos}ts typically honf;in material de}ived from shoal-water
‘carbonates.1 These deposits occur fn thin cohéinuoug anJ

lenticular “beds that are interpreted fespectively ay debris

sheets and channels. '

Shelf-marginé(sheal) Facies
The shelf-margin facies is restricted to the Georgeville
~ area, This facies may have been more extensive than what is
° ptesently shown. The-thickness of the skeletal sand shoal
(lithofacies II) and the‘ﬁgdé;gying calcareous and, non-
calcareous siliciclastic raﬁb margin ,is approximately four
¢times that of the othe: facies., Silicic1asfics occur in
7 significant amounts in the lower portion of the shoal

facies., The grains are well rounded and sorted.

The relatively large thickness of this faties. in.

comparison to the basin Elope and shelf-facies suggests that
it must have been prograding basinward under moderate

sedimentation. rates and very little basin subsidence

(Wilson, 1975). MclIlreath and James (1984) have interpreted

this sort OfMEetting as a depositional margin with shallow
water 1lime sand shoals bordergng’a geht1é slope margin,
wbere turbiditic deposition of shoal derived sands produced
the allodapic limestones. Héckg1 (1§77) 1ntergretgd well
o bsor;ted and rounded crinoids,a feagments of brachﬂopodksheltg.
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within cross-bedded calcarenites as indicative of zones of
water agitation above wavebase, Furthermore, he found that
accumulations may occur at a ‘change in slope which

influenced the breaking of waves.

Shelf-platform Facies

The shelf-platform facies cons{sts of well bedded
continuous and Tlenticular packstonez and grainstones,
stromatoporoid bafflestone, and rhythmically bedded 1ime-
mudstones. Well bedded and massive skeletal packstones &nd
grainstones form basal shelf-platform -deposits  that
extensively cover the former calcareous siliciclastic ramp
platform. Lenticular beds comprised of rudstones and
floatsténes form local deposits that overlie the crinvidal
calcarenite beds. Rhythmically bedded 1ime-mudstones with a
basal strbmatoporoid bafflestone unit dominate‘ the wupper
portion of the carbonate shelf-platform facies association.
The accumulated thickness of regularly bedded mudstones s
highly variable within the shelf-platform.

This facies is interpreteq as deposited in a carbonate
shelf-platfprm, moderatelxydéep-lagoonal, type environment.
Basal non-graded calcarenites are concluded to héve been
bottom current, reworked sediments. Deposits of this nature

are similar to deeper water slopé deposits reported by

McIlreath and _James {(1984). Small patch compmunities of

corals,| stromatoporoids, ’aqd brachiopods in addition . to
crinojds are believed to haxé developéd locally over the
* ’ ’ .
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shelf platform. Later communities are concluded to have been

‘comprised almost’ solely of the digitate stromatoporoid

Ecclimadictyon stylotum. Deeper water deposits of thinly

bedded 1lime-mudstone and intercalated calcareous shales 1in
the upper portsion of the facies indicate renewed subsidence
on portions of the shelf,

3

b Upper Calcareous Siltstone

Slope Facies - Second Phase
The second phase, slope facies, 1is dominated by well
bedded calcareous siltstones and massive brecciated units,
Thé upper portioﬁ of this facies consists of skeletal
calcarenites and dolomitic siltsténe interbeds. The slope
facies oéerlies the shelf-platform facies and s not
;bserved anywhere‘ other than in the creek sections on the
eastern side of Lake Memphremagog.” The calcareous siltstones
q .

form regular beds, 20 - 40cm thick. Allochthonous fragments

of Alveolites, Heliolites, Halysites, Cladopora ~ and

7Entelophyllum  have been found locally throughout the

section, A brecciated unit was found only at the head of
MacPherson Bay.

The facies association rebresent§ fore;}ope deposition
on a calcareous stlicic1$stic ramp. The massive calcarenites
were deposited as allodapic Timestones. The brecciated unit
contg?}iﬂg both a reefal fauna and clasts of skeletal
caicargnites is interpreted as a mass flow.. Hopkins (1977)

noted that if clasts are 1ar§31y skeletal in composition, an

organic frame or reef is generally postulated. Considering

-
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the large \\umber of body fossils in these deposifé, it

appears likely that a margin shelf facies comprised of reef

and skeletal sands 14y to_the southeast (and has now been
t?.

eroded away) shedding material downslope.

Main Limestone Unit
Slope Facies
Bedded calcareous siltstones and skeletal-calcarenite
interbeds, rudstones, floatstones, boundstoge and
calcarenite breccias form slope deposits near to the margin
facies, Interbedded cafzareous siltstones and calcarenites
dominate the lower section of this facies. Debris flow and

other mass flow deposits, and tempestites tend to occur in

the upper sequences of this facies. Bed thickness among mass

flow Heposits are non-uniform, ranging in thickness of

several centimetres to a metre or more. N
The faunal diversity within these deposits 1is 'much

higher than was observed at Lake Memphremagog. Furthermore,

.4 significantly higher biomass and large boundstone blocks

suggest.a proximal reef source. Angular cross-laminated and
graded calcarenite blocks may have been derived from
lithified channel flow deposits on the foreslope or tidal

channel deposits on the reef margin,

"The wide range of growth forms exhibited by tabulate

corarlds and stromatoporoids suggest deposition under a

variety of environmental conditions. It is unlikely that

- these all grew in the Same énvironment, and they probably

- >
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represent habitats 1in different ecologic zones on a reef
- margin or platform with patch reefs. A cross section through
a hypothetical, zoned, marginal reef (Figure 9 of James,
1984) shows many environment-related growth forms. (1) A
bafflestone-floatstone contains globular growth forms in a
back reef environment: (2) Tabular,s domal!' and branching
organisms fgrm a bafflestone and framestone within a reef
front environment. (3) A rudstone-grainstone, consist of reef
talus in the fore reef environment. Bourque et., al., (1980,
F{g. 8; and 1986, Fig. 35) show a p@leoenvironmental profile
and ecological zonation of a reef platform. In their profile
of a Si!urian Gaspe reef they show c1adopor1d§ and. tabular
stromatoporoids on the reef flat. Although the form Bf/Feef

£

mound was not defined at Marbleton, the fauna collected from
L4

this facies indicates that reefs.did exist in S$ilurian time

in the Lime Ridge and Dudswell area.

Near Reef-margin Facies
U Stromatoporoid framestones with fine-calcilutite matrix
+ form the reef-margin facies. The facies forms the top wunit

of the main limestone unit of the Lake Aylmer FEdérmation due

south of Lime Ridge.'

Bourque et. al. (1986, Fig. 40)’and Bourque (1980, Fig.
8) have identified simiiar\digitate stromatoporoids in the‘
reef flat and back reef to lagoon facies of the Colline

3,

Daniel reef margin.
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Back Reef-lagoonal Facies ,
Tﬁﬁf'facies is recognmized as interbedded, dark blue-grey
calcilutite, pack;tone, floatstone-rudstone, and minor
grainstone beds. Access to Quarry #2 at Lime Ridge was
limited and consequently only one 1lithofacies has been

=g

described. .

The author feels that several more lithofacies exist
within this facies, but further investigation is necessary.
Large number of echinoderm ossicles and in-situ
stromatoporoids suggest deposition in a back reef, 1lagoon

environment. Graded grainstones-packstones may have been

deposited as tidal channel deposits near the reef.

4,2, LITHOLOGIC AND TEMPORAL CORRELATION BETWEEN LAKE
MEMPHREMAGOG AND LIME RIDGE-MARBLETON

Past workers (Lavoie, 1985; Bougot and Drapeau, 1968)
have not made specific correlations between the
Memphremagog Group and the Lake Aylmer Formation.q Duquet}e
(1961), proposed that the basal conglomerates of th;, take
Aylmer Formation correlafed with both the Peas1ey' Pond
Conglomerate of the Lake Memphremagog area and conglomerates
of the St. Francis Group. This study suggest; that at
least parts of the Lake Aylmer‘Formation can be co;related
with thé‘Memphremagog Group (see Figure 17).

The: Peasley Poand Conglomerate ‘(or more properly
sandstone), both in the - Glenbrooke Road and in the
Glenbrooke C}eek sections, correlates‘1itho1ogica11y with

the sandstones and conglomerates‘of the Ayl member of the
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Figure 17a: Chart showing stratigraphic
correlation between.lake Mefiphremagog,

Lake Aylmer and Petit Lac (Lake St-
Frangois) areas.
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Figure 17b: Two solutions to the problem
encountered when correlating the main
limestone unit with the Sargent Bay Limestone.
(See text for details).,
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Lake Aylmer Formation. There is no equivalent in the Lake
Ay lmer Formation of the Slate Member. There are, however,.
two units of shales (C and E) separated by @ conglomerate
unit (D) in the Lake Lambton Fo%mation. In gke Glenbrooke
Road section a unit of conglomerate was observed within the
Sl ate Member, Calcareous‘siltstones of the A member of the
Glenbrooke Formation, can be corré}ated with the Tlower
portion of the Ays member. However, the carbonate content in

the lower Ay3 member was high enough to justify Lavoie's

"(1985) description of the unit in that area. as a silty

limestone. The stratigraphic position of the, Sangny Bay
Limestone 1lithofacies is similar to the main limestone unit
of the Ay3 member. Both, uéits, consisting of ‘similar
1}mestone facies, and havé calcareous siltstones lying above
and below.

‘Units within the Memphremagog Group show lithologic
affinities with both the Lake Aylmer and Lake Lambton

formations;™ but precise correlation could not be.made. De

Romer (1985) has mapped the kiff Aylmer as the l&ke, Lambton
Formation., Lavoie (1985) has suggested that the ke)VAy Imer
and the Lake Lambton formations represent ;}$t§ deposited
contemporaneously within the same basin, and .that the two
formations therefore represent\broqd latéra1 equivalents.
Similar depositional environments -are inferred for the

“

eastern portion of the Upper Calcarebus Siltstone ‘and the

"Lake Aylmer Formation at Lime Ridge and the Lake Lémbton‘

‘Formations, Units within the Memphremagog Gnoqb could not be

conclusively shown to have been deposited at the same time
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as corresponding wunits within the Ldke Aylmer and Lake

Lambton formations, )

" Problems develop when correlating the Memp%remagog Group
with thg Lake Aylmer and Lake Lambton formations., The first
and obvious problem is that there is no equiva1ent‘to the
Glenbrooke Slate member in the Lake Aylmer Formation. The
second problem 1is the correlation of the second lphasqf
foreslope facies tovthe foreslope facies at Lime Ridge, The
problem-here, is that %he correlative facies lies below the
shelf-platform facies at Lime Ridge, whereas at Lake
Memphremagog the second phase, foreslope facies lies above
the shelf-platform facies. In conclusion, (1) the wupper
calcareous siltstone unit at Lake Memphremag8g correlates,

both 1lithologically and temporally, with the «calcareous
Lsiltstone lying in the lower portion of the main limestone
unit at Lime Ridge (Fig. 17b). The limestones within both
areas may then represent sedimentation under similar
environmental conditions, but are not correlative; or (2)
the‘ limestones are time transgressive and the similarity
between the siltstones, that occur in one place above the
limestone, but in the other, below, is purely coincidentai.

The former interpfetation is favoured.

