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SUMVARY, CONCLUSI ONS, AND RECOVMENDATI ONS

I nt roducti on

The foregoi ng di scussion has presented a | arge anount
of data on the Ckanagan nmai nstem | akes that can be rel ated
significantly to many aspects of water managenent in the
Okanagan Valley. A detailed re-listing of these data in this
chapter would not aid in its understanding. Hence the witer
will present brief discussion of those aspects of the
I i mogeol ogy of these |akes of primary interest to the
Okanagan Basi n St udy.

D scussi on

Wod Lake:

Wod Lake, the smallest of the Ckanagan mai nstem
| akes, shows indications of man's influence in sedinents
deposited over the past 100 years. The significant increase
in organi c carbon and cal cium carbonate content in the cores
near the surface probably reflects the accel erated
eutrophication that resulted fromhuman settl enent of the
surroundi ng watershed. Mre recent acute nercury pollution
appears to have occurred over that past few decades, however
and the source of this pollution remains uninvestigated at the
present tinme. The extended period of anoxic conditions in the
Wod Lake hypolimion, reflecting the high degree of
eut rophi cation of that |ake and the high concentrations of
mercury in the surface sedi nents, suggest that sophisticated
wat er managenent of the Wod Lake watershed is a necessity.
It is possible that the anoxic conditions common at the bottom
of this |lake has resulted in the mneralization of the bul k of
the nmercury to a sul phide, rendering it essentially
unavai l abl e for nethylation, and hence essentially



harmess. If this is true, attenpts to inprove Wod Lake
water quality should not result in an increased nercury
problemin the Valley.

Kal anal ka Lake:

The extraordi nary carbonate cycle of Kal anal ka Lake
has probably been the prine "protector” of that |ake's
excell ent water quality. The CaCO, coprecipitates |arge
abundances of the trace netals of the | ake and nust be
acconpani ed by hydroxyapatite in its precipitation. It seens
probabl e that the annual renoval of reactive species in
association with this CaC0, cycle has contributed materially
to the preservation of Kalamalka's O igotrophic state. The
hi gh surface concentrations of nmercury in the surface
sedinents of this |ake are presumably derived from Wod Lake,
however, and indicate that Kal amal ka Lake is not insul ated
frominput through Vernon Creek.

It is not clear fromthe avail abl e evidence how t he
carbonate cycle of Kal amal ka Lake woul d be altered through
further deterioration of and/or increased input from Wod
Lake. Further analyses and cal culations on this problemw |
be undertaken by the witer in the future to attenpt to
assess this problem

GCkanagan Lake:

Readily apparent wat er quality degradation in
kanagan Lake appears to be restricted to the Arnmstrong and
Vernon Arns. The anomal ous organic carbon and nercury

results of these arns of the |ake are probably a result of
man's activity in the Vernon Creek and Deep Creek watersheds.

The enrichnment in organic carbon accunulation
apparent rate in the upper 10 cm of a core from Ckanagan
Lake suggests that a man-induced acceleration of
eut rophi cati on may have occurred in this | ake



as a result of predomnantly rural activities over the past
century.

Skaha Lake:

The alterations in water quality that resulted in
bl oons on Skaha Lake in 1966 led to the initiation of the
Okanagan Basin Study. O prine interest fromthe Task 121
project is the hypothesis that these alterations are
probably reversible through the rapid mneralization of
phosphorus in this |ake to hydroxyapatite and rel ated
phases. The time span for this reversal of eutrophication
cannot at present be accurately estinmated, but further
research in progress at CCOWmy allow such an estimte.

The sharp increase in accunul ation rate for organic
carbon in the uppernost 5 cm of the core from Skaha Lake
i ndi cates that net carbon detritus production increased
sharply over the past 25 years. It seens probable that this
i ncrease has been caused by the sudden accel erati on of
eut rophi cati on occasi oned by the input of sewage waste to
Skaha Lake over the past 25 years. No longtermincrease in
organi c carbon accunul ation rate is apparent in the data
from Skaha Lake other than this aforenenti oned change.

Gsoyoos Lake:

The enrichnent in organic carbon concentrations in
sedi nment deposited over the past century in Osoyoos Lake
probably reflects the man-induced eutrophication of that
| ake by rural activity. Statistical analysis of the data
suggests that nercury is strongly associated with organic
carbon in the sedinent of this |ake, and hence the nercury
nmust be considered to be available for nethylation. The
source of the nercury in Gsoyoos Lake has not be identified.




It is of interest to note that agricul tural
devel opnent in the Osoyoos Lake area has only been
significant in the present century. Hence, changes in
Gsoyoos Lake sedinments that reflect water quality
alterations in the nineteenth century could not have been
fromactive agricultural progranms, but may have resulted
from accel erated erosion caused by cattle grazing.

Concl usi ons and Recommendat i ons

The sedi nentary evidence for |long-term (one century)
wat er quality degradation in Wod, Ckanagan, and Osoyo0o0s
Lakes, the | akes of the chain draining the watersheds nost
affected by rural activity, suggest that a considerabl e study
of the effect of various rural practices on water quality is
warranted. This study should enconpass the effects of early
| and use nethods as well as a detailed | ook at present
agricultural nethods in the Valley.

In addition to the carbon evidence, the surface
di stributions of anomal ous concentrations of nmercury in the
Vernon Creek drainage, the Arnmstrong Arm of Ckanagan Lake,
and in Osoyoos Lake provide strong circunstantial evidence
that rural practices nmay have resulted in the rel ease of
this toxic element to the | ake environment. The trend of
hi gher nercury content in sedinents from Wod Lake,

Kal amal ka Lake, and the Vernon Arm of Ckanagan Lake suggests
that the source of this nmercury is in the Wod Lake

drai nage, an area of extensive rural activity. The presence
of mercury upstream from Vernon and the | ack of any

anomal ous nercury abundances in association with Kel owmma and
Penti cton suggests strongly that urban devel opnent has not
contributed significantly to the release of this el enent.



Skaha Lake appears to have undergone a rather sudden
change in water quality at a tinme (25 years ago) essentially
cont enporaneous with the initiation of sewage input from
Penticton. This resulted in an increased accunmul ation rate for
organi c carbon in the sedinments as bi omass production increased
in the | ake because of accel erated eutrophication. However, as a
tertiary sewage treatnment plant has been built for Penticton, and
as the mneralization of phosphorus to unreactive materi al
appears to be very rapid in this | ake, the probability of
significant short-termwater quality inprovements in Skaha Lake
is very high. As |longer term (one century) processes do not
appear to have been significant in the deterioration of water
quality in this | ake, the prognosis for Skaha Lake in the future
i s excellent.

The carbonate cycle in Kal anmal ka Lake has "protected”
that |ake fromsignificant water quality degradation since man
settled in the Ckanagan Valley. However, the increased flow
into this | ake caused by the opening of the H ram Wl ker
distillery near Wnfield will have unpredicted effects on this
cycle. If these effects are adverse and significant in
magni tude, it is possible that Kal amal ka Lake coul d undergo an
undesirabl e acceleration of eutrophication. The author wll
be doing further calculations and anal yses to attenpt to
formul ate an accurate assessnent of this problem



CHAPTER | — | NTRODUCTI ON

| nt roduction

Task 121 of the Okanagan Basin Study has been
designed to provide basic information on the |imogeol ogy of
the five mainstem| akes in the Ckanagan Valley, for use in
the overall evaluation of the |immology of these |akes. To
acconplish this end, studies have been made on Wod's,
Kal amal ka, Okanagan, Skaha, and Osoyoos Lakes investigating
sedi nent ol ogi cal , stratigraphic, and geocheni cal paraneters.
The anal ysis of the data gained fromthese studies is the
subj ect of this report.

Scope of the Present Study
The primary ainms of the Task 121 studi es can be
summari zed as foll ows:
1. To gain new informati on about the post-Pleistocene
hi story of the | akes.
2. To describe sedinment structure, distribution,
m ner al ogy, and maj or el enent conposition in the
| akes and to neasure gross sedinentation rates.
3. To investigate sedinent reactions involving
bi ol ogically significant el ements, both nutrient
and toxic in nature.

During the acconplishnent of these primary ains, a
nunber of incidental information was gained including the
production of an inproved set of bathynetric charts for the
| akes and new i nformation about the Pleistocene history of
the valley. 1In addition, certain basic research problens in
sedi nentary geochem stry that are presently under
i nvestigation were el uci dat ed.



Previous work in the Ckanagan Vall ey
Geol ogy of the Ckanagan Vall ey

The earliest publications concerned with the geol ogy
of the Okanagan Valley are those of Dawson (1878 and 1879)
and Daly (1912). Mre recent work on bedrock geol ogy has been
reported in Cairnes (1932), (1937), (1939), Jones (1959),
Hyndman (1968), and on the maps (annotated) GSC (1940),
(1960, and 1961).

Surficial geology and Pl ei stocene history has been
di scussed in Flint (1935a and b), Meyer and Yenne (1940),
Mat hews (1944), Nasmith (1962), Wight and Frey, (1965),
Armstrong et al (1965), and Fulton (1965, 1969, and 1971).
The works of Nasmith (op. cit.) and Fulton (op. cit.) provide
t he nost conpl ete di scussions of the Pl eistocene history of
t he area.

