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PREFACE'1

The enc]osed report is 1ntended to be no more than an 1nit1a1
ki‘attempt to summarize sediment related activ1t1es and product1v1t1es
within the Canada Centre for Inland Waters Branch between 1967 and
']977 It should be realized that this report is incomplete in that
the "areas of research" may appear to be art1f1c1a1 by some, may
appear to be too broad or too narrow by some, or to be comp]ete]y
1nadequate by others. It is a first attempt and as such prov1des
- much room for improvement The 1ist1ng-of publications in appendix ‘
- II1 is by "areas of research" and, consequent1y, some entries may
.appear more than once. Hopefu]]y, th1S w111 not be construed by some
as padding. Clearly, some authors may w1sh to see their publications
.1isted under different headings | | | .

| It 1s hoped that some of our co]ieagues w111 update or augment
_the information and ideas contained herein and_thereby_proyide a focus'
for sediment-reiated activities within the CCIW Branch for the future.

This is a working report used to assist 1n preparing a document

on. the “Rationa1e for sed1ment-re1ated act1v1t1es w1th1n the Inland

"Waters Directorate“ requested of the senior author by the Director's

 office, CCIW.

:L.‘D;‘Delorme"




© SUMMARY OF SEDIMENT RELATED STUDIES
WITHIN CCIW FOR THE PERIOD 1967-77

. RATIONALE

pefinition of'Termsnand_Reponsibi]ities

The fundamental reasons for the inVo]vement of the in]and-Waters
Directoratehin sediment-re1a£ed activities is based on questionshor
prob]ems raised by the management of water resources The IWDhDirector'S'r
Cormittee, at its meeting held on June 17 and 18 1975 adopted the
_fol]ow1ng. _

."The IWD research objective is to prOvidevthe_necessary

information on and understand{no of water systems.for}.

' short‘and Tong-term management proh]ems and opportunicieS‘

in Canada." - | | | .:

The term "sediment” is defined as fo]]ows 1. "Solid material
.settTed from suspension in a liquid." _2. "Solid mater1a1 both mineral
_and organic, that is in suspension, is bé1ng transported or'has‘been'
.removed from its site of or1g1n by air, water or 1ce and has come to rest
on the earth's surface either above or be]ow sea 1eve1 "7 (Weller, 1960
pos9.) | |
| Sediment related research should oe an essentfai part of'the |
IWD research efforfuby the very nature of the constraints on water quantity
and qua]ity imposed . by sediment in -its dua1 role as-the water "container"
(the 1ake.basin or drainage-basin) and as a component of the water-co1umn
in the form of suspended material. There are two aspects to sediment-
related activities which should be clarified. These are |

1)'the study of present-day processes associated uith.erosion

and deposition of sediments and-post-depositiona] physical



and chem1ca1 changes (hydrau11cs, geochemistry;'geomorpho1ogy
" and sed1mento1ogy), o o B
2) the ident1f1cat1on and app11cat1on of the m9r1nt of these
processes in the sed1ment to the prob1ems of 1nterpret1ng

the evo1utiqn'df the basin and determ1n1ng the rates and

'fdrms of basin modification needed to predict future change _'

(pa1eo]1mno1ogy, sed1mento]ogy and geomorpho]ogy), and
also the use of sed1ments as containing base11ne 1nformat10n

of events as they have occurred in the past.

 Based on the EMS "Green paper", ' broad categor1es for.sediment-
related act1v1t1es can be jdentified as follows:. S

water P1ann1ng and Management

- the effect of sediments on the release of nutrtents:and the
rate of eutrophicat1on; | | '_ |
- the efteCt of sediments on the presence and release of __‘
_ toxic substances; | P
- the use of historical and preh1stor1ca1 sed1mento]og1ca1
and pa1e011mnolog1cal records for determ1n1ng success1ona1
| development and eutroph1cat1on indices’ “for use in pollut1on

abatement;

- the effect of landfill and tai]tng sites‘in,c105e proximity

to shorelines;
- the use of sediments to define mixing zones;
- the effect on the ecosystem of using wet]and sed1ments as

~ filters for sewage effluents.

