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SUMIVIARY 

A sediment core was dated fi'om the St. Lawrence River near Cornwall, Ontario. The 2-‘°Pb 
activityprofile of the sediment corewas used to determine the chronological age of the sediment as 
well as the sedimentation rate. The mean specific gravity was determined to be 2.589 gcm‘3. Data 
were analysed using two types of models: the Constant Initial Concentration (CIC) model and the 

Constant Rate of Supply (CRS) model. Deposition rates and chronology determined from the CIC 
models were in excellent agreement. 

, 
Deposition rate deterrriihed from the CRS model agreed well 

* with CIC model results. CRS chronology was within error of the CIC model chronologiest. 
The sedimentation rate was calculated to be 1.05 cm'yr“ for core 214 using the CICI model. The 
average mass sedimentation rate was determined to be 0.26 gcm"*yr" using the CIC1 model, 0.25 
'g’cm"'y1" using the CIC2 model, and 0.26 d: 0.06 gcrn"*yr" using the CRS model. Porosity analysis 
indicates a slight change in .sedim_ent composition which may be accompanied by varying 
accumulation rate. CRS results also indicate a slight variability in sedimentation rate in this core. 
Sediment focusing factors calculated from CIC and CRS outputs range from 2.6 to 2,4.
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INTRODUCTION 

In this study, a core (214) taken fiom Station 179 in the St. Lawrence River, was dated using a 2‘-"Pb 
method (Eakins and Morrison, 1978). The core was collected and submitted by Norm Rukavina 
(NWRI). Other cores from this area have been analyzed using this method (Turner 1999a-b, 1996 

a-g). 

LOCATION AND CORE PREPARATION 
The location of the sample site (Station 179) from which the core was taken (UTM Coordinates: 
4984798.6 N, 525940 E) is shown in Figure 1, The site is near Cornwall, Ontario. On November 
19, 1997, the St. Lawrence River was cored by divers using benthos coring tubes (6.6 cm’ inner 
diameter). Several cores were collected from the site. The cores were transported to NWRI in 
Burlington and placed in cold storage. On February 2, 1999, one of the cores (179-1) was split in half 
lengthwise. One of the halves then subsectioned into 1-cm intervals giving forty-one (41) 

samples. The samples were weighed, freeze-dried, and then re-weighed. These weights were used‘ 
to calculate porosity and the uncompacted depth (see Appendices A-- B, Delorrne, 1991). 

A plot of porosity versus cumulative dry weight for core 214 ‘is ‘shown in Figure 2a. This figure 
indicates the composition of the sediments to be slightly variable. A small zone of elevated porosity 
exists just below the top of the core. A decrease in porosity occurs near the bottom of the core. 

Specific Gravity was deteirmined using an automated Accujpyc pycnometer (Micromeritics, 1992).; 
Figure 2b is a plot of specific gravity'(or density) versus cumulative dry weight. Figure _2b indicates 

a fairly stable sediment composition with only a slight increase in density with depth. Mean specific 
gravity for the sediments of core 214 is 2.589 :1: 0.037 gcm'3 based on 5 samples and 25 

determinations (see Appendix C this report).
K
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Laboratory Procedures 
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Figure 2. Relationship between cumulative dry weight and (a) ‘porosity, (b) density.‘ 

METHOD 

Homogeneous portions of 19 samples (Table 1, including 1 set of replicates) .from core 214 were 
treated using a variation on the Eakins and Morrison (1978) polonium distillation procedure. Details 

of the laboratory’ procedure are found a laboratory manual (Turner, 1990). 

Following grinding and homogenizing, 1 g of sediment was treated with concentrated HCl to remove 

carbonate materials, "then r__ni_xed with approximately 10 dpm.of2°-’Po spike in a test tube. The ’°’_Po 
' spike was prepared onseptember 6, 1991 at 6.07 dpm ml“ activity- The test tube and contents were 

then placed in an oven at l10‘iC until dry. 

After cooling, glass wool plugs (one to hold the sediment at the bottom of the tube, one dampened 

to catch polonium at the opening of the tube) were inserted, then the tubes were placed into a tube 

furnace and heated to 700°C for 1/2 hr to distil the polonium from the sediments. At this temperature, 

polonium passes easily from the sediment, through the dry wool plug and does not condense until 

reaching the wet wool plug outside the fumace. 

After cooling, the tube was cut, and the upper part containing the damp glass wool (condenser) was 

digested in concentrated-HNO3 under reflux (to destroy organic material). The residue was then 

filtered and the filtrate boiled down and digested with two I-‘ICl treatments to remove any remaining 

traces ofO,. 
The polonium was then plated fi'om the rermining solution onto a finely polished silver disk. The disk 

was counted in an alpha spectrometer. “P0 was identified by its 4.88 MeV alpha particle, and "°Po
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by its 5.305 MeV alpha particle. The “°Po counts obtained-from the spectrometer were compared 
to the 2°°Po counts (of known activity) to determine the activity of 2‘°Po in the sediment sample. 

