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o »  ABSTRACT \
Laminated and massiVe fine- grained facies were examined
._at_ the Foster pit 10 km south of :Ottawa and in cores fromf
several localities in the Ottawa and Gatineau River Valleys

The lower, lamin:ted clay (previously termed the Rideau

Varves) , is. interpreted as episodic rather than annuall
rhythmites (varves) Two types are recognized continuousu
types (I) and (II),‘ and discontinuqus . Continuous type (I)

occurs rarelg? ‘arid consists of an, unbroken fining upwards
se&uence representing a single flow event. Deposition is
most likely by hypopycnal turbidity current The more,common.
continuous 1type “(II) represents tne; same depositional
.mechanism,e“”but with superimposed ‘minor flow- lerents
"represented by coarser laminae within the finernlayerst The
couplets show no thinning trend upsection,'-and5 ingividual

b 6 "
couplets fine upwards with a gradual *Jecrease in the silt/

clay ratio. do trace fossils were found in any couplets XnD
and total carbonate analyses indicate that all carbonate iss
detrital and underwent . solution in undersaturated water.
The lower 2/3 of the rhythmites shows abundant features
indicating slump,ishear by grounding icebergs and other ice-
contactq features; and ‘lenses of . lce-rafted ebris. The
'ubiquitous ice-contact features show the Importance of
(}loating) .ice in the early period oflrhythmite‘deposition.
This zone is barren,, but tne“upper 1/3 contains a sparse

Candona sp. fauna consistent with a deep {proglacial) lake.

Al
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Correlation with the Belleville phase ot Lake Iroquois,
‘and the ‘Ft. Ann phase "5f Lake Vermont 1ndicates the presence
‘_‘qf -an. extensive lake with a shoreline at an elevation of

apﬁrgximgtely 216 mwgslh This agrees with water depths of

&

*up-_fat 180 m based on présencb'of ‘géggggg sp. and other -

freshwater osﬁrabodes found in surface sémples and cores.

ThEQdéep nature of this lake suggests that it probably

-

existed dS?iag_single,ularge water body, but the uneven'r

bedrock and icéﬁhtgpography of the lake bottom may have
restrLcte&' water and sgdiment movement, creating smaller
. A

depocentres or basins. The episadic sedimentation and
possibly dlfferent depocentres within the lake resulted in

onor correlatlon of rhythmite lavyers.

In the Ottawa Valley and upper Rideau Vélley, the local

lake episode is calléd Lake Rideau, after theutype locality
.lon the Rideau River (Foster pit). Maximum extent of the lake
has not yet been determined: the limits shown aré Based on
detailed observations of the local area.

_Removél of the ice dam blocking the lower St. Lawrence
River -allowed trapped fresh water to escape and marine water
to enter. Drainage was apparentiy rapid, and the lake short-
‘1ived. As water level lowered, the Frontenac Arch separated
Lake Ontario from the Champlain Sea. -At thils point, the
elevation of the Champlain Sea was roughly 160 m asl.

At the top of the rhythmites, a rippled silt bed
containing plant fragments and ; varled Iinsect fauna

separates laminated and massive sediments. The exact age of

- iv -
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the fossils 1s uncertain, but lit is thogght they. may
postdate deposition. The upper surface of the rippled silt
may represent a disconformity. between late glaciolacustrine
sedimentation and early glaciomarine sedimentafion. - or
. simply a disturbance created by the sudden inflow of marine
water and the replacement of fresh water by marine water.
Sediments overlying the rippled silt bed consist of

vaguely laminated silty clay becoming massive upsection.
This change réflects the In&reésing influence of marine
water on éedimentation. as underflow and interflows changed
tg homopycnal flow. To achieve such flow, minimum salinity
regquired would be 3-4 ppt. ‘ |

' Continued sediment inputgproduced rare rhythmite—iike
couplets when sediment load was high enough to produce
underflows. With increasiné-ace-distél posit%on, ahd the
high density of b?ackish Champlain Sea water, undé}flows
gagijly stopped and the silty clay facies became massive,

) Harsh conditions brought on by mixing marine and fresh
water bodies are reflected in the barren massive ciay

facies., The upper portion indicates an amelioration of

conditions, and the Island}ella-Cassidulina—Elphidium/

Protelphidium assemblage indicates water depths of 30-100 m

and salinity of 22-33 ppt for the earliest Transitional'

phase ©of the Champlain Sea.

—v—



DEDICATION

"Toe those who have net studied this subject (glacial
deposits) this will appear the”mdre'remarkable, when it is

added that there is abundant proof that the formation is one

of the most recent of all, its date being immediatgly before

the creation of the existing species, so that the unsettled
state of the problem places the geoleogist in the unpleasant

predicament, that while he can boldly and truly answer for

LY

events that occurred myriads of ages"beforg the advent of
his race, vyet when questioned concerning that which comes

almost within the period oftﬁuman history, he must confess

-

his inability to give but a conjéctural reply."

E. Billings (1856)
The Boulder Drift Formation
The Canadian Natufélist and Geologist

Volume 1, Number V, page 322
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o . . Chapter I

INTRODUCTION

1.

1.1 PURPOSE, SCOPE AND METHODS QF STUDY

"1.1.1 Purpose .
The purpose of: this stud; is to investigatetthe ;ate
glaéial and early marine sediments'in‘the'Ottawa Valley, and
to develop a depd; .

itionéi ;model: for Ithe fine-grained
¢ s " -
rhythmite and massive® silt ‘and 'clayt facies.‘ A second
objective is to develop a paléoenvironmentél reconstruction
for the glacial-marine transition in the Ottawa Basin.
£ The altawa Basin is def%ned as that portipn of: the
Champlaiﬁ Sea and the preceding fresh:wwaFer body which
. occupied the Ottawa Valley to just west of Pembr&ﬁe, ‘as
shown in Figure 1. The term basin is used here as defined by
McCormick éhd'Thifuvathukal (1976), and delineates an area
having a unique depositionél environment which separates it
frrom the rema#nder of the water body. *
1.1.2 Scope - | o )
The University of Ottawa has been en&gged in geoloéic
studles of Champlain: Sea sediment;‘ of the Ottawa-St.
Lawrence Lowlands since 1970. Stu@ies have focussed on.the
coarée-grained subaqueous outwash facies of the ridges in
the zOttgva area, and on the littoral deposits) of  the -
recedihgtCHamplain Sea, as shown in ngure 2.

Little attention has heen paid to the early déposits of

+the Champlain Sea, charﬁ%terized by silt —-and clay

Y
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. rh;thmites and till flow facies. Tﬁis is partly because
these facles are largely unexposed, or are unsultable for '
aﬁgregate use Récentuéonstrﬁction activity and a drilling
proegram by the Geological Survey of Canada Terrain Séiences
Division‘Pave facilitated surface and subsurface examination
';of theég facles,

The study was limited to the local area by both
Einancial and time constraints. 'However, thorough analysis
of relevant- previous studies and examination of cores and
'-Vcﬁ;e data frogathe Ottawa Valley allowed expansion of™ the

study into the' larger Ottawa Basin area. Fieldwork was
<réstricted to  the best exposures in the Ottawa area, as
egplained in the following section. Soﬁe palegceanographic
aépects Adf this investigation could bénefit from a more
gegional study, particularly those related to water mass
circulation. fhe .majority of the seﬁimentologicalp work,
.hoyever, is <ﬁﬁaffectedsby thé séope of the study, or h§s5
behefittéd f;om the éloée scrutiny afforded by the proximity

of the study sites.

1.1.3 Methods Qf §ig§y

In the first field season, 35 sana and graval-ﬁits in
the Ottawaniarea were exaéined, and per cent exposure and
lithofacies noted. The folloﬁiﬁé field seasoﬁ, one of these
localities was‘studiéd in detail,: and two qthers were- used
for background.information.‘ Detailed study was limited to
one pit because others lacked exposure of thei required

lithofacies.



Field methods Iincluded the measurement, sampliﬁg,
description, and photography of sedtions.and stratigraphic
columns, and the collection of paleocqrrent and other
directional data wherever possible.

Laboratory methods were used to investigate sediment
grain size, macro- and micro-fosslils, and palynology. Each
method isbdescribed in the text, and in the appendices in
more detail.

Because of the limited exposure of the rhythmite
facles, cores and core data supplied by the Geologicéﬂ:
Survey of Canada Térrain Sciences Division were used. This
material greatly expégded the data base and geographic area
of study. In addition, it allowed comparison of surface and
subsurface data from the Ottawa Valley, where surface

‘control could be used to check findings from core analysis.

1.2 HISTORY OF CHAMPLAIN SEA INVESTIGATIONS

G.W. Dawgon was thel first to study Champlain Sea
deposits. _Logan {1863) summarized Dawson's_work to that
time: 83 qpecieé had been recognized?annd Dawson (1893i
‘noted 200 species. The assistance of G.S. Brady and H.W.
Crosskey for the costracode fauna and W.K. Parker, T.R. Jones
and G.M. .Dawson for the foraminifera greatly éided Dawson's
"efforts. Dawson's work is important because he'was the first
to use oceanogrphic explanations for apparently unusual
occurrences and to suggest that temporal envir;nmental
changes might have occured in the Champlaln Sea. Dawson

divided the Champlain Sea sediments into three groups:

o s



Boulder Clay (till),lgggigggg sand (shallow water deposits),
and Leda clay (déep‘water deposits},

¢ The early (?) mariné clays were given the namé Leda

clay after the common fossil Portlandia arctica Gray,
‘ M,

formerly Yoldia arctica Sars, and previously Leda glacialis

(Elson, 1969a; Wagner, 1970, 1984). The term Leda clay is

now restricted to é'late (?) thixotropic marine clay found

in the 0ttawa~St; Lawrence -téwlands which has ”ﬁnique

geotechnicalﬂ properties, often- rgsulting in failufe and

landslide (Bentley.gnd Smallevy, 19{5; Gadd, 1975; Gillott,

1970, 1971). The term now seems to be uéed mainly by
engineers, and is rarely used by geologists in either a

chrbhostratigraphic or paleontologic context.

Sands locally overlying the marine"'ciay and once

believed to represent a separate later episode were called

Saxicava sand after the common fossil Saxicava rugosa

Lamark, now called Hiatella arctica Linne.

While others were involved in mappinéﬁthe extent and
nature of the Champlain Sea deposits, Billings {1856) nqted
the separation of deposits into "Drift" and "Lawrencian
Formation”. H?h-noted the similarity between Champlain Sea
fossils and the modern fauna of the Gulf of St. Lawrence,
and postulated that land east of Kingston was submerged
beneath the sea. The area described closely resembles the
area now known to have been covered by the Champlain Sea.

Antevs (1925} postulated a deep marine phase represen-

/
ted by clay, a shallow phase represented by sand and gravel,

and a younger marine transgression represented by a second

- 3
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clay body. Anteys (1939) later Adistinguished these as
deposits of two mariné:transdressions separated by a f;uy}al
interval. Thé older marine epYsgde l s the Champlaigw S;a
which followed immediately upon the ;gtreat of the last
local glaciation. The younger episode he called the Ottawa
" Sea, with uépgr limits ranging from 122 m (400 t.) at
Pembroke to 73 m (240 ft.) at Ottéwai'ﬂhccording to Antevs'
hypothesis, both clafs are found below 73 m, and only the
older clay is found above 73 m. Mackay (1949)‘8isproved“tﬁisl
when_ he found mb;e than oﬁe body of clay above 122 m.'wGadaA)
(1961) also opposed Antev's interpretation, fayouring that.
of Johnston (}916, 1917), who regarded the younger clay as
lacustrine in origin, hence Lake Ottawa. The Lake Ottawa
phase of the'Champlain Sea maygcorreépogdﬁyo'the Lampsilis
Lake freshwater phase prcpqsed by Elson (196%a, b), as

discussed in more detail in section 1.6, .6hamplain Sea

[

Phases.

1.3 EXTENT OF THE CHAMPLAIN SEA

Elson (1969a) estimated —-the-maximum extent of the
‘ 2

1'Champlain Sea to Se approximately 54;000 km , as shown in
Figure 3."Ear1y workers thought the Champlain Sea extended
into the Lake Ontario basin, across‘the Frontenac Axis.
Gilbert (in Walcott,_  1897) postulated that an Oswego shore-
line was contiguocus with marine shoréline%;in the chqmplﬁih“
Valley and thus the Champlain Sea reached the Ontario bagin.
Fairchild {1907} and Mather (1917) called this exten;ion the

"Gilbert Gulf".
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This conceptfrapidly lost'support: th _there_dremain

. - " - ?
some Qauthors who believe in the marine invasion of the Lake
Ontario basin. Goldthwait {(1933) provide
marine limit was much lower in elevation than that required
C o . . v

to inundate the region west of Brockville, - Ontario. Also

evidence that the .

‘the character of the laminated clay west of Brockville~

suggests a freshwater origin. while massive clays,;several
km east of Brockville contain marine fosails , .

| Although Hough (1958) referred to the '“St Lawrence
Marine Embayment" in the\&aﬁl Ontario basin and to thc “St

Lawrence Sea" (1963), by the end of the mid 1960 'S there was

‘no field evidence to support the extention of the Champlain

Sea into the Lake Ontario-basin. i _1p | -

This |is still an area of great Jnterest aé‘éﬁéwn By

the present investigations wof the Geological Survey -of

. ~.c Y .
Canada {Anderson, pers. ’ comm. 3 _1984). Some'believeTthat a,

iow level -phase of the Ch‘amplain *. may have invaded . the

Ontario basin. It is unclear, however, .- how a’ low -leével.

- phase could have”extended_paet the Frontenagc Axis. The only.

evidence found. is?apparently'ab&the"lohest levels of -the

-lake floor where access is most difficurt f Thisfposeihil-s

ity has been investigated by Karrow (1984) and ‘Clark"and
Karrow (1984)A Investigations at the east end of the lake by
subsurface. profiling (Sly and Pryor 1984) may also aid in

determining whether the; Champlain Sea reached fhe: Lake

oy

Ontario‘ basin. Some. still adhere to the' marine 1nvasion
v

views, but most are agreed that the Frontenac Axis was the

western limit of the sea. - ' ' Coa
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" The observed maximum extent of the Champlain Sea in the

Ottawa Valley is west of Chalk River at Rapides~des-

Joachimes (Catto. et al., 1981). The sea reached up the
Gatineau Valley as far as Martindale (Romanelli, 1975}, and
up  other tributary valleys. The incursion is dated at

around 12,200. BP, and was short lived: by\11,500 BF the
MGatineau Gulf" had narrowed considerably. The maximum
extentl along the north shore of the Qttaﬁa .River is
uncertain beqause of the rapid changes in elevation
experienced during depbsition. Terraces are . not wei]
developed and in the abseﬂée of shell matérial it . is

difficult to“distinduish~ between glaciofluvial outwash,

-

glacigmarine and glaciolacustrine sediments.  Tracing of
. P _

- - ' .
terrace_eleggi}éns\gnd calculation of paleodischarges based

1

on estimated volumes offmg}twater have been attempted by
French and Hanley (1975) and Catto et al. (1981). 1In the

Gatineau Hills, the maximum recorded elevation of marine

- -

»

deposits 'appears to be at Kingsmere, elevation 210 m (690

.

fr.).

‘ Evidence of maximum marine limits to the south 1s not
clear, although Prichonne; {1977) repo;ts nearly 200 relict
shorelines with a maximum height of 222 m (728 ft.) above

' gea level. Kirkiand.and Coates (1977) glve a géod summary of
“work in the St. Lawrence Vélley in fhe United States, and
eaflier American work is discussed by Muller (1965)"

In the area between the St. Lawfence Valley' and the

Ottawa Valley, much of the evidence is fragmentary and

difficult to correlate. Isolated fossil evidence and strand

/// : 10 o ,



o , i
lines have been used to construct the_limits shown in Figure’

4. Marine mammals, particularly seals and whales, have been

P

useful in documenting the extent of the Champlain  Sea in

»

this area (Harington, 1977). o

»

1.4 CORRELATION

Three prominent inundations related to deglaciation
y 2 .
events have been studied in eastern Ontario. These are:
1. The Champlain Sea- marine submergence of the

Ottawa-St. Lawrence Lowlands;

2. “Glacial Lake Irogquois in the Lake Ontario baéin;
13. Glacial Lake Algonquinlin the Lake Huron-Georgian
. Béy basin.

These events are considered prominent (Terasmae, ig80)

because of fheir (at least:pgrtial) co—existénce during Late
Wisconsin time: | | -
| Lake Algonquiﬁ presumably d}ained.via the Kifkfield—
Fenlon Falls outlet into Lake Iroquois. In tﬁrn,l‘Lake'
Iroquois drained into the Champlain Sea when ice' retreated
north of the upper St. Lawrehce Val}ey. Lake Algonguin also
———arained into the Champlain Sea when ice netreated north.'of
the Ottawa and Mattawa River Vélleys between Pembroke Jand
North Bay. These three events can help correlate late-
glacial events between-the Ottawa-St. Lawrence Lowlands, the
Lake Ontario Basin, and the upper Great Lakeé {Terasmae,
1286).
The early and pre-Champlain Sea events of the Ottawa

Valley, then, are extremely important in understanding the i

11
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connection of these late-glacial events in' southern Ontario,
andwin?providfné uséful evidence for their cofrelgtioﬂ.- Age
.énd correlation of‘these evepts'ﬁés been the subject of 'a_
great dealhof deba?e:: f;; example: Karroﬁﬂet al. V(IQ;S).
Richard (1975, 1978)_and:sna§§e {1979) .. Several reviews of
the deglaciatioh”qﬁronology of“soutﬁ(eaSFern) Ontario have
been published, for example: Prest (1970), Terasmae et al.

{1972), Dreimanis (1977a, - b) and Dreimanis and Karrow

{1972) .

3

Although evidence of several glacial and interglacial

stages and substages has been found in the St. Lawrence -
Uailey and the Great Lakes areas {Dreimanis and Karrow,

1972} 1little or no evidence has.béén‘ﬁound in = the Ottawa

~
P

Valley area. Evidence_of glacial activity in the Ottawa area
seems to “be restricted to that |left " by the last
(Wisconsinan) glaciation and the post-glacial Champlain Sea.

N

1.4.1 TﬁeJChamglain Sea and Lake Iroquois

Great care must be 'taken in  correlation of Lake -
Irqquois. and_Champlain”Sea events. For example, MacDonald
(1968} and Kifkland and Coates'(IQYf) suggested that the
watefs cf .Lake Iroguois and the Champlain Sea were con-
fluent. Clark and Kar;ow {1984) have demonst:ated the
improbabilit§ of such a relationship because the‘ uplifted
Iroquois strandline has an altitude of more thanl 240 m
northwest of Kingston, Ontario, whereas thé marine limit is

not far from the present Lake Ontarjio level at. 75 m.

Kirkland - and Coates (1977) joined isobases of Lake Iroquois



7

to isobases ‘o? the Champlain Sea, benéing them nortﬁjﬁrd
around the Adirondacks.; They explained the bend as due to
_ thin ice, but Clark‘éhd K;rrqw (1984) consider this inappro-
‘p{iate ‘since the two water bodieé were miscorfelated and
fofbed to fit into a single warped surface.

Rathef than a post-Iroquois phase, Clark and Karrow
{1984) proposed correlétioé’of marine strandlines inlthe st.
Lawrence Lowland with the Trenton phagé strandline in the
*Lake Ontario basin. In their view, _the Champlaln Sea might
have initially entéfed the Lake Ontario basin, but in pfe—
Irogueis time. .Coalescence of the water bodies is supﬁorted
by high concentrat¥ons of acidic amino acids sambled from
Léke Ontario bottom sediments (Shroeqer and Bada, 1978),

suggesting a marine origin, To date, however, no direct

fossil evidence has been found for marine incursion into the

P

Lake Ontario basin.

‘Anderson et al. 41985) proposed a high level proglacial
lake -that extended northward out of the Lake Ontaric basin
to the-dttawa Valley, starting durin e Trenton phaséqof
glacial Lake'Iroquois. Since the Trenfton phase is very close
E; time and elevation to the Belleville phase, and thus
difficult to identify,. it seems prudent to assign the ' lake
to'the already documernted Belleville-Ft. Ann phasel' This
wéuld create a éingle, large glacial laké iﬁ the Ottawq
Valle§, the Champlain Valley, and the St. Lawrence Loqland,
‘aé;shown in Figure 5.

It 4is proposed here that the portion 4of this pre-

Champlain Sea -fresh water body occupying the Qttawa basin

14
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“ area be called Lake Rideau. This name is taken froﬁ the
f#?pe {section o3, the bank of thé Rideau River wheré the .
fFostgr.pit is located. ﬁanerjee (197?) described‘the 1ami~
néteélclay from this site as the Rideau Varves. Lake Rideau
in thé 0t£éwé basin correlates w;fh‘the Bellevi;ie'phase of
Lake 1Iroguois in the Lake Ohtafi;-b;siﬁ, and ;ith the Ft.
Ann phase of Lake Vermont in the Lake Chamélain basin. The“

-exact extent of the lake is not qlear, ‘as will be discusseé

(]
'

in subsequent:ehépte}s.

Théhearlyi' Transitionél phase of the Cbamplaiﬁ Sea was
integpréted by Croninf(}977a) as indicatinéhlow and -“fluc-
tuating salinities. This.may ge paftly due to the influence
of.fhe fresh water frem the Lake_Ontario basin. Separation
of the ’water ‘bodies into the Lake Ontario basin and the
Champlain basin probgbly occurred as;a'resultlof isostatic
upliét. 1Confineﬁent ‘of the Champlain Sea to the Ottawaﬁst.*

Lawrence Lowlands then resulted in the more normal marine

Hiatella arctica Phase (Cronin, 1977a).

]

1.4.2 TheuCQamplain Sea and ‘Lake Algonguin

Fresh water also apparently entered the Champlain Sé;
from Lake Algonéuin. The Eonneétion between these. water
bod;es has beén establ;shed on the basis o?|geomorphological
eviaence such as terraces, outﬁésh plains'and a delta, and "
SFudies of the surf;cial deposits of the ‘Fprth Bay area
{Chapman, 1975; Hagrison, 1972} and the.Chalk River area
YGadd, 1963; ‘Cgtto et al., 1981, 1982). The principal link

in this correlation 1 the drainage of Lake Algonquin

16



through several outlets in the Nortﬁ Bay area into the west—

ward extention of‘thé Chaﬁplain Sea in the Petawawa-Chalk
River area. There a large volume of sand washjiﬁtrqduced,
fand Plain. |

Terasmae and Hughes (1960) postulated that Lake

forming the Petawaga'
- Algonguin wéfgr drained through the North Bay outlet between
11,000 and 10,000 BP.. Catto et.al. (1982) estimated the

.outlet opened at 10,5Q0‘t0'10,400 BP. -Barnett and Clarke

(1980) discovered freshwater .shells at ‘an elevation of 122 m_

(400 ft.) in a‘sﬁall delta southeast of Cobden, Ontario. The -

presence of these shells supports the proposed Geérgian Bay-
Léke Nipissing-Petawawa drain;ge route for water from Lake
Algonquiﬁ‘to ente;_thelchamplain‘Seam

The: miging lﬁf fresh Lake @lgdnquin water. and marine
Champlain Se;iwgter would result in salinity strétifiéation
and éq,uaéﬁripg the later stages of the‘Champlain Sea, Both
fresh waéér ;and marine water may have coexisted, but at

different depths. The overlap between dates for freshwater

and marine specles demonstrates the care fequired in distin-

guishing betﬁeen biostratigraphic and chronostratigraphic
‘divisions of deposits intthe Ottaﬁa Valley area.
'Alternativeﬂy, . the' relatively iow. salinity (and
therefore ldﬁ density) of seawater and the open nature of
the basin méy have allowed wind-driven'overturh of the water
mass. Thus, the co-existence o?/ freshwa£er -and mariné
species might simélf reflect a tolerance ifor varying
salinity, as s foﬁné in many“lntertidal species in modern

‘environments.

17



1.5 PROBLEMS WITH”RADIOCAeBoNEDATING

A chronological discrepancy has arisenhbetWeen' radio-
‘carbon éaféé from marine shells from the Ottawa ‘Veliey
{Champlain Sea) ano thoserbtained_fron freshwater materials
in the oasins of Lake*Iroquois and Lake Algonquin, 'Radio-
carbon dates have been cited to support the view that the
,Champlazn Sea reached the Ottawa area as early as 12 000 BP
{Richard, 1975), but the-reliability of_these dates has been
3questioned! (Karrow,\.lgal; Hillaire—narcei, 1981b}) since
almost all werenobtained from marine mollusc shells. bates
on  any “material .aré enbject to  many sonrces of error
(Clsson, IB?OL,:but it seems that wood is the mostwreliable
material for dating (Karrow and Anderson, .1975). In fact,
_ HillairejMarcei-ﬁ{iQT?) 'suggested that dates! from other

sources be referred to as "shell dates" and so on.

1.5.1 The 01d Carbon Effect-

One'point of controversp_seems.tO'be whetherpanconstant
radiocarbonrﬁerror :shonld mbe.present in .epace. and time.
Hillaire-Marcel (1877) and Karrow and Anderson (1975)
‘suggested }old:carbon;from bedrock and glacial meitwater as
possible sources of contamination However, how much of this
old 'carbon islable to enter "the biosphere ie unknown. The
influence of these factors could easily vary in a restricted'
. marine basin such as the western part of the Champlain Sea,
where the oldest dates appear to be those ~from_ localities

furthest from the ocean (Gadd 1981) Since at least some of

the carbonate involved could have originated from the

t
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Paleozolc bedrock, the apparent ages of the samples would be
greater than the true ages. This phenomenon has been termed

the "old carbon" effect (Karrow and Anderson, 1975; Olsson,

1970} or the "o0ld water" effect (Terasmae, 1980). Although~-.

some dates may be correctable‘for sources of error, the old
water effect presents a special problem. As shown by
Hillaire-Marcel ‘and Vincent (1979), there is no evidence
that the effect is constant in all marine basins or has
remained unchanged through time in any one basin. Therefore,
no reliable  means of cérrecting radiocarbon ages to true
ages is QGQilable for marine shell dates. Hillaire-Marcel
(1981a) noted that some workers have identified the old
carbon effect  and attempted to correct it using
dendrochronology methods, but these have obvious temporal
limitations, and may nof be épplied to all dates. Terasmae
.{1980). proposed that this possible variance in errpf may
explainl some of the problems associated with the Champlain

.Sea chronology.. There is also the possibility of old carbon

contamifation from groundwater interaction with the fossils.

1.5.2 The Mangerud Effect

Dating of marine mollusc shells presents another
important problem bécause the Champlain Sea chronology 1is
based almost exclusively on such dates. According to recent
debate, these dates could be too old by several Hhundred
years (Mangerud and Gulliksen, 1975; Hillaire-Marcel, 1977)
or véry close to adéurate {(Stuvier and Borns, 1975).

Méngerud (1872) showed that modern marine shells from Norway

19
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averaged 450 vyears old because of the marine reservoir
effect,; and ;uggested that they could have apparent ages of
as much as 2,500 years where other factors are involved.
Mangerud and Gulliksen (1975) fouéd errors of between 350
and 750 vears for modern shells: 440 years for Norﬁay, 510

y;ars for Spitsbergen, and 750 years for Ellesmere Island,

Canadian Arctic.

This probleﬁﬂarises from lack of isofopic equilibrium,
usually in high latitudes‘where ice cover prevents surface
~circulation. Depending on Circulétion patterns, each body of
water prodices shells today yielding apparent ‘ages which
‘could be used as_possible correction factors for dates.
Shells from deep water probably yield ages which are too old
because of o0ld carbon in the water in which they e
{Cronin, 1877b),. Hillaire-Marcel (1977) demonstrated tha
deep Champlain Sea waters were deficient‘in 14C in contrast
~ to the surface waters which were in isotopic equilibrium
with the'atmésphe:e. Lowden and Blake (1975) also showed
that deep water fossils from the the same locallty gave
anémalously old ages. Most fossils, however, lived in
shaliow, well-agitated environments which should have had
normal inferchange with atmospheric CO . The effect of
éeasonal ice cover on isotopic equilibiium seems to be
unknown and largely ignored. ;

The apparent érror may also change with the method of
dalculation of the date. For example, Blake (1975, 1979)
noted  that the Geological Survey of Canada dates are

calculated so that the maximum possible error is 350 years.

