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ABSTRACT

Geochemical data are compiled for sediment analyses of samples
collected in Hudson Bay and James Bay during mid-summer 1992 from the
research vessels CSS Hudson (Cruise 92-028) and MV Septentrion (Cruise
92-0288): 3 cores and 10 grab samples from the Manitounuk Sound Area;
2 cores and 1 grab sample from the Grande Baleine delta area; 1 offshore
core in Hudson Bay; and 2 cores and 8 grab samples from La Grande River
area.

A seismic reflection survey was conducted in Manitounuk Sound and
the results are documented in a cross-sectional model.

Sediment analyses included sediment texture, organic carbon, total
carbon, and total metals (Si, Al, Mg, K, Li, Fe, Mn, Ca, Cu, Zn, Ni, Pb,
Cr and Hg). Chemical leach techniques were used to determine the
potential for labile metal partitioning (Fe, Mn, Ca, Cu, Zn, Ni, Pb and
Cr) in these sediments and included sequential leach analyses for: (1)
weak acid leachable metal, (2) easily reducible metals, (3) moderately

reducible metals, and (4) residual metals.
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INTRODUCTION

The Department of Natural Resources Canada (the past Department of
Energy Mines and Resources) has undertaken a role in the evaluation of
the environmental impact of the James Bay II development (Amos et al.,
1992). Hydro-Quebec have submitted plans to develop the Grande Baleine,
Petite Baleine and Nastapoka Rivers for hydro-electrical power
generation: the Grande Baleine or James Bay II project. Waters of the
three major rivers would be dammed and redirected, and the discharge time
changed from spring to winter. out flow would subsequently be
concentrated in Manitounuk Sound, while the discharge into Grande Baleine
estuary would be reduced 95%. It is the role of the Geological Survey
of Canada to collect the necessary geoscience data required to evaluate
the environmental impact and to provide recommendations on subsequent
monitoring. In particular, the Atlantic Geoscience Centre has been given
the task to address the marine-related aspects of this work.

The CSS Hudson and MV Septentrion Cruises to Hudson Bay 1992
conducted seismic reflection surveys and collected sediment samples to
be analyzed for geochemical constituents. Initial observations and
sampling records are available in the cruise report (Amos et al. 1992)
and a preliminary regional correlation of the lithostratigraphy is
available in Hardy and Zevenhuizen (1993). Results of the seismic
surveys are reported in Figures 3 and 4; and the remainder of this report
containg results for sediment grain size analyses, carbon content and
metal concentrations for Si, Al, Mg, K, Fe, Mn, Ca, Cu, Zn, Ni, Cr, Pb,
Li, and Hg.
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METHODS

Seismic Survey

Detailed descriptions of seismic reflection equipment and methods,
and a discussion of the results are available in Zevenhuizen et al.
(1992). Seismic survey lines are mapped in Figure 3, and results are
displayed in a cross-sectional model (Fig. 4).

Sampling

Sediment sampling has conducted from the MV Septentrion (Cruise
92-0288) from July 27 - August 29, 1992; and from the CSS Hudson (Cruise
92-028) from August 16 - 29, 1992.

Gravity cores 204, 212, and 228; and surface grabs 201, 203, 205,
207, 209, 211, 213, 215, 217 and 219 were collected from the MV
Septentrion in the Manitounuk Sound Area (Fig. 1, 3 and 4). Grab 224 was
collected in the Grande Baleine delta area. Gravity cores Lg-3 and Lg-4,
and surface grabs Lg-1 to Lg-8 were collected from the MV Septentrion in
the La Grande River area (Fig. 2).

Benthos boxcore 004 and Lehigh core 005 were collected from the CSS
Hudson in the Grande Baleine delta area (Fig. 1 and 3). Lehigh core 104
was collected off shore in Hudson Bay (Fig. 1).

Sediment Analyses

Sediment grain size analyses for sand, silt, and clay grains
< 0.080 mm were conducted on wet samples using a Coulter Counter Model
TAII® (30 and 200 um aperture tubes). The sediment mass > 0.063 mm was
classed as sand, sediment < 0.063 mm and > 0.004 mm was classed as silt,
and sediment < 0.004 mm was classed as clay. Subsamples for Coulter
Counter analyses were disaggregated in a 5 % solution of sodium
metaphosphate in an ultrasonic bath. Gravel size particles and sand
< 0.080 mm were not included in the analyses. The mean grain size is
reported along with the standard deviation, kurtosis, and skewness.

The sediment was freeze dried and lightly disaggregated with an
agate mortar and pestle and used for analyses of total carbon, organic
carbon, leachable and total metals.

Carbon analyses were carried out using a Leco Combustion Carbon

Analyzer on 250 mg of dried and disaggregated sediment. Total carbon (C;
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in % of dry weight) was determined for washed samples. Organic carbon
(Corg in % of dry weight) was determined by the same method after removal
of inorganic carbon by treatment with 1 M HCIL. For both types of
determinationsg, a series of Leco Corporation calibration standards were
analyzed. These carbon in steel standards ranged from 0.127 to 0.897
percent carbon.

The sequential leach analyses (Fitzgerald et al, 1987)
include:
(1) Weak acid leachable metal (Fey,, Mnyg, Caya, CUy,, Zny, Niga, Cry, and
Pb,,)in 25 % acetic acid, pH 2 for 16 hr, as described in Chester and
Hughes (1967). This weak acid leachable metal is thought to be bound as
carbonates or oxyhydroxides.
(2) Hydroxylamine leachable metal (Fep,, Mgy, Cama, CUg, ZNygy, Nig,, Cry, and
Pbya) in 1 M NH,0H-HCl for 16 hr, as described in Chester and Hughes
(1967). This easily reducible metal is thought to be bound to Fe-Mn
oxides or as oxide coatings on other minerals.
(3) Heated hydroxylamine leachable metal (Fepm, Myga, Caumar CUguas ZNypa,
Nigga, Cryws and Pby,) in 0.04 M NH,OH-HCl, pH 2, at 80 °C for 16 hr, as
described in Tessier et al (1979). This moderately reducing metal is
thought to be strongly bound as mature oxides.
(4) Leach residue metals with concentrations computed relative to the
original mass (Fey, Mng, Cay, Cuy, Zny, Niy, Cry and Pby) were determined
using the Buckley and Cranston (1971) HF-H;BO, total decomposition method.

The sequential sum (Fegm, Mhgm, Casm: ClUgms ZNggus, Nigwu, Crgy and
Pbyy) was computed as the summation of the sequential leach analyses
components (ie, Fegwm=Fen+Fenp+FeuntFeg) .

Total metal concentration (Si;, Al:, Mgr, K., Feq, Mng, Cap, Cugp, Zng,
Ni,, Cr,, Pb,, and Li,) was determined using the Buckley and Cranston
(1971) HF-H,;BO; total decomposition method.