Sediment Dating Theory 

Dating of lacustrine sediments been actively pursued for several decades (Robbins and Edgington, 
1975; Matsumoto, 1975; Appleby and Oldfield, 1978; and Farmer, 1978). Sedimentation rates are 
derived using either the CIC (constant initial concentration of unsupported “Pb; Robbins and 
Edgington, 197$; Matsumoto, 1,975) or the CRS (constant rate of supply; Appleby and Oldfield, 
1978) model. The CIC modelassumes a constant sedimentation, rate over the time period in which 
unsupported 2’°Pb is measured.» The CRS model assumes a variable sedimentation rate; Both models 
assume a.constant flux of unsupported 2-‘°Pb to the sediment/water interface. Depth can be corrected 
for sediment compaction in the CIC model using sediment porosity measurements (CIC1), otherwise 
cumulative dryweight is used (CIC2). Sediment compaction is accounted for in the CRS model by 
dealing with cumulative. dry weight instead of sediment depth. 

The profile of "°Pb in a sediment core can be described as follows: 

A..l=(Au..)e"“ +A' ~ 

(1a) 

where AT, is thetotal activity of ’“’Pb in the sample in pCi'g" dry wt at depth x, and. of age t. 
A‘ isthe activity of ”°Pb supported by mRa in pCi'g" dry wt (represented by constant "°Po activities attained at depth), 

AU, is the unsupported activity of 2‘°Pb at the sediment/water interface in pCi‘g" dry wt, 
A is the radioactive decay’ constant for "°Pb (0.693/22,26 yr" = 0.0311 yr"), 

And since AU, = AT, - A’ then A", = (AU,,)e'M (lb) 

where is the unsupported activity of ’2‘°Pb in the sample in-pCi'g" wt at depth x,
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The Constant Concentration (CIC) Model: 

In the following derivations, equations which refer to the usage of cumulative dry weight instead of 

uncompacted depth in the CIC model are designated with an 'a'. 

In the CIC model, uncompacted mid-depth, 2, can be used instead of natural depth, x‘, to compensate 
for sediment compaction (CIC1 model). ‘ Otherwise cumulative dry weight is used (CIC2 model). 
The uncompacted mid-depth is calculated from uncompacted thickness (Delorme 19.91).

A 

t..a= {<<1>. - <l>9/(1- <1>.,>} + (Tvi *v,> (2) 

where t,,, is the uncompacted thickness of the i“‘ sample, 

<1), is the porosity of the i"‘ sample expressed as a percentage,
_ 

(1),, is the porosity at the sediment-water interface calculated by regressing the top four sample 
porosities ((1),) agai_n_st.natural mid-depth, and d), = y intercept, 

TV, is the total volume of the i“—‘ sample, 

V, is the volume of a cylinder 1 cm high and surface area equal to either the inside of the core 
tube or the stainless steel extrusion ring, whichever is appropriate. r 

The CIC model assumes a constant sedimentation rate (or mass sed_i_rnent_a_tion rate) over'thetin_1e 
period in which unsupporte_d “Pb is measured, thus 

t = as, (-3) 

t = c/(oh 
V 

(3a) 

where So is the sedimentation rate in cmyr" at the sediment/i water interface, 

2 is uncompacted mid-depth, 

c is cumulative dry weight in gem", 

in is the mass sedimentation rate in —'g'cm’zyr".



The total 2‘°Pb activity at the sediment water interface is: 

A... = (P/w) 
. 

(4) 

where P is the flux of “Pb at the sediment lvivater interface in pCi'cm"_yr", (assumed constant). 
Substituting equations (3) [and (3a)]- and (4) into equation (la) gives; 

A.z=(P/w)e‘z7"So+A'- 
A 

i <5) 
01' 

_ 

- - 

AT, = (19/w)e‘°""° + A’ 
_ 

(Sa) 

i 

Equation (5) or [5(a)] can be simplified using natural logarithms: 

1n<AT,-A'>=1n<P/co)-(A/s.>z 
i 

e (6) 

1n(AT__, — A’) =1n(P/co) — (A/m)c t 

-' 
(6a) 

The form of the equation is y = b + (in) x 

A graphical solution for P/(0 (the y’-intercept) and A/S, [or ()./co)] (the slope of the line) is possible 
from a plot of x and y {z vs 1n(A, - A')} [or c vs 1n(A,- A')} (see.Figure 4). As A is known, then S0 
[or up] can be calculated. 

s,= A/slope= }./(m) 
l 

(7) 

on = 2./slope = A/(m) (7a) 

‘When using uncompacted depth, the mass sedimentation rate 
(g'cm"‘yr") is represented by: 

w=So(1'¢o)ps=Si(l'¢i)ps 

where p, is the density of the solid phase of the sample (assumed constant),
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Si is the sedimentation rate (cmyr") at a given uncompacted mid-depth 

The flux at the sediment/water interface P (pCi‘cm"yr") can be calculated from the y-"intercept and 
mass sedimentation rate. 

P=w(e‘*> 
f 

(9) 

Using equation (6) [or (6a)] the time ‘t’ in years __since the sample was deposited is given by: 

t = 1g_(_A_tT,.- A") - ln{E/w1=_ Z 
CIC1 (10)A 

(-1) 
V 

5.. 

or t = In (An - A‘) -- ln(B/oo1= Q CIC2 . (10ai)
i 

(-1) co
‘ 

which can be written as: 

ln(AT-A' =_z_ ori 
Am So co 

«IO t = -_1_ . (1,0aii) 

A . 