20



1.5.3 Champlain Sea Dates

~—

Most dates on Champlain Sea shells in éouthéastern
Ontario and western Quebec range frbm 10,500-11,800 BP
(Terasmae, 1980). However, two older dates have been
obtained .from shells,in the Gatineau River Valley and froml
near - Clayton, Ontarjo. The Gatineau dates are 11,900+160 BP
{GSC 1772) and 12,§60i160 BP (GSC 1646). Acceptance of these
two dates would imply that ice retreéted northwa?d from
Covey Hill  (roughly 64 km south of Montreal] at .nearly
13,000 BP. The problem with this is that the ;ce dam at
Covey Hill‘(see-Prest, 1970) presumably confined glacial
Lake Irogquois, and if this dam disappeared shortly after
13,000 BP, allowing the Champlain Sea to extend westward
into the Ottawa-St. Lawrence Lowlands, serious problems in
degla;iation hisfbry would be created. For example, Gadd
(1980a) proposed coeval marine and lacustrine events in the
Ottawa'Valley_and‘the ﬁake Ontario basin, respectively. Gadd
proposed an ice barrier at the east end of the present Lake
Ontario separating the Champlain Sea from Lake“Iroquois and
post-Iroquois lékes (the calving-bay concept of Thomas,
1977). Karrcv {1981) noted the physical difficulties in
mainfaining an ice dam. According, to lce mechanics theory
(Clark and Karrow, 1984), a dam of this size is possible,
but would rapidly deteriorate, followed by calving. Thus, it
seems unlikely that such a dam could have separated the
Chaﬁplain Sea and Lake Irogquois.

| Oonly three sites with wood and shell material have been

reported. Near BurfThgton, Vermont, Wagner (1972) reported a
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date of 10,950+350 BP on wood (W 2309) and 11,420+350 BP on

hells (W 2311), a difference df\ivprygars. Lowdon and Blake

— e

TN
{1979) reported t dates from Montf StX"Hiil§ire, Quebec:

—

wood at 10,500+90 BP (GSC 2200) And,_skells at 10,800+100 BP

N

(GSC 2195), a difference 300 lyears. They also repotted a

pair of dates from Saint-Cessa ec: wood at 10,%00:90
BP (GSC 2861) and shells at 10,300+90 BP (GSC 2586). |
Mott (1968) obtained'similar dates from marine shells
and algae from the Ottawa area énd‘ concluded that _;he
validity of the shell dates was thereby established.

However, both live in the same environment, and should

reflect similar conditions. Expressed in a different way,

. the samples could be egually contaminated.

Bone 1is also not considered to be a very reliable
material {(Karrow, 1981), although acceptable ages have been

obtained (Barker, 1970; Terasmae,-lgal). Collagen, in con-

~trast to bone, has provided very good dates since it |is

compo&gd-of organic rather than-inorganic carbon gompounds.
Orgénﬁf carbon. appatently is more resistant to isotopic
contamination, accordiig to studies of matérial of known age
(Berger, 1970; Overman and Clark, 1960). Bones of marine
mammals have been dated from a few Champlain Sea localities
with inconclusive results. Richard (1978) reported that

Macoma - balthica shells at the same altitude as the bone

{believed to be the marine l1imit) near Clayton, Ontario
vielded a date of 12,700+100 BP (GSC 2151). A sample dated
earlier from the same locality provided an age of 12,800+100

BP (GSC 1859). Richard (1978) noted that the inner shell
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material froml“the qecopd run was more reliable for this
site, A date,of 11,500490 BP (GSC 2269) mwas obtained from

the forefin of a bowhead whale (Harington, 1977} cbilected

at 168 m at White Lake {35 km northwest of Clayton). Richard

‘had anticibated*'that the mollusc and bone dates _ would be
similar (presumably since :they originated at the same
elevation), and the reason for the 1,200 year discrepancy is

o
unknown.

This result is significant, since the 11,500 BP age

obtained from the bone at White Lake provides a minimum for
. A\

for\?rrival cf marine

-

deglaciation of tﬁe Clayton area and
watérs into ;hé-western iimi%s of the Champlain Sea. This
date is notably the oldest for postglacial marine
submergence in the Champ@ain Sea basin. However, as Catto et
al. (1981} noted, the reXfability of these dates has been
. questioned.. -

The abové discussion séfves to highlight some of the
problems aésociated wit;.radiogérbon.datiﬁg and correlation.
There are explanations' for many v§riat;ons'of dates but all
discussion points to variaﬁility of sﬁell dates and the néed
to look at any date Lith criticax analysis in light of all

relevant information.’ Ciearly, more data are needed from

sites where shells and wood occur together.

-

1.6 CHAMPLAIN SEA PHASES IN THE OTTAWA VALLEY
Elson - and Elson (1959)-propoéed the Hlatella and Mya
phases of the Champlain Sea episode and the subsequent

-]

ngfgjgis Lake phase for the freshwater period based on
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observations from qhe Montreal, Quebec area. Cronin {1977b)

subsequently proposed an earlier Transitional phase at the

beginning ‘ot tﬁe Champlain Sea, based on observations from
fhe Champlain Va&ley in New York and Québec. Initial studies
did ‘ﬁot provide detailed bathymetric estimateé for each
phase, but subsequent péleoecolﬁgic studies (eg Hillaife—
Marceif’ 1981) of the dominant species allow depth estimates
t§ be made (see Figure 8), |

Elson (196%a, b) reported the earlier; deep water
Hiatklla phase lasted from about 11,800 BP to between 10,800
agg 10,GOOVBP (post St. Narcisse advance). In the Ottawa

Valley area, the Hiatella arctica assemblage rangés from

balthica, Mytilis edulis, Portlandia arctica and Mya

'

arenaria . assoclations were also present in different 'parts

of the sea at the times shown in Figure 6.

The presence of more than one fossil assemblage during

"a given interval is related to the lateral and depth - vari-

ations in the physical and chemical properties of the bottom
water, gubstrate. and nutrient supply. Thus, giatg;ig
ggg;;qg—dominént assemblages are -not necessarily character—
istic of a particular time interyal, but reflect local,
often transient environmental conditions. This has been
shpwn by Hillaire-Marcel (1981a) and Rofirigues and Richard
(1983) .

fﬁé later, shallow water Mya phase of Elson and Elson

{1959} lasted from 10,870+100 BP (GRO 2031, Elson, 1969b)- to

9,950+185 BP (Gif 2107, Hillaire-Marcel, 1974), the
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Figure 6 Duration of Fossil Assemblag'es in the Western
Champlain Sea (after Rodrigues and Richard,
1983)
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- beginning of the Nipigon advance. In the Ottawa Valley, no

reported radiocarbon dates are available for Mya arenaria:.

Rodrigues and Richard {1983) report the species was not
observed in the western\portion of the Champlain Sea, even
‘during the Mya phase. The presence of cold, surface water

from 10,800 BP to 10,500 BP may have prevented its westward

. mlgration. . o .

After the 'Champlain Sea had fallen to a level of
approximafely 50 m aﬁoye presenf sea level, _éhe Ottawa
Valley Lowland héd\emergea, but water re aining in the 5t.
.Lawrence Lowland between éornwall and D:Echa;ilons becémé
fresh, forming Lampsilis Lake (Elson and Elson, 1959; Elson,
1962, 1564, 1968, 1969%a, b; Prest, 1970). Elson (1869a, S)
éostulated that the‘gémggglig phase succeeded theﬂgyg phase
-in southwesterﬁ Quebec about 10,060 BE\' Two . radiocarbon

. dates support -tgis view: 8,750+150 BP ‘(GSC ‘2414):ﬁand
9,730+130 BP (GSC 1796, Lasalle et al., 1977) for .shells
f?om the Saint-Stanislas-de-Kosta and Quebec city areas,
'respectively. .

Lampsilis shells from thelOttawa Valley, however, have
vielded oider dates: 10,300+80 Bé (PSC 3235) and 10,200+90
BP (GSC 1966) from Vénkléek'ﬂiil~and Eourgetiéites: respéc—
tivély.; As shown -by Rédrlgdes and Richafa‘“+*383),‘ the
difference betwéen fhe_datég for freshwater shells-from“ the
Ottawa Valléy- and southﬁestern Qﬁebeé and the overlap
between the dates for freshwater and marine specles are -of

particular interest,. The above discussion shows the

™ appearance of freshwater species in the Ottawa Valley was
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diachronous;‘ the freshwater species appear to have arrived
sémewhat later 1in the Ottawa Valley than - in southwestern
Quebec. ) -

1.7 THE BASIN CONCEPT

The concept of.basins and basin analysis has been used
in sedimentology and tectonics for some time. On'a global
séélé; oceanographé}s’routihely‘refer to world ocean basins,
and on a smallér scale, limnologlists refer to basins such as
thoée.in the'Greaf Lakes area (Davidson-Arnott et al., 1982;
Sly and Pryor, = 1984; Lewis and Sly, 1971; Thomas et al.,
19723. This terminology is now being used in the study of
‘post—glacial ma;ige water bodies such as ,the Champlain Sea,
and large proglécial lakeé.‘ ‘

Elson (1969a) introduced the basyn concept, and

" proposed four basins:for the Champlain_?ea:

h Champlaip Valley

, 2. Lake St. Peter’ :
3. Lake St. Francis
4. Ottawa Valley ~

Recent studies have shown that these basins are of
different size and have very'different.eharacteristics. The
original basiﬁs -were loosely defined, and regquire
redefihitidgl The Lake St. Peter énﬁ Lake St. Francis basins
aré small, and may reﬁresent short-lived events. It may be
more prudent to suggest basins.of similar size such as those

of the ODttawa and Champlain  Valleys, and to consider instead

the upper and lower St. Lawrence Valleys as basins. As shown

1 /
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in the following discussion, there is strong isotopic and .

faunal evidence to support this view.

-

Division of the Champlain Sea into these basins follows

the basin definition of McCormick and Thirvathukal (1976),""

ie: a roﬁghly equidimensional déprgssioniyith "a narrow,
shallow dutiet to fhe opeﬁ ocean (ér water source}.. Ip also
;follows the example .Sset by Sly and Pryor (1984) 1in which
structufal control (sills in thefLake‘Ontario.basih) is uééd
to sepﬁfate sméller'basins withiﬁ_a larger,b.unifiéd basin.
In the Chémplain459a basin, §tructura1 contfél:is pro&ided
by . the Ottawé Valley, the Champlain Valley, the St. Léwrencg
Valley, and the Frontenac Axis. |
The first indirect evidence for fhese basins was given
by Goldring (1922),‘ whégéhétudQ of sizes of Recent and
Ple;Ftocene mollgscs showed the Champlain Sea‘fauna to ge
"stunted". Specimens from Montreal and Ottawa were studféd{
although ‘ﬁostA of -the work concentrated on the Champlain
Valley of Ne; Yofk and Vermont.  Goldring noted a decreaséain
the number of species and a dwarfing of the fauna .towafds
the west, which she attributed toﬂge;reased salinity away
from the copen ocean. She consideréd‘speéimens from Montreal
to be indicative of nearly marine conditions.
'Wagner's (1970i results show lgss variation bstween

Ottawa and Montreal fauna, but agree in part with:Goldring's

work. Wagner concluded that the small size of indicator

specles suggests brackish water conditions throughout the
entire Champlain Sea, with the least salinity farthest from

the ocean.
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Later wofkefs have disputed this claim and it has now
become apparént- ghat scme of éhese, differepces .may be
a%tributed to regiona; variations from basin tolbasin. These
are in turn a result of different physical, chemical and
hydroloegic conditions existing }n each basin at a given
time. Hillaire-Marcel (1980) demogstrated this in his study
of the palececoclogy of the marine post—glécial seas: of
Quebec; elabcrating on the growth habits of the bivalves and
egplaining appérent contradictio ing basinal\parameters.

Thus, a new approach to the study of the Champlain Sea
and other large ice;marginal water bodies is the use of
paieoceanographic techniques. The metﬁéds of physicél
océanography have Eeen used for some time (eg Anicouchine
and Sternberg, 1973) but the application of these techniques
and concepts, to paleoceanography appears to be much. newer

and promising (eg Hay, 1974; Schopf, 1980).

—— !

Determination _of paleotemperature, palecosalinity and ’

-

chemical " composition of ﬁater may help in recoﬂstructiﬁga

water mass characteristics such aé density, which affects
¢irculation. ‘ When aerived température and salinity
codditions_ are combined with paleogquraphic reconstruction
of the‘basin mérgins, circulation patterns may be deduced;
and .used in the.interpretation of paleoecology and sedimen-
tary enﬁirénménts. The role of other factors such as wind'is
much more difficult to assess.,

Several 'investigaxors ﬁavé_successfully'used isotopic
techniques to deduce paleotempergtures, salinity and circu~-

lation patterns - (Corliss et al., 1982; Hillaire-Marcel,
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1977, '1980). Many studies have feported palebkemperatures
determined on the basis of oxygen isotope compositio; of
fossils (eg Urey et al., 1951; Lowenstam and Epstein, 1954;.
Emiliani, 21955). Actually, the first éuggested usejfpr thg
oxygen isotopeA composition of fossils was to distinguish
between fEeshwater and marine organisms (Urey, 1947).
Epstein and Mayeda .{1953) first showed that the oXygen
;sotope compositioh bfv sea water varies directly with

salinity -but little use of this relation has been made in

determining paleosalinites. Possibly part.of the problem may

lie in the separation of temperature‘énd salinity effects on :

isotopes. ;
- Temperature idis-'a complicating factor because it inde-
pendantly affects thﬁ the isotopic composiéion of the shell.

However, if one can assume (or prove) that temperature was
‘ ‘

. . : !
constant for the period in question, then the I1sotopic

composition of the shell will reflect only the composition

of the water. The.difficulty with this metaggxiit::Efinding
*a truly .independant method of ”détermining Eﬁamﬁqi_

stability. - N

Before paleosalinities can ﬁe determined, the isotopic
composition of the fresh ana marine wéters mixea to produce
the intermediate brackish water muq; be determined. These
may be obtained by analyzing shells of freshwater and marine
organisms whicp lived at the same time :in the area: in
question. Again, the problem ;rises with maintaiﬁing

constant ‘or comparable  temperatures, between these two refer-

ence groups. Hillaire-Marcel (1981a) estimated the salini-
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ties of the melting Laurentide ice sheet, the sea water in
. . <

the St. Lawrence Gulf, and the intgrmedia%e’Champlain Sea
waéer, as shown In Figure 7.

Using isotopic evidence, Corliss et al. (1982) showed
that there was a ﬁajor pulse of fre;h water into the Cham-
plain Sea, most likely from_pelting.Laurentide ice, around

10,800 * BP. Hillaire-Marcel's profiles for the  late (ca

10,300 BP) Champlain Sea, based on carbon and oxygen isotope

measurements, show strong $emperatdre and saiinity changes_

with depth. In.the upper 50 m, salinity increases from less
. : o

than 10, ppt to 30 ppt, and temperatures decrease from 10 C
o -

to 0O C (Figure 8).

~

In the Otféwa basin, Roarigues and Richard (1983) have
used paleoceanégraphlc techniques to explaih the diachronous-
appéarance of freshwater shells in the Ottawa Vall%y and
southwestern Quebec, and the overlap of marine and fresh-
water shell dates. Macrofossil assemblages characterized by
both freshwater and\mariﬁe shells support the concept éf

3

salinity stratification.
o

1.8 RHYTHMITE BACKGROUND AND DISTRIBUTION

Logan (1863) first referred to the Champlain Sea sands
;nd clays of the Ottawé district. Others followed,
describing the clays in general terms: DeGeer (1892):; Dawson
(1893); Wilson (1898); Ells (1898, 1901); Ami (1900); Keele
and- Johnston (1913). Dawson (1893) note& upper (= non-

marine?} and iower (=marine) clays in the St. Lawrence

Lowlands with similar characteristics to the clays of the
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Ottawa Valley. »

Johnston (1916, 1917) studied the clays in detail. He
noted their occurrence and distributioA, accurately
describing and dividing them into upper and lower clays. He
noted the wgll laminated nature of the Jlower clays, the
presence of dropstones, convolute bedding atiributed to ice-
induced shearing, and the transition to appérently massive
upper clay. Several fossils were also noted: Balanus Sp.,;

Cylichna alba Brown, Hiatella arctica, Macoma balthica,

‘Mytilus edulis, and Portlandia arctica. In the upper clay,

Johnston noted rip-up clasts énd redeposited clasts of the
lower c¢lays, which he attributed to the action of ice. This
is an active mixing process of modern: arctic fjords
(Gilbert, 1983). Johnston . (1917) documented several
exposures of laminated and massive clay in thé Ottawa area,
the best stratigraphic section being ;océted at Rideau
Juncticn, near the Foster pit study site on the Rideau River
(Figure-2).

Gadd_(1958, 1959) greatly expanded the observed area of
occurrence of the laminated clay when he noted it in boge—
holes in the Chalk River area. Boreholes reached bedrock

beneath a maximum clay thickness of 10 m (31.% £t.).

Structurally, these c¢lays are thixotropic (Catto, .1978),
and are similar to brackish water sediments exposed through-
out the lower St.: Lawrence and Ottawa Valleys, and referred
to as the Leda clays (Crawford, 1963; Crawfordﬂand Eden,
1965) . :

Catto et-al. (1981) reported that stratification in the
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clay becomes more pronounced upon desiccation. This appears
to differ frdm earlief drilling studies which did not
observe stratified sediments (Gadd, 1958, 1959; Gartner-Lee,
1977). Dark érey beds with modal stratal thickness of 1 cm

~ were observed, regularly separgted by light grey bands 1-2.5

cm thick. According to C © (1978), there was no difference
in;grain size distripution between light and dark bands, but
a differencé in composition was found, with organié matter
and oxidized materiai enriched in darker bands ané’ clay
minerals depleted in lighter bands. Similar observations
regarding organic matter were made by Johnston (1916, 1917)
on the upper clays. Cattg (1978) speculated thaf the strati-
fication is not due to turbidity currents, because they
prodnce different grain size distributions (Banerjee, 1973).

Sfratification 'may ‘be the result of periecdic organic
inpﬁt due to seasonal ‘overturn of ‘the watermass, as is
common in fjords (GilbertT_—Igég). Seasonal overturn could
occur as a result of outwash- or calving-produced influx of
fresh water. Overturn would occur in late summer after the
influx of fresh water. created a hyperpycnal density
contrast, resulting in alternation of thin, dark, organic-
rich winter lavyers ana lighter, organic-poor spring lavers
{Catto, 1978; Catto et al., 1981).

Density stratification in the watér body .i$ alﬁgk_g
possigle mechanlism to account for the similarity in/ grain
size and the difference in mineralogy between light a dark
layers. This may be a more reasonable explanation than

seasonal overturn, since it is difficult to envision high
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organic production during winter months when bilotic activity
is at a minimum or greatly reduced. It is more likely that
the ;éfztiVely ﬁigh organic content of the winter layer is-

due to low clastic input during the winter months when

runoff and erosion are low.
;-
Gadd T (1961, 1962) postulated that the late-glacial

{
Rideau Valley was blocked by the{ Bowesville Moraine ( now
termed the South éloucester Ridge)) ‘and that at a atage just
prior to marine submergence, the }}ey‘tﬁhtained_a glacial

lake. He noted sections exposing 3 m {10 Mt.) of ‘“glacial
lake wvarved sediments" éverlying "glacia; ill" along the
banks of the Rideau River between Uplands and Long Island
(Manotick). He glso noted that in at léast one section near
the northern tip of Long Island, varves grade upward into
massive marine «clays that contain typical fossils of the
Champlain Sea deep water sediments. No evidence was given by
Gadd ~ (1961) for deep water deposition of these. sediments,
and }t seems highly‘speculative that any fossils present
represent deep water londitions. Although_several of the
fossils found have relatively wide bathymetric zonagation,
none are known to coccupy deep water selectively.

Gadd (1962) noted an apparehtly rapid and direct
gradation between the two types of sediments (the varved
silts and Fhe overlying marine <c¢lay) rather than an
erosional break between the glaciail lake and marine events
.as postulated by MacClintock (1958) for the area to the

south, It now appears that there 1s some evidence for a

break in sedimentation, although not erosional, as shown in
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the following sections.

Komaiialli 11070} conducted a study of the deposits in
the Foster and Grandmaitre pits and greatly expanded the
Enowlqgge of the seggmentoldgy and stratigraphy of the

clays. He Ildentified the foraminifera Elphidium bartletti

Cushman, Protelphidium orbiculare (BrAdy), Cassidulina
: /

islandica and PseudopolyfiGfph ,Eé%ovan i1ie (Cushman) in the

upper clay. Present stu that éhe strafigraphic
position of these fossils given by Romanelli (1970) is
soméwhat in error, but thfir presence is palecenvironmen-
tally significan{:

Bénefjee (1973) named the lower clays'the "Rideau River
"L;arves“, and described structures indicative of slumping at
a delta front and turbidite-type deppsition. _The varves,
hoyever, appear to defy numerical analysis as attempted by
Baner jee (f973) and Agterberg and Bane;jee (1969},
suggesting that they are episodic rhythmites "rather than

-true- (seasonal} varves. -



Chapter II

GLACIOMARINE AND GLACIOLACUSTRINE ENVIRONMENTS

2.1 INTRODUCTION

Since the lowermost clay unit in the 6ttawa Valley
appears to be gla;iolacustrine, and the overlying clay.unit
appears to be glaciomarine in origin, a thorough under-
standing. of glaciolacustrine and glaciomarine enyironments
is required in order to distinguish the two.

Thq following section 'summarizes those aspects of
glaciomarine and giaciolacustriﬁe sedimentagion which are
most important in dealing with the early Champlain Sea
deposits and the preceeding (aésuhed) glaci;1 lake
sediments. Of parti;ular impotrtance are water hensity,

sediment load and temperature effects as these control water

mass characteristics and ultimately, depositional stylé.

2.2 THE EFFECTS OF SALINITY

Salinity has a profound effect on ci;culation,
depositional style, faunal growth and faunal preservation
potential. Paleosaiinity, therefore, must be considered when
analysing early aﬁd pre-Champlain Sea sedlmentﬂ.

Under normal conditions, the sﬁggended' sediment and
freshwater dischargé entering a marine basin is separated
from the bedload and overflows the sea water of greater
density (Gilbert, 1983). The .concentration of suspended

sediment (assuming dry sediment density 2.70 g/cc) necessary

te overcome the density difference between fresh and marine
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water is shown in Table 1. Sediment loads réquired. however,
are rarely attained in normal ice-marginal conditioné. Thus,
salinity has a signiédcant effect on the mode of sediment
transpert within a basin. For example, density-current
unberflows formed directly from‘inflowing meltwater are
recognized as pléying a key role in the formation of coarse-
grained porticns of. glaciolacustrine varves and rhythmités.
Ssuch density-current processes are thought to be supressed
in the marine environment because the density of the marine
water normally exceeds that of the iInflowing sediment-laden .
meltwater (Table‘l). ‘ |

TABLE 1

Concentration of Suspended Sediment Required to Give Density
Equal to Sea Water (From Gilbert, 1983)

Q

Salinity Density at 3 C Sediment
(ppt) (g/cec) Concentration
 (g/1) ~
10 1.0080 12.7
15 1.0120 19.1
20 1.0160 - 25.4
25 1.0200 31.8
30 1.0240 38.1
33 '1.0262 : 41.6

A ‘second-important aspect of salinity is the effect on
depositional style. In a glaciclacustrine eﬁvironment, grain
slzes remain hydrodynamicaiay separate. Wind and density;-
currents are able to sort texturally distinct components

which ultimately are preserved as separate deposits. In
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contrast, flocculation: in the ﬁarine én;ironment results in

.simultaneous sedimentation of a varie;ykﬁf grain aggregates

as well as separate gfains of coarser texture (Syvitski and

Murray, . 1981). Thus, even a small amount of mixing between

fresh and marine waters’is importaﬁt;, as salinity values of

3-4 parts per thousand (ppt) are effective in flocculating

fine particies (Hoskin and Burrell, 1972; Kranck, 1973). This
fact has_'often been used to explain the absence of varvéﬂ‘
sediments in glacfomaqine environments.

The-third, aﬁd possibly most jmportant aspect of fine
sediment deposition, ié the time factor in sedimentation.
This effects the type of organism able fo . survive, and
‘ultimately the preservatioﬁ potential of the fossiis (Dodd
and Stanton, 1981) . Since frbcéulation increases the
effective fall diameter of agg;egated particles, settling\
time is greatly reduced, and the cﬁances of preserving
faunal remains becomes greater. -for exaﬁple, according to
Stoke's Law, a partigle of-l ﬁm diameter will reach the
bottom of a* 100 m deep basin at 0o C in 13 years; a 4 um
ﬁarticle in 1486 days, and a i4 um particle in 12 days
(Gilbert, 1983) . &

Salinity thﬁs becomes important in the preservation
pofential of the Champlain Sea faufa— Where salinities are

clese to normal marinej"sedimgntation rates may be h%gher,

and burial rapid. - If salinity tends to be very low

!
i

{brackish) to fresh,there is a potential for more mixing of
water, sediment, andﬁfauna, reducing the paleoecological

potential of the fauna. J
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The type of qrganiqm preServed.will also be affected.

High sediment 1load will place a straip on filter feeders,
and. high sedimentation rates wiil place a strain 6n the
bﬁrrowers, since they muét maintain a constant depth.
Juvenile mortality may also Ee ystrongly influenced,
depending on the period;c or ggasonal nature of the sediment
- input. This {is an important factor when :considering -the-
effect biota have on sediments. Smith and Syvitski (1982)

have shown that biolog&gal aggregatiqn of fines. at the
sediment-water interface miy be an important process in the
glaciolacustrine environment (where aggregates do not
usually forhf, and fjord studies (Gilbert, 1982, 1983} have
shown that bioturbation pla?sr an important role in
eliminéting- any priﬁary 'Ledding which might develop in

gladiomapine sediments.

These processes, which inhibit rhythmite formation ' or
preservation ih a mar{ne basin, would be expected to exert
-‘_m.ﬁ}heirA greatest influence in areas distal to meltwater input
which <are ‘favoured for varve deposition in glacial lakes
{Ashley, 1975). Thus, glaciomarine rhythmites or varves
should be associated with sediments deposited in proximal

areas such as deltaic or meltwater fan environments (Domack,

1984). If this ié so, then glaciomarine rhythmites'may ng&\hh

exhibit the /pame textural and ?Edding relationship

g
characteristics as glaciolacustrine rhythmites.

2.3 THE GLACIOMARINE ENVIRONMENT

One of the most difficult problems is the development
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of criteria.for identification of glaciomarine sediments and
their distinction from other associated sediments. Anderson
(1883) noted criteria such as: particle shape and surface
texture, clast fabric, mineralogic.and chemical composition,
stratification type, thickness and lateral extent, strati-
graphic and facies relationships ana bound%ng surfaces,
dropstones and striated pavements. Unfortunately, most
investigations of Suppoééa glaciomarine dgposits relied on
only a few criteria, which varied with different investi-
gators. In fact, much controversy still exists as to whether
such lithified deposits, particularl& diamictites; are
actually glaéial in origin (Boulten and Deynoux, 1971;

Crowell, 1957; ‘E§les et al., 1983; Haf}and et al., 1966;

| Schermerhorn, 1974). |
Misconceptions élso exist regarding glaciomarine
sedimentation. These misconceptions are generally éhe result
of poor undergtanding of the modern environment, wﬁich makes
interpretation of the ancient record much more difficult.
Another problem is the difficulty of study in modern glaéio—
marine environments. Modern glaciomarine envirenments occur
in a variety of settings from the Antarctic to coastal ;reas
of the Gulf of Alaska (Domack, 1982). The influence of
climate on these environments 1is profound. Sedimentation
rates in the coastal embayments of the Gulf of Alaska exceed
1 .m per year on average and range up to 3.75 m per vyear
(Molnia, 1979), which can be compared with the world average
rate for continental shelf sedimentation of 4.5 mm per vyear

(Domack, -1982). In the Antarctic, rates of terrigenous
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sedimentation are.in. the order of 0.03 mm per year (Orheim
and Elvercl, 1981). The facies patterns within'glaciomarine
environments are now being elucidated, and are proving to be
distinctive (Andersén et al., 1980; Boulton and Deynoux,
1971; Domack, 1982; Drewry and Cooper, 1981; Molnia, 1983;
Molnia and Bi?gham, 1980; Orheim and Elveroi, 1981; Powell,
1981; Wright and Anderson, 1982).

In Canada, there hés*been a significant amount of mid-
latitude pbst—glacial glaciomarine deposition. Post-glacial
Inundation was exténsive and resulted from (slow) isostatié
depression of the crust, concurrent with ;ustafic rise in
sea 1evelf In southeastern Canada, over 225,000 km2 were
submerged, és shown in Figure 3. Thus, the Tyrreli,
Iberville, Goldthwaite, Laflamme, and Chahplain Seas formedk
in the HudsoﬁzJames Bay, Ungava Bay, Gulf of St. Lawrence,
Saguenay, and Ottawa-St. ‘Lawrence Valley Lowland areas,
respectively. Dionne (1972)‘nand Elson (1969a) give good

summaries of these pbst—glacial seas.