Soil types of the Ckanagan Val | ey have been di scussed
by Wbodridge (1940), and Kelly and Spil sbury (1949). Hansen
(1955) has published val uable work on poll en geochronol ogi es
i n peat deposits fromsouthern B.C. and his work provides a
background for Okanagan Vall ey pollen studies.

Vol cani ¢ expl osi on ash bands have been used with
success in geologic studies in the B.C. -Wshi ngton border
area. Information on these ash bands has been published in
Rigg and Gould (1957), WIlcox (1965), and Wstgate et al
(1970). Publications on ash band chronol ogy have been
reviewed by Fulton (1971).

Geonor phol ogi cal aspects of the Ckanagan area have
been di scussed in Reinecke (1915), Holland (1964), and Ti pper
(1971).



Li mmogeol ogy of the Ckanagan Lakes;

Studi es on the |imogeol ogy of the nodern Ckanagan
Lakes have been al nost non-existent. Logs were made of the
cores drilled near Kel owna during the construction of the
floating bridge at that city. These cores penetrated up to
300 feet of silts, sands, and clays near the centre of the
| ake at that point. Saether (1970) presented a primtive
sedi nent classification for the sanples that he collected
for benthic fauna analysis. In their reports on water
quality in Skaha and Gsoyoos Lakes, Coulthard and Stein
(1969) and Booth et al (1969) presented a small quantity of
data on sedi nent chem stry fromthose | akes. Val ues for
cal cium phosphate, and nitrate in sedinment sanples are
presented in these reports.

Field Activities of the Present Study

Field work for the Task 121 study was acconplished
during the sumrer and fall of 1971. An acoustic soundi ng
program was run using a Kel vin-Hughes 26b echo sounder and
over 715 km of lines were covered (fig. 1). In addition, a
transit sounder survey of the nearshore areas of Skaha and
sout hern Okanagan Lakes was perfornmed using a Kel vin-Hughes
39b sounder over 100 km of lines. Over 150 surface sanples
of sedinment were collected (O cm to 3 cm) (fig. 2) with a
Shi pek grab sanpler and a total of about 50 cores were taken
by the witer and by Drs. A L.W Kenp and J.D.H WIIians.
A benthos corer with 100 I b of |ead weights was used and
nost cores recovered were about one neter in length. Shipek
sanpl es and subsanpl es taken fromcores were freeze-dried in
the field and were returned to CCOWin Burlington, Ontario
for analysis. Field observations of col our, texture, and
general sanple characteristics were noted, and a phot ograph
(colour slide) was taken
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of each sanple. The depth of each sanple |ocation was
recorded fromthe neter block of the wi nch, and positioning
was acconplished with sextants and conpasses.

Measurenents of pH, Eh, and water content were
taken fromcores fromeach of the mainstem | akes by Dr.
A.L.W Kenp in August of 1971

Laborat ory Methods of the Present Study
The sanples collected for the Task 121 program have
been subjected to a | arge nunber of |aboratory investigations,
and the nethods enpl oyed are detail ed bel ow.

Total major elenent analysis of the sanples was done
by X-ray fluorescence using a Phillips PWM220C sem -automati c
X-ray fluorescence spectronmeter on pelletized sanples. Ca,
Na, Fe, Mg, P, Mh, Si, K S, A, and Ti were determned with
this system HO extractable Pb, Fe, M, Cu, Zn, N, Co, Cr,
Cd, Be, V, K, My, and Ca were neasured by a Techtron AA-5
At om ¢ absorption spectrophotoneter. The freeze dried
sedi ment sanpl es were subjected to attack by hot concentrated
HC for 30 mnutes and the | eachate was anal ysed.

Additional trace element results were obtained under
contract to the Commercial Products Laboratory of the Atomc
Energy Comm ssion, Otawa. This |aboratory anal ysed
perchloric acid | eaches fromthe sedinents for Cu, M, As, Sc,
Eu, and Smusing instrunental neutron activation anal ysis.

Mercury anal yses of the sedi ment was perfornmed under
contract by Barringer Research of Toronto, using their
patented nercury spectroneter. Additional differential thermnal
mercury anal ysis of sel ected sanples have al so been done at
Barringer Research to assist in characterizing
the forms of mercury in the sedinents.
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Organi c carbon and carbonate carbon contents of the
sedi nent have been neasured using a Leco induction furnace
according to the nethod described in Kenp (1971).

Aci d extractabl e phosphorus was determ ned by a
nodi fi cation of the nmethod of Shah et al (1968). The
nmodi fication consisted of the use of HO in place of HS0,.
Further attenpts to characterize the forms in which phosphorus
are present in sedinments are being undertaken using the
net hods described in Wllians et al (1967). The results of
t hese investigations will be presented upon their conpletion.

The grain size fractionation present in the sedinents
has been neasured by standard |ong pipette analysis at CCW
X-ray diffraction studi es have been undertaken on the
m ner al ogi cal conposition of each size fraction, and this work
has been assisted by m croscopic investigation.

Finally, assistance has been sought from a nunber of
i nvestigators for vol canic ash band refractive index
nmeasur enent, pal ynol ogi cal studies, and carbon-14 dating. The
data gained fromall of these investigations is contained in
Appendices | to V.



CHAPTER |1 - GEOLOGY OF THE OKANAGAN VALLEY

Pre- Pl ei stocene Ceol ogy

The Okanagan Valley is a structural trench overlying a
system of subparallel, linked faults that separate the |ate
Pal eozoic or early Mesozoi c Monashee G oup of the Shuswap
Met anor phi ¢ Conpl ex fromthe rocks of differing |ithol ogy but
simlar age west of the Valley (fig. 3). Near Vernon in the
Monashee Mountains, unfossiliferous rocks correlated wth the
Cache Creek G oup appear to lie with angular unconformty on
t he Monashee G oup (Jones 1959). The Cache Creek G oup bounds
the Arnstrong and Vernon Arns of Ckanagan Lake, and the
nort hernnost arm of Kal amal ka Lake, and is characterized by a
profusion of small, sub-economc gold, silver, and base netal
deposi ts.

The greater part of the shoreline of Ckanagan Lake,
however, is fornmed by the granite, granodiorite, and allied
rocks of the Jurassic or Cretaceous Coast Instrusions, and
t he gnei sses, schists, marbles, and quartzites of the
Monashee Group. The main exception to this rule is the area
of early Cenozoic vol canic and sedi nentary rocks straddling
the I ake in the Kel owna Area.

Wod and Kal amal ka Lakes are simlarly bounded by
Monashee netanor phic rocks on the east and granites and
granodiorites on the west. A relatively |localized band of
[ imestone in the Monashee Group forns the north shore of
Cosens Bay in Kal anal ka Lake.

Skaha Lake i s bounded by Mnashee netanorphi c rocks
and by later acid intrusives on the east side, but by Eocene
or Aigocene andesite and trachyte flows and aggl onerates on
the west. The fault line trace between these two dom nant
l'ithol ogies coincides wwth the course of MacLean Creek,
whi ch enters Skaha Lake opposite Kal edan.



The east shoreline of Osoyoos Lake is conprised of
Monashee net anor phic rocks and later acid plutonic intrusions,
and the west shore of that |ake includes the Pal eozoic
met anor phi ¢ rocks of the Kobau G oup.

In co-operation with officers of the Geol ogical
Survey of Canada, a seismc reflection survey was run on
Skaha, Okanagan, Wod, and Kal amal ka Lakes during the fall of
1971. In the interests of efficiency, it was agreed that the
GSC woul d take responsibility for reduction and publication of
the data fromthis survey, and hence it will not be presented
in detail in this report. Evidence collected by this survey
i ndicates that the structural trench of the Ckanagan Valley is
partially filled by several hundred feet of unconsolidated
material that rests on a floor of noderate and rounded relief.
It seenms probable that this floor, along with the topography
of nost of the Okanagan Hi ghlands, is a remant of the
uplifted and dissected gently rolling early Tertiary erosion
surface referred to by Tipper (1971).

The thickness of unconsolidated material underlying
these | akes differs fromplace to place, but typical m ninm
t hi cknesses under the centres of these | akes are:

Skaha Lake - north of Kal eden 1200 ft.
Ckanagan Lake - Penticton to Squally Pt. 1500 ft.
Okanagan Lake - Squally Pt. to Westbank 1600 ft.
kanagan Lake - Kel owna area 1200 ft.
Ckanagan Lake - W/l son's Landing - Ckanagan 1200 ft.
Centre

Okanagan Lake - OK Centre to Vernon 1200- 2000 ft.
kanagan Lake - Arnstrong Arm 1300 ft. +
Wod Lake 400 ft. +

Kal amal ka Lake 300-400 ft.
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The structural trench is apparently continuous under
t he Okanagan Ri ver between Skaha and Okanagan Lakes and under
t he Vernon Creek between Wod and Kal amal ka Lakes. Its
continuity is apparently interrupted at the narrows of Skaha
Lake at Kal eden, at which point bedrock is |less than 100 feet
bel ow t he surface of the | ake.

Econom ¢ Geol ogy

A detail ed discussion on the mineral resources of the
Okanagan Valley area is presented in the report of Task 201,
Okanagan Basin Study. For the purposes of this report,
however, only a few points about the econom c geol ogy of the
area are pertinent.