The uncompacted mid-depth (cm) divided by the sedimentation rate (cm‘yr“) [or cumulative dry 

weight, (g'cr_n_'z) divided by mass sedimentation rate (g‘cm""yr")] gives t; 

The Constant Rate of Supply (CRS) Model: ‘ 

Since the CRS model assumes a constant rate of‘ supply, then 

P = Au * <9. (11) 

where P is the flux of "°Pb at the sediment water interface in pCi‘cm"‘-yr", (assumed constant)‘ 

AU, is the initial activity of unsupported 2‘°Pb in sediment of age t 

w, is the dry Mass Sedirnentation Rate (g'c_t_n"*yr") at time t.



i 

and B(0)::[oPo*AuodX:fo Auodw 

Sediment laid down during time period «St occupies a layer of thickness (6x): 
6x = 00, 6t 

- 

(12) Px 

were p, is the dry mass/unit wet volume of the sample (gcm'3) at depth x. 
p, = dw ‘ 

dx
, 

The rate of change of depth is 

X=(o. 
(14) px

‘

~ 
where ' denotes differentiation with regards to t. 

am xm%w=mm 
(15) 

Equation (15) combines with (lb) to give 

x'p,Au,= x'..p.<A.,.>e"“ 
(16) 

Let B(x) = [X pi * AU, dx =-fx AU, dc) V 

(17) 

represent the total residual or cumulative unsupported "°Pb beneath sediments of depth x, 

(13) 

represent the total residual unsupported “Pb in the sediment column, then 

B(x) =B(o>e‘*‘ 
(19)

i 

The age of layer at depth .x is thus:



t = - .1. In E(& (2.0) 
A B(0) 

where B(x) and B(0) are calculated by direct numerical integration of the 2-‘°Pb profile (the plot of- 

unsupported activity versus cumulative dry weight). 

The mass sedimentation rate is calculated by dividing the change in ‘the mid-sample cumuljative dry 
weight by the difference of ‘time in years for the sample analysed. 

The mean 2‘°Pb supply rate (flux) is calculated from 

P =1 B(0) 
, 

" l 

. 

I 

(21) 

Quality Assurance/Quality Control 

Quality Assurance: "Collection and Preparation of Core Samples V 

The samples for core 214 were collected by divers using a benthos coring tube. The cores were 
stored for over a year before extrusion. The topmost two samples were scooped out before the core 

was cut in halflengthwise. The remaining samples were sliced, then scoopedout of the coring tube 

and placed in plastic vials. is an imprecise -method with inaccuracies involved in cutting‘ the core 

tube as well as slici_ng and scooping. ‘The extent of the inaccuracies is unknown. 

The samples were freeze—dried using a standard procedure. loss of waterfiom each sample 
was achieved by keeping tight. lids on the vials before weighing and freeze drying,~however water loss 

may have occurred during sampling as the core was exposed to the air for a period of time. An 
attempt was made to minimize this exposure time by working as quickly as possible. The amount of 

water loss during the exposure time is unknown.. 

Quality Control:- Contamin‘a_t1’on and Method Checks 

Blanks (no sample, no spike), were run through the same analytical procedures as samples, to 

determine if there was contamination from analytical reagents. Blanks, prepared at the same time as

9



the sediment samples, exhibited a background activity of 0.03 dpm when run in all detectors, an 
activity comparable to empty sample holders, 

Yield tracer solutions (no sediment sample) were also run through the analytical procedure. No 
counts above background were detectable in the "°Po region of the spectra for disks prepared using 
onlythe spike (no sample), indicating no polonium (“°Po) contamination in the analyses from spike 
solutions. 

RESULTS 
Table 1 liststhe =*°1=o activities for the 19 samples prepared for core 214. Figure 3 depict_s the 1’-‘°Po 
activity profile with depth and cumulative dry weight. The symbols used in figure 3 indicate which . 

detectorwas used during sample analysis. X's represent detector 3, triangles represent detector 2, 
and squares represent detector 1. ' 

Table]. Activity of 2.l,",PQ in Core 214 Sediment. 
Sample Cum. Dry Unoompacted "°Po, Sample Cum Dry Uncompacted "°Po, 

“V_Vt‘., gem" Mid Depth, cm dpmg" 
V g 

Wt.,'gcm" Depth. dpgfl 
1 0.34 

_ 
0.68 _ ,« 9.46 22 

g 
10.53 

V W 43.87 5.84 
3 

p 1.17 4.05 
_ 

9.98 24 11.77 
i 

A 

48.95 _4_._91 
5 “2.l6 7.93 11.53 24R 11.77: 48.95 i_ __j4,.84 

7 —_ 2.90 
l 

11.33 
M 11.05 

V 

24122 
_V 

11.77 48.95 
H 1 

5.08 
#10 4.12 16.62 9.80 26 12.98 54.12— 4.86 
12 5.11 20.49 7.40 28“ 14.07 59.17 

V 

5.80 
T. 

14 6.27 
_ 

25.38 
_ 

7.08 30 15.20 
l 

63.99 4.79 
16 7.36 30_.0_1 6.82 

_g 

A 

"35 
17.94: 75.78 ~ 5.35. 

18 
i 

8.35’ 
_ 

34.50 4 6.88 i_ 40 22_.22” 90.15 2.61 
20 9.45 

’ 

1 

39.03 6.187 

Reproducibility of Results 

One slicefiorn core 214 was chosen to have the analysis for “P0 repeated. Sample 24 gave a mean 
activity of 4.94 i 0.12. The "°Po activities are given in Table 1.
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Figure 4. The distribution of uncompaeted mid-depth against l'n(A,_ - A‘) for core 214. The y intercept of the 
regression line = 1.5811, the slope = —0.0295. 