- Temporal Correlation between
Lake Memphremagog and lime Rddge-Marb1etonaArea

_ The " Sargent Bay, Limestone and the upper calcareous

siltstone in the Lake Memphremagog area can be correlated

with the main limestone unit of the Lake Ajlmer.Formation“ﬁn ~
A\ N B
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the Lime Ridge-Marbleton area, The brachiopod Kirkidium sp.
was collected from all thrée units and sﬁggesfs that alil
units are ‘of Ludlovian age., Boucot and Drapeau (1968)
assigned the Lake Aylmer Formation to fhe Pridolian based

\

on the more time-restricted Eccentricosta jerse&éns%s and

Protathyris, However, it 'is not known from which unit in the

4

Lake Aylmer Formation these specimens, neither of whigﬁ?ﬁere'
collected in this study, were found. Petryk (Pers. commun.,,
1985) has reported that conodonts .collected from this wunit

agree with the Pridolian assignment.
4,3, TIME CORRELATION - NORTHERN APPALACHIANS

Introduction
-Rocks of Ludlovian-Pridolian age are widely distributed
throughout the Appalachians including northern Vermont,

northwestern Maine, Quebec Eastern Townships, ™Lake

-Temiscouata ﬂnd the Matapedia River Valley, the Gaspe

Peninsula, and New Brunswick (Fig. 18). A compilation of 7

work by Boucot (1961), Boucot and Drapeau (1968), Berry and
Boucot (1970), Bourque (1977), Bourque et. al. {1981),
Bourque et. al. (1986), Doll (1984), Lajoie et. al. (1968),
Lesperan@e’ and Greiner (1969), Noble (1985), and Pope (1985)
allows a biostratigraphic correlation to be made between the
Silurian ip the above-meﬁiioded areas of the Northern

Appalachians,




Figure 18: Chart showing regional
* correlation for the Northern
Appalachians.

Source of Information Location

1. Boucot (1961) Northern Vermont

2. Boucot (1961) and Lake Memphremagog

this study .
3. & 4. Boucot (1961), Lavoie Eastern Townships
\¢ (1985)
5. to 7. Llajoie et.al. (1968) Lake Temiscouata to
. Matapedia
?ﬁ..__ -

8. to 12. Bourque (1977) East and west Northern
Outcrop Belt, St.-JeaQn
River Anticline and
West and east Central
Outcrop Belt

13. Bourque et.at. (1986) Chaleurs Bay
Synclinorium .

14. Noble (1985) Petit Rocher, New
Brunswick

Sepe?
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The key fossils used for correlation are shown in Figure

19 along with
collected

~“Ludlovian age for the Glenbrooke Formation,

Bay
fo

Eccentricosta jerseyensis was described by Berry and

r- the

Limestone, and

‘their

(1970)

New

'Mirginia,
The genus Kirkidium sp.
restricted to

Kirkidium sp.

York,

as rhararterlst1c of beds of Latest Pridolian age in

¢

is dated as Ludlovian.

L1 andoverian to
stromatoporoid,

time range from

Dol11 (1984, p. 12), after Boucot and Drapeau (1968),

correlated the “Waits River - Barton River

the

term Formation

Boucot

from
b Prid
! J

;age)
| “the.

o

plian orf

a

upper

|
!

Pennsylvan1a,

found in the St,

biostratigraphic

in the Lake Memphremagog area”clearly indicate

a Ludlovian to possibly Pridolian

Upper Calcareous Siltstbne°

New Jersey,
and the base of the Pridolian in thg Appalachians,.
Rs_reported by these agthqrs to
the Late Wenlockian througﬁ - Pridolian,

‘Leon and Gascons format{gw§~f

Atrypa "reticul aris"

Fossils
and the Sargent

‘brach1opod

Mary]and

Wenlockian

is considered as

Northern Vgrmont

and Drapeau (1968) suggegt that

the Shaw Mounta1n Formation rould be. of Ludlovian

They also Suggest that the Lower St.\Fﬁancis Group is

southern

\ [

Quebec

Ecclimadictyon‘stylotUm (Parks, f9§3) has a

Ludlovian to Pridolian.

L

part of the Lower Sbmm Franc]

is incorrect and shdwld bé‘replaced,by Group.

as old as Upper Llandovery

equivalent
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Formation
Formdtion";
collected

‘fbssils

younger
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,/ Northfield, and Shaw Mountain.format}ons. The Ayers Cliff

member of the Waits River~Formation may be str;tigﬁaphica11y
‘: equivalent éo the Sargené Bay Limestone. However, there are

no q1agn6$t1c fossils that wauld confirm this, Doll (1984)
‘ has bfovided a list of the fossil genera common to both the

~

Eastern Townships and Vermont. A partial list inc1UQe;}the

corals Favosites, Zaphrenthis, Syringopora, and Cladopora;

~—

and the brachiopod Gypidula.

J;> Lake Temiscouata/:nd Matapedsia Area
Bou

cot and Drapeau (1968, Fig. 1) imply a «correlation
between the Memphremagog Group and the St. Leon Formation of
the Matapedia Valley Sequence. In the Lake Temiscouata area

o
the Mont -~Wissick Group consists of the basal Sayabec

Formation, .overlain by the St. Leon Formation and the Lac
Croche Formation. The Sayabec Limestone is of Ludlovian age

| as indicated by Columnaria? coralliferum (LajoTe et. al.,

1968). The Lac Sauvagesse member of the St. Leon F?rmation
ylelded Kirkidium cf. K. knighti of Ludlovian age. The Lac

Croche Formation contained Eccentricosta sp. (Lesperance and

\\\\”, Greiner, 1969), indiéating a Ludlovian to Pridolian age

1

(Berry and Boucot, 1970). Kirkidium cf. K. knighti was also

e collected, fromsthe upper part of the Sayabec Formation at La

“~r

“wRedempf}on indicating a Ludlovian agé in that area., The ¥
PO
Ludlovian-PFido¥ian® age- indicated by theéé\ brachiopods
- . ~ v

suggests a cprrelation of thg" Saiabec with -the main

o

. ” 2
Timestone unit in the Lake Aylmer Formation,'ang|the Sargent

‘e i . -

,,C‘ ] Bay Limestone.
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Gaspe Peninsula ; - ’

The Gascons Formation//ias (a§signed‘ a Ludlovj;n éo
Prido1§an~dage by Bourque (1977) jn the western »portion, of
the Central Ouicrop Belt and tﬁexgainf-dean River Anticfine
of the Gaspe Peninsula. Ludlovian ase beds of the Gascons
Formation were not observed in the Northern OQutcrop Bélt.
The Ludlovian age assignment of this formation was based on
the presence of Ki\kidium sp. (Berry and Boucot, 1970).
Howeve}, the Kirkidium beds of the Gasggp& and West Péint

formations were considered of Pridolian age by Bourque

(1977). This age assignment was based on the occurrence of

Eccentricosta sp. Berry and Boucot (1970) suggest tht &he

appearance of Kirkidium and Halysites indi'cated a Ludlovian
age for the West Point Formation. In the Chaleurs Bay
Synclinorium the age of the West Point Formation has not
been well estasliéhéd (Pope, 1986). Pope (1986) reported

that a Ludlovian-Pridolian age applied to the entire
formation. . This was based on Lockovian (earliest Devonian)

conodonts collected from the laterally equivalent Indian

Point ', Formation, and the Wenlockian graptqlite{

Pristrograptus ludensis from the basal wunits of the

underlying - Gasdons Formation. “The stromatoporofd,

- -

Ecclim8dictyon ' stylotum was observed by Pope (1986) and

Bourque et. al. (1986)* 1n the Sandy Cove member of the West

Point Formation. A ' Ludlovian-Pridolian age assignment

suggests a correlation of "this undt with the main limestone

----—-------—----—-----—-----------—---------—- -------------

*Bourque et. al, (1986) have called this stromatoporoid
Clathrodictyon stylotum stylotum,

&
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h
unit of the Lake Aylmer Formation. Y : P
. ‘ » ) ’ ’ A
‘: : ’ { : Other Regions '
.- \ Work on the Late Silurian reefs in northern New

Brunswick is at a preliminary stage, and correlation between

thts area and the Eastern Townships i's ~speculative. Noble
' N

(1985) has described. the informally: named, Laplante

-
¢

carbonate wunit within the siliciclastic, . Petit Rocher

1

Formation, Nowlan (1982) dated conodonts in this wunit as
Pridolian, Furthermore, ‘&oble (1985) noted that

stromatopo#oids, corals, and brachiopods collected from this,~

unit were similar to those found in the' Ludlovian-Pridolian

A ]

Jest Point Formation,

Near Little Big Wood Pond, Maine, Boucot (1961),

collected’ Eccentricosta jerseyen$is, Halysites sp., and
7

. ; '
Protathyris sp. from the Silurian, Harwood Mountain

Formation. Eccentricosta indicates a Pridolian age for these
rocks, and implies a correlation-of the Harwood ‘Mountain
4//\ Formation with the Lake Aylmer.and Ldke Lambton formations

, in the EaStern Townships.'
J

/s -
Discussion of Correlation-

This study‘agrees with Bohcot and Drapeau (1968, p. 23)
,that‘ the Sargent Bay Limestone at Lake Mbmphremagoé i's
‘Ludlovian, and that the }i&estones of the ‘Lake Ay}mer
Formation and the Lake Lambton Formation contain fossils
that  indicate  tudlovian-Pridolian age. ' Lithologic

&, 4_,~ . .
‘: correlations are possible between the Silurian-Devonian

- 78 : .




44 ! ""': f
sequenées within specific regions, These reg%ons include (1)
northern Vermont and the Eastern Epun;hips- and  (2) Lake
Temﬁscouata through to the Gaspe Penin!fla. Although

rorrelat1ons' can be made between areas—w1th1n each of Ethqf

-

ferp

regions, evidence suggestive of direct lithologic"

“

correlation between them is inconclusive.
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4.4. TECTONIC IMPLICATIONS OF UPPER SILURIAN SEDIMENTATION &
: \ SLOPE REVERSAL IN THE EASTERN TOWNSHIPS

« ¥

The Silurian belts at Lake Memphremagog and.Lake Ay lmer
are enclosed within folded Cambrian-Ordovician rocks of

Taconic Orogen. There are no Silurian shelf sediments west
L8

o(;}ake Memphremagog. The spatial and temporal distribution

‘of facies has been rghonstructed by = lithologic mapping,

thin “section analysis-and identification of fossils within

~

each facies. At present, the Lake Memphremagog area has’
. -« (754 ‘ , ~ . —
basin facies located betWween the craton and foreslope ‘hnd

"shelf-platform .facies to the -east .(Fig. 16).. This

configurafioh is the reverse of those deduced for Ludlovian-
Pridolian .time in the Lake Aylmer (Lavoie, 1985){‘.and Lac
des Baies (Lajoie, et. al., 19%8)'areas. An understanding of
carbonate bhasin, fpresrope, shelf margin, and shelf

-

sedimentation and Lafe Silurian tectonics is essential for a

reconstruction o} paleoenvironmenis of the Quebec, Eastern
Tﬁwnshqu. Three tectonic models are proposed to explain ghe
slope réyersal for the Lake Memphremagog area.
S - R
- ~Depositional PaledENVirpnments
In the Lake Mémbhremagog areé, glndstone gnd

conglomerate ‘déposition over the Taconic unconformity was

replaced in Ludlovian time- by gftne-grained siliciclastic
Y

sedimentation within a shallow epi-continental sea. .