2.3.1 Glaciomarine Rhythmites

Rhythmites or +arves are not common in glaciomarine
deposits (Domack, 1984;  Edwards, “1978). This feature has
been used to distigguish. between glaciolacusﬁrine and
glacioharine environments ip the absence of ;g?e conclusive
evidence (eg Lindsey, 1971). Carey and Ahmed (1961)
suggested that glaciomarine rhythhites should ex;;t, ané
recent investigations of fjord (Gilbert, 1982, 1983: Powell,

1981) and other (Domack, 1982, 1984) glaciomarine
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environments have shown rhythmically bedded terrigenous
deposits. Domack. (1984), Mackeiwicz et al. (1984) and
‘Stevens {1985) h;ve shown that the cycelic éhargcter of
sediment colour, graln size, carbonate and organic matter
content may be explained by rhythmic variation In ‘tidal
influence, sediment supply and transport mechanisms.

f One ‘of ‘the greatest problems in the creation of glacio-
marine rhythmites is the difficulty of generating underflow
currents, The problem arises as to whether glacial
discharges can, in'addition tq\rising buoyantly to produce
interflows or 6verflows, be sufficiently dense and turbulent
to develop underflows that can maintain their integrity for
any disténce away ffﬁm the effluent source. Underflows are
noet widely enéountered since they reguire high sediment
concentration in normal marine waters (> 40 g/l as shown in
Table 1). Powell (1980) investigated the ph&sical relat%on~
ships reguired to produce such flows, and concluded that
grain flows and turbidity currents are possible u%derflow*
mechanisms. The most likely origin of turbidity currents is
rapid deposition of bedloéﬁ causing oversteepening and
slumping. Another possibility is that channelized meltwater
with high bedload concentration entering the sea. may
experience a hyd;;uliC'jump (Powell, 1980).

These mechanisms are proposed for relatively continuous
or steady currents. However, sporadic currents may also be
generated by a number of processes. Sediment gravity flows

in the marine environment are more easily achieved by slump-

ing due to slope instability than by continuous turbidity
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currents from meltwater sources. Many mechanisms have been
found to induce slumping such as: slope oversteepening,
biogenic gas production, wave and storm action in shallow

water and earthquakes (Morgenétern, 1967). Calving in ice-

~-

marginél areas is alsola possibility?
Mackeiwicz et al. (1984) noted three processes whereby

laminated glaciomarine "rhythmites" may form.

1. Particle settling ffom turbid meltwater plumes

(overflows) or within the water éolumn {interflows) produces

gets of Dbasal silt laminae grading upward to mud. These

couplets are termed cyclopels.

2. §hort distance (< 0.5 km) ftransport by traction
currents from a density current that is continuously fed as
subglacial meltwater discharge {(underflow). This produces
beds or thick laminae of coarse-grained sediment.

3. Surée'type turbidity currents orﬁginating from sediment

sliding (slumping) are capable of produc\ng beds ranging in

thickness and particle size.

2.4 IEBE GLACTI@LACUSTRINE ENVIRONMENT
2.4.1 Introduction

Lake basins ;re relatively efficient sediment sinks and
80 lce-marginal lake basins become the fipal resting place
for much glacigenic sediment. Like glacioﬁarine waterbodies,
glacier-fed Jlakes range in size from a few sgquare metres
(kettles) to hundreas of thousands of kmz, such as the
former Lake Agassiz (Tgller and Clayton, 1983) and the

Laurentian Great Lakes (Prest, 1870). Life spans vary

’“\\\
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considerably from a few déys (for small ice-marginal lakes)

to thousands of years (for larger bodies). Glaclolacustrine

deposits similarly range widely in thickness from a few cm
(small, temporarily ponded lakes) to tens of mbktres.

The amount and type of sediment deposited\ is strongly

NS
W
o\

influenced by the proximity of the lake.to the ‘>gldcier. In
this respect, post-glacial seas such as the Champlain Sea
and glaciolacustrine bodies such as Lake Agassiz or Lake

Iroquois represent similar, if not analogous ice-contact
water bodies.

At the glacier margin, debris may be released directly.
by calving off the ice front, or, if the glacier edge 1is
floating, by dropping from the subglacial surface. This
process explains the "rainout" facies (Eylﬁs and Eyles,

';PBS), which is a variation on ice-rafting.

The resulting.deposits characteristically contain both
diamictons and waterlain traction sediments, reflecfing'the
sﬁifting glaéier margin and the infe;mittent release of_till
and other glacial sediments. A variety of terms have been
given to these deposlts: waterlain till, waterlaid till,
lacustrotill, aguatill, subaqueocus till, and subaquatic flow
till (May, 1977; Evenson et al., 1977; Dreimanis, 1979).

More commonly studied are the distal sediments. These
cover a larger area than the proximal sediments, and
consist of all material not immediately deposited upon
entering the lake. Jﬁbg pattern in which inflowing water and
sediment interact;\ﬁsith the lake water affects subsequent

transport and deposlition of all but the coarsest bedload, so
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dispersal and transport mechanisms are of prime importance.
The exact pattern of inflow mixing and velocity
decrease 1is governed by such factors as: inflow discharge

and velocity, concentration of suspended matter Coriolis

effect and channel shape. Most important off all is the

deflsity difference between inflowing water any that of the

lake, .and the wvertical density distribution'of the lake

water, - 5
Thermally-induced density stratification is a common

mechanism for separating water masses, and plays an impor-

—

tant ' role in the [distribution of fine sediment (Ashley et

af., 1985)., At atmospheric pressure, water attains a maximum
o o - o
density of 1.000 g/cc at 3.98 C (heye consideredlto be 4

C). . In ice-marginal conditions, where temperatures are low,
the effect of temperature changes on water density is much

smaller than at ”higher temperatures. For example, the
densit& difference caused by a change from 19o C to 20o C.is
twenty times'gregter than that caused by a.change from 40
C to 50 C (Figure 9). .

At the low temperatures of ice-marginal environments,
this thermal effect is responsible for a procéss called
cabbeling (Foster, 1972) in which two water bodies of

different temperatures mix and create a third, ' denser body
due to temperature mixing: eg mixing equal gquantities of‘2O
C and 6o C water to form'a third mass at 40 € with maximum
density. This thermal effect, when combined with marginal
sedimgnt concentrations, may be a very important factor in

generating density current underflows. How common this
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effect may be is unknown, but it. appears tha% in ice
marginal areas it is.relatively common. |

Updn entering the lake, turbulent eddies along the
margin of inflowing water cause an immediate mixing and
dilution, resultipg in either a two- or three-dimensional
expansion of the flow and a decrease in the flow velocity
towards the lake. The diluted, expandéd inflow_is called the
plume.

The plume may spread over the basin as an overflow Iif
the density is less than that of the laké ﬁatg?, or as an

underflow if it is more dense (Figure 10A)}.. These inflow

1.0C0

0.98¢

0.998

Density

0.897

+
H H

‘ !
S io 1S 20 .25

0.986 .
0

Tempergture *C

Figure 9: Temperature Versus Density for Pure Water
{after Ashley et al., 1985)
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A. Stratified inflow

B — ] ;
AT T T L~  OVERFLOW

> —#  INTERFLOW

~—» UNDERFLOW

[4S

B. Homopycnql inflow

D —

Figure 10: Principal Inflow Patterns and Mixing Types
{after Ashley et al., 1985)
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types were termed hypopycnal and hyperpycnal 'Tespectively.
by Bates (1953). The greater the densrfy difference between
inflow'and lake  water, the more energy reqdired to m¥x them
: (Harleman, 1861; Kato'and~Phdllips, 1969), reducing mixing
;Q of the water bodies. This tends to reducejfhe inflow expan
.sion and restrict it to a discrete density current
throughout the lake. &his factor is particularly apparent
when glaciolacustrine and glaciomarine environments are
compared, since it is often impossible for incoming water to
overcome the density of the marine water body isee section
2.2). Rarely, when sediment concentrations are high enough,
undérlows may occur in marine envifonments such as the Gulf
of A;aska‘(Powell, 1981). Consequently, density underflows
are much more commeon in glaciolacustrine environmen&s, where
loweF_éediﬁ;nt concentrations ére required.

Overflow and undérflow plumes may occur in initially
unstratified or stratified lakes, although the presence of
.the plume itself makes the lake stratified af this point.
For initially stratified lakes, inflowing water may be
in;ggmgdiate in density between cold, bottom water and warm.

surface water. Interflows then occur, as shown in Figure

10A.

L~

In weakly stratified or uﬁstratified lakes where
inflowing deksity is equal todthat of the lake, homopycnal
"flow (Bates, 1953} will result (Figure 10B). Mixing is
three-dimensional and the plume is rapidly disperqed. Homo-~
.pycnal inflows %ppear to be relatively uncommon, and are

probably confined to shallow, freely circulating lakes with
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inflow of relatively constant density. In marine bodies

where water deqsity 1s higher, homopycnal flow 1s "more

4 common. ¢

The seasonal and wéather—dependant nature of glacial
discharge, temperature, and sediment concentration along
with the seasonal evolution of the lake's thermal stratifi-
cat{on. result in complex'mixing patterns throughout the

vyear.. These temporaﬁ vaf?ationg in sediment .influx and

N

dispersal mechanisms produce charac' ic alternations of

N

sedimentation which are essentially. cycalic in nature.
Rhythmic deposition 1is characteristic of glaciclacustrine
énvironments, and thus any model of lake sedimentation must
include mechanisms fOE'SEdiment @ispersal which allow fpr

some sediment variability, and vet ensure rhythmicity.

2.4.2 Varve or Rhythmite ?

Overall rhythmicity is mainly a function of  the
seasonall? controlled alternation between short-term glacial
melt season and. the rest of tﬁe'.year. Within this
alternation, otheéﬁ types of rhythmic sedimentation may
occur. For example, during the summer éeason: pulses in a
single fiow '(minutég),‘. slump—generatedl surge currents
‘(minutes)k diurnal discharge variations {hours), ér normal
weather changes (days) may each produce small-scale rhythmic
bedding (Ashley et al., 1985). Even in the winter season,
occasional sluméq may préduce rﬁythmié units such as the

“winter varves" described by Shaw and Archer (1978).

" Thus, - there are sévera;‘poésible causes of rhythmic
’ 51
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sedimentation, each representing a different time scale or.
mechanism of deposition. The term varve, however, is

-

normally restricted to a sedimentation unit deposited during
a Tone vear period by-any mechanism. Similaf couplets that
_ aré not seasénal, or for which there appears to be poof
chronological control, should be termed ;hythmitég. The uée
of this term‘is prudent in all cases where sedimentology or
stratigraphy make; division inte clear wihter/summe; layers
impractical, and the temporal setfing is either in doubt or
undefined. |

The term varve is defined (Gary et ai., 1972) as "A
sedimentary bed or lamina or’sequence of laminae- deposited
in a beody éf still water within 3 year's time, ;pecifically
a thin pai£ of graded glaciclacustrine la§ers seasonally
deposited (usgaliy by meltwater streams) in a glagial lake
or other .watler body of still water in front of a glacier. A
glacial wvarve normally includes a 'summer' layer consisting
of relatively coarse-grained, light-coloured sediment
{usually sand or silt) produced by rapid melting in the warm
months, which grades upward;into a thinner, 'winter' layer,
consisting of very fine-grained (clayey), often dfg;hic,
dark sediment slowly_.dgposited from suspeqsion in gquiet
water whiie the streams were ice-bound".

Banerjee (1973) proposed that varve is a conceptual
mpdel that includes all material deposited in one vyear.
Varves are commonly douplets thqt may be divided into a

.summer part (silt) and a winter part (clay), however they

are often more complex. There are problems, then, with this



simplistic apﬁroach to finemérained laminated sediments. For
examplg{ ‘1f the summer layer is.considerég to be made by
- turbidity’current, then there is a differéﬁce»between fhe
total 'clay thickness and the true thickness of the winter
fart'(Banerjee, 1973}, as shown in Figure 11A. Sim}lérly.
the silt-_layer‘maytconspitute only a portion of the true
suhﬁe; ,thicknqssl Where multiple flow evenfs dccur as in
summer turbidites i—a in Figure 11B and summer turbidites 1-
2 in Figure 110,_silt and clay are‘inéerlaminafea apd do not
rep;esenﬁ simple summer/winter deposits. These more complex
(varve) types are mqfe appropriately termed episodic
rhythmites. a
_wﬁeﬂ a éequence of"lacustrine.sediments shbw§ .regular
anﬁr rebeated al&ernations‘of silt or sand with clay lavers,
it 'has usually been aséﬁmed that the couplet 1is a wvarve

: repfesenting a year's deposition: Only two methods can be

regarded as direct and conclusive evidence for proving the

annual nature of these deposits: (:F\
1. Pollen and spores present in the "summer" layer
but rare or absent in the ‘*winter" layer

(Terasmae, 1965); and
2. A general correspondénée between ages obtained hy
radiocarbon dating and those obtained by cbunting'
vérves (Antevs, 1957}). H
Under somewhat unusual circumsténces, the difference'
betweenrﬁinter and summer temperatures may lead to'different'
carbonate concentrations: in the couplet. Dell (1973)

demonstrated that low winter temperatures may dissolve



(a) Single graded unit tn summer silt,

Clay | = cloy deposited during summer by the turbidity current.
Cloy 2 | Winter (Toral) 1_
Clay | Clay
] one
- Turbidite " Summer {Total) [varye
‘ sit l
i, : At L
{b) Multiple graded umit in the summer slt Igyer
Clay 2 | Winter (Totai} N
3 Clay | Clay
one
Turbidites {2 ‘ D - {Total) varve
Summer :
1 Silt
{c) Cross ~laminated and parcllsl - laminated summer silt  layer *
. “ : Clay 2 | Winter { Total)
e wd Cloy | Clay.
2
) { Totai ) b
Turbidites ot e Summer | vorve
.\ - el —
Clay g Porgllel - lamination ~rnsns Erosion  surface
% . .
{:] Silt k\ Cross -lamination
N 4]
Figure 11: True Thicknesses of Winter and Summer Portions

of Varves (After Banerjee, 1973)
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.'enough detrital .carbonate to procduce carbonate-poor winter
layers, ‘and carbonate-rich summer layers. 1In ice-marginal .
‘positions, it 1is unlikely that there would be sufficienf
temperature d;ffefgﬁzz-to ;ffect carbonate sclution. More
likély, it Qould reflect differences in the‘ rate of
deposition;f and henée, solution. Lastly, this mechanism
obviously only applies%where fhere is sufficient carbonate

.k

input from the eroded bedrock'

2.4.2.1 Annual Versus Eplsodic Rhythmites

4 -

-

A constant problem in analyzing glaciolacustrine
sediments is which factors control rhythmicity. Two
processeé may be responsible: randomly occurring, slump-
generated surge currents, and regularly altérnating

-~ .(seadsonal) précesses. Both involve sedimentation from turbid
density-driven underflows, however the seascnally contrélled
rhythmites (varves) may involve overflow-interflows ?nd
guasi-continuous flows as well as suf&é currents. -

Rhythmites formed exclusively from_ overflow-interflow |

currents are relativeiy easy to recognize, as shown in the
following section. They are thin, regularly bedded, and
contain no current structures, so they pose few problems of
- cqnfusion with surge deposits. The difficult problem is

' - qiétinguishing varves {annual rhythmites) formed

predominantly by guasi-continuous underflows from eplisodic
surge current deposits, since they have similar character-

istics. Both are composed of couplets consisting of a

coarser layer overlain by a finer lavyer. A sharp' contact

55



normally éeparates. the two layers. Both may be thin1§ bedded
(a few mﬁ to a few cm) at@distal_sites, and appear graded.
When examinéﬁ ﬁn detail, however, there are important
differences. For example, slumpzgenerated surge currents can
‘occur at any timé,and so may vary from lake to lake and .from
site to site in é'given lake. |

In contrast, the rhythmiqity of varves is' due fo:
variatién§ in the sediment dispersal mechanisms which may
have more universal application. Thus, one fundgmental
difference between surge deposits and varves is the time‘
represented by each -‘couplet. The- temporal aspects of
rhythmic sedimentation are of prime importance in any study
of glaciclacustrine deposits, whether as a geochéonological
tool or for paleoenvironmentél reconstruction ‘(Edwards,
1978; Eyles.'and Miall, 1984).

The cause and duration of the two types af underflow
event are gquite different. Surgé'currenté are "episodic,
unsteady floQ events (Ashley et al., 1985} often triggered
by slumps or.other mass flow events in unstable deltaic or
lake margin sediments. These create waning flow deposits
similar to the "Bouma Mocdel" turbidite (Bouma, 1862).

Banerjee (1973) noted the similarity of wvarves to
turbidites, and made direct comparison between varves and
the Bouma model. The common association. of structures in
varves is similar to or identical with that found in
tﬁrbiditesf ie: simple and multiple graded bedding, cross-,
parallel- andy con£orted laminae, load structgres, and the

overall rhythmic alternation of silt and clay. Ewven though
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the :turbidity currenf ofigin of the summer lgyeﬁ in . varves
_has generally been accepted since its propoSa;"by Kuenen
;(1951), few have made the direct comparison with turbidites,
in vertical segtence, true varves differ from the Bouma
modél in two respecﬁs; First} complete a-e seguences are
very rége' (as they are in turbiditeé), and second, ' d-e
'seéuenceé are most common in varves, wheréas c-e sequences
. ' 1
are, m;st frquent,in distal turbidites according to Bouma
'fL962). Banerﬁeq k1973) postulated that the lack of cross-
Jamihation (c—inférval) :in varves may be due_ to the
ﬁredominanqe -oﬁ éiltusized grains. Rees (1966) noted in an
experimentai étudy that while ripples in silt are stable at
certain stress;cdnditions,‘ if the suspended locad concentra-
tion' is high'enough,: plaﬁe beds grgdominate. Thus, unde-
qondiéions of hﬁgh susgendéd load, rippled silt bgds in
varves may " be 'suppreésed in favour of 'plane beds. ' The
appareﬁt fhythmicityT is is due to repetitions of randomly
occurfing processes. In contrast, underfloﬁing meltwater
.}createé more steady fldws which may :persigt for several
davys. Undefflows .méy persistrgﬁ;o;gh the winter, but more
coﬁmonly stop. Slump-generated surge currents can, in cohf
frast, cccur at aﬁy timea
Comparison of' thé- two rhythmite tYpés indicates
diagnsgticﬁ differenées. yggygg (annual rhythmites) are
produced by seasonal va;iatﬁon in ‘deposition extending over
a vyear, and breaks 4in sedimentation mé§ océur. The

silt/clay contact is often sharp, and occasionally silt

l?minae occur in clay layers, or clay in silt (Sturm, 1979}, .
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as shown in Figure 11B and C.

Biogenic struétures.ma§ be found in the coarse summer
layer and at the base of the winterllayer. Reports of tréce
fossils in varved glacial lake sediments are surprisingly
common, and -occur 1n units as old as Carboniferous. The

assemblages generally consist of arthropod trackways, but

gastropod, - fish and nematode trails have also been noted
(Ekdale et alf. 1984}. These organisms feed on plant .
detritus and algae, In glacial lake environments, food

&
supply is minimal (Gibbard and Dreimanis, 1978) due to low
temperatures and high turbidity, thusglimiting both suspen-
sion and deposit feeding organisms, All +trace fossil

ev&dence has apparently been noted in true varve deposits

{steady or continuous currents) rather than surge-type

‘(unsteady or spasmodic) deposits.This probably is because

the harsh conditions qf surge currents prevent the survival
of 1lebensspuren-producing organisms, Preservation wusually
occurs as a result' of slight arlations of sediment
composition and rates o? deposition between winter and
summer lavers. Banerjee (1973) noted burrows in sandy and

silty wvarves from northern Ontaric, but none were noted in

‘the Ottawa area.

In varves, silt occurs as multilaminated, micrograded
be%g. As a unit, the silt may not neceséarily be graded, but
the overlying clay is frequently graded (Ashley, 1975). At a
given site, the silt thickness may wvary with the
effectiveness of the dispersal mechanism, whereas the clay

thickness 1is relatively constant and is a function of the
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settling time and basin depth \(Ashley et ai., 1985} .
Episodic  rhythmites (surge deposits) rep:;sent rapid,
but continuous deposition. They therefore have a gradational
contact between silt and clay. No lebensspuren occur since
they either do not have tiﬁe to form or conditions are toé
harsh to support the fauna. It 1s possible that some

organisms might .produce lebeﬁsspuren between flow events,dg
nene have been reported to date. Since continucus depo-

sitiog is involved, silt layers within the clay ;:Ckzlay

within the silt are unlikely. At a given site, the t ess

- of silt and clay are in proqution since fhey< have - been
_transported by the same current. Thick «clay accompanieé
thick silt layers, and so on.

Figure 12 compares generalized deposits of typical
annual rhythmites (varves) with episodic (surge) rhythmites.
Note that varves may contain small‘surge depogitﬁ\ifuwell as
overflow-interflow deposits.

Ashley et al. (1985) suhmarize the c¢riteria used to
distinguish annual rhythmites (varves) from episodic
(surge) rhythmites:

Annual Rhythmites:

1. occur as couplets; silt may have normal, inverse
grading, or go trend in grain sike; . clay/layer fines
upward |

2. breaks may occur within the rhythmite{,possibly due to
small scale surges or overflow-interflow events; breaks

commonly occur between silt and clay

3. lebensspuren occur predominantly in the summer layer
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Figure 12: Comparison of Annual and Episodic Rhythmites
{After Ashley et al., 19885)
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and at the base of the winter layer
4. silt layer variable thickness; clay layer consistent
thickness throughout ‘the basin
Episodic Rhythmites:
1. fining upwards; gradual decrease in silt/clay ratio’
‘ R
2. no breaks in deposition '
3. no lebensspuren

4. silt and c¢lay layer thickness is proportional. ;

. 2.4.2 Rhythmite Classification and Description
Distal Jlake-bottom sediments hundreds of metres to
kilometres from the point of entry into the lake tend to be
thin (less than 1 c¢m) rhythmites consisting of a few
multiple laminations. Coarser laminae are deposited froﬁ
g;mmer underflows, whereas overflows and interflows deposit
latera;}y' equivalent silts and clays élong the lake margin
and over topographic highs. A thin fining-upward clay iaye;
represeriting sedimenfation during the rest of the year

evenly covers the summer lavers. The ,contact betwesn the two

a}aygiiéis usually sharp. .
S Qramo (1923) recognized this characteristic and

suggéste& rhythmites showing a clear i?paration‘of silt and
clay layers bei termed Qiétggtiq. Rﬁ??hm&tESthE?wing a
gradual increaée in clay from the bottom to the ébp are
termed symmict. The diatactic rhythmite results from an
alternation of dispersal mechanisms. The silt is transported
by bottom-hugging underflows whose pathways are contr ed

by topography. Total silt thickness may thus wvary\ with
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topography throughout the basin.. The finer layer then
) ,

accumulating during the remainder of the

blaﬂkets the silt,
vear from oyerfiow—interflow currents. Thus, the diatactic

rhythmite is analdéous to the annual rhythﬁite or varve,

while the symmict rhythmite is analogous to the episodi;

(surge) rhythmite described above.

Rhythmites may alsc be divided into groups based -
grain size, thickness and sorting within Iamiéations. Ashley
{1975) classified rhythmites _according_ to .the relative
thickness of the silt and clay fractﬁons. This hag the
advantage tﬂat it is immediately useful in the field, but it
does not give adequate detail for interpretation of depo-
sitional mechanisms. One of the most characteristic proper-
ties of rhythmiaes is the degree gf sorting and érudin&a of
the coarse-grained layer. This leads to two other ‘cléssi—
fication systems. Banerjée. {1973) classifieé phythm{tes
according to facies changés-in the coarse layer, based on
weight per cent sand anq.lamination thickness. Sandy (10-
20%), silty (1-5%) and diamictic (0—1%) rhythmites were
described. Lajtai (1967) proposed a similar classification
without the proximal +to distal facies conslderation.
Sorting and grading defined rhythmites as gradedy complex,
or diamictif. Note that of the fﬁo types of diamictic
varves described above, only‘thdﬂ prbpdsed by Lajtail (1967)
follows the present convention for grain size distributioh
and sorting as it is applied to the term diamicton, namely

3 ‘
that diamicton represents a nonsorted sediment composed - of

sand-sized or larger particles dispefsed through a fine-
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grained matrix.

2.4.4 Overflow-Interflow Rhythmites
Sediment deposited on the lake floor above - the
thermocline tends to be homégeneous silt and clay (Asu}gy et

al., 1985). This lack of stratification may be the resﬁlt of

bioturbation, wave disturbance, or mixing byi.wind—driven

currents., Sediments below the thermocline= are =géﬁ§;ally

rhythm}cally bedded silt and clay, with succéséive‘COupléts

separated by sharp contacts.

These couplets commonly reflect seasonal alternation:
between sediment transported directly to the site by

overflow-interflow currents and finer—grained sediments

(usually clay) which was distributed throughout jphé basin

-and gradually settled out during the following“winter.‘Thgse

couplets are the classic varve couplets, ':;eprésent§ng
"summer" and "winter" deposition, respectively. ’ ‘

Sediment dispersal mechan&%msiare reflected . in the
sedimentary structures. Each rhythmite is a fining upward
unit bbhsisting of a sand/silt layer overlain 5y a sflt/clay'
layer. The contact between the two may benéradafional, but
more often is sharp. Multiple laminations in the silt layer
are common in the proximal.deposits, " reflecting short-term
fluctuations iA sediment inpit and dispersal. |

When compared to other sediment-carrying mechanisms
such as underflows, overflow-interflows are relatively low
in sediment concentration (5—30.g/1) (Smith, 1978; Smith et

al., 1982), so that annual rhythmites are relatively thin.
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" Proximal annual rﬁythmltes may be up to 1 cm thick, while

distal rhythmites may be 1 to § mm thick (Ashley et al.,
1985) . b

. Qverflow—interfiow rhythmites have been summarized

(Ashley et al., 1985) as follows:
1, thin {1 cm thick), regular, fine-grained (silty clay)

couplets with no current structures;

2. couplets have sh;;p basal contacts and generally ;harp
contacts betwee;.couplet layers; -
3. spatial wvariation includes thinning and fining both
k downlake and from rightito left in the ndrthern hemi-
sphere (Coriolis efféc&);
4. found at all elevations in the lake basin, bu£ may have

stratification destroyed bicgenically in shallow water

‘(above the thermocline}.

i -~

2.4.5 ‘ Underflow Rhythmites

Turbid underflows are of two distinct types:rﬁ?§‘quasi—
contingﬁgs currents originating from glécial outwash and 2)
slump-generated surge currents triggered mainly by mass
movement in unstable deltaic or lake margin sediments.
Banerjee (1973) termed these ‘'steady” and = ‘"spasmodic”
turbidity currents. Their distinction |1is bé%gd on both
origin | and- the time-velocity characteristicé (ile the
continuity and steadiness) of the flow. Of the two types of

current, quasi-continﬁous underflows . carry the bulk of

-sediment in lakes dominated by underflqws. At some times (ie

. .
sporadically), surge .currents may dominate deposition.
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Chapter III *

SEDIMENTOLOGY AND STRATIGRAPHY
& .

v

3:1 SURFACE EVIDENCE—FOSTER SAND PIT

3.1.1 Section Description , g

Laminated and massive fing-grained sediments were
‘examined &n exposuresaft the Foster.sandnﬁit,,located on the
east bank of the Rideau River nearKUplands'Airgzrt, approxi-
mately 10 km south of 0t tawa (Figure 13). Two sections gérg

\

i . . , - - -’J .
é!hmin&d in detail: 'FO1, located in a drainage ditch running
, .

into /the the Rideau River {Figuré 13, 1) and oriented
.perpendiéuiar to paleéflow; F02,\located in a.cut embankment
of the Rideau River é} the base of the .Hunt Club Bridge
{(Figure 13, 2) and oriéﬁted'parallel to@Paleof}ow, Paleoflow
direction was  determined sy.the orientation of overlying
_ripp]ed and cross-bedded sand. Other se;tions within tge pit
pFigure 13, 3rahd 4) werg‘examinqd to mnable construction of
compbsite stratigraphic sec%isys-énd to sampile materiél for
radiocarbon dating (Figure 13,74).

Although measured sections occurred wi{hin‘IOO—ZOO ﬁ'of’
each ofher, he covered interval between exposures -<elither

»
had 'npt or could not be excavated. Thus, the (lateral)

H

facies relatioﬁshlps'betweén;sediments in adjacent sections °

are speculative unless otherwise noted. -

In all sections observed. rhythmites overlie either a

tabular cross-bedded to rippled medium-grained sand (Figure
14a) ‘or a poofly torted'adiamicton (Figure 14b). These
L . ' . .

sediments are grouped - into facies (1) for further
- :

&5 : ’ » v
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' Figure 13: Location of measured sections Jn PFoster Pit
’ 1--"F01; 2-F02; 3-FG3; 4-F04.

-~
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a:

Tabular cross-bedded sand at section FO2 showing
}

foreset, toeset and attenuating bottomset beds.

Note the regressive ripples on bottom and toesets

(right). Shovel 60 cm.

Diamicton overling sand (recessive dark area at.

‘base) and underlying rhythmites at section FO1.

Grit _covered clast from diamicton above.
Carbonate-cemented grit removed at lower right to

reveal clast inside. Scale in cm.

Flat,. vertical face of section F02 showing fault-
bounded block of loaded, sheared ripples.
‘ ‘
Convolute iﬁterbedding of fine silt and silty
sand oveflying tabular sand cross-beds at section
FO2.
k “

Close~ﬁp of section shown in e showing soft

. ’ . ‘{
sediment'@eformation and fluid escape trails. Area

-

shown roughly 30 x 40 cm.