- e e e e e




: Food Production

Fisheries: | |
- the effept of toxic sdbstances, re]eased'fnem sediments,
on.ftsh and other aquatic organisms which fdrm‘part of
the food chain for fish and man, | |
~ the harmful effects of sed1ment depos1t1on on f1sh spawn1ng
grounds, |  < | | |
- know]edge of sed1ments as an input into the 1dent1f1cat1on |
of suitable fish spawning sites.
Inddstrx | : " |
| ‘Forestry: | |
- the effect of waste ce]]u]oSe‘fibne (sdch_as bark; wobd_chips
| and saWdust etc.) on sediments and fish spawning grodnds;v
- the effect of pulp and paper sewage eff]uents on sed1ments
and re]ease of tox1cants from sed1ments. |
Mmmg . , . co A
— - the effect of ta111ngs on the geochem1stry of sed1ments and
re]ease of toxicants from sed1ments, |
- to determine the d1str1but1on of selected m1nera1 f1bres
| (such as asbestos) which could be detr1menta1 to the well
being of organisms (Tnc]uding man) and the repository
of such fibers; |
- = the effect of removal of economic sand and grave] deposits

from the basin.

Iran§portation

- the effect of shoreline erosion on pier construction;
- the effect of bars and spits on snipping and recreation;
- the effect‘of accelerated sedimentation rates on access

to harbours;



- the effect of infilling a bas1n on ]arge sh1p movement,
- the effect of ship movement on bottom sed1ments and
shore11nes, : |
- the effect ot dredging spo115 on the ecosystem
Energy
| Hydroe]ectric power: , |
- = the effect of accelerated sedimentetibnvhetec'ch’inft]ling |
of reservoirs; | | .
- the effect of soil and plant degradatioh on OXyéen ccntent
of a new reservo1r, ﬂ 4 - |  . |
- the effect of f]ood1ng extens1ve peat1ands in a new 1mpoundment.
Others o | | f -
- 0il spills -- effect on shorelines and sed1ments,
- implications of peat use as an energy source.
Recreation
_ Lake use:

the effects of sed1ment turb1d1ty, .

the effects of shore11ne eros1on and redep051t1on of

sediments as bars or spits;

the effect of recreational use on shoreline degradation;

the effects of organic-rich sediments on eutrophication and

the resuTtant esthetic appeal.

Wildlife:

-,.the effect on the ecosystem of destroying or modifying
'met1ands by high or 16w.water 1eve15vor infilling of local

basin(s)'by sediments.




5.
- INVOLVEMENT

There are many ways in'which a scientific institution,rsuch,as
cc1w can rep]y to such broad categories for sed1ment re]ated studies.
The “Centre" has chosen initially to fam111ar1ze 1tse1f re]at1ve to
sed1ment studies, with the problems and def1c1enc1es w1th1n the environ-
‘menta1 earth sc1ences, and subsequently to fi1l in the 1arge gaps in 1ts
knowledge about 1ake sediments and erosion processes. This has gradua]]y
1ed to a better understanding of sediment re]ated prob1ems, the resolut1on
of some of these problems and the schema for reso]v1ng the other problems
(a 11st1ng of some prob]ems or questions is g1ven in Append1x I) In
general, the areas of research are as follows:

1) Degradat1on and transport of sed1ments |

2) Aggradation of sediments within lake basins

3) Effects of physical processes on redisthibution‘

- of sedinents. o
4) Effects of bio]ogical processes on Sediments'
- 5) Effects of geochemical processes on sedtments'
6) The use of sediments from the 1acestrine sedimentéhy column
” as a record or imprint of conditions and.eVents as they
'occurhed during the history of the basin

7) Development of instrumentation and methodology.
Subd1v1s1on of these areas can be found in Appendix II.

“An exam1nat1on of the publications within these seven areas shows
that the f0110w1ng'have received the most attention:

Sediment composition, distribution, budgets and rates

of sedimentation. - |

Form, distribution and residency time of heevy metaTs,

other toxic substances and nutrients from the sediment-

water interface.




Deve]opment of 1nstrumentat1on and methodo]ogy
However, many subareas have bare]y been touched upon wh11e others
appear to have rece1ved attention only because the geograph1ca1 area
bfrstudy is 1argé and thefefore 1abpur‘intensive;‘ Theréikémain a |
~ number of important problems which have recefved insUffiCieﬁt‘attention
to date. These can be stated under three broad.;ategories:

h Env1ronmenta1 Geology

- Baseline studies of shoreline geo]ogy and geomorpho]ogy.
- - Effects of physica] processes on the redistribution of
sediments. | - B -
. = Coastal and basin evolution.
- Coastal wetlands.