Subsidence subsequent to ‘*shale 'deposition producéd a

4

homoclinal calcareous siltstone ramp and deep-water basin

(Fig. 20a). The basin‘facfes,is identified by the presence



of fine-grained, distal turbidités and the almost complete

Y

. absence of“body fossils. Crdnoids and small brachiopods are

beiievep to bave flourished in ﬁeqréhor% environﬁents just
prior to the end of siliciclastic sedimgntation on the ramp.
Skeletal ' . sand shoals comprised a1ﬁost éxclusive1y of
céinoids and brachiopods bégaé to form on the rémp. Some of
this material.was rarely shed to the northwest, downslope,
within turbidity cdrrents and other mass flow depoﬁfts
forming thin bed§ of skelet§1 wackgétone- and packstone-
calcyrenites, | ‘ |

By the Middle of Ludlovian time, carbonate sedimentation
replacéd siliciclastic sedimentatioﬁ within the basin-ramp,
environment (Fig.  20b). The developm%nt of a large,
prograding shOal'comp1ex formed & margin that sepqﬁated the
basin-slope and shelf facies. The basin facies * is
gharaqtérized in the Sargent Bay Syncline by‘ ‘thin,
rhythmically-: beddéd, sh§7y lime-mudstones alternating with

calcareous shales. Allodapic limestones compriskd of

+
’

material  derived onm the shoal facies are common T the
lower limestones of thezSargeht Bay ﬁyhcline: Turbiditic and
mass flow deposits cdmmbhly form the.siope facies exposed

3

. L
along the western shoreline of Lake Memphremagog., If the
' A Q .

] ' .
interpretation of some of the.'non-graded packstones as grainm

+ [ .
flows is correct, thentthe slope must have been moderately

_ . . A
‘steep. True grain flows reguire a stope of 18 to 30+ degrees

to sustain'movemenf, however, density-modified ‘grain flows

could occur “over slopes of 9 to.14 degrees (Cook, 1983).

>

The ' lower shelf units consist of crinoidal and ‘brachioped:’

! .

¢
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skeﬁétal packstones/%nd wackestones, indicating that shel%'

—

(: ‘ .fauna was domtmated by these organisms., Small patch reef

communities }omprisgd of brachippods, digitate and
’ ) “ \l\f
* hemispherical stromatoporoids, and tabulate and rugose

N . \

¢

corals - were established behind the shoal within a lagodna1®

pr=—u=

o

»

environment., Stromatoporoid g(Ecclimadictyoﬁtstylotum) and
r

»

) small digitate favositid coral communities~replaced these
. . !
. - F
small patch communities. %:ythmically bedded lime-mudstones
‘[ .

wﬂﬁh -calcareous. shale partings exposed only within Quinn
¢ - g . )
Creek - suggest that either this sextion represéﬁis a deeper

‘ water enu‘mnment farther out into the lagoon or portions of

-~

the shelf were subject to differential subsidence. Patch

reef communities . within the lTorally deeper portions of the
shelf were subsequently drowned and covered with deeper
water, fine graine& gediments. °

Fluv{atiYe s,dostone and con;}lﬂrﬁeﬁate sedimentation

proceedéd in the Lake Aylmer, Lime Ridge-Marbleton areas

whgle at Lake MempHremagog the Sargent Bay ijesQPne was

. ~ being deposited. A thick E1astic sedimgptary package iﬁ the

Lake Aylmer area suggests hidher stsidencefrates t;:n at
Lake Memph}emagog. Ehv}ronmenté of depositian at Lake
Memphremagog and Lime Rli?éi;;}bleton”were similar By. the
end’” of Ludlovi;n‘ time Qhe; largely éilﬁciclastins "and
carbonatés were deposited (Fig., 20C). The Upper Cal;areous

. :Siltstope and the lower, majn~1imestoq§ unit are interpreted
as foreslope deposits. Mass flow deposits: are common and
“‘E “ contain reefal bioélaftic debris along with large framestone

-
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{‘4
and calcarkenite blocks. ° Although a reef margin was not
¢

observed, one is.inferred for both ;the Lake Meﬁzipeﬁggog and

>

Lime Ridge-Marbleton areas at this time?" .

r -

Stabilization of subsidence in-the Lime. Ridge-Marbleton
)
area during Pridolian time resulted in Tlargely carbonate

éedimentation-(Fig. 20d). Subseqdently, the back-reef was

inhabited  by' small hemispherical stromatoporoids and to. a

2 %
Jesser extent, digitate stromatgporids and corals,. Well
bedded 1limestones with numeﬁgus:cora1s, crinoid ossicles,
] ) . .

[
»and in situ stromatoporoids characterize shelf deposits
within a back-reef, lagoon environment, +Re-established
instability and subsidence. arrested carbonate sedimentafion

and returned the area to calcareous, siliciclastic

conditions that .continued on into the Devonian.

\

Ay
Tectonic Models

Model A

- 1 '
The  first model enwisage;¥the Connecticut Valley-Gaspe

Trough “(Synclinorium) a% a zone of major strike-slip

4

faulting (c¢f. Bradley, 1983; and Bedard, 1985). The present

! |
facies configqutﬁon‘at Lake Memphremagog is similar-to that

of an asxmmetric'pasin which according to this model is a.‘

- .

ey T

7pu11:apart that developed in response to dextral strike-slip:

g movement,-. Dedélopment of this basin woulp rESUYQ in iAitial
;u?sidence and the uplfft of low lying ﬂigh1ands to‘ the s~

‘ northweSst vforminé a norma fauft-scarp’ along the

northwestern margin of the basin (Fig., 2la). The Peasley

?ond Conglomeratﬁ (sandstone), deposited within.the northern

-

* -
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part of this basin, is similar to.sandstone debris’ fl10ws

,(',. . along a margin of a strike-slip orogenic basin on the
v a * * -

. Hercynian Cantabrian belt in Northern Spaii tReading, 1975).
& o Calcareohs gil%stongg and shalés‘derg*gd from' a southeastern
land source formed mass-flow deﬁosits on the slope ?omde?ing
a southeastern carbonate plétform (Fig. 20A-C). .The Lake

Aylmer-syncline would represen; the northeastern portion of
4 : . ‘ .
the pull-apart basin, ’

’

<  Mitcheil and .Reading (1978) has described the

_Characteristics ‘of transform strike-slip-related, basins as
(1) rapid-~ depo;itiqn givin? great local thicknesses of
sedtﬂfntsi (Zf uplift ana erosion 1éading to developmgnt of
unconfoﬁmjties .in c¢lose proximity’to subsidigng sedimentary

¢ basins, (3) 1lateral variation ig tgéies; (4) simultaneoys
deve1dﬁmen£ of b¥th e;iensional and compressional tectonics
%n nearby areas,'aqd (5)'sparse igneous activity. 5ub§idehce

« = 1n the Lake Aylmer basin is qonsideré;’tq have lbeén more

rapid than the Lake Memphremagog .basin. Both bﬁsihs,
howéQer, Tack fhe thick sedimentary sequences (uQ to 3060m

’ th1ck; Mitchell and Reading, 1978) usually described for such

Basins. Uplift due %o compression has produced highlands on
either -side ;f the basin (Figs. 20A-C). The subsequent
erosion of these highlands wa§4re;ponsib1e for sheqd;ng
material in£o the adjacent basin. Simultaneous dégosition

of calcareous siltstones, turbidites, allodapic “imestones,

\
, shoals, reefs within  both basins shows _undoubtably, the
| ‘: ) presbnce of lateral variaticns in facies. "Igneaus rocks are
:,\\ . ‘ . : .
N ' : Tom e

\\.\ \\f\—’j i . i @
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"the ' Taconic basement thch produced block, faulting.‘ A

! -+ - b ' M =
. N
? s 6 - Y =
¥

prese in both Lake Memphremagog and Lake ‘Ayimer areas,

}

however, little work has beén done on them.

<

Model B ‘ f
"The second model invokes Upper Silurian extension of

-
iﬁyhonaté and silMiclastic F;mp and shelf-platform
developed son_'the éoutheastern’face of a sﬁbsf%ing hal f-
braben structure at &hkeLMehphremagog (Fig. 21b): Initial
subsidgnce in the Wenlockian-Ludlovian would be greafer in

\ ' w ': v a
the” northwest forming a basin where congliomerates,

. . {
sandstones and mass flows would be shed from~g steep fault

scarp into the basin. Siower supsidence wbuld occur to the
3 !

. & .
southeast allowing a large prograding carbonate shoal to

develop during Middle.Ludlovian time. Late Ludlovian. time

wduld see the erosion of the fault scarp in the Lake Aylmer

area., A calcareous, and siliciclastic ramp"formed on fluvial -

conglomerates

* , -

evolved into a carbonate shelf and slope by Pridolian time,

upon which patch-reefs developed (Fig. 20§-D). Bourque and -
Amyot (1982) and Bourque et. 41. (1986) have suggested ‘a .

similar tectonic setting.for the Late Silurian of the Gaspe.

s -
\ J

Model C
The third, and 1least .1likely model, attributes the
- . y )
present facies configuration at Lake Memphrqmago&,to majog

Post-Acadian dextral, strike-slip faults (Fig. 22). The
‘ . - )
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-Figure 20a-d;

°* depositional history forc the "Lake

'. Memphremagog and Lake Aylmer areas. “(A)
N Glenbrooke Formation'and Ayl, (B) Sargent
\ ’ Bay Limestone and Ayl conglomerates and
sandstone, (C) Upper Calcareous Siltstone

Ay2 and Ay3, and (D) Main®limestone unit,
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Figure 2la: Tectonic setting of Bradley (1983)
'as one possible tectonic setting.

’

‘ e Figure 21b e

WEST

o,

(b) A conceptual skaetch shawing horst
graben structures associated with e
tectonics. The southside, Lake remageqg,
wvould have subsided before the northern side,
‘{ Lake Aylmer. The arrows suggest possible

c . direction of sadi

ment transport from their
source aceas. ~
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Figure 22: (A) Original position of
facies at time of deposition. (8)
Present position of facies after Post
Acadian faulting. (C) Illustration
showing a possible tectonic setting
tnat could be responsible for the
original distribution, by showing a basin
(Connecticut Valley-Raspe Trough) formed
as a result of lithospheric flexure in
response to an advancing Acadian
deformation front from the east.
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4 : °
fault would bring the basin facies into a position northwest

of the platform 'facies. Sgdjment%fion wou' d have proceeded
during the ‘Sflurian time on a .southeastern facing slope
borderiny a foreland basin. | .
Evidencg for Post-Acadian strﬁke-slip movement in the
Taconic bageﬁent has not been documented for the area,
Furtﬁermpre, structaral observations in the Silurian cover
rocks at Lake Memphrémagog showed only evidence ~ of
compressionalﬁtectonics. 'Pgrhaps fu;urg;qprk by ’struqtural
geologists may provide evidence for this hygothes1s.
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CHAPTER 5 - PALEONTOLOGY.

%-/\

~
v

Introduction
Fossils collected from Lake Memphremagog and Lime Ridge-
Marbleton areas are described here. ~Although the

preservatiion of some fossils is excellent, most range from

poor ‘to good. How well a fossil is preserved appears to

depend on the fo§silkfype. For example, most corals are
moderatély to‘well preServe?, and y;t the stromatoporoidsc
collected from the same unit comm&nly shaw only gho§§s of
the ;rigina1 structure. - Units within the‘Lake Memphremagég
area are sparsely fgssiliferous. Consequently, the paucity

of fossils combined with selective preservation made

identification of specimens beyond the geneFic level

impossible at Lake Memphremagog. Good preservation and a
greater numbeg‘ of fossils allowed some gpepimens to be
identified atf}ﬁg sﬁecieg level in the main iimestone unit-
of the. Lake Aylmer Formation in.sthe Lime, Ridge-Marh1e€Fﬁ~
area, For these reasogg/ﬁaﬁy specimens listed in the fossil
1ist are not described here. |
The systematic pgleontology has been Qreag]y simplified,
inghrder that the preseniation be kept succinct. Much. of the
syngnymy has been left out, \and the reader is referred to
puplished synonymy lists mentioned in fhe text:’ A1l fossils
described in the " text are stored at McGill  University.
Sample numbgrs refer to thin sections., ;he localities and

stratigraphic position ame listed in .Appendix A. Many thinh

sections contain more than one fossil specimen.