Figure 14: Plate I
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discussion. In-sectioﬁ FO1, the sand is overlain by diamic-
ton and in section 'FO2, the diamictoq\is abseﬁt. |

A possible ;111_ flow origin is indicated for the
diamicton at section FO1 on the basis of stratigréphic
position, fabric, poor sorting, and lack of sedimentary
structures. Tiii flow facies may be associated with the

interchannel sand facies of the Ottawa area ridges (Rus’t’, -

1982). Other coarse~grained facies such as the -Eipximal
gravel are clast-supported with large imbricate clasts. In

contrast, the diamicton is matrix-supported and poorly
sorted with no preferred orientation of 1argé\qdasts. Clasts

-

are subrounded to rounded and range in size up to 30 cm in
longest dimension.) Many are covered witﬁ— subangular to
subrounded carbonate~cemented grit from the diamicton
matrix. Figure 1l4c shows one such clast with covering partly
regoved. Drilling has revealed similar diami;ton at the
base of the-South qloucesteﬂ’Ridge,‘immediately to the south
‘in the direction of paleoflow {French and Rust, 1881; Graham
and Jackson, 1982). This facies does not commonly appear in
the-Géological Survey of Canada cores, possibly because they
were taken until refusal, where diamicton may have been
mistakenly interpreted as bedrock or till.‘ Only surface
1ndéstigat¢on or deep drilling through bedrock can determine
without doubt whether refusal wag because of bedrock, till
ér'diamicton of other origin: ‘

In section FO2, the sand facies consists of a i.s ,&
thick tabular set of cross-bedded sand overlain by convo?

»

lJuted interbedding of fine silt or clay and silty sand. The
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section is sriented roLghl* parallel to the 1local paleo-
current . direction which follows the direction of the South
Gloucester Ridge.

The tabular set consists of well defined and preserved
foreset, toeset and attenuating bottomset laminae distinc-
tively displayed by heavy mi;erai‘ éohcenfration (Figure
14a). Foresef laminae are disfupted by -small-scale faults
(Figure 14a) with displacéments of léss than one c¢m. In
places the foresets can be traced throﬁgh toesets and then
into bottomsets, These are.simila} to stfuctures in the
Bramptoﬁ:esker reported by Saunderson and Jopling (1980}.

The continuity between foreset, toeset and bottomset
bedding indicates that they were formed contemporaneously.
The rate of sedimentation of the suspended load was

sufficient to .form a fine sandy and silty drape over the

dune front, in plgces,merging into regressive rippl he
bottomset. Regressive ripples (Jopling; 1961) have been

— A
described by Boersma (1967), Boersma'et al. (1968) and Aario
{(1872a, b). The regressive ripples probably formed dhen

suspended load settled throught the zone of flow separation
to the lee side of the dune front, where backflow was
competent to move the settling particles in an upst}eam
direction te form climbing ripples.

In the upper rippled facies, transitional ripples
(Jopling and Walker, 1968; have low angle erosional scours
merging intce a fault-bounded block of loaded and sheared

'ripples {Figure 14d). The deformation of the laminations is

difficult to explain, and the structure's origin problema-
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tic: several origins é}e possible. If collapse were to take
place at ; foreéet or slipface qf a dune, fhe usual result
., would be avalanchinglof particies down the oversteépened
facg. If the sand was iniésfrqzen or ?artially ffozen state,
then it may have broken %§f‘asza la;ge (1.5 m long and 20 cm
thick), intact plece. Thus,-the block'may have originated in
a partially frozen state. If the material were traq;ﬁorted
frozen, it is possible that collapse may have resulted from
the decrease in ‘volume .as the ‘'ice melted. Deformed
léminatiéns (Figure 14d) then result in response to gravity
during thaw and subsequent collapse. Rotational collapse of
the block is also possible, and does not require that the
sediment be frozen for deformation to occur. Another
_possibility is tﬁat the block may have been dislodged by the
.shearing action of a grounding iceberg. |
Overlying the sand- facies and transitional to the
rhyfhmites is conveoluted interbedding of fine silt or clay
and silty sand. There are at'leaSt two complete cycles in
which ripple émplitude decreases upward and laminatioﬁs
change from type C ripple drift \cross-lamination (Jopling
anlealkep, 1968) at.thé base to-near}y planar lamination at
the top. Thesé beds appear to héve . been deposited as
. 1, '
regressive ripples of a bottomset as in the unit below, .but
have been disrupted {(Figure 1;eJ by loading and slumping,
resulting in fluid escape structures.’ These form as a
result of rapld deposition of silty sand over «clay. The
trap water 1is forced +to travel. upwards - through the

L
coarser, overlying sand to escape. Figure 14f shows two such -

*
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water. escape .structures, with the column on the right
indicating local flow of escaping wa.ter the left, (Rpposite
tc the paleoflow direction. ‘

Slump structures also occur.{Figureiléf) where parts of
the clay bed hav? been detached when slumping silty sand cut.
intol the clay, separating part of the underlying bed.
Because of the high cohesion of the clay, the detached
sediment forméd gmall spheres rather than disaggregating.

Baner jee (1973) described similar fluid escape
structures and attributed them to slumping at a delta front.
Echo-sounding .and seismic reflection studies‘ of active
glacioclacustrine deltas have shown almost ubigquitous gravity
deformation features (Ashley et Fl.,_ 1985) similar to those
described above. The features most commonly found are: pull-
apart zones, small slumﬁ:}erraces, hummocky mounds? and
pressure ridges (Figure lngw The siump structures sh&wn in
Figures 1l4e and 14f most -likely represent portions“of the
compressional zone, where strata are folded and thrust over
the lake' floor by slumps moving downslope. —

In section FOl, directly overlying the diamict is a
lens of convolute laﬂfnated silt and clay which pinches out.
Thickness wvaries up to 20 cm, and in places the cénvolute
lamination forms crude pseudonodules, typically due to
vertical loading and water escape. In contrast to the
obviocus slump features of section F02,  these features seem
to occur in a variety of orientations rather than the more

unidirectional deformation expeéted as a result of slumping.

This disrupted bedding (Figure 16a) may be the result of
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TENSIONAL

SLUMPING

{ pull-aparts,
slump terraces)

PRESSURE
"RIDGES

Figure 15: Gravity Deformation Structures of Glacio-
lacustrine Deltas {After Ashley et al.,
1985)
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grounded ice shearing the underlying sediments and producing
deformation in several directions._ |

Conformabiy overlying fhe'disrupted beddinglis a thin
(iO cm) drape of laminated sand and silt, which represents
the first true rhythmite deposit. The drape consists of
medium to faintly laminated medium sand with the middle 5 cm
composed of .laminatéd silt and clay.' The top laminations
appear to fofm current riples. They grade upwards into
medium - to coarse sand with pseudonodules and convolufe
" laminations of silt and ciay. Pseudecnodules (Figure 16b)
occur iﬁ medium sand) and are composed primarily of cl;y to
fine silt with ﬁinor amounts of medium silt. The structures
appear to be completely isolated, and are usually less thén
10 cm in maximum dimension.

In section FO1, the contact between lower laminated
silt and clay and upper massive.clay is sharp. A rippled
silt bed (Figure 16c) between the two units marks the
position” of a disconformity'separating the laminated and
massive'clay boﬂies= Several fossil insects and plants were
found. iﬁ this unit, ihbluding flies, wasps and ants, sow-;,/
" bugs, weevils, beetles, millipeds and the maxillae of a fish
(Naldrétt and ﬁust, 1984). Subsequent examination revealed
this.material to bé ybunger than its stratigraphic position
would indicate. Floral and faunal evidence (GSC P;ant Macro-
fossil Report No. 84-25, Appendix E; GSC Fossil Arthropod
Report No. 24, Appendix F) suggests that the material muét
be significantly ydunger than the surrounding sediments,

although the exact temporal relationship has vyet to be

13



Deformed rhythmite laminae at base of section FO1,
attributed to shearing by grounded iceberg. Most
deformation appears as recumbent folds, but some

{right) is like pseudonodules. Knife 20 cm.

'Silt pseudonodules in medium sand bed overlying
rhythmites shown in a. Area shown is roughly 10 x

15 cm.

Rippled silt bed at disconformity separating
marine massive clay (top) from lacustrine
laminated <c¢lay.(base) at section FOl1. Silt bed

approximately 5 cm thick.

Rhythmites in section FO0l1. Scale in 0.5 m

intervals.

Lens of ice-rafted debris in central portion of

éﬁythmites in section FO1. Knife 20 cm.

Close-up of discontinuous and continuous type (II)
rhythmites in section FOl1l shown in Figure 16d.

Knife 20 cm.

Figure 16: Plate II
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determined. The possibility of modern contaminatian during
sampling seems unlikely in thié case, since the unit' in
question is both ﬁngerlain and overlain by silty clay, and
is relatively Ehin {3-4 cm) on the exposed faqe. giving'
minimal chance o£ contamination. Thé presence of young fauna
and flora, however, does not seem to have another explana-

tion.

3.1.2 Rhythmites

Rhythmitgs, prgﬁiously described as varves ﬁy Baner jee
(19#3) and Gadd (1?6i, .1962[, are restricted to a 1 m thick
section oyerlying the cross-bedded sand ‘and diamicton.facies
{Figure 16d}. The rhyﬁhmites may be divided into three broad
dépositional packages. The basal 15 cm consists of couplets
up to 4-5 cm éhick of alternating massive clay and laminaéed
silt and clay with éonvoiute laminations. The central 40 cm
has similar lamination and grein size, with éommon isolated
clasts and lenses of diamict {Figure 16e). The upper 45 cm
consists - of laminated to bepded'silt and clay forming less
‘clearly defined couplets than bgﬁow*_ To simplify discussion
in the following chapters, »these rhythﬁités are grouped into
facles (2)}.

A composite section of the Quaternary age sediments at
the Foster.pit lbcality is shown in Figure 17. Rhythmites
are shown in detailed sections in Figure 18 and Figure 19.

Unlike coﬁventionai sedimentary logs, tﬁose shown in Figufes

17-19 indicate modal rather than mean grain size. This

avoids the difficulty of misrepresentingjgrafn Bize:and not
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indicating the degree of éorting. For’example; sandy clay
<

can be distinguished fram clayey sand, both of which would
. normally be shown with mean Erain size of silt.: Using the
présent systemY the modal grain size of either sand dr clay
is indicated by the horizontal scale, and the modifying

grain size indicated by the stipple pattern.-
’ \
Since rhythmite layers alternate many times in a one cm

interval, couplets shown in the stratigraphic coiumns are
diagrammatic representations and do not represent the actual’

number of silt and clay laminations in a g.iven interval.

In orfar to better understand. rhythmite deposifion and
k) .

'

fo placé them within a temporal framew%rk, severql indepen-
dant lines of investiga@ion were f9llowed. To dié?ingq4sh
between annual’ rhythmites (varves) and episodic (éurge)
rhythﬁites, grain size disfribution, carbanate typ; and -
content, and. trace fossil presence or absence were noted.
The palynology \Pf the rhythmites ‘was also examined, as
desevibed in section'3,1.2$

Five couplet _pairs‘hesg sepafated in well develobed
rhythmite beds at sample point F070 (Figure 19). Dark and
light Jlaminations were separated with a single~edge razor

" blade, énd layers examined to détermine gfain gize distri-
bution, carbonate content, and calcite/'dolomi;e ratiosl
Variations of these parameters are.sumgarized in Figure 20.

Because of the small sedimeni volume ;gc;vergd on
separation, conventicnal graln size methods were ﬁot

possible, and Coulter counter analysis was used. With care.,

this method : gives continuous grain size distribution
. . ) 76. . ) \‘A
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measurements in tne range trom * 2 phi to + 10 phi inwmest
- k . ; '
samples, this analysis leawes 1_an open ended grainrlsize

.
*

distfibution curve., . Therefore,“ in cases. where cumulative

-;.

weight per cent fell §hert of qox« the curve has been extra~ -

-

polated as described by Banerjee {1973) Grain 512e para—

h N e i
meters were determined’ graphically accordinghto»Fofk 11880)

-I'

~The sampled silt intervals have ,'crossé and”’ rparallel

1 r{. “

) , P .
+ S 4 ) g
be multiple griaded and many consist of seveqal sedimentation

0 ) . ;: t i ko e J{ T p M
‘lln i ts. ; :'0- a ...:‘\l;: ."5. o -;".: :.:::; . o,

Wl . - .3 t "

Rhythmite type shoulkd have an effect on the grain size

) ' T ] ‘

£ e T “

distribution, since “sedimenq_dispefsal ‘mechanisms differ’
H ” .

between annual and episodic rhythmites. Annﬁaf érhythmites
.?. - o T . o
should ehow a difference in gFain size ‘distribufion and
; e @
possibly sorting, between summer lavers deposited by trac-

tion currents and winter layers deposited from. suspension.

"Simllarly, with episodic rhythmites, the transport mechanism

is usually by turbidity current underflows which decrease in
competence and result in a fining upwards trend.

| The ‘second of these Qistxibutione%appears in the five
dark (D) and light (L) couplets from sample ?070 (Fiéure
21;). Grain size parameters (Table 2) do not seem to vary

significantly between- dark and iight grouﬁ?: there 1is a

difference of 0.21 phi between dark and light mean’ grain

flaminae and qjmple gradﬁng " Most \sampled layers are.

X

size with a standard deviation of 0.17 phi (dark) and 0.i5°

phi (light) indicating very little variation in grain size,

within the dark and light groups. This grdin size distri-
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bution sedhs tp indicate that the rhythmites tested‘ were
deposited by a steady, gradually decreasing current typical
of episodic (surge) currents. T x4

@& Figqre 21 compares the grain size distributions of the

. Ottawa Valley rhythmites ‘with those of varves from various &

.

localities as reported by Banerjeew(1973);{‘The most obvious
differenoe is the poor separatioi of the dark and 1light

layers 1in the. episodic rhythmites : The envelope in Figure
21c¢ represents the grain size distribution of :en dark and
light™ layers, and indicates the close range of grain sizes
within and between the two groups. This occurébbeoause of

the episodic nature of deposition- many smali flow events

are sup%Fimposed on the primary, waning event‘interlamina—

ting coarse and fine sedimentation units in the episocdic

rhythmite {see Figure 23 for examples) where a homogeneous

unit is present in the annuql rhythmite (varve) The thin

—— ‘

nature of the’ Ottawa area rhythmites precluded exact separa—

tion of these units, resulting in poor grain size separa-
tion. Dar% and light %ayers wereithus plotted together In{.
2 3

comparison, annual rhythmites (varves) shown in.Figure 2la

Al

and b show tlear separation of grain size between w1nter ‘and-

EL}

- summer layers in all except.‘the silty ? varves. This mOSt
. A

¢ .

likely pccurs because Banerjee (1973) was able to sample
layers with thicknesses of several cm, each consisting.of a

single sedimentation unit. Winter and summer layers conse--.
U .

’ ¥ -
quently represent single, . continuous events rathetr than a

L

series of events as seen in the episodic rhythmites.

Carbonate type and distribution'was‘studied'from the

a2
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TABLE 3 °
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" Weight Per Cent Carhbonates in Section FO2
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-~ , %+  FO080 3.52
¢ FOT9 |, 7.07
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FO73 g 14.92
. F072 P 48.30 -
. FO71 : . } 38.44 '
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bedding scale to the rhythmite layer scale.
content was measured through the entire FO2 section Samples

were taken as shown in Figure 19.

l'f:ent__‘
‘ ~d

with' warm dilute HCl prior to

carbonate

84
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Bulk carbonate
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L © ¢ ¥ TABLE4
A - ST .t 1
,ziotal Carbonate, Calcite and Dolomite Content of Rhythmites
-- | -f:‘ ;:':E:.“. ;"';-"r_ T LA %“-3 AR % i o
E 7 o oW . ST e
. v L g e . _{.i. ".I‘ _ o
Satple, Weight % lecit%\‘ Dolomite
Nuﬁ??£7’ KU_EaYEonﬁte v?cg§)“ . leps} cct/dol
© DA, . 880 - 8 T 227 0.27 h
ww DBy 37.1: , 24 71 0.34
pc 7 +36.02 .. : 6 37 0.16
DD. =~ "35.93 25+ 6T | 0.37 ™
- DE 37.46 . 170 .Y 40 N 0.43
) . ~ “ . . "
mean - 36786 16 ¢ 7 41 0.31
std. dev. 1 0.38 4.2 9 4 0.05
. I . . .- 4 '
LA - - 38.22 . 34 . T s 0.64 !
LB . 37.64 T 19 58 . 0.33
" LC . 35,70 ~ 7~ . 51 S . 107 0.48
LD S 37.20 17 © 62 ~ 027
LE - 39,27 56 127 . 0.44
.‘ [ . . . - ]
mean : :37.61 35 - 81 0.43
std. dev: 0.57 - 2.4 - i4.9  0.06
. . b
(déscribed: in vbhapte 4). The presence of calcite and

. - [ \ . £
dolomite was tested by scanning for the (104) peaks of each

mineral. No peaks were found, and all cirbonate was assumed
destfoyed. Difference in weight_ibefore and after acid
digestion was measured,  giving weight.per cent carbonate.

Results are shown.in Table 3 and .in F}guré 20.

The trend of decreasing carbonate content going

upsection (Table 3 and Figure 19)_patallels the increase in

graiﬁ size in this direcfiqn.ﬁéincé carbonétes are relative-
1y soft, they ageﬁeasily reduced- in size by ‘glacial abrasion

and concentrated in. fine-grained facies' (rhythmites).

Variation of carbonate content and type was studied

'
t

:
A



within Trhythmite couplets A to D. Total carbonate. content
was determined by the warm HC1 ethod described above

£

carbonate contents of couplet halves (Table 4 and’ Figure 20f
generally agree with the bulk carbonate content values shown

L

.in Table 3 B and show a slightly lower carbonate content. in “
the winter layers, but notAaignificantly S0, |
wAssuming 1ce—marginalmwaters are -~undersaturated with
respect to carbonate (Keller and Reesma_n, 1963), and that
all carbonate is detrital,h variations'iﬁ carbonate content
‘within rhythmite couplets may bé the result of variations in
r“the rate‘ot sclution and bence, the rate otldeposition. Dell
(1573) proposed such a mechanigm for glacial varves in Lake
. Supérior, and ehowed that the&undersaturatedlwater caused
dissolvdng of ostracode carapaces. :In sué%zggz:Eff:marginal
setting, it is unlikely that seasonal temperature variations
would be sufficient to¥cause carbonate contentelto change | -
éﬁe to temperatore—lnduced solution.

Ta

In order tofdetermine-tne_relative amounts of carbonat%.
species .in dark and light lavers, tbese.were‘analyzed-bmeRD
.and the abundance of calcite and dolomite noted. This was
done by recording the numbepr of counts per second n(cps)

shown on the diffractogram for each -mineral. This’  is

directly proportional to the mass of each mineral present

r

(Miles, pers.’ comm., 1985). An example diffractogram is .
shown in Figure 22. As with all otner diffractograms, the
domlnant carbonate méneral is dolonite rather than calcitet
This most 1likely shows the effect of solution on the

minerals, since calcite 1e more soiuble.
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Dolomite (104) Peaks for Sample LC



X-ray dfffractograms show well defined g?aks of both
calcite and dolomite, indicating well. “ordered .crystal
structure (Figure 22}. This struéfure is typical of slow
gnbwing crystals,_and indicatés few imperfections. Such wgll
ordered*crﬁstéIS;afé unlikeiylto have b;en precipitated in a
proglacial ényironmént, thus ruling out chal'ofigin of the
carbonates. .Mi?robcopic; examTﬁaéion of rhyghmites did ﬁox
shéw ah? ayidehce‘ of carbonafe cementatidn‘-of -ﬁétrital
grains. Ig is thus assumed that all carboﬁ;te;;ﬁaterial
’present is detrital and originated from regional .ﬁedrdbk.
ngiatioh in carbonate content ‘must th;n be a 're;;it-:df
variations in c&rbonate content of the regional bedroék, and
of secondary alteration by solution fhe Paleozdic bedrock "*
of the Ottawa area is predomlnantly limestone (Wilson, 1§46) H
with approximgtely one third dolostone by volume. Thus
calcite would“ be expected as thé predominant ‘carbagéﬁé_
mineral, uqiess‘ lbcally derived bedrock from the lower,
dolostone-rich qufion of the sequeﬁce was thé source. Thus,
the dolomite either comes from a ver;ulocél bedrock source,
or is due to solution of the more dominant calcite. Locally
derived £OEE flour does not seem likely, given the mineral-
ogical composition isee -Chaptef 4) and fine size o©of the
~grains. | o

Several nodules or concretions up to 5 cm in diameter
were recovered from samples FO28, F0O29, and FO031, taken from
the - lower portion of the rhythmites at section  FOl. The

concretions are not apparent in outcrop, and were recovered

-during processing of microfossil samples. The concretions
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appear to.be composed of thé'saﬁe sgéﬁhént as the surroun-
ding materials,, and show only véry weak reaction to cold
dilute HCl. éeveral concretions have been found in thé'
Ottawa area (see Gadd, .1980b; Hillaire-Marcel et al. 1979
Champagne et al. . 1979), some contain fossil ma:;rial post—
dat*ng the Champlain Sea. This has generated ccntroversy
regarding fhe age and origin of the concretions. Determina-
tion of the exact mode of origin of the concretions found at
the base of the rhythmites is Eeyond the scope of this
study, but it appears that material was cemented after
deposition by carbon@¥e—rich groundwater created by leaching

-y
the surrounding clay._ Since the clay |is relatively

imgermeable, and the ché;etions are only found in the lower
po tion.of the rhythmitesr‘ groundwater maylhave entered the
clay zone from beneath, traveling through the highly
permeable underlying diamicton or sand.

Approximately 200 couplet qamples from sample points
F025, FO26, F0O27, FO28, F029, FQGO, F031 F032, FO58, FO0S59,
FOSO, FO70, FO71, and F072 {(Figures 18 and 19) were split
bereen light and dark laminations to search for trace
fogsil evidence and to determine internal structure, if any,
of the light coloured layers. No trace fossil evidence was
found in any of the samples examined. 1In 45 samples,
straight, discontinuous grooves up to 3 -mm ;ﬁide were
observed at the base of the coarser portion of the coupiet
{Figure 23). The small size and straight form of the
grooves precl ;ﬁs bicgenic origin The grooves are inter-

preted to be caused by traction load. In a few cases, the
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7 clhy were :It is thoughtsthht compaction byrthe overlying

oA P
. . ' . . i i R 4 . - -~ -
P .. N @ _ g T T e, . EPTEET I
R T R . PO —‘_..__. . . et e
" . R - X i s

grooves were not proserued,, &ut aole marks in the dvérlying t;;feﬁ?ﬂ'

o

- . * L

‘ - o .r T
e . i

'ciay may have expelledrwater tron the eilty'veaqsinu mihor AT

i readjustment 8f c"the ailt graine and bblitergting tha :;ﬁ -
grooqee.z‘tnue, Ntﬁe cohe;ive na;ure"of the tine:;"grained, ;T_;;'ﬁ
muterial preserveo”the soie oerkin§1; eren atter the ‘groove . - .~

. : USRI P
had been destroyed : »?Jf*i_q;'*ﬂ? %w; S ‘-fﬁ';l;;.:f“ - -.;;A
__A$Tno‘ typest>of grading and™ internei“e?rurtu es‘owere . “fo{f””n
fooeerre&‘ in. the rhythmites, .as shown-in Figure 23, ~Ine;ez: _}w ﬂ‘?
- are. divided_into continuous series’ (I) andt(JI),'angldi:eoan-'*Vf'*
tinuous series rhythmites "t;f" & 'i';if'f N";f“ @Wi?;f: o

) EL &.: . . ) .
Continuous Series (I) ogéur : rareiy,' and;zﬁgfist of an

unbroxen "ﬂ‘ﬁi"'ﬁ'g ) pwards from (cBarse) silt le1ay. fThe, T e

]
_Leedimenteﬂ‘ere‘ well sorted from thewgeqe,to :tgeﬂvﬁopl‘and : -
jreoresent  e singleffloﬁ,eved§-ognéisﬁfng $¥wa- sué3597 flonw _ﬁe
onderflow‘ current o?_deerea;ingAéekooity; Such a-rhythmite -
‘-iéJ shown :in Fign;e.é3'75andjis anelogong to 'the symmict ‘e{Trﬂf*
_rhythmite proposed by: Sauramo (19235~ :lh - _;; -
-Continuous ;eries (II) rhythmites are the mpet commonlx J‘ﬁt

observed These are shown schematicaliy in Figure 23, and

in Figure 16f They show a fining upwards trend, with finer

- B - e

couplet layers interrupted by thin ¢2-3- mm) laninae--of”

- - e

(un}graded Ccoarser material A sharp contact"occurE”betwebne;”wr’
coerse and " fine Iaminae but transition from coarse to fine
» -
layers is gradational These rhythmites represent smult ¢
- s & A
flow events: eingle, major fiow events have ninor events - i
auperimpoaed to give the silt stringe£% founq in the~ finer ;
layer of the couplet . As in e first case,_ the-groposed
B - ’ - LA B ’ : ~-:—'-I' -‘.# et ) —..n )
i 90 SR ’ . 3
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Figure 23.

Continuous .and Discontinuous Rhythmite Serles
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'flow mechanism is by underflow, but it is possible that with

decreased sediment concentration the underflows chénged' tox

. interflows or' overflows. The'disffﬁctive break between

tractive underflow deposits and overflow/interflow deposits

seen in the true varve sequence is not'“foﬁhd: in these

continuous series rhythmises, hénce there isf‘n?) sharp
“

contact between coarse and fine la?&ré.

v,
4.

3

a modification of the previous continuous series. TheyQare

shown in Figure 23. A sharp break occurs between the .coarse
S " , -

-and fine layegs. The coarser layer is coarser “than ih ‘other
Lo

couplets- medium sand to coarse silt rather than tth‘fine

FN

silt found in other couplets. The ccoarse Jlayer contains
. . "

single clasts dp to 5 mm in diameter which are assumed to be.

ice-rafted debris (ird). The coarse material is massive and
N . v’

ungraded. Above the disconformity separating:coarse andf}ﬁne

layers, the rhythmite is identicalttq‘the continuoug series

-

(II).
¢ 1 3
The presence of the coarser layver 1in this case likely
indicates a {summer ?) melting event at the beéinning of the

depositional cycle. Settling of “{ird through the water celumn

- (Y™

leads to the unsorted nature of the lower layer since no,
- ,‘q .

current sorting mechanism 1s available. At the‘end of this

X

, " :
event, the beginning of underflow traction currents produces

2]
-

the abrupt disconformity observed at the top of the ird.

»

Couplet thickness and. thickness trend was noted in

A

secticns FOl1 and F02. Because of the interlaminated‘iﬁature

of the rhythmnlite ‘couplets” it was often difficult and

N
oy
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The second rhythmite type, the discontinuous*seiies, is .-
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:'inabiiity to adeguately identify couplet paﬁrs. Ih surface

wr

of sediment, may be the reason 'for the lack of any trend in

b

7 St

‘
-

somékhat arbitrary 'to determine cqupdef boundaries. For

e

example, assumed couplet boundaries are shown in Figure 16f, -

but they are not cf;arly defined and consequently couplet -

thickness could change. Average couplet thickness is 2.4 cm,
with high wvariation in thickness reflected by -a standard~
deviation of 0.4 cm. This variation probably does not

g

reflect a true variation in.couplet thickness, but rather an

‘exposures, sedimentary structures may sometimes be used 40

distinguish couplet halves.

&
No trend in couplet thickness was observed going
- . ) 4

upsection.” In a true varve sequence, thickness commonly

»

N

! x

.
»*

dimindishes wupsection as sediment supply’wanes if . the ice

front ‘is retreating, but this was not seen. Coﬁplét

o

-

character changes upsection, showing a consistent increage
in the massive nature of the.sedfment. The apparently short
duration of rhythmite deposition, represented by one metre

‘ , - g :

Irhythmite thickness. If deposition had continued for a

longer period of timeb it is possible that evidence of
diminished sediment supply would be shown by deé¢reasing
couplet thickness, reflecting the change from proximal to

distal "ice-marginal position. . 3
LA s w
Organic content of the rhythmites could not be’

-

adeéuately determined because of the consistently low

organic values, as shown in Table 5. .Other "investigators

~

have attributed rhythmite layer variations to seasonal . dif-.

ferences in org@nic.matter productionb but the low organic
- ‘

-
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contents (gengraily'less than 5% and many less than 1%) and

i

kd

the poor resolution of the Mbss on ignition method (Appendix

B) do not allow recognition of changes within rhythmite

coupléts »

-
stratigraphic and lateral interual make correlation and

19),
L

r £

. o ‘ ' )
7 Minor facies changes® occurring over a .very short

b v oF

“ - analysis of sedimentation pgtterns difficult. TFhis is well

quumentéﬁ”'in éections FO0l and F02 (shown in Figures 18 and
. _ 3

"

.. 4‘.; .
where minor facdies changes occur within 100 m, and

-
>

result in differihg patterns of silt &nd clay dep&gition.

The followiﬁgé characteristics qppéar to be common in all

e sectiqﬁs and core gxdﬁined:
o w : .
A
“ 1. rhythmites, always "oerlie either sand or diamicton,
i . i ~

2.