Geochemistry Research

- Degradation of organic'substances at the sedfmentfwdter

. interface. | | R
- Cyc11ng of trace meta]s with sed1ments as a pr1mary source.

- The exchange mechanism(s) of meta]s, tox1cants and nutr1ents
 across the sediment-water interface.

Paleoenvironmental Research

- Development of suitable paleo-interpretive models.
- Deve]bpment of trophic state indices based onAproxy data
for use fn successional development.
- Development of a suitable chrdnb]ogy for use with the
mode1s. |
Another area of sediment-related activity which has been alluded

to in the references of the appendix (II) are activities outside of the

Ontario Region. These are:




a) CCIW Detachment, Ereshwater Institute, Wihnipeg, where joint
studies are being carried‘out on the Qu'Appelle chain-)akes, and :
| proposed for the'Lake winnfpeg basin; o B
b) CCIW Detachment, Pacific and Yukon Region, Vancouver, where joint
étudiés have been undertaken on the Okanaéén and Kootenay systems;
c).. Natiéna] Hydro]ogica]'Research Institute (NHRI). A report has
been prepared by the chairman (Dr. T.M. Dick) of fhe “ad héc
Comm1ttee on Research Responsibilities of cc1w and NHRI"
dated 9 May 1977. Responsibilities are given under ' sect1on 3 -
Erosion and Sedimentation" for‘both institutes. A
The Canada Centre for Inland Waters has a]so been 1nvo1ved in
a Jo1nt Canada-USA study to assess Great Lakes po11ut1on from land use
activities. This has been referred to as Task D of PLUARG, and deals
primarily with land derived toxicants with sediment Toad, théjdistribution
of these sediments through streams and rivers into 1akes and the impact

of these released toxicants on the aquatic ecosystem.




Problems

. APPENDIX T

or questions arising from the management of water resources '

How stab]e are the shore11ne b1uffs? | |
Is the stability .of shore11ne b]uffs affected by compdsitioh
and/or. the rate of erosion? h ., R

What is the rate of erosion of a bluff for a g1ven mater1a17
How much w111 the morphology of the shore11ne change?

Where is the eroded sediment being transported to?

What is the mineralogical and chemical composition of the
bluff and does it contain harmful substances such as

that from exposed land fill or mine ta111ng sites?

‘What type of sedimentary structure is be1ng created by the
eroded sediments and will it be a detriment to navlgat1on?
Will the redeposition of sediments foul sewage outfalls and
water intakes? | | v - )
Dp the shofe1ine processeé severely 11mit the‘aquatie

'ecosystem(s)?

What are the sources of sediment for the basin(s)?

" What is the textura]nand minera]bgieal composition of

the sediments in the basin(s)?
Does the textural composition at anyohe loca]ity within
the basin change with time? If so, why?

What heavy metals accumulate with the sediments?




what other 1norgan1c substances accumulate with the sed1ments?
Nhat organic substance accumu]ate with the sediments?’
 Which of these substances are potent1a11y harmfu] to
aquat1c organisms? |
What is the res1dency time of these substances in the
sediments? _
What changes could take place in'the‘cdmposition of these
substances while in the sediments?
What 1s the release rate of these substances from the sed1ments?
Nhat~1s the rate of sed1mentat1on in the bas1n(s)?
- What is the sediment budget forvthe basin(s)?
Are there any anthropogenic minerals formed in the sedimeht?
Are there any harmful authigenic minerals brought into the
basin? | |
Where are these deposited?
What is or are the re]ationsﬁip(s) between the natufe ot.bottom
sediments (substrate) and the b1ota7 S
How do toxic substances re]eased from sed1ments affect the
biota?
what is_the organic composition of the sediment?
what effect does the organic composition of sediment have

", on the release rate of nutrients?

- On oxygeh demand?

. on the development of a hypo]imnioﬁf '

. on the benthic faunal composition?




0.

What is.the benthiE fauna) compositibn and what is its

relationship to the hab1tat7

what js the fossil compos1t1on at the mud-watér inteffate

and its re]at1onsh1p to the present hab1tat7

What is the fossil composition. of the 1acustr1ne sed1ment )

prof11e beneath the mud-water 1nterface and its re1at1onsh1p

to the succesional de

velopment of the lake?

e e T T



PENDIX T T

Areas of Research

1.

Degradation and transport of sediments:

a)
b)

c)

degradab111ty of materials: be1ng transported |
degradat1on and morpho]ogy of the shore11ne and bas1n be1ng
degraded; -

morphological and sedimento]ogical eVo1ution’pf the shdre]ines

" and basins;

rates of degradation.