S - 90
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L Ph&lum Brachiopo&a Dumeril, 1806
. Order Pentamerida Schuchert & Cooper, 1931 N
" Suborder Pentamer&idéﬁ Schudhert & Cooper, 1931 - .
Superfamily Pentameracea M’Coy, 1844
Family Pentameridae M’Coy, 1844
Subfamily Pentamerinae M’Coy, 1844
Genus Kirkidium Amsden, Boucot & 9ohnson, 1967
Subgenus Kirkidium Boucot and Johnson, 1979
P1. IX; figs. I-L. )
‘

* ° 2

-

Description: The shape of the shell is presumed to have been.

élongate, as suggested by the flattened sides of the ghells

shown in sketches 12 €0 15 (Fig. 23); pedicle valve strongly'

convex (sketches 19 through 26, Fig. 23), beak of pedicle

valve extends beyond :the brachial valve, and 1is hooked

“(sketch 23, Fig. 23); strong radial costae; spondylium

'supported by a long, high medfén _septum; brachial valve

contains two parallel rods serving as brachiophores, runming
the length of the interior of }he valve. °

Discussion: Sketches 4, and 8 through r1,' show a broad

resemblance to Figure 5a of Conchidium sketched from the

Treatise of Invertebrate Paleontedogy (1565), and sketch 17 .

and 5e. Amsden et. qll (1967) have distinguished Kirkidium

from Conchidium on the basis of their brachial valve

structuref and the reader is referred to Amsden et, al,

(1967) and to Boucot and Johnson (1979) for a more detailed
analytical description, Bourque (1977) identified two

~differeaF species of the genus, Kirkidium knighti and

13 )

R 91 *
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‘Kirkidium aff. K. knighti in the Pridolian of the Gaspe.

Kirkidium knighti was found within siltstones .to fine-

grained sandstones, and K. aff. Knighti in\calcarenites and

calcirudites that have been interpretpd as g indicative of

4

t

higher-energy environments. Sections pf the1brach{a1 valves
collected 'from the drafngge di%fh ne?r _Saint-Adolphe-De-
Dudswell were like those illustrated in. Figudre 1, Plate 10
pr Bourque9(1977) showing K. aAf. knighti. Féi a detailed
&e§cr1ption of the rudstone bed see Appendex A '
M&tdrial and Occurrence: Specimens were co11ec£ed from a bed,
lying “within the lTower portion.of the main 1imestone~ unit
near Saint-Adp]phe-de-DudsweIl. Few speciﬁe;; were collected
fsom tpe Sargent Bay.Limestone'aqg the nhpper calcareous
siltstone ‘in MacPher§;n and Quinn creeks * near Lake
Memphremagog. Owing to the degkee~9f metamorphism cqmbfete
extflction—of Bpecimeﬂs was not possible, Several Ssections
were sketched‘ and compiled in Figure 23 in order that a
composite of the skeleton could be made. These brachiopods
were first identified within the Lake Kylmer Formation by
Petryk (1985) and éonfirmed by Boucot (pergon. commun. to
Petryk) as being Kirkidium sp. Most of the shells are broken
and dj;artiéulated Qithin a silty‘ calcaren%te. #%e
surrounding §eg1ment hgﬁhthe appearance of’a schist.

"Age: Ludlow - Pridolian,
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Figure 23: Non-serial sections sketched
from the block shown in Plate IX, figures
I to L. Number 3 represents a section
throligh a brachial valve, and humber 25
shows a "section through both valves. All
others represent sections through various
portions of the pedicle valve. Note the
similarity between Conchidium (inset) and
{'Kirkidium sp.
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TABULATE CORA&&\\ S

FAVOSITES

1]

Large numbers of measurements ‘are essential to

. t1lustrate adequately a viable ecophenotypic range within a

species (Polan, 1982°after Stel, 1978). Fur%hermoke, because
measurements such as cqrallite diameter, tabular density,

wall thickness and pore size are considered as finadgquate'

_criteria to define spehies of Favosites, t}g’ specfey

assignment may be suspect (Polan, 1982). The number of
specimens collected within th{s ;tudy was very limited, and
most species are represented by a singie \ppec1men. The
author "therefore| suggests that tﬁe species presented by
Boucot angd Drapeau; (1968) be regarded as suspect,
Conséquently, identjéication of Favosites is not taken
further than the éeneric 1eye4. fhey are:instéad placed into

-
groups that exhibit similarities among the parameters

Ay

mentioned above.

Order Favositida wedektid, 1937
g?border qubsigina Wedekind, 1937
Superfamily Favositacea Dana, 1846

Family Favositidae Dana, 1846

Subfamily Favositinae:-Dana, 1846

Genus Favosites Lamarck, 1816

PIs. X - XIY.

- - .
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A. Favosites %p. (Plate X, figures A, B)

-

Descriptioﬁ: Corallum fragment, cerioid, '\prqghbly
* l
(\=12,

hemispherical; corallites hefagonal, diameter
X=0.08mm;

Min.=1.58mm; max.=1.98mm);= thin-walled (n=12;

.,min,=0,06; max.=0.11mm); rare short "stubby" spinhes; tabulae

complete, thin and parallel, spacing gpprokimate1y'4 per
~ 4
: \
Ilmm; mural and corner pores, 1 to 3 per wall (usually 2)

showing a diameter of 0.20mm (n=12; min.=0.13; fmax.=0,23),

. X .. /\/
pore plates common. Material: one specimen . collected, .
sample number MBS-1A,B. . .
s . _4" . .
B Favosites‘sp. (Plate X, figures C, D)

Description: Corallum fragment, cerioid, probably
<

hemisgherical; corallites, polygonal, with a diameter of
1.05mm (n=14; min,=0,85mm; mhxi=1.?9mm)} thjn-waljgd (/
o ‘cdntaininé‘_é “single mural pore, diameter‘Lza§19mm (n=13;

' min.=0.13mm; - max.=0.2mm); numerous spines~ developed in

mature coFallitesu tabulae are complgie, straightC:and

parallel with a spacing of 2 per 1lmm. Material:_One specimen

v

.collected, sample number Dofm 23A, B. - ’
[ . - ,
€ Favosities sp, (Plate XI, figure A)
4Disc}'ioption: Corallum hemispheriqa],o cerioid; corallites
‘polygonal with -a diameéter of 1.71mm (n=12;‘_m{n.=1.31mm;
max.-g.IOmm); numerous spines of ﬁoderage length;. single
mural éore, ‘ diameter ié ~“0.22mm (n=8; miq:=.11mm;
max.;o.Blﬁm); tabul ae dre complete, moderate spacing, 2 per .
c lmm, slightly convex down. P

<
)

¥ - ts
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Material: One specimen collected, sample number DQ-1A,

' Discussion: This specimen.was very similar.§o Favosites\sp.
group B Wi th respect to shape of the corallites,.spines, and
tabulae spaciﬁé, 6d£ the coraliite% are much larger, ~

(P Favosites sp. ,
Discription: Cora1lum‘digitate; corallites d&lygonal; with
'diam?per of 1.35mm in=8; min.= 1.18mm; max.=1.76mm), long in
sectional view, -initially subparaliel with dorallum akis but"
curve ‘ge;tly to intersect the corallum periphery at a

+s1ightly oblique anglé; sanes present only in perighéral
corallites;‘ pores absent; tabulée mos¢ iy complete,
,subbarallel, spacing s approximalely_z tab&lae per lmm.,
Material: One specihen collected, sample number Dom. F2A,B.

N D1scussfon: This specimen bears‘some resemblance to§spec1ei
C, except that&pores were not observed, aqa the corallum fis
digitate,

. s
E Favosites sp. (Plate XI, figures B-D; Plate X1, figures A,B)
Descriptﬁon: Corallum hemisphériﬁal, cerioid; coré]]1tes -

¥

polygonal, long and slender with merous mural spinés{
diémeter 0.4mm—(n;?3;h min.=’0.2mm; ma .=01g;m); pores rare,
form a single row with.diameter of 0.3mm; fﬁbulae compl%Fe,
convex down, closely spaced ranging from 1.4 to 2.7 per
| lmm. Material: Six specimens collected, sample numbers:

McB2A, B; McBH3, Hl, H4; CMR 4A,.

96
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. F Favosites ép..}f.’f. gothlandicus (Platee XIL, figures b,D:
- Plate XIII-; figures-A,B)

Description: Corallum cerioid,  tabulas and hemisSpherical;,
corallites hexa;onal wfth a diameter ’Sf 2.3mm  (n=70; -
min,=1.2mm; max.=3:1mm); short stuBby mural spines; pores
rarely present, comﬁgzqy one per wall'rarely th; t abul ae
complete, Qidel& spaced, 8 per 6.4mm, and straight with
slignt deflgqti%n, €6ncavé down. Material: Four specimens -
collected,’ sample numbers: McBlA,’QC%, QB6A, CCEMA, Swartz ; -

° farm.

0 "

" 6 Favosites $p. (Plate XIV, figures A, B)

Description: ,Cora11um fragment: cerioid, tabular growth &:
form; corall%fes polygonal diameter ,‘&.28mm (n=15;
min.=0.94mm; max.=1.45mm), long, slender, straight and
(e parallelf‘tabulae well.spahed“ 5 per 6.4mm;‘mura1 and corner
’ pores, diameter O0.2mm. Material: One specimen collected,
sample -number MC4A, B. Discussion: This specimen is 1very
similar in Q;apgential‘ Eeftion to those of group F, but

\ \ : ’
‘ ) dﬁfférs, however; in corallite size. - . .
\ N .
‘\s : - “ \ ‘ ' -
é;»,ﬁ\ <:/ . H Favosites sp. . (Plate XIV, figure C, D; Plate XV, figure D)

| D1scgssion:' Corallum smfall, round, _an& dendritic, cerioid

verging on\meandroid; corallites polygonal, diameter . 93mm_
A (n=29; min,;0.50mm; max.=l.2mm); corner pores, syme ééleqia
11$e; short murql’épines; tabulae poorly preserved, appear
., complete and parallel, .spacing 5 per 3.2mm. Material: Four

i specimens were exémined, sample numbers CEM1, CEM4B.

!
' : ' ' .

! v
. . ~.



SaperfamiTy Pachyporicae Gerth, 1921
) ' Family Pachyporidae -Gerth, .1921
*@ﬁ ) , Genus ? Cladopora Hall, 1851

s

-

Pl. X V; figs. A & B.
? Cladopora sp. L

Description: Corallum ramosezllong,JsIender and cylindrical:
« . | {
corallites -subrounded to rounded, most are  pear shaped,

initially. parallel with -axes, but gradually turn to

4

intersect the periphery at an oblique angle; walls very

thick at the perighery; tabulae and pores absent. )

Material: MB4H; CEM 1; DQLA, 2-3-Ab, Bb; LR 1; Dom 2-1-A.¢
- Age: Silurian-Devonian, X
Suborder Alveolitina Sokolov, 1950

Family Alveolitidae Duncan, 1872

Subfamily Alveolitinae Duncan, 1872

~ . Genusziveolites Lamarck, 1801
A.

‘.
-, 3 -

“P1. xVy figs. A & C; P1."XV; figs. A-D; P1. XVIL Fig

4

‘ -
< * A Alveolites spy
Description: Corallum'smalT, round, dendritic, meandroid;
~.corallites polygonal to subrounded, cdrallite diameter

0.22mm (n=33; min,=0.15mm; max.=0.35mm); tabulae complete,

o

# i
well spaced, 8 per 1.6mm, very thin; walls undulate

0

stightly, some are fncomplete givin§ appearance of spines in
tangential -view, spines absent in <cross-sectional view.

o Material: Twelv‘e s\)ecimens-examined, CEM1, MB 4A.

. !/ e
, ° ’ " s 3.
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Age: Upper Silurian-Devonian.

B Alveolites sp.

