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1.0 INTRODUCTION 

This report summariies NWRI data on the major Canadian 
nearshore sediment deposits of Lake Ontario. It has been prepared in 
response 'to a request from the Industrial Minerals Section of the 
Ontario Ministry of Natural Resources (Appendix 1) for a compilation 
of existing data useful to the assessment of Lake Ontario nearshore 
deposits as reserves of sand and gravel. The report consists of a 
series of maps and tables indicating the extent, grain-size, depth 
range and thickness of nearshore deposits at Niagara, Burlington, 
Toronto and Presqu'ile-Wellington (Figure 1), and a documentation of 
the procedures used to acquire and compile the data. ' 

2,0 BACKGROUND 
2.1 General 

_ l 
The data reported herein were collected during a program of 

nearshore sediment surveys undertaken by the Hydraulics Division of 
the National water Research Institute to map the bottom sediments of 
the nearshore zone of the Great Lakes in the depth range 0-20 m. 
Surveys based on collection of surface sediment samples and 
echo-sounding data were conducted in western Lake Ontario in 1968 
(Rukavina, 1969), in- north-central Lake Ontario in 1969 (Rukavina, 
1970) and north-eastern Lake Ontario in 1970-71 (St. Jacques and 
Rukavina, 1972). The survey results indicate that there are four 
major deposits of unconsolidated sediment in nearshore Lake Ontario 
(Figure 1). They occur at Niagara, Burlington, Toronto and 
Presqu'ile-Wellington, sites which represent< natural sediment sinks 
determined by shoreline configuration, littoral-drift patterns and 
sediment supply (Rukavina, 1976). Intervening areas consist mainly of 
exposed and eroding bedrock‘ or~ glacial sediments, in which modern 
sediment is restricted to narrow, intermittent beaches or small 
accumulations at river mouths or harbour entrances. ‘
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Delineation of the areas of unconsolidated sediment by the 
original surveys was followed by jetting surveys to establish sediment 
thickness and coring surveys to determine sediment variability with 
depth. Jetting surveys were conducted in 1972 and coring surveys 
during the period 1972-1977.

_ 

2-2 ._Fi¢.ld _Survey Procedures 

Bottom sediment samples were collected with a Shipek sampler 
(Sly, 1969) and sub~samples for grain-size analysis, with a small box 
sampler which removes a 5-cm square, 3-cm thick portion of the surface 
sediment. ' 

Echo sounder surveys were run with a Kelvin Hughes 26F 
sounder (30 kHz) in 1968-69 and an Atlas Deso 10 sounder (30 kHz, 200 
kHz) in 1970471. Sounders were used primarily to record bottom inforé 
mation supplementary to the sample data, and sounding procedures did 
not follow hydrographic standards. An attempt was made to maintain 
unifonn sounder speed, and depths were adjusted to the International 
Great Lakes Datum for Lake Ontario, but no daily bar-check procedure 
was used to maintain calibration and no cross—lines were run. Under 
these conditions, accuracy of depth readings is at best 10.5 m. 
Sounding traverses were run along north-south lines at a one-km 
spacing with positional fixes at intervals of about 250 m. 

The thickness of modern sediments was measured by hydraulic 
jetting to refusal (Appendix 9), a procedure which uses a high-speed, 
high-pressure water jet to fluidize and penetrate the sediment column. 
Depth of the sediment-water interface and of the sediment base were 
read frun 0.25 m calibrations on the jet pipe and hose. Dependent 
upon working conditions, accuracy of site depth and sediment thickness 
measurements ranged from 10,25 to 10.5 m. 

, Sediment cores were collected wfith a' hydraulic Beachcor 
corer operating on the same principle as the jet equipment, or with an 
impact corer (Sly and Gardener, 1970) which is powered by compressed



- 3 _ 

air or a hydraulic pump. Water depth at the core sites was measured 
by echo sounder to the nearest 0.5 m. 

Electronic positioning equipment was used to locate sampling 
sites and echo-sounding traverses. Fix accuracy depends upon position 
of the site relative to shore reference stations, accuracy of shore 
station positions, equipment errors, and weather and sea state. 
Conservative estimates of fix accuracy based on the first three 
factors are as follows: . 

Jet and sample sites: Niagara - $50-75 m 
Burlington, Toronto - i125-150 m 
Presqu'ile-Wellington - $25-50 m 

Echo sounding fixes: 150-75 m 

Core sites: Niagara - 150-100 m 
_ Burlington - £50-150 m ‘ 

, 

Toronto, Presqu‘ile-wellington - $100-150 m 

2.3 Laboratory Analysis 

Sub-samples of _the Shipek bottom sediment samples were 
analyzed for grain size with the standard procedures of the NWRI 
Sedimentology Laboratory (Appendix 10). Reproducibility of the method 
is in the range of 2-4 percent for grain size expressed in terms of 
class percentages (gravel/sand/silt/clay) (Rukavina and Duncan, 
1970). Size statistics were computed and formatted by the computer 
program SIZDIST (Appendix 11). 7 

Sediment cores were split, x-radiographed, and logged. One 
or more channel samples were collected from each unit for grain-size 
analysis. Selected cores were analyzed for fossil pollen.
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3.0 
' 

DATA COMPILATION 

The terms of reference of this report (Appendix 1) specify a 

series of maps and data listings for the four sediment deposits, and 

specifically for the portion of the deposits with a combined sand and 

gravel content greater than 90 percent. The approach used to select 
and assemble the data was as follows: ~ 

1. Plot the sand and gravel content for the bottom samples at the jet 
stations and determine the position of the 90 percent contour. 
(Note that only jet-station samples were used for this purpose 
vbecause samples collected earlier were not measured for gravel 
content.) Appendix 3 is the resultant plot and Appendix 2 is the 
site map for the jet and core stations selected.- 

2. Select sounding fixes falling within the 90 percent contours and 
draw depth contours at 2-m intervals. This was done both by hand 
and by the computer progrm GPCP. Hand plots are shown in 

Appendix 5 wfith jet station depths superimposed. Computer plots 
were not used because of the difficulty in delimiting the areas 
‘where adequate control exists.

1 

4. Produce SIZDIST listings of grain-size data for the selected jet 
and core samples., The output format ,for size data has been 
altered from‘ that described in Appendix 11. Size-fraction 
boundaries have been described in nm rather than the logarithmic 
PHI units conventionally used. -Listings of size data appear in 

Appendix 6. - 

5. Edit field data for jet sites and summarize in tabular form in 
Appendix 7. 

6. Merge field data and descriptive logs for sediment cores, edit to 
produce a consistent format and list in Appendix 8. 

7. All maps in Appendices 2 to 5 have the same scale, shoreline and 
UTM reference coordinates and have been produced on transparent 
film so that they may be overlaid on each other or on the 1:50000 
scale maps of the National Topographic Series.
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4.0 LIMITATIONS OF THE DATA 

This report is based solely on data from the files of the 
NHRI Nearshore Sediment Survey progrmn. No other data sources have 
been used. 

Accuracy of the individual depth, grain-size, thickness and 

positional data has already been discussed. In the preparation of 
contour maps, continuity of data has been assumed over distances of 1 

km (depth data) to as much as 3 km (grain-size and thickness data). 
Reliability of contour position should be judged accordingly. 

Depth data are missing for the central and eastern portion 
of the Niagara deposit. Original nearshore surveys in this area were 
limited in coverage because of unreliable positioning caused by 
interaction with a simultaneous survey by Dr. Peter Sly of NHRI. 
Dr. Sly's survey focused on the Niagara Bar itself, and his files and 
reports should be consulted for supplementary data (Sly, 1983), 

" The jetting procedure measures the thickness of unconsoli= 
dated sediment over a sub-bottom horizon which resists penetration. 
where the underlying bottom type is rock, boulders or cohesive glacial 
sediment, refusal is abrupt and unconsolidated sediment thickness is 

well-defined. In some cases, however, sediment base is difficult to 
define because penetration continues at a reduced rate. This tends to 
occur in coarse gravels where high permeability reduces the cutting 
action of the jet, or in softer glaciolacustrine sediments which 
permit penetration by the jet, but at, a slower rate. Notes ‘in 

Appendix 7 indicate where thickness is uncertain. 
Grain-size data in Appendix 3 refer to the grain size of 

surface sediments and do not necessarily apply at depth. Size data 
for sediment cores (Appendix 6) should be consulted for local trends 
in grain size with increasing depth in the deposit. 

The four major deposits described in this report account for 
only a small proportion of the gravel in the nearshore zone. Gravel 
tends to be associated instead with areas of exposed and eroding
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glacial sediments, where it develops as a thin, discontinuous lag 
deposit, the residue of selective erosion of the finer sizes of the 
parent_ glacial material. Gravel is difficult to sample adequately 
with the Shipek sampler and difficult to distinguish frmn underlying 
glacial material in echo-sounder records because of its low concentrae 
tion and patchy distribution. Proper definition of gravel occurrence 
would require_ more detailed surveys based on some combination of 
underwater television or diver observation, and collection of diver or 
dredge samples. 

A

. 

~ \
. 
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MEMORANDUM 0F UNDERSTANDING1
_ 

BETWEEN . 

was PROVINCE or ONTARIO * - 

(MINISTRY OF NATURAL RESOURCES, INDUSTRIAL MINERAS SECTION) 
" AND I

' 

THE GOVERNMENT OF CANADA
1 

Date élghlmgz /18:}
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'\ 

Preamble
0 

The Ontario Ministry of Natural Resources has requested 
nearshore sediment information for the Niagara, Burlington, 
Toronto and Presqu'ile areas of Lake Ontario and the ' 

Buffalo-Fort Erie, Port Maitland, Long Point, Rondeau and Pelee 
areas of Lake Erie. In particular, the following has been 
requested for all surface, jetting and core samples as per 
existing N.W.R.I. data defined by the greater than 90% total 
sand and gravel fraction: 

' ' 

1. Key maps at 1:50,000 scale, showing: a 

_ i) all station locations, referenced to U.T.M./ ' 

co-ordinates, 
_ 

'
4 

ii) sample numbers, / 

iii) shoreline./ 

2. Maps at l:50,000 scale showing: 
i) shoreline, »

_ 

ii) sample locations and sample numbers," 
iii) size distribution: 

a) % sand and gravel, ‘ 

b) % gravel (greater than approx. 1/4 inch) 
contoured at 

1) 90% sand and gravel,/ . 

2) 35% gravel (greater than approx. 1/4 inch),- 

and patterned or toned (shaded). _

'



J-

\ 

3. -Maps at l:50,000 scale showing: 
i{;shoreline,

O 

sample locations and sample numbers, ii) 

deposit thickness (from jetting and core samples ~ iii) 

where available), to be contoured if practicable. 

4. Maps at 1:50,000 scale showing: 

i) shoreline, ' 

I'\ ‘ 
.

' 

sample locations and sample numbers, iiy 
iii) spot water depths at sample locations, 
,iv) 2 meter water depth contours developed from more 

detailed echo sounding data. ' 

Q
. 

5. A listing/of percentage size distributions of the sand and_ 
gravel fractions» 

6. A listing of U.T.M; coordinates for each sample location 
with the year ofi sampling, corrected water depths, and 

' related data. l 

7. tL0gs of sediment cores and listings oi available_grain-size 
data. .

' 

8.‘ A brief descriptive appendix on, 

i) the field jetting procedure, . 

ii) comments on limitations and defensibility of the 
data,



‘l
0

\

I 

iii) the size analysis procedure, 
iv) the statistical analysis by computer, , 

i 

v) reasons for selecting the four areas in Lake Ontario 
and five in take Erie,' . 

Staff of the Hydraulics Division will undertake this work and 
prepare two reports, one for Lake Ontario, and one for Lake Erie 
data, Four copies of each report will be provided to the 
‘Ministry of Natural Resources, 

This proposal outlines the work conditions and cost estimates 
which are based in accordance with the Cost Recovery Policy of 
the Department of the Environment for special services.

_ 

For purposes of this memorandum Of understanding, the Ontario 
Ministry oi Natural Resources, will be called the "Contractor".
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APPENDIX 2 ' 

Jet/Sample/Core Sites 
er separate cover)



APPENDIX 3 

of Percent Sand + Grave] 
nder separate cover)
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-APPENDIX 4 

Maps of Sediment Thickness Based on Jetting 
(under separate cover)



APPENDIX 5 

Maps of Depth Contours and Jet Station Depths 
(under separate cover)
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Grain=Size Data
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APPENDIX 7 

Jetting Data



STATION DATE 
ND. 

JDA1 

JDA2 

JOA3 

JDA4 

JDA5 

JDAE 

JDA7 

JDAB 

JOA9 

JDA10 

J01

1 

21-06-72 

21-06-72 

21-06-72 

21-06-72 

21—06-72 

21-06-72 

02-08-72 

21-06-72 

21-OS-72 

02-09*72 

16-06-72 

UTH 
NDRTHING 

4792896 

4794905 

4796935 

4794572 

4795322 

4799189 

4794361 

4796244 

4799150 

4794461 

4793293 

EASTING 

659977 

B57680 

659427 

661109 

659909 

659960 

664498 

663331 

662129 

659022 

655450 

DEPTH. H 
(IGLD) 

3.4 

7I9 

11.4
1 

11.4 

10.9 

16.9 

5.9 

19.9 

13.4 

7.4 

BIS 

DEPTH T0 
REFUSAL. n 

0.00 

8.00 

9.50 

2.25 

11.25 

0.00 

2.00 

9.25 

6.00 

NOTES 

BEDRDCK EXPOSED. ND SHIPEK 
SAMPLE. 

soumcsn DURING PENETRATION. 
BDTTQNED on BEDRDCK. SHZPEKZ 
FULL BUCKET OF UNIFORM 
nsoxum sawn. 

BDUNCED nunxus PENETRATION. 
snrronsn on BEDRUCK. SHIPEKI 
1/2 sucxar SILTY nan. samn. 

BOUNCED DURING PENETRATIBN 0F 
UPPER 1/2 M. BUTTDMED on 
GLACIAL SEDIMENT. SHIPEKZ 
1/2 sucxzr SILTY samn HITH 
sraama H25 ouuua. 

BDUNCED DURING PENETRATION. 
BDTTOMED ON GLACIAL SEDIHENT. 
SHIPEKZ 1/2 BUCKET BF FINE—‘ 
MEDIUM SAND.A 

ND JET VALUE. ANCHORS NUULD 
NOT HDLD IN STRONG CURRENT. 
SHIPEKI SILTY SAND/MANY CLAMS. 

BUTTON OF EXPOSED BEDRDCK AND 
BDULDERS. SHIPEKI CDBBLE1 
SEVERAL PEBBLES» SEVERAL CLAN 
SHELLS. 

BDTTOMED UN BEDRUCK. SHIPEK§ 
< 1 CM FINE SAND. 

BOUNCED DURING PENETRATION OF 
UPPER 2 M. BUTTOMED DN GLACIAL 
SEDIMENT. SHIPEKZ 1/2 BUCKET 
UF SILTY FINE-MEDIUM SAND. 

BDTTDMED DN BEDRDCK. SHIPEKZ 
FULL BUCKET OF FINE SAND. 
SEVERAL CLAN SHELLS. 

CURRENT TDD STRONG T9 OPERATE 
JET. NU SHIPEK SAMPLE.



STATION DATE 
NO. 

JO2 

JO3 

JO4 

JO5 

JOB 

JO7 

JO8 

JO27 

JO28A 

JOZBB 

18-08-72 

18-08-72 

18-08-72 

18-08-72 

18-08-72 

18-08-72 

18-O8é72 

08-08-72 

13-06-72 

13-08-72 

UTM 
NORTHING 

4785388 

4787488 

4781847 

4783784 

4785841 

4782204 

4784415 

4788245 

4780018 

4780834 

EASTING 

854200 

852875 

853184 

851851 

850835 

848700 

848388 

801480 

801071 

802388 

DEPTH. M DEPTH TO NOTES 
(IGLD) REFUSAL. M 

7.4 

14.4 

4IS 

11.4 

18.8 

14.4 

20.8 

3.8 

3.8 

14.8 

10.25 

8.50 

.75 

8.75 

5.75 

5.25 

3.25 

4.50 

7.50 

4.50 

BOUNCED IN UPPER PART OF HOLE. 
BOTTOMED IN STICKY GLACIAL 
SEDINENT. SHIPEKI FULL BUCKET 
OF COARSE SAND. 

BQTTOMED IN GLAGIAL ssnznemr. 
SHIPEK2 FULL sucxzr er m5nxum- 
FINE sans uzrn SHELL FRAGHEETS 
AND curnononzns. 

BOUNCED DURING PENETRATION. 
BOTTONED ON BEDROCK. SHIPEKZ 
1/2 BUCKET FINE SAND. 

BOTTONED ON OLACIAL SE 
SHIPEKZ MED.—COARSE SA U 
SNAILS. HORNS. 

J 
r1 II 

I5: 

l'l1 

|-0 

Z 
"-4 

"4 

IC

' 

BOTTOMED ON GLACIAL SEDIMENT. 
SHIPEKI 8 ATTENPTS BEFORE 
RECOVERY OF 1 CM OF SILTY SAND 
HITH SHELLST DEAD NORMS. 

BOTTOMED ON GLACIAL SEDIMENT. 
SHIPEKI 1 CM OF SILTY SAND 
OVER STIFFER CLAY-SILT. 

BOTTOHED ON GLACIALLSEDINENT. 
SHIPEKZ 3 ATTEMPTS BEFORE 
RECOUERIN8 { 1 CM OF FINE SAND 
AND SILTY CLAY. 

LOCATION APPROXIMATE. BOUNCED 
DURING PENETRATION. BOTTOMED 
ON BEDROCK. SHIPEKI 3 CH FINE- 
NED. SAND. 

BOUNCED DURING PENETRATION. 
BOTTOMED ON BEDROCK. SHIPEKZ 
1/2 BUCKET FINE-MED. SAND. 

BOUNCED DURING PENETRATION.' 
BOTTOMED ON GLACIAL SEDIMENT. 
SHIPEKZ 3'CM STIFF SILTY CLAY 
NITH SILT VENEER} ORGANIC 
MATTER AND SHELL FRAGNENTS.



STQTION DATE 
ND. 

JD26 

JO30 

JOSE. 

1633 

J635 

JO35B 

0 JO36 
JUSEA 

J644 

J64S 

JU47 

JD46 

06-06-72 

07*06-72 

07-06-72 

07*06-72 

07-06-72 

13-06-72 

12-06-72 

13-0E*72 

Z0-07-72 

20-07-72 

Z0-07-72 

20-07-72 

UTN 
NDRTHING 

4761162 

4762044 

4762665 

4763772 

4764360 

4765161 

4766265 

4766656 

4630355 

4631665 

4631022 

4631467 

EASTIN6 

600226 

601672 

566010 

600410 

566116 

566366 

567600 

567675 

622553 

623733 

624661 

626636 

DEPTH. M DEPTH T T 6 

3.6 

13.6 

5.4 

13.6 

2.2 

4.6 

SI4 

I‘~J I LO 

‘ 
SIS 

SIS 

13.3 

BIO 

12.75 

4.2-5 

13.50 

10.25 

13.75 

16.50 

14.25 

1.50 

0.10 

2.00 

1.00 

0.00 

D ND.E- 
(IGLD) REFUSAL. M 

BUTTDMED ON BEDRDCK. SHIPEKI 
FULL BUCKET FINE-MED. SAND. 

BDTTQMED DN GLACIAL SEDINENT. 
SHIPEKZ < 1 CM FINE SAND. 

BDTTUMED ON GLACIAL? SEDIHENT. 
SHIPEKZ FINE SQND 

BUTTDHED IN GLACIAL SECIMENT. 
SQNE DIFFICULTY IN RECDUERING 
JET PIPE. SHIFEKI STICKY SILTY 
CLAY HITH SOME SHELLS. 

BDTTOMED IN GLACIAL? SEDIMENT. 
SHIPEKZ FINE SQND. 

BDUNCED DURING PENETRQTIDN. 
BOTTUMED ON BEDRGCK. SHIPEKI 
1/2 BUCKET FINE-MED. SAND. 

BUUINCED nunma PENETRATICN. 
smmnsn an aznnocx. SHIPEK2 
1/2 aucxsr FINE-MED. smxn. 

BOUNCED DURING PENETRATION. 
BGTTOMED DN BEDRDCK. SHIPEKZ 
1/2 BUCKET FINE¥NED. SAND. 