3.

4.

3.1.3 Palynology

-

‘.;ith sharp lower contact; . : %

. . H by
the.,bgsalg 20-30 cm contai:ll‘t convolute @r disrupted
: : ‘ 1
N .
lamination: h1%4aces this 1is consistently asymmetric,

W x

and is attributed fo Jlumping;. N
A .
. . 7 , .
lenses of diamicg are ted-to the central portion

of thersection; any,

lamination becqmes:?less 'cpmmon in the upper part of

I'd
-

o - B . - . ) ne o . St
the deposit: close inspection, however, reveals that #

. ’ i
lamination is still present in the apparently massive

upper clay.. *

xS

In order to obtain more environmental information and

v possib%y add a temporal framework to the rhythmites, paly-

qdlogical analysis was done on the rhythmites from FOl.

s MR = ¥

e F Y
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Terasmae (1958) has shown this méthod of analfsis fb ’be
uSeful'{in Qﬁéternary 5trét1graph§ and environmental recon-
struction. Méthods are described in Appendix iA. Samples
were taken every 10 cm,‘or closer, as stratigraphy dictated.
Sﬁpple locations are shown ih Figure 24. . "

Early rpalynological work in the Ottawa ;rea by Potzger
and Courtemarche (1956a, b) included studies of peat bogs

gfrom the Gatineau area to the north, and the Ottawa Valley

%
to the east, but were incomplete and lacked radiocarbon
A 2 ¥ T o
contreol, Several sites were studied by Mott vand Camfielgd

[

{1969} and Camfield (1569), bu&zthese were at low elévations
and postdate the Champlain‘Sea episode. Mott and Farley-Gill
(1981) studied sites- in the Gatineau Park which covered the
la§§L 11,?90 radiocarbon Years. Thus, vegep:tion changes
during the Cbamplain gea episode WErglﬁocumentéd.
“ 'Table :5Llists the pollen found in sé@%les ;01 to FO20,
énd their relative organic matter contents. . Organic matter

content was determined using the method in Appendix B. Very

few.pollen grains were found: not enough to /place an inter-

pretation on the results. Problems of sample processing,
pellen abundance, and preservation in Chahplain “Sea
sediments are common,'_ as described .by ouimet (1983).

Considering the nearest vegétated area would have been some
distance away, and the reiatively.long fetch of the sea in

thes preévailing wind direction, it is not surprising that

fpoilen is scarce. Poo¥ preservation may be the result . of

marine deposition.
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. SAMPLE NUMBER
‘® FO20

® FOI9

=~
L

FoIB8

® FOIT
i

® Fol6

= ® FOIS

@ FOI4.

."4"

FOI3

Fol2  ~ : o
Fon ° '
FOIO 4

1
e
o6 & O

“'_
metres
o
|
vl

.. - *

¥ : g * o FOB , .
. A ‘ ‘e FO7 5 E . -5

- ~

® FO6

oo . " o Fod -

s |

e FOS5 .
FO4

.
A

® FO3

e FO2

® FOI

[

v

’ Figure' 24: Location of Palynological Samples at FOl.
‘ Helght above pit floor datum (0 m}); key
.28 in Figure 17. .

L
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TABLE 5

- Palynology and Organic Matter Content of Rhythmitea

* in Section FO1 o e
. ' . ) A . o . ,t:_
Sample Lo ' L . organict ¢t
- Number Pollen o Matter
R LA
FO1 S - none o none
S FO2 R none ' rare
FO3 . T none ' .~ none
FO4 none : ‘ - none
FO5 I none minor
FO6 - : o none " _ minor
"FO7 : . none : ) none
FO8 : - Picea (spruce): 1 ) _+ minor
FO9 b Picea (spruce}: 1 " minor
- FO10 . i Pinus (pine): "1 e . “minor
'FO11 none . " ' . none
Fo12 Betula (birchj): 1 - i rare :
FOo13 * e ‘ none , S rare -
FOl4, . . - _ none ; . - .none
FO15 ' _ none ' 'tiﬁh. minor -
Fo16 ‘ =~ ' pnone ™.’ 2 -~ Rone
FO17 . - _ Shepherdia (soapberry) 1 N
: e Picea {spruce): 1 oA Tione .
Fo18 ' e -~ none ' ) ' none_ *
FO19 o S none - - . none”’
F020 ‘ Pinus (pine): 2 .yes

5 . K%

(g

Organic Matter Content: L

b}

+ rare less than 1%
minor * | less than 5% -

yes ' - more than 5%
D HS ' "

- . i .\‘-
3.1.3 Nearshore or Tidal Facies
e i 7 .
Overlying . the rhythmites 1is a well _'documented
. _ , u s
coarsening upward sequence {(Gadd, 1977) of silt and ~ sand.

’

The .Section described here represents the‘ fine-grained

facies (facies{ 4} where muds- predomfnate.~'The uppermost
v ) !

gandyffacies (facles 5) are not described.
K N .
Apprggi@ateiy .5 m above the contact with maslive gilty

-

-— 3 . LS

+

]
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‘%clay (shown in Pdgure 17c), a number of juvenile Portlandia

arctica occur. Of 37 individuals colﬂected, all were less

than & mm'long, ‘with fhe majorify;between 2-3 mm 1ong; as.

shown in Figure 25+ The small size and close range in 'size
£ ¥ ,
indicates & high juvénile mortality rate _ spat-kill - must

. have‘ ocghrred &t an early stage, eliminating an entire

[

'generatienmiof individuals. N& adult remains  were' found.

Hillaire-Marcel _(1980) noted that Portlandia arctica 'is

!'typhgal _oﬁ*-eafiy glaciomafine environments, however the

environment here must have been too harsh ewyen for this

. N

@‘ﬁ&rdy species. 1-2 m upsection Balanus are, abundant but not

. - ‘
found in ljfe position. -« } ] o . - "

r‘Thg sedimentary stru&fures in this inferval a%e _the

refult afifhe tr&nsition ;rom fine- grained to coarse-grained
t?cies ‘LA continuqus serles of lent;cular, ‘wavyland flaser
‘bedaln; foemed with upward decreaslng 'mudf'content .ang
increasiﬁggsand content {FigureS‘ls and 19). )

a

One exampla nof Ehis mixed bedding type is shown ih

Figure 26a which ehows clustered . load~casted mipplesi_ The

i .
lower group are in the initial stage pf- ‘deformation, while
1 - 4 1 H
the upper group are-clustered and load-casted ripples. |, The

el

structures. are.cylindrical masses of sand or coarse silt,

A ’ ’ - Lo ) ! -
.. which occur in bedding ‘planes, and have a radial: internal
vor Y . -

by ¥

structure of laminated sand wedges and fingers. They form

- the

same site: each new flgple presses

T

farther down and forward until

created. Once locally weakened,

98

when a number of ripples are loaded into wWeak mud at the
- e

preceeding , one

rad al struc?uref is

the mudltends to remain at

4,
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Figure 25:™Portlandia arctica Size Distribution
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‘reduced 'strgnéth, permittiﬁé 'fﬁrther 'Hgformatiaﬁ. Allen
(1982) described the deformation as syndepositiohal. If a
suitable supply were 1in suspension, the sand coﬁld penetrate
the entire depth of fhe'mud bed. |

Gutter casts are found in glose proximify tol‘the

deformed ripples (Figure 26b). They occur immediately below

one of several channels or large angular unconformities

L3
{position shown in Figure 17). A corrasional origin (Allen,

1982) for these features has generally been accepted. The
best evidence for this is the striated bottom and sides and

the presence of possible tools such as subéngular pebbles as

infillings. Usually gutter casts ‘are found ' in muddy,

substrates where they ,have been scoured b§ éoarser
materials.

| The morphology of the gutter‘casts was investigated by
chavating into the section. In cross géctidnw the casts are
up to 15 cm wide ané 10 cm deep, with sinucus longitudinal
profile. This profile has been attributed to helical flow

(Allen, 1982).

. ———

In the wavy to flaser bedded mud and sand, articulated

Mytilus edulls, Macoma balthica_and Balanis crenatus were
found in growth positions. Mytilus is found in groups or
colonies, with labgqr individuals loggted at the centre and
smaller individuals on the periphery, and growing on the
larger shells. Macoma was also associated with the smaller
Mytilus. ‘A few Balanus encrusted. the larger Mytilus.

Radlocarbon dates were obtained fom these shells, and are

discussed in section 3.1.3.

j . 100

-



e S

Clustered, load-casted ripples in silt and sand

' - b, R |
beds at section FO03, Lower ripples are undeformed:.
F78 S "~

.deformation increases upwards. Knife 20 cm. -

W~
L)

" ~oa

‘Mud-filled gutter casts in'sand bgd at sectibn
b e

FO3. ST . +

Probable polychaete burrows at section FO4.

' Burrow-like iron stain in rippled silty sand bed
at section FOZ.*,ypte break in stain halfway from‘
top, and  lateral diffusion of iron into adjacent

sediment. -

. Figure 26: Plate III

&
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This faunal "“series 1llustrates a coﬁmon transition
found in arctic and subarctic-tidal and intertidal environ-
ments. Iﬁ' low enérgy environments where mud or muddy sand
predominates, Macoma balthica occurs. With 1ﬁcreasing
energy, sands become cleaner, and Hﬁatglla arctica domikates
in either infaunal or epifaunal form. 1In the highest energy
environments, Mytilug edulis and barnacles dominate. Modern
studies of ar;£gc tidal flat enviroﬁments {Gilbert et al.,
1982) have shown ‘similar communities. Hillaire-Marcel
(;gslq) hashalso notéd parallel depth zonation in Champlain

'5%5;5 fossils, as indicated by isotopic studies (Figure 27}.
As well aslbody‘fossjls, trace fossil bytrows (Figure
26c}) are present. Burrow density is high, but intervening
< sediments have primary bedding preserQed. The Size and shape
‘ of the structures is consistent with a burrow origin.
Sediment within the structures 'is 1-2 phi”skzes finer than
the surrounding sediment. Spirgl and intersecting
morphologies indicate a biotic rather than physical origin.
The density and size of the structures suggests that they
may be pq;ychaete gather than bivalve burréws.
Polychaetes have rarely been reported in the Champlain
Sea. This is probabl§ because theyjére soft-bodied and only
their chitinous jaws are preserved agter death. Two of the
three feported genera of the Champlain Sea have been found
in the Ottawa area (Wagner, 1984):‘
Polychaetfes have been reported in similar environments

in modern studies (Gilbert et al., 1982}, and are a source

of food for the harp ééal, the remains of which have been
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e
found in the overlying sediments at this locality
(ﬁaringtonfl1§77). |

Excavation into the section revealed that burrow struc-
tures penetrate 'the sediment, thus ruling out the possiﬁil—
itvhof a superficial phenomenon. A 10 by 10 cm grid pattern
was established on sevefal cut faces to estimate burrow
deﬁsity. Sﬁuare grids were placed‘on‘ the top and two
adjatgnt sides of a one metre'cubg of sediment ‘in three
locations, and the burrows counted. Results were éomparea.

B}

and similar numbers were found in each case, so orientation

apparently has no effect .on density. Burrow density was

3
calculatéd to be approximately 30,000 burrows per metre-

- T

rd
’

of sediment. Assumfng/?hf"simplest geometry of a cylindrical

burrow of diameter

1 cm and length 8 cm, each burrow has a
3 ‘ 3

volume -of 6.3 cm ° and-.the minimum volume of . burrowed
sediment in one'metrea‘is 189,000 éma, or roughly 20% of
sediment volume..

Much of the rippled fine sand and silt has periodically
spaced iron-stained beds of medium sana. Spacing varies frqm
20-50 cm with individual bed thickness ranging from 5-10 cm.
This  phenomenon has been noted in marine "and non-marine
sediment, . and wusually involves perioddc precipitation of
manganese and/or iron Qith ;he release of hydrogen sulphide.

Jéhnsfoﬁ (1917) first noted these strata, which he
called reddish bands. They occur most abundanfly at the base
of the upper fine-grained sllty clays and in places extend

through a vertical interval cof 2-3 m, but are not extensive-

ly- developed. Johnston noted’\ the materjial to be extremely
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fine and largely weaéhghéq, in contrast, to the material o{

. 14

+ . “

thes present study which is coarser (sand). .-

Gadd (1971) noted similar deposits, calling them ‘the

blackrmottled facles'. Freshl§ exposed’ surfaces of the.
massive upper silty clay body contain black patches in
places and streaks of an oiiy 6r ‘greasy matei&al that
appe%rs to be due to concentration of finely divided organic
matter. Hollow black tubes of organic matteg, probably root

fragments, are common and in several places there ‘are shell

i
!

molds after Portlandia sp.. These molds are lined with a
thin, black ~ film which Gadd interpreted as the remains of
the - periostracpm.- Shells apparently'have been destroyed,

leagingrbehind the surface covering.

1

The clays have a pungént sulphurous odour when freshly

exﬁosed, and release ‘Glphur dioxide and/or hydrogen‘
sulphide when cold dilute HCl is applied. hpp%reqtiy, }the
compounds producing these reactions are not stable, since
they disappear upon exposure.

Gadd also noted that in some places rusty coloured
bands on the surface mark the position of black bands i;
freshly cut clay. When exposed to surface conditions, the
black bands changed to a rusty cclour. Gadd assumed .these
clays were debosited in a deep basin under anaeropic
conditions, where a drowned glacial topography hampered
normal circulation. Deep water deposition may be possible as
{% the ‘fjord postulation of Cattc et al. (1981), but

sections in the Ottawa area do not indicate a drowned

glacial topegraphy and sediﬁentary structures indcate inter-

Ty
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tidal'deposition. Tﬁb rusty bands may thérgfore have been

be due to diageﬁétic'changé‘within the Eedimﬁpt.

ot

deposited in shallower water than Gadd envisioned, and mair"
\

. N

: “

. : TR ¥ ,
When fine organic matter is dispersed through the ‘\
. ) o
substrate, a series of decomposition reactions begirs- based”

- .

on the bacterial decomposition of the organdc matter. A bib— .
chemical succession forms, * which leads. to a vertical

zonation based on electron acceptdr use in .the various

chemical constituents (Mc@pll and Teveoz, 1982). From the
sediment-water interface downwards,. laVers rich in oxygen,

N

 nitrate,7 manganese, iron., sulphate and carbon dioxide form.

With changing redox conditions {for example with .changing

water level), periodic precipitation occurs.

Donovan and Lajoie {1979) reported this phenomenon in

F

Champlain Sea sediments, noting that the presence of

diagenetic iron sulphide in the ,glacigenic clays effects
‘ : . N

their geotechnical properties.

[

in’this Rarticular case, banfls of iron\oxide have been
precipitatéa. In otg;f cases, {he réaction gébmetry is
" somewhat different: _ﬁorming rings éround‘organic particles.
For example, “the black;mottled facies of qug (1971) mag be -
thé. résult_ of prgcipitation’around fecal pellets or other .
'point sources.bf oréanic matter capable of decbrposition. .
Examplé; of such reaction geometfies are shown iAn Figure 28.

High concentrations of available iron have?;lso caused
the - formation of a burrow-like structure, shown i, Figure
26d. However, seﬁgpal factors indicate that the structure is

<

: e ‘
.not a burrow. Tﬁé\ifructure is toc large- the only burrowing
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organisms known to exist in*tﬁe.sur?ohnding_ sediment are
bivalves and possibly polychaetes, both of which are smaller

than the structure. At least two laminae penetrate the

-

structure, including a prominent sand lens shown 'in the °

upper half of the illustration Tracing individual - laminae

through the structure, some bend dowuwards as would occur

. following fluid escape and subsequent sediment -collapse.

-

Although the exact mechanism is.not known, it appears
that t;e structure formed by precipi;ation“of free\,iren
which was mobiﬁized by the flow ef groundwater through_ the
iron-rich beds described above. Groundwater travels freeiy

through the overlying sand beds to this level, where the

underlying fihe—grained sediments ..act as a barrier to

further downward movement of water. In a cut~section, this
results in the discharge of high volumes of water through

_ .
the sediment where the structure was found. Upon exposure to

E)

. -
surface conditions, the 4iron is immediately oxidized end'

forms the crust seen on the sand grains.

3.1.4 Radiocarbon Dates -

o (eatable paterial has been recovered from either

the rhythmites or the underlying material. Several dates

have been obtained on shells collected above the rhythmites.

Y

These are summarlized in Figure 29. ?reston'_et al. (1955)
"

reported a date of 10, 850+300 BP (Y 216) on shells of Macoma
with some Balanus and Saxicava (Hiatella) " found at an
elevation of 98.5 m (325 ft.) in a pit at the northwest

corner of Uplands airport. Olson and Broeker (1961) reported

o ‘ - 108 -
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' speciles.

T

two ,dates from marine shells collected at an elevation of 91
m (100 f}.) at the Foster pit. Mytilus from.12 m'(40 ft.)

below the ngroﬁnd surface yieﬂaed 3 date of 10,700+ BF (L

-

604A) and a collection of Hiatella, Macoma and Balanus from-
11 m (35 ft.) below the ground surface vielded a dq;e-lof
. < M

*10,5504200 BP. - o

. x
¥

Since all previous radiocarbon dates except L 604A were

L
-

from a mixture of species, it was decided to sample single
\ . B -
species .to see whether a more precise date could: be

obtained. Each bivalve has a different rate of carbon

uptake, so there may be slight.variations of dates between

. LY
1

/B 2.5 m section was measured and sampled for shells, as

.

shown in Figure 36. A leps of light pinkish brown mediﬁmTko
coarse .sand contained in sitgnarticulated M;tilus edulzé,
Macoma béifhica, dnd Balanus crenatus. Two radiocarbon dates
2 ’ ‘
were obta%ned: from the Brock University Rédiocarbon Lab:
Mytilus gave a date of 10,100+130 BP (BGS 885) and Macoma
gave a date of 1o,500f180 BP (BGS 886). Since these shells
were observed in life position, and’éeparated by species, it
was . hoped that their ages might givér more precise
inf&rﬁation' as to-the age of the materials overlying the
rhythmites. As indigated ip Figure 29 however, the error
involved in the age determinatioﬁs makes interpretation of

'

ages by species impossible. . o e
~

"
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10,100t 100 BF
» :
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g
articulated ‘Myrilus edulis -
3 articulated Mytilus edulis ,
. - 1
" +
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T - . Macoma - balthica, and Balanus crenatus
] %,_ % " | articulated My tiius eaulis
- - Y
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. cl Isf |sd |gr|
’ S . ¥ J !
t . X
. oy - - T “ . .

“30: . Stratigraphic Column FO4 Showing Location

~ of Shells for Radiocarbon Dates. Elevations
" as In Flgure 17. -
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3.1.4 Vertebrate Remains* ’ - N
Over the past aoayears, reﬁains 6f thé Beluga (White)
X a s v .
whale and the;,Ringeﬁ seaL been found in the Foster pit.
‘1 .

Y
-, o =

4*Stefnbeﬁg 19&1)~nollected mobt of a skelexon\‘including a

well pressrveg cranium lacking the :lower mandibles, 20

-

- T : '
vertebrae, several ribs, a scapula, humerus, radius, and

' .
5, ¥,

Jarious bone fiagmeqts 9 £ a' White whale be}phinapterus

. 5
leucas (NMC 8883%. It is: probable that the' ‘complete! skeleton

[%

was:present'oribimall?, but: removal oft the qurrounding sand

cadsed thg loss qQf some pones.;aA-fe@ldayé later, the brokén

. LI \
- e o M

mandlble of .a youngertindibfdual haalrecbuered (NMC ‘8884).
i -

The partial skeleton of a Whlte whale was collec&ed fo: N.R.

N

Gadd in 1956, ﬁarts of the cranium, limbs a%d ribs wereu\

recovered. Bones . were ﬁound at a depth of 6.1 m (20 t.)

- N

below the ground<surfaca - and approx1mately 6 m (15 20 ft.)

-~ > G

above-: the location of The bivalve shells for dages L_ 604A

and L 604B. A
ﬁ' = . . . ;
) .
Bone collagen (Flgure 39 . v W

- . bt

}'?ha remalns of a ringed seal have ~also beapf:found

s N v T

(Harington, 107?) : The ‘right- calcareum (NMC l3349)_ was

ey

colleéted in 1975 from the sand surﬁace of the Foster Pit

‘1.. - *

approximately 8. m (SOﬁft.).balow the_ground surface. -’

T

° ’
b2 - g °
‘ Y v ' T . KRR
. - ' 1
-

4.2 SUBSURFACE EVIDENCE QSQ BOREHOLES o :
During ,the 1974, 1975 and ‘1976 field seasons, the
-t ll N .

Geolqgical Survey of Canada maae 21 stratlgfaphicA borlings

'k

-through the _late Quaternary deposits of thé Ottawa Valley

P

{Figure 31)., Over 200 shelby tube.cores were taken at close

112 : \“ii

~

o

date of 19,4QQ+‘BP-(GSC'454) was ohtained ‘on-

]
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intervals through the entire suite of silt and clay
- 1 -

sediments.

i

ThHe first information revealed is that the. laminateq.
sediments are @uch more widespread than previosly thought;.
and the cencept of a narrow glacial lake (Gadd, 1962) mus¥
be discarded, or modified. éadd (1986} proposed that the
rhythmites were depositeiﬁin,an e;rly glaciomarine pﬁése of
the Champlain Sea, however sedimgppary evidence Qrom

’ éurface exgosures and boreholes does not support this ﬁlaim

and points to the original concepthqf a élacial lake.
Fransham et al. (1976) and Gadd (1977) identified at

least four principal facies in upward sequence in the late

Quaternary deposits:

1. Varved clay with characteristic colour " banding and
graded bedding coﬁmonly overlying till, grades upwards
to faintly stratified to massive dark blue-grey clay
and silty clay; -

2. Silty clay, commonly mottled throughoqt by unstable
black sulphurous material which disappears upon expos-
.ure. The mottling shows an irregular patternﬂéimilér to
burrows or bioturbation stfuctures. dommonly fossilif-
erous ({pelecypods, fora%inifera, ostracodes), this
facies grades ppwards to

3. Regularly bandéd, coarse grey silty cla§ and fine red

clay -with bands of sulphurous black material in

discrete layers. Relative thickness of grey-red

couplets (coarse-fine) increasing upwards, as does

.g;ain size.
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4. Clay to sand, with sand dominant in upper - -strata. Dis-
tinguished mainly on the hasis of structures.

.

Gadd (1977) suggested. that the basin received fine

sediment under four principa% conditions:
1. Freshwat?r glacial_}gkﬁf
2. Deep water, quiescégt marine basin or pro-delta
environment of maximum salinity; ) “
3. Bcttém—set facies of é prograding delta, and
4. ‘Upper delta facies of the prograding delta.
Gadd (1986) modified his original proposal of a glacial
lake to an ice-proximai glaciomarine water body; This
interpretation 1s confused, _and Gadd did not clearly

distinguish between glaciomarine and glaciolacustrine

conditions. He noted "the gradational relationship (between

diamicton and overlying rhythmites) indicate a continuity of

sedimentation, presumably in one basin, and a rapid and
gradational transitiéh from glacioclacustrine or glaciomarine
to marine conditions... In such an interpretation, a
glacial lake, as such, may never have existed, instead there

may have been a-(estuarine?) part of a larger marine basin

‘that had relatively short term glaciolacustrine and

glaciomarine conditipns imposed on it during the persistence
of glacier ice in nearby highlands... Rather than a
separate freshwater  lake, the barren to sparsely fossil-
iferous varves may’represent essenfially glécial conditions

near the ice margin in the marine basin" (page 17).
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One major problem in analyzing individual rhythmites of

g —~.

th{::iﬁtawa Basin is that they do not Egrre}gt$ well, 1if at
‘all between cores. Thehe appears to be ad“bié{ﬁLwide
depositional event or marker which cou é?ggﬂ‘used to tie

depositional history together: lose lexamination reveals

that while the depositional pattern ilar in all

subsurface rhythmite sequences, each couplet displays its
own particular sedimentation rhythm. Agterberg and Baner jee
{1969) and Banerjee (1973) attempted to deQelop a stochastic
model for rhythmite depgsition, but it is extremely complex,
and the Ottawa Valley core does not appear to fit the model.

The preceding discussion assumes that the  rhythmites
are true varves: in fact, evidence seen in surface exposures

%

strongly suggests that the rhythmités are episodic. If this
were the case, then correlg%ion between cores would be
difficult or impossible. The stochastic model of Agterberg
and %anerjee {1969) appiies only to annual rhythmites, .and

woulé,not belvalid for episodic events. ‘ /,

W

Examinaﬁ?on of the coret’logs from the Geological Survey
of Canada ({(Gadd, 1986) indiﬁates wide variation>in the use
of terms such as "varve", 'rhythmite", "interlaminated" and
"varve-like". Clearly, no interpretation of the sediments.
can be made unless an objective basis can be used to
indicate the relationship beéween rhythmically alternating
silt and clay units. Until such unbiased measurements can be
made, no correlation of rhythmites between cores will be

possible. The use of a single investigator should aid in

keeping description consis%?nt, but objective criteria are

llﬁ‘ﬁ
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6til] necessary to be able to relate depositional packéges
from different areas to each other.

Rhythmite thicknesses indicated in“Figures 32 and 33
_vary over the Ottawa basin, and the exact thickness is in

. em LS -

‘doubt because of the variations in ae5cr;ption mentioned
. - ’ - .

above. It is "hot clear whether indicated thicknesses are

true thicknesses or other sediment fypes have béen included

with the rhythmites. A case in point is the contact between

" the Jrhythmites and the overlying massivg'clay observed in

-

surface exposure and in ?ores.' This contact i§ not sharp or

easily defined except in cases where there is a disconfor-

mity clearly {ndiiatga-as in section FD1 (Figure 16¢). Since
the divigisn bé;ween ;he Enggnits is based on bedding style
which s variabié¢near the ccqﬁﬁct; division is somewhat
arbitéary. _ As a reqplt.‘:the exdct thickness of the
rhythmites cannotmbe.determingd from theagore logs.

In addition, bottom topography of proglacial lakes is
+ " -

uneven, and sediment thickne&ses often vary.greatly within a
)—— .

lake. This has been observed by echo-sounding of Lake

Ontarlo (Anderscn, pef%. cpmm.{3¥§84) and other glacial lake
- e S _
basins. As a result, ;$gis expected that rhythmite thick-

" ness might vary within the Ottawa Valley. -

4 o :
Serious consideration, however, shouid also be given -to

the 'possibility that more than one basin may be involved,
and conseqdeﬁtly eedimenF thicknesses would vary from place

to place within the larger water body.

-
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3.3 DISCUSSION

Correlation _of sediments and analysis of depositionél
meéﬂ%nisms méy be greétly‘cpmplicated if moré than one basin
is invplved.l The pre—Chémplain Sea lake was deeper than the
subsegquent sea, and therefore very likely oécurfed as a

single water body. It seems possible, however, that several

P . )
smaller basins or depocentres could have been created during

“the final decay of the ice sheet in the shield areas of the

Rideau Lakes and the Gatineau Hills to the north. The
irregular bedrock topography and poor drainage ﬁ;?ld result

in local ponding of water either by bedrock hollows, or in

’

ice+dammed areas. Similar depositional environments have
been documented in Scandinavia (Terasmae, pers. comm. ,
1985), particularly in Sweden where similar bedrock

topography occurs.

The small size of the basins and possible ice damming

~

would result in short lives for the lake segments, projﬁfing_

the thin sediment package observed in the rhythmites. / The
approximately 1 m rhythmite section implies an extremely
short life: Rust' {pers. comm., 1986) estimated possible time_

of less than'20'yeérs,f and.Gédd-(IQBS} proﬁosed a period of

.30_50_ "warve vears'. Although the rhythmife CbuPIEtE\EEQSOt

be proven annual, these estimates seem to be at least the ’

correct order of magnitude for the duration of the

proglacial lake.

Maximum s-Jimentation rate for rhythmite deposition

may be . cdalculated assuming minimum deposition time of 20
2N

years: and maximum sediment'thickness of 1.0 m, giving a

| : . S ~
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‘'sedimentation réfe éf S.0 cm/Yeaf. Gadd (igasl estimated. a
sediﬁentation rate .o0f 3.5-5,0 cm/year fo; the overlying
Champlain Se%.éiay {here termed facges (4) or massivé siity
clay), based on thicknesses observed in the Ottawa 'Valley
boreholes and radiocarbon dates giving marine maximum “and
freshwa;er minimum aggs for the Champlain Sea, These
estimates fall into the middle of the range for é]aciomarine
sedimentation discussed in section 2.3.

If a series of isolated depocentres or basins were
created, it would be very difficult to analyze and correlate
the sediment betweeﬁ basins. In the case of digtinguishjng
between : annual and-episodic rhythmites, the diétincfion
between suspension and traction deposition and relative unit
thicknesses of winter and summer layers may not be’clearcut.
For example, in true varves, the thickness of winter layers
should be consi§tent since all materidl is-ﬁeposited from
suspension. This assumes: however, that the sediment is
suspended 1in a single basin. If seve¥a1 smaller basins are
inVQJQed, the unit {£ickness may not Qe consistent since
sediment input to each basin coyld vary. This means that if
sgveral small basins ‘are'-iHVOIVEd, the possibility‘ of
'cérre}aéing rhythmite units is greéEly diminished, and the
distinction between annual (varves) and episodic rhythmifes

-

will not be clear if based on sedimentologicél criteria

™~

alone.