Description: Corallum fragmfnt, meandroid; corallites
polygonal, subrounded to rounded, slightly crescentric in
tangential section, long, slendfr, and parallel, bent
min,=0.61mm; max.=0.97mm); corne; and mural pores form
single and double rows, pore plates common; “spines rare in *©
taqgential view, when present they barely rise away from

wall, Material: Three specimens, sample numbers; D2-1-A, B;

D2-2-A, B; CMR 5; Marb. CA.

Age: Upner Silurian-B€vonian.

C Alveolites sp.

Discussdon: Coralium fragment, meandroid; corallites
strongly crescentric, large; spines small, extend upwards

from ¢the convex side of. wall; tabulae not observed.
Material: Two specimens, sample number: MC12A; MC33.

Age: Upper Silurian-Devonian.

N
Suborder Halysitina Sokolov, 1947

Family Halysitidae Milne-ﬁdwards & Haime, 1849

Subfamily Halysitinae Milne-Edwards & Haime, 1849

Genus Halysites Fischer von Waldheim, 1828
Halysites catenularia Linnaeus, 1767

P1. XVIL; F#g. B. -

99



~Description: Corallum fragment; corallites arranged in a

single, anastomosing «chain that join regularly at every

- Y

third to fifth corallite; small recténgular mesocorallites

between larger elliptical agtéco%a]?§£§§; autocéral\ites
Tong and . slender, diameter of short axes 0.-80mm (n=10;
max.=6.94; min,=0,69mm) ; tabul ae poor}y preser&ed. commonly
complete, spacing of 15 in 6.4mm. ‘ )

Material: Only 5&% spefimen was collected (MCBL 6) from the
Upper cafcareous siltstone 1in MacPherson Brook. The
enclosing sediment, including the fossil s severely
sheared.VJA high degree of recrystallization has resuite?*in
the masking of internal structure of the «corallites. Only
fecrystallized ‘fragments of single chains were collected

0

from the Lime Ridge area, and were not included 1in the

-

description. Sample number MC BLI1,
s L]

Discussion: The specimen resembles Halysites labyrinthica of
Goldfu55y4/

1826), but the autocorallites of H. labyrinthica

are much larger with a skort diameter between 1.8 and 1,6mm,
)
and a long diameter between 2.2 and 2.6mm (Buehler, 1955).

Age: Silurian,

Order Auloporigla Sokolov, 1947
Superfamily Syringoporicae de Fromentel, 1861
Family Syringoporidae de Fromentel, 1861 o

Genus Syringopora Goldfuss, 1826

*\ Syringopora sp. A
P1. XVIL figs., C & O,
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-recrystallization has masked

Description: Corallum fragment; corallites closely spaced
and parallel, vrarely joined by stolons; tégu1arium diameter
is o.sgﬁﬁ\(n=15{ min.=0.57mm; max.30.62nm); walls 0,08mm
thick (n=10; min.=0.0072mm; max.=0.09mm); tabulae thin,

C —~

v = — —————

poorly preserved, complete.
o~

Mater1a1: One Specié§m cu;lected from the Upper -Calcareous .

Siltstone 1in Quinn Creek. reservation s poor, and

internal structure in most

corallites. Corallite spacing w not measured,- because -
shearing and pulling apart of corallites is believed to have
occurred, Sample number QC2.

Discussion: The specimen resémbles Syringopora compacta

(Billings, 1858) described in Young and Noble (1987).
Comparison was made on the basis of wall thickness,
tabularium diameter, and thin complete or incomplete tabulae
that irregularly surround an axial tube. Young and Noble

(1987) repora_that S. compacta and S. reteformis (Billings, k,

¥

1958) found in northern New Brunswick and in the Gaspe are

very similar. These authprs stress that measurements must be

carefully made in order that individuals are not assigned to

< A S .
the wrong species, _Accurate measurements are difficult with

this specimegjz Boucot and Drapeau (1968) report S. compacta
from th? Late Silu%ian, Pridolian of Dudswell., Young and
Nob{e (1987) report-an age of Llandovery to Lateuwenlock for-
S. compacta and Late Llandovery to middle Wenlock, and

possibly early Ludlow for ,S. ~reteformis. Boucot and

Drapeau's (ﬂ§68) assignment of their gpecimen to S. compacta

—

. is either incorrect, or it would exte the range of S.

101 ’ .
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- compac¥a to include the Pridolian, - Until ‘more specimens can
be found anddmeasured the a%signmént of thisaspecimen to the
species level should b; withheld, ) Q\
Age: Rock-is of Ludlow to Pridoli age.
y
“ Genus Sy#ingopora Golgfdsfr,lazs
Ct , tﬁSyringopora sp. B
Pl, XVIII; figs. A-C. ) /A)

~

/
Description: Corad+lites small, widely spaced, approximately

l.15mm apart from centre to centre (n=30; min,=0,63mm;
max,=1.50mm), rarely in contact, %roraflites ﬁ}e longl
pacallel and joimed by a long stolon; tabula}ium diameter
0.40mm (n=370; min,=0,23mm; ‘Y max,-= 0.41mﬁ); ¢ tabul ae
infundibuliform, coﬁpléte and commonly surround an ax&g;{
tube. '//A

Materiall. Two specimens ‘were colleefed,'one frgm the Sargenp_
Bay Limestone, the other from the main limestone unit in the
Lake Aylmer Formation near Saint-Adolphe-de-Dudswell, Both
are overgrown by stroﬁatopordﬂds. Recrystallization has
masked interndl structures. Sample number is MC23A and CCEM,
A, B. ’ ’

Discussion: Corallite spacing, diameter., and internal
struct\&e suggest a similarity between this species and_S.
compacta described in Young and Noble (1987). vertlicdal

sections of S. \comgacta in Young and Noble (1987, Fig. 6),

however, show common, short gtolons between subparallel
/ '

L4
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, corallites unlike Syringdpora sp. B. This species differs

AN
from Syringopora sp. A by having corallites Jless closely

‘; spaced, with fewer_ contacts and of smaller dia?eters.

Syringopora sp. B may 1in fact be an end member of .

* S\
Syringopora sp. A, but until larger collections are made and

accurate measurements ,taken from better preserved samples

i these t&g are pfe;;nted here as . separate spécies.
. Aée: Ludlow to Pridoli age. >
Order Heljolitida Frech, 1897
Suborder Heliolitina Frech, 1897 X
Superfamily Helioliticae Lindstrom%w%\
‘Family Heliolitidae Lindstrom, 1876 '
D Genus Heliolites Dana, 1846
Reltolites sp. cf. H. lavieillenses ‘
P1. XIX ;. figs. A-D. ‘ \\\\_ﬁ

Description: Corallum fragment, -spherical; corallites round,

diameter 1.11mm (n=11; min.=0.94mm; max.=1.31mm), corallites

/kontain 12 short septal spines, corallite spacing is ‘0.73mm

. (ﬁ=10; mih.=0.32mm; mQ§.=1.22mm); tabulae mosﬂly complete,

‘* spaced 0.42mm apart; tabulae spines present near corallum .
Veripgfféi/ .. ‘njf

Material and occurence: Samples were cbllected from fﬁi
upper cal€areous siltstone, " .Lake Memphremagogf 'where‘l in.

Quinn Creek randomly oriented.fragmeﬁts of coralla form

* layers? ﬁpecimens were also collected from the main

‘: _ ' limestone unit of the Lake Aylmer Formation. Sample numbers:

~
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CMR3A, B; QB2A, R; QB5A, B.
Biscusgion: A specimen was sent to O. Dixon for
identification. He conciuded that the specimen looked very

much like Heliolites lavieillenses (Noble and Young, 1984fr

It has comparable corallite size and spacing, and short.

septa. Noble and Young (1984) noted that H. lavieillenses

.

shows some affipities with 4@& interstinctus and  H.

subtubul atus. y{The species differs from these by having

narrower corallites, and léss regular tabulae. Noble' and
Young (1984) report an age of Late Llnadovery to Wenlock for .

Heliolites lavieillenses.

Age: Age of rock is Ludloyian-Pridolian. .i:::: .

k3
'

¢’4
RUGOSE CORALS

&  Order Cystiphylilida Nicholson, 1889
| Family Tryplasmatidae Etheridge, 1907
Subfamily Tryplasmatinae Etheridge, 1907
Genus Tryplasma Lonsdale, 1845 .
Tryplasma sp.
P1. VI; Fig. N; P1. XX; Fig. C.

Description: CorallmnlboAhJ§3%+tary and fasciculate, round,
long, diameter 6.2mm (n=5; min,=5.7mm; max.=7.5mm); tabulae
complete, subparallel, closely spaced, may 1intersect;

dissepiments absent; septa shocrt, holocanthine and
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rhabdacanthine, trabeculae become free away from the wall

giving appearance of spines; rejuvenescent rings common in

sectional view.

Material: Several specimens collected, sample numbers: MC25;

>

DQ2A, 1A; CEM4B, 3A. : .
Age: Silurian-Lower Devonian. . .

o 1
»

Order Stauriida Verill, 1865
4 Suborder Arachnophyllina Zhavoronkdva, i972
Family Entelophyllidae Hill, 1940
Genus ?Entelophyllum Wedekind, 1927
?Entelophyllum sp. o
Pl. XX; figs. A & B.

Description: Corallum fragment, fasciculate; corallite
* \

diameter 6.6mm; thickened peripherally; major septa

withdrawn from axis; dissepimentarium wide; tabulae domal,

slightly depressed at centre with marginal troughs; outer’

wall’ absent; intern91 structure of corallite poorly
pre;e}ved. o ‘

Material} One specimen collected from the upper cafcareous
siltstone in MagPherson Brook,ﬂgample number: MCS5A, &.'

Age: -Silurian;
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STROMATOPOROIDS

Séveral stromatoporoids were collected from both _the €
Sargent Bay Limestone €ﬁd the main limestone unit of the

Lake Aylmer Formatioq} Four gedera: Parallelstroma,

Clathrodictyon, Ecclimadictyon, and possibly Stromatopora

have been identified by C. W. Stearn and described by the
author.. Two species were identified, based on growth form
and poorly preserved internal structure as E.. gtz1otum and

S. clarkei stylotum. Other stromatoporoids collected from

8the Dludswell area by A. Petryk and identified by C. W,
Stearn, and -not described in this study, include a second

species of Parallelstroma, and Clathrodictyon,

?2Gerronostroma SP., and ? Infexodictyon SP. Some

stromatoporoids collected in this study could not be //(
identified due to poor preservation and recrystallization,

The classification used he?e was proposed by Stearn, 1980.

e

’
]

Class” Stromatoporoidea Nicholson and Murie, 1879
Order Clathrodictyida Bogoyavlenskaya, 1969
Family Clathrodictyidae Kuhn, 1927

ar

Genus Clathrodictyon Nicholson and Murie, 1879
) .
Clathrodictyon sp.

P1, xxl;"figs. A & B,

Description: Regularly ‘and vlosely spaced lTaminae,

undulant, approximately 5.4 in lmm; pillars regularly and

closely spaced, 6.5 in 1lmm, confined to interlaminar spaces,
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»
most are complete, taper downward, and rounded to subrounded

in tangential view; astrorhizae not observed; mamelons

absent,
Material and occurence: Single specimen collected from

Sargent Bay Limestone in MacPherson Brook. Sample number

MC29A, B. '
S . -
Age: Silurian. N ‘

2
Genus Parallelostroma -Nestor, 1966

)
Parallelostroma sp.

PV
P1. XVIII; figs. A-C. ’ <

n

”

Description: Coenostea taminar, slightly domal; very thick
tissue producing small round galleries; laminae thin to very
thick, with a spacing of 4 in 2mm; spool shaped pillars
mostly confined to interlaminar space, but rarely

superposed, 2.7 in 1lmm; astrorhizae moderately to well

developed. . . ;

Material and occurrence: One specimen collected from the main
limestone unit in the Lake Aylmer qumation; adjacent to the

7

cemetery in Saint-Adolphe-de-fudswell, Sample number CCEMA, B.