BDTTDMED IN EXTREMELY STIFF 
GLACIAL? CLAY. SHIPEKZ 
FRAGMENT UF STIFF CLAY. 

BDUNCED DURED PENETRATION. 
APPARENTLY BUTTDMED ON GRAUEL. 
5HIPEKZ 1/2 BUCKET OF FINE* 
MEDIUM SAND. 

BOTTDHED IN BLACIAL SEDINENT. 
SHIPEKZ A FULL BUCKET OF 
SILTY CLAY NITH NUNERDU6 
CHIRDNDMIDS. 

BEDRDCK EXPDSED. N0 SHIPEKI 
SAMPLE.



STATION DATE 
NO. 

JO50 

JO51 

$052 

JO54 

JO55 

4055 

JO57 

JO58 

JO59 

JO80 

JOS1 

20-07-72 

20-07-72 

19-07-72 

19-07-72 

19-07-72 

19*07-72 

P-5 LU O \J ~..l NI _ - 

19-07-72 

18-07-72 

19—07—72 

18-07-72 

UTM 
NORTHING 

4830917 

4831257 

4829791 

4829133 

4830980 

4829852 

4831317 

4830394 

4832847 

4831582 

4835075 

EASTING 

828052 

szaooz 

622705 

s2Isos 

B32327 

533731 

834713 

S35875 

B35840 

837138 

B38257 

DEPTH. M DEPTH TO NOTES
I 

(IGLD) REFUSAL. M 

9.3 

0.8 

12.8 

8.3 

12:3 

21.3 

BIB 

21.3 

2.8 

0.00 

2.50 

3.00 

7.25 

8.25 

4.00 

7.25 

4.75 

4.25 

2.25 

BEDROCK AT SURFACE. SHIPEKI 
ROCK SLAB. 

BOTTOMED IN GLACIAL SEDIMENT. 
SHIPEKZ 1/2 BUCKET OF FINE‘ 
MEDIUM SAND. 

NO JET OR SAMPLE DATA. 
STATION ABANDONNED BECAUSE 
OF POSITIONING PROBLENS. 

BOTTOMED IN GLACIAL SEDIMENT. 
SHIPEK{ 1/2 BUCKET OF SILTY 
SAND. 

BOTTOMED IN SLACIAL SEDIMENT. 
SHIPEKI 1/4 BUCKET OF SILTY 
SAND. 

BDTTOHED IN GLACIAL SEDIMENT. 
SHIPEKZ 3 CM OF SILTY SAND 
NITH CINDER FRAGMENTS AND 
CLAMSHELLS. 

BOTTOMED IN GLACIAL SEDIHENT. 
SHIPEKI 1/2 BUCKET OF SILTY 
SAND HITH SHELL FRASHENTS. 

BDTTOMED IN GLACIAL SEDIMENT. 
SHIPEKI 1/2 BUCKET OF MEDIUM 
SAND HITH PEBBLES. . 

PENETRATED THROUGH GRAVEL. 
BOTTOMED IN GLACIAL SEDIKENT. 
SHIPEKZ 1/4 BUCKET OF FINE 
SAND NITH SOHE‘URGQ~IE 
MATTER. 

eorromsn IN GLAGIAL senxnsur. 
SHIPEKZ 1/s aucxsr OF FINE—

‘ 

nspxun sans 

BDTTDMED nu BOULDERS. SHIPEK2 
1/2 sucxsr OF FINE SAND 
HITH THO CHIRONONID9.



0 STATION NO. 

JOSZ 

TJDBS 

JO84 

JO85 

JOBS 

D 1.57 
JOBS 

JOSS 

JO70_ 

JO71 

DATE 

18-07-72 

18-07-72 

18-07-72 

19-07-72 

1s-o7~72 

1a+o7-72 

18-07-72 

18*07-72 

17-07*72 

17-07-72 

UTM 
NORTHING 

4834187 

4832887 

4838123 

4834880 

4833708 

4837318 

4838217 

4835302 

4838484 

4838481 

EASTING 

837184 

838383 

837887 

838117 

840278 

639361 

840438 

841327 

841214 

842158 

DEPTH. M DEPTH TO' 
(IGLD1 

813 

18.1 

3.0 

18.8 

1.8 

15.8 

118.8 

1.8 

11.3 

REFUSAL. H 

7.75 

4.25 

- .50 

4.50 

8.25 

1.75 

3.25 

5-25 

.50 

2.25 

NOTES 

PENETRATED NITH BOUNCINB 
TO BEDROCK. SHIPEKI 1/4 
BUCKET OF FINE SAND. 

BOTTORED ON 8EDROCK.vSHIPEKZ 
FULL BUCKET OF VERY COARSE 
SAND AND GRAUEL. 

BOUNCED DURING PENETRATTON. 
BOTTDMED IN SLACIAL SEDIMENT. 
SHIPEKZ 1/4 BUOKET OF FINE 
SAND WITH ORGANZ8 MATTER. 

BOTTOMED IN STICKY EDAZIAL 
SED1MENT.‘SH1PEKI FINE—MEDEUM 
SAND WITH A FEN CHIRONBMIDS. 

PENETRATION NITH BOUNCING TO 
BEDROCK. NO SHIPEK RECOUERY 
IN 5 ATTEMPTS. 

BOUNOED DURING PENETRATION. 
BOTTOHED IN GLACIAL SEDIMENT. 
SH§PEKI 3/4 BUCKET OF FINE SAN“ 
NITH A FEW PEBBLES. 

BOTTOMED ON BEDRGCK. SHIPEKZ 
FULL BUCKET OF COARSE 
SAND ARD GRAUEL. 

BOTTOMED ON BEDROCK. BOUNCED 
NEAR SURFACE. SHIPEK§ FULL 
BUCKET OF COARSE SAND AND 
GRAUEL. 

BOTTOMED ON BOULDERS. SHTPEKl 
1/4 BUCKET OF FINE SAND. 

PENETRATED wzru BOUNCING TD 
BEDROCK. SHTPEKZ 1/2 BUCKET 
OF COARSE SAND uzru SHELLS.



STATION DATE 
NDI 

JO72 

JO73 

JO74 

JO75 

JO80 

JO81 

JO82 

JO83 

JO84 

JO85 

JO88 

17-07-72 

17-07-72 

17-07-72 

17-07-72 

08-07-72 

08-07-72 

08-07-72 

os-07-72 

06-07-72 

08-07-72 

08-07-72 

UTN 
NORTHIN8 EASTIN8 

4837487 

4841821 

4840710 

4838431 

4874180 

4875844 

4374083 

4878223 

4874834 

4878120 

4874243 

843101 

B43052 

843818 

845107 

270887 

274888 

274703 

277522 

277288 

278827 

278883 

DEPTH. M I DEPTH TO NOTES 
(IGLD) REFUSAL. M 

11.3 

2.0 

12I8 

18.8 

4.8 

2.8 

12.4 

7.8 

1.8 

BI4 

I50 

.33 

0.00 

1.50 

2.00 

3.00 

8.25 

10.25 

8.00 

BOTTOMED ON BEDROCK. SHIPEKI 
1/2 BUCKET OF COARSE 
SAND AND GRAVEL. 

BOTTDMED IN GLACIAL ssnxfismr. 
SHIPEKZ 1/4 BUCKET OF FINE 
saws. 

NO PENETRATION. BOTTOM TYPE 
UNCERTAIN. NO SHIPEK 
RECOVERY. 

BOTTOM TYPE UNCERTAIN. NO 
SHIPEK RECOVERY. 

VERY SOLID BOTTOM- BOULDERS? 
SHIFERI 1/2 BUCKET FINE-NED.= 
SAND NITH SEVERAL SHRIMP. 

eurronsn on BDULDERS. SHIPEK1 
3 ATTEMPTS REQUIRED TD RECOVER 
< 1 CM SAND. LARGE PEBBLES. 

BOUNCED DURING PENETRATION. 
BOTTONED ON BEDROCK. SHIPEK. 
1/2 BUCKET FINE-NED. SAND NITH 
SHELL FRAGNENTS. SHRIMP. 

BOTTONED ON EXTREMELY STIFF 
OLACIAL CLAY. SHIPEKZ 1/2 
BUCKET FINE-MED. SAND. 

PENETRATED SAND AND GRAVEL 
BEDS. BOTTOM OF HOLE POSSIBLY 
BOULDERS. SHIPEKZ 3 ATTENPTS 
REQUIRED TO RECOVER 1/2 BUCKET 
FINE-MED. SAND HITH SEVERAL 
LARGE PEBBLES AND SHELLS. 

BOUNCED DURING PENETRATION. 
BOTTOMED ON BEDROCK. SHIPEKZ 
2 CM FINE-NED. SAND. 

BOTTOMED ON SOLID BOTTOM- 
BEDROCK? SHIPEKZ 1/2/ BUCKET 
FINE-MED. SAND.



CORE! COGS /LAKE ONTARIO CORE TYPEZ BEACHCOR 
DATE: 29 AUGUST 1973 - LENGTH! S5.S CM 

SEDIMENT CORE LOG 

UTM NZ 4795271 E: B55807 IGLD DEPTH! 7.4 M 

PHOTOS2 SLIDES- NO LOGGED BYZ G. LAHAIE 

(WEAK FIX) ' 

X*RAY— YES DATE! 
UNIT 11 0-17 CM 

DARK BROWN 
LOOSE ‘ 

MEDIUM TO COARSE SAND SCATTERED BROKEN SHELLS
. CONCENTRATION OF HEAVY MINERALS AT S CM WEAK HCL REACTION WITH HZS ODOUR GRAIN-SIZE DATA AVAILABLE 

UNIT 2! 17-25 CM 
DARK BROWN 
LOOSE ' 

PEBBLY‘COARSE.SAND 
SCATTERED BROKEN SHELLS 
WEAK HCL REACTION WITH H25 ODOUR GRAIN-SIZE DATA AVAILABLE 

UNIT 31 25-55 CM 
DARK GREYISH—BROWN 
F9955 ._ . nsnxum TO CQARSE_SANDT 
scarrznsn SHELLS AND snoxzu SHELLS CONCENTRATION OF HEAVY MINERALS AT ZS CM WEAK HCL REACTION WITH H25 ODOUR GRAIN-SIZE DATA AVAILABLE

1 

UNIT 4: 55~B5.5 CM 
DARK snsvrsu-anuwu 
LOOSE 
PEBBLY coanss snub ' 

SCATTERED BROKEN SHELLS; LARGE WHOLE SHELL AT 57 CM WEAK HCL REACTION WITH HZS ODUUR - 

GRAIN-SIZE DATA AVAILABLE



SEDIMENT GORE LOG T 

CORE: CD39 /LAKE DNTARIO GORE TYDEE BEACHCOR 
DATE? 30 AUGUST 1973 

_ LENGTH! 103 CM 
UTM NZ 4794184 E! B49442 IGLD DEPTH! 18.5 M 
PHOTOS: SLIDES- ND LOGGED BY! G. LAHAIE 

I X—RAY— vss ' 

DATE: 
UNIT 1! O-103 GM 

DARK GREYISH—BRONN 
FIRM 
SILTY sewn ' 

DARK LAMINAE AT 19, 22, 49 nun 55 an SCATTERED BROKEN SHELLS 
PIECES OF HOOD AT 5' 11, 13 AND 43 CM RED SHALE FRAGMENT AT 80 CM 
NEAK HCL REACTION NITH H25 DDOUR GRAIN-SIZE DATA AVAILABLE FDR 0-25, 25-50, 50-75 AND 75-103 CM 
PDLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FDR O-2 2-4' 4-6; B-10: 10-12, 12-14 AND 16-18 CM

\



SEDIMENT CORE LOG 

CORE: CO43 /LAKE ONTARIO CORE TYPEZ BEACHCOR 
DATES 20 AUGUST 1974 LENGTH! S3 CM 
UTM N1 4878888 E1 288758 IGLD DEPTHI 3.0 H 
PHOTOSI SLIDES- NO LOGGED BY! G. WINTER 

X—RAY- YES DATES 30 AUQUST 1874 

UNIT 1: O-50-5 CM 
BLACK (SY 2.5/1) 
LDOSE~ A

- 

MODERATELY sonrsn FINE T0 VERY FINE SAND? MINOR SILT COMPONENT AT BASE OF UNIT 
_

* 

HORIZONTAL LAMINATIDN VISIBLE IN X-RADIDGRAPH - 

SURFACE VEGETATION STILL IN PLACE SCATTERED SHELL FRAGMENTS - 

HCL REACTION uITH sranua H28 onoun GRAIN—SIZE DATA AuA1LABLE FDR o-17 cm, 17-34 cm AND 34-50.5 cm POLLEN DATA AVAILABLE FOR o-2 AND 24-zs cm POLLEN DATA AVAILABLE FOR O—2 CM 1 Z4-28 CM 

UNIT 2: 50.5-S3 CM ~ 

ALTERNATING BANDS OF OLIVE*GREY (5Y 4/2) FINE SAND AND DARK OLIVE-OREY(5Y 3/2) SILT (VARVES?) 
LDDSE.SQNDv FIRM SILT 
MEDIAN THICKNESS OF LAYERS IS 4 CM? INDIVIDUAL SILT LAYERS ARE INVERSELY GRADED FROM SILT AT THE BASE TO FINE SAND AT THE TOP? UPPERMOST SILT LAYER CONTAINS A SUBANGULAR PEBBLE NO FOSSILS OBSERVED A 

BRAIN—SIZE DATA AVAILABLE FOR 50,5—B5 CM, 85-80 CM AND 80-93 CH POLLEN DATA AVAILABLE FOR 50-521 80—82 AND S0~S2 CM POLLEN DATA AVAILABLE FOR 50-52 CM: 80+8Z CM AND S0-S2 CM



SEDIMENT CORE LOG 

CORE: CO44 /LAKE ONTARIO CORE TYPE: BEACHCOR 
DATEi 20 AUGUST 1874 LENGTH: 88.5 CM 
UTM N: 4873883 E1 288194 IGLD DEPTHZ 11.0 M 

PHOTOS: SLIDES- NO LOGGED BYZ G. HINTER

U 

X-RAY- YES DATE! 3 SEPTEMBER 1874 

NIT 11 0-4.5 CM ' 

VERY DARK GREYISH-BRONN (2.5Y 3/2) 
LOOSE

_ POORLY-SORTED MEDIUM TO FINE SAND A 

FAINTLY LAMINATED? 0.5 CM BAND OF HEAVY MINERALS AT 1.5 CM SCATTERED CLAM SHELLS AND SHELL FRAGMENTS HCL REACTION NITH SLIGHT HZS ODOUR 
GRAIN—SIZE DATA AVAILABLE ' 

UNIT Z1 4,5-88.5 CM 

OLIVE GREY (SY 4/21 
FIRM 
NELL—SORTED FINE sewn 
SHARP courncr WITH UNIT_1; HORIZONTAL LAMINATIUNS LESS THAN 0.5 cm THICK REFLECT VARYING CONCENTRATIONS OF HEAVY MINERALS DR IRON SULPHIDES » 

SCATTERED CLAN SHELLS AND SHELL FRAGMENTS; 0.5-cm LAYER OF SHELL’ FRAGMENTS AT 19.5 cm 
GRAIN—SIZE DATA AVAILABLE FOR 1S.5—38 CM: 38—54 CM AND 54-88.5 CM CHARCOAL FRAGMENT AT 8,5 CM? A STREAK OF SULPHIDES? EXTENDS DOHNNARD IN THE CORE FROM THE CHARCOAL TO A DEPTH OF 21 CM



SEDIMENT CORE LOG 

COREZ CD45 /LAKE ONTARIO CORE TYPES BEACHCOR 
DATE! 20 AUGUST 1974 LENGTHZ 18 CM 
UTM NZ 4873838 E! 291837 IGLD DEPTH: 7-O_H 
PHOTOSI SLIDES- NO LOGGED BY: G. HINTER 

X-RAY- YES’ DATES SO AUGUST 1974 

UNIT 12 0-18 CM 
— DARK GREY (5Y 4/1) - LOOSE - MODERATELY—SORTED FINE TO UERY FINE SAND - FAINT HORIZONTAL LAMINATION (UARYING CONCENTRATION OF HEAUY MINERALS OR SULPHIDES) 2-5 MM THICK - SHELL FRAGNENTS OBSERVED ONLY AT 3.5 CM - HCL REACTION HITH SLIGHT H25 ODOUR — GRAIN-SIZE DATA AUAILABLE FOR O*8 CM AND 8—1S CM — A FEN HELL-ROUNDED GRANULES NEAR THE TOP OF THE CORE



SEDIMENT CORE LOG 

CORE! CD46 /LAKE ONTARIO CORE TYPEZ BEACHCOR“ 
DATES 20 AUGUST 1974 LENGTH: 73 CM 
UTM Ni 4873417 E1 285423 IGLD DEPTH! 12.5 M 
PHOTOS? SLIDE5- NO LOGGED BYZ G. NINTER 

UN 

X-RAY- YESA DATE! 3 SEPTEMBER IS74 

IT 1: O—4i5 CM 
DARK GREYISH—BRONN (2¢5Y 4/2) 
LOOSE

_ POORLY—SORTED MEDIUM TO uznv FINE sewn 
STRUCTURE— MASSIVE 
SCATTERED SHEEL FRAGMENTS 
HCL REACTION 4 

GRAIN—SIZE DATA AVAILABLE 

UNIT 2! 4.5-73 CM 
DARK OLIVE GREY (SY 3/2) 
FIRM 
POORLY-SORTED FINE TO VERY FINE SAND 
HORIZONTAL LAMINATION (VARYING HEAVY MINERAL CONCENTRATION); LAMINAE LESS THAN 0.5 CM THICK? MOTTLED SURFACE CONCENTRATION OF SHELL FRAGMENTS AT 48 CM? GRANULE OF LIMESTONE AT 7 CM

I 

HCL REACTION 
> _ GRAIN-SIZE DATA AVAILABLE FOR 4.s=2s cm; 25-4e cm AND 48-73 cm



SEDIMENT CORE LOG 

CORE! CO4? /LAKE ONTARIO CORE TYPE! BEACHOOR 
DATE! 20 AUGUST 1974- LENGTHI 12.5 CM 
UTM NZ 4875825 El 280295 IGLD DEPTHI 3.0 H 
PHOTOS! SLIDES— NO LOGGED BYI G. WINTER 

X-RAY- YES DATE: 30 AUGUST 1974 

UNIT 12 0-3 CM 
- DARK GREYISH-BROWN (2;5Y 4/2) — LOOSE - WELL-SORTED FINE SAND — MOTTLING CAUSED BY SULPHIDE CONCENTRATIONS - NO FOSSILS OBSERUED - HCL REACTION HITH SLIGHT H28 ODOUR — GRAIN-SIZE DATA AVAILABLE - SURFACE UEGETATION NITH ROOTS EXTENDING TO THE BASE OF THE UNIT 

UNIT 2! 3~12-5 CM 
- usnv DARK GREY (SY 3/1) - LOOSE ~

. - MODERATELY—SDRTED FINE SAND A FAINT HORIZONTAL LAMINATIDN UISIBLE IN x-RADIQGRAPH: MOTTLING PRESENT, APPARENTLY CAUSED av SULPHIDE CONCENTRATIONS - A FEN SCATTERED SHELL FRAGMENTS ' 

— HCL REACTION NITH srnona H25 onoun - GRAIN-SIZE DATA AVAILABLE

\



SEDIMENT CORE LOG 

COREI CD48 /LAKE ONTARIO CORE TYPE: BEACHCOR 
DATE: 21 AUGUST 1974 LENGTH: GS CM 
UTM NZ 4881232 E: 320537 IGLD DEPTHZ

_ 

PHOTOS: SLIDES— NO LOGGED BYZ G. NINTER 
X-RAY- YES DATE: AUGUST 1974 

UNIT 12 O*5 CM 
DARK GREYISH—BROHN (2,5Y 4/2) 
LOOSE 
UNIFORM VERY FINE SAND 
FAINT LAMINATION (HEAVY MINERAL CONCENTRATIONS) 
SCATTERED CLAM SHELLS AND SHELL FRAGMENTS 
HCL REACTION NITH HZS ODOUR 
GRAIN-SIZE DATA AVAILABLE 