Aggradation of sediments within lake basins:

a)

b)

<)
4

morphology of old and new structures (bays, spits,‘beaches)
and basin areas being aggraded; o

sediment composition (m1nera109y, texture, structure), d1str1but1on,

- budgets and rates of sed1mentat1on,

incorporation of organic rema1ns into sediments;

source, form and distribution of undesirable products‘from mine

© tailings and landfill sites;

e)

sedimentalogical and geochemical effects of the removal of

sediments and the relocation of dredged spoils.

Effects of physica1 processes on redistribution of sediments:

a)

b)

depth of disturbance below the sediment-water interface relative

to the magnitude of the physical process and depth of water;

transport of suspended or resuspended sediments (vertical and

horizontal).




Effects of biological procesées on sediments:

"~ a) effects of burrowing organiéms on disturbance of primary sedimentary.

structures, increase or decrease of sediment porosity, changes

in geochemical activity, and changes in oxygen depletion rate;

b) decompoéition and degradation produéts of organic,métter on and

below the sediment-water interface.

Effécts-of geochemical processes on sediments:
a) cementation or leaching of sediments at the time of deposition;
b) formation of anthropogenic minerals; |

c) diagenesis;

'd) form, distribution and residency time of héavy metals and other

elements in sediments, and their release rate from the sediment-
“water interfaceé» } | |
e)'source, form and residency time of toxié substancés (excluding
heavy metals) in sediments,iand\their release rate from the
- sediment-water interface; '
f) source, form and residency time of nutrieﬁts inISedimenfs; and
_fheir release rate from the sediment-water interface;
g) the effect on the ecosystem of usihg wet]ahd sédimenté as filters

for sewage effluents.

.The use of sediments from the lacustrine sedimentary column as a

record or imprint of conditions and events as they occurred during
the history of the lake basin:
a) to use organic (fossil) remains for obtaining proxy data on

chemical and.physical conditions during the lake basin's history;

12.



b)-

c)

d)

e)

13.

to identify spec1f1c events,’ such as pro]onged droughts, abrupt-
changes in the chemical, phys1ca1 and b1o1og1ca1 regime, advent
of eutrophication by means of changes and rates of change

within the tfme ffamewark of the quantitative.pkoxy data obtained
from the sediments of the lake bas1n, o L

the delimitation of eutroph1cat1on 1nd1ces durlng the success1ona1

development of a lake basin, using proxy data, for use in

‘pollution abatement programs,

the use of proxy data as baseline information. when present day
data is inadequate because of cultural disturbance;

the use of modern sediment data as baseline information in areas

- where there is little cultural disturbance.

Development of instrumentation and methodo]ogyi

a)
b)

instrumentation;

methodology.




~ APPENDIX I1I

This appendix is sediment-re1atéd research that has‘been done by'

sc1ent1sts at the Canada Centre for In]and Waters. The identification

of the subJect by number and 1etter corresponds to append1x II.

Zeman, A., 1976. Failure mechanisms in rapidly erodihg Lake.Erie
bluffs near Port Burwell, Ontario. Abstfatt, 19th Annual
-sediment coring in Lake Ontario, Lake Erie and Georgian Bay.

Canada Centre for Inland Waters, Env1ronment Canada Staff, Bur11ngton,

1973.' Great Lakes shore erosion studies, a progress report.
Coak]ey, J.P., 1974. Shore erosion in the Great LakeS: a seriags
Coak]ey, J.P. and H.K. Chc, 1972. Shore erosion in western Lake
Coakley, J.P.,.R.w. Durham, D.E. Nelson and R. Goble, 1974.  Deter-

mination of nearshore sediment movement in the Great Lakes,

using neutron-activable glass sand. Mém. Inst. Géol. Bassin

1. Degradation and transport of sediments
la.

Meeting Assdc. Engineérﬁng Geologists.

. ’ %* S .

-1b. AnderSonf T.W. and C.F.M. Lewis, 1975. Acoustic profiling and

Geol. Surv. Can. Paper 75-1, pt. A: 373-376.
1b.

Canada Centre for Inland Waters; Paber.No..1]: 10 p.
1b.

problem. S.I.L. Pre-symposium Congress, Hamilton.
1b.

Erie. Proc. 15th-Conf. Great Lakes Res.: 344-360.
1b.

‘Aquitaine, No. 7: 363-368.

1b.