Age: Lower Silurian-Middle Devonian.

- |
Family Ecclimadictyon Nestor, 1964 .

Ecclimadictyon stylotum Parks, 1933
P1, xXI;figs. C-D.

-
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\ . Description: Coenostea lamilndr slightly domaL, 1at11am1ﬁar}
dimensions are approygimately 6cm in height with a diameter
up to 15ec¢m; coenosted omprised of Targe vertici! mamelon

columns projecting upward from a basal layer; mamelons range

&

from 4 to 7 mmin height, circular to elliptical 1in
tangential section, many join to form c1uster§; internal
structure Tasked by recrystalliiation. i
Materials and occurence: Sﬁeciméns were collected from the
upper portion of the main limestone unit near LimeyRidge and
from the basal 1layers of the Sargent Bay Limestong in
MacPherson and Quinn creeks. Sample numbers: DOMF1A, B, C;

QC9.

Age: Ludlovian-Pridolian,

Order Stromat5p0r1da Stearn, 1980r
Family Stromatoporidae Winchell,
Genus Stromg;opora Goldfuss, 1826
Stromatopora clarkei Parks, 1909
? Stromatopora clarkei digitata

) P, XXII figsn A & B,
Description: Coenostea digitate, internal structurg poorly
preserved; astro;hizae not apparent; irregularly arranged
laminae and gillars.

( Materialf-One specimen collected (MC 25).

Age: Upper Silurian to (?) Lower Devanian,
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*  ICHNOFOSSILS

b
e

-~ Genus Planolites Nicholson, 1873

Planolites sp.

o

Description: Round to e1lipticél burrows parallel to -near.

#
. -4 .
vertical with bedding planq, 2mm in diameter; tubes usually

straight to slightly curved, rarely branching; raré1y

radiate from a central tube that parallels beddingi sediment

infill.lighter thaﬁ surrounding sediment, internal structure

lTacking.
Material and ocgurance: Commonly found in the Lake

Memphremagog area within well bedded calcareous shales.

Genus Chondrites von Sternberg, 1833
Chondri%es sp.

)

Descriptian: Round to elliptical burrows, 2mm in diaTetery
parallel with bedding; 1lighter in colour than surrounding
calcareous shale; material within burrows co?Ton1y‘the same
as the overlying unit. '

faterial and occurence: .Found only’in the Sargent &a]

Syncline where it occurs within tyrbidite\units.

/ - 109
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APPENDIX A
GLENBROOKE CREEK SECTION

The section began on the northwest side of the fooﬁ b?idge. 13.8m fromishe

’ . °

shoreline of Sargent Bay where Glenbrooke Creek erters the bay. ' The section was
§ o o’ [

measured with a tape and brunten compass. Glenbrooke Creek contains the type

e

section for the. Glenbrooke Formation and'Sarqgnt Bay Limestone. Refer to map
) )

shown in Figure 7,

o

-

TRAVERSE NO. - " DESCRIPTION THICKNESS (m) SAMPLE NO.
f - « s
1 and 2 Glenbrooke Formation. Mostly 17.5

covered section., Non-calcareous
to slightly calcareous shale.
Rare discontinuous lenses of
calcareous siltstone, interiors

appear massive, dimensions 3,5 x° . N

. 8cm, Discontinuous beds ®of

‘massive non-calcareous siltstone
(may be dolomitic), length from.
‘ 4

less than Im to several metres.

Lime content increases up section. .
Thin, beds of calcareoys siltstome

v dominate the upper half of the o

traverse, - ’ {
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|

}
3|4 5 6,
ahd 7.

8 and 9.

-

EN
L}

.

.

7 ’
Section Eg{i:i? in ‘many places. 42
lﬁtérbedded calcareous siltstone ’

.

and slightly calcareous shale.
,Sha{es usually occur as pa}tings
separating beds of calcareous siltT
stone. SiltStone beds range in ‘
thickness from 2’to 50cm, with an
average thickness of 20cm increasing
up section to 50cm.

. . ,
This section is,characéerized by 14
beds of beige d&ﬁgQItic siltstone
interbedded with brown-grey calcar-

.4
eous siltstone and shale partings,

The 4cm thick dolomitic layers

. resist weathering and forg distinct

parallel ridges. On fresh surface

the~dolomiticasiltstones show similar
colour and grain size. Up section

the ridges become more prominent,

o

thicker and :losely spaced within

groups. The distance between groups
4

averages 70cm.y Nodules of dolomitic

siltstone commonly occur between

the ‘ridges.

5%




10, 11, 12 Sargent Bay Linestone; First zn 40
and 13. are covered section. Massive
blue-grey; finely crystalline
“ limestone (limé mudstone).
Cleavage parallel with bedding.
Beds, 3-5cm thick, Bf lime

mudstone are separated by shale

partings.
14 and 15. Tightly folded, and thin bedded 30 GCS#3
(3-5cm), blue-grey 1ime mudstone. (pseudonodule)

Beige pséudonodules of fine dolomitic
s1ltstone are elliptical with Jlong .

axes parallel with bedding. Lobes

of dolomitic siltstone- commonly

s
extend outwards from the pseudonodule, 4
~::Z Siylolites are commonly oqthogonal to
« Qeddiﬁg. This section is considered as
the centre of the Sargent Bay Syncline. -
’ I
16, 17, 18, Interbedded blue-grey, shaly muqStone, 80 GC1l-158
19, 20, élﬁ dolomiti; siitstone, graded and non- - ‘
22, and 23. graded calcérénities. Approximately e
l sixty beds were counted, however, some | y- )

portions..of the section were poorly

éxposed, and therefore the exact '

D
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24 and 25,

26, 27, 28
29, 30, 31,

and 32.

Q@

number of beds 1s not known.

graded and non-graded calcarenites are

concentrated 1in the lgwer 25m of the

The

section, Siltstone pseudonodules

- ‘\ -
11e within thg}top 10m. of the section.

The calcarenites usually form thin

beds 10-20cm thick, but rarely in

discontinuous lenses. Grading is

towards the east.

N

Glenbrooke Forma??on. Turbiditic

-
L

limestenes and calcareous siltstone.
The latter torming more than 75% of

the section, The mudstones exhibit

burrows similar to Chondrites.

Cross laminatyons 1ndicate that up

is to the east.

Massive calcareous siltstone

shale partings. Orange-rust

weathered surface, greenish-grey

W

i

fresh surface,. wea&gered surface

commonly pitted along cleavage

planes. Unit becomes more shaly

towards bottom of section,

-
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33 to road.

-

Massive non-calcareous slate. Most
of the section is covered, however,

it 1s presumed to be all slate,

F 4
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GLENBROUKE RUAD SECTION - )

The section was started 406m east of the junction between Glenbrooke Road

b
and the cottage roaq to Nowlton Landing, at the first appearance of the Peasley

Pond Conglomerate. The section was measured with a tape from west to east.

TRAVERSE NO.

1.

2.

Two metres of a well to moderately 2.0

DESCRIPTION THICKNESS (m) SAMPLE NO.
Peasley Pond Conglomerate. Massive, 22.12

medium to find grained, well sorted
quartz sandstone. Frésh and weathered
surface are green. The quartz grains .

are well rounded.

——

Covered section, 45,82

Glenbrooke Formatioy. Interbedded 22,06

siltstone, shale and

> lcargous silt-
stone and rarely, limestdne. Units '
become siltier and more massive to the
east. Ellibtical burrows parallel with
bedding were observed in the shales.
Furthermore, siltstone lenses (2 to 6cm)

3

within the shale shaw cross laminations.

i

sorted, fine grained quartz sandstone, » (C—

/ ' 115 7 -~




Covered section, ,
SR r

-

Grains are rounded within a very fine

green coloured matrix. Unit very similar

to Peasley Pqnd,gﬁﬁglomerate. *

¢

4

Glenbrooke Formation. Same description

as in transverse number 3.

§9rgent Bay Limestone. Thin beds
(less than 6cm) of blue-grey, shaly

Tmestone and calcareous siltstone

el v

\\ interbedded with very thin beds of

~

calcareous shale. Elliptical burrows

-

parallel (ﬂlh bedding were observed
(probably\Chondrites). Refer to

Plate I, Figure A.

Covered section.

Sargent Bay Limesfo . Interbedded
shaly 1imestongS, rarely(calcareous
siltstones and calcareous shales.

Thin discontinuous beds (less than 10cm
thick) of blue calcarenite were also

noted. These beds are interpreted as

lie

39. 14

66. 36

37.92

142. 20

72.68

5
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allodapic units in the Lower Sargent

Bay Limestone. g

B
5

RN . RO
Interbedded calcareous shales and SRV TE N

shaly limestones. Cleavage refraction -
fs obviousy (See Plate I, Fig. B).
Approximately 70 beds were counted,
with thicknesses ranging from 10 to

,80cm. These units are considered as

turbidites
Covered section, 100. 00

Gl enbrooke Formation, Calcareous ’ 65. 00
silts;ones interbedded with shales.

Cross laminations were common, A

brown dolomitic unit shows that units

in this outcrop are intensely folded.

L3

Mullion structures are also common.

See P1l, I, figures C & D.

13. Covered section. 222.00
14, Calcaréous shale and siltstone ’ 7.9
’ beds with thicknesses up to 40cm. .

117
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15,

- 16.

4

17.

18.

Covered section. . 9,48

Interbedded non-calcareous shale 95,59
and siltstone units with calcareous

siltstones and shales, Eross . = .
laminations are present in the

siltstones. See Plate. I, Figure

[

E.

&

Covered section. 442, 40

A small outcrop of shaly 1imestone

can be found in the Town of Austin

(Bolton-Est) on the southeast corner ’

of the intersection of Glenbrooke

Road and the road “to Abbey-St-Benoit- A

du-Lac."
Sy

<~
~
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MACPHERSON BROOK. SECTION

The sgction began on the west side of the bridge and was measured from east

»

to west by tape and brunten compass towards MacPherson Bay. The brook also

contains the type sectiod for the Upper Calcareous Siltstone unit.

-

-4

TRAVERSE NO. ] 'DESCBiPTION THICKNESS (m) FOSSIL & SAMPLE #.

1, 2, 3, 4, Upper Calcareous Siltst6ne. 60 Favosites sp. G

and 5. Well sheared and folded Sample Mc4
calcareous siltstone. Crinoidal Entelophyllum sp.
debris (mostly ossicles) is Sample Mc5

‘ ubgguitous: A tabulale coral Alveolites sp. ¢
(Favosites sp. G) and a colonial * Sample Mcl2
rugose coral (Entelophyllum sp.) Halysites
were collected from a series of ’ catenularia
R folded béds about 29; into the McBL6

section. These folds are regarded

as the centre of a small syncline.
Several highly silicified alveolited
- corals were found forming nodules

within the siltstone.

6, 7, and 8. Sargent Bay Limestone. The 16 Tryplasma sp.
first Gm consists of wackestone Mc25
andvcrinoidal grainstone. Small Kirkidium sp.

" discontinuous lenses (5 x 10m) of. Mc25
119 )
»
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9.

10.

10.

bioclastic debris (crinoids, digitate
stromatoporoids, corals and‘brachiopodsd?
wére observed in the south side of

the brook ove(}ying a blue-grey
crinoidal packstone bed. Most

of the section is poorly exposed.

Q

Glenbrooke Formation. Nodular 3 25

calcareous siltstone, shaly in

sections.

Covered section. 14
Calcareous siltstone, maybe 8
nodular.

Sargent Bay Limestone. Blue-grey

crystalline packstone-wackestone.