UNIT 2: 5-as cm 
VERY DARK GREY (5Y 3/1) 
LOOSE I 

VERY FINE SAND 
FAINT HORIZONTAL LAMINATION (SULPHIDE CONCENTRATIONS?) 1 CM THICK; SULPHIDE CONTENT IS HIGHEST AT THE TOP AND BASE OF THE UNIT SCATTERED CLAM AND SNAIL SHELLS? SHELL LAYER 1.S*CM THICK AT 27.5 CM HCL REACTION HITH HZS ODOUR . GRAIN~SIZE DATA AVAILABLE FOR 5-15 CM, 15—27.5 CM AND 27.5-39 CM



SEDIMENT CORE LOG 

CORE! CO4S /LAKE ONTARIO CORE TYPE! BEACHCOR 
DATEI 21 AUGUST 1974 LENGTH! 38 CM 
UTM NZ 4867437 ES 312857 IGLD DEPTHZ (WEAK FIX) "" 

PHOTOS: SLIDES— NO LOGGED BY! G. NINTER 

UNI 

X—RAY- YES DATE! 29 AUGUST 1974 

T 11 O-13 CM 

VERY DARK GREY csv 3/1) 
LOOSE 

_ M NELL—SDRTED FINE SAND I 

CURVED LAMINAE OF ALTERNATING DARK AND LIGHT SHADES OF GREY_ SCATTERED CLAM AND SNAIL SHELLS 
THO LIMESTONE PEBBLES- SUBROUNDED AT 1 CM, SUBANGULAR AT 4 CM HCL REACTION NITH HZS ODOUR 
GRAIN-SIZE DATA AVAILABLE FOR 0—8.5 CM AND 8.5-13 CM 

UNIT 21 13-38 CM 
DARK GREY (SY 4/1) 
LOOSE 
NELL—SORTED FINE SAND 
STRUCTURE- MASSIVE 
SCATTERED SMALL CLAM AND SNAIL SHELLS? SHELL CONCENTRATION FR 30.5-38 CM ‘ 

IRREGULAR DISTRIBUTION OF LIMESTONE_GRANULES-FROM 13-20 CM SUBANGULAR LIMESTONE PEBBLE AT THE BASE OF THE UNIT HCL REACTION 
GRAIN—SIZE DATA AVAILABLE FOR 13-25 CM AND 25-38 CM

/

OM



\ 

SEDIMENT CORE LOG 

CORE! CD50 /LAKE ONTARIO CORE TYPEZ BEACHCOR 
DATEZ 28 AUGUST 1974 LENGTH: 79 CM 
UTM NZ 4829774 El B30879 IGLD DEPTH: 4.0 M ‘(WEAK FIX) ~ 

PHOTOS! SLIDES— NO LOGGED BYZ G. WINTER 
X-RAY- YES DATE: 12 SEPTEMBER 1974 

UNIT 11 O-B9 GM 
DARK GREYISH BROWN (2.5Y 4/Z) TO OLIVE BROWN (2.SY 4/4) FIRM 
MODERATELY SORTED FINE TO MEDIUM SAND HORIZONTAL LAMINATION TO 45 CM? CROSS-BEDDING FROM 45—S9 CM LAMINATION PRODUCED BY VARIATION IN CONCENTRATION OF HEAVY MINERALS OR SULPHIDES7 DARK LAMINAE ARE GENERALLY LESS THAN 0.5 CM THICK AND SEPARATED BY INTERVALS OF UP TO 3 CM SCATTERED SHELL FRAGMENTS THROUGHOUT COAL FRAGMENTS AND CINDERS AT S3-CM LEVEL u 

MODERATE HCL REACTION THROUGHOUT WITH INCREASING H29 ODOUR WITH DEPTH '

, GRAIN-SIZE DATA AVAILABLE FOR 0—29 CM, 29-34 CM AND 34~B9 CM INTERVALS 

UNIT 2! B9-79 CM 
DARK GREYISH BROWN K2.5Y 4/2) TO OLIVE BROWN (2.5Y 4/4) FIRM 
POORLY SORTED FINE TO DOARSE SAND WITH SEVERAL GRANULES, ONE PEBBLE OVERLYING MODERATELY SORTED FINE SAND CROSS—BEDDED 
SCATTERED SHELL FRAGMENTS THROUGHOUT MODERATE HCL REACTION WITH H29 ODOUR GRAIN-512E DATA AVAILABLE



CORE! CO22 /LAKE ONTARIO CORE TYPE: BEACHCOR 

SEDIMENT CORE LOG' 

DATE: 17 AUGUST 1973 LENGTH! S2 CM 
UTM NZ 4794141 E1 B00036 IGLD DEPTHI 2.9 M 
PHOTOS! SLIDESP NO LOGGED BY: G. LA HAIE 

X—RAY- YES ’ DATE1 22 AUGUST 1973 
UNIT 11 O-9.5 CM
— 
bu

-
1 

DARK BROHN (7.5YR 3/2) 
SILTY SAND T 

STRONG HGL REACTION WITH HZS ODOUR - GRAIN*SIZE DATA AVAILABLE 
POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FOR O-2' 4-B AND S-S CM 

UNIT 25 9.5-13 CM 
BLACK 
SAND AND PEAT 
GRAIN—SIZE DATA AVAILABLE ’ 

POLLEN AND ASSOCIATED GRAIN+SIZE DATA AVAILABLE FOR 10-12 CM 

UNIT 31 13*2S CM 
VERY DARK GREY (5Y 3/1) MEDIUM TO GOARSE SAND ‘ 

MODERATE HCL REACTION HITH STRONG HZS ODOUR GRAIN—SIZE DATA AVAILABLE
_ POLLEN AND ASSOCIATED GRAIN—SIZE DATA AVAILABLE FOR 14-161 1S—18@ 20-22 AND 24-2B CM 

UNIT 41 2S—32.5 CM 
DARK REDDISH-BROWN (5YR 3/2) CLAYEY SILT .

. 

GRAINHSIZE DATA AVAILABLE 
POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FOR 30-32 GM



UNIT 51 32.5-B2 CM
/ 

LIGHT BRONN 
MEDIUM TD CDAQSE SAND SHELL FRAGMENTS AT BASE DF CURE PEBBLES AT BASE OF CORE ' 

MODERATE HCL REACTION NITH H29 DDDUR GRAIN-SIZE DATA AVAILABLE FDR 32.5—50 AND 50-B2 CM
1



CORE: CD24 /LAKE ONTARIO CORE TYPE! BEACHCOR 
DATE! 17 AUGUST 1973 LENGTH: 49 CM 
UTM NZ 4794526 E1 597861 IGLD DEPTHI 4.0 M 
PHOTOS! SLIDES— NO LOGGED BY: B. HANKINS 

SEDIMENT CORE LOG 

X-RAY- YES DATE! 22 AUGUST 1973 
UNIT 1! O-7 CM 

YELLOHISH-BROWN (IOYR 5/4) 
FIRM 
MEDIUM SAND 
FEAT LENSES AT 5.5 CM 
BROWN OXIDATION RIM 
MINOR SHELL FRAGMENTS

M SCATTERED CARBONATE GRANULES 
MODERATE HCL REACTION NITH H28 ODOUR GRAIN-SIZE DATA AUAILABLE 

UNIT 21 7-1B CM ‘ 

DARK GREYISH—BRONN (IOYR 4/2) FIRM 
MEDIUM SAND 
BROWN OXIDATION RIM 
MINOR SHELL FRAGMENTS 
SCATTERED CARBONATE GRANULES 
MODERATE HCL REACTION NITH HZS ODOUR GRAIN-SIZE DATA AVAILABLE

_ 

UNIT 33 1B-49 CM 
BROWN (IOYR 4/3) 
FIRM 
MEDIUM SAND 
BRONN OXIDATION RIM 
MINOR SHELL FRAGMENTS 
SCATTERED CARBONATE GRANULES 
PEAT LAYER AT 17-18 CM 
MODERATE HCL REACTION HITH H2S ODOUR GRAIN-SIEE DATA AVAILABLE FOR 16-30 AND 30-49 CM



SEDIMENT CORE_LOG 

CORE! CO25 ' /LAKE ONTARIO CORE TYPEI BEACHCOR 
DATE! 20 AUGUST 1973 , LENGTH! 48 CM 
UTM NZ-4794433 EZ 598148 IGLD DEPTHI 3.0 M (WEAK FIX) '

- 

PHOTOS: SLIDES— NO LOGGED SYI G. LA HAIE 
X-RAY- YES DATE: 22 AUGUST 1973 

UNIT 1! O-11 CM A 

— DARK GREYISH—BRONN (2.5Y 4/2) - FINE TO MEDIUM SAND - SOATTERED SMALL PEBBLES * STRONG HCL REACTION HITH STRONG HZS ODOUR - GRAIN-SIZE DATA AVAILABLE 

UNIT 11-11.5 CMN 
- FEAT LAYER

_ - TINY SHELL FRAGMENTS - GRAIN-SIZE DATA AVAILABLE 

UNIT 3! 11.5-2B OM 
- DARK GREYI5H'BRONN (2.5Y 4/2) — FINE TO MEDIUM SAND — MODERATE HGL REACTION HITH H28 ODOUR — GRAIN-SIZE DATA AVAILABLE 

UNIT 4! 26-28.5 CM 
9 PEBBLY SAND - SMALL ROUNDED CARBONATE PEBBLES — GRAIN-SIZE DATA AVAILABLE 

UNIT 5: 28.5-40 OM 
* FINE TO MEDIUM SAND ' 

_

\ 

- MODERATE HGL REACTION NITH H25 ODOUR — GRAIN-SIZE DATA AVAILABLE 

uuxr s: 4o-4a on 
- PEBBLY sewn

A 

— GRAIN-SIZE nave AVAILABLE



SEDIMENT CORE.LOG A

\ 

CORE! CO35 /LAKE ONTARIO CORE TYPE! BEACHCOR 
DATE: 25 AUGUST 1973 LENGTH: 54 CM 
UTM NZ 4795807 EZ B52556 IGLD DEPTH: 14-7 M 
PHOTOS! SLIDES~ NO LOGGED BYE G. LAHAIE 

“UNIT 12 O-34 CM 

X—RAY- YES ' DATE: 

DARK GREYISH-BROWN 
FIRM 
MEDIUM TO FINE SAND 
BROKEN SHELLS THROUGHOUT? HHOLE SHELL AT 23 CM HIGH CONCENTRATION OF HEAVY MINERALS AT 24 CM HEAK HCL REACTION NITH H25 ODOUR '

‘ GRAIN—SIZE DATA AVAILABLE FOR O-17 AND 17-34 CM 

UNIT 21 34—54 CM 
DARK GREYISH-BROWN 
FIRM 
ALTERNATING LAYERS OF FINE TO MEDIUM SAND AND SILTY CLAY LAMINATED 
SHELLY LAYER AT 35 CM? LARGE SHELLS AT 41 AND 43,5 CM AND AT BASE OF CORE " 

TNIGS AND PIECES OF HOOD AT 44.5 AND 50 CM? LARGE PIECE OF HOOD AT BASE OF CORE 
LAYER OF FEAT AT 49 CM 

Y

' 

NEAK HCL REACTION NITH H28 ODOUR GRAIN—SIZE DATA AUAILABLE FOR 34—3B.5 CM (SAND LAYER), 138.5-41.5 CM (SILT-CLAY LAYER) AND 41-5'-43 CM (SAND LAYER)



SEDIMENT CORE LOB 

CORE; COBB /LAKE ONTARIO CORE TYPEZ BEACHCOR 
DATEZ Z9 AUGUST 1973 LENGTHI 85 CM 
UTM NZ 4797020 EZ BS1483 IGLD DEPTH! 12.8 M (NEAK FIX) ' 

PHOTOS: SLIDES— NO LOGGED BY: G. LAHAIE 
X-RAY— YES DATEZ 

UNIT 12 O—5 CM 

UNIT 

DARK GREY 
FIRM 
FINE TO MEDIUM SAND 
SCATTERED BROKEN SHELLS 
WEAK HCL REACTION 
GRAIN-SIZE DATA AVAILABLE 
POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FOR 0-2 CM 

5-10.5 CM-N 

DARK GREY 
FIRM 
SILTY SAND 
SCATTERED BROKEN SHELLS 
NEAK HCL REACTION GRAIN~SIZE DATA AVAILABLE 
POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FOR B+iO CM 

UNIT 32 10.5-40 CM 
DARK BRONN NITH OCCASIONAL BLACK LAMINAE FIRM ' 

FINE TO MEDIUM SAND NITH SCATTERED PEBBLES SCATTERED BROKEN SHELLS 
NEAK HCL REACTION 
GRAIN-SIZE DATA AVAILABLE

F POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FOR 24~2B1 32-34» 34*3S AND 3B-SB CM



UNIT 4: 40-as on ‘ 

nanx BRDNNISH~GREY uxrn OCCASIDNAL BLACK LAMINAE FIRM
A 

nsoiun sewn - 

NEAK_HCL REACTION A 

GRAIN-SIZE DATA AVAILABLE 
POLLEN AND ASSOCIATED GRAIN-SIZE DATA AVAILABLE FUR 40-42 AND 44-4B CM 

‘\
\J



COREZ CD37 /LAKE ONTARIO CORE TYPE: BEACHCOR 
DATEZ 29 AUGUST 1973 LENGTH: B4 CH 
UTM NE 4796936 E1 B58188“ IGLD DEPTH! 13.0 M 

PHGTGSZ SLIDES--NO LOGGED BYZ G. LAHAIE 

SEDIMENT CORE LOG 

(WEAK FIX) 

- X—RAY- YES DATE! 
UNIT 13 O—B4 CM 

DARK GREYISH—BRDNN ‘ 

FIRM 
nsnrum saub uxrw scnrrsnsn SMALL PEBBLES scarrsnen snoxsu SHELLQ 
PIECE or moon AT 74 cm: THIS AT as cm coucsmvnariou OF HEAVY MINERALS AT 25-so cm HEAK HCL nsncrxom 
GRAIN-SIZE nnrn AVAILABLE FOR o~2s. 2s-ao. so—ss AND 55-B4 CM ‘



STATION DATE 
NO. 

JO87 

JO88 

JO88 

JO80 

JO81 

JO82 

JO83 

JO84 

JO85 

JOBS 

JO87 

08-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05-07-72 

05—07-72 

UTM 
NORTHINS 

4875428 

4872240 

4873312 

4872288 

4871277 

4873458 

4877020 

4875088 

4974177 

4877128 

4875111 

snsrrue 

290359 

280588 

281887 

282481 

282822 

294452 

288581 

288441 

288355 

288571 

288441 

DEPTH. H DEPTH TO ' NOTE8 
(IGLD) REFUSAL. M 

1.2 

10.8 

8.4 

15.8 

23.4 

13.4 

1.8 

8.8 

11.4 

2I4 

BIS 

8.75 

3.25 

4.25 

5.25 

3.25 

2.25 

5.00 

5.25 

2.50 

8.00 

2.00 

BOTTONED ON BEDROCK. SHIPEKZ 
2 CM FINE-MED. SAND. 

BOUNCED DURING PENETRATION. 
BOTTOHED ON BEDROCK. SHIPEKZ 
I/2 BUCK 

BOUNCED 
PENETRATION (GRAUEL LAYER8?). 

ET FINE-MED. SAND. 

SEUERELY DURING 

BOTTOMED ON BEDROCK. SH1?EKi 
3/4 BUCK ET FINE-MED. BROHN- 
BLACK SAND. 

BOTTOM O 
POSSIBLY 
1/2 BUCK 

F HOLE UNCERTAIN- 
Masonocx. SHIPEKLZ 
ET FINE-MED. sans 

NXTH MANY SHELLS. SHRIMP. 
CHIRONOM :ns.< 

BOTTOHED ON BEDROCK. SHIPEKZ 
1/2 BUCK ET FINE—MED. SAND 
NITH MANY SHELLS. SHRIMP. 
CHIRONONIDS. ' 

BOTTOHED ON BEDROCK. SHIPEKI 
3/4 BUCK ET FINE-MED. SAND. 
MANY SHELL FRAGHENTS. FEW 
SHRIMP. 

BOUNCED 
SHIPEKZ 

eauucsn 
sorrpnzn 
1/2 BUCK 

CHIRONONID8. 

DURING PENETRATION. 
1/4 BUCKET FINE SAND 

DURING PENETRATION. 
ON BEDROCK. SHIPEKZ 

ET FINE-MED. SAND 
AND LARGE PEBBLES. 

BOUNCED DURING PENETRATION. 
BOTTOMED ON BEDROCK. SHIPEKZ 
1/2 BUCK 

BOUNCED 
BOTTOMED 
1/2 BUCK 

BOUNCED 
BOTTOMED 
1/2 BUCK 

ET FINE—MED. SAND. 

ounzue PENETRATION. 
on ssuaqcx. SHIPEK1 

ET FINE-MED. SAND. 

DURING PENETRATION. 
ON BEDROCK. SHIPEKI 
ET FINE-NED. SAND.



STATION 
ND. 

JD88 

J888 

J0100 

JO101 

JD102 

JD103 

J8104 

I- Cl 5.4 O U1 

J8108 

J8107 

J8108 

J0108 

DATE 

05-07-72 

08807-72 

07-07—82 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

07-07-72 

UTM 
NURTHIN8 

4873240 

4872837 

4888344 

4888438 

4885428 

4888227 

4888848 

4885703 

4887731 

4888331 

4888532 

4885502 

EASTING 

288282 

282874 

288108 

288014 

300785 

305752 

308237 

308403 

310703 

312881 

314318 

313224 

DEPTH. M DEPTH TD NDTE8 
(IGLD) REFUSAL. M 

13.8 

2.8 

14.4 

14.8 

15.4 

5.8 

8.8 

18.4 

5.8 

1.7 

1.7 

12.4 

4.00 

3.50 

.50 

1.25 

8.00 

7.00 

8.75 

4.75 

8.25 

.75 

5.25 

2.00 

BOUNCED DURING PENETRATIQN. 
BDTTDMED ON BEDRDCK. SHZPEKZ 
1/2 BUCKET FINE-MED. SAND. 

BDTTGMED 8N BEDRDCK. SHIPEKZ 
1/2 BUCKET FINE-MED. SAND. 

BOTTOHED ON BEDRDCK. SHIPEKI 
2 CH CDARSE SANU AND GRAUEL. 

BDTTOMED 8N BEDRGCK. SHIPEKI 
3/4 BUCKET SILTY SAND. 

BDTTOMED UN GLACIAL SEDIMENT. 
SHIPEKS 1/2 BUCKET FZNE—%ED. 
SAND. 

BDTTOMED GN GLACIAL SEDIMENT. 
SHIPEKZ 3/4 BUCKET FINE-MED. 
SAND. 

BDTTOFEED ON GLAC I AL SE5 I T'§4E'E\’T . 

SHIPEKZ 1/2 BUCKET FINE-MED. 
SAND. 

BDTTOMED ON BEDRDCK. CLAY 
SHEARS ON BQTTOH 1 1/2 M DF 
PIPE. SHIPEK1 1/2 BUCKET SILTY 
SAND. 

BBTTUEED GN BEDRUCK. SHIPEKI 
1/2 SUCKET FINE-MED. SANS. 

BDTTOMED ON BDULDERS. SHIPEKZ 
1/2 BUCKET FINE—HED. SAND. 

BDUNCED DURING PENETRATIDN. 
BOTTDHED ON BDULDERS. SHIPEKZ 
1/2 BUCKET FINE—NE8. SAND. 

BOUNCED DURING PENETRATION. 
BDTTDMED UN GLACIAL SEDIMENT. 
SHIPEKZ 1/4 BUCKET FINE-MED. 
SAND.



STATION DATE 
NDI 

JO110 

JU111 

JO112 

JG113 

JS114 

07-07-72 

07-07-72 

07-O7-72 

07-07-72 

07-07-72 

UTM 
NORTHIN8 

4883909 

4882595 

4881998 

4881187 

4980019 

EASTING 

315389 

314839 

320895 

319979 

318377 

DEPTH. M DEPTH TD 
(XGLD) 

108 

18.4 

1.9 

8.4 

18.4 

REFUSAL. M 

12.00 

5.75 

14.50 - 

8.00 

'3.2S 

:" 2: ma ~4ru 

BDUNCED DURING PENETRATION. 
SHIPEKI 

1/4 BUCKET FINE SAND. 