All leachates and total decomposition gamples were analyzed
utilizing a Varian PT975 atomic absorption spectrophotometer. All
instrumental parameters were as recommend by the manufacturer and
appropriate dilutions were carried out for solutions with very high metal
concentrations. Large volumes of reagents blanks were prepared for the
specific leaches and appropriate blanks were used for sample dilution and
for the preparation of standards. This latter precaution helped avoid
analytical problems which could be caused by chemical matrix

interferences.
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Total mercury (Hg;) was determined using a flameless cold-vapour
atomic absorption spectrometry method adapted from Brandenberg and Bader
(1967), Bishop et al. (1973) and MacIntosh et al (1976). A detailed
description of this method and a discussion of the results is available
in Penny (1992).

An indication of the accuracy and precision of these elemental
analyses methods are demonstrated by replicate analyses of standard
reference materials (Tables 1, 2, and 3).

Method Vvalidation

Data evaluation methods have been re-evaluated for this report. The
practice of defining the detection limit as twice the .level of the
background noise has been replaced by statistical procedures. These
statistical procedures evaluate both the analytical methods detection
limits, and the comparison of data at the 95% confidence level (Winters,
1993; Becker, 1992; and Dudewicz, 1988). Results are evaluated based on
the continuing replicate analyses (n=4) of standard reference materials
(Table 1). These data are also used to agsess the effect of our current
practice, of using only an analytical replication of n=2, on our methods
detection limits, confidence intervals, and level of discrimination
between analytical means (comparison of Table 2 and 3, respectively).

Standard reference materials were analyzed to evaluate our
analytical methods and laboratory performance. Their use is considered
to be one of the best available approaches for decisions on the accuracy
of measurement data (Becker et. al. 1992). Two marine sediment standard
reference materials with generally low levels for trace metals, were
available from the Marine Analytical Chemistry Standards Program of the
National Research Council of Canada (1411 Oxford St., Halifax, Nova
Scotia, Canada B3H 371): MESS-1 and BCSS-1. An additional marine
sediment, BEST-1, is certified for mercury only. The standard reference
material SO-1 (Bowman et al., 1979; Bowman et al., 1979; and Terashima,
1988) was used to evaluate the carbon method. Certified concentrations
and their 95% confidence intervals are reported in Table 1. Variation
in each method was assessed, and then used to calculate the 95%
confidence intervals and the method detection limits.

At the beginning of each analytical session standard reference
materials were analyzed in replicates of 4. The mean of these replicate
analyses is identified as X and the standard deviation is s,. The



15

analyses of all samples reguired 6 analytical sessions for each of the
metals. All data (N = 6 sessions X 4 replicates = 24) were used to
estimate the population standard deviation, s, for each method. s
includes the inherent error of the method as well as analytical variation
between sessions, and will be used to calculate both the confidence
intervals and the method detection limits.

The inherent variance of each method, s,?, was computed from the
average of the individual variances for all sessions: s,> = ¥s,*/6. s, is
the approximation of the method standard deviation under ideal conditions
when session to session variation is eliminated. 8, is used to evaluate
the method capability. The comparison of the method confidence interval
(computed from 8) and the inherent confidence interval (computed from s,),
demonstrates the loss of confidence caused by session to session
variations (Table 1).

The Canadian Association for Environmental Analytical Laboratories
(1992) defines "Limit of Detection" as the lowest concentration of an
analyte that 1is statistically different (95% confident) from the
analytical blank, or the measured concentration at which there is a 95%
probability that the analyte is present: Limit of Detection = t, . S. The
"Detection Limit" 1s the lowest analyte concentration that can be
detected with a 95% probability. This is the concentration level at
which there is a 95% probability that the measured value is greater than
the "Limit of Detection": Detection Limit = 2t,,S. ¢ is a 1l-sided
(l1-tailed) significance level and 1-¢ 1is the confidence level. For s,
where N=24 (degrees of freedom= df= n-1), we are 95% confident that a
single result, which is greater than 2(1.73)8, is greater than the Limit
of Detection. However, knowing a detection limit for the determination
of a single point does not permit us to state with confidence that one
analytical data point is different from another. We can assess only if
it ig greater than the Limit of Detection. Detection Limits determined
by this method (Method A) are reported in Tables 2 and 3. To evaluate
whether there is a significant difference between observed data points,
we must analyse samples in replicate in order to preform appropriate
statistical tests.

A hypothesis test (null hypothesis) 1s proposed (Becker et al.,
1992) to evaluate method bias using standard reference materials. The
t-test for bias is made at the 5% significance level (€=0.05). We wish
to have a 95% chance of detecting an absolute difference, a,, between a
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measured mean and a "true" value (P = risk of a false negative, and 1-P
= 0.95 = power of the test){# is the risk of rejecting the null
hypothesis when it should be accepted and P is the risk of accepting the
null hypothesis when it should be rejected). It can be shown (Currie,
1988 and 1990) that
A, ® (ty .+ t,9)8/Vn
where t; ., is the 2-sided Student's t, t,y is the 1-sided Student's t, 8
is the standard deviation, and n is the number of independent replicates.
Assuming a negligible uncertainty for the reported concentration of the
standard reference material (X,), if X - X, € A, there is no significant
difference between the accepted value for the standard reference material
and that reported by our method.
Where U represents the assigned (symmetric) uncertainty bounds of
the standard reference material,
Ay, ® (ty g+ t,p)8/{n + 2U
If we adapt this reasoning to evaluated a method detection limit and
propose the null hypothesis (H,) and alternate hypothesis (H;) as
Hy: X = 0 and H,: X > 0, then
A, & (ty .+ t, 5)8/{n
where t, ., is the l-sided Student's t. If the sample concentration is
less than or equal to the method detection limit (X < a,) we accept the
null hypothesis. However if the sample concentration is greater than the
method detection limit (X > A,) we reject the null hypothesis and accept
the alternate hypothesis. Then at ¢ = 0.05 and B = 0.05, there is a 95%
probability that the sample concentration is greater than 0. At the
0.95 confidernce level and a sample replication of 4
(df= 3) A, = (2.35+2.35)S/Y4 = 2.358. At a sample replication of 2
(df= 1) A, = (6.31+6.31)S/Y/2 = 8.928. Detection Limits determined by
this method (Method B) are reported in Tables 2 and 3.
Duncan (1974) and Dudewicz (1988) provided thorough discussions of

"confidence interval" and '"process capability". The "confidence
interval" 1s a range of values which includes (with a preassigned
probability called "confidence level") the true value of a population
parameter. "Confidence limits" are the upper and lower boundaries of the
confidence interval. Confidence 1level is the probability that an
assertion about the value of a population parameter is correct. The mean
of a normal population is X=zt,,,S/Yn, where standard deviation is
estimated as 8, t is the Student's distribution coefficient, /2 is a 2
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gsided (2-tailed) confidence level, and n is the replicate sample size.
At the 0.95 confidence level and a sample replication of 4 (degrees of
freedom, df= n-1= 3) the confidence interval is X=%3.1828/V4 or X=x1.6S.
There is a 95% confidence that the true mean is between X-1.6S and
X+1.68. If only duplicate analyses are conducted, the confidence
interval is X=+12.706S/Y2 or X=9S.

