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ABSTRACT

‘.

The ‘aim of this thesis is to interpret the»depbsi- )

s

tional environmé*c of the fine-grained glaciolacustriné sed-
éments in the Okanagan'.Valley, British Columbia.. The ex-

/

tensive "white" silt terraqes bordering Okanagan Lake

‘illustrate rapid"depésition in proglacial Lake Penticton.

1
\

Seven sections were logged, three on the east, and four on
the west side of Okasagan Lake. Inteznal grain size and

structural properties are assigngd’to five facies states

~ - .

and describe thgisedimenta}y~suééessions, _Transition
probabilities, grain size, paleocurrent and varve correla-
tion.énhlysis are used to interpret the sedimentary enviro-
ment and depositional procésses.

Lower 'sediments are coarée grained and two successions
are recognised:v (1) fiat—bedded, inciined and structure-
less sands alternate‘with coarse) laminated silt; (ii)
flat-bedded sands alternate with crosslaminated %i?ds;
These cyclic sediment-ry succéssions are interbreted as
channel deposits and distributary mouth bar depos}ts laid
down by density currents in glaciolacustriné deltas.

A transition-environment is proposed overlying the -
coarsé-gra}ned deposits. Rapid alternating beds of flaser,

rippletformsets, type B ripple drift, contorted bedding

ocCpr'within bthzéahd and silt size sediment and indicate

iy



. : ‘.

. o
more distal deposition in sub-aqueous levees.

The third env1ronment {s characterized by. thxck lower -

silt. and clay varved deposlts fining vertically, and re-

flects depos;tion in a glac1olacustr1ne env1ronment. Grain
size analysis lndlcates that the silt unxts were depOSLted

by a series of underflow events requpdlng to meltwater

.

'discharqe. Upper varved clay units coqtaln sand stringers
4

and are believed to indicate winter gqperflow'eqents.
Evidence from this study suggestélthat lateral streams
built up trlbutary deltas into a developlng proglacial lake
coverlng an ice mass mantled with sedlment in the center of
the valley. Sedimentation was rapid ang varve counts ;n-

dicate that lacustrine sedimentation occurred for approx-

imately 80 years.
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CHAPTER 1

/ INTRODUCTION

. ’
1.1 Background to the Study

In mountain walleys during retreat stages of the
Pleistocene ice-bodie;, long narrow ice-dammed lakes are
often formed in temporary basins. Flint (1971, p. 192) sug-
gests these ice-marginal lakes occurred where, ... "the mar-
gin of a glacier advanced over ice-free ground that sloped
down toward the glacier." Although these lakes were ‘ephem-
eral, often thick deposits of sand, silt and clay were
depositea in them by meltwater issuing from the ice-front,
and by sgseams from adjacent areas. Embleton and King (1971)
.cite stragﬁlines, terracettes, deltas, and lake plains over-
lying bottom deposits of laminated silt and clays as dis-
tinctive landforms developed in these glacio-lacustrine
seliments. :bf these landforms, deltas are some of the most
interesting, from a geomorphological point of view as they
contain'within their structures a detailed history of the
events responsible for their formation.

Pleistocene glacio-lacustrine deltas consist of
coarse-grained deposits (mainly sand) generally deposited
proximal to the ice-front under high rates of meltwater
discharge. Flint (1971) states that a small delta can

4

accumulate very quidkly, perhaps in a single season.



With ice-front retreat and an increase in size of the lake,
fine-grained sediments ére deposited on the lake floor be-
yond, or on top of the coarser deltaic deposits. Lake
floor deposits beyond the limit of aelta growth are pre-
dominantly fine, and become increasingly so as the distal
parts of the lake are approached (Embleton and King, 1971).
These deposits frequently exhibit rhythmical laminations,
or couplets, revealed in changes in grain-size. They result
from variations in the supply of sediment and discharge
variations in the depositing meltwater streams. -Normally
the lowest part of each couplet consists of coarse silt or
fine sand, and ﬁhe upper part 1is composed of clay. De Geer
(1912) considered that in glacio-lacustrine rhythmites the
coarse laminae were deposited in summer and the fine
laminae in winter. He proposed that the term "varve",
rather than rhythmite be used to denote a couplet of annual
deposition.

Interpretation of varved sediments 1n northern Europe
and eastern North America has been used as a geochronological
tool for dating ice-retreat (De Geer, 1912; Antevs, 1925).
However, these Pleistocene varved sediments also exhibit
structures and texture changes that are related to the
depositional process active at the time of sediment accu-

mulation.
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The gbtermination of sedimentary processeédis based on a
cdmparlson of ancient dep051ts.with those of madern ones
where the processes responsible for the observed propertles
are recorded (Shaw, 1975). Criteria used to elucidate pro- |
cesses are, sedimentary structures, directional properties,
and grain-size. These can be used to meke environmental
interpretations regarding conditions at the time of depo-
sition (see Chapter I, Section 1.5, and Chapter I11).
Great thQ\Hhesses (20 - 50 Qtapprox1mately) of exposed
glacio- lacustrine sediments, evidence of deposition in
former late-glacial lakes in the Interior Valleys of British
Columbia, have been studied by a number of resgarchers
(Flint, 1935; Meyer and Yenne, 1940; Nasmith, 1962;
Fulton, 1565, 1969, 1975; Shew, 1975). Flint (1935) dis-
cussed in qualitative terms fhe origin of the silt terraces
bordering Lake Okanagan (fig. 1-1). He outlined a glacial
sequence in which a down-wasting tongue of 1ice brocked the
north-south drainage, creating temporary éro—glacial lakes.
Streams from the ice-free upland areas, entering these
lakes, deposited coarse material on prox¥mal submerged
stagnant ice blocks, and fihes on the rock slepes between
the streams. Meyer and Yenne (1940) conducted a study on

the mineral assemblage of the 'white' silts. Mechanical

analysis shows that the silt was derived locally as



7 LAKE SEDIMENTS ) B ’ :
4 WITHIN THE STUDY AREA . . . Lo i

!

Figure 1-1 ERTS imagery highlighting the distribution of the
‘white silts’ alongside Okanagan Lake within the
study area.



rock-four (composed principally of quartz éhd feldspari,
while the angularity of ghe grains ihdicated a minimum of
stream transport. They supporteg Flint's (1935, p.8) .con-
clusions that, .. "thef;ediment ngg:esent accumulations
of rock-flour at .or near mouths 'of streams-emptying into
ice-dammeg>lakes ..." Nasmith (19%2) described and mappea
the late—glaciai surficial deposigs”of thé Okanagan Valley,
but presented Iittle information on, or interpretation of,
the depositional environment of tne silt terraces. He
suggests that the glacial lake silt%, which are so promin-
ent a feature of this part of the Okanagan Valley, were
deposited in'Glacial Lake Penticton, and that the maximum
elevation of the silts in the vicinity of Penticton was
approximately 45 iipbové the present level of OkaQagan Lake.
’ Fulton (1965) undertook a detailed sEugy of the
depositional environment of the silt in the South Thompson
Valley. He suggested silt was transported by tfibutary
streams from the ice-free uplands into glacial Lake
Thompson. Utilizing Antev's (1925) technique for varve
chronblogy, Fulton correlated varves over a distance of
5 km. While this analysis was not the major thrust of the
study, Fulton states (1965, p. 566), "... a complete
history of the sedimentation of the South Thompson silt
could be written if the entire deposit could have been
studied in this manner." In terms of stratification,

Fulton considered the silt to be varved, with thick varves



a

grading upward to thin. However, he presents no, detailed

-

discussion on: the depositional processes which pfbduced the
|

i

~ varved bedding. . “ E
A defailed discussibn on.'the coarse-grained sediments

deposited on glacio-lacusﬁriﬁe deltas of Edmontqn and

Okanagan Valley Pleistocene ice-marginal lakes is presented

by Shaw (1975)s He examined coarlse proximal deposits in .

,the Okanagan that underlie or grade laterally into fihe

lacustrine sedimentss Shaw states (p. 285), "... the ne
members of the.Iacustrineldeposits are clearly varved and
are believed to have bgen deposited in glacial lakes."

The coarse members associated with the varved si%ts and
clays are believed to have been deposited in deltaic
‘bodies. Although these deposits are easily recognizable,
Shaw suggests that the processes any conlditions which

produce distinctive varved bedding are still not clearly

understood.

1.2 Objective

The principal objective of the study is to determine
the depositional processes resulting in the fine-grained
glacio-lacustrine sediments of Glacial Lake Penticton.
These processes, and the environmental conditions in which
. they operaged, may be determined by analysis of the
vertical and lateral properties of the sediments. The

methods of analysis are discussed in Chapter III.
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1.3 General Site Selection

The flne gralned sediments of the southern Okanagan

Vaa}ey were chosen for ana1y51s of sedlﬂentary associations

“

- for the following reasons:

1. With the exception of the study of silt deposition
in the South Thompsop Valley, no detailed environ-
mental reconstruction based on the fine-graiped
sedlments in ‘the Okanagan has been undertaken.

2, The posthlgcial climate has been sufficiently
arid to preserve the glacial-lake sediments and
thus favor the interpretation of a relatively
complete record of deposition.

3. Terraces of glacial-lake sediments are found along
the shore of Okanagan Lake and provide good
exposures for measurement and attempted recon-
structien of the depositional environment.

1.4 Site Descr;ptioh

The Okanagan Valley is a broad north-south trending
steep-walled trench cuttingsthrough the Interior Plateau
of British Columbia and the Columbia Plateau of north-
central Washington (Nasmith, 1962). 1In British Columbia,
the valley extends from latitude 49°00' north to 58° 43’
north and is generally aligned along longitude 119° 30'
west (fig. 1-2). The trench is occupied by the Okanagan
Lake (elevation 342.2 m, 1956 datum) and the Okanagan
River. The width of the valley bottom ranges from about
one to six kilometres with elevations ranging from 270 m

near Osoyoos to 550 m west of Enderby (Nasmith, 1962).
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Kelley and Spillsbury (1948).ontl£ne the folfgwing
geologic events for the Okanagan Valley. During the early
Teftiary, the Interior Plateau was a flat, poorly—drained[

\ \
marshy pléin. Uél{ft and volcanic activity occurred during
the Miocene. Extensive fauL%ing and folding in the Te;tiary
'times produced the present valley trend and its trench-like
character. In conjunction with the development of the
trench, the Okanagan Valley became the drainage.system for
the Shuswap Lakes and by the close of the Tertiary, the

Okanagan was an established river valley.

1.4.2 Glacial History

The qunagan region was subjected to a succession of
alacial conditions throughout the Pleistocene, however, in
this &tudy anly the events of the late-Wisconsin glaciation
are considered. Ryder (1972, table 1, p. 79) suggests that
within the Fraser Glaciag}on of the late Wisconsin, a major
advance, the Vashon Stade, covered the interior between
13000 - 18000 years BP. No mention is made of an inter-
stade in the interior coinciding with the Everson inter-
stade of the adjacent Fraser lowland. However, Ryder does

propose a late-glacial re-advance in the interior corres-

ponding to the Sumas Stade of the Fraser lowland.
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Nasmith (l9ﬁ3) describes the surficial deposits produced
during the recession of the late-Wisconsin ice. He pro-
poses that ice advanced (although which advance is being
referred to is not specified) @ on the Monashee mountains
to the east and the coast mountains to the west. The
Mon;shee ice is thought to have €illed the Okanagan Valley
causing extensive erosion as it flowed southward. A later
ice-sheet is believed to have covered southern British
Columbia to a elevation in excess of 2130 m (Nasmith, 1962).
The deglaciation pattern for the Okanagan Valley,
and other valleys of British Columbia is outlined by Flint
(1935) ; Mathews (1944); Nasmith (1962); Fulton (1965, 1969,
1975) and Ryder (1972). Fulton (1975) proposes that the
. ice disappeared from the uplands with tongues of ;tagnant
ice downwasting in the valleys. Hé presents a detailed
summary for lake developmenté in the interior (table IX,
p. 37). In the Okanagan valley, glacial Lake Penticton
formed when a plug of outwash and stagnant ice blocked
the north-south drainage at McIntrye Bluff (fig. 1-3).
The site of the ice-dam was identified by a north-south
trending spillway channel carved in bedrock at 200 m above
the valley floor (Flint, 1935, p. 113). As the ice re-
ceded, glacial Lake Penticton extended from McIntyre Bluff

to Armstrong (fig. 1-2) and reached a maximum height of
-

500-530 m a.m.s.l (Nasmith, 1962, p. 42). Lacustrine sed-

iments were deposited in Lake Penticton in deltas and as bottom
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deposits until Lake Penticton drdined to the south. Addi-
tional information on Okanagan Lake's sub~-surface morph-
ology, and by inference its deglaciation.sequence, has

been gained from'studies conducted by the Okanagan Study
Committee. 1 A submerged terrace was located by echo-
sounding fpproximately 15 m below the present_lake level.
This terrace was foﬁnd on both sides of the valley from
Squally Point to the south end of Skaha Lake (Okanagan
Study Committee report 18, pP. 10). The lower terrace level
could indicate the original lase level following the drain-
ing of Lake Penticton. Additional information (D. Kviil,
pers comm),'sdégests that with isostatic uplift and an
incréased volume of water originating from the North
Okanagan and the Shuswap region, the present lake level.
was reached and wave action formed the present base of the
upper terraces.