BUUNCED DURING PENETRATISN. 
BDTTDMED ON BEDRBCK. SHIPEKI 
1/4 BUCKET SILTY SAND. 

BDTTDMED UN BEDRQCK. SH1PEKi 
1/2 BUCKET FINE SAND. 

BOTTOM OF HOLE UNCERTfiIN- 
SUSPECT GLQCIQL SEDIMENT. 
SHIPEK§ 1/2 BUCKET FINE SAND. 

B8?TONED IN ELACIAL SEDIMENT. 
SHIPEKZ 1/4 BUCKET SILTY SAND 
HZTH SOME URGQNIC MATERIAL.
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KEY TO SEDIMENT CORE LOGS 

CORE! /LAKE CORE TYPE: 
DATE! LENGTHS 
UTM NZ E1 IGLD DEPTH! 
PHOTOS: SLIDES— LOGGED BYI 

X-RAY- DATE! 

UNIT 11 

STANDARD ORDER OF PROPERTIES IS AS FOLLOWS! 
Q COLOUR 
Q CONSISTENCY 
— TEXTURE 
- STRUCTURE 
— COMPOSITION- SHELLS 

_ 

- MINERALOGY/PETROLOGY 
- HCL REACTION ' 

- AVAILABILITY OF GRAEN—SIZE DATA 
— AUAILABILITY OF POLLEN DATA 
v— OTHER COMMENTS



SEDIMENT DORE LOG 

CORE: CO12 /LAKE QNTARIO CORE TYPE! BEAOHCOR 
DATE: 1S APRIL 1973 LENOTHZ 55 CM 
UTM Ni 4795910 E1 597770 IGLD DEPTH: 

PHOTOS: SLIDES* NO LOGGED BY! B. HAWKINS 

UN 

IAPPROX. POSITION) 

X-RAY- YES DATE: 31 MAY 1973 
11 1: 0-55 cm 
DARK GREY (IOYR 3/1) 
FIRM ‘ 

MEDIUM SAND 
SCATTERED NHOLE SHELLS AND SHELL FRAGMENTS ANGULAR PEBBLE AT 49 CM .

. 

MODERATE HCL Rsncrzou NITH_H2S onoun '

- 

GRAIN-SIZE DATA AUAILABLE FOR 0-201 20-40 AND 40-55 CM



SEDIMENT CORE LOG 

CORE: CO13 /LAKE ONTARIO CORE TYPES BEACHCOR 
DATEZ 16 APRIL IS73 LENGTH! 102-5 CM 
UTM NZ 4795880 E: 597580 IGLD DEPTH! 

-(APPROX. POSITION) 
PHOTOS! SLIDES— NO LOGGED BYZ B. HANKINS 

UNIT 12 O—10.5 

UN 

X-RAY* YES DATE! 1 JUNE 1973 
CM 

DARK GREYISH—BRONN (IOYR 3/Z) 
FIRM 
MEDIUM SAND 
SCATTERED SHELL FRAGMENTS 
MODERATE HCL REACTION NITH HZS ODOUR GRAIN—SIZE DATA AVAILABLE

r 

IT 2: 10,5-14.5 CM 
UERY DARK GREY (IOYR 3/1) 
FIRM I 

MEDIUM SAND 
SCATTERED SHELL FRAGMENTS 
HIGH CONCENTRATION OF HEAVY MINERALS STRONG HCL REACTION NITH STRONG H25 ODOUR GRAIN—SIZE DATA AUAILABLE 

UNIT SI 14.5-102@5 CM 
DARK GREYISH-BROWN (IOYR 3/2) FIRM 
MEDIUM SAND 
SCATTERED SHELL FRAGMENTS SUBROUNDED CARBONATE PEBBLE AT SB CM MODERATE HCL REACTION NITH STRONG HZS ODOUR GRAIN-SIZE DATA_AUAILABLE FOR 14.5—45' 45*75 AND 75-102.5 CM



COREZ CO17 /LAKE ONTARIO 
I 

CORE TYPE: BEACHCOR 
DATE! 25 MAY 1973 LENGTHI 34 CM 
UTM NZ 4795040 E! 597924 > IGLD DEPTH! 3.8 M 
PHOTOS! SLIDES— NO LOGGED BYI B. HANKINS 

SEDIMENT CORE LOG 

X-RAY— YES DATE! 31 MAY 1973 
UNIT 1: O-34 CM 

DARK GREY (IOYR 4/1) 
FIRM 
HELL-SDRTED MEDIUM SAND 
FEM SCATTERED SHELL FRAGMENTS 
FEH SCATTERED ROUNDED CARBONATE PEBBLES

. MODERATE HCL REACTION 
GRAIN-SIZE DATA AVAILABLE FOR O-17 AND 17-34 CM

K



SEDIMENT CORE LOG 

CORE: CO19 /LAKE ONTARIO 
DATE: 25 MAY 1973 
UTM NZ 4799929 E: 597781 
PHOTOS! SLIDES— NO 

X*RAY- YES 
UNIT 11 O-9 

UNI 

UNI 

UNI 

DARK BROHN 
FIRM 
SILTY FINE 
SOME SHELL 
STRONG HCL 
GRAIN-SIZE 
POLLEN DATA AVAILABLE FOR O-2 CM 

CM 

(7.5YR 3/2) 

TO MEDIUM SAND 
FRAGMENTS 
REACTION 
DATA AUAILABLE 

T 22 S-10.5 CM - 

CORE TYPE: BEACHCOR 
LENGTH: 24 CM 

IGLD DEPTH! 3.2 M 

LOGGED BY! LA HAIE/HAHKINS 
DATE: 31 MAY 1973 . 

.UERY DARK GREYISH-BROHN (10YR 3/2) FIRM 
MEDIUM TO COARSE SAND 
STRONG HCL 
GRAIN-SIZE 
POLLEN DATA AUAILABLE.FOR B-10 CM 

DARK BROHN 
SILTY SAND 

REACTION 
DATA AUAILABLE 

T 32 10.5-11.5 CM 
(7.5YR 3/2) 

HCL REACTION 
GRAIN-SIZE DATA AVAILABLE 

T 45 11.5-1315 CM 
VERY DARK GREYISH BROWN (IOYR 3/2) MEDIUM TO OOARSE SAND 
MODERATE HCL REACTION »- 
GRAIN-SIZE DATA AVAILABLE



UNIT L5! 13.5-23 CH 
VERY DARK GREYISH BRDNN (1OYR 3/2)\ FIRM 
CLAYEY SILT A 

SOME SHELL FRAGMENTS 
HCL REACTION 
GRAIN~SIZE DATA AVAILABLE 
PDLLEN DATA AVAILABLE FUR 14-1B1 20-Z2 AND 22-23 CM TNIG AT 21 CM 

UNIT Bi 23-24 CM 
BRDNN 
saunv SILT

V SHELL FRAGMENTS 
MODERATE HCL REACTION 
GRAIN-SIZE DATA AVAILABLE



CORE: CO20 /LAKE ONTARIO CORE TYPE’ BEACHCOR 
DATE: 1B AUGUST 1973 LENGTH S5 CM 
UTM N: 4794484 EZ 598219 IGLD DEPTH 

PHOTOS! SLIDES— NO LOGGED BY B HAWKINS 

SEDIMENT CORE LOG 

(WEAK FIX) 

X-RAY- YES 
UNIT 11 O-S5 CM 

— STRONG HCL REACTION NITH HZS ODOUR - GRAIN—SIZE DATA AVAILABLE FOR O-20 20-40 AND 40-65 CM 

DARK GREYISH—BROHN (2.5Y 4/2) 
FIRM

_ MEDIUM TO conass SAND 
scarrsnsn SHELL FRAGMENTS 
NUMEROUS GRANULES OF SUBANGULAR TO SUBROUNDED QUARTZ AND CARBONATE 

DATE 17 AUGUST 1973



SEDIMENT CORE LOG 

CORE: CO21 /LAKE ONTARIO CORE TYPEZ BEAOHOOR 
DATE! 17 AUGUST 1973 " LENGTH! 55 CM 
UTM NZ 4795571 E! 599573 IGLD DEPTHZ 2.1 M 
PHOTOS: SLIDES- NO LOGGED BYI G. LA HAIE 

X—RAY— YES DATE! 
UNIT 1! 0-45 CM 
- DARK GREYISH—BROHN (2.5Y 4/2) — FINE TO MEDIUM SAND - SHELL FRAGMENTS AT TOP OF CORE — SUB—ROUNDED CARBONATE PEBBLE AT 8 CM A - GRAIN-SIZE DATA AVAILABLE FOR O-22.5 AND 22.5—45 CM 

UNIT 25 45—4B.S OM 
- LAYER OF PEAT 

WOOD FRAGMENT — GRAIN-SIZE DATA AUAILABLE 

UNIT 32 48.5-55 CH
A 

~ DARK GREYISH snouu (2.5Y 4/2) - FINE TO MEDIUM SAND, SOME PEBBLES — GRAIN—SIZE DATA AVAILABLE



SEDIMENT CORE LOO 

COREZ CO51 /LAKE ONTARIO CORE TYPEI BEACHCOR 
DATE! 28 AUGUST 1974 LENGTH; S5 CM 
UTM NZ 4830241 E2 B32889 IOLD DEPTH! 7.0 M

| 

PHOTOSZ SLIDES~ NO LOGGED BYZ O. WINTER 
X—RAY- YES DATEZ 12 SEPTEMBER 1974 

UNIT 1: O—S5 CM 
_ 

\
_ 

UERY DARK OREYISH BROWN (2.5Y 3/2) TO OLIVE (SY 4/3) FIRM-SAND 
POORLY-SORTED FINE TO MEDIUM SAND? INCLINED ORAUEL BAND 4 CM THICK AT THE 47 CM LEUEL HITH SUB-ROUNDED TO ROUNDED GRANULES AND PEBBLES OF MIXED COMPOSITION

. MOTTLED 
SCATTERED SHELL FRAGMENTS ' 

MODERATE HCL REACTION WITH INCREASING H28 ODOUR DONN THE CORE - 

GRAIN—SIZE DATA AVAILABLE FOR 0-20 CM, 20-40 CM AND 40-B5 CM INTERUALS



SEDIMENT CORE LOG 
\

. 

CORE! CD52 /LAKE ONTARIO CORE TYPE: BEACHCOR 
DATE: ZS AUGUST 1974 LENGTH: 24 CM 
UTM Ni 4832346 E! B37133 IGLD DEETHZ 16.5 M. 

PHOTOS: vSLIDES- NO LOGGED BY: G. WINTER 
X—RAY- YES ' 

oars: 12 SEPTEMBER 1974 

UNIT 13 O-24 CM ‘ 

.

’ 

- UERY DARK GREYISH BROHN (2.5Y S/2) - LOOSE 
— POORLY SORTED GRAUEL TO FINE SAND - GRADED FROM GRAUEL AT THE BASE TO FINE SAND AT THE TOP * MINOR SCATTERED SHELL FRAGMENTS — SUBROUNDED PEBBLES OF MIXED COMPOSITION - HGL REACTION WITH H28 ODOUR STRONGEST AT THE TOP OF THE UNIT - GRAIN=SIZE DATA AVAILABLE FOR 0-12 CM AND 12-Z4 CM



SEDIMENT CORE LOG 

CORE: COSB /LAKE ONTARIO CORE TYPE! IMPACT 
DATES 22 JUNE.1S77 LENGTH! 128.5 CM 
UTM NZ 479G270 E: 597490 IGLD DEPTH: (WEAK FIX) 

PHOTOSZ SLIDES— NO LOGGED BY: G. LA HAIE 
X—RAY- YES DATEZ 24 JANUARY 1983 

UNIT 15 O-IS CM 
DARK GREYISH—BROWN (2.5Y 4/2) FIRM 
FINE TO MEDIUM SAND? VENEER OF DARK REDDISH-BROWN SANDY SILT MASSIVE STRUCTURE 
SMALL AMOUNT OF BROKEN SHELL$ ' 

SUBROUNDED CARBONATE PEBBLE AT 5 CM MODERATELY HIGH HEAVY MINERAL CONTENT WEAK HCL REACTION WITH SLIGHT HZS ODOUR GRAIN-SIZE DATA AVAILABLE 

UNIT 21 IS-56 CM 
DARK GREYISH-BROWN (2,5Y 4/2) AND DARK BROWN (7.5Y 3/2) FIRM 
FINE TO MEDIUM SAND AND SILTY SAND HORIZONTALLY LAMINATED? ALTERNATING THICK BANDS OF SILTY SAND (BROWN) AND FINE TO MEDIUM SAND (GREYISH—BROWN) LAMINAE ARE CONVEX UPWARD (DISTORTED BY CORING?) BANDS SHOW FINE INTERNAL LAMINATIONS LENS OF DARK GREY (SY 4/1) FINE TO MEDIUM SAND AT 1B—2B CM SMALL SHELL FRAGMENTS IN GREY SAND LENS "

- 

MODERATELY HIGH HEAVY MINERAL CONTENT WEAK HCL REACTION WITH SLIGHT H2S ODOUR GRAIN-SIZE DATA AVAILABLE FOR 16-35 AND 35*5B CM 

UNIT 31 SS-113 CM " 

DARK BROWN (7.5Y 3/2) AND DARK REDDISH-BROWN (SY 3/2) FIRM 
SILTY FINE SAND AND FINE SAND HORIZONTALLY LAMINATED? ALTERNATING BANDS OF FINE SAND AND SILTY FINE SAND 
LAMINAE ARE CONVEX UPWARD (DISTORTED BY CORING?) SMALL NUMBER OF SHELL FRAGMENTS IN BOTTOM 20 CM OF UNIT SUBANGULAR GRANITE PEBBLE AT 82 CM WEAK HCL REACTION WITH SLIGHT H2S ODOUR A GRAIN-SIZE DATA AVAILABLE FOR 58-85 AND B5-113 CM



UNIT 41 113-128.5 CM 
DARK GREYISHPBRONN (IOYR 4/2) FIRM 
FINE SAND 
X—RAY PHOTOS SHOW UERY FINE HORIZONTAL LAMINATION

_ LAMINAE FROM 113-120 CM ARE CONUEX UPNARDS (DISTORTED?) SCATTERED SHELL FRAGMENTS 
MODERATE HEAUY MINERAL CONTENT ' 

NEAK HCL REACTION NITH SLIGHT H25 ODOUR GRAIN-SIZE DATA AVAILABLE



SEDIMENT CORE LOG 

COREZ CD57 /LAKE ONTARIO CORE TYPE: IMPACT 
DATES 22 JUNE 1977 

_ 

_ LENGTH: B1 CM 
UTM Ni 4792890 E3 598880 IGLD DEPTHZ (WEAK FIX) 
PHOTOS: SLIDES— NO LOGGED BY: G. LA HAIE 

X-RAY— YES 
A 

DATES 24 JANUARY 1983 
UNIT 1: O*81 CM 

UERY DARK GREY (10YR 3/1) FIRM 
FINE SAND 
OUTER 1 CM OF CORE HAS OXIDIZED NHEN DESCRIBED SEVERAL LENSES OF SLIGHTLY COARSER SAND BETWEEN 35 AND 75 CM THIN BANDS OF DARK REDDISH-BRONN (5Y 3/2) SILTY SAND FROM'72—75~CM

. HORIZONTAL LAMINATION UISIBLE IN X—RAY PHOTOS ONLY LANINAE IN UPPER 25 CM ARE CONUEX UPNARD (DISTORTED BY CORING?) 
SMALL NUMBER OF SHELL FRAGMENTS IN UPPER AND BASAL 5 CM MODERATE HCL REACTION AND HZS ODOUR IN UPPER 10 CM? NEAK ELSEWHERE 
GRAINPSIZE DATA AVAILABLE FOR 0-25: 25-50 AND 50-B1 CM x=RAv PHOTOS snow scnrrsneo PEBBLES W
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ABSTRACT ° 

Hydraulic jetting provides a fast and inexpensive method for direct measurement 
of the thickness of unconsolidated shallow-water sediments of sand size. The 
equipment is portable and can be operated from a small launch or barge. 
Sediment thickness can be resolved to 0.25 m and in some instances it is possible 
to identify the underlying material. ‘

_ 

INTRODUCTION - 

Conventional acoustic techniques (echo-sounding, sub-bottom profiling) are of 
limited use in measuring the thickness of _Great Lakes‘ nearshore sand deposits. 
Higher frequencies give inadequate penetration, lower frequencies inadequate 
resolution; in both cases noisy records result from the reverberation experienced 
in shallow water.

' 

As an alternative to the geophysical approach, we have developed a procedure of 
direct measurement of sediment thickness by hydraulic jetting to refusal. The 
method was suggested by the previous use of jetting as an aid to sampling 
unconsolidated sediments by Wilson (l9lll), Pincus et al (l9Sl) and Coffee (I968). 
lt consists simply‘ of fluidizing bottom sediment with a water jet and recording jet 
penetration to refusal. We offer it as a simple, ijnexpensive_ alternative to, or 
control procedure for, shallow-water geophysical surveys of sediment thickness. 

EQUIPMENT 
_

4 

Jetting equipment (Figure l) consists of a jet pipe, reinforced flexible intake and 
discharge hoses and a high pressure water pump. We use a 7.5 m long pipe made 
up of l.5 m sections of aluminum (2", schedule 40) and an end section of steel to 
provide weight and resistance to abrasion. The working end of the steel pipe is 
threaded to serve as a sampler of the material in which refusal occurs. Hose is 
standard 2 inch fire hose or flexible reinforced plastic hose with clamp 
connectors. Both pipe and hose are calibrated i_n units of 0.25 m. A shofrt length 
of flexible hose with a screened end piece serves as the water intake. The water 
pump is a 6 H.P. gasoline-powered fire pump with a discharge of 60 gpm at 60 psi. 

OPERATION ' 

Jet-ting is most conveniently carried out from a small ca__tamara'n or barge with low 
freeboard and a large deck area to facilitate handling of the hose. The minimal 
requirement for the operation in terms of space and stability would be a small 
Boston Whaler or equivalent. 

The jetting platform is rnanoeuvred onto station and anchored fore and aft to 
minimize drift. The jet pipe is assembled’ and coupled to the pump with a hose 
length at least twice the water‘ depth‘. The pipe is then lowered by hand (or by 
winch, if available) into contact with the bottom and the water depth, is read from 
the hose markings (Figure *2). The pump is started and the water jet from the pipe



\ 

fluidizes a sediment column into which the pipe is -advanced. Penetration continues until the jet encounters bedrock or semi+consolidated glacial sediment and no further progress is possible (Figure 2). Pipe behaviour at this stage is often a clue to the type of underlying material. The pipe tends to bounce on bedrock or boulder bottoms and to stick in glacial till or glaciolacustrine sediment. When refusal occurs, depth of penetration is recorded from the hose markings-and the pipe is withdrawn and examined for evidence of underlying material retained in its end threads. - 

The jetting operation itself generally takes about IO minutes in water depths of less than 20 m. Total site time including anchoring is about Z0 minutes. Maximum penetration achieved to date has been I8 m_. 

APPLICATIONS 
.

- 

The jetting procedure was designed specifically for thickness measurement. of nearshore lake sands_and Qfavels as an aid t0, or subs’tit'ute for, conventional acoustic techniques. lt should apply equally well to measurements in stream or beach deposits or in finer-grained basin or bay sediments. Limiting grain size with 
th_e equipment described is about 2-3 cm gravel beyond which pressure is lost because of the high permeability and material cannot be fluidized. 
We use jetting in advance of coring to define the geometry of the sediment body being investigated and to provide a basis for optimum siting of cores. Jetting itself should be able. to provideva coarse sediment stratigraphy if descent rate is monitored and contacts defined by abrupt changes in the rate of penetration. Further refinement would involve calibration of descent rates with geotechnical information from adjacent cores. There has notjyet been a serious effort to explore this potential use. 

V

V 

ln instances where point data on thickness are inadequate to the job at hand and geophysical profiling techniques must be employed,-jetting can still be of use in calibration of the geophysical records.
Q 

\ .

/
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FIGURE LEGEND‘ , 

Figure I Wo_1erje"r system 

Figure 2 Jefling operoflon
1
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1.0 INTRODUCTION 
’ The purpose of this manual is to describe the five standard methods 

used in the CCIW Sedimejntology Laboratory to measure particle size. These are: 
1) Sieve Analysis - For samples comprised of mainly sand and gravel. 