——
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Chapter IV
MICRO?ALEONTOLOGY 5 s
" 4.1 INTRODUCTION
4.1.1 Previous Work
Dawson (1857) appears to ‘have beeq the first to

)
-identify Fhamplaiﬁ‘ Sea foraminifera. _He figured AQEthout
identification}) seven foraminifera from the ﬁontreal area,

. now identifiable' at - the genus level as g;ég;g;g@ 'sp:,
Quingueloculina sp.; Qolina sp., Guttulina sp., and m
Triloculina sp.. Logan (1863) reported further “work, and
Dawson = (1871) noted the foraminiféra.were most abundant in
sandy clay, especia&ly where molluscs are numerous, and.
identified Polystoﬁéll@ crispa (Linne) (probably Elphidium

excavatum Terquem) as the most frequent;?pecies.; Brady and

Crosskey (1871) appear to be the first to report Champlain

-

Sea ostracodes.

Wagner ‘(1970). stressed molluscs in her Btudf ofr
Champlain Sea {auna, and illustrated only 25 species of
foraminifera and ostracodes, listing most a% indeterminate.

The paleoecologic¢al implications of thé Champlain Sea
benthonie -foraminifera have been discuésed in detail by
Corliss et .al. (1982), Cronin.(1976a, b, 1977a, b, 1979a, b, # &
1981) and Fillon and Hunt (1974). All of these studies have
concentrated attention on the later, more well established
biofacies rather than the early, transitional Champlain Sea
microfauna.

With the .exception of studies by Guilbault (1990) and
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derigues and Richard'(léas), no ecostratigraphic studies of
,Qicréfaqna have Apeen ggde.. These two”studies concentrated
on lthe younger, littoral . sed;ments and have . generally
fghored the older, ea;ly Champl;iﬁ' Sea sediments. Pre-
Chaﬁplain Sea sediments.either were not included in previous
stuaies, or were not'frecognlzed by investigators. The
.present sgkdy therefore represents the flrst ecostrati-
graphlic study of the early and pqg—Champlain Sea sediments
in the Ottawa Valle;; \Qt‘hiﬁ .
Fillon and Hunt (1974) analyzed three piston coré;-fr;m-
the Lake ‘Champlaiﬁ basin and proposed a biﬁstratigraphic
zonafion based . on dominancé. The zones (in ordef‘ of
decreasing age) are: V: Islandiella teretis; W: Isla
islandica and Islandiefla teretis; X: Protelphidium
.orbiculare and Elphidium bartletti; Y¥: Elphidium clavatum
:and Protelphidium gﬁéigglazgz, and Z: Elphidium clavatum,
These species_are'all common in the Camadian arcgic region
-and the,easterﬁ continéntal shelf_in_water less than 100 m

. deep (Coopeﬁ, 1964.; Hooper, 1968; Loeblich and Tappan, 1953;
b d - +

Phleger, 1952; Vvilks, 1968). Elphidium glgy tum is dominant

2
in very shallow, low salinity env:ronments. Guilbault {1980)

noted tHat"beéauSeJOf.its abundance and assocdiation with

-

sIslandiella helenae (= Islandiella teretis), it is possible

the species Fiilon and. Hunt (1974) reported as ‘Islandiella :

b
o
{b=r
Y
b=

dica is in fact Cassidulina nif me. Fillon andrHunt

suggested salinities of 30~ 33 ppt for Zones V and W, 22-28

»

ppt for zones X and Y; and 18-24 ppt for zone Z.

Cronin (1976a, b, '1977a, b, 1078a, b, 1981) has made
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‘in

the most comprehensive study of the Champlain Sea microfauna

¥, -

to date. He studied foraminifera and ostracode fauna from

BN

gediment in the Lake Champlain, southern Quebec and eastern

Ontario areas. All samples came from surface localities, ang

. r
their stratigraphic location was often not considered. Good

systematic.and palececologicad description of the foramini-

" fera f1977b, 1979a) and the ostracodes {1981) are giyen with
-roughly 79 benthonic foraminifera spegies and 40 ostracode

- species” listed‘aé shown in Table 6 and Table'ﬁ?. Guilbaulg
(198Q) also gives a good ‘systematic listing of the foxamini-

. .' s ! + .
fera. . . ’

) A
Cronin (1976b) described a fauna from near Kars,

“ Ontario, at ‘the extreme southern end of the Twin Elm Ridée.

‘nghe most 'significant point is the large number of species
i (Table 8) fbuna at this site. Seldom are qkore than 10
species found at any one Champlaiq Sea locality (Wagﬁer,

1970; Cronin, 19876b), but the Kars locality yielded 41. This

- -

indicates high speCies,diversiQy, even for recen arctic

P

ey

faunas, where average species number ‘per locality 1is 27

14
(Loeblich and Tappan, 1953). A " daLe of 10,900+100C BP
h 4

£
A

(GSC 2312) was obtained on shells of Hiatella arctica found

at the same site. The fauna doeuments a.‘normal maring,

-

arctics/subarctic environment with bottom water temperatures‘

at été%ii:w OO Cc for mosf of the yeai, ,and rarely exbeeding
10D c t 2O C during the warmer monthe; salinities ranged
from 30-35 ppt. hw

Cronin l1979a, b) sﬁﬁmarized previous wogk, .giving a
synthesis' of geographic yariations of specles diversity and

124

“r



TABLE 6

Champlain Sea Foraminifera (after Cronin,

Elphidium
Elphidium
Elphidium
Elphidium
Elphidium
¢ Elphidium

) "-'k'

incértum (Williamson)

excavatum forma clavatum Cushman
bartlettl Cushman

albfumbilicatum' (Weiss) - -
subarcticum Cushman ‘
asklundi Brotzen

Protelphidium orbiculare {Brady)
Protelphidium cf. P. anglicum Murray
Elphidiella arctiga (Parker and Jones)

' Isldhdiella helenae Feyling-Kanssen and Buzas
Islandiella islgndig@ Norvang

Iﬁlandiella norcrossi (Cushman)

Casgidulina crassa d'Orbigny
Pseudopolymorphina novangliae (€ushman)

Pseudopolymotphina suboblongata Cushman and Ozawa

Pseudopolymorphina soldani (d'Orbigny)

- Guttulina
Guttulina
Guttulina
Guttulina
Guttulina

lactea .(Walker and Jacob)
glacialis {(Cushman and Ozawa)}
dawsoni Cushman and Ozawa
austiaca d'Orbigny -

problema d'Orbigny.

Pyrulina cylindroildes (Roemer)

"Glandulina laevigata d'Orbigny
' Eosyrinx curta (Cushman and Ozawa)
Laryngosigmg hyalascidea Loeblich and Tappan
Laryngosigma williamsoni (Tergquem) \

Dentalina
Dentalina

Dentalina

Dentalina
Dentalipa

ittai Loeblich and Tappan
pauperata d'Orbigny

.frobisherensis Loeblich and Tappah

baggl Galloway and Fisher
melvillensis Loeblich and Tappan

Colina melo d'Orbigny

Oolina cf.

Oolina laevigata 4'Orbigny

Oolina hexagona (Willlamson) -
Colina williamsoni (Alcock) N\~
Oolina lineata (Williamson)

Ooldna caudigera (Weisner)
Oolina acuticosta (Reuss)
quina'sguamosa -sulcata (Heron-Allen and Earland)
Lagena semilineata Wright . ‘ ¥
Lagena gracillima (Sequenza) ,

Fissurina
Fissurina
‘Fissurina
Fissurina
Fissurina
Fissurina

_ma;ginata {(Montagu)

ventricosa (Weisner) -
cucurbitasema Loeblich and Tappan
sp. 1 a
sp. 2

»

Quingueloculina seminulum (Linne)
Quingueloculina cf. Q. akneriana 4'Orbigny
Quingqueloculina sp.

Quingueloculina aggiutinata Cushman

125.
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" » R .
[ 4 ot
o i
Triloculina trihedra Loeblich and Téppan . ) S a
"nygo w1lliamsoni 1Siluestri)

% Silicosigmoldna groenlandica (Cushman)

[§

Pateoris hauerinoides (Rhumbler}

Virgulina schreibersiana Czj%ek’

Virgulina loeblichi Feyling Hansen

Buccella frlgida (Cughman) :
atellina corrugata Williamson - ' L ‘

“CiEic;des lobatulus (Walker and Jacob) ‘ .

Astacolus hyalacrulus Loeblich and Tappan'
Nonicn labradoricum Dawson ) _ S ~
Trifarlna fluens (Todd) i )
Astrononion gallowayl Loeblich and Tappan
Belivina subaenaraenegs Cushman .‘

Bolivina sp. ; Ehi T
Bulimina:cf. B. marglnata d'Orbigny - ' . '

faunal‘ehanges over‘a pericd of time. These factors reflect
the evolution of the Champlaln Sea basin(s) and the gesppnse

of the féuna to water mass characteristics. A nearshore,

shallow (less than 30 m) water fauna was dominated by

-

Eiphidium sp. and Protelbhldlum orbiculare and - second
assemblage dgmlnated,.by. Cassidulina cEessa,L Islandiella
[ ) ) .?s - B ) ) '

helenae and Elphiﬂip@»excavepu@'forma glavatg rrepresents
' ’ . . §

offshore, deeper {(30-100 m) water., * .

Ostracodes were studiediﬁ(ernin,L 1977a) and three

stages of Champlain Sea development were iﬁfemiedJ In the

Transitional phase (12,500 fo 11,600 BP) a mixed_ association

_of ‘freshwater‘égd eurvhaline ostracepdes and molluscs were

& 3

found, suggesting a periodig input of glacial meltwater into

the marihe water. "Watefttemperatures were considered to be
B s (e} ! .

below.5-10 C. . The g;ggg;; arctica phase proposed by Elson

(1963a)=followed”111 600-11,000 BP), and was marked g& the

dbgndence ‘of Hiatblla arctica and a polvhaline subarctic;'

arctic ostracode and foraminxfera fauna, with the absence of
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TABLE 7 R

Champlain Sea Ostraboda {after Cronin, 1977a)

-Cytheromorpha macchesngyi {Brady -and Crosskey) o
Cytheromorpha fuscata {Brady) N :
Leptocythere castanea (Sars) )

Eucythgridea bradii (Norman) . -
EuCytheridea macrolaminata (Elofson) 7

- Eucytheridea punctillata (Brady) ' ' -~ ..
Heterocyprideis sorbyana (Jones) L . -
Palmanelila. limicola {Norman) B
'Eucythere declivis (Norman)

Cythere lutea ‘0.F. Muller s )
‘Acanthocythereis dunelmensis (Norman) - o ot
Cytherura gibba (0.F. Muller) :
Semicytherura cf.S. .eata ‘(Sars)
Semicytherura sp? - o ! -~ g -
Cytheropteron inflatum Brady,.Crosskey and Robertson
Cytheropteron 'ldtissimum  (Norman) . \ . .

- Cytheropteron nodosum Brady . L T
' letheropteroﬁ montrosiense Brady, Crosskéy and Robertson;
form 1 -
Cytheropteron montrosiense Brady, Crosskey and Robertson

form 2 . Lo,
Cytheropteron paralatissimum Swain". - '
Cytheropteron arcuatum Brady, Crosskéy-and Robertson "
Cytheropteron cf. C. alatum Sars . L , .
Schlerochilus contortus {Norman) : o

Cyprideis ‘cf’. salinus.Brady : . :‘ o L0
Ilyocypris gibba (Ramdohr) :. TIRY ' T
Candona subtriangulata Benson and MacDonald *

'Gandona sp. - N
.Jonesia §implex {Norman)

»

freshwater ostracodes.  Based on faunal evidence, salinitieé
. X M v h : o
of 18-35 ppt and temperatures of less than or equal to 12 C

during the warmer months were inferred. The Mia arenaria
phase followed (11,000 to 10,600 BP). This phase was charac-
terized by the presence of ﬁfé arenaria as the dominant

'bivélve, the appearance of the gastropod Hydrobia totteni,

the absence of Hiatella arctica and gg_lg gia arctica, and

an ostracode assemblage different from the previous  two
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Foraminifera at Kars,

Elphidium
Elphidium
Elphidium
Elphidium
Elphidium

Protelphidium orbiculare

TABLE 8

incertum (Williamson}),

excavatum forma clavatum Cushman
frigidum Cushman

subarcticum Cushman

bartletti Cushman

(Brady)

Islandiella ;eret;s (Tappan)
Islandiella islandica Norvang

Islandiella norcrossi

(Cushman)

Cassidulina crassa 4d'Orbigny’

Eosyrinx curta

(Cushman and Ozawa)

.Glandulina laevigata d'Orbigny

Pseudopolymorphina novangliae

Guttulina
Guttulina
Guttulina
Dentalina
Dentalina

Fissurina’

Fissurina
Fissurina
Fissurina
Fissurina
Oclina
Qolina
Dolina
Oclina
Oclina
Lagena
Lagena
Virgulina
Virgulina

(Cushman)
glacialis (Cushman and Ozawa)

cf. G. lactea (Walker and Jacob)
sp.

ittai Loeblich and.- Tappan
melvillensis Loeblich and Tappan
marginata (Montagu)

cucurbitasima Loeblich and Tappan
ventricosa (Weisner)

serrata (Schlumberger)

sp.

melc d'Orbigny
caudigera (We1sner)'
scalareforme sulcata
lineata (Williamson)
hexagona (Williamson)
apiopleura Leeblich and Tappan
semilineata Wright

(Weisner)

loeblichi Feyling-Hanssen
sp.

Buccella frigida (Cushman}

cibicides

lobatulus Walker and Jacob

Astrononion gallowayi Loeblich and Tappan

Ontario (after Cronin,

-

1976b)

Laryngosigma hyalascidia Loeblich and Tappan
Laryngosigma williamsoni (Tergquem)

" Triloculina trihedra Loeblich and Tappan
guinqueloculina seminulum (Linne)

Bolivina cf.
Bolivina sp.

The data suggested a warming during the i{interval,
8]

temperature as high as 20

phases.

with water C during the summer
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months and estimated paleosallinites of 3-18 ppt. Foram-
inifera found in this interval are characteristic' of

estuarine and bay-mouth environments, wi modern salinities

of 8-18 ppt.
In cﬁmparison, studies of proglacial lake microfauna
are relatively rare. This m ecause of the sparsity of
the fauna in the nutrient-poor water. Since the water is
frésh;  foraminlfera are absght, and ‘studies are generally
restricted to ostracodes. Delorme (1969) noted the 'impor— N
tance of_oétraéodes as Qudternary paleocecology indicators,
showing‘ well documented ostfacode evolution in post-glacial
lakes in Canada (Delorme. .1970a, b, c, 4, 1971). Digﬁpms are

also ' useful environmental indicators, but diatom paleo-

ecology 1s beyond the scope of the present study.

4.1.2 .Reprogupibigigy

The repfoducibility of much micropaleontology wo?k is
at best, poor. The problem arises for three ;easons.,Faunal
distribution (Dodd and Stanton, 1981) may be patchy, and is
difficult to establisp in the field., It is thus often diffi-
cult to determine whether a sample is représentative of a

. .

parficular facies (or populaticn). Much of the previous work
has been conducted as inventofy (systematic. paleontoloéy),
without regard to stratigraphic position. Thus, *“the paleo<: ——
ecological information derived is of limited value. Lastly,
much of the faunal matérial'is dependant ' on prpessing
techniques for adequate reéovefy. If methods are not clearly_

3.

stated, it may not be apparent that a given faunal component
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is missing. «

' In order jfo test the reproducibility of surface
‘ samples, a 5$Hé;m sample (F038) was chosen for duplication.

Four saﬁples were taken on a 0.5 m grid pattern around the

o;iginal sampie. Subsequent pickind;failed to exactly dupli-
“ { -

~cate faunal results. Most common species |Jwere duplicated,
' {

however similar rare species -were no found in three
samﬁles, and one sample'was barren (Table 9).

“ This illustrates th; importance in a %gsing—{he faunail
diétribution 'within a givenﬂ sedimentary cies  or
stratigraphic unit. Microfossil distribution may é one of
the following types: ‘ |
1. regular - | w2, patterned
‘3. patchy | 4. random
Regular distribution occurs rarely, where the fauna has -

the same spatial distribution and density over a relatively
large'area. .

Eaﬁterned distribution occurs where;the fauna pgs the
same density within a'émall\areaﬁ’ which is repeateé: at&

regular and predictable intervals. This distribution is not

as rare as the regular type, but nevertheless 1is fairly

5

uncommon. Factors such as. water circulation patterns,

*

nutrient-supply, predation and competition often cause local

shifts in population.

Patchy distribution occurs most frequently, and
displays an apparently disorganized distribution based on

the factors mentioned above. Although the fauna may be

spatially disrupted, the species abundance and diversity

o
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A ‘ TABLE 9

Comparison of Duplicate Surface Samples FO38

'.,‘U
™ N N
Genera/Species’ , a b c d e
Islandiella helenae' 53 65 -- 50/ . 45
Cassidulina crassa 31 44 5- 2 22
Elphidium/Protelphidium -21 o 19 20
Quingueloculina sp. 6 8 . 5 4

Cibicides lobatulus -
Dentalina pauperata
Glandulina laevigata
Oolina williamsonji
indeterminate ostracode .

Ll S I e & ]
[
|
|
11
1|
-1
l—-i-l-hvu

Total number in 200 g - 117 154 --- 103 95

~ ﬂ':-

stilljmgantain the parameters defining the biocoenosis: _

Random” distribution escurs when several factors
interact po produce a completely random and oftesm-complex
distributfon.' This may ‘occur as a result of post-mostem
changes in the fauna, ‘or through other natural proéesses
such as mtxing ofrwaterwﬁasses (eg by Cdbbeling) "which
centain distinct and otherwise separate fauna

Analysis of the samples discussed above suggests ,}hat

41\-

faunal distributlon is pe}chyg Faunal distfibution between
duplicate samples,égﬁééests a sinéle environment s of aepo—
sition (shown by identical dominant species in all samples
containing microksssils).withgno faunal mixing._Distripﬁtien
therefore is not randq@awLateraL variation, however, appeérs
within:«;his enslronmen%; This rules out regular faunal
distribution. Minor environmental differences and 1local

pcpulation variations are reflected in the variation of the

subordinate and rare sﬁecies. The distribution observed does

L1
RO
e
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not appéé; to répeat itself at a reguiar and prédictable
interval, and density vafies over a short distanee'(oﬂsﬁmff
Distribution = 'is 'therefo;e conéide:ed patchQ. and the
dominant species$ representative of a single environment of
deposition with minor.local varjations. There is no évidence
of faunal mixing, post-pbrtem changes or other modifying:
factors. | b -

Whiié the presence of a particular species ér associ-
ation represents at least part of the popuiation exlsting in
that environment, it is possible that cértain speclies may
_have been missed by chance, ”pr the sahple may be -barren.
‘Where faunal distribution changes over such a shorf interva;
{0.5-1.0 m), caution mﬁst be:éxercisgd in tge Lntérpretatioﬁd
Sf subsurface evidence since it may not rep;esent the entire
fauna.  Wherever possibié; éqfroboratipp from surface

exposyres is Dbest, since direct control over sedimentary

facies may be used and biofacles better interpreted.

4.1.3 Methodology

Microfossils were extracted from surface samples and

cores. Due to the limited amount of material available from
the "cores, and the necessity of saving some material for
other "analyses, the most efficient method possible was

required for sample processing.’ This method is described in

Appendix D.

Ményl previous studies have'failed to grovidé adequate
microfossil information. Noting only the presence of a given

“taxon does not give as much information as might often be

132



-

e [
1]

. derived from sample material. ¢ For example;“ shell surface .

nggd}e-ma§ iﬁdicate‘the effecﬁé bf solution, or evfdénce ofg
transport. A simple impr;%ement to‘ﬁost studies would be thew
indiqatfoq of sample size (le weighélof dry sediment) and
the number of individuals fecoveréd. Species abundance may
then be calculatea and boﬁpared. . In the case of specLes
which disarticulaté ubén'death {ie ostracodes) only right or
left valves should be counted to ldentify thehpfesence of a
single individhal.‘ J
. Careful attention to such'details‘wiil provide more

- information to determine whether a population has .been

o

transported or‘not; whether there have been significant‘post
mortem changes, and the relatiye.abundanc; of each Faxona_
» In the presént study, constant'saﬁble size of 200 grams
was used in surface and sgbsurface saﬁples to ailow
comparison of species gbundancé. In counting ostacodes, only
left wvalves were used to iﬁdicaté the presence of an
individual. Unless otherwise stated;. qll individuals are
assumed to be in situ and unaltered.
oo The - problem of contamination betwéen ‘samples was

1
considered.. This arises when tests are trapped and then

"dislodged from sieves during subéequept processing.‘gbne
method of identifyiné.contaminant materlal is to soak sieves
in a solution of methyl blue, thus Eying ‘any remaining
material. Testing with this méthod.indicates contamination
is not a serious problem. The number of contaminant tests
picked up is not statistically significant since the number

»

is s0 small (< 1%).
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To test sampleurecovery eechnique.\ a sample trom the =
"flenk of the Sarsfield ridge (Figure 2) known to be rich in
microfossils was processed and the results compared  with
previous studies of similar deposits. | . - ~
Macrofossils recovered " include spongev(Igtﬁya ;ggeni
'_edawson) spicules; Dbryozoan fragments; juvenile Balanus ép.-
-plates; juvenile gastropods, possibly Natica sp. butnmore
gloeose in shape _ and protoconches of an unidentified_
n"gasfroped;.‘The presence of bryé;oans aﬁd gestrppeds i1s rare
and eppeere‘restricted te.the,ottawa Valley _area (Wagner,
21984ﬁ: Sponges are elso'relatiyely rare in the Chemplain Sea
depqsits, but ‘haVe been reepvered , fom the Ottawa " and

.

Montreal areas (Wagner, 19841} . -

Mlcrofossil abundance and dlvensity (Table'lof is high,,
as “s_typ;cal forsllttoral sedlments of the'ﬁiatellg phase
of the Champlain Sea. In conﬁ;agt to other assemblages,
however, the Saesfield _ridée &%ssemblage' is‘. strongly

. . . - . A’
dominated by ostracodes rather than by foraminifera. In

: : "
normal assemblages, the  foraminifera outnumber the

ostracodes in number and species by roughly ten to one.

likely represents the extreme upper limit oﬁ) microfaunal

e

The number of eech‘species sﬁbﬁiﬁ:n Table 10 most

abundance. The diversity of the sarsfield sample is not as

high as the sample from Kars described ‘by Cronin (1976b) and

shown ~ in Table 38, but isfclose to the average of 27 for

modern arctic' assemblages (%oeblich and Tappan, 1953}, and
S

higher than the less than lo\epecies normally found in

\
Champlain Sea samples (Wagner, 1ep0; Cronin, 1976b).

—

o e
134



Thus, both foraminifera and ostracodes were found in
' pumber and species which correspond well with previous
studies. It was therefore concluded that sample processing

tecHﬁique is acceptable,.

4.2 BASINAL VARIATION AND DIVERSITY °

o .

As shown in section 1.3, there must be both intra- and
inter-basinal variations in the environment which can be
reflected by the fauna. One meaéﬁ:e of these vhriations is
species diversity. It is well established ;hat high lati-
tudes have fewer species than equatorial iatitudes {Dodd and
Stanton, 1981). Arctic assemblages df foraminifera and
ostracodes are'usually characterizgd by circumpolar distri-
butidh of relativelyrsﬁall fauha, wﬂile lower latitude fauna
show endemism and provincialism (Cronin, 1379a].

Unfeortunately, gquantitative ‘studiés of high . latitude
ostracode species diversfly are lacking. The most recent
gqualitative study is by Neale and Howe (1975), who found
that certain specieé reach their greatest abuqdance in
arétic waters, but generally few éan tolerate fhe harsh
arctic conditions. Hazel (1970) reccocgnized subarctic and
arctic faunal proﬁinées from limited high latitude collec-
tions that were previously unidentified.

Although ecological studies of brackish water
ostracodes are relatively common (Elofscon, 1941; Puri et
al., 1964; Wagner, 1957), guantitative analyses of diversity

are rare. However, the abundant data provided by these

studies lead to the following conclusions. Typical brackish
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TABLE 10

Champlain Sea Foraminifera and Ostracoda from Sarsfield

Species : _ Number
Elphidium excavatum 2,000
Protelphidium orbiculare 2,160
Cassidulina crassa 260
QOolina melo .~ 25
Oolina hexagona 65
Ocolina sguamosa-sulcata , 15
. Oolina williamsoni 15
Pseudopolymorphina novanglie 180
Triloculina trihedra ' 80
Quingueloculina cf. Q. seminulum 300
Cytheropteron inflatum 340
Cytheropteron paralatissimum 100
Cytheropteron nodosum 240
Schlerochilus contortus 80
Heterocypidels sorbyana 1,9
Eucytheridea bradii 2,400
Number of Specimens ‘ 10,185 i

water ostracode assembléges are of lsw diversity, contalning
high numbers of one or two species and few others. Many
species are well‘enough known to be used as reliable paleo;
environmental indicators of brackish water (Cronin, 1979b).
In fact, some entire genera are nearly always found in low
s;linities {Sandberg, 1964).

Foraminifera have received much more attention. kGibson

and Buzas (1973) used quantitative measures and found

increasing species diversity with depth from the western

——

Atlantic and Gulf of Mexico: arctic diversities showed no .

such pattern. Shallow {(0-100 m) water ‘arctic assemblages

were more,diyerse than southern assemblages. Cronin {1979a)

believed that data used by Gibson and Buzas (from Phleger),
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1 1952) mav:not be representstive,‘.sinCe Lagoe (1976} fonnd
‘deCreasing. diversity:with.depth. Lagoe considered only the
1, 000 -4,000 m, depth interval but - the inverse relation
betwaen depth and diversity was. also .shown by Loeblich and-
Tappan (1953) who noted average shallow ‘'water species’
'numbering 27, versus an average of 16 and e-naximum of 24‘
for‘Lagoe's deep water assemolsges. Thus arctic toraminifra -
are apparently more diverse than some temperate assenblages;
1but not nearly as diverse as those of the tropics In 1the
_arctic, the highest diversity values are from the shallowest
depths.

Brackish environments 1such as the Champlain ‘Sea are
characterized py. tne small number of_ sﬁecies and laroe
number  of findividuals iRemane . and .Sdhlieper, 1971} .
Inhabitants are usually_B—strstegists }aiterm designating
reprodnctive strategy‘oi species tolerant’ off.tluctuating,.
of ten nnpredictable; environmentsi (MaoArthur !énd Wilson,
'1967)."Selinity flnctuations may result,partly from periodic
(usually_séasonal) freshwater~influx. The number of brackish
water soecies can be guite small cqmoared .ﬁith, that of
marine'andcfreshwater“environments. -

?iThe eeriy.study of Champlain Sea mscrofauna by.Qoldring
(1922) ‘was the first detailed work on species diversity
Goldring _attributed low molluscan diversity in the southern
and western regions to decreased'salinities;'whioh excluded
the‘ stenohaiine taxaf: She compared thé' palecenvironmental

conditions with that of the modern Baltic Sea. Remane and

Schlieper (1971) presented a most‘comprehensive study of the
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brackish water biology of the Baltic area. They showed that

both benthic foraminifera and ostracode species decrease in

number from the North Sea towards the Baltic Sea, whefe

salinities are reduceg;k

Quantitative fgfgminifgral‘ diversit; values for
estuaries, and othe} brackish water’ environments‘ .are
éiscﬁssé@:by_Murray (1973{ using the Fisher Diversity Index.
Modern hyposaline envirbnments favour low diversity fauna;
doﬁinated: py‘ tolerant arenaceous species and contain a
smallef number of calcareous speclhes. This contrasfs
sﬁarply with the faunal distribution of the Champlain- Sea.

Cronin (1976a) noted that Champlain Sea foraminifera are

—— almost exclusively benthonic, calcareous species, with very

few reports of arenaceous forms. Fillon and Hunt (1974)

;///;ﬁ\éﬁﬂsddered this a function of preservation. Studies of

modern arctic fauna (Anderson, 1963; Belanger and Streeter,
1980; Bergen and O0'Neil, 1979; Cooper, 1964; Cushman, 1933;

Lagoe, 1977, .1979a, b; Loeblich and Tappan, 1953; Vilks,

1976) show a small but nevertheless present population of"

arenaceous foraminifera, possibly adding welght to the view

that they may not have. been presefved in the Ottawa area.

Direct comparison, however, 1is not possible since tempera-

ture and salinity values do not always correspond.

4.3 SURFACE EVIDENCE
Two sections (FO1 and FO2) at the Foster pit having
rigorous stratigraphic control were.sampled for foraminifera

and ostracoda. Tables 1la and b summarize the fauna found.