<

1 The committee was part of the Canada-British
Columbia Okanagan Basin Agreement Study. This
comprehensive study was initiated during 1971 to
elucidate the chemical, biological and physical
limnology ¢f the five main-stem lakes in the
Okanagan Valley - Okanagan, Kalamalka, Wood,

Skaha and Osoyoos. The data collected would be
used to determine the future water resources under
different management alternatives.

12



1.4.3 Definition of the Study Area

The glacial lake sediments of the Okanagan Valley
_have been mapped by Nasmith (1962) Qho found them-to vary
in both size and quantity (fig. 1-1). However, the sgedi-
ments along the shores of Okanagan Lake north of Penticton
to Summerland and Naramata form the highest and best
e;ﬁosures (fig. 1-4). seven sections were chosen for
examination in this area, three on the east side of the

lake and four on the west side (fig; 1-4) .

1.5 Approach and Methods

. Two main techniques may be used to study the. deposi-
tional epvironment of glac;o-lacustrine sediments;.one 1s
the study of sedimentation in active glacial lakés, the
second, stratieraphic interpretation of exposed glacio- .
lacustrine sediments. These two techniques are summarized
below:

-

1.5.1 Sedimentation Studies in Modern Glacial Lakes

A number of researchers have studied dlacio-lacustrine
sedimentation processes in present glacial lakes in western
North America. thnston (1922) studied the sedimentation
processes active in Lake Louise, Alberta. Mathews (1956)
identified underflow events responsible for lacustrine

sedimentation in Garibaldi Lake, British Columbia.

/
/
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Gustavson (1972) studied turbidity currents issuing from
subglacial and englacial streaﬁs in ice-marginal Malaspina
Lake, Alaska. Gi§bert (1973) identified thermal structure
as a significant manifestation of flow conditions and the
distribution of thé sediment in Lilloet Lake, British
Coldmbia. Patterns of sediment inflow, physical limnology,
_\gnd p;ocesses and mechanisms of sediment distribution have
beeﬁ‘examined. Utilizing water temperature profiles,
inflowing stream discharge data, suspended sediment con-
centfations, echo-soundings, bottom core sampling, and
grain-size analysis of bottaom samples, the above mentioned
authors, with the exception of Johnston (1922), have identi-
fied the significant role of underflows (turbidity currents),
interflows and overflows in sediment distribution. These
active mechanisms of sediment distribution are thought to
be responsible for varved deposits. Johnston (1922)
found that average varve thickness in Lake Louilse, Alberta
corresponded to sediment inflow. Since underflow was not
detected, (by Johnston) deposition from suspension by inter-
flow and overflow was postulated.

Mathews (1956) identified underflow and overflow in
Garibaldi Lake; low inflow of sediment with low concen-
tration of suspended clay mincrals, produced graded-beds
of fine sand on the lake baottorm. Gustavson (1972) observed

continuous underflows associated with the deposition of
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varved sediments. Graded and cross-bedding structures
were found in the summer layers, but not in the winter
laminae which were deposited from suspension. Gilbert
(1973) identified varved sediments resulting from inter-
flows and underflows. Varve thickness was correlated
to annual inflow, and lamination within iﬁdividual varve
units was related to intermittent or single-pulse under-
flgws.

’ Study of pmesent-day glacial lakes canvassist in
the determination of the frequency, magnituae and move-
ment of suspended sediment by turbidity currents. .But,
studies in active glacial lakes have not, as yet, provided
a gomplete understanding of how mechanisms of sediment
e&ainment, transport, deposition and formation of
structures occurs by turbidity currents. It 1s possible
that the significance of turbidity currents could be
assesscd from Pleistocene or ancient turbidite sediments

by interpretation of sedimentary processes (see Chapter 11).

1.5.2 Egvironmontal Interpretation of Pleistocenc

Lacustrine Sediments

This study involves the use of environmental inter-
pretation to analyze the depositional! environment of
glacio-lacustrine sediments. Thrgugh detailed observations
of sedimentary associations the properties of scdiments,
energy conditions at the time of deposition, and the |

/

directional properties of the depositing fluid, an under-
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standing of the cémplex interrelationships of ice~contact
landforms can be achieved based upon fluvial-sedimentary
prgcesses. A similar approach can be utilized for lacus-
trine environments where unidireqtiénal currents (turbidity
currents) are significant. Harms and Fahnestock (1965)
propose that the welation of stratificat;on to flow regime
can be ufzivzed by consideringvtypical turbidity current
deposits described by Bouma (1962) and Walker (1967).

(A discussion of turbidity currents, turbidite division,
and flow regime in the formation of varved sediments follows
in Chapter 1II and II11.) This approach used here is to
interpret the depositional processes and determine the
paleo-environment of the lacustrine sediments within the
southern Okanagan Valley by observation and mcasurement

and by_recording both lateral and vertical distributions

of the sidement types.



CHAPTER 11

THEORY ON THE ORIGIN OF VARVES

2.1 Early Hypothesis on Varve Formation

According to Flint (1971), as early as 1769 the
regular alternation of sedimentafy couplets in strati-
graphic sections were attributed to an annual rhythm of
deposition. De Geer (1912) applied the Swedish word 'varv',
meaning 'periodic repetition’, to distinguish glacio-
lacustrine rhythmites that were deposited in one Xear.
However, depositional processes in diff®rent environments
have also been respdnsible for varved sediments (see
Anderson and Kirkland, 1966; Duff, Hallam and Walton,
1967). A comprehensive definition for the term varve has
been proposéd by Gilbert and Shaw (1974),

"the term varve can be used to distinguish any
sedimentary deposit on the basis of colour, texture,
organic or inorganic composition, or minerology
that has been deposited in one year."

Their definition has been followed in the present study.

De Geer (l§12) concentrated hi; study on glacio-lacustrine
varves as a geochronological tool for dating ice-recession
in Scandinavia. He argued that sedim;nt—laden meltwaters
entered glacial lakes as underflows during the summer. The
coarsc sandy or silty sediment forms the so-called summer

laminae, while the fine silts and clays circulate through-

out the lake by turbulence and settle out of suspension

18
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during the‘winter. be Geer supported his hypothesis by\
observation of differing varve thicknesses caused by relief
features on the beds of former lakes. Varves were thicker
on the proximal side of bedrock highs. He interpreted this
as an indication that the highs affected sedimentation and
therefore, bottom currents must have been active. \

Antevs (1925) utilized De deer's geochronologicgl
techniques in dating ice-retreat in eastern North America,
though he disagreed with De Geer's hypothesis on varve
formation. Antevs proposed that glacio-lacustrine varves
were formed by sediment-laden meltwaters dispersing sediment
throughout the lake on, or just below, the lake surface.
The coarse sediments were considered to fall-ou£ of suspen-
sion first and the fines following the freezing of the ‘
lake surface. Antevs suggested that less dense meltwater
could not flow below the dense thermal stratification
zones found at the bottom of glacial lakes. Observations
by Johnston (1922) in Lake Louise, Alberta and experimental
work on settling velocities of éediment in glacial lakes
(Kindle, 1930) supported Antev's theory. However, Antevs
and other early researchers failed to consider that in-
flowing meltwaters containing a high suspended sediment
concentration is commonly of higher density than the lake
water and could plunge below, as well as in-between the
lake water, and flow along the bottom of the lake displac-

ing the lighter ambient lake water. The presence
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of the current‘structures in lake bed‘sediments cannot be
explained by Antevs. Recognition of turbidity currents
(Kuenen, 1950, 1951) and their significant role in the
formation of graded beds (as in flysch and greywacke
formation), seems to confirm the validity of De Geer's
hypothesis (Gustavson, 1972; Gilbert, 1973). It appears
then that the role of turbidity currents in glacial lakes

as under, over, or interflows can more readily account for

the degpsition of varved sediments.

2.2 Turbidite Origin of Varves

A turbidity current (a type of gravity current) can
flow over, into or under a body of water it enters, depend-
ing upon the differences in density of the current and the
ambient fluid. Observations in Lake Mead reservoir led
tb the identification of three types of turbidity
currents: overflow, interflow and underflow (Gould, 1951).
Gould found that oyerflows and interflows occurred during
periods of low concentrations of suspended sediment in the-
inflowing water, while unaerflows were identified as the
dominant currents in depositing sediment when large dis-
charge peaks brought high concentrations of suspended sediment
into the reservoir. 1In éddition, other researchers
(Gilbert, 1973, Gustavson, 1972) have found that sediment
concentration in the ambient lake water is also important.

Lake water containing greater sediment concentration will

be denser and underlie less dense layers of water with
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smaller concentration. Overflow, interflow, or underflow
therefQre will largely be determined by the differences in
suspended sediment in the lake, and the sediment concentrag’
tion in the inflowing water. The following is a brief dis-
cussion on the role of sédiment deposition by over, inter

and underflow turbidity currents. A more detailed discussion
on the fluid dynamics of turbidity currents may be found in
Bell (1942), Allen (1970), Middletion (1966 a,b; 1967), and

Walker (1967).

2.2.1 Overflow

Overflow is the movement of a mBre or leés discrete
sediment laden flow of water over the surface of another
water body. The inflowing water and sediment mix is
lighter than the ambient water body. As the current
* spreads over the lake (controlﬁed by a number of factors;
delta configuration and size, lake basin morpholoéy, winds,
and circulation patterns within the lake) a loss of velocity
occurs followed by sediment deposi}ion. Only silt and clay
size particles are carried by this type of current (Gilbert
1973). The coarest grains will be deposited on the pro-
delta slope with the btoportion of fines increasing distally.
The fine clay size particles may be kept from settling by
turbulence and by a high density of particles suspended in
the lake. With .the freezing of the lake surface these part-
icles will settle out of suspension. Therefore, varves form-
ed from overflow currents exhibit a graded coarse summer layer

L
of silt, overlain by a winter layer of ¢lay. These varves

~
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sometimes exhibit laminations. Antevs (1951) suggests

that these could be the result of diurnal fluctuations, a
reduction of sediment to the lake, and rapid loss of
velocity by the current. Laminations in the winter layer
may be the result of melting and‘the influx of coarser
sediment. Also, overflow sedimentation in large lakes will
e*hibit a thicker clay (winter) layer and thinner coarse

(summer) layer distally from the sediment source.

2.2.2 Interflow

Interflows are inflowing currents denser than‘the lake
surface water, but less dense than the lake bottom water.
This type of current will seek a level at which lake water
density equals its own. As in overflow, temperature effects
or sediment concentration could produce this type of
current. Interflow currents rapidly lose velocity as they
move into the lake (Gould, 1951). Coarse particles will
tend to settle-out rapidly close to the currént source,
but they may be carried further due to greater turbulence.
Dilution of the current by mixing lake water will aid in
reducing sediment transport. Current velocity decreases
as energy is lost to frictional resistance along the inter-
face between the interflow and ambient fluid. As with over-
flow, this type of current will transport only fines. With
the loss of coarser sediment proximally, the diluted inter-

flow will rise to the surface causing dispersion of clay

particles into the ambient water until freeze-up. Varve
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morphology will be gsimilar to that resulting from overflow
sedimentation; coarse summer layers of silt and a distinct

clay (winter) layer.

2.2.3 Underflow

Unlike over or interflows, suspended sediment con-
centrations in underflows are large enough to negate temp-
erature differences 1in lakes. As Bell (1342) states, the
driving force of turbidity overflows and interflows is the
jnitial velocity of the inflowing stream and once velocity
is reduced because of decreased gradient, competency is also
reduced and deposition takes place. However, the weight of
suspended sediment in underflows causes a hydraulic head to
drive the current. Kuenen (1950) suggests that the main
factors determining the velocity of turbidity (by inference
an underflow) current are size, density, slope, viscosity
and resistance (bed and ambient fluid). As Allen (1970)
summarizes, the greater the slope the greater is the velocity
head as indicated by the elevation of the head of the current
(fig. 2-1la) relative>to the elevatiyn of the source of

suspended sediment.

Middleton (1966 a, 1966 b) fobserved that a wave is
established behind the curre t head immediately upon the
stream entering the lake an ecomes the major source of
sediment (fig. 2-1lc). He also confirmed that maximum

velocity is attained in this wave and not in the head as

thought by Kuenen (1950). Middleton's (1966 a, 1966 Db)

23



(a) Motion relative to the ground

(b) Motion relative 1o the moving head

—

(C ) Pattern of flow within a turbidity current head PEVIPP

Figure 2-1 Showing fluid motion outside and within an
' undertiow. ’
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flume experiments also indicated that flow is diverted
outwards from the interface of the head and ambient fluid
(fig. 2-la). This allows the current head to overcome'the
resistance of the ambient fluid, and the leading point of
the head becomes a st:gnation poiﬁt. Within the head the
flow is di§erted upward (fig. 2-1c). This upward divergence
of flow also forms eddies behind the head and flowlines are
forced backwards by the viscous drag (fig. 2-1b). The
eddies are formed when fluid from the ambient medium mixes
into the current. Middleton (1966 b) refers to this as

the mixing zone. Denser fluid from the wave moves into the
head maintaining the size and shape of the head and causing
an unsteady surging motion. Middleton also provided evi-
dence that turbidity currents entrain and flow over
horizontal lake bottoms. Passage of the wave followed by

a sudden decrease in velocity causes deposition of the
coarse particles on the lake bed. At the tail of the current
only fine silt and clay are left to settle-out by suspension.
However the following section discusses the modes of de-
position by underflows based on flume experiments by

Kuenen and Migliorini (1950); Middleton (1966 c).