The only major economic ore body in the Ckanagan
Vall ey at the present tine is the copper-nol ybdenum deposit
of Brenda M ne, near Peachland. This mne was opened in
March, 1970, and has proven reserves of 177 mllion tons of
0. 18% copper and 0. 049% nol ybdenum The Brenda Mne is a
|arge one, with a mlling rate in excess of 24,000 tons
dai l y.

M ning activities in the Ckanagan Val | ey not
associated wth the Brenda deposit have been very limted by
conparison. Two areas within the Ckanagan Valley typically
contai n numerous small sub-economic mneral deposits: The
Fairview Canp in the Aiver area, and the rocks of the Cache
Creek Group near Vernon.

The Fairview Canp contains a | arge nunber of snal
deposits of gold in white quartz, with mnor sul phide
m neralization. Mning activity in this area has occurred
periodically fromprior to 1900.

The Cache Creek Group is the host for a nunber of
smal | deposits containing gold, copper and silver, with
associ ated m nor antinony, |ead, arsenic, and zinc. This
G oup fornms the shoreline of the Armstrong and Vernon arns of
Okanagan Lake, and of the west shore of the north
arm of Kal amal ka Lake.
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Hence it can be seen that the only known points of
contact of anonalously mneralized rocks with |ake waters in
t he Okanagan occurs where the Cache Creek Group fornms a
shoreline near Vernon.

Pl ei stocene CGeol ogy and History

The Pl ei stocene geol ogy and history of the Ckanagan
Val | ey has been extensively reviewed in Nasmth (1962) and
Ful ton (1965 and 1969). The present discussion will be
[imted to new material discovered as a result of the task
121 surveys.

It is nost probable that the unconsoli dated
material in the Ckanagan Vall ey Trench was deposited in
association with the earlier glaciations of the Pleistocene
Epoch. The presence of a large druminoid structure on the
fl oor of Okanagan Lake near Squally point (outlined by the
Task 121 acoustic survey), and the known | ate gl aci al
history of the Valley (Fulton 1969) suggest that the ice
sheets of the |last Pleistocene glaciation may have
overridden this thick deposit. The nature of these
unconsol i dat ed deposits in the Ckanagan structural trench is
not certain fromthe seismc records alone, but it seens
probabl e that during the Pleistocene Epoch the valley was
the site of deposition resulting fromglacial outwash,
direct glaciation and |lacustrine and fluvial sedinentation.

A significant difference characterizes the seismec
record of Okanagan Lake south of Fintry (fig. 4) fromthat
taken north of Fintry (fig. 5).The record south of Fintry is
characterized by apparently structureless material that records
as a mass of point reflectors. North of Fintry, however,
beddi ng structure is well defined to the northern tip of the
Armstrong Arm  The records from Kal amal ka and Wod



6. Progradi ng beach deposits;
7. Longshore drift deposits;

Lakes are al so characterized by well|l bedded structures. It
seens probable that these structured sedinents were deposited
through a different agency fromthe unstructured nmaterial to
t he south. Possibly an ancient | ake occupied the northern
part of the Valley prior to the last glaciations while the
southern part of the Valley was filled with glacial drift.
More work is required to solve this problem

Certain other facts that influence interpretations
of the Pleistocene history of the Ckanagan Valley were
di scovered during the Task 121 survey. The nost inportant of
these was the detection of a terrace existing on the bottons
of Ckanagan Lake (south of Squally point) and of Skaha Lake.
It seens probable that this terrace is a record



8. Post-terrace rapid sedi nentation:
a) Weed beds,
b) Stream delt as.

The integrated result of all of these processes has
been the production of a very conpl ex physiography in the
benthic littoral zone of Skaha Lake and the southern part
of Ckanagan Lake.

Recent Ceol ogy and History

Degl aci ati on of the southern part of the Cordilleran
A aci er Conpl ex was acconplished | argely by downnelting and
stagnation of the ice mass as a whole, with no clearly
defined halts or re-advances (Nasmth 1962). The prom nent
gl aci ol acustrine silt and clay cliffs that border Skaha and
sout hern Okanagan Lakes were formed during this period of
gl aci al downwasting and degradation (Flint 1935). Fulton
(1969) has estimated that the deglaciation of the Interior
Plateau of B.C. was well advanced by 9750 B.P., and by 8900

B.P. all ice was nelted and the gl acial | akes had been
drained. Fromthis time until the present day, the mainstem
| akes of the Okanagan Vall ey have been in existence. It is

not known when the | ow stand of Ckanagan and Skaha Lakes
not ed above occurred, but it seens probable that it occurred
early in the evolution of the nodern mainstem | akes.

The total accunul ation of sedinments in the Ckanagan
Val l ey structhral trench that can be ascribed directly to
sedi mentation fromthe nodern mainstem | akes cannot be
estimated accurately fromthe data available to the present
witer, but it nust typically have been in the order of tens
of netres. A sedinentation rate of one nm of conpacted
sedi nent per year would yield a net accunulation of 8.9 m
of sedi ment



in 8900 years (29.2 feet). Although stability of the
sedimentation rates in the mainstemrates of the Ckanagan
Val | ey over post-Pleistocene tine cannot be assuned, it
seens probable that only a very small part of the
unconsol i dated material in the Ckanagan Valley structure is
derived fromthe recent | akes.

Accurate estimtes of present day rates of
sedimentation in these | akes have been made during the Task
121 study. These estimates will be discussed below in
Chapter 111.



CHAPTER |1l - THE OKANAGAN MAI NSTEM LAKES

Physi ogr aphy
Bat hynetric charts have been constructed fromthe
data gai ned during the Task 121 survey (figs.6 to 10). The
di scussion presented below will be restricted to a
consi deration of the new know edge gai ned during the Task
121 st udi es.

Wod Lake;

Wod Lake is the smallest of the mainstem | akes
with an area of 2300 acres, and consists of a single
shal | ow basi n of maxi num depth 110 feet. The bathynetry
of Wod Lake is presented in fig. 6.

Kal anal ka Lake:

The nost unusual feature of Kal amal ka Lake is the
presence of the essentially flat terraces of cal cium
carbonate that are found at the southern end of the | ake and
at a few other points on the shoreline. Kal amal ka Lake
actively precipitates cal cium carbonate each sumer fromthe
waters of its epilimmion, and the break in the bathynetry at
the edge of the terraces approxi mate the nean depth of the
thernocline during the recent evolution of the | ake. The
| ake contains two distinct basins that are separated by a
ridge in the unconsolidated material filling the structural
trench (fig. 7).

Okanagan Lake:

The conpl ex physi ography that exists in southern
Okanagan and Skaha Lakes above the 50 foot contour has been
di scussed. In addition, the bottom of Ckanagan Lake is
characterized by irregular undul ati ons
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that presumably reflect the glacial nodifications in the
Valley fromthe last ice age. A large druminoid structure
exi sts under 200 ft. of water off Squally Point, and a point
700 ft. deep was discovered south of Trepanier (fig. 8).

Skaha Lake:

Skaha Lake is conprised of two distinct basins that
are separated by a bedrock sill at a depth of about 80 ft
(fig. 9). The conpl ex physi ography above the 50 ft. contour
t hat exists in Skaha Lake has been discussed. A well defined
bench at a depth of 50 ft. exists off MLean Creek. It seens
probabl e that this bench is a further remant of the | ow stand
postul ated above. The dual basin norphol ogy of this |ake
provides a terrigenous sedinent trap situation, with the north
basin accurmul ating terrigenous material and the small south
basin mani festing greater organic carbon concentrations.

Gsoyoos Lake:

Gsoyoos Lake is, in fact, three | akes, with sand
deposits dividing them (Fig. 10). The northennost of these
"l akes" has three distinct basins and attains a maxi mum depth
in excess of 200 feet. The central basin (about 100 ft.
maxi mum dept h) and the southern basin (about 75 ft. maximm
depth in Canada) are hence partially shielded from significant
terrigenous sedinmentation by the northernnost basins. This
physi ographi c condition has resulted in greater accunul ations
of organic carbon and nmercury in the sedinments taken from
south of the town of Gsoyoos. No seismc survey was run in
OGsoyoos Lake under Task 121.
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Sedi ment Distribution and M neral ogy

Approxi mately 150 surface and core sanples fromthe
Okanagan mai nstem | akes were anal ysed by pi pette anal ysis.
Measurenents nade fromthe particle size fractionation so
produced include per cent sand (greater than 63 mcron), per
cent silt (between 63 mcrons and 4 mcrons), percent clay
(less than four mcrons) and nost common size (node).

M ner al ogi cal studi es were undertaken on size
fracti onated subsanpl es of representative sanples from each
| ake. These studies were acconplished with X-ray
diffraction and m croscopi c exam nati on.

Wod Lake:

Fi ve sedi nent sanpling stations were occupied in Wod
Lake (fig. 2) and a nunber of cores were obtained fromthe
deepest part. Pipette analysis of the sanples indicates that
t he surface sediments of the bottom of Wod Lake are 3.31%
sand, 61.73%silt, and 34.96%clay, with the nost common size
averaging 12 microns. Dilution of this nmean conposition by
coarser terrigenous material in the nearshore parts of the
| ake refl ects normal sedinmentary processes of sorting and
di sper sal

M neral ogi cal analysis by X-ray diffraction indicates
that the sedinents fromthe deep parts of Wod Lake consi st
of quartz, calcite chlorite, kaolinite, illite, and
orthocl ase, microcline, and pl agi ocl ase fel dspars.