L -
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Sample locations are shown in Figures 18 and 19.

-

Representative examples of :‘most foraminifera and

ostracoda recovered from surface and subsurface samples are

11lustrated in Figures 34 and 35. Not all species could be’

fecorded, because of the delicate or thin-walled nature of

b

-the shells, particularly with the ostracodes.

A major constituent of the fauna are members of the
common and confusing genus Elphidium. The most commonly
recognized species are: E. excavatum forma c¢lavata (E.

clavatum), E. incertum, E;- bartletti, E. subarcticum and
Protelphidium* orbiculare.

‘Identificationxto the speciés level can be difficﬁlt or
impossib;e due to gradation in test morphology (Loeblich and
Tappan, 1953). ‘Cooper (1564) found continuogs intgrgradat;on
"among Elphidium species in samples from the uckchi Sea.

Similar problems exist with Champlain Sga fau§;;> Taxonomic
characters sucﬁ‘as the presence of sutural pores, the ﬁumber
of chambers in the final whorl, the size and shape of the
tést, and the development and number ‘Oof retral processes are
variable 1in each species, making positive identification
difficu}t. Some specimens cle;rly show characteristics‘of a
given species, but identificationr-is often tentative and
hence they are placed in the Elphidium-Protelphidium group.

Previous investigations have not emphasized the taxono-

mic problems associated with Elphidium. Cronin (1976a)’

" suggested .a better understanding of Elphidium requires more
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Sclerochilus contortus (Norman)
'LV x 100, Sarsfield

Finmarchinella logani (Brady and Crosskey).
RV x 100, FO41

Paimenella limicola (Norman}):
LV x 120, FO76

“t

Cytheropteron latissimum (Norman)
RV x 120, FO41

Eucytheridea bradii (Norman)
RV x 120, F041

Cytheropteron paralatissimum Swain
LV x 200, sarsfield

Roundstonia globulifera (Brady)

LV x 200, FO41 .

- Cytheropteron pseudomontrosiense Whatley‘and Masson
RV x 200, FO41

Eucytheridea macrolaminata (Elofson)
LV x 100, F041

- Heterocyprideis sorbyana (Jones)
RV x 100, FO76

Cytheropteron nodosum Brady
RV x 100, Sarsfield

Candona subtriangulata Benson and MacD 1d
RV x 100, FO71 ‘ ;

-

LV

I

left valve

RV right valve

Figure 34: Plate 1V
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a: Oclina ngagoﬁg (Williamson)
X 100, sarsfield

b: QOolina melo d'Orbigny
‘ X 120, Sarsfield .’

c: Ogplina williamsoni {Alcock)
100, Sarsfield

d: Pseudopolymorphina novanglie (Cushman)
X 120, FO76

e: Quingueloculina seminulum (Linne)
X 100, F038

f: Guttulina‘sp.
x 120, FO41 .

q: Islandiella helenae Fevling-Hansen and Buzas
. X 100. GSC 76-22-155

h: Cibicides lobatulus (Walker and Jacob)
- X 200, FO41 .

i: Protelphidium sp.
® 200, FO41

J: Elphidium sp. 1
) ® 120¢ FO41

p—

Cassidulina crassa d'Orbigny
X 120, GSC,76-22-155

1: Elphidium sp. 2
X 120, FO041

Figure 35: Plate V
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carefu1  consideration of the morphological wvariation of
populations from different areas. ‘If intergradatipn among
species of Elphidium could be understood enough to'prbperly
' iden£ify Ttaxa, fhen' ;heir frequencies might be used to
indicate varying-paleogcological-conditions. These problems
could OAIY be solved' with more extensive analyses of
samples, énd comparisons ;ith Elphidium fpom other ;egioﬁs.

A number of wvariants of the Elphidium genus wére
recbgniied.' but time did not permit full breakdo@n‘of the
group, since extensive SEM use is ;equired. The following.
were identified: E. excavatum Terquem forma clavata Cushmg&;
E, subarcticum Cushman; E. incertum (Williamson}: E.
bartletti Cushman and Protelphidium orbiculare (Brady). More
accurate identification of Elphidium is beyond the scope.of
the- presené study. Wherevér possible . Elphidium '335
identified to the species level, or placed in the Elphidium/
Protelphidium c;mplex group.

As noted in previous studies, the most abundant fauna
was found in silty sand facies, "with most of the sand and
clay facies barren. To simplify diécussion, faunal assem-
‘blages found in each of five sedimentary facies will be
diséussed “in stratigraphic' prder from the base of the

sections upward.

The five facies are identified as follows. (1) sand and
gravel:; (2) laminated silt and clay: (3) massive silty clay;
{4) interbedded sand, - silt and clay; and (5) sand. These

facies have already been described in detail in Chapter 3,

and are used here as a framework for discussion of faunal

144 o
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‘_ ' ‘ _ L] A_,“,
assemblages and interpretation of depositionel‘environment

Pacies (i)fsamples F021 F024 at section FO1 and FO50-

FO55 at sectipn Fo2 were all barren pris ficies is found at

-

the base of exposed sections' and .ie inferpfeted—f as

subagueous outwash deposited“in a pfodlacial lake (see

‘Chabter 3. Stmilar facles bave been identified in the GSC

Y i,

. 1
boreholes;:. -recovery is poor because the - non-cohesive

’ ~ A

sediment -is 'lost from-drill tubes, hicrqfeunal grawth was.
. \ - < _ o
prevented by the high'sediment,load and’ turbulence of - the

depositional , environment, as - shown by the coarse, well
- : ¢ ) \ . - " -
sorted nature of the sands. - C 2 . S

. . . . '\| -
-~  Facles (21 sediments comprise the rhythmites directly =
T

overiyigg fecies (1); Samples F025 32 at site EOl and FO56-
N - .
60. and FO70- 72 at site FO2 were examined These- sediments

are generally barren, but contain smell numbers (4—5/206 g

sample), of Candong cf. T. éubtrianguggﬁg Benscon and-

M%éDoneld.in the upper portion (F071, FO031). g;\ i
na ctf C

The presence of the ostracoder Canddn

§gbtriangulate in associatlion with other ostracodes such as

bl a E

Cythereis lacustris .and Limnoqytbege friabilis has been\h;ed
by Anderson et al.44(1985) to. indicete deep lacuetripe
conaitions; .bfonin {1981) noted Qapgggér in Traneitional_
phaee Champlain See\éediﬁents where fresh and merihe”ﬁatprs
_mixed to produce a brackish environment. ggggepg, therefcre,
must ‘be salinity-tolerant to some extent! Delorme (peﬁe.
comm. , .1986) noted the genus wiil not live exclusively in:a ]
marine environment, and is now most commonly founb in the
Great Lakes. ' It is veryftoleranf of sulphate ;ich'b;ackish

s
/
{

-
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water, - and less tolerant of brackish water with high chlor-
inity. It seems, therefore, that the presence of Candona is
a uséful indicator of fresh water, but can tolerate brackish

water under certain conditions.

AN

The possibility of ostracode valves being washed “into

the depositional area was considered and rejected, sincé the

- r

surface texture of ggndghq,showgd‘no\evidence of transport.

It is thus assumed that all ostracodes, even th9ugﬁ
. . A

'disa:ticulated, are found in place. -

Qandonq abundance in the Ottawa surface samples corres-

C ‘ _ - _
ponds with numbers found 1in other studies. 4-5 indi-

-

‘v{duals/éoo g.samplé were found in the Foster pit samples,-

vcohpared to 4-5/100 g sample in the eastern townships of

Quebec (Parent, 1986}). Anderson et al. (1985) found from 1-
50/sample, with average‘df 8/sample'and sample size up to

500 g (Anderson and Delorme, pers. comm., 1986).

The sparcity of the Candona“ fauna indicates harsh
1 Y . .

conditions. In the. Foster pit samples, Candona was " only

~

recotered'from the upper portion of the rhythmites (samples
FO71 and F031), ~and it is assumed that conditions prior to
that were too extréme for survival. The lower 2/3 of the
~rhythmites show abunaaqt slump, Iice coﬂtact and ice-rafted
debris évidence (see Chapter 3), indicating the importance

of ice interactions tb'early lake conditions. Possibly this

factol! was partiélly responsible for the faunal - sparsity,

.and . preyented the 'surﬁivallof Candona until conditions

ameliorated.

Facies (3) is massive silty clay directly overlying

-

)

- 146

-



facies (2). "Samples F034-F038 at site FOl1 and FO73-F0175 at
site F02 were examined. Three faunal 'zones appear in f;cies
‘(31.\ The lowest is barren,: and does not contain macrg or
microfossils. The miadlé _ zone contains smdll bivalveg
A~ -~ . ..
possibly Portlgndia Sp or Yoldia sp.. Identificatiog is
teptative since shells were only observed in outcrop .and
their highly weathered- state caused aiéiﬁtegration upon
r+touch, precluding further investigation.. Thes‘ﬁpper ‘zone
contains spat-killed Portlandia arctica (see Figure 26)- and

a foramintferal assemblage dominated by Islandiella helenae,

Cassidulina crassa, and, Elphidium/ Protelphidium complex

(éample F038, Table 9)1 As 'commonly occurs with other
arctic asSemblages, dominance is strong and diversity low,
with dominant species comprisiné 90-94% of the individuals
present.

The barren lower portion of the facies indicates the
difficulty organisms had {n coping with fluctuating
salinity. Portlandia arctica-is usually thé first macro-
fossil present 1in a glaciomarine sequence, but spat-kill
indicates that Portlandia could not survive the earliest
Transitional Champlain Sea environment in spite of its
normal hardiness. As conditiong;stabilized, the Islandiella-

Qassidui;na—glpb;d;gmlgrppglphid;um association was able to
sunniue%

Comparison with similér biozones identified by Fillon
and Hunt (1974) in the Champlain Valley of New York

indicates minimum salinity of 22-28 ppt based on the

presence of the glpb;gium/grgxelph;dium assemblage, and

T
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maximum salinity 30-33 ppt.based on the 'presence of

@ r
Islandiella pg;enae (— I. teretis of Fillon® and Huﬁbq.‘ The
' assemblage is also ,similar ‘to the éassidglgﬁa crassa,
Islandiella helenae and Elphidium excavatum forma' clavata
assembiage that Cronin (19?9a: b) noted represents off-

t

shoére, deep (30-100 m) water.

Fabies.i4) is interbedded to interlaminated sand, silt
i . : A A

and clay direbtly o?érlying facies (3). These sediments™

. 1‘ .
represent the mixed bedding described as nearshore or tidal
.

facies in Chapter 3. Samples FO39-F043 at section Fd& and
FO76-F079 at section F02 were examined. _

. As indicatéd in Table 11, _roughly half of the samples
were barren, but no faunal zonatnon is apparengL Micro-
fossils were fouﬁd’from the base to the top of the facles.
Barren samples are interpreted as resulting from patchy
distribution as wassobserved in test sample F038.

Species foPnd in samples FO041, FO043, F0O76 and F078 are
listed in Table 11. All other samgles were barren. bominaﬂt
taxa include Elphidium sp. and Protelphidium sp. with minor

L

numbers of Cibicides lobatulus and Guttulina sp

-

!mﬂ

Pseudopolymorphina novanglie and Cassidulina crass
.
The envircnment represented by this assemblage is a
p >
nearshore, shallower environment relative to that of- facies

(3). Cronin (1979%a) noted Elphidium sp. and Protelphidium

grbiculare dominated ‘-assemblages represent nearshore

environments less than 30 m deep. This interpretaéion is

supported by the presence of Balanus fragments and small

R’

{juvenile ?) Macoma balthica. Balanus prefers high energy
" etk
Coa 9 :
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R : .. " .

_envirbnments, and“Macoma balth ca” prefers shallow water less —
o !

than 10 m. deep (see Figure 2?) The extensively damaged

~

‘ostracode valves found in ali sanples also indicate ‘a high
energy ;of deposition Eveﬁy ostracode valve recovered was

disartioulatedq “and 55 60% of valves showed some physical

]

PR e G
LTS .
damage. . . . ot

. The aséemblagé indicates salinities - of 18-28 ppt.
Fillon and Hunt (1974) noted Elphidinm clavatum (= E.

-

excaqatum) as dominant in water with salinity 18-24 ppt. E.

hY

b

glavatnm' and E.‘ orbiculare dominate in water of 22-28 ppt

‘saﬁinity ‘Summer .water ' temperatures for this assemblage
il » 0 = '

probably were less than or equal’ to 120 C. ' .

-

This faries is apparently that in which Rgmanelli
. - Y

(197OJ reported Elphidium ‘Bartletti Cushman, rPSUdeQ;YT“

7

mo;phina novanglie, Protelphidium orbiculare (Brady), andﬁ
Cae%idulina_' islandica " "He noted the. foraminifefa as

belonginb to the laminated clay, which here is termed tacies

el P

(2), and: underries faciés (4)" The assemblage. is not
consistent with Ithe assemblage found in .facies {2}y, and
seems 40 agree with that found in facies (4)

Sandy facies (5) oirectly overlies-faoies (4} and was

: sampled at ' FO80G and FOBL-at'sectionuﬁdz.' Sample F080 was
: EN : T .
barren, and ' FO81 contained the - E,phidium - dominated

foraminiferal aeeemblage indicateo in Table 11b. The spafse

‘s

nature ' of facies (5) probably results from the ‘high energy

£ , , . )
of the environment the sands represent. ,éediment;is well

sorted, ‘clean sand having a low mud content. This.is not a

preferreﬂ substrate for benthic foraminifera, so diversity
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and number of dominant species are low. More coﬁprehensive
identification of the microfauna and depositional
environment for facies {5) was not attempted, since -it
represents the littoral facies of the Champlain Sea, and so
is beyond the scope of the present study. In ordér to more
'accurately‘ determine the salinity range the Elphidium group
represents, a clear distinction betweeq E. bartletti, E.

excavatum and Protelphidium orbiculare is required.

4.4 SUBSURFACE EVIDENCE

In contrast to surficial studies, subsurfBce studies of
massivé and laminated clay facies are rare. In order to add
to the c®verage provided by surface samples and previous
subsurface studies, samples from GSC cores taken in the
Ottawa and Gatineau valleys (Figures 3i-33) were analyzed.

: i .
Because of prior commitment, not all core taken was
available for examination, and core selected for faundl
analysis was reétricted. Of the axﬁilable core, th;t having
thé Qrbatest interval of lamingtedmélay was choéen. Samples
from the Venosta and Touraine cores were thus chosen as
beiﬁg the most useful for study.

Table 12 lists samples examined, their depth below
ground surface, and grain size -of sample material.
Approximate,, position of samples may be fixed by measurement
from the top of the borings shown in Figure 33.‘

The Venosta core was barren in all samples studied.

Foraminifera and ostracodes were found in samples from the

Touraine boring, as indicated in Table 13. As in Guilbault's

4
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TABLE 12

Subsurface Sample bepths and Grain Size

Sample Depth (ft.) Gréin Size

Venosta

4 .
74-8-81 , 50.1-51.9 clay-sandy clay-sand
74-8-83 59.6-61.4 interstratified clay/sand
74-8-86 72.4~74.2 dark/light clay cycles 3
74-8-88 79.6-81.4 - massive grey clay
74-8-90 89.8-91.6 sensitive clay
74-8~92 100.0-101.8 sand at base; massive clay .
74-8-94¢ 109.8-111.6 {t) massive (b)) lam. clay
74-8-96 121.9-123.7 clay/silt rhythmite _~_,)
74-8-98 130.0-131.8 banded clay/silty clay .
74-8-100 140.0-141.8 sensitive clay
74-8-102 149.7-151.5 " interstratified silt/clay
74-8-103 159.8~161.6 interbedded sand/silt/clay
Touraine
76~22-137 B0.0-82.1 coarse silt
76-22-139 90.0-92.1 fine silt-silty clay
76-22-141 100.0-102.1 silty clay ‘
76-22-143 110.0-112.1 silt . EQ\\\\\v
76-22-145 120.0-122.1 interstrat. red/grey clay g
16-22-147 130.0-132.1 red/grey banded clay
T76-22-149 140.0-142.1 massive dark grey clay
76-22-151 150.0-152.1 massive grey clay
76-22-153 '155.0-157.1 massive grey-black clay
76-22-155 171.1-173.2 compact dk. grey-black clay
76-22-156 175.0-177.1 silt and silty clay
76-22-157 180.0-182.1 silt and clay rhythmites

. 76-22-158 ~18B4.0-189.0 gravel
o 4
{1980) study, freshwategﬁor oligohaline ostracodés {géﬁﬁ?pa)
were found at the base Of the core. |
As shown on the correlation chart in Figuré 33, the
rhythmité facies (2) 4is thin as in other borings.
Microfossil examinatioh éf the rhythmites from core samples

is therefore somewhat of a hit and miss process, since the
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/
// *
sample interval of five feet is approximately the same
T/ .
thicknegss as the rhythmites. In many cases, only.a small

portion of the rhythmites was penetrated 1in the Samplel

interval.

In the Touraine core, marine.fbnaﬁi?ifera'dominated by
Protelphidium ofbiculare, Elphidium plaQatgm‘and Elphidium
}ngertuﬁ occur in all fossil-bearing samples including 76-"
22-153 and‘above. The pfésence of Balanus fragments in these '
samplea' coﬁfirms a marine environment ‘for the Qverlying*
sediméﬁts. As was found in the surface samples, the facles
(1) sample was barren, ‘and facies (2) samples show a sparsé
. Candona population indicative of freshwater,‘or salinity not
exceeding 18 ppt (Cronin, 1981).

Guilbault (1980) examined selected samples from GSC
cores at Treadwell, Touraline and Plaisance. (Figure 31).
Sample size and number of individuals necovefed were not

Do : 2
noted. Summaries of these previous -analyses are given below.

Treadwell:

4 sam‘ s sent by N.R. Gadd, each representing one of

the 4 facies fcribed by Gadd (1977). Top of boring 55 m

_ asl., Sample 46 (6.5 m) contained no macrofogsils; foram-
. . 5 .

inifera- a few specimens of E. excavatim proﬁzﬁ}y‘

redeposited unless contaminant. Sample 51 (37 m) contained
no macrofossils. 19 specimens of unnamed foraminifera,
possibly ¥edeposited; too -abundant tol be contaminants.
Sample 55 (61.5 m) coﬁtained no macrofossils anq unnamed

5
- foraminifera. Sample 58 (84 m) contained ‘many small

153



specimens of Portlandia arctica and unname@)foraminifera.

Y

Touraine:

A" single sample sent by N.R. Gadd from "varved" clay ..

facies. Top of boring 60 m asl; sahple‘;S? (55 m) contained

valves and fragments of valves of oligohaline. ostracodes-

-

{unnamed) .

Plaisance:

7 samples 5en£ by‘N.R. Gadd for foraminiferal étudyt
Boringlhstérted between 45 and 60 m asl. Sample 164 (9.5 ﬁ)
taken abové Gadd_(1977)”lithofacies 4. No macrofossils: a
few specimens ~of lE. excavatum poésibly ‘ redeposited\ﬂin

(fluvial ?) sediments. Sample 167 (18.5 m) unépecified

foraminifera. Sample 173 (37 m} no macrofossils; single

specimen of E. excavatum, possibly a contaminant. Sample 175

?(42 m) unnamed foraminifera. Sample 177 (55 m) unnamed

b

foraminifera. Sample 178 (58 m) a few macrofossil shell

fragments, unnamed foraminifera:;“Sample 179 (6@.5_m) many
macrofossil shell fragments, unnamed foraminifera.

The most significant aspect of Guilbault's work is the
recognition of tragsported foraminifera and _fhe identifi-
cation of oligohaline ostracodeé'in samﬁTEIT 157.

Anderson et al. 4i985] give faunal analysis of several
cores take? from thé\bttawa area thrﬁugh .the Rideau Lakes

area and inte Lake Ontario. As with many other studies,

sample size and number of individuals - recovered was not
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stated.
The majority of ostracodes were immature, * making

identification difficult.. The Canddna subtriangulata-

A - “« B . . 4.
Cytheissa Jlacustris-Limnocythere friabilis assemblage found
in'ﬁbese cores'represents a lake having few dissolvgdféélids

and a depth of at least 180 m, based on the preéénce of C.

subtriangulata and C. lacustris (Delorme,-- 1970c). This
. N
assemblage is similar to modern Great Lake assemblages

. ’ ) w 3 A =t
(Anderson et al., 1985). % P L

-

In the upper portion of the Ottawé Valiéy site core,
the foraminiferal assemblégésqfepresent a high :ééinify
environment near the base of {Ee‘marine sequence followed by
decreasing saliﬁity upwardﬁf in the" core. The lowermost
marine interval contains high salinity indicétqrs such as
Islandiella helenae in association “gith tﬁé freshwater
ostracode .Candona cf. C. subtrianguiata. And;rson et al,
{1985) attfibuted this to.a transitional iﬁterval between an
initial freshwater phase at the base of “the core and marine
conditions inferred for the ovefiying sediments. Presumably,
this. inferﬁai. corfesponds to- the Tranéifion;l phase of
Cronin (1979a, b). The association of ‘high salinity
foraminifera Qiéh'low salinity'ostragodes sqggests'}hat {;E

ostracodes have some tolerapce for varying (low) salinity.

.
-
hal

-

4.5 INSECTS AND ASSOCIATED FAMILIES

-

Documented cases of insects in Champlain Sea deposits
are rare. The first case was reported by Dawson (1893), who

reported the elytron of the beetle Fornax ;gggngiq Scudder.
S
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The first insects described and figured-by Scudder ‘(1855)

. and Ami (1895) were three beetles {Coleoptera) and a“

* laddisfly {Neuroptera) found in Leda clay nodules at Green

b

=

L} . 4y
Creek,near Ottawa. ’

. The only recent report of Champlain Sea insects is by
Mott et al. (1980}, who found organic deposits at two sites
in dﬁebec which bordered the Champlain Sea at different

times: 11,050+130 BP (QU 448) for the site near St. Eugene,

!

‘and 10,100+150° BP (GSC 2200) for the site near - Mont St.
Hillaire. "At the St. Eugene site, a lens of organic debris

gontaining fossil leaves, minute woody twigs to small woody

fragments and ® insect remains in sandy deltaic gravel was

found. ?wigs with bark intact indicated a ﬁearby soufce, Sut
the small wood-fragments had a rounded, water-worn appear-
ance suggeéting a distant source. Most of the debris probab-
l?l came from the*;djacent ccastal area, whereas the wood
fragments mu;t have washed into the sea from some distance
from the site. Marine pelecypods were not found associgg;f
with the deposits, but fragments of a marine hydrozoan were
noted.

An apparently similar deposit was_found at the Foéter
pit section FO1 (shown in Figure 26c). The bed consists of
current rippled, well sorted medium grained silt with

detrital wood fragments, insect and foraminiferal remains..

I
..

No bivalve remaiq; were found, and the marine toraminifqra

(Elphidium sp.} was highly ébraded, suggesting transport

over some distance.

The insect and plant remains were studied by J.V.
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Mathews, Jr., Geological S_fégy of q§nadé Terra

.

Mivision. Results of thege studies are sh?wn i
N

.and Appendix F. i }- ) ) ~

il

Fsuna found in the sa
'suggegted age of approximate
{see section 3.1.4) on sedimént qverlf&ng-xhe silt bed have
;roduced dates in the range of 11.200-10,000 éP. The fauna
which apﬁéars in the silt bgd, ho;ever,' is e#tremely we;l
preseégbd, and containsAffégments‘ﬁg cedar, whié% wéﬁld:not:'
have Been present in the Qtfawa area ét 10,000-BP. In addi;
tion, sow bugs and miil{peds were found: these are not

‘nog;hern arthropeds-, and wou]? not have beern presert during
/

céfﬁ climate perlods. ¢

These fécfé‘poLnt to the Lfésgil" mate;?al as’poseible
modern contaminants.ﬁv or at the oldeét, late 'Holocenéﬁ
‘material. : y

The appearance c¢f 'a signi canf ameount of modern

‘materiul in the bed represen%ing‘ thé disconformity between
. 1

&

the pre-Champlain Sea lake episode and the Transitional

;Ehase Champlain Se7;:s problematic, because there appears to

, .
be little opportunixy for contamination. The material above

and below the silt bed is clay. which is not preferréd by

insects. ‘iﬁ addition, the bed sampled is thin in compdrison..

 to the surrojinding clay peds, and so does not seem a likely

place for modern insects to live, given the more suitable .

fiature of 'the overlying_send.' The climatic preference for.
- . )

! h,

the arthropods found and theiriexcelfent preservétion' does

point to modern specles. Clearly, more investigation is
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needed since some -material appears to be of the correct age

. o
(eg Elphidium sp.) ?fﬁ'some does not.

4.6 DISCUSSION

Comparison of microfossil abundance and diversity of a

¥

K ] N
sample taken on the flank of the Sarsfield, ridge with
. < B

studies of similar degﬁ??ks indicates the sample processing

and recovery technique to be satisfactory. Examination of

dﬁpli;ate surface samples indicates that ‘although strong
a

faqpal variation in .small lateral distances {0.5-1.0 m}) may

occur as a result of patchy microfossil distribution,

dominant species are consistent betwesen samples and

A
adequately represent the environment of deposition for any

given facies.

9

On - the basis of éedimentary structures, depositicnal

style, and Dbiozonation, five facies are recognized which

document the change f%om posfwglaéial lake to eérﬁy glacio-
marine conditions of the Champlainvééél

The coarsening upward sequence formed by faclies 5—5
forms an off-lap seguence receognized by Gadd (1977). Results
of the present study confirm this interpretation. The? also
indicate a change'from the freshwater coﬁditions of facies
I-2 to the brackish conditions of facies 9-5. Using the
dominant microfoss{l assemblages aé a guide, Champlain Sea
saIin{ty decreased .from an lnitially high and . possibly
£] tﬂating value of up to 33 ppt to a low'vélue of:lé_ ppt

or less. ‘ ; : -

-~

Faunal analysis and seéimentology of facies (1) shows

4
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.an initial period of subaqueous outwash relativeiy close to
the ‘glaciér margin. The presence of till flow and well
sérted coarse sands %hows Fhe proxim}ty of glacier 1ce, and
the sorting power of the mass f;ongrespohsible for sediment

deposition.

r

Faunal evidence from facies (2) suggests the existence

of a deep lake prior to the Champlain Sea. Presence of

Candona and other freshwater ostracodes in surface and

-

subsurface ééﬁéiéé ggggests water deéths of up to 180 m.
This depth agrees with'the:high water:level proposed fo; the
‘Belleville-Ft. \Ann phasé water b;dy, which &ould have had
elevatiéns‘ up to 216 m asl in th; Lake Ontario basin {Clark
';nd Kgrrgé, 1984),k and flooded the léi@e area shown in
Figure §. - L .

The initial prog]acéal lake period ;as dominaced by
rapid sedimentation and b? sediment/ice interaction which
produced slump and ice-contact features as well as common
lenses of ice—raffed.debris. Harsh conditions preveggkd the

- |
establishment of - elther a micre or macrofaunal community

until conditions ameliorated. Towards the end of rhythmite.

deposition, conditions had improved to the point where the

freshwater ostracode Candona could survive.

With the removal of the ice dam blocking the lower St.

Lawrence ' River, trapped glacial lake water could then
. escape, and marine water rush in, mixing with the
remaining fresh water. Lowerdng., of the water level

resulted until an elevation of approximately 160 m asl was

achieved (Clark and Karrow, 1984)} producing water depths 1in
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the early Transitional Champlaln Sea of 30-100 m. This 1is
,ZLpported by the presence of the Islandiella-Cassidulina-
ﬁ}phidium/?rotelphidiuﬁ assemblage found in facies (3):
Salinity range fof this assemblage is from 22-33 ppt.

Facies {(4) foraminifera are dominated by the Elphidium/

Protelphidiﬁm . complex, which °~ indicates a shallower,
nearshore environment relative to that_gf facies (3). This

assemblage and the presence of Balanus an§ Macoma balthica
indicate water depths in the_range of 10-30 m;zqonfthgvpgsis
‘of the same fossil assemblage, salinity would be ié¥2§ ppt,
and summer water tempefature less than or egual to 12O C.
Facies (5) contains an almost exclusivel§ Elphidium
assemblage. No significant ostracodes were found. Salinity
may have been 18 ppt or less: exact determination of the

Elphidium species is‘required to be more specific, and Iis

not within the scope of the present study.

.
.J)

160

G,



Normally, annual rhythmites (wvarves) thin upwardé, ‘reflec-

Chapter V¢
DISCUSSION AND CONCLUSIONS
5.1 DISCUSSION
5.1.1 Sedimentary Evidence
Surface exposures of rhythmites do not show any trend
iq\lsilt or clay thickness geoing stection: couplet thick-

nesses show considerable variation énd do not thin upwards.