2.2.4 Deposition of Graded Bedding by Turbidity Currents

Kuenen and Migliorini (1950) used sand and mud suspen-
sions to produce graded bedding from turbidity currents in
flumes. Their experiments produced rapid deposition of the

sediment resulting in a thin graded bed. However, the mode



26

of sediment deposition was not observed. Middleton's

(1966 c) flume experiments provided observations on sedi-

ment deposition by underflows of differing sediment

concentrations. In underflows of low concentration the

following occurred:

a)
b)
c)

d)

slow deposition behind the head, with no

traction of particles;

slow deposition, but traction resulting from
increased bed roughness;

rapid deposition and an accompanying rapid

decrease in velocity of the current;

deposition of fines from the tail of the current. J

The bed formed from low concentration flows exhibited

vertical and horizontal grading, with fining upwards and

distally from the flow source.

In high concentration flows Middleton (1966 c) ob-

served the following deposition of sediment:

a)
b)
c)

d)

slow deposition, but shearing and traction

of particles;

a mass settling of particles forming a

"quick bed"; »

formation of a plane bed, with no deformation

by shearing;

deposition of fines from the tail of the current.

Middleton's experiments clearly demonstrate that graded

bedding occurs vertically and horizontally. However,

because of the small-scale experimental size of the flume,

cross-bedding, sole marks, cross-lamination and flute

stratification elements found in ancient turbidite struc-

“tures and Quaternary lacustrine stratigraphic units were

not reproduced.
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An important consideration is nécessary when inter-
preting ancient marine turbidites. Turbidity flows were
of large dimensions and are unlikelyAto be duplicated in
ice-marginal or proglacial lakes. However, small Pleisto-
cene ice-marginal and proglacial lakes would certainly
have been subjected to turbidity currents of greater
magnitude than those found in present day glacial and ice-
marginal lakes (Mathews, 1956’ Gilbert, 1973; Gustavson,

1974).

2.3 Ancient and Recent Turbidites o

Ancient turbidites (especially flysch deposits) reflect
the alternating cyclic sequence of coarse and fine beds
deposited by turbidity currents (Bouma and Bower, 1964;
puff, Hamlam and Walton, 1967; Walker, 1967). Bouma (1982)
proposed an ideal turbidite interval (fig. 2-2). As the
current wanes in velocity, the graded bedding passes from
coarse gravels vertically into the sand and silt divisions.
Although the magnitude of the currents and size of the
flysch deposits make comparisons with glacio-lacustrine
varves very tentative, Lajtai (1967) and Banerjee (1973)
present arguments for the turbidity current origin of
glacio-lacustrine varves.

Kuenen (1951) described the significant role of
turbidity currents in the formation of glacio-lacusttine
varved sediments. He supported De Geer's (1912) original

hypothesis of underflows as the active process 1in the
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28



29

formation of the Summe; laminae. Studies in modern glacial
lakes have jdentified turbidity currents, underflows, over-
flows and interflows, as the active processes in the for-
mation of lacustrine varved sediments (Mathews, 1956;
Gustavson, 1972; Gilbert, 1973). Stratigraphic evidence

of glacio—lacustrine varved sediments as noted by Lajtai
(1967), and Ashley (1975), support Kuenen's hypothesis.
Agterberg and Baner jee (1969, p. 647) provide a succinct
summary of the processes active in the formation of.most
glacio-lacustrine varves:

... a varve couplet has three genetically dissimilar
parts (1, 2a and 2b):

1. The silt (summer part was deposited. in a relatively
short period by turbidity current. variations
_between successive layers may’ be strong and a
single layer will show a strong decrease in
thickness away from the source. Wwhen multiple
graded units are present, this may mean successive
turbidity currents generated in the same year Or
pulsations within a single turbidity current.

2. The clay (winter) layer consists of two parts:
part 2a deposited by the turbidlity current after

stagnation, and 2b deposited by slow, continuous
settling from suspension.”

2.4 Turbidite Flow Regime

Walker (1967) incorporated results or turbidity current
experiments (Middleton, 1966, 1) with the flow regime pro-
posed by Harms and Fahnestock (1965). This is shown 1n
figure 2-3. walker suggests that flow regime can be inter-
preted from facies, depending upon the alstance travelled

by the current across the basin floor, the magnitude of the

floor gradient, and the flow parameters of individual
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currents. He attributed differences in facies status
between proximal and distal turbidites to the direct or
indirect result of grain segregation processes within
currents. Two mechanisms of sediment distribution are
proposed: lateral ;rading and traction-carpet. No lateral
grading occurs on steep slopes as coarse sediment is trans-
ferred rapidly iﬁto the current head. However, as the
current moves over lower slopes across the basin floor, the
head and current stream are of the same velocity; sand will
be deposited first, followed by fines out of suspension.
The result is a lateral graded bed. In the traction-carpet
mechanism, the coarse sediment is moved by bedload trans-
port. With%ﬁ the upper-flow regime, a high shear stress
reduced beloé a critical level will cause the sediment
carpet to 'freeze', with shear stress removing only the

top layer. The result will be poorly graded or an un-
graded bed (division A) deposited in a proximal. environment
(figure 2-4). With low shear stress, within the lower part
of the upper-flow regime, a gradual accumulation of sand
will form a étructureless or laminated bed (division B).
Ripple-drift\inmination occurs as current velocity de-
creases distally (division C). With a slow fall-out of
sediment into the traction carpet, A type ripple drift
(stoss side erosion, see Jopling and Wai&r, 1968) occurs;
however, as the current decays, the greater fall-out of
suspension forms B type ripple-drift (preservation of

stoss-side) (upper C division).\\\\
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Walker suggests two mechanisms forming laminae and cross-

laminae directly by the current:

1. Reworking, by the current, of previously deposited
sediment. The result is thin, ungraded bedforms with
ripples forming a single set of cross laminae.

2. Formation of laminae and cross-laminae during primary
deposition. The bedforms are thought to be thicker

and better graded with ripples climbing into ripple-
drift. ’

Walker (p. 35) states, "Primary deposition can occur in
all environments, but reworking is more.likely in proximal
environments as the latter part of the turbidity current
slows down through the rggimes which form plane beds and
ripple beds."

Walker's study is important as an aid in interpretation
and understanding the depog&tional environment of the glacio-

lacustrine varved sediments in the study area.

2.5 Conclusions '

The graded-bedding of ancient marine turbidites is

-

considered by geologists to have been derived from turbidity
currents (principally underflows). However, the transport
and deposition of sediment by turbidity currents are still
not theoretically or experimentally well understood (Allen,
1970). Although small-scale experimental work (Middleton,
1966a, 1966b, 1967) and limited observations in lakes and
reservoirs (Gould, 1950; Mathews, 1956; Gustavson, 1972;

and Gilbert, 1973) have identified the ability of turbidity

currents to flow over, into or under a fluid and to transport
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and deposit sediment, the importance of any one particular
process in the deposition of glacio-lacustrine varves seems *
to be unclear. However, with an increase in direct studies

of the mechanics of sediment entrainment, transport and
deposition by turbidity currents in active glacial lakes,

and combined with environmental interpretation of strati-
graphic lacustrine varved sediments, a greater number of
inferenq’h could be drawn on the genesis of lacustrine
sedimentation by turbidity currents. Varves appear where

both turbidity currents and settling sedimentation work to-

gether to produce the varve couplet.

»



CHAPTER 111

METHODOLOGY

3.1 Introduction

-
A.number of techniQques were employed to distinguish

thé depositional environment of the glacio-lacustrine sedi-
ments of "the Okanagan Valley. In the field the following
were measured and recorded: geometry (shape and size of
the stratigraphic units), texture,” primary sedimentary'
structures, deformation structures, and directional proper-
ties obtained from cross-lamination. The results of the
field measurements are presented in figures 4-9 and 4-10
inclusive.
\

Mechanical analysis was conducted in the laboratory on
samples taken at 10 cm intervals within a thick silt bed in
each of the seven sections. Mean-grain-size and standard
deviation values (Folk and Ward, 1957) were determined from
the results of pipette analysis. The results are plotted
in figure 4-13 to 4-16 inclusive.

A linear correlation computer program adopted from
- anderson and Kirkland (1966) by A. Higgins, Department of
Geography, University of Alberta,l was used to correlate the
varves\in all seven sections. The technique 1is discussed in,
section 3.7, and a copy of the program 1s contained 1in
Append;x 1. However, problems in the correlation of the
varves were discovered following the results; these are

fully discussed in section 4-7.
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3.2 Geometry

The overall shape of a sedimentary body is a function
of pre-depositional topography, the geomorphology of the
depositional environment and its post-depositional history
(Selley, 1970). For large sedimentary bodies of uniform
lithological character, the shape is often preserved. The
geometry of a sedimentary body reflects the controls present
in the depositional environment and is therefore useful in
the analysis of sedimentary environments. 1In glacial en-
virOnhents} bodies of ice are often the controlling element.
The geometry of any sedimentary body may be subdivided into
two categories; external and internal.

2 The external geometry of the southern Okanagan silts
reflect the following depositional history: development of,
and rapid sedimentation into, an ice-marginal lake, and the
post-depositional exposure and development of the silt

terraces with falling lake levels. The controlling element

is assumed to have been a lagge down-wasting glacier occupying

the trench, with ice-marginal lakes formed between the ice
and the valley sides (Flint, 1935; Nasmith, 1962). 1In the
study area, the external geometry was measured, recorded and

photographed, and the results are discussed in section 4.2

1 This program was modified by Higgins in order to

examine varve sequences 1in the Edmonton area, Alberta,
where large numbers of varve sections had to be cor-
related over a wide geographical region. The tech-
nique seemed appropriate for the present study.
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Internal geometry includes stratification and fabric
within the sedimentary body. Interpretation of the internal
geometry of the glacial lake sediments is discussed in

greater detail under section 3-4.

3.3 Texture

The textural properties of a sedimentary body are of
considerable environmental significance. Texture refers to
the size,‘shape and natural arrangement of the component
grains (Laporte, 1968). For clastip sediments, such as the
lacustrine sediments in the study area, the environment in
which they were deposited and the depositional processes
are reflected in the texture of the sediments. The sedi-
ments found in the lower parts of the sections are generally
coarse-grained, angular and well-sorted, and indicate rapid
deposition in a proximal environment. However, fine-grained
deposits also occur in lower parts of the sections. The
upper parts of the sections are composed of fine-grained,
laminated deposits suggesting distal deposition in quiet
water.

The vertical and lateral changes 1n texture of the
sediments reflect closely the B, C, D, and E divisions of
the turbidite division (fig. 2-2). The texture'of the
sediments was visually assessed in the field, and is in-

corpofated with the facies states (fig. 4-g).
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3.4 Particle Size Analysis

Statistical analysis of grain-size distribution curves
has been used to determine depositional environments (Folk
and Ward, 1957; Solonub and Klovén, 1970). Given that
all grades are available, the coarser the grain-size the
higher the energy level of the depositing current. Fluvio-
glacial sediments show a rapid lateral and vertical fluctua-
tion in grain-size distribution and in sorting properties -
characteristics also evident in glacio-lacustrine turbidites.
Evidence of a single, or multiple, coarse to fine grain-size
fluctuation in the vertical profile could indicate deposi-’
tion by one or more turbidity currents. In addition, changes

in grain-size within a unit can help identify the processes

responsible for deposition (Ashley, 1975). Mechanical analysis

of the samples was performed following a procedure based on
the following standard sizing analysis (Ackroyd, 1957) :

Pretreatment

No organic material was found in any of the samples
and mechanical disaggregation was not necessary since the
field samples were already finely divided.

1. Samples were oven-dried at 105°C for 24 hours.

2 10 g of material was weigned and 2 ml of 2.0

percent sodium hexametaphosphate was added to
achieve clay disaggregation.

3. The solution was mixed for 5 minutes using an
electric mixer.
4. The sample was wet-sieved through a 0.063 mm

sieve; as less than 5 percent was retalned in
the 0.063 mm sieve no dry-sieving of coarse
fractions was necessary.
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Sedimentation of the silt and clay percentages

l0.

The fines were poured into a sedimentation
cylinder and the solution was brought up to

1000 ml by the addition of distilled water.

The cylinder and its contents werg placed in

a constant temperature bath-at 30 C.