Kal anal ka Lake:

Ten sanpling sites were occupi ed in Kal amal ka Lake
and cores were taken fromthe deepest part and fromthe
carbonate terraces at the south end (fig. 2). Pipette
anal ysis indicates that the deep sedinents from Kal amal ka
Lake. are 2.46% sand, 43.65%silt and 53.89%clay, with




4 mcrons being the nost common size (node). The shall ow
terraces of Kal amal ka Lake, however are binodal, with size
fractionation peaks at 12 mcrons and at 50 mcrons. The
sedi nents of these terraces consist of 15.96% sand, 57.14%
silt, and 26.90% clay. M neral ogical and chem cal analysis
of sanples taken fromthese terraces indicate that
terrigenous conponents are mnor, with the bulk of the

sedi nent being conposed of calcite derived from
precipitation fromthe water. M neral phases identified
fromthe deeper sedinents include calcite, mcrocline and
orthocl ase feldspars, quartz, kaolinite, illite, and
chlorite.

Okanagan Lake:

A total of 43 sanpling stations were occupied in
Okanagan Lake and cores were taken fromthe deep areas of
G eata, Trepanier, and Carr's Landing (fig. 2). Pipette
anal ysis of these sanples indicates that deep nuds from
Okanagan Lake consist typically of 50%silt and 50% cl ay,
wi th occasi onal sand contam nation, presumably from density
current deposition. The detailed sedinentol ogy of Okanagan
Lake is exceedingly conplicated, and cannot be adequately
descri bed or mapped on the basis of only 43 stations.
Certain of the nost significant features of this conplex
sedi nentary pattern are discussed bel ow.

Accunul ations of coarser terrigenous nmaterial are
present at the nouths of alnost all definable creeks
entering the | ake, with exceptional accunul ations occurring
adj acent to Wi teman Landing, Fintry Landing, Kel owna,

West bank, Naramata, and Poplar G ove north of Penticton. In
addi tion, normal processes of dispersal and segregation have
resulted in coarser fractions being nore common in shall ow
nearshore environnments of the | ake.




One sanple is of sufficient interest to nerit
speci al note. Sanmple OK-32 was collected froma depth of
19.0 m adjacent to Caesar's Landing. This sanple consisted
of a stiff grey clay unlike any other collected during the
initial Task 121 survey. (A simlar sanple was collected
froma depth of 25 m of Ewi ngs Landing in Sept. 1971.)

Pi pette analysis of this sanple gave a conposition of 3.81%
silt and 96.19% cl ay. Chemi cal analysis of this sanple
indicates that it is anomalously lowin S, P, Hg, and
organi ¢ carbon and anomal ously high in Fe, My, K A, Cu,

Zn, Ni, and Co. It seens probable that this sanple was from
a clay deposited in an environnent unrelated to the nodern

| acustrine environnent. The witer postulates that this clay
is a newmy exposed remmant of ancient post-glacial sedinent,
that has been recently brought into contact with the nodern
| ake waters by the mass transport of overlying nodern | ake
sedinents to the adjacent depths of the |ake. The di scovery
of a second patch of this material during the Septenber

foll owup sanpling program suggests that an unknown, but
possi bly significant area of the Ckanagan Lake bottom
consists of this ancient material. It is probable that this
material differs significantly in its exchange kinetics from
"normal " nodern sedinment, but the significance of this
phenomenon cannot be assessed within the limtations of Task
121.

Skaha Lake:

Skaha Lake has been the subject of the nost
intensive study in the Task 121 project. A total of 36
surface sanples and a nunber of cores have been collected
fromthis | ake, and the resulting sanpl e coverage has
permtted nore detailed investigations than have been
possi ble for the other |akes. Pipette analysis indicates
t hat the




typi cal deep nmuds of this |ake consist of .52% sand,
58.49% silt, and 40.99%clay, with the nost common size
averaging 8 mcrons. The sedinent distribution patterns of
Skaha Lake are conplicated by a nunber of unique processes
not evident in the other mainstem ]| akes.

The conpl ex bat hynetry of Skaha Lake above the 50
foot contour has been di scussed above. This has resulted in
an anal ogous conpl ex sedinent distribution pattern in the
nearshore zone of this |ake that reflects the variety of
nmechani sns that influenced the evolution of this area.
Transit sonar records of this zone have hel ped to el ucidate
t hese nechani sns, but no attenpt has been nmade during the
Task 121 study to accurately map this zone.

Nasm th (1962) has noted that the accretion of sand
onto the beach at the north end of Skaha Lake has been
sufficient to extent the beach nore than a mle into the
| ake since its formation in early postglacial tinmes. This
process has presumably been partially arrested by the
erection of the control dam on the Ckanagan River at
Penticton, but it is responsible for the fact that sedinents
froma depth of 11 mcollected on a |line parallel to the
beach contained 31.5% sand (average of four sanples).

The presence and node of formation of the white silt
cliffs bordering Skaha and sout hern Ckanagan Lakes has been
noted in a previous chapter. Synptons of mass wastage from
these cliffs are readily visible in the field as |andslide
scars, and deposits on the | ake bottom adj acent to such
| andsl i de scars have been detected by transit sonar in
Okanagan Lake north of Naramata. A subsanple of station S-18
(labell ed S-18a) taken at a depth of 3 - 5 cm below the
sedi ment-water interface consisted of .24%gravel, 87.57%
sand, 4.91%silt, and 7.29%clay. Since this sanple was
taken froma depth of 54 m, and is directly overlain by



3 cm of material consisting of .23%sand, 59.15%silt, and
40.62% cl ay (typical of the deep Skaha sedinents), it is
obvi ously anomal ous. Direct mcroscopic exam nation of this
coarse material below 3 cm reveal ed sedi nent of texture and
conposition strikingly parallel to sanples taken fromthe

gl aci o-1 acustrine deposits bordering the |ake (plate I). In
both cases the material consisted of inequigranular,
subspherical, angular particles of a large suite of rock-
formng silicates. It seens probable that the material in
sanple S-18a is derived fromthe redeposition of the gl acio-
| acustrine material originally deposited adjacent to the

| ake. In view of the observed signs of mass wasting of this
mat eri al di scussed above, it further seens probable that this
is the nmechanismthat noved the material fromthe onshore
area to the | ake bottom The node of the S-18a material, is
3.25 @ (0.105 mm ), a size nuch too coarse to be noved to
this renote part of Skaha Lake by hydraulic activity froma
tributary.

Accordi ngly evidence exists chat deposition of
gravel s, sands, and silts occurs in the deepest parts of
Skaha Lake from nass wastage of the ancient cliffs around the
| ake. The lack of simlar material in other sanples collected
in the Task 121 grid, however, suggests that this process
nmust be very local in its effect, and it is probable that
| enses of simlar material occur in the sedinmentary record of
Skaha Lake in an apparently random sequence in space and
ti me- equi val ence.

M ner al ogi cal exam nati on of the deep sedi nents of
Skaha Lake reveal ed an unextraordinary suite of mnerals
i ncluding quartz, mcrocline and pl agi ocl ase fel dspars,
orthocl ase, kaolinite, chlorite, and illite.



PLATE 1

Top:  Photom crograph of sanple of silt taken fromcliff of
anci ent gl aci ol acustrine deposit west of Skaha Lake.
Sanmpl e station was about 1 mile north of Kal eden and
about 50 feet above present |ake level. Magnification
= 200 x

Bottom Photom crograph of sanple S-18a, a subsanple from
S-18 taken from3 to 5 cm bel ow the sedi nent water
interface under 54.0 nmetres of water. Magnification
= 200 x






Gsoyoos Lake;

Gsoyoos Lake consists of three distinct basins, each of
whi ch exhibits a classic sedinment distribution pattern
dependent on basin norphol ogy. Sedinent size fractionation
in the deep nuds fromthe north and central basins are:

North basin: 4.42% sand, 54.68%silt, and 40.90% cl ay.
Central Basin: 4.62% sand, 53.46%silt, and 41.92% cl ay.
Data fromthe south basin are insufficient to

al l ow accurate values to be conputed, but simlar

fracti onati ons appear to be common.

Coarser material is prevalent in the shallower areas of
Gsoyoos Lake, and in particular adjacent to the sand bars
that make up the boundaries between basin. The node of the
deep nuds is 11 mcrons. A second, weaker node occurs at 2
mcrons in the north basin nuds.

M ner al ogi cal anal ysis indicates the presence of quartz,
calcite, feldspars, and kaolinite. The sedinment sanpling
grid for Osoyoos Lake is presented in fig. 2.

Rat es of Sedinentation

Dr. T.W Anderson of the Ceol ogical Survey of Canada
has studied a core fromeach of the mainstem | akes to assess
nmean sedi nentation rates. This has been acconplished and
permts the calculation of the nmean annual chem cal budgets
presented in the next chapter. Dr. Anderson has further
agreed to wite a brief discussion on his findings, and his
comments will be presented as a separate report. A nore
detail ed di scussion of his findings will appear in Anderson
(1972).