A test of hypothesis can be constructed for the comparison of
individual data in this report. The null hypothesis (H,) and alternate
hypothesis (H,;) are

Hy: X, = X,, and H,;: X, # X,.
For comparing 2 independent sample means with equal variance and the
population standard deviation estimated by the sample standard deviation,
S, we can use the following t-test for poocled variances (Dudewicz,

1988).

X%
tl__gr-
f o, x| [m-1) 88+ (1m,-1) 87
n, n, n, +n,-2
If S=8,=S, and n=n,=n, then,
X%

If t is greater than the critical value from the t-distribution table
then the null hypothesis is rejected. This equation can be rearranged
to determine the critical interval (a.,.) for the difference between 2
gsample means. If the difference between 2 sample means is greater than
A, i, We reject the null hypothesis and accept the alternate hypothesis:

Acrit = t]_—% \/_%- S

where ¢ = 0.05, we are 95% confident that the 2 means are not the same.
Results from both standard reference materials were compared. The
larger result for standard deviation, Method Detection Limit and Method
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Confidence Interval are reported in Tables 2 and 3, and should be used
to evaluate the data published in this report. Four replicate analyses
were used to evaluate the standard reference materials but only duplicate
analyses were used to evaluate sediment samples.

Various labile fractions for some metals (Fe, Mn, Ca, Cu, Zn, Ni,
Pb, Cr) were evaluated using oxidizing and reducing leach procedures.
Confidence intervals and detection limits for these leach results were
estimated from results for total analyses of the standard reference

materials. The sediment to elutriate ratic was 1:100 for the total
analyses and 1:20 for the leach analyses. The ratios were different by
a factor of 5. The confidence intervals and detection limits for

sequential leach results were 1/5 or 20% of the values reported for the
total analyses.

All data which are below the "Critical Interval for Means
Comparison" for duplicate analyses (pooled variance t-~test, df=2) are
reported as "not detectable" (nd). The reporting of any values below
this threshold would be misleading. We also caution the reader to note
our discussion on detection limits and confidence intervals, and results
published in Table 3.

When samples are not analyzed for specific metals they are reported

as "not analyzed" (na*).
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Table 1. Statistical evaluation of standard reference materials by current
atomic absorption methods, for &« = 0.05, confidence level = 95%, level
of replication = n = 4, and df = n-1 = 3.

Published Published Method Standard Method Inherent
Value Confidence Mean Deviation Confidence Confidence
Interval Value Interval Interval

Standard Reference Material: BCSS-1

Si(%) 30.9 + 0.5 30.1 0.85 + 1.4 + 1.1
Al (%) 6.26 + 0.22 5.9 0.50 + 0.80 + 0.64
Fe (%) 3.29 + 0.10 3.40 0.28 + 0.45 + 0.19
K(%) 1.80 + 0.03 1.58 0.14 .+ 0.22 + 0.09
Mg (%) 1.46 + 0.14 1.34 0.08 + 0.13 + 0.10
Cal(%) 0.543 + 0.053 0.61 0.11 + 0.18 + 0.04
Mn (ppm) 229 +15 294 162 +260 +200

Cr (ppm) 123 + 14 82 16 t 25 + 17

Zn (ppm) 119 +12 118 2.0 + 3 + 2

Ni (ppm) 55.3 + 3.6 56 4.0 + 6 + 5

Li (ppm) 48 2.0 + 3 + 1

Pb (ppm) 22.7 + 3.4 11 6.0 + 10 + 3

Cu (ppm) 18.5 + 2.7 18 3.0 + 5 + 5
Standard Reference Material: MESS-1

Si(%) 31.5 + 0.89 29.4 0.99 + 1.6 + 1.2
Al (%) 5.83 + 0.20 5.43 0.72 + 1.1 + 0.40
Fe (%) 3.05 + 0.18 2.99 0.28 + 0.45 + 0.12
K(%) 1.86 + 0.033 1.65 0.16 + 0.25 + 0.07
Mg (%) 0.86 + 0.054 0.74 0.14 + 0.22 + 0.16
Cal(%) 0.482 + 0.045 0.43 0.08 + 0.13 + 0.02
Mn (ppm) 513 +25 524 104 +165 +105

Cr (ppm) 71 +11 51 13 + 21 + 11

Zn (ppm) 191 +17 192 7.0 + 11 + 2

Ni (ppm) 29.5 + 2.7 25.1 4.0 + 6 + 6

Li (ppm) 45 46 2.0 + 3 + 1

Pb (ppm) 34.0 + 6.1 15 9.0 + 14 + 3

Cu (ppm) 25.1 + 3.8 23 3.0 + 5 + 4
Standard Reference Material: BEST-1

Hg 0.092 + 0.009 0.09 0.011 + 0.02 + 0.02
Standard Reference Material: SO0-3

Crotal 6.64 + 0.05 6.58 0.14 + 0.22
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Table 2. Method statistical evaluation for &« = 0.05, confidence level = 95%,
level of replication = n = 4, and df = 3.
Standard Method A Method B Method Critical
Deviation Detection Detection Confidence Interval
Limits?! Limit? Interval for Means
Comparison?®
Si(% 0.99 4 2 + 1.6 1.7
Al(% 0.72 3 2 + 1.2 1.2
Fe(% 0.28 1 0.7 + 0.5 0.5
K(%) 0.16 0.6 0.4 + 0.3 0.3
Mg (%) 0.14 0.5 0.3 + 0.2 0.2
Ca(%) 0.11 0.4 0.3 + 0.2 0.2
Mn (ppm) 162 600 400 + 260 280
Cr (ppm) 16 60 40 + 25 28
Zn (ppm) 7.0 20 20 + 11 12
Ni (ppm) 4.0 10 9 + 6 7
Li (ppm) 2.0 7 5 + 3 4
Pb (ppm) 9.0 30 20 + 14 15
Cu (ppm) 3.0 10 7 + 5 5
Hg 0.011 0.04 0.03 + 0.02 0.02
Crotal 0.14 0.5 0.3 + 0.22 0.24
1. Detection Limits described by Canadian Association for Environmental
Analytical Laboratories (1992).
2. Adapted from bias detection limit described by Breaker et al. (1992).
3. Test of hypothesis (Hy: X, = X,, H;: X, # X,) critical value for comparing 2

independent sample means with equal variance. Calculations are based upon
a pooled variance t-test (Dudewicz, 1988).
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Q

Table 3. Method statistical evaluation for e = 0.05, confidence level = 95%,

level of replication = n = 2, and df = 1.