Before sedimentation was allowed to proceed,

the contents of the cylinders were¢ stirred for

a period of 2 minutes to ensure homogenous
mixing of all particle sizes.

A 10 ml sample was taken by pipette at a depth
of 10 cm below the meniscus. Sampling times

of 22 secs , 1 min 30 secs , 6 mins, 24 mins,

1 hr and 30 mins, 6 hrs 30 mins, and 25 hrs )
25 mins, were used to give sampling points from
44 to 109 at 1@ intervals. o

The 10 ml samples were oven dried at 105°C an
welghed.

The proportional size fraction percentages of

the original pre-trcated samples were calculated.
Folk and wWard (1957) statistics of mean grain-
size and standard deviation were used to illus-
trate grain-size changes within each silt laminae.

3.5 Sedimentary Structures

Allen (1970) states that sedimentary structures give

L ]

some indication of the depositing flow, velocity, and

direction of the currents which occur in sedimentary en-

vironments. A large number of sedimentary structures have
4

been described and classified on the basis of morphology

(Pettijohn and Potter, 1964). Experimental work in flumes

and studies in presently active environments have shown

that sedimentary st¥uctures result from bedforms developed

upder varying flow conditions. Harms and Fahnestock

(1965, p.

87) state,

-that bedforms are a function of the following

variables (and possibly others): deptn, slope, par-
ticle-size and shape, particle sorting, specific
gravity of grains, density and viscosity of the
water-sediment mixture, and cross-sectional shape
and alignment of the channel."
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Simons, Richardson and Nordin (1965) demonstrate that
these different combinations of hydraulic and sediment
variables can produce a sequence of bed configurations in
alluvial channels. They found that bedforms develop as
the tractive force increases beyond the threshold value -
for sediment entrainement. If the tractive force 1is
balanced by the friction between the fluid and the.bed,

a plane bed results. However, with increasing tractive
force, the initial plane bed gives way to a sequence of
ripples, ripples-on-dunes, plane bed, and antidunes
(fig. 3-1).

In stratigraphic exposures, primary sedimentary
structures exhibit internal stratification. Several authors
have described and related these structures to processes
and environments of deposition (Allen, 1964; 1970a; Cole-
man and Gagliano, 1965; Jopling, 1963, 1966; Jopling and
walker, 1968). In the field, sedimentary structures were

measured and recorded 1in the following manner:

1. The face of the units in the sections were
cleaned and exposed where necessary .

2. 1In some cases, a flne spray of water was applied
to the structures to aid in distinguishing the
traces of the forsets of cross-bedding and
cross-lamination.

3. The total thickness of each scdimentary unit
was measurecd.

4. The lower contact of each unit was assessed as
to whether a gradual, abrupt, irregular, de-
positional or transition occurred from the
previous unit.
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5. The lateral continuity for each unit was classi-
fied under the following criteria: extensive,
continuous or discontinuous.

6. Any disturbance within a unit was recorded.

7. Field grain-size of the unit was assessed.

8. Where applicable, the interngl structure of cross-~
lamination units were classified according to
Jopling and Walker's (1968) nomenclature.

9. Height of individual sets within the unit was

'~ measured and recorded. Also, the angle of climb
for B-type climbing ripple drift was taken
tangentially from the bed through a line joining
the rupple crests.

10. Paleocurrent directions were measured (see 3.5).
The sedimentary structures were assigﬁed facies states fol-
lowing Shaw (1975). This aided in interpretation and allowed
statistical treatment of the sedimentary characteristics;
namely, the successional Ssequences. Transitions between
facies states were enumerated from bed to bed vertically
from the base of each section. The statistical treatment
generated from this analysis is presented in Chapter IV
(section 4.2).

Although much is known from flume experiments on the
behaviours of fluid-sediment mix in formation of bedforms,
the stratification elements generated from bedforms found
in stratigraphic sections are useful in interpreting flow
environments. It jis necessary, if stratification type 1s to
be used to interpret chanding conditions of flow, and to
relate bedform and stratification type. Harms and Fahnestock

(1965) utlized the work on bedforms by Simons, Richardson,

and Nordin (1965) to outline a flow regime concept (fig. 3-2)
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in which stratification elements are used to intgrpret
depositional flow environments. Although their study is
concerned primarily with the relation of stratification to
flow regime for fluvial environments, they outline the use

of the flow regime concept for other environments. Harms

and Fahnestock (1965, p. 109) sta¢te,

"Assignment of sedimentary units to flow regime
categories allows comparative, although generalized
interpretation of depositional flow environment.
This classification should be useful in any setting,
fluvial or marine, with unidirectional currents.”

They illustrated the use of stra ication and flow

regime in the interpretatiUJ of a tyRI¢€ turbidite deposit,
(fig. 2-3). This aspect of their st used by Walker
(1967) to present a detailed study of facies .change 1n
tubidites (section §;4).

3.6 Directional Properties

In reconstructing sedimentary paleo-geography, paleo-
current analysis 1s a valuable technique. Pelletier (1965)
states that from observation on currensa structures the
direction of the paleo-slope and the direction of the .
sedimentary transport éan be determined. Local relation-
ships of current direction can be used in environmental
interpretation, whereas regional interrelationships give

valuable evidence of paleocurrent patterns.
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These factors are important in assessing flow direction of
currents in Glacial Lake Penticton. The methodology and
applications of paleocurrent analysis follow those given
for cross-bedding and ripple marks by Potter and Pettijohn
(1963). They present a description of classification of
both cross-bedding and ripple marks and the methods of
measurement. The numerous studies and mapping of cross-
bedding and ripple marks in different depositional environ-
ments indicate preferred rather than random orientation,
and reflect the paleoslope.

In the field, the current structures were measured
following the technique outlined by Shaw (1975). The
directions were recorded measuring the cross-bed dip
direction at 90° to the strike of the laminae where the
laminae traces are straight in a plane parallel to the
bedding. Paleocurrent estimates are plotted individually
in figures 4-10 to 4-11 inclusive. Finally, the estimates
are combined in a circular frequency diagram fig. 4{-18
showing the most probable current direction at the time of
deposition for each section and the regional interrelation-

ship.

3.7 Varve Correlation

Regichal correlations of varve sequences were first
attemptcd by De Geer (1912), and later adopted by Antevs
(1925) . The technicue involves obtaining measures of

varve thicknesses from different sections plotting these
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thicknesses on an ordinal time-scale, and visually matching
the curves. This method works well over limited distances
and within the same depositional basin (provided a marker
bed common to each pair of logged sites is found), but
correlatfon between different basins was not considered
feasible. However, with the advent of computer programmed
statistical techniques, apparently more reliable lateral
correlations can be made. Anderson and Kirkland (1966)
used a statistical program to determine lateral correlations
between stratigraphical non-glacial varves in four sedij-
mentary basins. Their results showed high correlation
coefficients (+ 0.80) for laminae thicknesses over consider-
able distances.
However, late-Pleistocene ice-marginal lakes in

mountain reqgions received large accumulations of sediment
during the melt season and deposition during the melt season
varied enormously. Therefore, glacial lake varves would show
varying thicknesses in response to the topical ice front, mode
of deposition and lake development. Large units depositgd
proximally and found lower in the sections widen the correlation
of varve curves when matched agafnst the thin upper units
deposited distally and by small¥r currents. The rapid aevelop—
ment. and deposition of sediment in lce-marginal sites would,
over time and space, proﬁhce curves that ‘would be harder to
correlate usxng Andersgn and Kirkland's program.

N As prev1ousl% indicated, the varve-correlation program

initiated by Anderson and Kirkland, and as modified by



Higgins (Appendix I) Department of Geography, University
of Alberta, was used here. The program correlates thick-
nesses of a sequence of 'n' varves of one section, with
any 'n' varves sequence of another section. "N" can take
on the values from five to the maximum numben of varves
in (the smaMler section) each section. For each pair of
matched seguences, the correlation coefficient Rz is cal-

culated along with standard correlation F statistic. An

. Khﬂ? o
F-test was employed to decide, ‘ 4ébst statistically

S ¥
significant match. The use of the highest R2 alone for,
the best-match is highly vulnerable, smaller samples can
be expected by chance to produce relatively higher R2

values. This is seen in the trends of a F-table where

smaller samples require a higher critical F for rejection

“null hypothesis at a given significance level.
value, critical F-value and level of significance
.\alock, 1970) were compiled (Table 4-2), and the 'best-

.t' varve curvesb following the statistical results,

between sections were constructed using the method out-

lined by Antevs (1925, p. 120).
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CHAPTER 1V

FINDINGS

4.1 Introduction

This chapter describes the seven measured sections,
examines their facies states, grain-size distribution, and
evidence of paleocurrents directions, and analysis 6f the
patterns of vaf;e correlation. The methodology used, and
the resdits obtained, are presented together with a dis-
cussion leading to environmental interpretations of the
depositional processes responsible for the fine-grained

glacio-lacustrine sediments.

4.2 Stratigraphic Sections

Of the seven stratigraphic sections, three (north
Naramata, Naramata, and east Pentictan) are found on the
east side of Okanagan Lake and four Chorth Summerland,
Summerland, south Summerland, and west Penticton) on the
west side (Fig. 1-4). With the exception of east Penzicton,
the sections represent the best of the exposures allowing
reasonable access and measurement. East Penticton has a
dangerous cliff below the start of the log, and is only
recorded vertically from this point. North Naramata,
Summerland and south Summerland exposures are the result of
slumpiné. The logs from each section are numbered according

)
to the number of varve units, from the smallest to the

largest.
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4.2.1 South Summerland (Log 1)

This section, a road-cut €éxposure, is 16.5 m high
and occurs 8.0 km south of Summerland (fig. 1-4). 1t is
heavily faulted, ang subject to frequent slumping (fig. 4-2).
The presence of faults throughout the section required that
logging of the section begin at a higher point above the
base of the section than was anticipated. This section con-

tains only 52 varved units, the smallest number measured.

4.2.2 West Penticton (Log 2)

The second log occurs 3.2 km north of Penticton at
Mt. Chapaka Lodge (fig. 1-4) This section is 33.0 m high;
however, the uppermost portion of the section has been eroded

(fig. 4-3). There arvre 55 varved units in this section.

4.2.3 North Naramata (Log 3)

North Naramata section is 18.0 m high (fig. 4-5), and
lies approximately 8.0 km north of Naramata (fig. 1-4). This

éxposure, adjacent to the lake, is the result of a massive

slump. Below the base of the recorded section is 25 m of silt,

This section contains 59 varved units.

4.2.4 Naramata (Log 4)

This section is 36.0 m high and lies adjacent to the
lake 0.5 km north of Naramata (fig. 4-4). 7o measure this

section adequately it was hecessary to log laterally, as well
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FIG. 4-1 Summerland secticn, log 6. This exposure exhibits
recent active slumping resulting from excessive v
irrigation. The photograph was taken south of the S
section on the road that traverses this slump. The

height of this exposure is 33.0 m._

3
=
.'A

skt eadally-

FIG. 4-3 South summerland section, log 1. Thf“ls the shortest
section. The face at the lower left hand corner of

* the photo is heavily faulted. The material in the
foreground exhibits a former slump. The total height

of this section is 16.5 m.



FIG.

FIG.

4-3

West Penticton section, log 2. The top of this

section has suffered significant erosion. The 'white-
silts' end here at the start of the Penticton flood-
plain.

Face of this section i1s 33.0 m high.

Naramata section, log 4. A heavily faulted secqg?n
with steeply dipning beds towards the south. Th
photograph is taken half-way up the section looking
south. The face of this section is 36.0 m high.
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FIG.

4-5
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North Naramata section, log 3. The foreground of
the photograph 1s a revegetated large slump that
produced this good exposure. The sediment below
the rhythmic couplets 1s composed of contorted and
brecciated rhythmic units. The height of this
face is 18.0 m.



FIG. 4-6

East Penticton section, log 5. The photo-
graph was taken at the start of the section.
Below the photograph 1s a sheer cliff approx-
imately 20 m above Okanagan Lake. The height
of this face 1s 24.0 m.
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as vertically. This section is heavily faulted at its northern
end (left side of fig. 4-4), and beds at the base of the
section dip at angles of 40-50 degrees. The lower part of

the section contains alternating beds of coarse and fine
sediments gradinag into fine lacustrine sediments. There are

69 varved units present.

4.2.5 EFast Penticton (Log 5)

The east Penticton section is 24.0 m high (fig. 4-s),
and is si;uatod 4.8 km north of Penticton (fig. 1-4). However,
because of the steepness of the eXxposure, the log only records
the top-half of the section containing fine-grained sediments.
It is well exposed, with little erosion, and contains 74

varved units.

4.2.6 Summo[lgnd_LLog_i)

This section is 33.0 m high and is situated 3.2 km
south of Summerland (fig. 4-1). The lower part of the section
is masked by a large slump (fiqg.4-1), composed of fine-grained
sediments. No Coarse-grained sediments are recorded at this

section. There are 78 varves recorded in this section.

4.2.7 North Summerland (LOQHZ)

The north Summerland section i1s the highest and best
exposed section within the study area. The log is 47.0 m

high, extending from lake level to the top of the section
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FIG. 4-7

North Summerland section, log 7.