“Pb Analysis of core '21 4 using the CIC model. 

For the first CIC model (CIC1), the unsupported activity is plotted against uncompaeted mid-‘depth 

(Figure 4) using the expanded equation (6). Based on the graphical solution, the yr-i_n_terc‘ep_t is 

1n(P,/<_o)=V1_.581'1 and the slope of the line (M8,) is 40.0295 (see Appendix D). Samples_ 3 to 13 were 

used to calculate an average sedimentation rate of 1-05 c’m'yr", an average mass sedimentation rate 

of 0.26 gc_m"‘yr" a flux off1.25 pCicm""_yr". The mean dates calculated for each core section, 

based on a division of the u'nco‘mp'acted mid-depth by the sedimentation rate (equation 3), are given 

in Appendix G. The 'i' values are two standard deviations based on data calculated for the top, 

bottom, and mid-depth of the sample.
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For the second CIC model (CIC2), the unsupported activity is plotted against cumulative dry weight 
(Figure 5) using the expanded equation (6a), Based on the graphical solution, the Ay‘-intercept is 
ln(P/co) = 1.5918 and the slope of the line (A/<0) is -0.127] (see Appendix E). Samples 3 to 13 were 
used to calculate an averagemass sedimentation rate of 0.25 g‘cm"—'yr" and a flux of '1 .20 pCi'cm"'yr". 
The dates calculated for each core section, based on a division of the cumulative dry weight by the mass sedimentation rate (equation 3a) are given in Appendix G. The '=!:' values are two standard» 
deviations based on data calculated for the top, bottom, and mid-section of the sample. 
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Figure 5. The distribution of cumulative dry weight against ln(A,_( - A’) for core 214. The y intercept of the regression line = 1.5918, the slope—= -0.1271 

Ideally, t‘heCICl and CIC2 models should. give almost identical results. A comparison of the mass 
sedimentation for this core shows excell ent agreement. The calculated atmospheric flux rates are also 
in agreement. I I 

A difierence in the mass sedimentation rates or. atmospheric fluxes determined from the CICI and 
CIC2 models may indicate a problemin the calculation of uncompacted mid-depth. It may indicate 
a change in lithology that was not completely accounted for by porosity or specific gravity 
measurements.

A 

’"’Pb}1na{ysis ofcore 214 using the CRS model. 
For the CRS model, the unsupported activity is plotted against cumulative dry weight (Figure 3). The 
profile is integrated to determine B(0) and B(x_) and calculate time (see Appendix F) according to 
equation 20. Since not all samples were analysed for 2‘°Pb activity, a multiple regression analysis was 
performed to obtain the-dates for ejach core section as given in Appendix G. Samples 1 to 16 were 
used in this example to calculate an average mass sedimentation rateof 0.26 :!: 0.06 gcm"'yr" and flux
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of 1.16 pCi'cm""yr". The variation in mass sed,iment_atio_n rate in core 214 is illustrated in figure 6. 
Slight changes (decrease) in mass sedimentation rate between 2 and 5 gem? in the upper core 
coincides with one zone of changing porosity (Figure 2a). The other fluctuations in accumulation rate 

do no coincide with any obvious changes in porosity, 

6.40 -; 

_ 

0.35 
0.30 

$333 
50.15 
0.10 
o_.o5 
o.oo . 

15 
V Cumulative Dry weI'ghi;°gIcm2 

Figure 6. Plot of mass sedimentation rate versus cumulative dry weight for core 214. ’ Points representmass
_ 

sedimentation rates determined from integrated area definedby activity and cumulative dry weight for the 
sample, the line represents the of the mass sedimentation rate. - 

Comparison ofCIC and CRS “Pb Analysis of Core 214. 

Table 2 lists mass sedimentation and atmospheric flux rates as calculated fiom the CIC and CRS 
models. The mass sedimentation rates are in excellent agreement. The three calculated atmospheric 

flux rates also agree well.
I 

The year corresponding to individual core sections (Appendix G) as determined by the CIC and CRS 
models are plotted against cumulative dry weight in Figure 7. Figure 7 shows good agreement 

between the chronology of the two CIC models and the CRS model. 

y : ‘Table of Mass Sedimentation Rate and Aunosphericfluzg. 7 A V

I 

Model Average Mass Calculated
_ 

Sedirnen’tation'_Ra'te, 
_ 

Atmospheric Flux. 
_ _ _ W gcm"*yr" pCi‘c'm‘.zyr" 

c1c1' 
g_ ‘p__H'_Vo.26 1.25 

CIC2 ’ 

p0.25 
__ 

1.20 

CRS ‘ ' 0.26_+0.06* 1.16 
° Based on incremental mass sedimentation rates (Appendix F)
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Figure 7. Plot of the Year determi_n_ed from CIC (squares and diamonds)/CRS (triangles) models versus cumulative dry weight for core 2-14.
’ 

Sediment focusing in the St. Lawrence River as evidenced by Core 214. 