Standard Method A Method B Method Critical
Deviation Detection Detection Confidence Interval
Limits?! Limit? Interval for Means
Comparison’

Si(% 0.99 4 9 + 8.9 4.3
Al (% 0.72 3 6 * 6.5 3.1
Fe (% 0.28 1 3 + 2.5 1.2
K(%) 0.16 0.6 1 + 1.4 0.7
Mg (%) 0.14 0.5 1 + 1.3 0.6
Cal(%) 0.11 0.4 1 * 1.0 0.5
Mn (ppm) 162 600 1000 +1500 700
Cr (ppm) 16 60 100 + 140 69
7Zn (ppm) 7.0 20 60 + 63 30
Ni (ppm) 4.0 10 40 + 36 17
Li (ppm) 2.0 7 20 + 18 9
Pb (ppm) 9.0 30 80 + 54 39
Cu (ppm) 3.0 10 30 + 27 13
Hg 0.011 0.04 0.1 + 0.1 0.05
Ciotal 0.14 0.5 1.2 + 1.3 0.6

1. Detection Limits described by Canadian Association for Environmental

Analytical Laboratories (1992).
2. Adapted from bias detection limit described by Breaker et al. (1992).
3. Test of hypothesis (H,: X, = X;, H;: X, # X,) critical value for comparing 2