The highest and best exposed

section in the study area. The
photograph was taken from the

road about 2 m above the lake.

The photo illustrates the lower
coarse sediment zone A; the tran-
sition zone B; and varved couplets
C. The total height of this section
is 47 m.
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(fig. 4-7), and is located 3.2 km north of Summerlaﬁd.
The lower part of the log contains a large number of coarse
(mainly sand) beds, with little faulting or erosion. There &
are 84 varved units in this section.
. ]
4.3 Facies States
Five facies states have been classified to aid in
interpretation of the depositional processes and flow regime
environments of these sediments. With the exception of
gravel and diamicton facies, these facies states are adoptecd
from those outlined by Shaw (1975), and determined by Allen
(1970). The facies, shown in Figure 4-8, are:
1. State A-Cross-laminated Sand Facies
2., State Al—Cross—bedded Sand Facles
3. A2-Flat—bedded Sand Facies <
4. B-Alternating Beds Facies »
5. C-Parallel-laminated Facies D
' A ‘"’l.§
4.3.1 Cross-laminated Sand Facies (A) 3 .
1
This facies is well represented 1n all but two ; 3
sections - Naramata and south Summerland. The nomonclature: ?§§~
of the cross-lamination follows that outlined by Jopling an@'; %
Walker (1968). However, the type C cross-lamination was no%;jt;
found in the sections. Type A cross-lamination was subdivig%éil'
following Allen (1968) into tabular or trough units. The | fijn,
L3
Angles of climb were recorded. These units showed low ; . X3,

L0
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(for type A) to high (type B) angles of climb and grain
size was of a finer texture than facies Az. This facies
occurs both in association with the flat-bedded sands and

with the‘parallel-laminated sediments.

4.3.2 Cross-bedded Sand Facies (A1)

This facies ©nly occurs in unit 15 of the west
Penticton section. The cross~bedded sand facies occurs

in association with facies A2.

4.3.3 Flat-bedded Sand Facies (A,)

This facies is well represented in five of the seven
sections; exceptions are south Summerland and Summerland.
Tﬁe bulk of the lower unhits in the sections are composed
of horizontal and inclined stratified sand beds, .with
structureless beds showing faint horizontal laminations
(fig. 4-8). These units are usually coarse to medium-
grainéd in texture and underlie the cross-laminated

facies in vertical sequences.

4.3.4 Alternating-Bed Facies (B)

As with cross—bedded sand facies, the.alternating
bed facies occurs very rarely. This facies state is most
commonly associated with facies C. Occurrence of sets of
this facies are found overlying the upper parts of the
logs containing cross-laminated sand ! les, and under-

lying the par . ‘1-laminated deposits.
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4.3.5 Parallel-laminated PFacies (C) and (D)

This is the most widespread of the facies states
(fig. 4-8). These sets have been further sub-divided on
the basis of summer (silt) and winter (clay) layers. The
silt layers are classified as facieg (C) and the winter (D).

In vertical section the laminations may be straight ,

or wavy, and are invariably developed in either facies. The
»

sedimentary surfaces of these facies are transitional or de-

positional, and minor faulting occurs within the sections.

4.4 Facies Associlation

' an in-depth description and analysis of the facies

occurring in the sections allows further analysis of the
depositional orocésses responsible for their origin. The
prOpontional thickness and transition relationships between
facies are presented. Shaw (1975) states that these asso-
ciations may provide, along with a discussion of sedimentary
properties, conclusions on the pertinent sedimentary processes
acting in glacial lake environments.

[}

4.4.1 Proportional Thickness

Figure 4-1l1 presents the contribution, by percentage,
of each facies to the total thickness of the seven sections.
"The sections are dominated by the high proportional thicknesses
of facies C, D and Az. Facies A and B A‘é well represented

in all sections, but contribute only small thicknesses.
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Figure 4-12 Trapsition tree dizgram showing upward
v , facies transitions for selected sections
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States A,, C and D provide an interesting relationship.
In logs sampled vertically from the present level of Lake"
Okanagan, facies A, is found in the lower portions. However,
these states only occur where nearby streams are’ found
entering the lake, i.e., Trout Creek, and Eneas Creek.
The intervening sections fail to exhibit these coarser hembers
in large thicknesses; however, facies states C and D are \
dominant. The separation of these two facies, whereby C and
D overlie facies Az, is reflected in transition data in

Section 4.4.2.

4.4.2 Facies Transition

v a
v

The transition data for ths facies states (except A,
whose occurrence was minimal) in the six of the seven sectionsg
are presented in table 4.1. The transition matrix is the one-
step transition‘method outlined by Krumbein (1967) and applied
by Allen (1970a) and Shaw (1975). The upward transition
probability, p, is indicated in each box of table 4-1 with
each row\summing to unity. Fiocure 4-12 illustrates the im-
portant flow branches for the faéies states at probabilities
of p»0.19. The common sequence probabilities are calculated
as the product of probabilities for each transition in the

sequence (Shaw, 1975).. Figure 4-12 illustrates the paths by

which state D can be reached aftqr commencing from this state.




™

TABLE 4-1 - Upward Transition Probability Matrix

[y
. » -

‘-
’ State
Q A A B C D Total
» | ®ransition %?’
L/ A W
L4
1 - / : ; ]
A - .57 .14 .27 .02 42
Az 43 - .20 29 08 49
B 22 32 - .39 06 31
C 23 22 .20 - 34 64
D 0 12 .09 78 - 32

The transition probabilities in table 4-1 and fig. 4-12

3
illustrate that the sedimentary succession DCD is the post
significant transition. Because of the strong relationship

between the summer (silt) and winter (clay) layers it would

be expected that this succession is most signifitant.

)

Po
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4.5 Grain Size Analyses

A‘ thick silt unitv was selected at eag section and
samples, taken at 10 cm intervals, were used in grain size
analysis. The following units were sampled: 1log 1, unit 25-
106 cm; log 2, unit 34-104 cm; log 3, unit 13-120 cm; log 4,
unit 27-107 cm, log 5, unit 39-104 cm; log 6, unit 45-103 cm;
log 7, unit 77-106 cm (fig. 4-9. and ¢-10).

It would be valuable to obtain g¥ain size parameters for
a time-cérrelated bed from the sections in a down—vélley
direction. Unfortunately, time correlation on the basis of
statistical methods has not proved reliable, and owing to
the intense faulting and discontinuous nature of the exposures
it is not possible to "walk-out" a single bed. Alternatively,
grain size analysis of samples taken at regqular intervals
within an individual silt layer-allows discussion of the
variations in the size of material with time. Common trends
in sedimentation can then be obtained by comparison of
successlions in silt beds at different sites.

As more than 95% of the material passed through the four
phi (0.06mm) diameter sieve, size analysis was based on
pipette data at one phi intervals. The samples were analyzed
to 10 phi. The cumulative percent weight was recorded on
cumulative frequency graphs where the ordinate represents the
cumulative frequency and the abscissa the phi diameter
particle size. From the cumulative frequency graphs, the
graphic mean and standard deviation were calculated using

Folk and Ward (1957) statistics.



Results for the sections on the east side of Okanagan
Lake and those for the west side sections are presented in
separate graphs (figures 4-13 A and B). These figures
illustrate a scatter plot of standard deviation versus mean
grain size for all samples. Of the eastern s&ctions, the
North Naramata (log 3) samples are finest ranging from 6.8 -
7.5 ¢ and the Naramata (log 4) samples the coarsest, ranging
from 5.5 to 6.2 g. The mean grain size values for samples
from East Penticton (log 5) lie between the North Naramata
and Naramata samples, from 6 - 7 #. Generally, standard
deviation values range from 1.3 to 1.9 g, with thq majority
of samples found between 1.4 and 1.6 z.

North Naramata (log 3) samples exhibit high mean &
values indicating finer grain size of silt with very little
inclusion of coarse size fractions. Moreover, as indicated
by standard deviation, the samples show poor serting. The
Naramata section (log 4) downvalley exhibits coarser gralined
deposits shown by the lower mean # values. Sorting of the
samples, however, shows a fairly uniform distribution. The
East Penticton (log 5) samples exhibit a wider range of grain
size from coarse to fine silt. Furthermore, the standard
deviation values indicate well sorted for some of the samples

and poor sorting for the finer samples.

Samples from the west sections do not fall into the R

distinct clustering exhibited by samples from log 3 and 4 of
the eastern sections. Overall the mean grain size values for

most. of the samples range from 6 - 7 @ with only a small
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number of samples coarser than 6 g or finer than 7 #.
Standard deviation values generally range between 1.4 and
1.6 ¢, although samples from three of the sections are found
below 1.4 g. North Summerland (log 7) exhibits the coarsest
and best-sorted sample at 5.5 g and 1.3 g with the majority
of the other samples found between 5.8 to 6.5 g and 1.4 to
1.6 g. The nearést section, Summerland (log 6), downvalley
shows finer grained samples clustered from 6 to 6.8 g. These
sémples also show a narrow range of standard deviation values
- 1.5 to 1.7 g. The South Summerland (log 1) samples are
widely divergent with mean grain size values ranging from 6.2
to 7.5 ¢. Sorting 1is also variable ranging from 1.2 to 1.8 &.
Samples from West Penticton (log 2) are similar in mean gfain
size and standard deviation to East Penticton (log 5) samples.
A single sample 1s coarser and well sorte® with the majority
of the samples in the unit being finer and less well-sorted.
Generally, the samples from the eastern sections (North
Naramata and East Penticton) are finer and léss well-sorted
than those of the western sections. The western side of the
Okanagan has larger tributaries (fig. 1-3) and coarser frac-
tions may have been supplied to this part of the proglacial
lake. Nevertheless, the Okanagan samples collectively
correspond in mean grain size vs standard deviation to .silt
layer grain size values found by Ashley (1975) and Banerjee
(1973) (fig. 4-16) . Ashley found that mean grain size in silt
layers varies according to the environment of deposition.
Her varve group I1II classification (clay thickness less than

silt thickness) is similar to the couplets found in the



Okanagan. In addition, Ashley found that the silt layer was
composed of laminations of varying grain size, and does not
always fine upwards. The detailed grain size distribution
diagrams (figs. 4-14 and 4-15) of the Okanagan samples
reflect similar depositional characteristics. Ashley states
that the genesis of group III varves are thought to be
associated with the formation of lacustrine deltas by density
underflows.

Banerjee (1973) also showed that silt layer grain size
distribution varies according to the mode of deposition. He
concluded that coarse and better sorted Qilt layers with
cross-lamination originate from turbidity currents with bed-
load transport. Conversel?, the silt layer of varves with a
size range of 5 ¢ to 8 ¢, without cross-lamination, are
thought by Banerjee to be the result of turbidity currents

without bedload. The Okanagan samples generally fall within

the size distribution outlined for silt deposited by turbidity

currents without bedload (fig. 4-16).

Comparing this study to the ones mentioned above, the
sections present grailn size characteristics that suggest
specitic depositional processes. The North Naramata (log 3)
unit (fig 4.14) shows a gen%ral decrease in dgrain size up to
60 cm above the base. The upward fining of the silt is
mirrored by a decrease in sorting. The 70 cm sample shows an
increase in mean grain size while sorting decreases. . From

70 cm above the base until the onset of the winter (clay)
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' layer the sapmples become progressidﬁly finer anq.more poorly

: v
“”loa!ed. The increase in grain size at 70 cm could possibly

indicate deposition from a ﬂg;e power ful underflow event.
The remainder of the samples seem to indicatg gdeposition
from low velocity currents.

The Naramata (log 4) unit appears to be the opposite of
the North Nardhata section. The mean grain size increases
until 40 cm above the base of the unit. Although the higher
deposits are coarser, the sorting does not improve until
40 cm sample. From saﬂeles 40 to 70 cm there is a slighf
fining trend with pobref sorting. The mean grain size in-
creases fror. 70 to 90‘ém wiﬁh an improvement 1in sortind at
80 cm. The last two samples show rapid fining prior to the
winter layér. This section has two samples (40 and 80 cm)
in which coarser aﬂd‘better sorted silt was-deposited from

-

stronger currents. .

The East_PeFticfbn (log 5) unit samples show a more
varied change in grain size with height. ‘The mean dgrain size
decreases té 30’Em above the base. The sorting improves from
the base of theiuﬁit to 20 cm, but then decreases at 30 cm 1n
conjunction with the increase-in fines. The 40 cm sample
exhibits an lpncrease 1in coarse material with significantly 1im-
proved sorting. The éample at 50 cm is finer, although there
is only a slight decrease 1in sorting. From 50 to 70 cm a
slight increase in mean grain size occurs with poorer sorting.
The final four samples show a slow fining trend toward the

winter layer, but rather than sorting becomimy poorer, the

70



90 and 100 cm saméles show improved sorting. This is some-
what of an anomaly in comparison with the other two sections
where sorting is poorest at the 100cm sample. This unit can
be interpreted as follows: the 30 cm sample may indicate de-
position from a turbulent suspension with fine poorly-sorted
material. The 40 cm sample may be the result of a higher
velocity current that transported coarser better-sorted
material in response to higher melt-water inflow. Above
40 cm lower velocity currents depositing finer and less well
sorted ma;erial seem likelyl

.The west sections (fig 4-15) show a more varied change
in grain size distribution. The North Summerland (log 7)
unitvexhibits an increase in mean grain size up to the 30ecm
sample. Sorting is poorer at the 20 cm sample but rapidly
improves with the coarser material at 30 cm. From 30 cm to
70 cm the silt is alternately finer then coarser. The
sorting is poor and does not fluctuate in response to the
fining and coarsing. The 80 cm sample shows a rapid increase
in mean grain size with improved sorting. The final two
samples fine rapidly upward with a decrease in sorting. This
unit exhibits an alternating decrease and increase in fining

th may be a response to more variable curtent velocities.