Two levels“ of analysis are possible: gravel+sand and silt-clay 
percentages, or greater resolution of the gravel and sand fractions to 
a maximum of ls PHI. (PHI, ¢=-logz E (where E is the diameter in 

. mm). ~ 

2) Sieve and Short Pipette Analysis - This procedure provides a fast, 
simple method of determining the percentage of gravel, sand, silt and 
clay. The gravel percentage is determined by sieving at the gravel— 
sand boundary (-1.0 PHI) and the remaining sample is resolved by 
short pipette analysis. 

3) Sieve, Short Pipette and Settling Tube Analysis - This procedure, 
known as F.A.-S.»T. (Rukavina and Duncan, 1970), provides gravel, 
sand, silt and clay percentages with )5 PHI resolution of the sand by 
the settling tube procedure. 

g

A 

4) Sieve, Settling Tube, Pipette and Sedigraph Analysis - This] procedure, 
introduced as F.A.S,.T."R (Rukavina and LaHaie, 1976), provides 
gravel, sand, silt and clay percentages with >6 PHI resolultion to the 
silt-clay bounda_ry_. The sand is resolved by the settling tube 
procedure, following that given in Rukavina and Duncan (P70). The 
siltand clay are resolved with the Sedigraph Grain-Size Anal_yzer*. 

5) Sedigraph Analysis - Designed to process samples weighing less than 
5g and composed mainly of silt and clay. The procedure yields 
percentages of sand, siltand clay with a maximum resolution of $4,. 

PHI of the silt and clay to 12 PHl(0.0002li mm).
l 

Throughout this manual, the emphasis is placedon equipment and 
procedures rather than on the theoretical consideratio'ns underlying each method. 
It was felt that the theoretical aspects of. the work had been adequately 
discussed in the standard sedimentological texts and, ‘therefore, shoiild not be

i repeated here. Each procedure described in this manual is complete itself and 
does not require cross-referencing. 

* Micromeritics Instrument C-orpora-tion, Norcross, Georgia. 
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PROCEDURES ' 

2.0 SIAEVEA ANALYSIS 

Sieving consists of separating a sediment sample into particle size 
fractions by passing it through a series of sieves with successively smaller mesh 
openings (Krumbein dc, Pettijohn, i938). At CCIW, this procedure is used‘ only 
when most of the sample is gravel and sand. The amount of sample’ used in sieve 
analysis is determined by two criteria: the sample should not clog the screens, 
and the removal of one particle from a sieve fraction should not significantly 
effect the weight of that fraction. ‘Two levels of analysis are possible :‘ 

gravel, sand and silt-clay percentages can be provided by sieving only at the 
gravel-sand (-1.0 PHI) and sand-silt boundaries (4,0 PHI) -or greater resolution of 
the gravel and sand fractions is possible by adding more sieves. The maximum 
resolution available at CCIW is % PHI. 

_ 
A Pulverit* electromagnetic sieve shaker is used for sieving instead 

of "the more conventional Ro-Tap** mechanical shaker‘. The Pulverit has the 
advantages of being easier and quieter to operate, more compact and capable of 
wet sieving, while still producing results comparable to the Ro-Tap (Appendix 1+). 

Figure 2 shows the details of the procedure as described in the 
following section.

. 

2 .2 Procedure 

1) Label the Sizdist Coding Form (Figure l) with theAna_lyst and Laboratory 
Number*"**i and enter the SAMPLE DESIG_NATlON, date of analysis (DAY, 
MO. YR.) and ANALYSIS CODE NO. (l for sieve analysis) for each sample 
to be analysed.

_ 

2) Freeze-dry the sample (Appendix 2). 
3) Split the sample (Table 1) with a Jones-type riffle splitter or the cone and 

quarter method (Appendix 3). Store the remaining portion of the sample. 
ll) Remove shells, wood, cinders, etc. from the split, weigh them to 0.01 g and 

record the weight and composition. as a Comment on the Sizdist Coding 
Forrn (indicate that the weight of this material is _r_1o_t included in the total 
sample weight), __Di_s<:ard the material. 

Z, , * Geoscience Instrument Corporation, Mount Vernon, N.Y_. 
*-it W. S. TylerrCo., Cleveland, Ohio. *** Each sample entering the CCIW Sedimentology Laboratory is given an 

independent laboratory number. A 

-

l 
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Disaggregate conglomerates in the working sample with a rubber-tipped 
pestle and mortar or a wooden rolling pin. 
Weigh the split to 0.01 g and record the weight as SAMPLE WT. on the 
Sizdist Coding Form. '

_ 

Put the sample in a vertical stack of sieves (Plate 1) with acatch pan at 
the bottom (only the-1.0 PHI (2.0 mm) and the#.0 PHI (0.0_625 mm) sieves are 
required to determine gravel, sand and silt+clay percentages). Shake the 
sieves gently by hand and remove any empty sieves from the top of the 
stack. i 

Place the stack of sieves on the electromagnetic sieve shaker for ten 
minutes at a rheostat setting of 10 (this is equivalent to ten minutes on a 
Ro-Tap mechanical shaker). 

.

. 

After the sieving is completed, remove the “sieves from the shaker and 
record the PHI. size of the first sieve that has retained any material as D 
(PHI) ORIGIN on the Sizdist Coding Form. »

- 

Empty the contents of the first sievelonto a large piece of paper and gently 
tap the side of the sieve along the mesh diagonal. 
Transfer the sediment from the paper to a tared a_lu_minu’m dish. 
Replace the paper and remove any particles trapped in the sieve mesh by 
striking the sieve sharply on the paper-. To prevent damage to the sieve or 
loss of material, be careful to strike it squarely on the paper. Do not pry 
or brush particles from the sieve mesh as this may alter the size of the 
mesh openings.

Y 

Add the dislodged particles to the material in the tared aluminum dish, 
weight to 0.01 g and enter the weight on the Sizdist Coding Form in the 
first space under SIEVE WTS. + SETTLING TUBE CUMULATIVE HTS. 
‘Repeat steps I0 to 1.3 for each sieve in the stack and enter the weights of 
each sieve fraction on the Sizdist Coding Form in the space to the right of 
the previous entry. If there is no -sediment on a sieve, enter a value of 0.00 
in the appropriate space on the Sizdist Coding Form. 

e, 

Weigh the pan fraction to 0.01 g and enter the weight on the Sizdist Coding 
Form after the last sieve weight. 
Recover and store the sieve working sample. 
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17) Add the following to the Sizdist Coding Form: ' a) DATA PTS_.* - the total number of sieve weights + 1 (for the pan 
fraction). 

b) NO. COMMENT CARDS - the total number of comment cards. 
c) ‘ SIEVEI ST. PTS. - The total number of sieve weights (Do not include the 

pan fraction).
. 

d) o INTERVAL - the ointerval used in sieving. It thesampleis analysed 
for gravel, sand and silt/clay percentages only, leave ¢ INTERVAL 
blank. V 

18) Keypunch the data on the Sizdist Coding Form allofing one computer Galrd, 
for each line of data. 

19) Process the data with SIZDIST: a FORTRAN IV computer program 
(Report in Progress), 

3.0 SIEVE AND SHORT PIPETTE PROCEDURE 
3.1 General

_ 

This procedure provides a fast, simple. method of determining the 
percentage "of gravel, sand, silt and clay. First the gravel is separated from the 
sample by sieving at thegravel—sand boundary -1.0 PHI (2.6 mm). The remainder of the 
sample is then resolved by short pipette analysis (Rukavina and Duncan, 1970). 
Briefly, short pipette analysis consists of withdrawing two aliquots from a 
sediment" suspension at predetermijned depths and times. The first aliquot 
contains the proportion of silt+clay in the sample, the second aliquot only the 
clay. Figure 3 shows the details of the procedure as described in the following 
section. 

3.2 Procedure -

‘ 

l) Label the Sizdist Coding Form (Figure l) with the Analyst and Laboratory 
'Numb;er* and enter the SAMPLE DESIGNATION, date of analysis (DAY,MO. 
YR.) and ANALYSIS CODE NO. (2 for sieve and short} pipette) for each 
sample to be analysed. » 

2) "Freeze-dry the sample (Appendix 2). 
l

‘ 

3) Split the sample to 20 g with a Jones-type riffle splitter or the cone and 
quarter method (Appendix 3). Store the remaining portion of the sample. 

* Each sample entering the CCIW Sedimentology Laboratory is given an indepen- 
dent laboratory number.

_ 

-5-



Remove shells, wood, Cinders, etc. from the split", weigh them to 0.01 g and 
record the weight and composition as a Comment -on the Sizdist Coding. 
Form (indicate that the weight of this material is not included in the total- 
sample weight). Discard the material. A ‘ 

Disaggregate conglomerates in the working sample with a rubber-tipped 
pestle and mortar or a wooden rolling pin.

_ 

Weigh the split to 0.0001 g and record the weight as SA_MPLE- WT. g on the 
Sizdist Coding Forrn. _’

l 

Remove the gravel "fraction by sieving the split at-1.0 Pl.-iI_(2.00 mm). Weigh 
the material retained on the sieve to 0.0001 g and record the weight on the 
Sizdist Coding Form in the first space provided under SIEVE WTS. + 
SETTLING TUBE HTS. Discard the gravel fraction. ' 

Transfer the material finer than -1.0 PHJ (2.0 mm) to a mixing cup (ASTM 
designation D-422-63, l963)andadd 50ml of dispersant (60 g of Calgorl 
»l.it_re of distilled water) and 300ml of distilled water. Make 
necessary adjustments for non-standard sample size according to Table 2». 
Mix suspension for 15 minutes on an electric mixer (ASTM designation 
D022-63, 1963). 

_
_ 

Transfer the suspension to a preiabelled, 500 "ml cylinder and add distilled 
water to bring the suspension to the 500 ml level. 
Allow the suspension to stand for one hour. 
Transfer 50 mi of dispersant to two preweighed, aluminum dishes; oven dry 
at 90°C, remove and plage in a dessicator to cool, weigh to 0.0001 g, 
and record the weight of the dispersant as WT. DISPERSANT V on the 
Sizdist Coding Form. Repeat approximately every 15' samples. V 

Number and weigh two aluminum dishes for each sample and enter the 
numbers and weights as TARE_# and TARE WT. "respectively on the Sizdist 
Coding Form for each sample. -

_ 

Check the suspension for complete dispersion of the particles (Krumbein 
and Pettijohn, 1938). if flocculation has occ'ufrred, the suspension will 
separate into layers of clear water and flocculent precipitate. in this 
event, stop the analysis and note that there has been flocculation as a 
Comment on the Sizdist Coding Form. Should the person requesting the 
analysis require complete dispersion of the sample, refer to Krumbein and 
Péfiiiohn (1938) forvadditional procedures. If flocculation does lg ‘occur, 
continue with the next step. 

-5-



Mix the suspension "for 30 seconds by repeatedly inverting and righting the 
cylinder. Set the cylinder down and take the temperature of the suspension 
to determine correct pipette withdrawal times (Table 3). 
Mix the suspension _for one minute by repeatedly inverting and righting the 
cylinder, set it down carefully at time 0. 
Immerse a pipette in the suspension to the 20 cm mark on the pipette 
(Appendix 1, Section 3.2) and withdraw 25 ml of suspension attheelapsed 
time since set down (Table 3). - 

_
. 

Empty the pipette into the first prenumbered aluminum dish, ‘rinse with 
distilled water and add the rinse to the same aluminum dish. " 

Take la second, '25 ml, pipette aliquot at the 5 cm mark on the pipette 
(Appendix 1, Section 3.2) at the time given in Table 3. Empty and rinse the 
pipette into the second aluminum dish. Table 6 provides a schedule of 
consecutive pipette withdrawal times for batch processing. r 

Discard the remaining suspension, 
Oven dry the pipette samples at 90°C and place them in a desiccator to 
cool. ~ 

Weigh the dried samples to 0.0001 g and record the weights as GROSS WT. 
PIP. FR. on the Sizdist Coding Form. Be careful to record the weight 
adjacent to the appropriate Tare #. “ 

Discard the dried sample. 
Add the following to the Sizdi_st~Coding Form: 
a) Data Pts.* -i the total number of sieve and pipette weights. 
b) NO. COMMENT‘ CARDS - the total number of comment cards. 
c) »SIE-VE/ST. PTS. - the total number of sieve weights. 
d) ¢ INTERVAL + leave blank. 
e) CYL. SIZE ml - the volume of the cylinders used for short pipette 

analysis (500 cc for standard analysis). ' 

f) ¢ ORIGIN - =1.0 if sieve fraction; leave blank if no sieve fraction, 
Keypunch the data on the Sizdist Coding Form alloting one computer card 
for each line of data. ' 

Process the data with SIZDIST: A Fortran IV computer program (Report in 
Progress). 
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4.-O SIEVE, SHORT PIPETTE AND SETTLING TUBE 
"-1 __@.?=Ir1¢sa1.

S 

V This procedure provides gravel, sand-, silt and clay percentages with V: 
PHI resolution on the sand (Rukavina and Duncan, l970).~ First the gravel is 

separated from the sample by sieving at -0.5 PHI (1.41 mm). The silt and clay is 
then resolved by short pipette analysis. Briefly, short pipette consists of 
witshdrawing two aliquots from a sediment suspension at predetermined depths 
and times. The first aliquot contains the _pr‘oportion of silt and clay in the 
sample, the second aliquot only the clay. The settling tube is used to obtain the 
size distribution of the sand fraction. Sand is released from the top of an Emery 
settling tube (Emery, 1938) and the amount of accumulation is measured at 
pretimed intervals. Figure Ii shows the details of the procedure as described in 
the following section. 

. 

p

t 

14.2 Procedure . . . _ , 

-l) Label the Sizdist Coding Form (Figure l) with the Analyst and Laboratory 
Number* andenter the SAMPLE DESIGNATION, date of analysis (DAY, 
MO. YR.) and ANALYSIS CODE NO. (4 for sieve, short pipette and settling 

r tube) for each sample to be analysed. * 

2) Freeze-dry the sample (Appendix 2). " 

*

- 

3) Split the sample to 20 g with a Jones-type riffle splitter or the cone and 
quarter method (Appendix 3). Store the unused portion oi the sample. 

4) Remove shells, wood, cinders, etc. from the split, weigh them to 0.01 g and 
record the weight and composition as a Comment on the Sizdist Coding 
Form (indicate that the weight of this material is 11% included in the total 
sample weight). -Discard the material. 

5) Disaggregate conglomerates in the working sample with a rubber-tipped 
pestle and mortar or a wooden rolling pin. V 

-

V 

6) Weigh the split to 0.0001.-g and record the weight as SAMPLE WT. g on the 
Sizdist Coding Form. » 

7) Remove the gravel fraction by sieving the split at -0.6 PHI (l.#l mm). 
Weigh the material retained on the sieve to 0.0001 g and record the weight 
on the Sizdist Coding Form in the -first space provided under SIEVE V/TS. + 
SETTLING TUBE HTS. Discard the gravel fraction.

_ 

* Each sample entering the CC-IW Sedimentology Laboratory is given an indepen- 
ent laboratory number. ' 

V '

A 
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8) 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

Transferthe materials finer than -0.5 PHI (l.l;l mm) to a mixing cup (ASTM 
designation D.-422-63-, 1963) and add 50 ml of dispersant (50 g of 
Calgon/litre of distilled water) and V300 r'nl of distillled water. Make 
necessary adjustments for non-standard sample size according to Table 2. 
Mix suspension for 15 minutes on an electric mixer (ASTM designation 
D422-63, 1963). - 

Transfer the suspension to a prelabelled, 500 ml cylinder and add distilled 
water to bring the suspension to the 500 ml level.

_ 

Allow the suspension to stand for one hour.’ 
Transfer 50 ml of dispersant to two preweighed, aluminum dishes; oven dry 
at 90°C, and remove and place in a dessicator to cool, weight to 0.0001 g, 
and record the Weight of the dispersant as WT. DISPERSANT on the Sizdist 
Coding Form. Repeat approximately every 15 samples. ' 

Number and we_igh two aluminum dishes "for each -sample and enter the 
numbers and weights asvTARE# and TARE WT. respectively on the Sizdist 
Coding Form for each sample.

_ 

Check the suspension for complete dispersion of the particles (Krurnbein 
and Pettijohn, 1938). If flocculation has occurred, the suspension will 
separate into layers of clear water and flocculent precipitate. In this 
event, stop the analysis and note that there has been flocculation as a_ 

Comment on the Sizdist Coding Form. Should the person requesting the 
analysis require complete dispersion of the sample, refer to Krumbein and 
Pettijohn (i938) (for additional procedures. If flocculation does _n£t_ occur, 
continue with the next step. 
Mix the suspension for 30 seconds by repeatedly inverting and righting the 
cylinder. Set the cylinder down and take the temperature of. the‘ suspnesion 
to determine correct pipette withdrawal times (Table 3). 
M_ix the suspension _for ojne minute by repeatedly inverting and righting the 
cylinder, set -it down carefully at time 0. 

_. 

Immerse a pipette in the suspension to the 20 cm mark. on the pipette 
(Appendix 1, Section 3.2)‘ and withdraw 25 mi of suspension at the elapsed 
time since set down (Table 3). i 

.
V 

Empty the pipette into the first prenumbered aluminum dish, rinse with 
distilled water and add the rinse to the aluminum dish.

i 

-9,



Take a second, 25 ml, pipette aliquot at the 5 cm mark on the pipette 
(Appendix l, Section 3.2) at the time given in Table 3. . 

Empty and rinse the pipette into the second aluminum dish. Table. 6 
provides ca schedule of ‘cojnsecutive pipette withdrawal times for batch 
processing. ' 

Oven dry the second pipette samples at 90°C and place them in a 
desiccator to cool. ‘

- 

Wet sieve the rema'i_n_ing suspension at li.5 PHI (0.040 mm) and split the 
residue to 3-5 g with a Jones-type riffle splitter. This is the settling tube 
working sample. 
Discard the remaining suspension and proceed with settling tube analysis. 
Check the settling tube with a "level to determine if it is vertical and adjust 
if necessary-. I 

\ 

V 

»

' 

Fill the tube with distilled water and record the water temperature. Table 
0 gives the times at which cumulative height readings are taken for various 
water temperatures. At CC-VIW, the times have i been prerecorded on 
cassette tapes which are played back during the analysis- 

S in 

Set the tape recorder to the start of the time signals for the appropriate 
water temperature.

A 

inflate the balloon-release mechanism (Plate 2) at the top of the settling 
tubeby depressing the propipette bulb, '

' 

Wash the working sample into the settling tube with distilled water. The 
bottom of the .sample should be level with the start line at the top of the 
tube (Plate 2). 

g 

- 

' 

~

A 

Start the tape recorder and deflate the balloon on the prerecorded signal by 
depressing the "A" and "S" valves on the propipette (Plate 2). 
At each subsequent signal, record the height of sediment accumulation at 
the base of the settling tube (Plate 3) and enter the height for each reading 
on the Sizdist Coding Form as SIEVE WTS. -i-VSETTLISNG TUBE CUMULA- 
TIVE HTS. immediately following the sieve weights. '

. 

Recover and store the settling tube working sample. 
Weigh the dried samples to 0.0001 gr and record the weights as GROSS WT. 
PAIR FR- °" the 5iZdi$t (Coding .F0.!'m. Be careful" to record the weight 
adjacent to the appropriate Tare #. ' 

i

- 

Add the following to the Sizdist Coding Form: ' 

8) DATA PT$* ¢ the total number of sieve weights, settling 
tube heights and pipette drawoffs. 
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b) NO COMMENT CARDS - the total number‘ of commentcamrds. 
A c) SIEVE-/S_.T. Pfs. - the total number of sieve weights and settling 

i tube heights.
_ 

d) <1) INTERVAL - 0.5 for this procedure. 
e) CYL. SIZE ml - the ‘volume of the cylinders used for pipette 

analysis (500 ml for standard. analysis). 
33) Keypunch the data on the Sizdist Coding Form alloting one computer card 

for each line of data. 
34) Process the data with SIZDI-ST: A Fortran IV computer program (Report in 

progress). 
pi

I 
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5.0 SIEVE, SETTLING TUBE, APIPETTE AND SEDIGRAPH ANALYSIS 
5-1 ___°¢¢¢ra1 

t 

T 

A 

A

A 

’ ’ This procedure, introduced as F.A.-S.T.'R. (Rukavina -and LaHaie,- 
I976); provides gravel, sand, silt and clay percentages with ii PHI resolution of 
each case. It consists of: . 

y

\ 

1) sieving the sediment larger than 0 PHT (1.00 mm) . 