independent sample means with equal variance. Calculations are based upon
a pooled variance t-test (Dudewicz, 1988).
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STN Depth Iy, 21y, Ny, Zng ZNgyy n, Nig, Nig, Niga Nig Niggy Nig ib
cm % % % % % % ngg pgg™t  uwgg” uggt wggt  nggt
LG 3 0 na* na* na* na* na* na* na* na* na* na* na¥* na* 74701
LG 3 5 8 nd 16 31 56 85 3 nd 6 nd 25 36 74702
LG 3 10 8 nd 16 32 57 na* 3 nd 6 nd 21 na* 74703
LG 3 15 6 nd 16 nd 52 82 nd nd 7 nd 21 36 74704
LG 3 25 nd nd 15 34 55 83 4 nd 7 nd 25 38 74705
LG 3 30 nd nd 15 34 55 84 4 nd 7 nd 29 36 74706
LG 3 40 nd nd 14 33 53 82 3 nd 7 nd 26 37 74707
LG 3 50 nd nd 15 35 56 80 nd nd 7 nd 21 37 74708
LG 3 60 nd nd 15 34 53 81 nd nd 6 nd 18 39 74709
LG 3 70 nd nd 15 33 53 76 3 nd 6 nd 23 34 74710
LG 3 80 nd nd 15 32 52 83 4 nd 7 nd 22 30 74711
LG 3 90 nd nd 16 33 53 80 nd nd 7 nd 24 36 74712
LG 3 100 nd nd 15 33 52 77 nd nd 6 nd 20 41 74713
004 0 nd nd 12 nd 42 64 nd nd 5 nd nd 25 74714
004 5 nd nd 13 nd 42 67 nd nd 5 nd nd 32 74715
004 10 nd nd 12 nd 40 62 nd nd 5 nd nd 23 74716
004 15 nd nd 12 nd 42 63 nd nd 4 nd nd 26 74717
004 25 nd nd 12 nd 40 61 nd nd 4 nd 17 26 74718
004 35 nd nd 11 nd 39 57 nd nd 4 nd nd 21 74719
004 41 nd nd 11 nd 39 65 nd nd 4 nd nd 26 74720
005 0 nd nd 13 nd 42 68 nd nd 4 nd nd 26 74721
005 5 nd nd 13 nd 41 67 nd nd 4 nd nd 23 74722
005 10 nd nd 12 nd 41 68 nd nd 4 nd nd 25 74723
005 15 7 nd 12 nd 45 73 nd nd 4 nd 20 30 74724
005 20 nd nd 12 nd 41 67 nd nd 4 nd nd 30 74725
005 25 nd nd i2 nd 42 65 nd nd 4 nd 23 30 74726
005 30 nd nd 13 nd 41 68 nd nd 4 nd 20 26 74727
005 40 nd nd 12 nd 42 66 nd nd 4 nd 21 20 74728
005 50 nd nd 12 nd 41 65 nd nd 4 nd nd 25 74729
005 60 nd nd 13 nd 40 66 nd nd 5 nd 20 30 74730
005 70 nd nd 12 nd 41 64 nd nd 4 nd 19 28 74731
005 80 nd nd 12 nd 41 65 nd nd 5 nd 20 28 74732
005 90 nd nd 12 nd 41 65 nd nd 5 nd nd 27 74733
005 100 nd nd 12 nd 41 66 nd nd 5 nd 18 24 74734
005 110 nd nd 12 nd 40 63 nd nd 5 nd nd 25 74735
005 120 nd nd 11 nd 39 62 nd nd 5 nd nd 24 74736
228 0 6 nd 14 nd A8 70 nd nd 4 nd 18 26 74737
228 3 nd nd 13 nd 42 70 nd nd 5 nd 18 28 74738
228 10 nd nd 14 nd 45 73 nd nd 6 nd 19 26 74739
228 25 nd nd 13 nd 44 68 nd nd 5 nd 17 23 74740
228 40 nd nd 14 31 48 73 nd nd 5 nd 19 30 74741
228 50 nd nd 14 31 48 76 nd nd 5 nd 20 26 74742
228 65 nd nd 14 nd 46 73 nd nd 6 nd 19 30 74743
228 80 nd nd 14 nd 45 71 nd nd 4 nd 19 23 74744
228 95 nd nd 14 nd 47 70 nd nd 5 nd nd 25 74745
228 115 nd nd 15 nd 47 72 3 nd 4 nd 18 29 74746
228 135 nd nd 14 nd 44 75 nd nd 6 nd 22 26 74747
212 0 nd nd 12 nd 42 69 nd nd 4 nd 18 23 74748
212 5 nd nd 12 nd 40 70 nd nd 4 nd nd 25 74749
212 10 nd nd 13 nd 44 73 nd nd 5 nd nd 23 74750
212 20 nd nd 13 nd 43 73 nd nd 5 nd nd 33 74751
212 30 nd nd 10 nd nd 47 nd nd 4 nd nd 21 74752
212 40 nd nd 14 nd 42 74 nd nd 5 nd nd 33 74753
212 50 nd nd 14 30 45 77 nd nd 5 nd nd 37 74754
212 60 nd nd 13 nd 42 72 nd nd 4 nd nd 33 74755
212 70 nd nd 14 32 46 81 nd nd 5 nd 20 35 74756
212 80 nd nd 14 31 45 75 nd nd 5 nd 18 28 74757
212 90 nd nd 13 nd 46 73 nd nd 5 nd nd 27 74758
212 100 nd nd 14 nd 46 73 nd nd 3 nd nd 26 74759
212 110 nd nd 14 30 47 72 nd nd 4 nd nd 29 74760
212 120 nd nd 14 nd 47 73 nd nd 4 nd nd 27 74761
212 130 nd nd 14 31 48 76 nd nd 5 nd 19 25 74762
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STN Depth Pb,,  Pbya Pbys Pbg  Pbgy  Pb, Crys  Cry Crym Cry CY oy Cr, ID
cm % % % % % % ngg? pgg™  ngg? npggt pggt  pggt
204 0 nd nd nd nd nd nd nd nd nd nd nd 80 74763
204 5 nd nd nd nd nd nd nd nd nd nd nd 81 74764
204 15 nd nd nd nd nd nd nd nd nd nd nd nd 74765
204 25 nd nd nd nd nd nd nd nd nd nd nd 72 74766
204 35 nd nd nd nd nd nd nd nd nd nd nd nd 74767
204 45 nd nd nd nd nd nd nd nd nd nd nd 73 74768
204 55 nd nd nd nd nd nd nd nd nd nd nd 74 74769
204 65 nd nd nd nd nd nd nd nd nd nd nd nd 74770
204 75 nd nd nd nd nd nd nd nd nd nd nd 75 74771
204 85 nd nd nd nd nd nd nd nd nd nd nd 72 74772
i04 0 nd nd nd nd nd nd nd nd nd nd ‘nd 70 74773
104 5 nd nd nd nd nd nd nd nd nd nd nd 74 74774
104 15 nd nd nd nd nd nd nd nd nd nd nd 98 74775
104 25 nd nd nd nd nd nd nd nd nd nd nd 84 74776
104 35 nd nd nd nd nd nd nd nd nd nd nd 80 747717
104 45 nd nd nd nd nd nd nd nd nd nd nd 75 74778
104 55 nd nd nd nd nd nd nd nd nd nd nd 80 74779
104 65 nd nd nd nd nd nd nd nd nd nd nd 92 74780
104 75 nd nd nd nd nd nd nd nd nd nd nd 81 74781
104 85 nd nd nd nd nd nd nd nd nd nd nd 87 74782
104 100 nd nd nd nd nd nd nd nd nd nd nd 91 74783
104 110 nd nd nd nd nd nd nd nd nd nd nd 85 74784
104 120 nd nd nd nd nd nd nd nd nd nd nd nd 74785
104 130 nd nd nd nd nd nd nd nd nd nd nd 90 74786
104 140 nd nd nd nd nd nd nd nd nd nd nd 87 74787
104 150 nd nd nd nd nd na nd nd nd nd nd 85 74788
104 160 nd nd nd nd nd nd nd nd nd nd nd 90 74789
104 170 nd nd nd nd nd nd nd nd nd nd nd 91 74790
LG-1 0 nd nd nd nd nd nd nd nd nd nd nd 81 74791
LG-2 0 nd nd nd nd nd nd nd nd nd nd nd 84 74792
LG-3 0 nd nd nd nd nd nd nd nd nd nd nd 83 74793
LG-4 0 nd nd nd nd nd nd nd nd nd nd nd 90 74794
LG-5 0 nd nd nd nd nd nd nd nd nd nd nd 85 74795
LG-6 0 nd nd nd nd nd nd nd nd nd nd nd 80 74796
LG-7 0 nd nd nd nd nd nd nd nd nd nd nd 100 74797
LG-8 0 nd nd nd nd nd nd nd nd nd nd nd 78 74798
201 0 nd nd nd nd nd nd nd nd nd nd nd 75 74799
203 0 nd nd nd nd nd nd nd nd nd nd nd nd 74800
205 0 nd nd nd nd nd nd nd nd nd nd nd 89 74801
207 0 nd nd nd nd nd nd nd nd nd nd nd 84 74802
209 0 nd nd nd nd nd nd nd nd nd nd nd 92 74803
211 0 nd nd nd nd nd nd nd nd nd nd nd 77 74804
213 0 nd nd nd nd nd nd nd nd nd nd nd nd 74805
215 0 nd nd nd nd nd nd nd nd nd nd nd 94 74806
217 0 nd nd nd nd nd nd nd nd nd nd nd 94 74807
219 0 nd nd nd nd nd nd nd nd nd nd nd nd 74808
224 0 nd nd nd nd nd nd nd nd nd nd nd 71 74809
LG-4 0 nd nd nd nd nd nd nd nd nd nd nd 94 74861
LG-4 1 nd nd nd nd nd nd nd nd nd nd nd 89 74862
LG-4 2 nd nd nd nd nd nd nd nd nd nd nd 90 74863
LG-4 3 nd’ nd nd nd nd nd nd nd nd nd nd nd 74864
LG-4 4 nd nd nd nd nd nd nd nd nd nd nd 80 74865
LG-4 9 nd nd nd nd nd nd nd nd nd nd nd 79 74866
LG-4 14 nd nd nd nd nd nd nd nd nd nd nd 96 74867
LG-4 19 nd nd nd nd nd nd nd nd nd nd nd 78 74868
LG-4 24 nd nd nd nd nd nd nd nd nd nd nd 90 74869
LG-4 29 nd nd nd nd nd nd nd nd nd nd nd 91 74870
LG-4 39 nd nd nd nd nd nd 16 nd nd nd nd 101 74871
LG-4 49 nd nd nd nd nd nd nd nd nd nd nd 76 74872
LG-4 59 nd nd nd nd nd nd nd nd nd nd nd 91 74873
L.G-4 69 nd nd nd nd nd nd nd nd nd nd nd 87 74874
LG-4 79 nd nd nd nd nd nd nd nd nd nd nd 96 74875
LG-4 89 nd nd nd nd nd nd nd nd nd nd nd 92 74876

LG-4 99 nd nd nd nd nd nd nd nd nd nd nd 105 74877



STN Depth

cm
LG 3 0
LG 3 5
LG 3 10
LG 3 15
LG 3 25
LG 3 30
LG 3 40
LG 3 50
LG 3 60
LG 3 70
LG 3 80
LG 3 90
LG 3 100
004 0
004 5
004 10
004 15
004 25
004 35
004 41
005 0
005 5
005 10
005 15
005 20
005 25
005 30
005 40
005 50
005 60
005 70
005 80
005 90
005 100
005 110
005 120
228 0
228 3
228 io0
228 25
228 40
228 50
228 65
228 80
228 95
228 115
228 135
212 0
212 5
212 10
212 20
212 30
212 40
212 50
212 60
212 70
212 80
212 90
212 100
212 110
212 120

212 130

NN B BN NN NN NN NN

e N el e

R e el = e = T T S e SR S N

[ S el T S S

U~ ~1 oy N W W

O W U W N WN W WO s,

[=NelNeNeNololo oo NoloNol ol oNe]

O W W W

UT U U 2w W N U

O WO W WY oW=I~J o Wow -] -3

[=eleleNolsNe oo NeNoNo o)
Gy ~1 00 ~N) =1~~~ N 000w

O OO O C OO

(=2 = e RN o I o B B o 3 B i o N o) C O OO OO OO OO0 OO OO
MU, ooy v Oy =) 1

O C OO0 OO OC OO OO oo o
S B ) B O T A ST i e )

org

OV OOV Oy 0

U1 Ut Ut oy Ul o

Sig

na*
28.
26.
25.
28.
26.
23.
25.
24.
25,
25.
25.
26.