-Coak]ey, J.P.; W.S. Haras and N. Freeman, 1973 The effect of storm

surge on beach erosion, Point Pelee. Proc. 16th Conf. Great

Lakes Res., Int. Assoc. Great Lakes Res.: 377-389.

* Scientist from the Geoiogical Survey of Canada housed at CCIW for better

access to the study area based on inter-Branch and later 1nter departmenta]

cooperation. -

14,



‘1b.

1b.

1c.

1c.

Te.

1c.

1c.

s
Coak1ey, J.P. and P.F.'Hamb]in, 1969. PreTimihary,investigations_

of bank erosion and nearshore sedimentation in Lake

Diefenbakér. CCIW Tech. Publication: 18 p.

Coak1ey, J.P., A.J. Zeman and M.G. Skafel, 1976. Review of University

~ of Waterloo study of shore erosion, shoreline geotechnics,
4hydrodynamic proéesseé and shore protection along the shore
of western Lake Ontario. 4 reports,
ct_aakiey, J.P., 1976, The formation and evolution of Point Pelee,
‘western Lake Erie. Can. Jour. Eafth Sciences,.Vol. 13(1):
136-144. |

Coakley, J.P., 1976. A study of processes in sediment deposition

o and-shore]ine changes in the Point Pe]ee,aréa,‘Ontario.

Coakley, J.P. and H.K. Cho, 1973. Beach stability investigaiions at
Van Wagner's Beach, western Lake Ontario. Proc. 16th_Cbnf.
_ Great Lakes Res., Int. Assoc. Greaf Lékes Res.: 357-376.
Coakley, J.P. and H.K. Cho, 1974. The effect of’variouS‘Take para-
| meters on the geometry of beach and inner nearshore deposits
at the western eﬁa‘of Lake.dntariO. 17th Conf. Great Lakes
Res., Int. Assoc. Great Lakes Res. | |
Rukavina,'N.A.; 1974. Seasonal and progressive changes in the nearshore
sediments of western Lake Ontafio. Proc. Int. Symposium
interrg{ationships of estuarine and'continenta1 shelf sedi-

mentation, Bordeaux, France: 119-123.




2a.

2a.

2a.

-2a.

2a.

. 2a.

2b.

Aggradation of sediments within lake basins

Andersonf T.W. and C.F.M. Lewis, 1975. Acoustic profiling and

sediment}coring in Lake Ontario, Lake Erie and Georgian

Bay. Geol. Surv. Can. Paper 75-1, pt. A: 373-376.

Hobson, G. D ,» C.E. Herdendorf and C.F.M. Lew1s, 1969 High

reso]ut1on reflection seismic survey in western Lake Erie.

Proc. 12th Conf Great Lakes Res., Ann Arbor, Int Assoc

Great Lakes Res.. 210 -224.

Lewis,

lLewis,

. *
Lewis,

i . *
Lewis,

Burns,

C.F.M., 1968. Late quaternary events on Manitou1in-Is]and.

The Geology of Manitoulin Island by B.A. Liberty & F.D.

Sheldon. Michigan Basin Geol. Soc., Annual Field Excursion:

60-67.

C.F.M., 1970. Recent uplift of Manitoulin Island, Ontario.
Can. Jour. Earth Sciences, Vol. 7(2): 665-675.

C.F.M. and L.A. Jaskula, 1971. Uplift studies of the Lake

Huron basin. Geol. Surv. Can. Paper 71-1A: 172 p..
C.F.M. and P.G. Sly, 1971. Seismic profiling and. geology

-of the Toronto waterfront area of Lake Ontario. Proc. 19th

Conf. Great Lakes Res., Ann Arbor, Int. Assoc. Great Lakes
Res.: 303-354. | -
N.M., J.-M. Jaquet, A.L.W. Kemp, D.C.L. Lam, J.H. Leach,

M. Munawar, T.J. Simons, P.G. Sly, R.L. Thomas, N.H.F. Watson

gnd J.D.H. Williams, 1976. Process within Lake Erie. Jour.

Fish. Res. Board Can., Vol. 33: 639-643.
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2b.

2b.

2b.

2b.

~2b.

2b.

2b.