2) :sett_ling tube analysis for the sand fwirac-tion between .0 PHI and 4 PHI 
/)

Q 

3) pipette analysis to obtain the Sedigraph working sample. 
4) Sedigraph analysis. 

T The sieving _is conducted in accordance with the procedujres outlined 
in Section 1.2 of this report. The settling tube proceduire‘ follows that giivenyiin 
Rukavina and Duncan (1970). Sand is released from the top of an Emery settling 
tube (Emery, .1938) and thearnount of,accum_ula_t;ion is meas,urecl at pretimed 
intervals. 

The pipette procedure (Section 3.2) is used to collect a represeentatjiive 
sample of the silt-clayfractions, The first aliquot is processed automatiically by 
the Sedigraph. The second aliquot is oven dried, weighed and recorded. The 
Sedigraph measures particle size by recording theamount of X-rays absorbed by 
a suspension of sedimenting particles in "the silt.-clay size range. The lower limit 
for Sedigraph analysis is 12 PHI (0.0002l+ mm). A

_ 

The details of the procedure are shown in Figure 5 and described in 
the following section. ‘ 

- 

' 

‘ 
A 

I 
A 

A

’ 

5.2 Procedure ~
" 

1) Label the Sizdist Coding Form (Figure l) with Analyst. and Laboratory 
,Nu'mber* and enter the SAMPLE. DESIGNATION, date of analysis (DAY, 
MO., YR.) and ANALYSIS CODE. NO. (5 for sieve, settling tube, pipette and 
sedigrjaph analysis) for each sample to be analysed.

. 

2) Freeze-dryithe Samplfe (Appendix '2').
g 

3) Split the sample to approximately 20 g with; a Jones-type riffle splitter or 
the cone and quarter method (Appendix 3). Store the unused portion of the 
sample. 

5

’ 

* Each sample entering the CCIW Sedimentology Laboratory is given an indepen- 
dent laboratory number. 

' 

w

/

/ 
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0’ i

K 

Remove shells, wood,» cinders, etc. from the split, weigh them to 0.01 g 
and record the weight and composition as a Comment on the Sizdist Coding 
Form (indicate that the weight of this material is included» in the total 
sample weight).

_ 

Disaggregateicong1o'rneré.tes in the working sample with a rubber-tipped 
pestle and mortar or a wooden rolling pin. ' 

Weigh the splbitito 0.0001 g and record the weight as SAMPLE WT. g on the 
Sizdist Coding Form. 

V

V 

Prepare a stack of sieves beginning at-it PHI (l.ll1_ mm) and extending at '/_z 

PHI intervals, beyond the estimated size of the largest particle in the 
sample. Put a catch pan on the bottomof the stack. 
Put the sample in the stack of sieves, shake gently by hand and remove any 
empty sieves from the top of the stack. If a particle is retained on the 
first sieve, add additional sieves until the particle passes through. 
Place the stack of sieves on the elec-tromagnetic sieve shaker for ten 
minutes at a rheostat setting of I0 (‘this is equivalent to ten minutes on a 
R0-Tap. mechanical, shaker). 
After sieving is completed, remove the sieves from the shaker and reeord 
the PHI size of the first sieve that has retained any material as ¢ ORIGIN 
on the Sildist Coding Form. 

g 

ii 

Empty the contents of the first sieve onto a large piece of paper and gently 
tap the side of the sieve along the mesh diagonal. C 

Transfer the sediment from the paper to a ta_red_aluminum dish. 
Replace the paper and remove any particles trapped in the sieveimesh by 
striking the sieve sharply on the paper. To prevent damage to the sieve or 
loss of material,‘ be careful to strike it squarely on the paper. Do not pry 
or brush particles from the sieve mesh as this may alter the size of the 
mesh openings. J 

‘

C 

Add 
_ 

the dislodged particles to the material in the tared aluminum idish, 
weigh to 0.0001 g_ and enter the weight on the Sizdist Coding Form in the first 
space under SIEVE WTS. + SETTLING TUBE CUMULATIVE HTS. 
Repeat steps l l T0 I4 for each sieve in the stack and enter the weights of 
each sieve fraction on the Sizdist Coding Form in the space to the right of 
the previous entry. If there is no sediment on a sieve, enter a value of 0.00 
in the’appro'priote space on the Sizdist Coding Form. ' 
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Recover and store the sieve working sample. 
Transfer the pan fraction to a mixing cup‘ (ASTM designation ‘D-#22-63, 
1963) and add 50 ml of. dispersant (50 g of Calgon/litre of distilled water) 
and 300 ml of distilled water. Make necessary adjustments for nonstandard 
sample size according to Table 2. '

_ 

Mix the suspension for 15 minutes on an electric mi-xer(ASTM designation 
D-422-63, 1963). 

g

A 

Transfer the suspension to a prelabelled, 500 ml cylinder and add distilled 
water to bring the suspension to the 500 ml level. - 

Allow the suspension to stand for one hour. " 

Transfer 50 ml of dispersant to two, preweighed, aluminum dishes; oven dry 
at 90°C; remove and place in a dessicator to cool, weight to O-.0001 g and 

'\\ record the weight of the dispersant as WT. DICSPERSANT on the Sizdist 
Coding Form. Repeat approxirnately every 15 samples. 
Number and weigh two aluminum dishes for each sample and enter the 
numbers and weights as TARE# and TARE WT. respectively on the Sizdist 
Coding Form for each sample. 
Check the suspension for complete dispersion of particles (Krumbein and 
Pettijohn, 1938). If flocculation has occurred, the suspension will separate 
into layers of clear water and flocculent precipitate. In this event, stop 
the analysis and note that there has been flocculation as a Comment, on the 
Sizdist Coding Form. Should the person requesting the analysis require 
complete dispersion of the sample, refer to Krumbein and Pettijohn (1938) 
for additional procedu_res. If flocculation does not occur continue withthe _._ 9 

next step. ' 

Mix the suspension for 30 seconds by repeatedly inverting and righting the 
cylinder. Set the c-‘ylinder down and take the temperature of the 
suspension to determine correct pipette withdrawal times (Table 3). 
Mix the suspension again for one minute and set it down carefully at time 
O. . 

Y 

A 

’ ' 

Immerse la pipette in the suspension to-the 20 cm mark on the pipette 
(Appendix 1;, Section 3.2) and withdraw- 25 rnl at the elapsed time since set 
down (Table 3).

_ 

Empty the pipette into a prelabelled 16 dram vial, rinse with distilled water 
and add the rinse to the same 16 d_ram vial. This is the Sedigraph working 
sample. ’

_ 
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Take a second, 25 ml, pipette aliquot at the 5 cm mark on the pipette 
(Appen_di;x l, Section 3.2) at the time given in Table 3. ‘

_ 

Empty and rinse the pipette‘ into the second aluminum dish. ' Table 6 
provides a schedule of consecutive pipette withdrawal times for batch 
processing. .

t 

Oven dry the second pipette samples at 90°C and place them in a 
desiccator to cool. ; .

~ 

Wet sieve the remaining suspension at 4.5 PHI (0.044 mm) and split. the 
residue to 3-5 gywith a Zlones-type t'lf_fl§ splitter». This is the settling tube 
working sample. i 

Di_sca_rd the remaining suspension and proceed with settling tube analysis. 
check the settling» tube with a level to determine if it is vertical and adjust 
if gnecessaryl » 

. 
I 

-
- 

Fill the tube with distilled water and‘ record the "water temperature. Table 
. 

V

y 

.4 gives thertimes at which cumulative height readings are taken for various 
water tem'pe'rat_Ures. 'At CCIW, the times have been prerecorded on 
cassette tapes which are played back during the analysis. ‘

\ 

Set the tape recorder to the start of the time signals for the appropriate 
water temperature. ' l 

- 

.

' 

inflate "the tballoon»-:rel’ease mechanism (Plate V2) at the top of the settling 
tube by depressing the propipette bulb, ‘~ 

.. 

Wash the working sample into the settling tube with distilled water. The 
bottom of the sample should be level with the start line at the top of the 
tube (Plate 2). A

» 

Start the tape recorder and deflate the balloon on the prerecorded signal by 
depressing the ",5" and u.S'.' valves on the propipette (Plate 2). i 

At each subsequent signal, -record the height of (sediment accumulation at 
the base of the settling tube (Plate .3) and enter the height ;for each reading 
on the Sizdist Coding Form as STEVE WTS. + SETTLIANG TUBE CUMULA- 
TIVE ms. imm'edia..tely following the sieve weight-s‘.

j 

Recover and store the settling tube working sample. Proceed to Sedigraph 
analysis. _

, 

At CCIW, the Sedigraph is left running continuously so that the X_-.-ray tube» 
is always warm and the compartment temperature is stable. If. the 
Sedigraph is not running, turn the MASTER, X-RAY, and recorder ON-OFF 
switches (Plate 4) to ON and wait one hour._- i 
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Set the recorder LOAD-LIFT-ON switch (Plate 4,) to LOAD and insert a 
sheet of graph paper (Micromeritics instrument Corporation Form 
500/42701) under the clips along the top and left sides of the recorder and 
against the stops under the hold-down bar at the bottom of the recorder. 
Check the alignment of the graph paper by moving the LOAD-LIFT-ON 
switch to LIFT, depressing the ZERO button -(Plate ll) and sighting along the 
horizontal pen carriage. Adjust as required. - 

"

- 

Screw the pen into the pen holder. 
Rinse the interior of the sedimentation cell with distilled water by 
inserting the suction and discharge tubes into distilled water and turning 
the FLOW switch to ON. Return FLOW switch to OFF after rinsing.. 
Clean the eitterior of the cell with lens paper.’ 
Calibrate the cell by: 
a) rotating the recorder 100 PERCENT dial fully clockwise (maximum sen- 

sitivity). 
,

_ 

b) filling the cell. with dispersant (5 g C-algon/cubic decimetre of distil- 
led_ water) as above and inspecting the cell for ail’ bubbles- 

c) removing the lead shield* from the photomultiplier tube and seating 
the cell in position. 

,
_ 

Caution: Do not put your fingers between t_he cell and the X-ray 
beam. l 

d) setting the RATE switches to maximum (up position is on). 
e) adjusting the recorder O VPERCAENT dial until the recorder reads 10% 

- on the Y-axis.
Y 

f) depressing the DIAMETER SET button until the recorder pen reads 62 
microns (the starting diameter) on the X-axis. 

g) turning the SCAN switch‘ to ON and observing the scan. The trace 
should remain within 12% of the 10% line On the Y-ax-is. i 

11 n'O1I, check- 
the cell for air bubbles, dirty or warped cell windows; make the 

_ necessary adjustments; and repeat the calibration. - 

h) turning the SCAN switch to OFF, the recorders LOAD-LIFT-ON 
switch to LIFT and momeintar-ily holding the ON-RESET switch at 

- RESET after the scan is completed. 4

' 

Zero the baseline as follows: 
. 

_ 

l ' 

a) press the DIAMETER SET button until the recorder pen reads 62 
microns on the X-axis. 

' \‘ ' 

' * A lead shield has been fitted over the phptomultiplier tube to protect it from receiving X-rays when no samples are being analysed. ' 

, -16-’
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I 

b) press and hold ZERO button while simultaneously adjusting the ZERO 
dial until it reads 0 percent on the Y-axis. Lock ZERO dial in 
position. 

_

~ 

c) release ZERO button and, if necessary, readjust 0 PER_CENT dial 
until pen is at O percent on the Y-axis. Lock O PERCENT dial in 
position. 

d) . repeat the baseline adjustment every five samples. 
Remove dispersant from the cell. -

' 

Put a magnetic stirring bar in the sample vial (from step 27), place the vial 
in the sample compartment and turn the STIRRER dial clockwise from the 
OFF position until all the particles are in suspension. 
Remove "the cell from the holder, load the sample as before (Step #5), and 
inspect the cell for air bubbles. 

V 

'

A 

Replace the cell in the holder, and close the compartment door. The 
intensity meter should now read between 30 and 50. If not, refer to trouble 
shooting in the Sedigraph manual (Micromeretics, 1973). 
Adjust the recorder 100 PERCENT dial until the recorder pen is at 10096 on 
the Y-axis and lock the dial in position. If the recorder pen is less than 
100% and cannot be set to 100%, leave it at its maximum value. 
Set the RATE switches to the setting that Oorresponds with the compart- 
ment temperature (Table 5). 
Begin the analysis by momentarily holding the ON-RESET switch at ON. 
This automatically stops the circulating pump and sedimentation begins, 
Permit the analysis" to continue until one of the following occurS= 
a) the program ends and the pen returns to its rest position. Move the 

ON-RESET switch momentarily to RESET and the LOAD-LIFT-ON 
switch to.LOAD. 

b) the cumulative percent (Y-axis) equals zero. The analysis is stopped 
by turning the recorder LOAD-l_.lFT-ON switch to LOAD and the ON- 

’ RESET switch momentarily to RESET. 
c) the sample ilocculates. Flocculation is easily recognized as an abrupt 

vertical drop in the size distribution curve (Figure 7). If this happens, 
hold the ON-RESET switch momentarily at RESET, the LOAD-LlFT- 
ON switch to LOAD, remove the flocculated suspension andproceed 
with the next sample.

e

) 
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3 

57) Recover the sample from the cell and rinse with distilled water as before. 
$8) Transferthe entire Sedigraph working sample to the first aluminum dish for 

each‘ sample (see Step 22), oven dry at 90°C and_ place in a desiccator to 
cool. ' 

_ 

i 
.

' 

$9) » Weigh the dried sample in the first aluminum dish toi0.000l g and record 
the weight on the Sizdis‘t,Coding Form as the first entry beneath GROSS 
WT. PIP. FR. '

\ 

60) Weigh the other dried sample‘ and the second aluminum dish (Step 30) to
_ 

0.0001 g and record the weight on the ‘Sizdist Coding_Form as the second 
entry beneath GROSS WT. PlP. FR.

_ 

61) Transfer the cumulative percentages from the Sedigraph graph paper to the 
Sizdist Coding Form as SEDIGRAPH PERCENTAGES beginning with the 
coarsest partic-les. At CCIW-, an overlay, scaled in V: PHI units, is used to 
ex'tr‘ac»t the percentages. e

V 

62) Add the following to the Sizdist Coding Form: 
, 

_

' 

a) DATA P‘l'S* - the total nuimber of sieve weights, settling 
p 

tube heights, pipette drawoffs and Sedigraph 0 

- 

‘V I percentages.
, 

s) NO. comment CARDS - the ma1m,m_be, of -Comment cards; _ 

c) SIEVE/S.T. PTS. - the total number of sieve weights and settling 
‘ 

tube heights. 
_

’ 

d) D INTERVAL - 0.5 for this procedure. 
e) CYL. SIZE ml - the volume of the cylinders, used for pipette 

4 

. analysis (500 ml rfor standard analysis). 
63) Keypunch the data on the Sizdist Cod_i_ng Form alloting one computer card A 

for each line of data. ' 

64) Process the data with SIZDIST: a Fortran IV computer program'(Report in Progress). 

6.0 SEDIGRAPH ANALYSIS 
6.1 General V

’ 

Sedigraph analysis was designed to process samples weighing less than 
'

‘ 

5 g and composed mainly of silt and clay. The procedure yields percentages of 
sand, silt and clay‘ with 'a maximum resolution of K PHI of the silt and clay to 12 
PHI (0.0002l4 mm). Basically the method consists of: 

-18-



1) removal of particles large enough to block Sedigraph suction tube 
3.5‘PHI (0.022 mm). r 

A 

,

» 

2) dispersing sample in a Calgon suspension. L 

3) automatic analysis with the Sedigraph. - 

The details of the procedure are shown in Figure 6 and described in the following 
section. ' 

6.2 ProCedure .

A 

l) 
' 

Label a SizdistCoding Form (Figure 1) with Analyst and Laboratory No.* 
and enter the SAMPLE DESIGNATION, date of analysis (DAY, MO., YR.) 
and ANALYSIS coma No. (7 for Sedigraph analysis) foreach sample to be 
analysed. ,~ 

2) Freeze-dry the sample (Appendix 2). 
V

_ 

3) Split the sample to approximately 3 g with a Jones-type riffle splitter or 
the cone and quarter method (Appendix 3). Store the unused portion of the 
sample. -

' 

0) Remove shells, wood, cinders, etc. from the split, weigh them to 0.0.1 g and 
record the weight and composition as a Comment on the Sizdist Coding 
Form (indicate that the weight of this material is "Lt included in the total 
sample weight). Discard‘ the material. _

H 

5) Disaggregate conglomerates in the sample with a rubbebtlpped pestle and 
mortar. 

61» Weigh the (split to 0.0001 g and record the weight .5 SAMPLE wr. g onlthe 
Sizdist Coding Form. 

_ 

A
_ 

7]! Put the sample -into a 50 ml beaker, add approximately 25 ml distilled 
, water, cover with a watch glass andlet the sample soak ove_rnight_. 

8) 
' Wet sieve the sample at 3.5 PHI (O_.O888 mm) sieve with a cjatch pan on the 
bottom. Use as little water as possible. ‘ 

9) Wash the residue from the sieve into a preweighed aluminum dish, oven dry 
and place-in a desiccator to cool. ' 

10) ‘Weigh the residue to 0.0001 g and record weight in the first space under 
SIEVE WTS. + SETT LING TUBE CUMULATIVE HTS. 

ll) Record the ¢ ORIGlN_of the residue as 3.5 on the Sizdist Coding Form. It 
no material is retained on the sieve, leave¢ ORIGIN blank. 

Each sample entering the CCIW _Sedimentolo'gy Laboratory is given an indepen- 
dent laboratory number. 

V 
4 

_

0 

'I>



11+) 

15) 

16) 

17) 

18) 

19) 

20) 

12) 

l3) 

Centrifuge the pan fraction at 2500 RPM for 30 minutes. 
Pour off the clear liquid. Transfer the sample from the centrifuge tube, 
using a spatula and approximately 25 ml dispersant (Calgon, 5 gllitre) to a 16 
dram plastic vial and mix the for 20 minutes on a paint (Duncan,l976) 
At CCIW, the Sedigraph is left running continuously so that the X-ray tube ' 

is. always warm and the compartment temperature is stable. if the 
Sedigraph is not running, turn the MASTER, X-RAY and recorder ON-OFF 
switches (Plate 4) to ON and wait one hour. 
Set the recorder LOAD-LIFT-ON switch (Plate 4) to LOAD and insert a 
sheet of graph paper .(Micromeritics Instrument Corporation Form 
500/42701) under the clips along the top and left sides of the recorder and 
against the stops under the hold-down bar at the bott,om'o,f the recorder. 
Check the alignment of the graph paper by moving the LOAD-LIFT-ON 
switch to l,I_FT,' pressing in the ZERO button (Plate 1+) and sighting along 
the horizontal pen carriage. Adjust as required. 

_

" 

Screw the pen into the pen holder. - 

Rinse the interior of the sedimentation cell with distilled water by 
inserting the suction and discharge tubes into distilled water and turning 
the FLOW switch to ON. Return FLOW switch to OFF after rinsing. - 

Clean the exter-ior oi the cell with lens paper. 
Calibrate the cell by: ‘

. 

a) rotating the recorder 1,00 PERCENT dial fully clockwise (maximum 
sensitivity). 

-

4 

b) filling the cell with dispersant (5 g Calgon/cubic decimetre Oi distilled 
water) as above "and inspecting the cell for air bubbles. 

c) removing the lead shield* from the photomultiplier tube and seating 
the cell in position. 
Caution: Do not put your fingers between the (cell and the X-ray 

beam. ' 

d) Setting the rate switches to maximum (up position is on). 
e) adjusting the recorder O PERCENT dial until the recorder reads _lO% 

on the Y-axis. ‘ 

.

. 

f) depressing the DIAMETER SET button until the recorder pen reads 62 
microns (the starting diameter) on the X-axis. 

g) turning the SCAN switch to ON and observing the scan. The trace 
t should remain‘ within 3296 of the 1096 line on the "Y-axis. If not, check 
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the cell for air bubbles, dirty or warped cell windows; make the 
necessary adjustments; and repeat the calibration. V 

h) turning the SCAN switch to OFF, the recorder LOAD-LIFT-ON 
switch to LIFT and momentarily holding the ONi-RESET switch at 
RESET after the scan is completed-. ' 

Zero the baseline as follows: 
a) press the DIAMETER SET button until the recorder pen reads 62 

microns on the X-axis.
, 

b) press and hold -ZERO button while simultaneously adjusting the ZERO 
dial until it reads 0 percent on the Y-axis. Lock ZERO dial in 
position.