P Uo o, wwoo s Wwoww

29.
28,
29,
31.
30.
30.
30.

W N WO RN WYY

30.
29,
28.
28.
28.
27.
26.
27.
27.
31.
32,
32.
28.
29.
29.
29.

HUIN WDV ol - oo o

28.
28.
29.
26.
29.
30.
30.
26.
30.
28.
29.

RPN R Ny W N

31.
29.
32.
27.
27.
27.
25.
26.
27.
26.
27.
28,
26.
25.
27.

OO N W WD O O NP W] R ]

s

-
W oo WwWwWwrFECWwWWW--IFEomoooo omom

~N NN NIV OY Y OY
N NWN QU N~

W o wo
W oo o oo

oy
W W W 1w O WwWWwWwomWw
"Moo > ON-T~I IO W

NN N NN SN O WY

= 00 U1 UT NN W W

~ O NN WU e WO W,

30

na*

B DN NN NN NN NN N
U NSO O WWwoe

~ W~ wW®DO

BN BN NN N

N L0 DN W W W WU W
O W WU NN WWNOWW

W oW W W W W w W Ww

Y O B 0 W PN WO W

W WWw N WNDN WN WLW W W
W O = O W W OO oo UTN

I U o= S = N SR S iy S
P WO O d 0] R

N e =

R N N S S S R S SO R
O ONUIUTOUVUNGWWOO WU O

I N

O R U0 U N

R N e e N B = S e S R R S
2 U100 O W W UN S0 YO

DU N O

Liy Hg,
% ugg™
na* nd
38 nd
na* nd
35 nd
35 nd
36 nd
39 nd
39 nd
38 nd
36 nd
38 nd
38 nd
36 nd
24 nd
28 nd
27 nd
25 nd
26 nd
25 nd
25 nd
26 nd
26 nd
28 nd
27 nd
27 nd
28 nd
26 nd
26 nd
26 nd
26 nd
26 nd
26 nd
26 nd
27 nd
29 nd
25 nd
29 nd
29 nd
30 nd
29 nd
32 nd
33 nd
30 nd
28 nd
31 nd
31 nd
31 nd
26 nd
29 nd
30 nd
28 nd
17 nd
27 nd
27 nd
26 nd
28 nd
29 nd
28 nd
26 nd
28 nd
26 nd
28 nd

ID

74701
74702
74703
74704
74705
74706
74707
74708
74709
74710
74711
74712
74713

74714
74715
74716
74717
74718

74719

74720

74721
74722
74723
74724
74725
74726
74727
74728
74729
74730
74731
74732
74733
74734
74735
74736

74737
74738
74739
74740
74741
74742
74743
74744
74745
74746
74747

74748
74749
74750
74751
74752
74753

74754

74755
74756
74757
74758
74759
74760
74761
74762




STN

204
204
204
204
204
204
204
204
204
204

104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104

201
203
205
207
209
211
213
215
217
219
224

LG-4
LG-4
LG-4
LG-4
LG-4
LG-4
LG-4
LG-4
LG4
LG-4
LG~4
LG-4
LG-4
LG-4
LG-4
LG-4
LG-4

Depth
cm

15
25
35
45
55
65
75
85

15
25
35
45
55
65
75
85
100
110
120
130
140
150
160
170

O OO0 OO OO0 O00O0oCc oo

W N o

19
24
29
39
49
59
69
79
89
99

==l le e Ne e N
~N N0y~ N NNy

DN DN NN DNNDNDDNDNDDNDNDDNDNNNDDNDN
W W W W B B R e OV oY N T

na¥*
na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na¥*
na*
na¥*
na*
na*
na*
na*

na*
na*
na*
na¥*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥*
na*

cocoooocooc oo
Ul W R U Oy

DO O OO OO OO0 0O00C OO OO o
AT NN YO RO OY VYOV OV YN

na¥*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

na*
na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

Si,

na*
28.
29.
29.
29.
28.
28.
27.
27.
29.

N U B 2

24.
24.
24,
24.
25.
24.
26.
27.
26.
26.
25.
26.
26.
25.
23.
24.
23,
24.

N OO WO WONNRF R RO N NN

22.
22,
27.
28.
30.
30.
23.
25.
29.
30.
29.
29.
26.
27.
26.
25.
26.
26.
26.

OO0 00 W W W00 NN @R W

22,
24.
22,
20.
21.
23.
22.
26,
27,
26.
27.
35.
33.
35.
35.
33.
29.

NN NW O N RO RN W R WO

W~ T NN NN

N NN NN NN oo N NN NN
U Oy N1 N0 W R IE b Ut~dO0 0 o

[o2R=2 TR IRE BEE o c BEE IREN IR Mo < B e « B AT = 2 WL B RS RS IS 1 I e Y

SO N O WW O OO W WW RN

N oSNNS oonon U] N oY

B U Oy N O WUl

WO W UW RO RWOONC OO ON

31

Ky

na*

W W N W W WwWwww
Ul WO RN WD

W oW W WwWwWwwwwiwwiwwwwww
QB S W NN U R R R UWRNNDNDNO

N D WWWWWwWwwwwdhNNDDNDNNDNDN

NN PR OANNDO AN R W RW W ONW W

N WA NDNNDNDNDNNDNDNNDNWDN
O W R O~ O30 N1~ ,m

R = = S SRS SR

NN BRDNDNNNEDNDDNNDNNNDND NN N
Ut U1 WU NS U N R WO NN RN

CORRRERERERR R RDDAOR RN E

[ e T e = T = T e S e e e

NN OO OO o

W W ] U NW RN O WYL oo oowL

Oy IR DYy T YOO 0OV U

Lig

29
27
28
26
26
27
26
25
27
26

40
41
40
40
38
37
40
36
40
37
41
38
47
40
43
39
40
41

36
23
35
25
19
18
32
32
26
28
27
28
24
22
13
29
29
13
12

28
28
27
13
27
27
30
25
29
29
32
36
29
28
25
29
31

Hgy
ngg

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd
nd
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
na*