120

Stromatopora ;

clarkei glgitata
Mc25, McBlZ

Ecclimadictyon

Stylotum

(no sample
collected)
Syringopora sp.o
Mc23

Clathrodictyon sp.

Mc29

Crinoids

Crinoids

Crinoids



. Y
11. Upper Calcaréous Siltstone. 5 Alveolites sp.
Alveolited corals (although no . Crinoids .

sample was collected) were observed.

12. Largely covered section, but a 15 Rare Crinoids

-

calcareous siltstone is presumed.

b
13. Calcareous siltsone, 115 . Rare Crinoids
14, Covered section, 10m .
,
15. o Glenbrooke Formation. Slate. . End of section

member. Massive non-calcareous
slate, mostly covered section

fowards MacPherson Bay.

-
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gQUINN CREEK SEQTIUN
] .

The section was started at the contact between the Ordovician basement and
’Silurian cover, approximatély 45§m, west of the road. A tape and brunten.
compass were used to measure the sectibn from east'to wgst. Note: Bedding was
extremely d}fficult to identify, consequently only thicknesses of whole units

are given unless otherwise stated.

TRAVERSE NO. DSSCRIPTIUN ﬁ: ) THICKNESS(m) FUSSIL & SAMPLE #.
1. Glenbrooke Formation. Calcareous 15 Favosites ino
siJtstone, nodular. Nodules are samples collected)
probably boudjns of former beds, crinoids
2. Sargéﬁt Bay L1mestoﬁee Blue-Grey 10 bioclastic and
shaly mudstone, and‘Ehckstone. crinoidal debris
X \
3. . Upper Calcareous Siltstone. 24 Halysites sp.
Calcareous siltstone interbedded (no sample
with blue-grey skeletal grainstone- collected)
pack§tone. The‘grainstone-packstone ™ Heliolites sp.
0 beds are often segmented forming Q82, QB3
. boudins. Thése grainstones and - Syringopora sp. A
_packstones are interpreted as - Qe
o allodapic units. Numerous, randomly ) Kirkidium,sp.
oriented corallums of Heliolites&sp. . see- P, V, Fig., J.

cf. H. lavieillenses were found in
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this section. Extraction was
impossible for most and would need
a power saw. Specimen of the brachiopod

Kirkidlum was found in several of the

44«Ef@one ‘boudins.

\
4, Sargent Bay Limestone. As in &‘ 8
Trgverse number 2.
ol
5. Glenbrooke Formation.ﬂ Calcareous 30
siltstone and shale partings, beds 4
up to lm thick. -
) - > -
6. 4late. Massive non calcareous to 15 2
. S )
weakly calcareous slate and siltstone.
7. Massive, Non-fossilit “dicareous 45
siltstone.
8. Thinly bédded calcareous si1tstone. 15 Crinoidal debris
( Small, irregular, brown fragments may Favosites sp.
1nfart be highly deformed rorals. ) (no sample
B X ’ Crinoids are common. . collected)
' -
ol
— 9. sargent Bay Limestone. As in 6 Crinoids
( ‘ traverse number 2.
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3 T 10.

11.

13,

nose of the folds.

J ,
Upper Calcaerous Siltstone.
Calcareous siltstone with

crinoidal debris, and corals.

[

A

~

Sargent Bay Limestone. Blue-

Mudsione

grey,] ime mudstone, )

laminated, with the laminations
persisting indlime-green noduies.
The unit s shaly with shale partings

separating the lime mudstone beds.

Sargent Bay Limestone. iargely
folded rythmically bedded 1ime
mudstone.There are a great number

of small favositid corals within the

fragments of the stromatoporoid

Ecclimadictyon stylotum in a lime
? !

[}
mudstone giving the rock a bioturbated

appearance. | A

Upper calcareous siltstone. Boudins
of a skeletal packstone separated
by calcareous siltstone. Rock is well

sheared

124

Upper units contain

33

13

75

Szringopora SP.e -

(could not be
extracted) and

crinoids

No fossils

Favosites sp. F

ct. F.

gothlandicus

QC7, QB6

Ecelimadictyon 5
Stylotum
QC 9

L 4

_Sample QB9



a

) .
. APPENDIX B

KIRKIDIUM RUDSTONE, SAINT-ADOLPHE-DE-DUDSWELL

Pentameran brachiopods cemmonly found in  growkh

position, that 1s with articulated shells in vertical

position, wumboes down, provide éxcellent opportunities for

studies‘ in population dynamics, ecological succession and

replacement (Johnson, 1977; and Zeilgler et. al., 1966). Can
‘ )

1
largely disarticulated and f;agmented pentameran shells

provide wuseful information to the above mentioned studies?

> Although the Kirkidium rudstone rebresents a coquina,

S\r

' : < .
conclusions can still be made - regarding (1) poputation
maturity, and (2) paleoecology. However, such conclusions
can be made only after the effects of post mortem transport

and deposition are taken into account.

Materials and Occurrence =

The rudstone bed is 1ocJt%§ 2.5 km due north of Saint-

Adolphe~De-Dudswell within -a small drainage ditch, This

localitj was first d1scovered{by Petryk (1986). The bed is
approx{mately 1.4 m thjck, dips at¢73 degrees to theiéouth»
and is co%prised of several layers of brachiopod caquina
separated by a few centimeters of buff coloured ‘calcareous

¢ | N .
siltstone, The enclosing sediment within each Tlayer is

largely made up of fine silt carbonate and minor silica.
Common amongst the shells, %?e fragments of Favosites sp.

and Heljolites cf, H. lavieillensés. The non-articul ated

shells are not considered to be now in growth position and
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the orientation of the-shells is random. The majority of
valves are pedicle valves: No valve was found rompletely
intact. The line of breakage rommonly ocdéurs anterior of the
hedian septa %nd spondylium. Due to metamorphism, in which
the rock has taken on a schist-like appearénce, complete
extraction of specimens was impossible. )
Thin beds of .crinOIdal packstgne alternating with
calcareous siltstone underlie the rsttone unit., Fossils

R .
include crinoids and corals (mostly Heliolites sb. cf. ., H.

n

lavieillenses, and few unidentitiable stromatoporoids. The

overlying Jlimestone 1is coarse grained and contains such

fossils as crinolds, brachiopods (Kirkidium sp.), corals,
: {

1ncluding both tabulate and rugose, and few stromatoporoids.

The contacts between the .overiying and underlying units are

abrupt.

Method of study - .

A line was drawn across the thickness of the bed,

Brachiopods were then counted and measured within a 20 em
a .
strip on either side of the line. The parameters mgasured

are shown in Figure A. The length and w1dth°of the meaiaq
septa were con;1dered to be the only viable measur?ments as
the width of the shell depends on where the outcrop surface
dat it. :¥he orientation of the septa (Fig. A) wa's noted as
either facing out of the bed or into t;e bed. Tﬁe median
septum parallels thé-long axis of the shell. A blbck sample-

was taken bagk to the lab for sectioning (Pl. IX, fi1gs. K-L).
\
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Results
u ) .

The bed can be divided 1nto three zones gn the basis of
septal orientation (F1g. B)l The basal zone, 20cm thick
consists ot «closely packed pedicle valves. Eighty five

ercent of the valves have the1zﬂmedian sepiga lying paralfel
to the exposed surface of the bed. Thevtop zone, of similar
thickness, . shows approximately 79% of the valves with thear
median septa pointed into the bed. In the middle zone the
two orientations are about evenly mixed. The exact angle
that each valve made w1th\respect to the sectional plane
through the bed could not be measured.

Bec?use the brachiopod valves are fragmented and
disarticul ated the only reliable anatomical measurements
that oouldﬁbe used for estimating population maturity were
the léngtn and width of the med1an~ septa. A univariate
growth plot of length versus width (Fig. ), the coefficient
of convexity (detined here as 1/g, Fig. D), and s1ze
trequency analysis (Fig. ©Dl) of the median sé}ta show a
normal distribution with li1ttle varitation for the entire

sampled section. Size frequency analyses of individual

layers, A through "D (Fig. DIl ta DIV), show a slight
N e

re

increase in individual sizes across the measured -section.
All  distributions are essentially skewed to the 1eft:
suggesting a collection (.almost exglus1ve1y) dominated by
valves of adult dimensions. Numerous fossils observea in
sections taken frd& the block sample showed indentations and

slight distortion of structure (PI. IX, Fig. L).
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Discussion(

The original growth environment of Kirkidium sp. found
within the drainage ditch is interpreted as similar to the
rough water environment described in Boucot and Johnson
(1979). These authors conclude that pentaméran brachiopods,
;re 1ﬁdicat1ve of a Timited, roughwater, photic zone, warm
water environment. More specifically, Boucot and Johnson
(1879) contend: (1) various species of pentamerans aggregate
1nto Jow diversity,. single species communities; (2) the
shells commonly show indentations indicating growth under
cro;ded conditions within sand size sediment; (3) multiple
layers of commonly disarticulated valves are interpreted as
indicative of érowth under relatively rough water conditions
: and (4) well oxygenated, photic zone aqg warm conditions
are i1ndicated by®the lack of pyrite, higﬁf}Fée carbon, and

undisturbed laminae. !

ﬁased on the evidence presgnted above, the layers can be
interpreted as deposits proximal to the area of growth,
These deposits were ce?tainly subjected to storm generated,
turbulent action, and quite possibly wave generated
turbulence as well, The layers are non-graded, composed of
adult sized Kirkidium sp. brachiopods: and fragments of
fossil «coralla are not uncommon. The size frequency
analyses, taken at face value, suggests a very low infant
mortality for Kirkidium sp. This 1interpretation, however, is
not totally valid as these shells have undergone post mortenm

transport.
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There are several models that could explain thii’ strong
bias towards larger shell sizes. The first mode!l involves
prbxim&l deposition of storm derived shells that produced a
layer domingtéd byg:arger shell sizes., Proximal tempestites
have been described by Westrop (1986), and Aigner (1982) as
thickly bedded, <coarse-grained and non-graded deposits. In
the tempestite model, growth of Kirkidium sp. would have
occurred wunder both normal and storm generated wave action,
The observed alignment of the shells long axes is presumed
to have resulted from storm agitation during which time the
shells were removed from their place.of growth and deposited
down slope. The direction of storm wave action must have
varied 11n order to produéd/?he difference: in alignment
observed between the top  and basal layers. It Ag unlikely
that the «coquina observed 1in the drainage ditch Had
consisted of énly of brachiopods of adult dimensions. It
seems highly probable that the complete absence of Jjuvepile
forms can be explained by fragmentation of th}hner and
therefore weaker shells of juveniles that may have been
deposited with the mature forms.