Coakley, J.P., 1972. Nearshore éedimenf.studies in western Lake
 Erie. Proc: 15th Cbﬁf Great Lakes Res., Ann.Arbbr;
Int Assoc Great Lakes Res.: 330-343. | _
Coakley, R.P. Bukata, W.S. Haras and J.E. Burton, 1974, Satellite

airborne, and ground-based observat1ons of suspended sediment

trahsport off Point Pelee ih‘Lake Erie. Proc. Conf. bn
Human Environment, Warsaw, Poland. | v

Cronan, d;s., and R.L. Thomas, 1970. Ferromanganese cohcfetibns
in Lake Ontario. Can. Jour. . Eérth Sciences, Vol. 7:

1346-1349.

- Damiani, V., T.N. Morton and R.L. Thomas, 1973. Freshwater ferro-

manganese nodules from the Big Bay Section of the Bay ofi
Quihte. 16th Proc. Int. Assoc. Greét Lakes Res;i 397-403.
Dahiani, V., and R.L. ThOmaé,‘]974. The surficial sediments of
~the Big Bay‘Section of the Bay qf Quinte, Lake Ontarfo.v
Can. Jour,. Earth Sciences, Vol. 11: 1562-1576. |
Dell, C.I., 1972. A preliminary assessment of geo]ogiéa1‘research
to be carried out fn Lake Superior. CCIW Unpublished

Manuscript;

Dell, C.I., 1973. A special mechanism for vafve formation in a

glacial lake.- Jour. Sediment. Petrol., Vol. 43(3): 838—840.

Dell, C.I., 1973. A quantitative mineralogical examination of the

clay-size fraction of Lake Super1or sediments. Proc. 16th

Conf. .Great Lakes Res. ..413 420.
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2b.

2b.

2b.

2b.
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2b.

18.

Dell, C.I., 1975. Pyrite cohcrefions‘in sediment from»South" N
Bay, Lake Huron. Can. Jour. Earth Sci.,,Vo]. 12(6):
1077-1083. | B o S |

Kemp, A.L.W.,‘T.w. Andersbnf_R.L. Thomas ahd_A..Mudrochova; 1974.
Sedimentation rates andvrecent sedihént hiétory of Lakes

- Ontario, Erie and Huron. Jour. Sédiﬁentary»Petro].,
Vol. 44: 207-218. | o

Kemp, A.L.W., C.I. Dell and N.S. Harper, 1977. Sedimehtation rates

and a sedimentvbudget for Lake Superior. Jour; Great

Lakeisés.

Kemp, A.L.W., C.B.J. Gray, A. Mudroch, H.K.T. Wong and G. DUnCan,

1976. The distribution and the Qeoehemistry of the sediments
of South Bay, Lake Huron. CCIW Unpublished Report. )
Keﬁp, A.L.W. and N.S. Harpef, 1977. Sedimentatidn rates in Lake
Huron. * Jour. Great Lakes Res. S
Kemp, A.L.W., G.A. MacInnis and N;S; Harper, 1977. ‘Sedfmentation
) ‘rates and a revised sediment budget for Lake Erie. dJour.
_ Great Lakes Res. | | _
Lewisf C.F.M., 1968. Qdafernary géo1ogy bf the Great Lakes. Geol.
Surv. Can., Paper No. 69-1A: 63-64. |
Lewisf'C.F.M. and T.W. Andersonf 1971. Quaternary geology of the.
‘Great Lakes (broject No. 680055). Geol. Surv. Can.,
Paper No. }Z-IA: 167 p. | _.
Prior, W. and“P,G. Sly, 1977. Geological studies in the Kingston
Basin, Lake Ontario. CCIW Technical File, 20 p.

" Rukavina, N.A., 1969. Nearshore sedimeht survey of western Lake

Ontario, methods and preliminary results. Proc. 12th Conf.

Great Lakes Res.: 317-324.
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19.

Rukaviné, N.A., 1970. Lake Ontario neérshore §edfments; Whi tby
to weiiington, Ontario. Proc. 13th Conf. Great Lakes
Res.: 266-273. | e
Rukavina, N.A., 1973. Dispersion of shore and stréam-derived sedi-
| ments by nearshore processes in the Great Lakes,>‘Pro¢.
‘Workship on "Water Quality and Land Use Activities", |
International Reference Group’on Great Lakes Po]1utiqn
from Land Use Activities, Guelph, Ontario. |
Rukavina, N.A., 1975. Nearshore sediments of Lakes Ontério_and
Erie. Proc. Great Lakes Basin Symposium May 1975,
Geoscience Canada, Vol. 3: 185-190.
Rukavina, N.A., and D.A. St. Jacques, 1971. Lake Erie nearshore
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