ID

74763
74764
74765
74766
74767
74768
74769
74770
74771
74772

74773
74774
74775
74776
74777
74778
74779
74780
74781
74782
74783
74784
74785
74786
74787
74788

“74789

74790

74791
74792
74793
74794
74795
74796
74797
74798
74799
74800
74801
74802
74803
74804
74805
74806
74807
74808
74809

74861
74862
74863
74864
74865
74866
74867
74868
74869
74870
74871
74872
74873
74874
74875

74876

74877




STN

LG
LG
LG
LG
LG
LG
LG
LG
LG
LG
LG
LG
LG

004
004
004
004
004
004
004

005
005
005
005
005
005
005
005
005
005
005
005
005
005
005
005

228
228
228
228
228
228
228
228
228
228
228

212
212
212
212
212
212
212
212
212
212
212
212
212
212
212

W W W ww Wwiw Wwwwilwww

Depth

cm

10
15
25
30
40
50
60
70
80
90
100

10
15
25
35
41

10
15
20
25
30
40
50
60
70
80
90
100
110
120

10
25
40
50
65
80
95
115
135

10
20
30
40
50
60
70
80
90
100
110
120
130

Sand

OCOoOWOOCOoOOoOOooCO oo

[N e B e R o B« B o B o
UTo O 0o o v

O P OO QOR OO OOO oo
O O Ul d O WRE U U EaE N UToy

OO P OO0 0O C o0

OO OO OO OOOCOO0C O oo

HFooOWwEONU W PR b

OV O W ONE R R IN

UTNCOWOOh WENUOWOoOOoOOo

Silt

40.
49.
49.
54.
50.
52.
47.
47.
38.
41,
60.
41.
48.

60.
67.
63.
64.
66.
67.
72.

66.
69.
69.
70.
70.
72.
67.
65.
66.
70.
66.
68.
71.
63.
71.
65.

64.
59.
63.
55.
56.
60.
60.
60.
57.
62.
63.

53.
62.
62.
61.
59.
58.
59.
57.
53,
52.
65.
62.
61.
58.
60.

Oy W U WO N =N W N@

W W U0 O N O W Ul O N N =W o O~ N W NN UTO O =@

OO O o U WO W oYY W W

Clay
%

59.
50.
50.
45.
49.
46.
52.
52.
61.
57.
35.
57.
51.

W 1O o e~

38.
32.
36.
36.
33.
32.
27.

>0 U O R

33.
30.
30.
29.
29.
26.
31.
34.
32.
28,
33.
31.
28.
35.
27.
33.

OV Ul O U oY W SOy O

35.
40.
36.
44,
43,
39.
39.
39.
41.
36.
36.

=W W U= Sy s,

46.
37.
37.
38.
40.
40.
40.
42.
46.
47.
34.
37.
39.
40.
38.

YO O NN O & WU RN ] W

32

Mean-grain-size
um

W W W W e Wwd W ww

W N OV I
Lo =B = o) W e L BT Y

~ O~ 0 N0~ N N0~ T

(2NN NG BT S NG R B2 B S 2 S 62 Bie ) B 64 B o))

[E IO R B B B AR E LI BV B, IS B C I

W N W WO WNmWN

NN DU NN O U B R N O N = I = T S - V- S NN SRS

OV I UT W O 00U W R DWW WO

P WERE WA ORFR WO WwWo oW
oW R M M M

W ~J CO 00 W ~] M ~J 0 0 @
AR AN

PR R B N R B IR I R N R B N I N R e e T e e QR R P S
C O ORMNONER®DIOOVOOOO
+
[AEgS AN

B B B B N e B R I B N
UTUT 0Tl NS 0 UT oYU e R ]

phi

[

[ e AR A
IO LU YO Gy Oy Y & G U

=

R+
L LIN

W N DN DN W
HOH b
AN

W W W W W DLW

&+ H
e

WO H W
AR LT L V)

H
W W Ww W wow=-]~J00wmom®Wwwwwoweo

oM H
(RPN

W
[

[ARR L AR A

(AN [
QW =~ WO O ~ W O W ®W W

WW U e oo W W
WoR W H W W H B

iy

o M R
s e s

o
[RR

Mo
(SRR

HoOH M
e
~] 00 ~3 CO 00O 00 0 W O W WM O W W W©

I
=

Kurtosis Skewness ID

NN N NNDDNDDNDDNDNNDNDN
Ul 00 Y UT O OV > s WU U

NN NN NDNBERFEDNRF N P NP NDNDDNDNDNERENDNNDNDNDNRE NN N
W NWNNFWRWORPR WRN RO

NFE NN NDNNEREDNDNDNN PN
PO OO OOWOOOR WwWOow

W o O WO ow

EOOO0O O WwWWw o Wwo

OO OO OO OO O OO

[~ elelleleNe e Neo oo lo el el

[ | 2 Y R | [ |
O OO C O OO0 O0OO0C O

N WM W WWwE oD W

C OO C OO OO O0COOO0O OO [=3 e i oo B o Nl
WU N U W WD W YU Ut U

NFRORNRFEFOONRW

R RN W R R R R N NN O

AN R W W N

74701
74702
74703
74704
74705
74706
74707
74708
74709
74710
74711
74712
74713

74714
74715
74716
74717
74718
74719
74720

74721
74722
74723
74724
74725
74726
74727
74728
74729
74730
74731
74732
74733
74734
74735
74736

74737
74738
74739
74740
74741
74742
74743
74744
74745
74746
74747

74748
74749
74750
74751
74752
74753
74754
74755
74756
74757
74758
74759
74760
74761
74762




STN

204
204
204
204
204
204
204
204
204
204

104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104

LG~1
LG-2
LG-3
LG~4
LG-5
LG-6
LG-7
LG-8
201
203
205
207
209
211
213
215
217
219
224

LG-4
LG-4
LG-4
LG-4
LG-4
LG~4
LG~4
LG-4
LG-4
LG-4
LG-4
LG~4
LG-4
LG~4
LG-4
LG-4
LG-4

Depth
cm

15
25
35
45
55
65
75
85

15
25
35
45
55
65
75
85
100
110
120
130
140
150
160
170

OO OO OO0 OO OO OCTCODODTCOC OO0

O WN RO

14
19
24
29
39
49
59
69
79
89
99

Sand

P OOCOO0OOCOO0OCOoO
N W WE N OO =N

OO OO OO OO0 T O
O ONMFOONONDNDN~IUNON WY

na*
na*
na¥
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥*

na*
na*
na¥*
na*

na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na¥*

na*
na*
na*

Silt

48.
45.
48.
57.
53.
56.
56.
58.
60.
55.

O HE OWN®NIOYW®DN

32.
32,
37.
30.
34.
33.
33.
28.
30.
31.
31.
31.
31.
27.
31.
25,
28.
30.