Sediment focusing (Likens and Davis, 1975) is a phenomenon whereby fine sediment is transported 
from shallow areas to deeper areas through resuspension and settling. Sediment distribution is 
influenced by water body‘ properties such as mixing depth in the water column, wave and current 
shear stress and sediment cohesiveness as well as physical variables such as exposure (circular integral 
of fetch), slope and sediment texture (water content and organic content) (Blais and Kalfl‘, 1995). 
Hilton et al. (1986) presented evidence for l_0 mechanisms whereby sediment is distributed in small 
lakes, with active sediment focusing processes being the dominant distribution mechanism. 
Hakanson (I977) divided lake bottoms into three zones (the erosional, the ‘transportation, and the 
accumulationzones) according to the differences in their ‘potential for resuspension. Rowan et al. 
(1992) developed a model for predicting'th_e extent of the zone of erosion. Hilton (1985) presented 
a conceptual model for predicting the overall occurrence of sediment focusing and redistribution in 
small lakes. .Blais and Kalli‘ (1995) used Pb as a geochemical tracer to track sediment focusing 
patterns in 12 lakes. They produced the first general model for sediment focusing patterns. 

A focusing factor (FF) reflects the process of sediment focusing at a particular site. Focusing factors 
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can be determined through a comparison of the unsupported ’2‘°Pb inventory in the sediment column 

at a site to that deposited from the at_mo'sphere (Simcik et al. 1996). 

FF = I, / I, ' 

' (22) 

where FF is the focusing factor,
F 

1,, is the unsupported "°Pb inventory in pCi°cm", 

and I, is the atmospheric "°Pb inventory in pCi'crn". 

An alternate method is through comparison offlux calculated from unsupported ”°Pb activity profile 

and the actual atmospheric flux as fiom atmospheric fallout. or estimated from soil profiles. 
‘Lo

. 

FF..=P/F, 
if 

-- r .. (23) 

where P is the flux at the sediment/water interface in pCi'cr_n"‘yr", 
I 

and F, is" the atmospheric flux in pCi°cm”*yr". 

Depositional environments exhibit focusing factors greater 1. Erosional environments with 

intermittent sediment accumulation exhibit focusing factors less than 1. 

The CIC and CRS models used for therdeterrnination of sedimentation rate and chronology provide 

the flux calculated fiom the sediment profile (P) as required by equation (23). These values are given
' 

in Table -2. The CRS model includes an integration of the activity profile which provides a value for 

the unsupported "°Pb inventory as required by equation (22) (see appendix G). 

Atmospheric ”°Pb inventoiyand/or atmospheric flux values for some sites have been reported in the 

literature. Klusek (1973) deter-‘ruined the "°Pb inventory of soil at Rhinebeck, NY, to be 5.70 lcBq'rn"- 

(or 15.5 pCi'cr_n"). This site is southeast of the Adirondack lakes of New York. It is assumed to be 

fairly representative of the this part of the northeast U.S.A. (Graustein and Turekian, 1986). Wong 

et al. used. this value as the atmospheric "°Pb inventory in their calculation of focusing factors in 

various basins of Lake Ontario. Sirnick et al. (1996) also used this value when calculating focusing 

factors for sediments in Lake Michigan. Ifthe value 15.5 pCi'cn1'2 is used along with the value for 

atmospheric "°Pb inventory as determined by the CRS“ model for core 214 (37.23 pCi'cm") , equation
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(22) produces a focusing factor of 2.40 (Table 3). 

Urban et al. (1990) relate the net atmospheric flux of "°Pb to peat underthe assumption of steady 
state conditions to the unsupported "°Pb inventory bythe following equation: 

F, = A L, (24)
A 

where F, is the net flux of ”‘-’Pb to peat in pCi'cm“yr", 
A is the decay constant for "°Pb (0.03l1 yr“) 
and I,, is the unsupported 2‘°Pb inventory in pCi'cm"’ 

Understeady state conditions, an inventory of 15.5 pCi‘cm'2 would arise fi'om .a net flux of 0.48205 
pCi'cm"'yr". The CIC and CRS model output flux rates can be compared to this ‘net flux using 
equation (23). The resulting focusing factors are given in Table 3. 

Table 3; Focusing factors calculated fiom Model output data. 
‘Model Calculated Flux Rate: Unsupported Focusing 

F 
1“ 

F pCi'cm"'yr“ "°Pb Inventory Factor 
_A _ 

pC.i.'cm"' ' 

_c,1c1 ..1.25 2.59 
up CIC2 1.20 2.49 ‘. 

CRS .l...l6 
_ 

__ 2.4’; CRS 37.23 
_ 2.40 
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Appendix Wet and d1y weights for core 214. 

Sample Number Wet Weight Dry Weight .2 _Sg1mp_l<_:2212\{1_12r2£t__)er Wet Weiglg Dry Weight 
" 

221 _ 2 44.554 11.568 21 44.042 19.578 
2 

” 

49.256 16.42922 _ _ _ 2__22 _ 2 
38.728 17.206 

3 32.274 11.936 
” 

..":4:C38..,_ ...“..2dl62=1; 

4 45.496 17.746 24 ““46.594' 
' ”2i”.810"" 

5 46.260 16.086 25 47.656 21.216 
' 

6 35.654 12.322 26 41.374 20.070 

T227 36.356 13.142 27 46.666 21.362 
i ’ 

2 
45_-2124_2 

_ 
_2162.194 28 35.980 16.058 

9 41.020 
2 

i214;2-26‘: 
W2’ 

22 
29 45.710 20.554 

10 32.010 11.1192” 
” 

30 §39._9_76_ H17.9_7_6 2 

11 39.236 - 14.772 31 
’ 

422.424 . 
W18.950'_'2 

_2122 _ _ 
243.092 19.284 32 51.278 2_2.628 

13 _ 4_9._564_ 21.942 33 40.296 17.584 
14 40.292 ‘‘17.6342 _234 39.104 16.870 

15 46.438 19.706 ”__ 42.714 17.882 
16 40.948 17.718 1236 

N 

2 
42fi622 1~8.245'4 

17 35.762 15.616 37 2 47.21422 2"j222.221‘34_2_2 

2 2218 42.530 18.226 38 35.2376 ”M1i7'.79.2i‘7' 

"19 _ _ 41224 ~ 16.892 39 45.016 24.234 
20 i"46‘._36'0i 

V 

20,828 40 107.460 ]6;3.291_2.-..