The coarse petter sorted samples at 30 cm and 80 c&-.;
suggest underflow events; whereas, the remainder of the sam-
ples may be indicative of lower velocity pulsating currents

cafrying finer and poorly sorted material.

)
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The Summerland section (log 6) shows an increase in
mean grain size tolzhe 30 cm sample. The sorting is poorer
at 20 cm and then ‘improves at 30 cm. From 30 - 40 cm there
is a decrease in grain size and sorting is poor. The grain
size coarsens gradually from 40 to 80 cm with sorting poor.
The final y§ample is fine and shows poor sorting. This unit
does not show a varied change in grain size as does the up-
valley section (log 7)?'1The grain size profile is similar’
to the North Naramata and Naramata sections whefe low velocity
currents deposited finer poorly-sorted silt. The sample at
30 cm is the only one which exhibits relatfbely §ood sorting
and coarsg grain size.

The South Summerland (log 'l) unit shows a similar mean
grain size trend to North éummerland. There is an increase in
mean drain size from the base of the unit until ;O cm with
improved sorting. From 20 cm to 60 cm the sediment is
alternately finer and coarser with decreased sorting. Finally,
there is a gradual fining trend from 60 cm to the top of the

9 . . . .
unit. Thqﬁg is an improvement in sorting.at 80 cm but the top

‘mpsamples show poor sorting.

7
The West Penticton (log 2) unit exhibits a fining

trend from the base of the unit to 30 cm. This is similar

to the East Penticton section unit. The sorting is poor from
the base to thé\ZO cm sample, but improves at the 30 cm sam-
ple. Samples fgom 30 to 80 cm are alternately coarse and

fine, with a rapid fining trend from 80 to 100 cm. Sorting

is poor from 30 to 60 cm where the silt is coargest. From ;
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60 to 90 cm the sorting is poorer, but then rapidly improves

at 100 cm corresponding to the East Penticton section.

~

Generally, the North Summerland, South Summerland,

East and‘West Penticton sections show stronger alternate
»

coarsening and fining trends within the profiles.

Also,

one or two samples exhibit relatively coarse grain size

and good sorting either at 20 to 30 cm and 60, 70, or 80 cm

levels. North Naramata, Naramata, and Summerland units show

only slight fining and coarsenis§ trends with generally poor

sorting. Nevertheless, each unit does show one sample that

is coarser and better sorted either at the 30, 40, 60 or 80

cm above the base. In all.sections the mean grain size

rapidly decreases from 80 to 100 cm samples. Moreover,

except for East and West Penticto

3

poorer in conjuction with this fining trend.

degree of sorting is

The units are not gtqged sGch that mean grain size

increases from the base to- the top, as would be expected in

7

turbidite or single curfent deposition. Rather,

the samples

suggest that a series of currents were responsible for the

genesis of the silt units. Individual currents in response

to meltwater inflow deposited the silt throughout the melt

season. Larger underflow events may be indicated by the

increase in mean grain size and lower standard deviation

values.

The grain size analysis indicates that samples from

the Okanagan were sg@ilar in grain size distribution to those

obseﬁfd by Ashley (1975) and Banerjee (1973).
[ 4

Furthermore,
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processes of sediment deposition by turbidity currents seem
to be the best explanation for the chénges in gra#h size
and sorting withiﬁ large silt units, Individual currents
deposited coarsér sediment giving rise to lower mean

grain ¢ values and loweY standard deviation values. Con-
versely, currents of lower velocity;or from a more distal

sediment source may have deposited Qiner—grained and poorly-

sorted sediment.

4.6 Paleocurrent Directions

™

7‘3'

e = >
and cross-strata are shown inJ&vidu. figs. 4-9 and

4-10 inclusive, and combined in fig W/® The individual
sections show pdleocurrent diétribut‘ t?at are distjinctly
bimodal rimodal. Allen (1970) states, ..."directions
(from tﬁfbidite bedding) remain almost constant over very
large areas and persist with only slight changi.I; This
observation has given rise to the concept thaf {he basic

regional control of Paleocurrents was thi'paleoslope, and a

single source. The Okanagan Valley would have acted as a

basic regional control where paleocurrent estimates illustrate

i

a north to south trend following the valley slope. However,

,~~the bi and tri 'modality of the combined estimates illustrate

3
\

* /that a single source current‘sxgtem is not valid for an ice-
maryyinal lake. Gustavson .(1975) clearly showed that tur-
bidity currents Orig%nate;,Lnglacially, supeﬁiglacially, and

from a delta origin i% Malaspina Lake. Depeﬁding upon the
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source and fluctuations huring the meltseason, paleocurrents
a

originating in glacial lakes from turbidity flows would be

expected to be bimodal or polymodal similar to those found

in the Okanagan, whereas flow directions from a fixed delta

source would show more unimodality. . .
4. ’ varve Correlation
. & An attempt was made to derive a best-fit correL?tion
AQ_WQgtween the varved units for all the ségtions. The results
] are presented in Table 4-2 and figs. 4-18 and 4-19 inclusive.

R L AN
The table iAdicates the units that match between each

. \

section, and in all cases almost all the units in each
section correlate at .00l level of significance. The
figures show evidence that the thick unitly at the bottom of
the sections, dominate the correlation. In a complete anal-
ysis of this technique, it was found to be impossible to
accept these correlations. Basically, it seems to fail for
t;e following main reasons: (1) the program is attempting
to correlate time dependent units on the tas. of thickness,
“'.2) the program uses pair-wise correla:.on.

'GeneraLiy a proximal varve will be thick and a distal

Qérve thin. Therefore, the units were time dependent in

S

their éroperties. Also, thickness varies systematically
qll' within each seétion and throughout the basin. The program
simply correlates the thickness of units between each pair
of sections.

Therefore, correlations based on thickness cannot be

equated as time dependent units especially when no marker
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TABLE 4-2

Varve Correlation

THAPARAIN i P e L

)ection 2 Section X Section F:Stat- Level of
XY R Units Units istic Significance
-2 .4653 1-52 , 1-52 13.8187 .001
1-3 .6893 1-49 , 11-59 15.3920 .001
- .5549 9-52 . 1-44 18.6862 .001
-5 .4544 1-52 , 10-61 13.0078 .00l
- .4362 1-52 " 19-70 11.7466 .001
-7 .5168 1-52 26-77 18.2246 .001
""Nt‘:ip '
. T SERY . > ."‘
-3 .7813 1-55 4-58 83.0263 .001
-4 L7394 1-55 {,; 14-68 €3.9240 .001
-5 .5760 6-55 “;jif 1-50 23.8286 .001
- 7757 1-s5 7 19-73 80.0563 .001
-7 .8366 1-55 26-80 123.6233 .001
]
-4 .7953 1-59 , 11-69 98.0893 .001
-5 .5418 1-59 , 6-64 23.6875 .001
- .7733 1-59 ; -19-79 84.7852 .001
-7 .5962  1-59 . 13-71 31.4378 .001
L ]

4-5 .5605 1-57 , 18-74 25.1960 .001
4-6 .7403 12¢69 , 1-58 67.9%97 001
4-7 .6394 2-69 , 1-68 45.6478 .001
- .5661 1-64 , 15,78 29.2441 .001
-7 .5848 1-74 ) 9-82 37.4220 .001
6-7 .6027. 1-66 , 18-83 36.5017 .001
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bed is identifiable throughout each section.

Furthermore, the correlation program has a weakness in
its construction. This computer program uses pair-wise
correlation. Table 4-2 and the following example illustrates
a problem inherent in this type of sampling method. Section
1 was matched against section 2 with 1-52 vs 1-52 as the
best—ﬁit sequences, and section 2 matched against section 3
indizgzes 1-55 vs 4-58. However, when section 1 is matched
against section 3, 1-52 should be matched against 4-55. As
table 4-2 indicates however, section 1 against 3 shows units
1-49 matched against 11-59. The program should have been
written to correlate all sections in sequence. In addition, /
in order to adequately assess all correlations between two |
50-unit sequences, approximately 50,000 céﬁparisons would
be needed. Such a degree of computation is, for studies of
this nature, prohibitively expensive.

4.7.1 Alternate Methods to Correlate Varve Units

Although the results of the program indicate that it «
does not work, there.are, with further research, hopes that
it might 5e appljcable to varve correlation in ice-marginal
lakes. There ére a number of steps that offer some improve-
ment in this technique. |

The difficult problem in the field was the identification
of a marker bed that -could be identified through lateral
gradation in all sections. If such a bed is identified from
section to section through a computer program, then a time

correlated-unit can serve as the basis for correlation
.
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attempts. Further research on the Okanagan sediments may
reveal such a marker bed, and therefore facil§tate the

« Jeneration of correlated units. The program will have to be
re-written to accommodate a section by section analysis. An
approach whereby the difference between units is divided by
the value of the lower unit and multiplied by a hundred
can be considered. Units for sections can be plotted
and then matched up against other sections. Identical -~
values in sequence, 'if found, can be followed vertically to
indicate correlated units (Shaw, personal ;ommhnication).
This approach may offer an improved means of establishing

."
current events in ice-magginal glacial lake deposits.

4.8 Discussion

The results'ellow interpretation of the depositional
environment Qf.the lacustrine sediments found bordering the
southern end of Okanagan Lake. The depositional environment
can ‘be interpreted on the basis of the vertical sequence of
the stratification types and flow regime. Also, interpretation
is supported by sedimentary structures, paleocurrent and
grain size analysis. Furthermore, studies of sedimentation
processes active in modern glacial lakes are valuable in
recqnstructing Ehe complex processes that occurred in ice-

~ !

.m@;gl and pro“glacial lakes during th.g Pleistocene.
. . p X, N

s T
X @ Wishin the study area the sédiments generally show a

t coarse ‘té ‘fine vertical gradation. The lower portions of

the 1ogg'(where recorded) exhibit fine sand or coarse silt
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in which stratification types allow daduct‘ion ﬁ(depositionii
processes. In particular, log 7 offer$ an excli“ht record
of texture, bedform, and'current‘directiona, The Alternating
coarse and fine sediments, with their ’trﬂtiqfaphic ﬁb’ition,
. offer support for deposition in a lake delp, OF Pro-gelta
environment.

A transition environment is tentativeyy identj¢jed where
alternating beds, convolute laminatjon$ ang 10ad Stryctures
of sand and silt overlie the coarser gedimguts 2Nd grade
vertically into the fine-grained lamjpated vafved deposits.

The upper zone of the logs are yarveg sediments. The
couplets are massive in size above the Coagse dePosjtg, ang
their texture is coarse silt with thjck Wingef clay layers.
Vertically in the sections the couplets beggme SMaller and
finer-grained.

Using data compiled in this chapt€r 1i¢ 18 possible to
tentatively establish processes occuryin9 ag ghe timg of

sediment accumulation. Moreover, thege allgw in-terpretation

and reconstruction of the environmentg.



Fig.

Fig.

5-3.

5-4.

Convoluted silt is succeeded by parallel-
laminated silt. This sequence 1is found in
unit 58, log 7. Scale of the unit is 30 cm,

Flame structure. Found commonly in sands overlain
by silts in the twransition zone of log 7 and log 4.
This photograph was taken at unit 52, log 7. Scale
of feature is 5 cm.

)
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CHAPTER V
& v -
SEDIMENTARY IN?ERPRETATION '1'
4
3.1 Introduction . ™~

The sedimentary associations exhibited both vertically
and laterally in the sevgp logged sections offers strati-
graphic evidence of depositional Processes active in glacial
Lake Penticton. Taesé allow interpretation and reconstruc-
tion of the environment based on the data collected, their
analysis, :and other observatibns of lacustrine sedimentation.

The sections reveal an upward fining gradation through
which three sedimentary environments are propcsed. The
lower sections where logged (log 2, 4, and 7), are composed
of coarse-grained proximal deposits deposited in glacio-
lacustrine deltas. Two sedimentafy successions are
recognized: one reveals a simple alternating of flat—pedded
sands and coarse silt facies; the other of flat-bedded
sands overlain by cross-laminated sands. '

A transitional environment (following the model of

Jopling and Walker (1968) (fig. 5-1) is proposed between

pProximal glaciodelta and dista] glaciolacustrine facies. ,

Alternating sand structures, load Structures, and laminated
silts may indicate deposition in deeper water, probably 1in
subaqueous levées.