Ranchi ng, and hence man-induced di sturbance of the
natural flora of the Okanagan Vall ey, dates back to around
1860 as | arge ranches were being established to supply beef
and horses to mners attracted



by the Cariboo gold rush. Cattle were trailed in fromthe
United States through the Ckanagan Valley at this time (Laing
1941), and it can be assuned that they contributed to a
depletion of grass resources in imediate proximty to the
Okanagan Mai nst em Lakes.

For the purposes of the present study, a neasure of
100 years will be assuned as a basis for cal cul ations
involving man's influence on the pollen distributions in the
Valley. A brief lag time can be assuned for changes in
pollen distributions in the cores after changes in he
regional flora, and a date of 1872 for visible changes in the
poll en contents of the mainstem| ake sedinments will be used.

Table 1 presents the cal cul ations for mean annual
sedimentation rate in each of the mainstem| akes. Sedi nent
densities calculated fromDr. Anderson's data and nean water
contents for the uppernost sedinent columm (provided by Dr.
A L.W Kenmp of CCOW have been used to cal cul ate nean net
annual sedi nent accunul ations for each lake in terns of dry
sedi nent mass per year. Fromthese figures have been
cal cul ated nean net annual accunul ation rates for a nunber of
chem cal species. These last will be discussed in Chapter
I V.



CHAPTER | V - SEDI MENTARY GEOCHEM STRY OF
THE OKANAGAN MAI NSTEM LAKES

I ntroduction

The sedi nentary geochem stry of the Okanagan Mai nstem
Lakes has been the subject of the nost intense investigations
of the Task 121 studies. O primary concern has been the
cycl es of phosphorus, carbon, and a suite of heavy netals
including Fe, Mh, Cu, Zn, V, C, Co, Cd, As, La, Eu, Sm Hg,
Ti, Pb, Be, Ni, and Sc. Accordingly the major elenent
geochem stry of each of the |akes is discussed i ndependently
of the cycles of each of these paraneters.

Maj or El enents

Ground and pelletized subsanples fromeach of the
sedi nent sanples collected during the Task 121 survey were
anal ysed for Ca, Na, My, Si, K and Al using CCWs X-ray
fl uorescence spectroneter (APPENDI X Il) In addition, acid-
extractable (hot, concentrated HCO) Ca, My, and K were
nmeasured by atom c absorption techniques (APPENDI X I11).
These anal yses were perfornmed to provide baseline data for
elucidating the cycles of the biologically reactive nutrient
el ements as well as the toxic heavy netals. The cycles of
t hese major elenents reflect dom nant sedinentary reginme of
each | ake, and hence their appreciation is basic to an
under standing of the cycles of elenents nore significant
limo-logically. The nmean contents of the major elenments
contained in the
surface sanples collected in each | ake are presented in table 2.

Wod Lake:
Correl ation and R-node factor anal yses of these data and
ot her paraneters indicate that the follow ng patterns, dom nate the



TABLE 1: Depths to man's influence and net accunul ation rate of sedinent in each of the
kanagan nmai nstem | akes, (from personal communications with Dr. T.W Anderson

G S.C)

DEPTH TO RATE AVERAGE SURFACE AVERAGE WATER AVERAGE ANNUAL

MAN'S OF SEDIMENT CONTENT: (%) NET ACCUMULATION
LAKE: INFLUENCE: (CM.) SEDIMENTATION: (MM.) SPECIFIC GRAVITY: OVER 100 YRS.

IN KG.:

Wood 20 2.0 1.20 90.0 2.23%x10°©
Kalamalka 29 2.9 1.10 87.0 1.07x107
Okanagan 10 1.0 1.14 83.5 6.39x107
Skaha 21 2.1 , 1.25 77.0 1.15x107
Osoyoos * 28 2.8 1.20 78.0 1.11x107

* Val ues for OGsoyoos Lake based on a core taken in the south basin only.



maj or el enent distributions in the sedinments of Wod Lake:

Cal cium variance in Wod Lake is closely associ ated
wi th inorganic carbon variance, and XRD anal ysis indicates the
presence of calcite. An average of 80% of the total calciumin
t he deep sedinments of Wod Lake is extractable by concentrated
HCl, and is probably associated with the inorganic carbon in
calcite. Inorganic carbon data provided by Dr. A L.W Kenp of
CCl W (di scussed in detail below) indicate that CaCO, content in
Whod Lake sedinents is enriched in the uppernost material in
Wod Lake. This enrichnment coul d be caused by increasing
detrital carbonate deposition, by increasing | oading of total
carbon followed by increasing mneralization of organic carbon
to carbonate in recent years, or by an increasing |oading of
bi ogeni ¢ carbonate. As there appears to be no significant
sources of detrital carbonate in the Wod Lake watershed, it
seens probable that alterations in water quality caused the
af orenentioned CaCo, i ncrease.

Total sodium potassium alumnum and silicon
abundances covary closely in the sedinents. This is a
reflection of the dom nant detrital alum nosilicate content of
t he sedinents. Acid extractabl e potassiumshows a strong
negative relationship to total potassium (r =*0.0909) Total K
is higher in nearshore areas of the sedinent (average of two
sanples 2.1% than in deeper environnments (average of three
sanples 1.4% . Acid |eachable K is higher in deeper
environments (average .26% than in nearshore areas (average
0. 095% .

The increase of acid-extractable Kwth depth is
probably a sinple manifestation of the presence of finer
mat eri al of high ion-exchange capacity in the offshore areas of
the | ake. However, the absolute and relative reversal of this
trend for total K suggests that coarser K-feldspars deposition
is significant in the nearshore areas of Wod Lake.




TABLE 2:

Mean Concentrations of Mjor
from Ckanagan Mai nstem Lakes (al

El ements in Surface Sanpl es
val ues as percent).

LAKE TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL ACID ACID ACID ACID ACID
EXTRACT- EXTRACT- EXTRACT- EXTRACT- EXTRACT-

ABLE ABLE ABLE ABLE ABLE

Ca0  Na,0 Fe,03 Mg0  MnO  Si0, K,0 S A1,05 Fe Mn K Ca Mg

Wood Mean 7.2 1.5 5.0 1.7 .18  61.4 1.8  0.95 8.1 2.7 0.12 0.19 3.7 0.67

Std.Dev. 3.2 1.0 2.1 A .11 5.5 .72 .71 2.5 1.37 0.06 0.09 2.8 0.30

Kalamalka Mean 26.7 .93 2.5 1.6 17 44,7 1.2 - 4.8 1.32 0.08 0.16 - 0.63

Std.Dev. 17.1 .64 1.6 .74 .17 18.9 .75 - 2.9 0.95 0.10 0.13 -- 0.22

Okanagan Mean 3.1 1.6 6.1 2.7 .20 61.8 2.5 .21 10.9 3.17 0.12 0.29 0.75 0.77

Std.Dev. 2.5 .43 1.6 .78 A7 4.4 .31 .25 1.1 1.04 0.12 0.17 0.16 0.31

Skaha Mean 2.4 2.1 4.2 1.7 .12 67.8 2.6 .20 10.7 2.28 0.07 0.21 - 0.55

Std.Dev. .58 .31 1.2 .31 .074 3.8 .18 .14 .72 0.70 0.05 0.09 -- 0.19

Osoyoos  Mean 3.0 1.8 5.2 2.3 .18 64.3 2.4 .65 10.3  2.53 0.10 0.25 0.68 0.78

Std.Dev. .94 .32 1.6 .61 .20 4.1 13 1.7 .91 1.02 0.12 0.11 1.11 0.30
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| ron, nagnesium and nanganese vari ances (both total
and acid-leachable) are essentially parallel to each other and

to the variance of calcium These distributions reflect the
general trend of increasing abundances with depth. Each of
Fe, Mh, and My are probably dom nantly associated with the
fine grained material typically concentrated in the offshore
envi ronments of | akes.

Kal amal ka Lake:

The dom nant process in the sedinentary cycle of
Kal anal ka Lake is the precipitation of cal cium carbonate.
CaCO, concentrations of 95% have been nmeasured in sedinents
taken fromthe terraces at the south end of this |ake. The
terrace sedinents represent the greatest concentration of this
materi al, however, and cal cium content of the sedinments
decreases with increasing depth (fig. 11).

XRD anal ysis, and the strong covariance of Na, K, M,
Al, and Si in the Kal amal ka sedi nents suggest that the non-
carbonate terrigenous conmponents of this |ake are
unextraordi nary.

The iron content of the sedinents on the carbonate
terraces is very |low (average 0.4% and is probably associ at ed
with the calciumcarbonate. Iron in the deeper sedinents is
somewhat hi gher (average 2.9% owi ng to the higher proportion
of terrigenous material in these sedinents.

Manganese concentrations in Kal amal ka Lake appear to
be directly proportional to increasing water depth, and
i nversely proportional to cal cium carbonate content.
kanagan Lake:

Cal ciumin kanagan Lake sedinents is strongly rel ated
with inorganic carbon (r = .897), and it seens probabl e that
nost of the calciumis contained in calcite. The origin of

this calcite is not clear. It is




possi bl e that this Carbonate has precipitated fromthe water,
and it is in fact highly probabl e that this has occurred in
the northern three basins of the Arnstrong Arm where total
cal cium concentrations up to 2. 7X those of the nmain | ake
occur. It is also possible that this calcite has forned

t hrough di agenesis of organic carbon in the sedinent. The
actual inportance of the carbonate cycle in this lake is
unknown.