. 

c) release ZERO button and, if necessary, readjust 0 PERCENT dial 
until pen is at 0 percent on the Y-axis. Lock O PERCENT dial in 
position. 

,

. 

d) repeat the baseline adjustment every five samples. 
Remove dispersant from the cell. 
Put a magnetic stirring bar in the sample vial ("from step 14), place the vial 
in the sample compartment and turn the STIRRER dial clockwise from the 
OFF pojsition until all the particles are in suspension. ‘ 

Remove the cell from the holder, load the sample as before (step 19), and 
inspect the cell for air bubbles. ‘ 

. . 

Replace the cell in the holder, and close the compartment door. The 
intensity meter should now read between 30 and 50. If not, refer to trouble 
shooting in the Sedigraph Manual (Micromeretics, l973.). 
Adjust the recorder 100 PERCENT dial until the recorder pen is at l0O% on 
the Y-a,xis._and lock the dial in position. If the recorder pen is less than 
10096 and cannot be set to 10096, leave it at its maximum value.

\ Set the rate switches to the settings that correspond with the compartment 
temperature (Table 5). 
Begin the analysis by momentarily holding the ON-RESET switch at ON. 
This automatically stops the circulating pump andgsedimentation begins. 
Permit the analysis to continue until one of the following occur: 
a) the program ends and the pen returns to its rest position. Move the 

ON-RESET switch momentarily to RESET and the LOAD-LIFT-ON 
switch to LOAD. 

* A lead shield has been fitted over the photomultiplier tube to protect it from receiving X-rays when no samples are being analysed. 
-21; .



30) 

31) 
32) 

33) 

34) 

35) 

b) the cumulative percent (Y-axis) equals zero. The analysis is stopped 
by turning the recorder LOAD-LIFT-ON switch to LOAD and the ON- 
RESET switch momentarily to RESET. 

c) the sample flocculates. Flocculation is easily recognized as an abrupt 
vertical drop in the size distribution curve (Figure 6). if this happens, 
hold the ON-RESET switch momentarily at RESET, turn the LOAD- 
LIFT-ON switch to LOAD, remove the flocculated suspension and 
proceed with the next sample. -

_ 

Recover the sample from the cell and discard. ' 

Clean the cell with distilled water as before. 
Transfer the cumulative percentages from the Sedigraph graph paper to the 
Sizdist Coding form as SEDIVGRAPH PERCENTAGES beginning with the 
coarsest particles. Always enter two data points for the 62"micron reading. 
This will account for any sand in the Sedigraph analysis. At CCIW, an 
overlay, scaled in 95 PHI units, is used to extract the percent-ages». 
Add the following to the Sizdist Coding Form:

V 

a) DATA PTS* - The total number of Sedigraph percentages 
plus one sieve weight if present.

. 

bl! NO COMMENT CARDS - The total number of comment cards.
, 

1 if sieve fraction present, leave blank if no 
y 

sieve fraction. . 

<1) ¢ omcm - 3.5 if sieve fraction present, leave blank if no 
sieve fraction. s 

The PHI interval‘ at which the Sedigraph 
readings are taken. '

A 

e) INTERVAL - 

Keypunch the data on the Sizdist Coding Form alloting one computer card 
for each line of data. 

V

‘ 

Process-the data with SIZDIST: A Fortran IV computer program (report in 
progress). - 

A
' 
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TABLE I 

SAMPLE WEIGHTS FOR SIEVING 

Sample 
20-.32 cm (8") Sieves 

_ 7.62 cm (3") Sieyes
k 

K PHI $5 PHI 1 PHI $5 PHI A Ii PHI 1 PHI 

Coarse and gravel 
Coarse sand . 

Medium sand 
Fine sand 

300 g 
150 g 
100 g 
.50 8 

250 g 
100 g 
50 g 
20 g 

-9 - -I 

75 g .15-20 gs 15'-20 g 15-20 g 
$0 g 2-.5-15 g 2.5-15 g 2.5-15 g 
20 g 2.5 g _ 2.5 g 2.5 g“



TABLE 2 
' fldjustment for_N0.n-Standard Sample Size 

l0 g to 30 g: No adjustment necessary. 
,

_ 

Greater than 30 g: 1000 ml suspension volume and cylinder size, 100. ml of 
dispersant, 25 ml pipette drawoff. 

Less than 10 g: 250 ml suspension volume and cylinder size, 25 ml of 

dispersant, 10 ml ‘pipette drawofi.

‘

K



TABLE 3 

SHORT PIPETTE TIMES 

Sample 1 (20 cm)* 
_ _ ,_q 

Sample 2 (.5 cm)** 
__ Suspension O 

" "I ~ 

Temperature C - 

. sec , h_r min sec 
I8 60 
19 59 A 

20 ss 
21 56 
22 55 
23“ V 53 
2a 

' 

52 
25 51 
26 so 
27 49 V 

22 #8 
29 as 
so 

' 

1+5 

4 9 

OQCJCDOQQCDCDQ>-"-"F-' 

2 31+ 

1 3 
59 za 
ss 9 
56 0 51 
55 29 
51+ 13 
53 1 

51 51 
so 

I 

#1 
#9 36 
48 34 

* Particles finer than (4.0 PHI (0.063 mm) 
** Pa__rt_icles finer than 8.0 PHI (0.004 mm)
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Q
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TABLE4 
SETTLING TUBE READING TIMES

A 

Size. Thnes, sec __. 
i W 

PHI mm 1a¢c 20°c 22°c 24°c“ 2s°¢ 2s°c 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

1.00 
0.71 
0.50 
0.35 
0.25 
0.18 
0.13 

' 0.09 
0.06 

11 10 
15 15 
22 

_ 21 

31 31 
as 
so 77 
142 

_ 

131 
261 251 
493 "469 

10 10 
15 14 14 
21 20 20 

I\)l—~r-— 

'-'-9Q 

§-1. Q 

30 29 29 28 
46 45 44 43 
74 72 70 68 
132 126 121 117 
240 232 221 Z15 
uas 428 #07 

_ 

392
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TABLE¢ 
SETTLING TUBE READING TIMES 

-Size __. Z _ 

1- Time§, 'se'c 

PHI mm 1s°c» 2o°c ‘ 22°c' 2#°c 2e°c 

0.0 . 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

‘\ 

1.00 
0.71 
0.50 
6.55 
0.25 
0.18 
0.13 
0.09 
0.06 

11 10 10 
15 15 15 
22 

1 21» 21 
51 51 50 
as a7 as 
so '77 74 
142 157 152 
261 251 zuo 
493 #69 448 

l\)l-—r- 

1---PO 

29 
45 
72 
126 
232 
428
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TABLE 5 
SEDIGRAPH RATES 

Starting Diameter - .62-.5 microns 

Temgergture (QC) 
(Cell Cfémpartment) 

26 
Z8 
30 
32 
3!!» 

Rate 

162 
170 
177 
185 
193
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cousecunva PIPE-TTE WITHDRAWAL mvuas 
FOR BATCH Pnocfissmc AT 2o°c 

TABLE 6 

-Cylinder Set Down First Drawoff ‘ Second Drawoff Number Time - 

1 20 cm ” 5 cm 

9:00:00 
9:03:00 
9:06:00 

1 9:09:00 
9:12:00 
9:15:00 
9:18:00 
9=2T1=oo 

9:24:00 
10 9:27:00 
11 9:30:00 
12 ' 9:33:00 

\OOO\lO\\Il-PUJI\l'-‘ 

1 3 9:-36:00 

14 9:39:00 
15 9:42:00 

9:00:58 
9:03:58 
9:06:58 

V 

9:09:58 
9: 12:-58 

9: 15:58 
9:18:58 
9:21:58 
9:24:58 
9:27:58 
9:30:58 
9:33:58 

9:36:58 
9:39:58 
9:42:58 

10:01:03 
10:04:03 

10:07:03 
10:10:03 
10:13:03 
10: 16:03 
10:19:03 
10:22:03 
10:25:03 
10:28:03 
10:31:03 
10:34:03 
10:37:03 
10:40:03 
10:43:03

/
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APPENDIX l 

EQUIPMlENI AND MATERIALS 
l .0 INTRODUCTION 

The following is a complete list of the equipment and materials required 
for the four size analysis procedures. The items have been organized into those 
having general application to all five procedures and those with limited usage. 
Manufacturer's names have been used to identify some items; but, in most cases, 
equivalent equipment and supplies may be substituted. 

' 

i / 

2.0 GENERAL 
2.l Equipment and Materials 

' 

l. Freeze-drier 
, 2. Balance (sensitivity of 0.0001 g) 

.3. 
V 

Jones riffle splitter . 

4. Coning and quartering tool 
5. Mechanical numbering stamp (optional) 
6. Sizdist computer coding forms (Fig. 1) 
7. 50 ml, disposable, aluminumdishes 
8. 16 dram vials 

2.0 SPECIFIC EQUIPMENT - 

In addition to the general equipment and mater-ials, the items listed 
below will be required if the following procedures are used: 
3.1 Sieve Analysis 

1. 20.32 cm (8 in'c_h)and/or 7.62 cm (3 inch) Tyler sieves in % or $5 PHI 
intervals irom + W: PHI to 4 PHI. 

2. Pulverit electromagnetic sieve shaker (60 vibrations/sec) (Plate 1). 
3. Mortar and rubber-tipped pestle or a wooden rolling pin. 
4. Large sheets of paper 

3.2 Pig rte; Analysis 
1-. 250. ml; 500 ml, or lO00.ml cylinders.



, 

4. 

l 3.3 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

10.
’ 

12. 

13. 

"1. “l 2. 

_ 

3. 

hO 

5. 
‘ 

6. 

7. 

II 
D 

2. 

-30 

4. 

5- 

10 ml or 25 ml narrow stem at least 20 cmlong pipette (calibrated at 5 

cm and 20 cm from the t}ip).. - 

_
. 

l':'.lect'ric mixer and mixing cups (ASTM designation: D 422-6'3). 
Drying oven

u 

Desiccator 
Thermometer (°C~) 
Clock with a sweep second hand 
Wash bottle 
Pipette filler.(Fisherbrand, Cat. No. 13-621-so) j 

4% Pl-l_I (0.041; mm), 20.32 cm (8 inch), stainless steel sieve 
Rubber stoppers (optional) 
Dispersant - 50 g of sodium hexametaphosphate (Calgon-unadjusted RS 
brand)/ litre of distilled water ’

H 

Distilled w'ate'r_
p 

Settling Tube. 

1614 cm Emery setqtling -tube equipped with a graduated stopcock. 
Balloon-_release device (Plate 2) consisting of brand name propipette, 
glass tube, balloon and electrical tape. 
Tape recorder and tjapes with prerecorded release and reading times. 
Thermometer (OC) . ,

. 

Wash bottle 
1 dram glass vial 
Distilled water 

Sedigraph 

Sedigraph 5000 fine particle analyzer (Plate Ii) 
Magnetic stirrer and stirring bar (glass coated) , 

Graph paper (Micromeritics Instrument Corporation Form 500/ 42701)

/ 

and marking pens 
V 

l

l 

Dispersant - 5 g of sodium .hexa_metap_hosphate (Calgon-unadjusted RS 
brand)/(litre of distilled water l 

Paint shaker.



1 

APPENDIX 2 
l FR EEZE-DRYING 

1.0 INTRODUCTION 
V 

-Freeze-drying is the process of rem'ovi_ng water from a frozen substance 
by sublimation. In the sedimentology laboratory, the process is used to extract 
water from sediment samples. Freeze-drying has the advantages.of arresting any 
chemical or physical alteration to the samples prior to analysis and providing a 
dried sample that is easy to disaggregate. " 

2.0 equimeur I

a 

The sedimentology laboratory ‘operates two models of Virtis freeze- 
dryers: Model 10-M6 MR-BA and Model Unitrap 10-.100. The detailed 
specifications of the equipment are available in the appropriate Virtis Manuals. 

The procedure outlined below_ is applicable to both models. 

3.0 PROCEDURE 
The procedure most frequently used is‘ the bulk drying method in which 

a number of samples are processed in a large drying chamber. Although it is more 
difficult to determine when the samples are dry, the original container (plastic 
vials) used to collect the sample in the field can be used when freeze”-drying. This 
eliminates the extra handling involved in transferring samples to freeze-drier 
bottles and the resultant potential for sample contamination. The following is an 
outline of the freeze-drying procedure: ' 

1) Freeze the samples for approximately 18 hours. Remove the caps on 
_ 

the vials to permit expansion. 
2) Turn the freeze-drier condenser on ‘and wait until the condenser 

temperature reaches '-40°C. 
.3) Remove the samples from the freezer and cover the vials with filter 

paper (5.5 cm in diameter) and a special freeze-drier top (a regular vial 
cap with a 4 cm round hole in it). The filter paper allows water vapour 
to escape while retaining the sediment partic-les_.. 

ll) Place the vials On a heat tray and put the tray into the drying chamber. 
5) Connect the electrical plug on the heat tray’ to the outlet in the lid of 

the drying chamber.



Q 1) 

Apply a light coating of silicone grease to the perimeter of the sealing 
ring at the top of the drying chamber. 
lnstall the lid of the drying chamber. . 

'

. 

Turn on the vacuum pump and check the seal between the top and the 
drying chamber. The vacuum should reach 100 microns Hg within $5 

hour. If not, inspect and adjust Quickseal Valves or clean and regrease 
the sealing ring. V 

Connect the heat tray outlet to the power supply after the vacuum and 
condenser temperature reach their prescribed values. A

' 

Check vacuum and condenser temperature regularly during" drying. If 

the vacuum goes above 100 microns, check Quickseal Valves and sealing 
ring. If the condenser temperature rises above -40°C, disconnect the 
heat tray. u

V 

Allow drying to continue for at least 21: hours; then inspect samples to 
determine if they are dry. - 

When samples are dry, release the vacuum by opening a Quickseal Valve 
or the Vacuum Release Valve. - 

Turn the vacuum pump off. - 

Disconnect heat tray and remove lid from drying compartment. 
Remove samples from drying compartment, remove freeze-drying lids 
and filter paper and reseal with original vial caps.

' 

Turn condenser off and open Vacuum Release Valve completely (12-14 
turns). - A ~ 

Defrost the freeze-dryer by: 
a) removing dryer chamber and the condenser drain plug 
b) placing drain tube into three litre container 
c) turning on Defrost switch '

_ 

d)_ waiting two hours or until _n_o water drains from tube and then 
Q 

turning off Defrost switch 
e) replace condenser drain plug and drying chamber. i



APPENDIXV-3 
; g Coning and Quartering and Rifile Splitter 
r 

w \ 

1 

‘ Coning and Quartering 
a

- 

1) Pour the sample onto -a flat surface so as to form a cone. 
g

" 

2) Use the cone andquarter tool(lb) and separate the cone into four quarters. 
3) Push aside two of the alternate quarters, mix the remaining two quarters 

» and form another cone. 
*4) Continue the quartering process until the desired sample size is obtained. 

' Do not attempt to get a sample of an exact size. For example, if a 20 g 
sample is wanted, a sample within the range of l5 g to 25 g is acceptable.

i

L 

'¢ 
"~'f-1,-TF-&1=

, Q5‘ ~ ~ ’ 
_ Qt . l ’i-., 

. ~~ \ -.
, 

i --*:4'£z> p 

i ~ '.‘V0,.‘_
' 

. Q, b 
r ,5, 

$§‘!";‘§"‘.»"~3!~>r='»”""'* 

' Fig. 1 Splitting the Sample by Coning and Quaretering. 
'

\

I
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JQr'1es.Rifile Splitter 

' ' ' i CCIW Sedimentology The Jones rii f le 

Laboratory. The procedure is simply: 
' 

’ 

h litter will divide the sample in half l) Pouring the sample through e sp 
containing one-half of the sample with a 2) Replacing one of the pans ~- M 

' 

in The clean 

splitter 1S used in the 

' 

this half through the splitter aga ~ clean" pan and pouring
_ 

eceive one-fourth of the original sample, 
i 

, 
pan will then r

_ 

2 until the desired sample weight is obtained 3) Repeating step 

' 

Fig. 2 Riffle Splitter
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. 

‘COMPARISON OF RO-TAP AND PULVERIT SIEVING MACHINES 
The Ro-Tapi has been the conventional machine for sizing gravel 

and/or sand. In this machine, a nest of sieves is swirled around in a horizontal 
plane while, at the same time, the column of sieves is rapped on top by a hammer-. 
The aim of the combined sieving action is to simulate the type of motion which 
has proved to be successful when sieving shallow beds of sediment by hand, (W. S. 
Tyler Company, Cleveland, Distribution of test sieves and sieving machines.) The 
Ro-Tap is used only for dry sieving.

_ 

The Pulverit** Electromagnetic Sieving Machine can be used either 
with single sieves or a nest of sieves. The sieve nest is placed on the oscillating 
disc and held by two straps with quick-locking handles. The vertical oscillations 
from the disc are used to agitate the sediment on the sieve.‘ An accessory 
available for wet sieving is used when sediments subject to high electrostateic 
forces are to be fractionated by sieve analysis (Geoscience Instrument Corpora- 
tion, Pulverit 8 - an air elutriator). 

,

- 

~ Tables l and 2, and plate l, show the results of a cor_npa_r-ison test on 
the two sieving machines.

_ 

Table ll lists the results of tour runs using one sample (medium sand) 
and sieving at Ya Pl-ll interval on the Ro-Tap and Pulverit machines-. 

Table, 2 lists the results of six splits from one sample (medium-fine 
sand) sieved at it PHI interval on the Ro-Tap and Pulverit machines. 

\ Figure 1 is agraph of the averaged results obtained from Table 2. 
The results indicate that the two machines are comparable and it was 

decided that the Pulverit would be used in the»Sedimer_itology Laboratory instead 
of the Ro-Tap for the following reasons: 

1) ease of operation 
2) adaptable for wet sieving 
3) lower noise level 
lr) less space requirement 
5) capable. of holding a greater number of sieves. 

1.
' 

* Ro-Tap - W. S. Tyler Co.~, Cleveland, Ohio. 
** Pulverit - Geoscience Instrument Corporation, Mount Vernon, N.Y.
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TFU3LE 1 

suave Tssrs R0-TAP vs. PULVERIT 
-1 TEN-MINUTE suave nzsf on SAME s5'r OF SIEVES 

Medium Sand 

Pm". 
Size 

R0-Tap
_ Pulverit

1 

» Average Run 1 Run 2 Run 3 Run _4 
1 

— 
.. .—\ 

Run 1 Run2.,Run3 Rim 1+ 
Cumulative 96

1

r 

1
. 

Cumulative 96
1 ;_ ___.. 

‘ R0-Tap ' 

Pulvent 

15

1 

us
2 
2»-

3 
an 

I 4 

.86 
2.88 
12.05 
43.57 
81.41 
96.87 
98.67 
99.19 

.77 
2.91 
12.17 
42.45 
81.31 
96.99 
98.78 
99.29 

.85 
2.92 
12.63 
42.64 
81.34 
97.00 
98.77 
99.29 

' .94 
3.00 

12.06 
42.08 
81.73 
97.07 
98.79 
99.32 

.91 
2.54 

10.37 
42.38 
87.07 
97.58 
98.92 
99.49

I

1
4
8
9
9
9 

2.57 
1.37 
3.86 
9.79 
7.47 
8.88 
9.49 

.87 
2.51 
10.38 
41.99 
88.48 
97.61 
98.89 
99.47 

*1

1
1

1

1

1 

.82 
2.41 
10.69 
42.4.8 

87.63 
97.49 
92.120 

99.41
J

1

4 

.85 
2.92 
2.22 
2.68 

81.44
9

9
9 

6.98 
8.75 
9.27

1

4

8
9
9
9 

.87 
2.51 
0.69 
2.60 
8.24 
7.53 
8.87 
9.46 

11 .
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APPENDIX 11 

Statistical Ana1ysis of Grain-Size Data
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echnical NoteQ T 

' DATE: February 1980 REPORT NO: 80-08 

TITLE: '-'SlZD'IST - A Computer Program for Size Analysis" 

AUTHORS: R. G. Sandilands and G. A. Duncan 

REASON FOR REPORT: ‘This report gives the computer program used to compute 
. size analysis results in the Sedimentology Laboratory, 
NWRI, and, combines with a report on size analysis 

_ 

procedures to form the Sedimentology Laboratory Manual 

coanaspouozucs FILE NO: 
2550

\

I§



1.0 mmooucnou A 

SIZDIST is a Fortran IV computer program that is used to process 
particle size data generated in the sedimentology laboratory at the National 
Water Research Institute (NW R1), Canada Centre for Inland Waters (CCIW). A 
preliminary form of the program was reported by Rukavina and Dolling (1973). 
The program has been extensively modified since then to accept additional 
laboratory procedures and to report additional results. 