The third environment proposed is the glacioclacustrine
in which fine-grained varved couplets were deposited by

turbidity currents and suspension settling in deeper water

¢
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following retreat of the topical ice fropt.

5.2 Coarse-Grained Deposifs )

Two sedimentary. successions are recognizable in the
lower units of logs 2, 4, and 7 (figs, 4-10 and 4-11). %

»
simple succession of flat-bedded sands (A2) alternating with

-

laminated silt facies {C) occurs in logs 2 and 4. \&n log 7,
flat-bedded sands are overlain by~cross-lamiﬁated sands in
a cyclic upward fining sequence that is slightly more complex.

® The flat—bedd¢d, inclined sands are overlain by coarse

~

silts in an alternading sequence in the lower units of

logs 2 and 4. The sand units are thick and of medium to

fine texture. The silt units are also thick, in comparison

to silt units founu higher in the sections, and extremely

coarse in texture. The sand units have sharp tops and

-

bases, and faulting occurs in both facies. Although these

.

lower units in Jogs 2 and 4 illustrate a simple succession,
)

the changes 1in geomgt%y and textege illustrate the processes
. 7 - ' -

and environment in which deposition took place. ///

. The flat—bedded sand facies show poorly defined

\stﬁatification, horizontal, inclined and structureless sand
u;its. The internal geometry and texture of the uni£s
ind}cate deposition under the upper flow gegime. Moreover,
structureless san& bed forms are considered by Harms and
Fahnestoek (1965) (fig. 3-2) to be deposited under the upper
part of the upper flow regime, commoniy in shallow braided
streams. Harms and Fahnestock describe plane bedded sands
as forming under shallow areas on bars in the fluvial

environment. However, in studies on glaciolacustrine deltas,

87
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flat-bedded sands hqve been“’pterpreted as accumulation

channel deposxts Shaw (1975) presents flat-bedded sandQ

) - .
found in lower stratigraphic positions of glaciolacustrine

. . n
de)tas as multi-storied channel depos%ﬁg. Further support

)

- . -
for these units as distributary channel deposits tomes from

Gustavson, Ashley and Boothroyd (1975). They’determined'

from sé\?1es of Plelstocene glacxodeltalc dep031ts that sand-

sized ‘and coarser clasts constitute a significant portlon

of material deposited from density currents as distribu-

.

taries migrate across the subaerial plain.

The silt sediment that overlies the sand facies would

seem to represent deposition under the lower‘part of the
lowé; flow regime'(fig 3-2). The interesting aspect of |
this alternate coarse-fine succession is the lack of cross-
}aminated unitseincalated between the units A2 and C.
faciei; These cross-laminated units indicate a gradual
reduétion in current velocity. The silt units present no
vigible internal structure, Deposition may have resulted
froﬁ slow moving currents from a distal sediment source.
With a sudden reduction in £he supply of coarse-grained
sediments and the distal position of the ice front,
currents would traﬁsport and deposit silt during low flows.

-

Thre coarse~texXxtured silts could represent lateral accretion

deposits laid down in quiet backwater areas of distributaries

by late or early season currents. The possibility exists
that currents may have continued throughout the winter

depositing silt sediment. Gustavson (1975) observed that

o

L ¢ .«




neltw&ter dischafge océprred y?ar-round inﬁprog;aciql
Malasﬁina Lake, and that bottom-melting in Winter produced-
reduced discharges in comparison to $ummer flows. Jopling
and halker &}968)‘a;so interpreted deposition occurring
throughout the year in a Pieistocene kame‘delta. The lack
of any clay Iayer found over the kame delta deposits was
used to support‘thelr assumption. Clay laminae do not occur
over the silt. units in log 2 and only appear at unit 10 in

| log 4. Therefore; deposition may have\continued by density
under flows thganghouﬁ ghe winter‘sééson. }he following pre--
sents an interpretation of the depositional environment of
these lower units. o

Logs 2 agﬁfﬂ\q?cur Glose to greseﬁt day tributary

streams feeding into &k;nagag Lake. -There is the possibil-
ity that these lowér alternéting units may have been deposited
in inter-distributary chamnmels of tributary deltas which were
prograding into the proglacial lakes ‘on either side of the
ice occupying the ceﬁtef of the valley. The coarse sediment
would have been deposited by density currents in distribufary
channels during the melt season foliowing Walker's (1967)
grain segregation proceés (p.49),'“...gf\relative%y high

fiow reéime thick'tfaction carpet with high grain concen-

. \E;tion can bp maintained and a structureless bed forms upon
deposition in" the proximal environment." Sharp tops and‘
bases are also indicators of proximal aepbsits by Walker.

The sudden change to sxlt tacree’maY‘bevaeCGuan\>for by the

sudden reductlon of streéy flow and low sediment 1nﬁut qFom )

a dlstal source Mountain streams follow similar discharge
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characteristics. TFaulting in the units may be interpreted
as removal of ice cohtact suppoft as the.central élacier
downwasted and the proglacial lakes increased in'depth.
’ Fﬁrther support for this interpretation stems from
Nasmith (1957), Fulton (1965) and Flint (1935) who proposed
tﬁat higher elevations would be ice-free first,.ang sediment
woula bé transported t; the yaileys'whéte the proglécial '
lakes would be developing. .Recent research by Kvill (1977)
and Archer (pers.comm) also considerg.Fributary deitas as
prograding into the déveloping proglacial lakes early in: the
étraﬁigraphic position of the sediments. ‘

Tﬁe second succession of facies is mqét evident in
log 7 where'flat-bedded sands and croé;-laminated deposits

exhibit a cyclic alternation. Flat-bedded sands (A2) are

predominant in the lower stratigraphic positions. Units

'1-5 inclusive of log 7 are composed of thick flat-bedded

sands with horizontal bedding succeeded by a thin contorted
layer of draped silty-clay. Tﬂese layers are indicative of
deposition from Suspension in deeper water. Higher in the
stratigriphic position the flat-bedded sands grade into -
type A (trough or tab;lar) cross-laminae with stoss-side
erosion, with suéerimposed type B climbiﬁg ripple;drift with
stoss-side preservation. Units 16, 17 and 18 form an
excellent example of this sequence. In some units the flat-
bedded sands underlie type B ripple drift (units 19, 20, 36,
and 37).9 In othe.r instances type A is suckeeded by flat-.

bédded sands (units 9, .10 and 11). The lower units of

mhterial are coarser, medfum sand, and there is an upward

90
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fining trendwhere sand becomes finer.

N s :
The cyclicity of these units provide a'more complex

\
interp;,tation‘gf the flow prOcesQes and depositipnal
. - i [

- T —
environment. The flat.%edded sands showing poor sorting-
R
of the sediment supports the R environment char-

. and depositional

a @

environment proposed earlie tion for‘flat-bedded
sands are again considéred valnd\for %he units- in log 7.
However, the difference for these channel fill deposits is
the erosional contact between, and upward fining ifto, the
c;oss—laminated units. Clihbing ripple-drift are facies
states considered by many researchers as originating from
low\velocity currents and occurring dista{by from the
sediment source Jopling and Walker (1968), Gustavson (1975},
Ashley (1975), Walker (1967) and Allen (1970).

Jopling and Walker (1968) proposed that with a continued

reduction in current velocity in the lower part of the lower

flow regime (fig. 3-2) type A cross-lamination with stoss-

side erosion represents less sediment falling-out of sus-
pension to bury the grains moving on the bed; whereas, type

B with stoss-side preservation has a higher suspension/trac-
tion ratio. Jopling and Walker considered that these
structures may have resulted from déposition by dengity under-
flows in a glacial lake environment. The high rate of
deposition from suspension with bed-load mbvement resulted 1in
type B, while bed-load movement with little suspended sedimenqt

-

deposition resulted in type A cross-lamination. Walker (g967)
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;pelfeves that turbidity curfents form cross-laminae
st;ucbdres in the.following two ways: one, sediment re:wbrked
at suitable flow regimes and two, formed during primary |
deposition. If re-wor*ed.the cross-laminae sets would be

thin and confined to proximal environments. However,

primary deposgition will ‘result in thicker sets and ripples

i1l climb andiform*ripple-drift cross-laminae (p. 49).
. ,—0’" ‘ N )
\\J//zalker invoked a coarse to fine (plane to rippled bed)

sequence through grain segregation by developm .
{

traction carpet process. He states, ~

-.- A thick set of parallel laminae, graded.from bottom
to top, would develop at relatively high regimes (plane
bed with grain movement, Simons et al, 1965), and
ripple-drift cross laminae would develop as the result
. of fallout in a lower flow regime (rippled bed) (p. 49).
From the above discussion, the upward—finingkcross laminated
facies can be attributed to.density underflows losing '
competence and depositing ever-increasing sediment from
suspension distally on the deltaic plain. Gustavsgm;  ®shley

N

and Boothroyd (1975) ipdicate that ripple drift cross- \\ }
lamination predom}nates in prodelta slope deéosits. '
Gustavsog‘(l975) also observed<62p0%éd ripple-drif& in a
- . ,

glaciolacustrine prodelta slope. Although these observations
have been made, Shaw (1975) offers a more complete explanation
of sedimentary processes resulting in the succession from
flat-bedded sands to cross-laminated sands. He, suggests.

that as currents flow into standing lake water high sedimen-

tation creates deposition on shoalwater distributary-mouth

bars. These features exhibit rippled surfaces and gross-
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lamination is predominant. The lack of dune structures
indicate that deposition occurred in shallow depths. Shaw
hummariges as follows,"... Therefore, it is plausible to

\\
suggest that the transition from flat-bedded sand to cross-

laminated occurred as a result of reduced depth and velocity
of an expanding flow over a distributary-mouth bar.” (B. 327)
Paleocurrent directions also support this interpretation.
Directions‘are not consistent from each unit as would be
expected from lateral accretion deposits. The slight
fluctuation in péleocurrent direetions is probably the i

result of migration of distributary-mouih bars. Gustavson,

Ashley and Boothroyd (1975) propose that,

RN TN

... As the position of the distributaries on the delta
subaerial plain chapges, as does the lobes (distributary ,
mouth bars), resulting in the lakeward construction of
the delta front by overlapping lobes of sediment. The
continuous density flows that deposited the lobes also
may shift laterally across the lobe. (p. 278).
Log 7 exhibits larger and more complex sequences of primary
sedimentdry structures that are also cyclical in nature.
Log 2 fro nit 8 to 23 illqstrates flat-bedded sands,
cross-lamination, alternating beds and parallel-lamination.
i .
However, except for units 20a, 21 and 22 there exists no
consistent upward fining in the coarse sediments. The
aforementioned hypothesis that the lower units may represent
a small tributary delta is further supported by the lack of well-
developed channel to distributary mouth bar deposits.
Paleocurrent directions from units 15 and 22 indicate

direttions of flow from lateral tributaries rather than

down valley.
v
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The lower units of ioq 7 are interpreted as deposition
in a prodelta environment. The flat-bedded sands are’
channel’ deposits with upw!}d-fining cross—lahinated sands

being deposited in shoalwater distributary mouth bars.

5.3 Transition Environment

A iransition zone (following fig. S-1) is tentatively
identified by the rhyth@ic alternation of facies A, AZ' B,

C, and D. In log 7 these associations occur from unit 51-58
inclusive; log 2, units 23-26 and units 1-8 inclusive in

log 5. The sequence of facies overlie the coarse-grained
deposits in log 2 and 7 and underlie the fine-grained
parallel-laminated silt and clay couplets.

The coarse members of these sequences are represented
by facies A2 and A, with fingr members being facies B, C, and
D. Loading and convoluted structures are common in these
units: 35, 52, 55 and 56 (log 7) and 24 (log 2).

Fig. 5-2 illystrates cyclic deposits found in unit‘58,
log 7. Generally?\>Tat-bedded sands grade into ripple—drift)
type A which becomes contorted followed by Az facies and
parallel laminated silt (C) facies.

*

Coleman and Gagliano (1965) describe a sequence of
structures where convolute laminations comprisé certain
zones (fig. 5-2). Convoluted sands and flaser structures are
considered by some researchers to be the direct result of
deposition from turbidity currents (Kueneg, 1952; Sanders,

¢ .
1965) with deformation resulting from additions of fallout o

from turbulent suspension. Thev internrat Aam~cisin-
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through tho'-oquopco by increasing and decreasing current

velocity.
The authoss state (p. 139)
... Shear stress acting on the bottom is increased by a
sudden rise in turbulence. If this occurs, a mechanism
. 1s'provided.for the production of the anticlinal and
: synclinal folds or convolute laminations. A sudden rise
in turbulence may mark the abrupt transition between the
lower and upper flow regimes. 1If this is the case, the
parallel laminations capping the sequence could be
attributed to deposition during the upper flow regime.
Conversely, a set of ripple laminations would imply a
reduction in current wvelocity. Coleman and Gagliano observed
these sequences in subaqueous levee and point. bar deposits
where velocity pulsations occur during flood stage.