Pot assi um and al umi num are related through a strong
linear correlation (r = 0.898) in these sedinents, but
silicon variance is distributed anongst a nunber of
conponents found in terrigenous silicate detritus.

Iron and nmagnesi um appear to be rel ated through
a strong covariance (r = 0.718), but it is probable that
this covariance is coincidental rather than syngenetic.

Manganese appear to be related only to water depth.

Skaha Lake:

The geochemi stry of the sedi nents of Skaha Lake is of
considerable interest as it bears significantly of the
eutrophication problemthat initiated the Basin Study.

Calciumin the sedinments of Skaha Lake appears to be
essentially unrelated to inorganic carbon. This is at
variance with the situation in Wod, Kal amal ka and Ckanagan
Lakes. Instead, calciumvariance in Skaha sedi nents appears
to be partitioned between silicon and phosphorus. This
rel ati onship of calciumto phosphorus is of considerable
significance to water quality conclusions in Skaha Lake, as is
di scussed in the section on phosphorus bel ow.

Sodi um potassium silicon, and alum num covary to
some extent, and this covariance reflects the dom nant
terrigenous sedi ment conponents.




Iron and manganese vari ances are dom nated by a
linear relationship to water depth. Nearly 80% of the
iron and manganese in the Skaha sedinents is available to
acid attack.

Magnesi um variance is split between the iron-
manganese variance pattern, and the cal ci um phosphorus
vari ance pattern di scussed above.

Gsoyoos Lake:

Vari ances of sodium potassiumand alum num are
| argely accounted for by a single variance vector, while the
bul k of the calciumvariance and part of the alum num
vari ance is accounted for by an i ndependent variance vector.
It seens probable that these distinct variance vectors
reflect the mxing of at least two silicate m neral
popul ations to formthe basic terrigenous substrate of the
Gsoyoos Lake sedinments. Silicon variance is related
inversely to iron, nmanganese and depth, and probably
reflects silica (quartz) deposition in the near-shore
envi ronment .

An average of 70% of the iron and 74% of the
manganese of the Osoyoos sedinents is acid extractable.

Car bon

The carbon contents of the sedinents fromthe
Okanagan mai nst em Lakes have been determined by Dr. AL W
Kenp of CCW Sedi ment sanples were anal ysed for organic
carbon and carbonate carbon using a Leco Induction Furnace.
The results fromthese anal yses are presented in the
attached table 3, and profiles of carbon content constructed
from i ndependent data gained by Dr. Kenp are presented in
fig. 12.

The carbon content of a given sedinent sanple is
a nmeasure of the carbon deposited m nus the carbon
renobi |l i zed back into the



TABLE 3: Mean Carbon Content of Surface Sedi nents and Mean Carbon
Accunul ation Rates for Okanagan Mi nstem Lakes.

MEAN (OVER 100 YEARS) ANNUAL MEAN (OVER 100 YEARS) ANNUAL
LAKE ORGANIC INORGANIC ACCUMULATION IN LAKE IN ACCUMULATION IN LAKE 1IN
CARBON (%) CARBON (%) KG OF ORGANIC C. KG OF INORGANIC C.
WOOD LAKE 9.8 x 10" 1.13 x 10°
All samples 3.91 1.63
Basin muds 5.19 2.41
KALAMALKA LAKE 0 -
All samples 3.08 5.83
Basin muds 3.32 4,20
Tewraces 2.10 10.23
OKANAGAN LAKE 1.75 x 10 5.00 x 103
All samples 2.31 0.44
Basin Muds 2.07 0.30
Armstrong Arm 2.62 1.14
Vernon Arm 4,67 0.37
Sk ha LAKE 3.15 x 10° 7.12 x 10"
/il samples 1.59 0.19

All (north basin)1.48 0.21



TABLE 3 conti nued. ..

LAKE ORG.C % INORG. C % MEAN - ORG C MEAN - INORG C
(kg) (kg)
all (south
basin) 2.07 0.12
Basin muds
(north) 3.46 0.19
Basin muds
(south) 2.05 0.24
0SOYO00S LAKE 3.18 x 106 5.77 x 10"
All samples 2.49 0.42
All (north
basin) 2.23 0.34
All (central
basin) 3.41 0.64
All (south
basin) 2.26 0.40

Basin muds
(north) 2.61 ) 0.35

Basin muds
(central) 4.65 0.44

Basin muds
(south) 3.24 0.32

* The carbon sedimentation budget for Kalamalka Lake is being subjected to further study. The simple calculations
used for this table are insufficient to provide an accurate figure for this lake.
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water. Hence, a given content of carbon in a sedinent is
a product of a large nunber of factors including:

1. Quantity of carbon deposited,

2. Goss sedinentation rate,

3. Deconposition rate of sedinentary environment,
and 4. Form of carbon deposited.

Accordi ngly, high organic carbon content sedinents
can be produced in a wide range of |limic environnents, and
organi c carbon content in sedinents does not necessarily
parallel the state of eutrophication of a |[|ake, although a
qualitative relationship commonly
exi sts.

Wod Lake:

The total content of organic matter in the sedinents
of Whod Lake is very high (table 3). The covariance of
i norgani ¢ carbon distribution and calciumdistribution in
Whod Lake has been di scussed above and reflects the presence
of calcite in these sedinents. It seens probable that the
bul k of this calcite has been precipitated either
inorganically or biogenically fromthe waters of the | ake.
The gradual increases of both organic and inorganic carbon
in the near-surface sedinents in Wod Lake (fig. 12) suggest
that water quality alterations may have been the operative
factor in producing the high surface values currently
present in the Wod Lake sedi nents.

Kal amal ka Lake:

The nost distinctive geochem cal feature of
Kal amal ka Lake remains its extraordi nary cal ci um carbonate
cycle. Each spring, with the formation of the thernocline,
the waters of the epilimmion of Kal amal ka Lake rel ease
m crocrystalline cal cium carbonate that accunul ates on




terraces sited around the shores of the |lake. The structure
of these terraces resenbles that of a tropical marine
carbonate reef, with a "reef flat" of lowrelief bounded by
a steep "reef slope". The break occurs at a depth of 43 ft.
It is probable that this depth approxi mates the nean depth
of the summer thernocline, integrated over recent geologic
time. The cal cium carbonate conposition of the terrace
deposits is extrenely high, averagi ng about 85% Only about
10% of this deposit is terrigenous material. Surface
sedi nent sanples taken fromthe deeper areas of Kal amal ka
Lake contain cal cium carbonate concentrations that are
approximately inversely proportional to water depth (fig.
11). It seens probable that this fact reflects the
i nconpl ete dissolution of the carbonate as it passes through
t he hypol i mion during sedi mentation.

Organic carbon results for the Kal anal ka Lake
sedi nents are unexceptional and their variance appears to
be i ndependent of other paraneters.

The core profile for Kal amal ka Lake (fig. 12)
i ndi cates carbonate and organi c carbon deposition rates
have not changed nuch over the past few centuries.

kanagan Lake:

The concentrations of organic and carbonate carbon
in the sedinents fromthe of fshore areas of Okanagan Lake
are relatively uniformand |ow (Table 3). Cal cium carbonate
appears to be precipitating in the three small basins of the
Armstrong Arm and the degree of carbonate enrichnment of the
sedinents in these basins appears to parallel their degree
of eutrophication as neasured by biol ogic and chem cal
criteria. The content of organic matter in the sedinents of




the Arnstrong Armis about 25% greater than that of the deep
sediments of the main | ake, while sedinents of the Vernon Arm
(receiving the nutrient |oading from Vernon) have 2.25X the
organi c carbon content of the deep |ake sedi ments.

A gradual increase in organic carbon accunul ation rate
t hrough the past century is suggested by the Okanagan Lake
core profile (fig. 12).

Skaha Lake:

The deep basin sedinents fromthe southern small basin
in Skaha Lake (south of the narrows at Kal eden) contain 1.69X
greater concentrations of organic matter than the main | ake
basin sedi nments, and slightly less CaC0, (Table 3). This marked
increase in the small south basin is probably due to the
"dilution" of the organic matter abundance in the main basin by
terrigenous material. M. D.J. WIlliams (CCOW has noted that a
di sproportionate quantity of the biomass produced in Skaha Lake
during a bl oom appears to be concentrated in the waters over the
smal | south basin because of the circulation in the |ake. |If
this is so, then the sedinmentation fromthis material would al so
tend to increase the concentration of organic matter in the
south basin relative to the north. No significant precipitation
of cal cium carbonate appears to occur in Skaha Lake.

Vari ances of organic carbon and inorganic carbon in
Skaha Lake sedi nents appear to be unrelated to variances of
ot her paraneters. The core profiles, however, show a sudden
i ncrease of organic carbon content subsequent to man's
i nfluence on the Skaha Lake in the top 5 cm This 5 cm depth
represents 23 years of sedinment accumnul ati on, about the
length of tinme that sewage di scharge into Skaha Lake has
exi st ed.