19



Appendix B: Calculation of porosity and uncompacted dépths given sample wet and d ry weights, (Delorme, 1991) and specific gravity for core 214. 

Sample Wet” Dry Cumin. Sed. T013! comp. Comp. Sample Uncomp Uncomp Uneomp Number Wt. wt. Drywl -Cont. Vol. Vol. Depth Mid-pt Poros. Depth Md-p1 3.9. 
. . -gI0m2 cm3 cm3 cm3 cm _6m cm 96, cm cm cm Years 1 44.55 11.57 0.34 32.99’ 

" 
4.47 37.45 1.09” 1.09 0.55 33.07 1.35 1.35 0.66 0 2 49.26 16.43 0.32 32.33 6.35 39.17 1.15 224 1.67 33.30 1.86 321 223 2 3 32.27 11.94 1.17 20.34 4.61 24.95 0.73 297 260 31.52 1. 4.69 4.05 3 4 45.50 17.75 1.69 27.75 6.35 34.60 1.01 -3.93 3.47 30.19 

' 

2.10 6.99 5.94 5 5 4626 16.09 216 30.17 6.21 36.39 1.06 5.04 4.51 3292 1.37 3.66 7.93 7 6 35.65 12.32 252 23.33 4.76 23.09 0.62 5.37 5.45 33.06 
' 

1.61 10.47 9.67 9 7 36.36 13.14’ 2.90 23.21 5.03 23.29 0.63 6.69 6.28 82.06 1.72 12.19, -11.33 10 3 45.12 16.19 3.37 23.93 6.26 35.19 1.03 7.72_ 721 622 1.91 14.10 13.15 12 9 41.02 1423 3.79 26.79 5.49 A 32.29 0.94 3.66 3.19 3293 1.74 15.34 14.97 14 10 32.01 11.19 4.12 20.32 4.32 25.14 0.73 9.40 9.03 32.30 1.55 17.39 16.62 15 11 3924 14.77 4.55 24.46 5.71 30.17 0.33 10.23 9.64 31.09 1.33 19.27 16.33 17 12 43.09 19.23 5.11 23.31 7.45 « 31.26 0.91 11.19 10.74 76.17 243 21.70 20.49 19 13 49.56 21.94 5.75 27.62 3.43 36.10 1.06 1225 11.72 76.52 253 24.23 2297 21 14 4029 -17.63 627 22.66 6.31 29.47 0.86 13.11 12.63 76.39 230 26.53 25.33 24 15 46.44 19.71 6.34 26.73 7.61 34.34 1.00 14.11 13.61 77.34 234 23.37 27.70 26 16 40.95 17.72 7.36 23.23 . 6.34 30.07 0.36 14.99 14.55 7724 2.23 31.15 30.01 23 17 35.76 15.62 7.62 20.15 6.03 26.13 0.77 15.76 15.38 76.96 220 33.-35 3225 30 16 4253 1623 3.35 _24.30 7.04 31.34 0.92 16.63 16.2 77.54 2.29 35.64 -34.50 32 19 4122 16.39 3.35 24.33 6.52 30.86 0.90 17.56 17.13 73.35 2.13. 37.77 36.71 34 20 46.36 20.33 9.45 25.53 3.04 33.53 0.93 1_3_.56 16.07 76.04 2.51 4023 39.03 37 21 44.04 19.53 10.03 24.46 7.56 3203 0.94 19.49 19.03 76.39 243 4271 41.50 -39 2 33.73 1721 10.53 21.52 6.65 23.17 0.32 20.32 19.91 76.41 231 45.02 43.37 41 23 44.04 20.62 11.13 23.41 7.97 31.33 0.92 2124 20.73 74.61 260 47.62 46.32 43 24 46.59 21.61 11.77 24.76 3.42 3321 0.97 2221 21.72 74.63 265 50.27 46.95 _46 25 47.66 2112 1239 26.44 3.19 34.63 1.01 232 2.71 76.34 2.51 5278 51.53 43 26 41.37 120.07 1293 21.30 7.75 29.06 0.35 24.07 23.64 73.32 267 55.45 54.12 51 27 46.67 21.-36 13.60 25.30 3.25 33.56 0.93 25.05 24.56 75.41 256 58.03 56.74 53 23 35.96 16.06 14.07 19.92 6.20- 26.12 0.76 25.31 25.43 7626 2.27 60.30 59.17‘ 56 29 45.71 20.55 14.67 25.16 7.94 33.10 0.97 26.73 26.30 76.01 250 62.60 61.55 56 30 39.98 17.96 15.20 2200 694 23.94 0.35 27.63 27.20 76.01 233 65.13 6399 60 31 4242 13.95 15.75 23.47 7.32 30.79 0.90 23.53 23.03 7623 2.41 67.59 66.39 63 32 5123 2263 16.41 23.65 3.74 37.39 1.09 29.62 29.07 76.62 2.56 70.15 63.37 65 33 40.-30 17.53 16.93 2271 6.79 29.50 0.66 30.43 30.05 76.93 2.29 72.44 71.30 67 34 39.10 13.37 17.42 2.23 6.52 23:75 0.64 31.32 30.90 77.34 2.23 74.67 73.56 69 35 42.71 17.88 17.94 24.33 6.91 31.74 0.93 32.25 31.79 7324 22 76.69 75.73 71 36 4216 13.45‘ 13.46 23.71 7.13 30.34 0.90 33.15 3270 76.33 2.34 7923 73.06 74 37 47.14 2.13 19.13 25.01 3.55 33.56 0.93 34.13 33.64 74.52 267 31.90 30.51 76 -33 35.36 17.79 19.65 17.53 6.37 24.46 0.71 34.35 34.49 71.90 263 34.56 63.24 73 39 45.02 2423 20.36 20.73 9.36 30.14 0.33 35.73 3529 63.95 3.16 67.74 66.16 31 40 107.46 63.91 2.2 43.55‘ 24.69 68.23 1.99 37.72 36.72 63.62 4.31 9255 90.15 35
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Appendix C. Specific gravity detennination. 