A similar sedimentation process and depositional envir-
onment is proposed for the units found in log 7 (figs. 5-3,'
S5-4). The stratigraphic logs where these associations occur
indicate the rapid alternation of not only bedform types but
texture. The flat-bedded sands deposited by larger under-
flows could be subjected to heavy suspended sedimentation
resulting in the ripple-drift grading into convolutions.

The flat-bedded sands indicate high-flow regime (fig. 3-3)
to low-flow regime for the ripple drift. The convolutions
would occur with friction on the bed and heavy suspended
sediment settling on to the topset. The overlying parallel-
laminations of silt would then indicate an increase in
velocity. Alternatively these parallel-laminations could
indicate another underflow event that might not be large

enough to carry coarse sand deposits, and the current

deposited silt at a higher flow regime.

Y
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Shaw (1975) recognized a rhythmic alternation within
certain stratigraphic sections. Interpretation revealed
that alt‘fnating beds and finer members resemble‘deposits
associated with levee and interdistributary bay surfaces by
vertical accretion from overbank flows. Analysis of the
succession fndicates that pulsating currents provide
accumulations of coarser sediment through channel wandering

and finer members are overbank levee and interdistributary

bay deposits.

5.4 Varved Sediments

The largest proportion of the sediments in all the
sections is composed of the silt and clay couplets, facies
C and D (section 4-2). The lower silt units in the logs are
coarse in texture, and exhibit flaser ripple formsets (units
8,vand 10 in log 6; units 5, log 3; and unit 18, log 2),
and type B climbing ripple drift (log 3, units 5, 9 and 11;
log 5, units 6, 10:; log 2, unit 32). These structures
usuaily occur one-third or half-way up the unit. Fulton
(1965) observéa this same phenomenon in the lower silt units
df South Thompson Valley. The occurrence of cross-lamination
could be ihterpreted as the infusion of fine-grained sand and
coarse silts deposited by underflows in response to periods
of maximum inflow. The finer sediments in the tail of the
current could have been worked into cross-lamination by the
'traction-carpet'’ mech%pism in @istal environments proposed
by Walker (1967). Also, palaeocurrent directions in these

ripple drift units are orientated down valley. The later or



ongoing currents would contribute the fall-out of suspended
sediment aiding in the preservation of these ripples.

Gilbert (1973) observed isolated underflow events during
continuous interflow and overflows. However, he failed to
geéntify structures, in core samples, relating to these
"isolated underflows. It could be inferred that although
underflows are common in some active modern glacial lakes,
the Pleis£0cene ice-marginal and proglacial lakes would have
produced substantially stronger currents able to form cross-
lamination prior to the cessation of the current. Fulton
(1965), identified sub-units of small scale cross-lamination
in lower silt laminae. Visher (1965) concludes that deposition
of structures (in lacustrine sediments) occurred under
conditions of pulsating currents surging below the relatively
still waters of a glacial lake. However, with a vertical
rise in the sections the structures no longer occur, and the
laminae are composed of structureless units. But, as the
grain size analysis indicates, the silt in the unit 1s not
graded, but shows marked intrusion; of coarser grained
deposits. Interpretation suggests that continuous interflow
and overflow would be depositing sedimeng from suspension,
creating graded units with single underflows occurring in
response to greater discharge. Sanders (1965) supports this
interpretation noting that structureless fine-grained deposits
are also formed by long-continued deposition from turbulent
suspensions, as for example, steady turbidity currents of

low density entering a lake. Therefore, the environment 1is
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Fig. 5-5. Ripple formsets grading upwards into wavy lent-
icular stratification of alternating silt and
fine sand. These units occur in the transition
zone, unit 56, log 7. Scale of these associations
is 45 cm.

Fig. 5-6. Parallel laminatidns of alternating silt and clay
grading upwards into the clay winter layer. This
photograph illustrates the sharp upper contact (silt
over clay) and gradational nature of both lamina,
unit 40, log 1. Scale of the winter layer is 5 cm.
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changing to a more distal state where sedimentatio% is
increasingly fr éuspension. The middle and upper units
of the secti®ns reflect the processes found in active'glacial
lakes, although the size of the laminae found here are stilf
very mqu larger. ‘ ‘

Silt laminae in the upper sections exhibit laminations,
‘especially at the top of'the unit prior to the winter layer
(fig. 5-6). These laminations could be indicative of diurnal
or increased sediment influx (Chapter II) and would be
associated with underflow events responding to possible late
autumn storm events. Fig. 5-7 shows a common feature found
in the upper'gigy units in logs 1 and 6. These sand |
stringers are found in the winter layer and are composed of
coarse sand. Shaw (pers comm) believes these strucfhres
originated from turbidity currents active during winter.

Shaw has found current structures 1in these coarse sediments,
indicative of deposition by currents. Intermittent periods
of warming or slump ‘generated currents probably created
isolated current activity.

The varved sediments indicate the depositon of the silt
laminae in the lower units to underflow events, especially
where bedforms occur; however, deposition from suspension
seems to be the dominant process in the higher units. With
increasing vertical height above the base of the sections
the silt-clay couplets become thinner. These resemble more

closely those varves la:id down by processes active in modern

glacial lakes.



A sand stringer commonly found in the winter
layer of the upper units of the Summerland
and south Summerland sections. These features
could have originated from underflow events.
Scale of the stringer 1is 0.5 cm.

.
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CHAPTER VI
N . 4

SUMMARY, CONCLUSIONS,

and SUGGESTIONS for FURTHER STUDIES - A TN

6.1 Summary

The present study has been an attempt to determine the
sedimentary processes responsible for the extensive terraces
of fine;grained lacustrine deposits found in the Okanagan
Valley. Moreover, by eluc%dating the éepositional rocesses
the environmental co;éitions in which they operateﬂsmay be
reconstructed.

Specific emphases in the study have been the deggrmin-
ation of the dominant mechanisms of varve deposition anL an
aitempt to correlate varved units from seven measured sections
in the valley. P v

The physical setting has been fully described in
Chapter I. In summary, the Okanagan Valley is a narrow
north-south trending valley that was subject to the develop-
ment of a proglacial lake - Lake Penticton - during deglaci-
ation. The lake was fed by lateral streams carrying high
volumes of sediment from ice-free upland areas. Upon the
draining of the lake, lacugtrine sediments were found under-
lying terraces in exposed cliffs bordering Okanagan Lake.

The post-glacial climatic conditions have been sufficiently

arid to preserve the glacial lake sediments offering good

exposures ‘fOI’ measurement. ]
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C
Literature dealing with Pleistocene and mgdérn lacus-

trine sedimentary studies have been reviewed and used to help
analyze the dépositional environment of glacial Lake Penticton.
In addition, literature dealing with turbidity current mech-
anisms, and flow regime in the formation of varved sediments
was extensively drawn Bpon to help in interpretation of

{

sedimentary processes. -

a

- The major field work of the research was conducted on

. s

seven sections, three on the east side of Okanagan Lake and
four on the west side. Sedimentary processes were elucidated
bylthe measurement and recording of the geometry (shape and
size of the stratigraphic units), texture, primary lédimentary
structhres, deformation structures and paleocurrent directions.
In the laboratory grain size analysis was conducted on silt
samples taken at 10 cm intervals from a thick silt unit in

all seven sections. Five fac%gs states were assigned to
describe the sedimentary units and aid in analysis. An at-
tempt was made by a linear correlation program to correlate
the varves in all seven sections.

Interpretation of the results of the field research
indicated that the deposits found in the lower parts of
certain sections were coarse-grained sand deposits. The
facies states show verticil cyclic alternation of flat-bedded
sands overlain by cross-laminated sands. Stuctureless sands
commonly underlie type A cross-laminated with stoss-side
erosion with superimposed type B climbing ripple drift with
stross-side preservation. Flow interpretation suggests

rapid bedload deposition in the lower part of the upper flow

™ Aan

-y
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regime for the flat-bedded sands, and the lower flow regime ;
for the cross-laminated units. The flat-bedded sands are
interpreted as channel fili deposits laid down in deltai¢
distributaries. The cross-laminated units are considered

to be distributary mouth bar deposits laid down by currents
in the prodelta environment. Paleocurrent directions support
this analysis. The conciusion is supportive of similar
findings in glaciodeltaic sediments by Shaw (1975), Ashley
(1975) , Ashley,Gustavson, and Boothroyd(1975) and Gustavson
(1972) .

Further interpretation of the field research indicates
that vertically in the stra£igraphic units of log 7, a tran-
sition zone exists where laminated silts alternate with
convolute and flaser sand structures, ripple formsets,cLim-
bing ripple drift and flat-bedded sands. The flow regime
jndicates an alternating shift from upper to lower flow
regime where §ubsequent meltwater flows create silts to be-
come convoluted. Environmental interpretation suggests
deposition associated with subagqueous levees and inter-
distributary bay surfaces. This conclusion is supported by
findings in prodelta environments of Colemen and Gagliano
(19655, Ashley, Gustavson and Boothroyd (1975), and Shaw
(1975) .

parallel-laminated couplets of silt and clay (varved)
compyise the uppermost portion of each section. Field analy-
sis revealed that the lower silt units are massive (up to

200 cm) and thin vertically toward the top of the sections.
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Grain size analysis indicates that a silt unit is not graded
as a turbidite i.e., coarse to fine. Moreover, the silt
alternates between coarser and figer fractions with sorting
being generally poor. However, interpretation suggests that
silt laminae in glacial Lake Penticton were deposited py
continuous currénts over the lake floor, carrying finer ’
material, witH occasional iNflux of coarser better-sorted
material as a result of more powerful underflow events.

The attempt to correlate varved units in each section
was unsuccessful. The computer program correlated units on

the basis of thickness and the thicker beds lower in the

units dominated the correlation.

6.2 Conclusions

The study of the lacustrine sediments indicates rapid
sedimentation into, and development of, glacial Lake Penticton.
Figuré 6-1 presents a three stage model illustrating the
depositional environment based on the study's findings.

The lower coarser-grained sediments indicate deposition
in glaciolgbustrine deltas. Analysis and interpretation of
sedimentary associations, flow regime for facies states,
paleocurrent directions and disturbance suggest that trib-
utary streams built up prograding deltas against a downwasting
stagnating tongue of ice occupying the valley bottom. The
sedimengs indicate high energy proximal depositon with
faulting the result of removal of ice support. This first

stage of the development of the sediments is illustrated in

fig. 6-1.
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In figqg. 6—1; stage II, the lake developed in size ///
from the downwastiﬁg glacier, isostatic uplift, and outlet/
adjustments at Okang@an Falls. The sediment entering the
lake was from a more distal source. The result”was the
development of the-finer—graine% alternating facies laid down
in the prodelta environment on top of the coarser distributary
deposits.

In Stage III the lake reached full development, and
finer-grained deposits were deposited from a more distal
sediment source. Silts were laid)down in summer by turbidity
currents and upon freezing in wigker the clays settled out
of suspension forming the "classic" varve couplet.

De Geer (1912); Antevs (1925) and Hughes (1965) used
the number and spatial arrangement of varves to indicate age
and retreat of ice during development of Pléistocene glacial
lakes. Based on the number of fine-grained varved units
occuring in the upper parts of each section, Lake Penticton
was only at its deepest for a short period of time. The
maximum number varvei occuring in the upper parts of the
terraces are of the order of 84 (log 7). However, allowance
must be made for erosion, error in samplipg and an insuffiéient
knowledge of the sublittoral sediments in Okanagan Lake.
Therefore, a longer period 6f existence for glacial Lake
Pefiticton may be correct if more knowledge was obtained on
the sediments below the terraces. This conclusion is sup-

ported by Fulton (1965) who expressed that sedimentation in

,9lacial Lake Thompson was rapid and the life of the lake was
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short. In connection with this fimal stage of development,
attempts were made ;b find any strandlines of glacial Lake
Penticton. However, no evidence of these were discovered
during the field research. Kvill (1976) utilized remote
sensing techniques in an attempt to discover former levels
of glacial Lake Penticton. Unfortunately, agricul ture and

cultural activity has masked the surface texture patterns

and obscured any evidence that may exist.

6.3 Suggestions for Further Study

In the course of the present study particplar subjects
requiring further research in the study area have been
identified; namely, correlation of the varved units between

' ’
sectioné. There is a fundamental need for more exposures }
to be assessed so that a more detailedvhistory of the depos-

itional processes-.can be recorded, especially in the Westbank,
Kelowna and Vernon regions.

It would also be useful to follow the seismic survey
work on Okanagan Lake with bottom core samples. Fulton (1970)
found thick (120 m) unit of silt from a borehole near Arm-
strong. The information from these cores may define the

depth and texture of the sediments during early deglaciation.

of the Okanagan Valley.

»
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- __'l i ° 0
STAGE 1 Dosloomom of glaciolecustrine dellss into developing Lake Penticton.

increasing lake level

STAGE 3 Deposition of W arved sediments as the sediment source becomes more distal
. and Lake Penticton develops =

Figure 6-1 A three stage model of sedimentary
processes active in glacial Lake Penticton

- d
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