%he

A second and less likely model is that in 'which
coquina was\developed within place of growth, The Kirkidium
community A@rew to maturity and was terminated. The shells
were then subject to size sorting through wave action and
storm - generated turbulence. Because the smaller and more

Juvenile shells were weaker they were more likely to be
fragmented and winnowed ‘away. The next layer would then

represent a repopulation of the pentameran community and ’a
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repetition ot the cycle similar to that proposed in Johnson
(1977, Fig. 7). Almost all documented examples of
pentamerans (where infant mqftality was low) it was found
that a suitable pavement or firm substrata had preceded the
development ot the pentameran community. The «calcareous
stitstones and «crinoidal packstones underiying the basal
layer of this bed is presuméd to" have been inadequate,

unless they were partially 1lithified. Analysis of this
sediment could not confirm this. Boucot and Johnson (1979)
do suggest examples, although less common, in which
pentamerans were presumed%&o have grown in a gingle, crowded
layer within a micritic or silty matrix.‘ Righards and
Bambach (197%) report that wunder such conditions the
competitidn for} space would have resulted in increased
1infant mortality by crowding out of some individuals during
growth, Furthermere, any cturbidity action would héve
resulted in (1) the resuspension of unconsolidated sediment
thereby clogging juvenile lophophores, and (2)’36 the burial
of some brachiopods. Unde( these conditions one would expect
to find a lower degree of fragmentation, and a greater
abundance of articulated and disarticulated infant shells.
Neither were observed in the field,

Deposit1on§of the Kirkidium coquina through mass flow
is a third and least likely model. An essentially random
orientation (except for the bas?l and top layers) of large
disarticulated prachiopoas in arfine s1lt matrix «could be

the result of deposition in the proximal portion of a mass
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or debris flow. Debris fk?ws are typically described as

, massive, poorly sorted with'clasts floating within a mud or

grain supported matrix (Mullins, 1983; and Cook, 1983). The
clasts may exhibit a random fabri¢ throughout the unit or be
oriented subparailel. Inverse grading may be present. Th;
clasts (in this <case fossil brachiopods) within this

part1cnfar deposit are not +matrix supported and are

. T
essentially well sorted. The clasts do show a random fabric

and a slight increase in size up the section, that may be
interpreted as 1nverse grading. The individual layers within
this bed, n contrast, do not exhibit grading, The debris

flow model 1is therefore an unsatisfactory explanation for

this rudstone,

Conclusions
(1) Evidence for ecologic succession is non-existent,

(2) The brachiopod c%%munity represented in each layer is
concluded to have had low infant and high adult mortality,
within a high energy envirgnment uider low sedimentation
rates, ’ :

(3)5 Direction.of dominant wave action -varied from the basal
to top layers. . ,

(4) The deposit probably represents several 1ayen§ of
storm generated,. proximal tempestites. Other alternatives
haQe been Qropqse{ but théy are considered as less likely.
(5) Most juvenile brachiopods were transported post mortem-
by storm agitated waters away from this site, more distal

}

positions, and those that were left behind were subjected to
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- a high degree of fragmentation because their shells were

‘: weaker.

(6) The environment in which these brachiopods were

7

deposited 1is concluded to have been on the foresldpe,

proximal to the source.

E]

135 '

s



APPENDEX C KRG

Fossils and their localities in the
Lime Ridge and Marbleton area.

Kirkidium

Heliolites
Favosites

Alveolites

Favosites
Halysites
stromatoporoid

Cladopora
Favosites
Stromatoporoids
Tryplasma
Heliolites

[Favosites]
’ * Syringopora

hemispherical stromatoporoid
Favosites

Stromatoporo
Fav051tes

A

P’
Stromatoporoids
. . Alveolites
Favosites
Halysites

ladopora

Stromatoporoids
Favosites
Halysites >

Ecclimadictyon
Stromatoporoids
Favosites

Tryplasma
Favosites
Alveolites
Syringopora
Cladopora

Scale as in Figure 14

+
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(A)

(8)
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Piate [
Glenbrooke Road Section

Laminated calcareous siltstones and shaly limestones
of the Sargent Bay Limestone. Arrows indicate
displacement of strata.. Left side is east.

Interbedded calcareous shales and sHaly limestones,

Sargent Bay Formation, Note cleavage refraction.
Right side 15 east.

Glenbrooke Formation showing structure, Right side is
east.

Mullion structures in Glenbrooke Formation. Right
side is east.

Interbedded calcareous siltstones and shales
Glenbrooke Formation, Right side is east.-— Beds dip
to the west, cleavage to the east.
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Plate II

Gl enbrooke Creek Section
Sargent Bay Limestone, Lithofacies I

pseudonodule of laminated dolomitic siltstone in
mudstone, Sargeq} Bay Limestone (scale 1n mm). Sample

GCS #3.

Graded grainstone-packstone overlying mudstone.
Allodapic units, Sargent Bay Limestone (scale in mm).
Sample GCl-158B.

Enlargement of (B) showing rounded quartz grains,
brachiopod and crinoid fragments (30x) GC1-158B.

Cross laminated calcareous siltstone 1n muds tone,
turbidite section, Sargent Bay Limestone. Sample

SBI/26/86.

l46




-

lﬂ“llﬂzlll”llIllgllﬂ”llﬂg'lﬂlllﬂ%.ﬂ

T
M

!

|




(F)

(G)
(H)
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Plate III "
Sargent Bay Limestane
Packstone-grainstone; lithofacies IV; MacPherson

Brook. (lx). Sample MCZ25.

1
Grainstone: lithofacies II; crihofds, quartz grains
and brachiopod shell fragments. (1. 5x). Sample GVI.

Packstone, lithofacies III. Sample Q89.

Enlargement of well rounded quartz grain with silica
overgrowth. (60x). Sample GVI.
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Plate IV
Upper Calcareous Silt§tone

(A-D) Interbedded dolomitic siltstone and blue-grey non- .
graded packstone. The packstones form pinch and swell
structures. Outcrop located on Swartz Farm on Chemin

du Lac. e







: ' i} _Plate V

(1) Favosites sp. F taken from Swartz Farm, Upper
Calcareous Siltstone. y

JL//higﬁule of blue-grey packstone taken from’ Upper
Calcareous Siltstone. K=Kirkidium. )

(K) Floatstone. Favositid corals within a dolomitic
siltstone matrix. Lithofacies III, Main limestone
unit, Lake Aylmer Formation. (1l.5x). Sample CEMI.

(L) Nodular calcareous siltstone, Lithofacies VIII, Upper
calcareous siltstone, MacPherson Bay. Packstone

nodules and Cladopora in dolomitic siltstone.
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Plate VI

Main Limestone Unit

s

Lithofacies III, Favosites sp. C, Tryplasma sp.,
Heliolites sp., Cladopora sp. and crinoid ossicles 1in

dotomitic si1ltstone, Domlim #5 quarry.

Lithofacies [1II, Tr}plasma sp., stromatoporoid and
Cladopora sp. and crinoid fragments 1n dolomitic
siltstone. Domlim #3 quarry.

L'ithofacies IIl, graded calcarenite, Domlim #3
quarry.

Lithofacies IlI, cross 1aminatéd calcarenite. Domlim
#3 quarry,

Lithofacies [1l, graded calcarenite, note rip up
clasts.
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Plate VII - o
Main Limestone Unit
(A-C) Litﬁofacias [II. Ailochthonous block of graded and
cross laminated calcarenite in a floatstone. Domlim
#3 quarry.

(D) Lithofacies IIlIl. Boundstone block. Cemetary in St-
Adolphe-de-Dudswell,
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Piate VIII
Main Limestone Unit

‘ a
Boundstone block at cemetary showing stromatoporoids

“and corals. (Scale same for both)

Brachiopod Rudstone unit, lithofacies II. .

Heliolitid and alveolitid corals at base of rudstone,
in lithofacies JI. (scale not recorded)
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Plate IX
Main Limestone Unit
(I-L) Brachiopod rudstone, lithofacies II. A = Alveolites )
sp. The brachiopod prominent in figqures J, K and L is
Kirkidium.
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Plate X |
(A-B) Favosites sp. A; MBS - 1A,B; tangential and sectional
, views. Main limestone unit. (10x).
e .
7/
f(C-D) Favosites sp., B; Dom 23, “A,B; tangential and sectional
Views. Main limestone unit. (10x).
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Plate XI

(A) Favosites sp. C; DQlA; sectional view. Main limestone
unit. (1.5xX).

(B-D) Favosites sp. E; (B) McB2B (10x) (C) McBH3 (10x) (D)
MBH1 lle). MacPherson Bay.
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, Plate XII
(A-B) Favosites sp. E; CMR4A (10x), MBH4 (25x); sectional
| views,. Main limestone unit and Upper Calcareou
| siltstone, MacPherson Bay, respectively. ¥ |
(C-D) Favosites sp. F cf., F. gothlandicus; MCB1A,®; - |
tangential and sectionaf—view. MacPherson Brook,
Upper Calcareous Siltstone. :(Z25x).
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(A-D) Favosites sp. F cf. F. gothlandicus; QC7, QB6B, QB6A
glﬁxi, Upper Sargent Bay Limestone; and CCEMA (scale
-1n mm), Main Limestone unit, °
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Plate XIV

(A-B) Favosites sp. G; MC 4A,B; tangential and sectional
. views., Upper Calcareous siltstone, MacPherson Brook,
(10x). .
((C-D), vosites sp. H; CEM 1, CEM 4B, Main limestone unit.
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‘ Plate XV

€

Cladopora sp., Alveolites sp.‘A, and Favosites sp. H.
‘CEMI. (10x).

Cladopora sp.; CEM 1; Main limestone unit, (25x).
¢ @1.‘,“
Alveolites sp. A; MB4A; Upper Calcareous Siltispne.
MacPherson.Bay# (25x).° N
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Favosites sp. H; CEM 1. (10x). ' PR
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- ' [ ] @
(A-D) Alveolites sp.’ B; (A) D2-1-B (1.5x) tangential .view
(B-0) B2-2-A, tangential and sectional view (10x);° .
Main limestone unit., .- o
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Plate XVII .
AlvBolitds sp. C; MC12p; UpPer Calcareous Siltstone. ' :
MacP on-Brook. (10 _ ,
\° : .. - W - - o
Halysites catenularia, MCBLl, Upper Calcareous -
" Siltstone. NMacPherson Brook. (10x). ' '
Syrﬁngopora Sp. ‘A’;‘ QC2; Upper Calcalerous Siltstone,
Quinn Creek.. (C) 1.5x, (D) I*X\Qx. '
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N ) Plate’ XVIII

(A-C) sSyringopora sp. B; CCEMA,B8; Main limestone unit.
Syringopora overgrown by thle stnomatoporaiwnjw
ParallTelostroma sp. (10x). ’

_—— * °
. ® - - e
- - a o (-3 — L af\ e
v
\ , o .
. . N ]
[y
5 L4
L] t .
¢ L4
4 * -
i - = . =
U] ‘ v
3 ‘ . Ead
.
‘ '
e » i -
!
- .
-~ . -
’, -
- .
‘
— — e
) \
.
\ -, .. \ . .
., s -
- f y
N ' &
1
-
r 4\) e o
1
N - B .
~ . '
‘ - - ° - - - ,
4
- .
N - L]
~
L
»
.
~ T e
s
.« e 1




- o . i B

4
P
49
Y3 ¢
A . 'y S
4 -
- .
Lo Yy
.
[}
R \ -
4 5 .
. ’ .
- 2
. o
)h
(G '
,
*
. ~—
o
»* -
/
A L]
/ -\/-‘/
o ,
. ‘ -
A
. N . .
\ v
’
° 4 o
» . '
—- - ) - o




AN . .
. piate{xfx ,
" (A-B) Heliolites sp. cf. H. lavieillenses; CMR3 Main
, Timestone unit., {(1.5x). o - 3 7
- (C-D) Hekiolites sp.; (C) QB28, and (D) QB5B Upper | i :
CaTcareous Siltstone.# Quinn-Creek. (10x). i
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Plate XX o)
(A-B) Entelophyllum sp.; MC5A,B; Upper Calcareous Siltstone.

MacPherson Brook. (A) 10x, (B) 1l.5x. .
Tryplasma sb.;.MCZS, Sargent Bay Limestone.
MacPherson Brook. (10x).
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Plate XXI

(A-B) (Clathrodictyon sp:; MC29A,B; sectional and tangential
view; Sargent Bay Limestone, MacPher'son Brook. (10x).

~

(C-D) Ecclimadictyon stylotum; (C) Oom F, Main limestone
unit; (D) QC9, -Sargent Bay Limestone, Quinn Creek.
(1.5x). ) | .
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Plate XXII .
(A-B) Stromatopora clarkei digitata; MC25, Sargent Bay
(fmestode, MacPherson Brook. (10x). ,
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