The specific gravitiesv(gcm'3) of Core 214 sediments were determined 
using an automated Accupyc pycnometer (Micromeritics, 1992). 

21 

Sample No. Of 
_ 

Unccmpécted Specific Gravity 
6 th .6 . 6 

. 

iiiiiii .2 

1 5 0.68’ 2.547 3 0.003 V 

10 
S 

5 16.62 2.574 1 0.002 
20 

S 

5 39.03 2.591 :_ 0.001 

30 is 63.99 2.586 3; 0.003 

40 5 
V 

90.15 2.647 ,1 0.002 2.589 1 0.037



Appendix D. Lead Sedimentation Rate Analysis, CIC1 Model. 
ln (A - A‘) = ln (4.360) - 0.029 (2) R = -0.975 

where (A - A’) = unsupported 2'°Pb in pCi'g", 
and Z = uncompacted depth in cm. 
based on data from lines 3 to 13 

Specific Gravity = 2.589 g‘cm'3 P/co = 4.860 00 = 0.257 The initial porosity at the sediment/water interface is 90.58 
Atmospheric flux rate at the time of collection 1997.884 is 2.773 dpm'crn‘1yr" or 1.249 pCi'cm""yr“ Supported “Ra activity = 1.176 pCi‘g" or 2.610 dpm'g" 
Sedimentation Rate .= 1.054 c'rn’yr" 
Mass Sedimentation Rate = 0.257 g'cm"_yr" 

Summary of 2‘°Pb Analyses 
Uncomp Porosity Total Total Unsupp Unsupp Sed. Depth "°Pb‘ "°Pb '2-‘°Pb "°Pb '

~ 

43.95 0.7463 4.94 2.23‘ 
L 

2.33 i.0s 1.059 0__1952 
-54.12“ 0.7332 

0 

4.86 2.19 2.25 1.01 1.169 1952 
59.17‘, 0.7626‘V_5.8O 2.63 3.19 1.44 1.249 1951 
63.99‘ 0.7601 _i 4.79 2.16 2.13 0.93 1.1590 1943' 
75.23 0.7324 5.35 2.41 2.74 1.23 1.039 1923 
90.15 0.6382 2.61 1.18 

' 

0.00 0.00 0.663 1362 
(')-Year calculated using the sedimentation rate of the sample

0
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Appendix E. Lead Sedimentation Ra,teIAnalysisv, CIC2 Model. 

In (A - A’) = 1I1(4.913) - 0.127 R = -0.975 
where (A - A‘) "= unsupported "°Pb in pCi'g",' 
and X = cumulative dry weight in gem‘? 
based on data from lines 3 to 13 

Specific Gravity = 2.589 gem" P/co = 4.913 00 = 0.245 
The initial porosity at the sediment/water interface is 90.58

_ 

Atmospheric flux rate at the time of collection 1997.884 is 2,672 dpm'cn_1"yr“ or 1.204 pCi'cm""y_r" 
Supported 22‘Ra activity = 1.176 pCi'g" or 2.610 dpm'g" . 

Mass Sedimentation Rate = 0.245 gcm"yr" ‘ 

Summar>{.of_".‘?Pb-AI.1alyses._ 
. . _

~ 

Mid—Sample Porosity Total Total Unsupp Unsupp Years 
Cum. D_ry Wt. 7‘ b 2‘°Pb “Pb “Pb (*) 

~ 
-'2 d -1-‘ Ci" -‘ d -4 Ci‘ -1- 

_ __ 

S 

1.93” 
A V 

i0.i8292 ‘1_1.53 5.194 8.92 4.018 1990 

2.71 0.8206 11.05 4.977 ‘ 

8.44 3.802 1987 

3.95 
' 

0.8280 9.80 4.414 7.19 3.239 1982 

4.83 0.7617 7.40 3.333 4.79 2.158 1978 

6.01 0.7689 7.08 
’ 

3.189 4.47 2.0114 1973
' 

7.10 0.7724 6.82 3.072 
_ 

4.21 1.896 1969 

8.09 0.7754 6.88 3.099 4.27 
' 

1.924 1965 

9.15 _ 
0.7604 6.18 2.784 3.57 1.608 1961 

10.28 0.7641 5.84 
. 