P

ting the increasingly ice-distal position. Unlike true

"varves, 'the rhythmites do not show a consistent cl y layer

thickness /since the clay was not deposited as a resullt d&f
winter fallout. Each coaa}et is the product of 'Eurbidity
current type flow, with,décreasing energy deposi*ting succes-
sively finér units. Thus, the clay layer thickness is
ﬁroportiogal to the silt layer th§ckness for eagh‘“coﬁplgt,
but does not show a consistent fh;ckness'over the " basin.
This sﬁows le independant nature of the flows forming the
rhythﬁites. This phenomenon, along with evidence discussed
following, suggests that the bttawa valley rhythmites are
the result _of eéiéodic {surge) currents, and represent
sporadic, not annﬁal events. ’

Otﬁérf suppb{tive evidence is the lack of winter and
summer pollen species in "winter" and "summer" Jlayers; the
consistent carbonate content of the'coupiet- pairs, éhowing
that fiéer grained materi&l is not always deposited in

winter months when solution rate_of detrital carbonate is

higher, and the lack of trace fossil evidence in the coarser

grained portion of the rhythmites.
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While none of these lines of evidence is conclusive by
itself, the combination of several independant lines of
investigation clearly demonstrates the originm of the Ottawa
Valley rhythmites to be ep;sodic rathers than annual.

The major problem in assigning rhythmites to the
episodic or annual type is that wvariation of seéiment input
and tfansport from basin to basin may fesu&t in ‘varying
» sedimentation rates if the large.proglacial lake is in fact
compbosed of a number of smaller basins. If this were the
6ase, there iskno reason to assume that the basins would
have Iidentical or even similar sedimentation rates or
patterns of deposition.

It may be that the variation seen in rhythmites is
naturally occurring, and ‘reflects differing conditions in
smaller baSins or depoé@ntres. This type of sedimentatiocon is
most likely in areas overlying.th Shield,. Fhere

y

ics would decay over an irregulér topography, and cause a

t g

disruptibn of water movement, and possible variatigns in
sedimentatioﬁ rates and pattern of deposition. ’
Although the sedimentation may be influenced by
seasonal processés, there is no clear evidence to suggest
the rhythmites are annual. Other studies of pre—Chaleain
Sea proglacial lake sediments (eg PareAt, 1986) have shown
good evidence for annual rhythmites {varves) In the eastern
townships of Quebec, but their relationship to the glacio-
lacust;ine sediments of the Ottawa Valley is unclear.
bisconformably overlying the rhythmites is the massive

o

clay facles of the Transitional Champlain Sea, In the Foster

[
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pit section, tpis disconforﬁity is marked by the top of a

¥ »

ripplea silt bed which is interpféted to be the result of
/”‘mixing Qater bodies resuspeﬁding the previgusly deposited
rhythmite sediment. This accounts férxthe well sorted nature
of the silt bea, since the source material was restricted to
the rhythmitersilt and clay, and then the clay fraction left
iP suspension ‘when the silt Qas deposjted. In -other}/
iocdiities, 'the“‘low proportion of coarse material in the.
rhythmites pfgcluded the formation of such sllty beds, and
rhythmite material remained in suspension, settling out at a:-
later time. This accodhts for the absence of the rippled
silt marker bed in many of the GSC coreé. This interpre-
* tation 1is problematic since the silt does "'not appear
throughout the basin. The asymmeﬁry of the ripples suggests
'curreht‘ tranépbrt. Rapid loweriqg of lake level probgbly
would - have initiated slumps in whgt were previously stable
lake-bed sediments; these would become tufsidity currents as
they travelled towérh the basin centre. It wouldltherefore
be expected that the silt would have been deposited basin-
wide, but it does not appear to be that extensive.

The denser brackish water prevented'the continuation of
sediTént underflow currents. Any saiinjty greater than 3-4
ppf ;ould also cause flocculation of the fine grained
sediment, increasing the occurrence of massive clay bodies.
Sporadically, sediment concentrations were.high enough to
pro@uce undﬁfflows, but these high concentrations could not

be maintained for an extended period of .time. Assuming

salinity of 15-20 ppt, sediment load required to produce
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underflow currents would be at least 25-30 g/l. Thus,”
occaslional rhythmite-like couplets occur at the beginning <

the brackish series, and become rarer as sediment supply

diminished.

5.1.2 Regional Implications

Pre-Champlain Sea glaciolacustrine rhythmites have now
been identified as far west as the Lake Ont;rio basin, as
far east as the eastern townships of "Quebec, and as far
north as the Ottawa Valley. The extent and distribution of
the rhythmites in the southern area (United States) is not
known.

If. the rhythmite bodies identified in these;areas are
correlated with elevations equivalent to the Ft. Ann phase
of Lake Vermont and the Bellevi}f% phase of Lake Iroquois,
the elevation of‘this lake (ZIG\E& would be high enough to
flood all of the land from the Champlain basin into the Lake
Ontaric basin, across the Rideau Lakes area and into the

- N . . s
Cttawa Valley, as . shown in Figure 5. The great extent of
this lake discounts Gadd's {1980) diglitate ice front
hypothgsis unless the inflowing water éouldusomehow submerge
or float the ice lobes. If the digitate Jice lobes were
present, the lake would most likely be divided into a number
of smaller basins wlth restricted circulation. The ‘effect
of a digitate;iée margin would be difficult to prove since
the bottom topography of such: a lafge " lake would be
irregular. The 1undulatory bedrock in, the Shield.areas and

the irregular ice topography would break up the lake into

\ 164



smaller ségments, influencing water ;irculation and sediment
dispersal patterns. Thus, a single, large water-body might
have been created, but local sedimentation conditions would
have been controlled by bedrock.and ice topography which in
turn control the distriﬁution and disperéal of sgediment
underflow currents within the basin. ‘

Although the bigh elevation of the lake would have
flooded a large afea, the underlying lake bottom was
probably.irregular,;and caused the division of the lake into
several smaller basins. Distincfioq”between ‘obstructions
such as bedrock and small portions of isolated‘ ice or
digitafe' ice lobes still‘connected“tp-fhe glacier would -be
difficult tec make. Since the ice bodies would eventually
melt, .withdrawing support from the surréunding sediments,
there should be.evidence in the form of sediment deformation
structures froﬁ collapse, élumping, 'faulting,;fluid escape
and similar mechan;sms. Where bedrock is responsiblé for the
separation of”smailer basins, sediment distribution should
roughly ‘conform to the present bedrock topography. It is
therefbre possible that although the lake consisted of one
continuous body of water, individual sedimentation events
-yére iocalgzea and copf;olled by lake-bottom topography.

It -is interesting to éﬁfe that the highest 'Champlain
Sea deposit found in the Ottawa Vdlley occurs at Kingsmere
at an elevation of 210 m asl. This indicates the Champlain
Sea was present at rougﬁly the ,same elevation as the
precedihg glaéial'lake. The identificétion of glaciomarine

deposits on the basis of marine macrofossils shows a fauna
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ﬁthat probably would not have existed during the earliest
period of 'the Champlain Sea when. water elevations were
'highést.

This problem points to the possibility of a second,
higher 1level Champlain Sea episode occupying %he Gatineau
highlands. Unfortunately, because of the apparent error
associated. wifh radiocarbon dates (section 1.5}, it is
unlikely that shell dates from this loccality would be useful
in determining the precise age of the deposits. This leaves
the qﬁestion of a second, high level Champlain Sea epiéode
unanswered. Further invesfigation would be reguired to
clarify this point.
5.2 CONCLUSIONS

Results of the present study indicate tﬁeﬁpresence of a
proglacial lake in the Ottawa Valley immediately
preceding the Champlain Sea epilsode. The presence of
. ostracode Candona\cff C. subtriangulata and the laminated
nature of the rh?thmités indicate freshwater deposition.

The dominant mechanism for rhythmite deposition was by

turbid density current @nderflow. Examination of couplet

thickness +trend, grain éize distribution, carbonate and
trace fossii content indicates the rhythmites to be episocdic
rather than annuai.

Two rhythmite types have‘been identified: continuous
types (I) and (Ii) and discohtinuous: Continuous type (1)
repreéents the simplest) case of a sing;e sedimentation

event. The rhythmite consists of a continuous fining upwards
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series Beginning with traction load (indicated 'by grooves
and sdle_;mérkings) and rapigly changing to'saltating " load
" and suspended load as flow competence diminished.

| Continuous type.(II)-was most commonly observed. The
series is similar to series (I) with the addition of raﬁdomf
sporadic bursts of coarser sediment +to the finer interval.
Unéraded and poorly sorted laminae result from these smaller
episodic flows.

The discontinuous series shows a hiatus in
sedimentation between a continuous'rhythmite series and a
layér of coarserh material containing clasts 1-2 _grade
classes larger, Iinterpreted 'to be ice-rafted debris'dropped
as a result of g (éummef 7} melting event.

The sparse microfauna and absence of macrofauna point(r

to a short-1ived, harsh environment for the proglacial lake.

The presence of slump stfuctures and apparent ice-contact
folds at the base of the rhytﬁmites supports the concept of
ice obstructions Blocking free watef flow in the lake, apd
cgeating smaller restricted basins in conjunction with the
uneven bedrock  topography. 7 The ubiquitou; ice-contact
features also show the importance of floaﬁing and partially
gfounded ice at early stages of rhythmite deposition.

The exact size and durétion of the 1lake are still
'unknown? Surface and subsurface evidence indicates the
presence o; a lake océupying the Ottawa and Rideau 'River
Valleys,' fgr which exposures located at the Foster pit are

suitable type sections. The lake occupying this area is

informally called Lake Rideau, after the type locality.
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Correlation of Lake Rideau with other water bodies such as
the Ft. Ann phase of Lake Verment and the Belleville phase
of ' Lake Ontario produces a lake covering the area from the
Champlain Valley to the Lake Ontario basin and up the Rideau
Valley into thé Ottawa Vallgy. Unt;l more work is done, the
exact extent of the lake_ i1l not be known. Whether a single
lake or several smaller lakes are involved is not known

. conclusively, but evidence seems to point to the formation
of a siﬂgle, high’leyel lake at an altitude of appréximately
216 m asl, witp bedrock and ice obstructions . restricting
flow and'_creating smaller, transient basins. Ost;acode
evidence points to a lake up to 180 m in depth.

The transition to the early Transitional éhase of the
Champl%in Sea is marked by a decrease in clay lamination and
aé increase in masgivé clay. The lower portion of the
massive ciay {facies 3} ié bsrren, and the. upper portion
contains spat-killed Poftiandia arctica, a typically early
giaciomarine bivalve. A foraminiferal assemblage of
1sléndie1la—Qassidulina—Elphidium/?rotelphidium iqdicates'
early Champlain Sea éélini;y of 22-33 ppt, witﬁ water depth 
in the range of 30-100 m. This tfansition from deep,
freshwater c9nditions to shallower brackish conditions

~apparently was short-lived, and a harsh enJ?ronment for the
i%vertebrates, as shown by the Portlandia arctica spat kill,
and the barren nature of the lowermost massive clay facies.
When conditions ihp;oved; the common faunal succession of
foraminifera, foraminifera and ostracodes, and then micro-

fauna and ﬁacrofauna.developed.
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Since there 1is no datable matérial within thé
rhythmites, and. the first datable material in overlying
sediments would be somewhat younger, the exact timing of the
pre-Champlain Sea freshwater episodeﬂis"speculative. The’
relatively thin package.of rhythmites, the sparse to barren
fauna,. and soft sedimenF deformation and slump features
suggests rapid depositién in a freshwater environment
followed in quick suqcession by mixing with marine water.

The stratigraphic position of the rhythmites shows them
to directly qoverlie facies Interpreted as subagueous
odtwash,- and the presence of.till flow units suggests a
nearby glacial scurce. Rhythmite deposition ;s‘thus placed
clos:ly after ice retreat iﬁ the Ottawa area, and

immediately prior to, and possibly continuing into the

earliest Champlain Sea phase.

5.3 FUTURE WORK

Possible . future work falls iﬁto three areas of study:_
1) sedimentology and stratigraphy; 2) micropaleontélogY: and
3){.re§ional deglaciation. These are &%scussed in order imn

the following sections. »

5.3.1. Sedimentology and Stratigraphy

Although the sedimentolégy and stratigraphy of the
rhythmite and massive silty clay facies are fairly well
known in the Ottqwa Valleélurea, the exact extent, thickness
and distribution of these deposits in the ‘upper thawa

. Valley, Rideau Lakes and Lake, Ontario basin areas is,
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unknown. The most :promisipg line of"study ié the
continuation of the Geologicai Survey- of Canada coring.
Coring in the Rideau Lakes are (Anderson et al., 19853 and
in the Ottawa vailey (Gadd, 1986) has already been
described. Excavation of sections along the Rideau and
Ottawa’ Eivers would provide useful surface -exposures for

comparison to those already documented. !

In the past, it has not been possible to determine the.

exact thickness of tﬁé rhythmites -or the specific nature of
their deposdition since core logging and section aééeertion
have been done éubjectively and by more than' one investiga&
tor. Interpretation of the Geological Surveyqof Canada core

\ .o /
from the Ottawa Valley is particularly difficult since no

W

objective lithostfatigg@phic logging technique has been

used. Terms such as “varve"”, "rhythmite" and "interbedded or
interlaminated silt and clay" have been used without precise
definition, so that dfistinction between annual rh?thmites

N

{varves} and episodic (surgé)‘rhy$hm1te$ is problematic.' In

order to avoid this problem in fﬁku?! studie%. a lithostra--

"tigraphic logging system which records only grain size,

bedding style and other objectivefy noted descfiptive.para~

meters: is needed. In addition,nfor consistent intérbretation
of core logs, the number of investigataré should be képt-to
a minimum. to avoid the use of conflicéing or ambiguous
terminclogy. - .

Cogre material should be logged objectively by (1)

—
photography; (2) x-radiography; (3) preservation by impreg-

nation so that futune workers will have "hard" material to

-
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work with (not just a description). - : ‘

Sedimenfological- anélyseé of the rhythmite lamigations
in all areas should aid iﬁ correlation of tHe rpythmites and
the interpretation of tﬁé ‘ depositional mechanism(s)
involved. It is beliéved'that such a study may reveal pulses
over a wide area of the basin which- were previously
hnidentifiéd.r.lt-is unlikely that a bed by bed correlation
is. possible.because of thé rapid and abrupt facies changes
involved, buf.several depositional packages may be traceable

1

‘through the basin, or beiween smaller basins.

~

Measurement of individual rﬁythmite thickness and the

number of rhythmites~in a sequence at each locality should
aid in better interpreting rhythmite deposition and history.

5.3.2 Micrdﬁaledntology

With the exception of the present study and that of
Guilbault (1980), 1little or no work on ice4ﬁarginal micro-
fauna- hgs, been done using adeguate stratigraphic control.
The é?giematic paleontology of ice-marginal brackish and

fresh water fauna is well known; what remains to-be done is

to study the fauna in stratigraphic and paleocenvironmental

context.
Faunal investigation in the present study was
‘restricted to two gpoups: the foraminifera and the

ostracoda. Sample processing was restricted to the 100-mesh
4

fraction to save time. Preliminary tests of the 200-mesh

fraction indicate juveniles of roughly equal proportion to

the dominant species 'preqent in the coarser fraction.
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Prpqgssinﬁ the flner sediment fraction may yield ‘“new and’

! such

unforseen iﬁformatione cgrtainly,_wsmaller microfossils
as the diatoms, if ‘present, should give more informatioh on' -
% ’ b

palecenvironments. h - -
; IR 1, . ‘
Enlargement of the present work into the upper Ottawa

Valley: Rideau -Lakes and Lake ontario basin should gfeatly

aid in establishing the extent of various biofacies.

In order to ‘better unéerstand the "'mixing of water
bodies in ice-marginal areas, a more complete knowledge of
the faunél assemblages ls required. Determination of whether
‘assémblages represent a biocoenosis or thanatocoenosis, and
éhe extent of any post—mprt%%)changes in th% assemblage is
necessary. For example, .'¥he delicate nature of ~ some
ostracode valves makes their preservation problematic. SEM
study of y@lve minerdlogy and surface texture should
indicate the effect an@ ;xtent of carbonate solution, and
whether the va;ves are naturally thin—wailed. _

The Champlain Sea environment repres7g?éd by, the
Ottawa Valley microfauna is dominated by meltwater dnput

——

rather than by marine water. In contrast,. the Goldthwait Sea "

represents an environment which, although glaciomarine, was”

ant

influenced 1little by meltwater input. Combarigbn of these "

two environments would greatly contribute to ithe present
-t

by

knowledge of fresh and martne water mixing in iceZmarginal
+
areas. ‘ . *

5.3.3 Regional Deglaciation

The present study indicates the presence of a large

172
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i
ik

P fresh water body in the Qttawa Valley at -thetime when the
Y ! i .. v, f

Belleville phase qaf Lake Iroquois and thechffﬁﬁﬁn phaée of

Al

¥ Lake Vermont coex:stedf Furfherh study ds regquired to
eé&abllsh the extenl and,duration of this water bedy, and
. possible correl?tlon mﬁﬁéﬁ other wateya bodies. SuPsequent
study may reveal that. Ghé appareatly ;arge. sﬁnéﬁe water

m\ A
body postulatéh here wasﬁir fac:‘severaf smaller cdex}sting

) 3 & .
& ; -
) R
An importanthspect of tRis investigat#on pay “be 7 the
T * 2 x :."
measurement of the edlevation* of any exposureftﬁg the
3
freshwater clay body which may Hélp~determ1ne the eybﬁgtion$
£ 3 :
=
of a depositional plane. Unfoﬂ&unately, this may not be

bodies.

. .- .
possible since the gdacigenic“'gﬁays were deposited 5§

botfom-hugging density current uﬂ@erflowﬁt wﬁich closely ,

I - S . £

-
followed the upneven glaEial lake-baottem topographxk Similar
- T T

depositional .mechanisms hﬁve been folind for Lake iroqﬁof& .
L1 Ad .'_ . - B

3
! bottom sediments (Anderson, pers. comm., 1985), resulting in
. 4

a very uneven distribution and topograph§;"Estdblishment @f
. -4 .

.the elevation of Fhe large i;ke may aid fh Ehe corgglafion
of this water body with othér water bodies in the La;e
Ontario basin and in'the Chamglain Valley :Devélepment of-

. L -
D better correlation with already known events may‘ralso help
- .
e to clarify "the chronolggy of thé‘pre—ChampJain Sea water

\ body. Since the rhythmites&aréxnot annual, {hez.may not be
/Gg?d for measﬁreﬁépt of tiﬁe, and since there is no géteable_

— m;$erial contained within the sediments, the dé@elogmeng of
\L’ -~'a chronology for !t?e freshwater body must ‘Be aoqe by

r -
indirect means.

v
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r . Appendix A

. .
¥ -7 PALYNOLOGY SAMPLE PREPARATION

LN

£ a
- Each sample was treated with approximately 40 ml of

cold HCl to remove carbonates, then washed with -distllled

-

water. ' Samples were then placed in nickel c¢rucibles and
treated with concentrated HF. Each sample was ‘heated to

L
boiling point At least three times and ‘then allowed to

~

cool. Samples were then washed with distilled water and 10%
o

HCl-'?dded and samples heated to 90 C and 1left at this

tempé}ature {pr five minutes. Samples were then washed wfth_
dist;lled water and treated with glacial acetic acid and.
finally with aceto]ysislsolutﬁoﬁ.

Two _ (unstained) slides weré& prepared for each sample.
These were counted using both 25 and 4Q power objectives and
10 power wide-field eyepieces on a binocular Leitz S.M.
biclogical microscope. The entire slide was traversed and

P o
pollen grains noted when found.
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. " Appendix B B L
v o s A
- : LOSS ON IGNITION (LOI) METHOD | J
. L

~ A s
The following method has been developed from‘ several
well-known methods of soil and sediment analysis. It haé the
advantage of being quick, reasonably accurate {+ 1-2%}) and

-

done with commonly available equipment. N
o A

o
Equipment required: furnace to 875 C, crucibles; tongs;

AY
r

desiccator; asbestos mat;- high temperature marking pen;

-

balance accurate to 0.01 g.
v

-

* Method is as folows:

1. ‘Place approximately 10 g air dried sediment in a

numbered and accurately weighed crucible. Weigh teo 0.01

g -
. 0 _
- 2. Heat ta 110 C overnight; put in desiccator and cool tp

room temperature (rt)‘and weigh.
o) o
IR Heat to 375 C overnight; cool to about 150 C on

asbestos mat, then to rt in desiccator. Weigh. Let

furnace cool to rt. - N

o = . o]

4. Heat to 550 C for one hour after furnace reaches 550 C.
o ,

Cool to 180 C on asbestos pad, then in desiccator to

4

rt. Let furnace cool. Weigh.gjaf’
o] _ o
5. Heat to 875 C for 1.5 hours after furnace reaches 875
o

C. Remove and cool to 150 C on asbestos mat, then in -

o1

desiccator to rt. Weigh.

Various components are burned off at = different

temperatures. These may be calculated as follows:
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1. Loss due to gravimentric moisture is weight loss from.

o. e
rt to 110 C. . wie
o
2. Loss due to organic matter is weight loss from 1i0 C
’ o e [
to 375 C. | ’ .l
| o ‘
3. Loss due to{f%ructural water is weight loss Dbetween
o o _— : ‘
375 C and 550 C. e
. , o -
4. Loss due to carbonates is+weight loss between 550 C and
Q
875 C,.

Weights may then be divided into the original sample

welght and calculated as a percentage.
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s
OLOMITE RATIOS

Appenéi;\?i SN .

—

|

tion desciyibes-the technique used ta

determine calcite/dolomite in paired coupléts 3f silt

¥
and clay.

Laminations of silt and clay rhythmites were separated
using a single-edge razor blade into dark {D) and light. (L)
singlets. Five different coupléts were‘ separated énd
labelled A, B, C, D, E, so that individual laminations were
termed, res éEfTve%yﬁ_DA{-LA, DB, LB, DC, LC, DD, LD, DE and
LE. Grain ize separation was tested by running the couplets
on a Coulter Counter, producing grain size distribution
curves. I¥ was thus confirmed that the dark laminations are
finer than the light laﬁinations.

Sediment was air'dried and ground with an agate mortar
and pestle until it would pass (ary) though a 325-mesh
screéF. 32, mg of this powder was suspended in gne ml of

4 -

disti?led w;fer an&'pipetted onto a standard giass X-ray
diffraction slide (253x 30 mm).

Samples were scanned on a PAD 11 diffractometer using
Co-k-alpha radiation at settings of 40 mA and 40 kV. The
samples were scanneQ' from 33 degrees to 38 degrees to
identify the_(104) reflectioﬂs of.calcite and dolomite.

Ratios were obtained using the intensities of the (104)

peaks in counts per second, which is proportional to the

mass of the mineral present.

.
-"p
-a
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Appendix—D
FORAMINIFERA/OSTRACODA SAMPLE PREPARATION
. Standard-micropaléontplogical techniques are. well known-
and documented (eg Bras}ér; -1980: Cronin,  1979a: Feyling--
Hansen, 19%8, 1964;'Fey1£?g—Hansen ét al., 1971; Guilbault,

: ' e
1980, Melgaard and Xnudsen, 1978; and Rodrigues, 1980},

-

Most disaggfegation and cleaning techniques involve use
of ;hydrogen mperoxide: commefciall;detepgents (calgon® or
Quaf%rné&y~0] ‘or water. Hydrogen peroxide'is very efficient,
qna is oftgn“used in soi)} work, but is too strong and it was
\suspected;{'Tt might destroy delicate ar agglutinatea

Foral

foraminifera. Café%n is also used as a preparation agent,

4

but 1&° too slow whé;)high clay contents are involved.

Ry
oy

Quaterné?g—o is'a;stronger industrial detgfgent which seems
go work;well% guilbaulfltlgaoa suggested the use of water,
but this is excessibely slow, and should only be used whe}e
there is concern for damaéing o{wspecimens. In particularly
clay rich samples, repe;ted slow drying and wetting
disaggregates Spe clay”well if done with water alone. Final
cleaning ma? tﬁg% be done using Quaternary-0.

The foligiing méthod was developed by the author for
processing foraminifera and ostracodes togetgef. 200 g raw

~_

samgje is heated on low heat for one to two hours (dépending
on clay content) in 2 1 of water with 30 ml of Quaternary-0.
The mixture s cooled and wet sieved with warm water (to
(/S}event flocculation of clay) through 20-, 100- and 200-mesh

sieves. The 20-mesh sieve  retalns some of the - largest

foraminifera and ™ ostracodes, insects and macrosfossil
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fragments. ‘The fesidue from the 100- and 200-mesh sieves is
tben washed two or three times with water to remove residual
detergent and.dried using acetone. If necessary, material
finer than 200-mesh is retained for «clay mineralogy and
geochemical testing. .
Once dry, the tests are piéked from the mineral
fraction wusing a wet 10/0 sable brush. Flotation methods
were tried without success. Guilbault (1980)‘separated tests
using a mixture of dibromoethane and methyl alcochol {(density
1.8), apd .Brasier. {(1980) suégested using carbon
tetrachloride {dens%ty 1.6), but these methods work only forz
tests of a Q;ven dgnsity and often a mixture of ostracodes

and foraminifera with arenaceous tests, calcareous tests and

tests containing large air spaces would require separation

in several stages. EIt is believed that the scarcity of some
species of foraminifera (Cronin, 1979a) such as the
arenaceous forms, may be the result of concentration and

recovery .techniques. Thus hand picking, although very much
slower, was chosen in order to ensure recovery of a complete

apa representative population. .
Q=g .
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/—\ ' Appendix E A
GSC PLANT MACROFOSSIL REPORT NO. B4-25

Sample No.: FOP-33
Locality: Foster Gravel Pit, Rideau Rive;. Ottawa
Province or Territory: Ontario
Collected by: D. Naldrett
Supmittgd by: D. Naldrett.
Material Submitted: Picked fossils mounted on‘slides
Fossfls:

Fungal Sclerotia

Cupressaceae "cypress family" 3.4

Thuja sp. _ "cedar" . 53,5,45

Unidentified plant fragments 48,49,50,51
| 52,28,27,2

40,46,47,35

Cemented sand tubules 61-84
(formerly p]an?ﬁftems ?)

Comments:

The numbers following the named items in the 1list
refers to the slide on which the object was seen,. |

The only identifiable s;zﬁt\hfzggﬁents were a few
fragments of cedar, Although the exact time of appearance of
cedar in the Holocene of soﬁtﬁern Ontario 1s poorly known
(because. the pollen is difficult to distinguish from other
types}, 1t is unlikely that it was a member of the flora of

the Ottawé area 10,000 BP. Thus the plant fossils support
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the evidence of arthropod fossils that the sampled level is
either vyounger than the date indicated or that it contains
late Holocene (possibly modern) contaminants.

ee also Fossil Arthropod Report B4-24.

Identification and Comments by :
J.V. Mathews, Jr.

September 3, 1984

N
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.Appendix F
GSC FOSSIL“ARTHROPOD REPORT NO. 84-24
Sample No.: FOP-33 ~
Locality: Foster Gravel Pit, Rideau River, Ottawa
Provincelor Tefritory: Ontario
Collected by: D. Naldrett Cy
Submitted by: D. Naldrett

Material Submitted: Picked fossils mounted on slides

Fossils:
MIRAPODA -
DIPLODA | .”millipeds“ 30 (pt+)
ARTHROPODA
INSECTA
Unidentified ff 55,19,20,31,
‘ 35,38,39,41
13,60
COLEOPTERA "beetles"
Cicindelidae . "tiger beetles" 21,37,3(p+)
Hydrophilidae "water scavenger beetles"
Helophorus sp. 7,42
Genus ? 14(p+)
Curculionidae "weevils"”
Genus 7 6,9,10,11(p+)
'DIPTERA. H\\\flies"
Family 49 
HYMENOPTERA ; wasps and ants"
Family - 4
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Formicidae "ants"

Genusnd ants"

Family ‘ 4 .
Formicidae fants"

Genus 7 ? 36
CRUSTAEEA

Isopods "sow bugs" 16(5?},1?.18

24 (p+), 28,29

7?0267, 22

Comments:

The number following the igentified fossil in the above
list refers to the slide on whichk the fossil is mounted.

Some of the arthropod fossils are very well preserved

{designated by "+" in the above list). A few of the sow bug.

"fossils" are articulated even though they are poorly
sclerotized and thus more fragile than most insect fossils.
In additian the unidentified weevil fragments possess the
scales“that normally cover the animal when living.

The fossils come mainly from sand (silt) which normally
does not allow such excellent preservation of insect
fosgils. Thus the state of preservation of the +#fossils
suggests that they are eiéher very young or madern
contaminants.

Sow bugs and millipeds are not northern arthropods, and
based on what is known of the early Holocene fauna of
southern Ontario and Quebec, are definitely not in accord
‘with the 10,000 BP date of the sampled level. If the fosslls

-
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are not coﬁtamfnants that were 1iviﬁg in the exposure face,
they mu; indicate a date no older than than the late
Holocene. The}gxceIIEnt preservation of the fosslils and the
tiger beetle la;vae (presumed fossils were larval fragments)
live in sand suggests that the "fossils" may well be modern'.
In addition to arthfopqg and plant fossils, slide 32
contains Qhét appears to be the maxillae of a fish.
See also Pl;nt Macrofossi?s€:;9rt 84-25, ,
i

Identificaticon and Cofiments by:
1

J.Vv. Mathews, Jr.

September 8, 1984
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