Gsoyoos Lake:

The surface sedinments of the three basins that make
up Gsoyoos Lake nmani fest organic carbon concentrations of
the follow ng ratios:

North Basin: Central Basin: South Basin: =1 : 1.78 : 1.24.
It seens probable that this is indicative primarily of the
renmoval of terrigenous conponents of the suspended | oad of
the lake in the north basin. The resultant high
concentration of organic matter in the sedinents of the
central basin of this lake is significant in the

geochem stry of nmercury in this | ake (di scussed bel ow).

Cal ci um carbonate concentrations in the sedi nents of Osoyoos
Lake are unexceptional. The slightly elevated content of
carbonate carbon in the central basin is a manifestation of
nmol | uscan skel etal deposition in shallow areas. The gradual
i ncrease in carbon content in the core from Osoyoos Lake
probably reflects the increasing eutrophication of that |ake
over the past century (fig. 12).

Summary:
The carbon concentration profiles presented in fig.

12 are of considerable assistance in the investigation of
the trophic history of the Okanagan | akes. It can be seen
that the |l akes can be divided into three groups on the basis
of this figure;

1. Osoyoos, Wod, and kanagan Lakes that have
mani fested a significant increase in carbon
accunul ation rate over the past 100 years since
t he devel opnent of settlenment in the Valley.

2. Skaha Lake that has registered a sharp increase
i n carbon accunul ati on rate over the past 25
years, but little change before that.

3. Kal amal ka Lake that has showed an increase in
carbonate accunul ati on over the past 10 to 15
years.



It can be seen that the | akes nost affected by the
| ong-term changes (i.e., those changes operative for the
duration of man's influence) are the | akes draining the areas
of nost intense rural devel opnent (Wod, Gsoyoos, and Ckanagan
Lakes) .

The | ake nost affected by urban devel opnments of the
past 25 years is Skaha Lake, and it seens probabl e that sewage
effluent from Penticton over that period contributed
materially to the rapid increase in accunulation rate
illustrated in fig. 12. It is of interest to note, however,
that no long termincrease in accunulation rate is manifested
i n Skaha Lake, only a short termincrease.

Finally, the material from Kal amal ka Lake can be
interpreted to indicate a relatively mnor increase in the
rate of carbonate accumul ati on over the past few years.

From t hese observations it can be postul ated that
rural activities have been the prine factor of
responsibility for alterations in trophic state of Wod,
Okanagan, and Gsoyoos Lake, while urban activities
(Penticton) have been the prinme cause of water quality
deterioration in Skaha Lake. The uni que carbonate cycle of
Kal amal ka Lake effectively prevents any concl usi ons bei ng
taken fromthe data on this | ake.

Phosphor us

Extraction by 1IN HO for 16 hours at room tenperature
solubilizes all forns of inorganic P that may be inplicated in
exchange between sedi nents and overlying water. Specifically,
it renoves apatite (cal cium phosphate) and sorbed
ort hophosphate ions. These fornms appear to constitute the
bul k of the acid-extractable inorganic P in |ake sedi nents.
Forms of inorganic P not extractable by HO appear to exist in
only m nor



amounts (probably [ ess than 200 ppn) in the sedinents coll ected,
and as these forns are unlikely to participate in exchange
reacti ons between sedi ment and water their presence can be

i gnor ed.

The HCO - P val ues for Ckanagan Lakes sedi ment (Table 4)
support nuch earlier work which indicates that the chem cal and
m ner al ogi cal properties of the sedinment are of nore inportance in
controlling the amunts of P which accunulate in themthan such
properties as trophic state of the |ake or concentration of
ort hophosphate in the overlying waters. A trend noted in each
| ake for P content to increase with Increasing water depth is the
result of decreasing particle size, and hi gher amounts of
col | oi dal substances capabl e of sorbing orthophosphate. It is
interesting to note that in the Armstrong Armof the | ake HO -P
i ncreased as trophic state decreased sout hwar ds.

Val ues of organic P were determ ned by the nmethod of Mehta
et al (1954) for all Skaha sanples. The trend of these val ues
foll owed organic C very closely, and the two paraneters were
closely correlated (r = 0.86). The ratio of organic Cto organic
P by wei ght averaged about 150, a value close to the centre of the
range for |ake sedinments. The organic P values, therefore, do not
i ndi cate any unusual features in the sedinments of this |ake. The
organic C/organic P ratio was no different in near shore sanples
or sanples close to P input sources than in the remai nder of the
| ake.

In | ake sedinments in which apatite is absent or
only a mnor contributor to the total P content,
correl ations between extractable P and Fe are often
observed, indicating iron-bound phosphorus as a major form
of Pin the sedinents. An approximate neasure of this and
ot her forms of sorbed orthophosphate is obtained by
extraction with NaOH solution. The values for 0.1 N NaGOH
extractabl e inorganic P (NaOH P)



TABLE 4:

Phosphorus in Sedinments fromthe Ckanagan Mi nstem Lakes

LAKE

HC1-P: (ppm)

ORGANIC P: (ppm)

NaOH-P: (ppm)

MEAN ANNUAL HC1-P ACCUMULATION IN EACH LAKE (KG.)
(Mean HC1l-P content of surface basin muds used

for calculation)

WOOD LAKE
All samples

Basin muds

KALAMALKA LAKE
All samples
Basin muds

Terraces

OKANAGAN LAKE
All samples
Basin muds

Armstrong
north basin

Armstrong

central basin

Armstrong
south basin

786

735

406

607

44

1069

1200

931

955

1027

1.64 x 103

7.67 x 10"



LAKE HC1-P (ppm) ORG P (ppm) NaOH-P (ppm) MEAN ANNUAL HC1-P ACCUM.

SKAHA LAKE 1.15 x 10*
All samples 864 106 137
Basin muds 1000 171 243
0SOYOOS LAKE 1.18 x 10%
All (north
basin 1056 - -
All (central
basin 657 - -
All (south
basin) 781 - -

Basin muds
(north) 1070 251 -

Basin muds
(central) 876 — —

Basin muds
(south) 851 - —

The phosphorus sedimentation budget for Kalamalka Lake is being subjected to further study. Thesimple calculations

used for this table are insufficient to provide an accurate figure for this lake.



for 24 sanples from Skaha Lake were very nuch | ess than
the HO -P val ues, indicating the presence of |arge anounts
of apatite, which probably accounted for well over half
the HC -extractable inorganic P in nost sanples.

The evidence fromthis chem cal fractionation that
| arge anounts of apatite (presunmably hydroxyapatite) exists
in the Skaha sedinments is supported by the statistical data
mentioned in the section on calcium R-node factor analysis
indicates that the greater part of the phosphorus and
calciumvariance in the Skaha sedinents |ie along the sane
variance vector.

The NaOH- P val ues increased nmuch nore sharply with
i ncreasing water depth and/or distance fromshore than did
HCO -P. The NaOH P val ues were also correlated with acid-
| eachable Fe (r = 0.65), indicating that this P was probably
predom nantly iron-bound in origin, but the ratio acid-
| eachabl e Fe to NaOH P was considerably greater for near
shore sanples than for those from deeper waters. A simlar
effect was suspected in an earlier study by Dr. J.D. H
Wlliams (CCIW and may be related to differences in the
fornms of reactive Fe between near shore and off shore
sedi ment s.

The suggestion that a significant proportion of the
P in the sedinents of Skaha Lake nmay be bound up as apatite
or sone simlar non-reactive phase is of considerable
interest. |If Skaha Lake is actively precipitating P as
apatite at the present tine, it my be seen that this | ake
woul d possibly clean itself of biologically reactive P if
i nputs were markedly reduced. This would presumably result
in a reversal of eutrophication in this |lake. No tinme scale
can be put on this process without further research however.
This further research is in progress



at the time of witing (June 1972) by Dr. J.D.H WIIians,
who will submt an independent report on the cycl es of
phosphorus in each of the Ckanagan Mii nstem Lakes at a

| ater date. The lack of these data for |akes other than
Skaha at this tinme (June 1972) is a result of the Severe
[imtations of the Task 121 budget.

Trace El enments

The sedi nent sanples collected during the Task 121
study have been anal ysed for acid-extractable Pb, Fe, M,

Cu, Zn, N, Co, C, Cd, Be, V, As, La, Sc, Sm and Eu and
for total Hg. The proper analysis of this |arge anount of
data constitutes a major project, and hence cannot be
acconplished within the tinme constraints inposed by the Task
121 study. The analysis of these data will be undertaken by
the witer during the latter part of this year, and results
will be made available to the Study Commttee as they are

pr epar ed.

Mean val ues for each el ement for each | ake and the
estimated annual net accunul ati on over the past 100 years
are presented in table 5. These data are presented w t hout
further comment at this tine, except for the case of the
toxic el ement nercury.

Mercury:
Mercury concentrations appear to be enriched in

sedinments fromcertain parts of the Ckanagan system The
investigation of mercury is conplicated by the fact that
these | akes differ in their major elenent geochem stry.
This makes interlake conparisons very difficult. Mercury is
usually incorporated into | ake sedinents in the foll ow ng
forns
1. Adsorbed on to Fe-P, Fe-OH, or Fe-0 anorphous fl ocs;
2. Adsorbed on to clay mnerals;



TABLE 5:

Mean concentrations and annual accunul ation rates for acid-extractable
trace elements in sedinents fromthe Okanagan M nstem Lakes.
Concentrations of nercury in parts-per-billion (ppb). Concentrations

of other trace elenents in parts-per-mllion (ppm.