2.631 3.23 1.455 1956 

11.45 
’ 

0.7463 4.94 2,225 2.33 
p 

1.050 1951 

12.68 
i 

0.7332 4.86 
p 

2.189 2.25 _1.014__ 1946“ 
13.84 

' 0.7626 5.80 2.613 3.19__‘ 194199 

14.93 0.7601 4.79 2.158 218 0.982" 

17.68. 0.7824 5.35 2.410 2.74 1.234 1926 
21.29 0.6382 2.61 1_._176_ 0.09 _ 

0.00 1911 

C) Year calculated using the mass sedimentation irateiofithe sample
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Appendix F. Lead Sedimentation Rate Analysis, CRS Model. ~ ~ 
~ ~ Uneompacted Cum. 

: 

Mid Section.Cu1:1. Unsup,_A<_:ltivity 
' 

Area. 1 Cuni. "I~‘ime,B.P. 
I 

Date ., . A _.‘,_.N. 
_ . .‘ 3"‘ 

. .. .. ,9 ' 

. , 
- 

' 6 

, . '

. 

4.05 1.17 
. 1.00 

V 

3.086 
1; 2.642 3.167 2.86 0.348 1; 19.95 0.344 7.93 2.16 

* 

1.93 
? 

i 

3.320 
A 

3.412 6.579 6.25 
1 0.308 

E 
1991 0.274 11.33 -2.90 2.71 ' 

4.018 3.069’ 92648 9.64 
I 

0.281 1988 
i 

0.232 16.62 4.12 3.95 3.802 4.383 . 14.031 15.20 0.260 1982 0.244 20.49 ? 

A 

5.11 4.83 
' 

3.239 
_ 2.361 5 

16.392 
1 

18.64 0.259 1979 0.254 25.38 
I 

6.27 
! 

6.01 2.158 § 2.461 18.853 § 22.68 0:265 1975 0.292 
V_ 30.01 7.36 

i_ 7.10 2.014 -2.131 20.984 26.64: 0.266 1971 1 0.275 34.-50 8.35 8.09 
i 

1.896 1.881 - 22.866 30.60 0.264 1967 3 0.249
, 

39.03 
4 9.45 

_ 9.15 1.924 1.881 24.746 35.11 0.261 1962 0.236 43.87 
1 I 

10.53 10.28 -1.608 1.731 26.477- 39.90 
1 0.258 1957 0.236 48.95 

‘ 

11.77 
L 11.45 1.455 

' 

1.465 27.942 1 

44.61. 0.257 
5 

1953 0.249 54.12 12.98 
, 12.68 -1 1.050 

4 

1.274 29.216 49.35 0.257 1948 
' 

0.260 59.17 14.07 13.84 : 1.014 1.409 30.626 55.57 I . 0.249 1942 
i 

0.185 63.99 15.20 4 14.93 1.437 1.331 » 

, 
31.956 62.80 0.238 1935 0.152

, 

‘ 

’ 
‘ 

Mean 0.256 

. StdDev 0.055 Based on data from ‘lines 1 to 16. Unsupported 2‘°Pb in.ventoryv= 37.226 pCi'cm'2. Atmospheric flux rate at the -time of collection 1997 .1884 is 1.16 pCi‘cm‘2'yr"

24



Appendix G._Mean date calculated for each core slice. 

Sample Uncompacted Ctnnixlative Qumiilative ClCl CIC2 ‘CRS 
Mid Depth Weight Dxy‘ Weight Year Year‘ Year 

1
. 

26 
27 
28 
29 

31 
32 
33 
34 
35 

37 
_ . 

as 9 
39 1916 3 
40 . 

1 
2222 

_ 

21.29 1912 _+_ 5 1911 is 

* Calculalion on a Multiple Linear Regression with an R’ of0.-9991 and a Standard Error of 0.5754.

25



E 

S‘

E 

I 

‘I 

is 

i 

E 

_ 

‘ 

E 

i 

E 

i 

1: 

:

i

I 

BTARY, CANADA CENTRE FOR INLAN 

fa zulwnulmmgrnImII41u:aa|1wtIWi;30



‘ National Water Research Institute 
Environment Canada 
Canada Centre for InlandtWaters 
ROD Box 5050 
867 Lakeshore Road

_ 

Burlington, Ontario 
Canada L7R 4A6 

National Hydrology Research Centre 
11 Innovation Boulevard 

Canada S7N 3H-,5 
V Saskatoon, Saskatchewan 

NATIONAL VVATER RESEARCH INSTITUTE 

~ ~ 

INSTITUT NATIONAL DE RECHERCHE SUR LES EAUX 
' :.»7"‘ .1 .‘.' . 

~~ 
Institut national de recherche sur les eaux 

Environnement Canada 
Centre canadien des eaux intérieures 

Case postale 5050 
867, chemin Lakeshore 
Burlington; (Ontario) 

Canada L7R 4A6 

Centre national de recherche en hydrologie 
1 1, boulevard Innovation 

' 

Saskatoon; (Saskatchewan) 
Canada S7N 3H5~ Environment “ ~ Canada 

Environnement 
Canada 

IOI Canada 

a 

V- 

:-

A

‘