A

_ 

This report describes the input. requirements, the output options, and 
explains the statistical parameters used and the default conditions present. A 
complete listing of the program is found in Appendix A. An explanation of 
parameter names is listed in Appendix B. Examples of input data and program 
results are shown in Appendix C. 

The following statistical information is produced as printed and/or 
punched output. ' 

(1) A histogram of particle-size frequency distribution by weight 
percentages-. 

(2) Moment measure statistics (Krumbein dc Pettijohn, 1938). 
(3) Modified Folk graphic statistics (Folk, 1968) 
(4) Percent gravel, sand, silt and clay. 

V (5) Shepard's (19514) and Folk's (1968) Ternary Classifications. 

2.0 SIZE ANALYSIS PROCEDURES 
A detailed description of the size analysis procedures can be found in 

a sedimentology manual by Duncan and Lal-iaie (1979). The laboratory results are 
written onto a SIZDIST Coding Form (see examples in Appendix C). For 
simplicity-, the different laboratory procedures are referred to by a code number 
(ICQDE l, 2,, ....) and are_ processed by separate program subroutines of the same 
number. ' 

A brief summary of the different laboratory procedures and any 
special features follow: 

(ply) ICODE l - Sieve Only 
\ 

-e at variable (it, Y1, l)» PHI interval* 
- for gravel and sand-sized material 
— the fines are usually represented as a pan weight. 

* See Section #.5 for definition of,PHl (¢). 
- 1 _
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(2) ICODE2 - 

(3) 

(14) 

In addition, a special procedure of boundary sieving (i.e. 
sieving at the ‘gravel/sand and sand/silt boundaries) only, 
to determine size class percentages, is allowed. This 
procedure is recognized automatically by the program, 
when the PHI interval is recorded as zero and when there 
are less than four data points. Since there is no resolution 
of the data in this procedure,'the PHI interval of zero 
resets the ICODE value to 6, so that the statistical 
calculations are bypassed.

_ 

Sieve and pipette (short or long) 
_ _ 

- same as ICODE -l but with pipette analysis to 
resolvethe fines (silt and clay). 

This procedure incorporates a number of com_bi_nations: ' 

(1) sieve and short pipette (2 draws at 4 and 8 PHI to 
give percent silt and percent clay). 

’ 

(2) single sieve to remove gravel and then short pipette 
(2 draws) (PHI interval to zero and PHI origin to -I). 

(3) short pipette only (PHI origin and PHI interval zero). 
' 

(4) sieve and long pipette. Three to nine draws are 
allowed at ll PHI interval only. The fifth draw is 

required to determine percent clay. '

V 

(5) single sieve to remove gravel and long pipette (PHI 
interval is zero and PHI origin is -l) ' 

(6) ' long pipette only (PHI origin and PHI interval zero). 
ICODE 3 E 

V _ Sieve, shortrpipetite and Sedigraph* 
- the first pipette draw supplies the sample (for the 

sedigraph and also gives the total percentage of silt 
and clay. The second draw will give ‘a clay 
percentage which can be compared with the sedi- 

V graph value. 
ICODE I4 - Sieve, settling tube and pipette (short or long) 

- A common PHI interval is used for both sieving and 
settling tube and the number of settling tube data 
points is set by the PHI interval used. 

‘I Sedigraph .is the trade name of an apparatus for automated size analysis and 
is manufactured by Micromeritics lnc., Norcross, Georgia. '



(7) 1coDE 7 

(5) ICQDE-.5 ,- 

(6) ICODE6 
Sieve, settling tube, short pipette and sedigraph 
A separate subroutine used previously‘ for short pipette 
only, but now incorporated into the ICODE 2 subroutine. 
An lCODE=6 now indicates that the data is not resolved 
and only class percentages can be calculated. A ,- 

Sedigraph only r 

This procedure analyzes silt and clay-sized particles. 
A single sieve to remove any coarse material is 

allowed. A double reading is taken irorn the graph 
at 4 Pl-ll to record any drop at the startthat 
represents fine sand. The sieve and drop percent are 
GOmbined to give. the total sand percentage. 

INPUT DATA 
3.1 Control Card 

. 
, 

,- 

' 

The first card in the data deck is a control card to determine the 
printed and/or punched output options. A blank is left in the appropriate column 
if any of. the output options is _n‘cL't_ requi_red_. The card format is: ' '

\ 
Column 5 

Column 10 
Column 1'5 

Column 20 
Column 25 
Column '30 
Column 35 
Column #0 
Column #5 

Lab Data Cards 

=1- 

oo\no\u\~:=u_~»- 

for punched output of data (six cards) and comment 
cards <

» 

print samplelabel and laboratory method 
print histograph of weight percentages 
print moment measures and graphical statistics 
print percentiles (so, 5, 16,25, 75, 24 and 95th) 
print gravel, sand, silt and clay percentages 
print F olk's ratios 
print Shepard and Folk classification labels 
print comment cards 

Each lineo_ntheSlZDlST Coding Form (see Appendix_ C) constitutes 
one computer card. 

-3;



\“ 
..

Q

D card 1: 

Card 2: 

Card 31 

/3 Card 4: 

Card‘ 5: 

Card 5% 

Column 
Sample label ‘ 

4 
, 

l-24 
Total number of data points V 33-34 
Analysis code number (ICOQE) 52"--53 

Number of comment cards 51;-55 

Number of sieve and/or settling tube points 2— 3 
PHI ( ¢) origin 

_ 

4- 8 
Sample weight ll-20 
Weight oi dispersant 33-#0 
PHI (<9) interval 55.58 
C-ylinder size. 59-T62 

'1-80 
These cards record sieve Weights and/or V 

‘

- 

settling tube heights. The number of 
data points recorded here must equal 
the number of sieve/settling tube points 
on card 23. -

1 

Gross weight of pipette fraction l-10 
Tare weight ‘ 

‘ 

l 1- 20 
These cards are not required for ICODE. 1 

and 1coDE 7. Use a minimum of M 
and a maximum of nine cards of this ' 

type. ~ 

. 1-80 
These cards are for sedigraph percentages. 
Use as many cards as required for this 
data. 

- 1-80 
These cards are for comments and require 
an asterisk (*) in column 80 of eachcard. 
Use as many cards as indicated in Number 
of comment cards on data card l. 

-4- 

Format‘ 
6A4 
I2

3 

I2 

I2 

I2 

F5.2 
F10.# 
F8.4 
F4.2 

Ill- 

8FlO.ll 

Fl0.ll 

FlO.4 

8Fl0.4 

ZOA4



4.0 PRINTED OUTPUT
V 

T The SIZDIST output, is available in two forms: p_rinted_ output 
i 

and punched cards. The data provided on the printed output are determined by 
the control card and may include the following: ' 

l) Sample label, date of analysis, type of lab analysis, sample weight and 
the datewhen program was run. 

2) A histogram of the part-icle size distribution by PHI interval, 
percentage in each interval and cumulative percentages. 

3) The four moment measures and the size range to which they apply. 
v For example, if sieve analysis is used, the material finer than 4 PHI 

(0.063 mm) is not resolved and, therefore, is excluded from the 
moment measure calculations.

_ 

1+) The four graphic statistics. They are not ca_l¢u_lated if more than five 
percent of the size distribution at either the fine or coarse end is not 
resolved._ 

if

" 

5) The median and 5th, l6th, 25th, 75th, 84th and 95th percentiles. 
6) Percentage of gravel, sand, silt, and clay. - 

7) The amount of gravel + sand and the ratios of silt/(_silt+clay) and 
(gravel+sand)/(silt+clay).

_ 

8) The Ternary labels (Shepard and Folk). 

4.1 Histogram: - 

The printed output includes a histogram of particle size distribution 
using the weight percentages (rounded off to nearest whole number) as class 
heights. Each asterisk in the class height represents one percent. 

In almost all sediment analyses, there is a quantity of fines for which 
the exact size cannot be resolved because of procedural limitations. In sieving for 
example, a pan weight can only be defined as finer than the last sieve. Therefore, 
the histogram shows the last PHI size as being undefined "‘*****". 

In long pipette or sedigraph, the coarse end of the distribution "may not 
be resolved. Therefore, the program indicates on the histogram that the boundary‘ 
of the coarsest fraction is an "assumed upper limit". 

The other procedures assume that the analysis will start at a point 
which will-incorporate t_he coarsest particles. It is possible in some procedures 

_ 5 _



5;
i 

that the gravel will be sieved off, but not resolved because of insufficient 
material; in these cases, a comment card should be used to record this 
information. 

g _ 

4
- 

4.2 Percentiles: 
’ A percentile is a particle-size value in PHI units, which corresponds to 

a particular cumulative percentage, The percentiles for 5, 16, 25, 50, 75, 84 and 
95 percent of the sample are calculated for use later in Folk's graphic formulae. 

I The program uses linear interpolation between data points to calculate 
percentile values and may give slightly different values than Folk's procedure of 
plotting cumulative curves on probability paper to improve -accuracy of extrapola- 
tion and interpolation. To guard against invalid extYrapolations, the program will 
not compute percentiles for open-ended portions of the size distributionis. If more 
than five percent of the sample is unresolved, the percentiles affected are blanked 
out with "*****". . 

#.3 , Graphic Statistics: . 

These statistics apply to the total particleasize distribution, and are 
computed from percentile values. The graphic statistics are not calculated if any 
percentiles are blank. In this case, the data can be plotted by hand and the values 
for the missing percentiles determined by extrapolation. 

' Folk's (1.957) formulae are used tolgive the following statistics: 

Gr'aPhic. Mean =' ' 50 + 4,8“ 

Inclusive Graphic _ ——3%¢84 16 
+ —£———l%56' 5 

Standard Deviation ‘ ' 

lnclujsive Graphic _ 
' 

_ 16 4> an - 2(¢ so) ¢ 5 -¢9s 2( so) 
Skewness " 3% Q4 - ¢1s) “_ (Q95 - ¢ silt 

Graphic _ Y 

g 
Q..9,5. ,- Q5 

Kujrtosis ' 
2.514 @975 - 4>25' 

A‘ normal distribution gives a skewness -of zero and a kurtosis value of one. 

4.1+ Moment Measure : 
"

I 

5 . 

These statistics are ca_lculated only for that portion of the size 

-6‘-



distribution_ that is resolved at the same PHI interval. For example, in the sieve 
and short pipette procedure, moment measures apply only to the gravel and sand 
portion of the distribution. Since these statistics usually apply to less than the 
total samples, they may not be compared with Folk graphic -statistics. The 
moment measures are not calculated if more than five percent of the distribution 
falls in an undefined size range-.

_ 

The method of moments (Krumbein and Pettijohn 1.938) is used to 

calculate the PHI mean, standard deviation, skewness and kurtosis. It gives 

zero skewness and kurtosis values‘ for a normal distribution. The formulae used 
are: 

V

_ 

1) Mean PHI size *

K 
X "fT6§)' *°<1>'X1 

.1: 

f (Xi) = frequency (weight percents) of a size class ' 

Xi = class mid-point 
K = number of class intervals (number of resolved data points) 

2) Standard Deviation 

3) Measure of Skewiness 

X3 M = . 3 Z55 
14) Measure of Kurtosis 

X4 _M =---3 
4 S4 

where 

:l"l7< _ 1 N xN‘>:ix. - f'(xi).(Xi'm 

forN= '2,"3and4 ' 

-7-



4.5 Size,,El?actions: 
0 

Particle. size is expressed by the SIZDISTprogram in a PHI scale devised 

by Krumbein and Pettijohn (1938) which is a logarithmic transformation 
of the 

Wentworth (1922) grade scale; _ 

i.e PHI (0) = - logz (diameter in millimetres) 

Each size fraction is given as a weight percentage of the total sample. 

The size range for each size class is:
’

\ 

" MILLIMETRES 

Gravel A <-1.0 
V 

> 2.0 

Sand _> -1.0 to 4.0 2.0 to 0.0625 

Silt > 4-O t0 8-0 0.0625 12.0 0.0039 

Clay 
A 

> 8.0 < 0.0039 ' 

The values ior percent silt and clay may be determined from sedigraph 

data and/or pipette draws. Both results are shown, when available; or one 

may be set to Zero when that procedure is not used. 

4.6 Classification Labels: _ 

~ 

_
_ 

Based on the values and ratios of size fractions, the sediment 

classification labels of Shepard (19.54) and Folk (1968) are presented. If gravel is 5 

five percent, a label from the sand, clay, silt (SCS) triangular graph is also given. 

5.0 PUNCHED CARD OUTPUT 
5.1 - Cardl *

- 

Column Format 

1) Sample designation - l-24 6A4 

2) Date these cards were punched 25-32 A8 
3) PHI interval 33-36 Fl+.2 

I4) PHI range of moment measures 37-#8 V 2F6.2 

5) Sample weight 60:-71 F8.4' 

6) ICODE -, type of lab analysis 78 I2 

.-8-0



The sample» weight punched is the weight calculated from the sample 

distribution and may differ slightly from the original sample weight. 
* For short pipette only and boundary sieving only procedures, the 

punched ICODE value will be six. This will allow identification of those outputs 

which have all zero values except tor size fractions and labels.
' 

Format = (em, As, Fu.2, '2Fs.2, 1sx,- "F8.l+, ex, 12) 

5.2 Cards Zland 3: " A 

These cards contain up to 32 data points of the weight iijactions as
a 

percent of total weight. The first value on the card will be for a PHI size of -3.0 

if PHI interval is 1.0 and -3.5 if PHI interval is 0.5 or 0.-25. The following values 

on the card will be for a PHI size of the previous size plus 
"the PHI interval. 

Format = (l6F5.2/16F5.2) 

5.3 Card ll: » 

P Column Format 

1) l 

Moment measures: Mean ls-6 l F6.2 

2-) Moment measures: Standard
‘ 

deviation t 7-.-12 F6.2 

3) Moment measures: Skewness 13-‘I8 F6.2 

4) Moment measures: Kurtosis 19-24 F6.2 

5) Graphical statistics: Mean 
‘ ' 25-30 F6.2 

6) Graphical statistics: Standard _ 

deviation ' 3,1-36 
' 

F6.2 

7) Graphical statistics: Skewness 37-42 F6.2 

8) Graphical statistics: Kurtosis #2-1+8 F6.2 

9) Percent gravel l&9.=54 ' F6.2 

10) Percent sand" » 55-60 - F6.2 

ll) Percent silt‘-as determined from
' 

pipette draw 
' 61-66' 

‘ F6.2 

12) Percent silt-as determined from 
67-72 " F6.2 sedigraph data V 

13) Percent clay-as determined from 
pipette draw 

' 

. 

73-vs F6.2 

Format = (l3F6.2) l 

. __ 9 _y



5.1+ Card 5 
Column 

l) Percent clay-as determined from 
sedigraph data l-6 

2) Percentiles in the following 
order - 50, 5, 16, 25, 75, 84, 95th, 7448 

55-60 
61-66 

3) Percent silt + clay 
I4) Percent sand + gravel 
5) Ratio - percent silt/percent 

~ silt + clay 67-72 

6) Ratios - percent sand + gravell
' 

73-80 ' percent silt + clay » 

Format =i (8F6.2, 6X, 3F6.2, F8.2) 

5.5 Card, 6. Y 

» Columfl 

1) Shepard classification label 

2) Folk classification label. 

l8~2»9 

40-59. 

(from gravel, sand, mud 
triangular graph) 

67-78 
Y 3) Folk classification label 

(from sand, clay, silt triangular 

graph, if applicable) _ 

Format, = (l7X_, 3A4, IOX, 5A4r,7X, 3A4) 

_ 

5.6 Card(s)T1Q'_e 7: .

i 

If there are any comments, comment cards will be created and will 
V follow the six data cards. 

i

- 

- 10 - 

Format 

7F6,2 
F6.2 
F6.2 

F6.2 

F8.2 

Format 

3A4 
_5A# 

3A0



-DEAFAULT CONDITIONS 
There is a test to determine if there are enough data points for the PHI start 
and PHI interval used. An error message will be printed if there is a 
discrepancy and t_he program will proceed to the next sample. Correct error 
and resubmit. I 

Most ICODAE subroutines sum the calculated weight fractions and compare 
with the original sample weight. If the weight difference exceeds a 
specified amount, an error message is printed and the program proceeds to 
the next sample.» Check for data or card punch errors. If the error is a 
function of the lab procedure, re-analyse the sample. 
In ICODE I, special boundary sieving requires three or less-sieve data points. 
If there are more, an error message is printed -and the program proceeds to 
thenext sample. Check for error in PHI interval or number of sieve points. 
In ICODE. 2 and 4, there must be at least two pipette data points, or an error 
message is printed. Check for ‘errors in total data points and sieve points. 
A test is made for a negative percent in a class interval-.r If one is found, an 
error message gives its location and the program proceeds to the next 
sample. Check for continuously increasing settling tube data, for contin- 
uously decreasing sedigraph data or, for a pipette draw that is negative when 
tare and dispersant are subtracted. ‘ 

If ICODE on input data card one is equal to 99, no other input data cards are 
required, just comment cards. This procedure is used to indicate why a 
sample analysis is not present.

_ 

-ll—
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(1) ARRAYS 
ARRAY 
COM NTS 
CUMPCT 

' DUM 
FR EQ 
IOPT 
LAB 1 - 

LAB2 
LAB3 
PCT 
PFF 
PHI 

' PHIP 
- PTILE 

O R 

RMOM 
V SAMPID 

WG 

(2) 

APPENDIX B: 
Parameter Names used in Sizdist Program 

stores weight percents for punched output 
stores for-output any comment cards - 

VA 

cumulative percent for each size fraction 
stores first ‘data card for decoding later 
stores moment measure frequency in calculations of PHI mean 
control card output options 

g

- 

Shepard c-lassification label - 

Folk classification label (G.M.S.) 
Folk classification label (S.C.S.) -_ 

percent each weight fraction is of the total sample weight 
used in calculation of -last three moment measures 
stores Pl-ll size that applies to matching weights in array WAG 
stores PH_I size at required percentiles - - 

stores desired percentiles 
stores appropriate number of asterisks (*) to generate histo- 
gram output

g 

calculation of moment measures 
sample identification 
stores weights of size f_ract_ions 

PARAMETERS - 

CLAY Q 

CLYSED 
CYALSIZ 
DISP 
FACT 

FOLK_ 
GRAV 
csmup 
ICODE 

percent clay 
percent clay from sedigraph data 
cylinder size

. 

weight of dispersant ' 

'

- 

a factor used in the pipette draw cjalculations and is equal to 
cylinder size divided by pipette size 
ratio percent silt/percent silt + clay 
percent gravel

A 

ratio percents gravel + sand/silt + clay 
type of lab analysis



INTRPT ti message carrier from subroutine to main program 

' ” JOUTPUT - rcontrols alternative output statement for size percentages 
V 

N - number oi sieve and/or settling tube data points
_ 

NO - total number oi data points 
NCOM - number of comment cards 
NP Q numberof pipette draws V 

PCLAY - percent "clay from pipette .data 
PHINT 1 - PHI size interval between data points 
PSILT - percent silt, from pipette data 
PSLCLY7 - percent silt + clay from first pipette draw 
RR r 

- "date of run determined by library function (call Date) 
SAMPWT - original sample weight 
SAND - percent sand ' 

SANDGRV percent sand +,gravel 
SILT -- percent silt- 
SLTSED - percent silt from sedigraph data 
SNDMUD .- ratio percents sand/silt + clay 
START - PHI size of first data point 

‘ TOTWT - calculated sample weight to check for errors 
XN - set by data statement to equal *, to identify comment cards
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