Accumul ation rates in kilograns are averages over 100 years of

accunul ation for each | ake.

LAKE Hg Pb Cr Zn Ni Co Cu
Wood Mean 804.6 31.6 29.4 60.2 23.0 8.0 19.4
Std. Dev. 800.6 17.5 17.7 24 .6 12.1 4.5 14.0
Mean Accum. Rate  —— 89.2 1.47%10%  1.45x10%  1.70x10% 49 1.30x10°
Kalamalka Mean 661.1 51.1 18.8 42.8 23.4 11.5 20.6
Std. Dev. 613  19.6 10.9 27.0 12.8 4.5 15.4
Mean Accum. Rate
Okanagan Mean  283.7 32.4 60.2 80.2 56.9 15.5 41.7
Std. Dev. 216.8 10.4 32.1 21.5 77.9 5.6 16.4
Mean Accum. Rate 2.005%10°  2.93x10°  5.62x10°  2.36x10°  1.0x10°  4.21x10°
Skaha Mean 390.5 27.8 21.9 54.3 14.9 8.2 20.8
Std. Dev. 566.3 15.1 6.7 19.3 7.3 2.9 11.7
Mean Accum. Rate 3.74x102 3.3x102 8.l6x102 2.51x102 l.27x102 4.2x102
Osoyoos Mean 293.1 24,6 27.9 61.9 27.7 8.9 33.9
Std. Dev. 166.5 10.4 12.8 24.3 12.2 3.7 16.0
Mean Accum. Rate 2.89x102  5.11x10% 8.10x102  4.33x10%  1.54x10%  5.11x10°




TABLE 5: Conti nued
LAKE cd Br \' As La Se Eu Sm
Wood Mean .54 .16 57.0 4.5 26.0 72 4,6
Std. Dev. .34 .34 28.8 2.9 9.2 .29 1.9
Mean Accum. Rate 2.0 2.8  1.7x10% 8.3 8.0x10% 3.2 14.7
Kalamalka Mean 1.8 .75 33.0 3.5 11.3 1.4 34 .9
Std. Dev. .91 .32 20.2 2.7 7.5 .24 .2
Mean Accum. Rate
Okanagan Mean 1.2 .91 60.6 6.2 32.4 .2 .88 .2
Std. Dev. 2.8 24 19.2 3.3 6.2 1.7 .27 .2
Mean Accum. Rate 48.8  62.5 5.43x10°  3.77x10%  2.33x10° 7%10 71.3  3.6x10°
Skaha Mean .45 A 47.5 4.8 37.9 1.8 .70 .5
Std. Dev. .20 .18 19.7 3.0 12.9 .89 .33 1.6
Mean Accum. Rate 8.2 8.6 8.61x102 64.5 6.4lx102 31. 13.4 1 05x102
Osoyoos Mean .58 .62 52.3 5.3 36.1 2.4 .89 4.7
Std. Dev. .22 1.0 21.2 2.0 12.3 1.2 .33 .5
Mean Accum. Rate 5.4 8.9  8.9x10°  58.6 4.2x10%  1.3x10 35.4  68.3




Adsorbed on to organic matter;

Bound to an organi c conpound,;

Bound to sul phur;

Coprecipitated into the lattice of an

aut hi genic mneral such as calcite.

I ncorporated into sedi nent-dwelling mcro-organi sns.

AR

N

In any given | ake, each of these processes may be
presuned to play at |east sonme part in the fixation of nercury
in the sedinments. Under equilibriumconditions, however, it is
typical for a stable partitioning to develop that distributes
mercury in the sedinents of a given | ake anpbngst the various

possible sites. It is comon for the nmercury to predom nantly
be related to only a few of these sites in a given |acustrine
environment. In the Okanagan mainstem | akes it is nost probable

that the distribution of mercury between the various attachnment
sites in the sedinents varies fromlake to | ake. For exanple,
evi dence exists that the bulk of the mercury in the sedi nent
from Gsoyoos Lake is related to organic matter, while the bul k
of the mercury in the sedinments of Wod Lake nmay exist as a

sul phide. A certain proportion of the nercury in the Kal amal ka
Lake may be contained in the lattice structure of the authigenic
cal cium carbonate that typifies that |ake. Accordingly,
conparisons of the nmercury content of the sedinments fromthe
vari ous mai nstem | akes of the Ckanagan nust be intricate. These
conpari sons are necessary, however, as evidence discovered
during the Task 121 studies indicates that nercury pollution may
have occurred in the Ckanagan Vall ey.



Figure 13 illustrates a profile of nercury
concentration from sedi nent sanples taken fromthe nedi an
line down the mai nstem | akes. Significant peaks above the
mean background of about 300 ppb mercury occur at the
following localities:

1. Wod Lake;

2. Kal amal ka Lake;

3. The Vernon Arm of Ckanagan Lake;

4. The Arnmstrong Arm of Ckanagan Lake;

5. Osoyoos Lake - in particular the central basin.

As each of these localities differs somewhat in
geochem stry, it is necessary to consider them
i ndi vi dual | y:

1. Wod Lake: Wod Lake unquestionably shows the highest
mercury |loading in the Ckanagan mai nstem | akes. The nean
mercury concentration for the sedinments fromthe deeper
parts of Wod Lake is in excess of 1200 ppb, and one sanple
contained 2139 ppb Hg. This sanple was subjected to
differential thermal nercury analysis. The result
i ndi cated that essentially all of the merucry was present
as a sulphide. Differential analysis of other Wod Lake
sanpl es produced i nconcl usive results, however.

2. Kal amal ka Lake: The presence of a sanple adjacent to the
Vernon Creek inlet to Kal anal ka Lake containing 1874 ppb
suggests that this Creek (from Wod Lake) provides the main
source of Hg to Kal amal ka Lake. Sedi nent sanpl es taken
fromthe carbonate terraces of Kal anal ka Lake average 586
ppb whil e deep sedi nents average 673 ppb. One sanple taken
fromthe deepest point, however, contained 1619 ppb, and as
the sanple grid fromthis |ake was relatively diffuse, it
is possible that this high value nmay be typical of the deep
sedinments. Differential thermal nercury anal ysis perforned
on sedi ments from Kal anal ka Lake have failed to elucidate
the problem of the attachnent
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sites for Hg. The possibility that some of the Hg is
contained in the lattice of the CaC0, cannot be excl uded.
However, it can be stated that an appreciabl e anmount of
the nmercury in these sedinents is not in the carbonate

| attice, and hence may be readily available for

met hyl ati on.

Vernon Arm of Okanagan Lake: The average nercury content
in the sedinents of the Vernon Armis 734 ppb. The

el evat ed organi c carbon content of these sanples may be
related to this enrichnent of mercury. It seens probable
that there is a relation between the fact of nercury
enrichnment in the Vernon Armand enrichnment in the other
sedi nments fromthe Vernon Creek drainage (i.e., from Wod
and Kal amal ka Lakes).

Arnmstrong Arm of Ckanagan Lake: The sediments of the
Armstrong Arm contain an average of 515 ppb Hg. This arm
recei ves the drainage fromthe Arnstrong area at the
north end of the Okanagan wat er shed.

Gsoyoos Lake: The sedinents fromthe three basins of
OGsoyoos Lake contain markedly different concentrations of
Hg. The nean values are: North Basin = 290 ppb; Central
Basin = 576 ppb; and South Basin = 450 ppb. The
variations in individual sanples appear to follow closely
variations in organic carbon content, and, in fact, a
regression analysis perforned on the nercury and organic
carbon val ues for the Osoyoos Lake sanpl es indicated that
the two paraneters were closely correlated (r = 0.86).
Hence, it can be concluded that nercury in the sedinents
of Osoyoos Lake is intrinsically related to organic
matter, and the higher Hg values in the southern basins
reflects the geol ogical factors discussed in the section
of this report on carbon, and does not, in fact, reflect
an i nput near the town of Osoyoos.



6. Conclusions: Oher tasks of the Ckanagan Basin Study
have presented i nformation suggesting that nethyl
mercury contamnation is not a problemin the fish taken
fromthe mai nstem | akes of the Valley. In view of the
hi gh concentrations of nercury present in certain of the
sedi nent sanples collected during this study, it is of
interest to consider why the fish have renai ned safe.

The extrene eutrophication induced in Wod Lake has
resulted in an anoxic hypolimion in that |ake for nost of
the year, and fish popul ati ons have been heavily
restricted. It seenms probable that this sinple fact
explains the |lack of a nmethyl nmercury problemin this |ake.

Kal amal ka Lake, on the other hand is highly
A igotrophic, and as an appreci abl e anmount of the nmercury
in the sedinents of this |ake is presunmably avail able for
met hyl ation, it is not easy to explain why the fish are
uncontam nated. A marked change in the trophic state of
this | ake could accel erate nethyl ati on, however.

The Arnstrong and Vernon Arns of Ckanagan Lake
occupy only a small volunme of the total |ake, and it seens
probabl e that any nethyl nmercury released fromthe
sedi ments of these two arnms woul d undergo sufficient
dilution to be rendered harm ess.

The nmercury problemin the central basin of
Gsoyoos Lake requires further study.
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