WO F U0 W0 MWE O O U R s

na*
na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

Clay
%

51.
54.
50.
41.
45
43.
43.
40.
39.
42.

oSN ooaouoy oy

67.
66.
62.
69.
64.
66.
66.
71.
69.
68.
68.
68.
69.
72,
68.
74,
71.
69.

Ul 0 Ul W R O OO W WU -1 -~1um

na*
na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na¥*
na*
na*

na*
na*
na*
na*
na*

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

33

Mean-grain-size
am

Loy Ul U W

B DO DN DN BN DD DN N NN WWWN WWN

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥
na*

na*
na*
na¥*
na¥*
na*
nax
na*
na*
na*
na*
na*
na*
na*
na*
na¥*
na*
na*

U1 N = N WO W3

~N R O UT N0 OO0 OO0 ®N RO

R e B I I N B o o B |

0 O 0 W W 0 W W O W W W W ®

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

Ul w ooy U W o

phi

HOH M M M H A
L LI LA
© W =1~ ®®~I o I

-+

[y

ARG AR A AP A

o e e

=

o R R W W H
3N

[any
Wl Wl Wbk R U R T, U oy Ut

T oy~ 0O U 1oy R D U)W W

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na*

na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na¥*
na*

Kurtosis Skewness ID

N =R NN NN NN

W Wk W W wwwwwbwwwwiwhww

na*
na*
na¥
na¥*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*

O W WO oo OoNNDDN

UT QO B U Ul W 1oy W N = WO N

1 i i I i I i
C OO0 OO COoO OO
PP OORONDNDND

-0.
~-0.
-0.
~0.
~0.
~-0.
-0.
~-0.
-0.
-0.
-0.
-0
-0.
-0.
-0.
-0
-0.
-0.

~N o N AN @~ NN Y Y O

na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*
nax

na*
na*
na*
na*
na*
na*
na¥*
na*
na*
na*
na*
na*
na*
na*
na*
na*
na*

74763
74764
74765
74766
74767
74768
74769
74770
74771
74772

74773
74774
74775
74776
74777
74778
74779
74780
74781
74782
74783
74784
74785
74786
74787
74788
74789
74790

74791
74792
74793
74794
74795
74796
74797
74798
74799
74800
74801
74802
74803
74804
74805
74806
74807
74808
74809

74861
74862
74863
74864
74865
74866
74867
74868
74869
74870
74871
74872
74873
74874
74875
74876
74877




Depth (cm)

25

50

75

100

Core LG3C
0 2500 5000

34

IRON
(weak acid leach)

(ugeg”

0

Core LG 4C
2500 5000

LA GRANDE
CORES




35

ﬁ-m o 1)
(4yoea] proe jeam)
NOHYI

SHIOD
ANNOS ANNNOLINVIA
anNVv
VLTAJ INIHTVE AANVID

PO1 310D

Laas s §

000S  00ST
87T 310D

4 p00 310D

szt
001
s
0s

i st

860 00ST (1]

1T 310D

SLY

0st

H'T£00 310D

000s

00ST
P0T 310D

1 oot

SLI
1 ost

i su

0ot

(u) ypdag

(ud) ypdaqq




Depth (cm)

36

IRON LA GRANDE
(hydroxylamine leach) CORES
(Mgeg”)
Core LG3C Core LG4C
0 2500 5000 0 2500 5000
0
25 O
i
50 it
®
. ‘.
75
' il
' i
100 & ®




37

(.8 » 31i)
(yoea[ sure[AxoipAy)
NO¥I

SHI0D
(UNNOS MNNNOLINVIA
aNVv
VLTAJ INTHTVL AANVID

PPN PO S|

PN S PP SR P

|

P01 310D

€

4

000s 00sT 0
87 310D

24 $00 210D

0005 00sT O
1T 3167

SLI

0st

14

001

SL

i 05

§<

H'T £00 3103

001

SL

0s

§C

000s 00ST o
PO 210D

(uo) pdag

(u) pdaqg




38

IRON LA GRANDE
(heated hydroxylamine leach) CORES
(geg”)
Core LG 3C Core LG 4C
0 2500 5000 0 2500 5000
VT T

25 -
=
g
A
5 S0 F ?
£
¢
(=
e
[ ]
75

100 - J'




39

AH-w o 311)
(yoes| sururgjAxoapiy pajesy)
NOYUI

SHAOD
INNOS JANNAOLINVIA
aNVv
VLTHA NIHTVE HANVID

a by e b b,

P01 310D

0005  00ST )

87T 310

J4 v00 3100
- SLL
| 0sT
- sTI

- 001

600  00ST ]
<IT 210y

SLT

0T

£71

001

7

e 0., .10

\ 3

H'T 00 310D

~ 0oL

000 (0S¢ 0
p0T 210D

(u) pdag

(w) ipdagg




Depth (cm)

25

50

75

100

Core LG3C
0 10 20 30 40 50
T

40

IRON
(residual)

(uge*g'x 10%)

+

Core LG4C
0 10 20 30 40 50

LA GRANDE
CORES




41

Am ol xwm o 311)
(fenpisaa)
NQO¥I

SHA0D
INAOS JONAOLINVIA
aNVv
VLTHA INIHTVI HANVID

AT T

P01 310D

0S OV O 0T 01 ©
87T 10D

24 00 310D

] szt

] st
1 0s

ist

0S 0 0€ 0T 0T ©
<1z 310y

19

SLY

0t

1 001

H'T 600 310D

—._.—i—._.“
05 0V 0€ 02 0L 0

P0T 3167

SLT

0st

14!

1 oot

0ol

(ud) ydagy

(uo) ydaqg




Depth {cm)

Core LG 3C

0 10 20 30 406 50
0 [T

25

50

75

100

42

IRON
(total)

(uge g’ x10%)

Core LG 4C
0 10 20 30 40 50

LA GRANDE
CORES




43

A%: X ﬁ-w 11}
(1e101)
NOYI

SHIOD
NNOS AONAOLINVIA
anNv
VLTI ANIATVE HANVYED

P01 310D

0S 0% 0€ 0T 01 ©
87T 310

O 00 310D

- SLT
| st
el
001
st
0s

1¢z

19
0S 0F 0€ 0Z 01 0
CIT =10y

SLT
0sT
i sz

1 oo1

H'T£00 310D

-~ 001
1” SL
.U 6s

Jsz

20
05 OF O 0Z 0L 0
PGT 240D

(u) pdaqq

(uwo) ydagg




Depth (cm)

25

W
=

75

100

44

MANGANESE
(weak acid leach)
(ngeg)
Core LG 3C Core LG 4 C
[1]

500 1000 1500 0_ 500 1000 1500

LA GRANDE
CORES




45

(.8 « 81)
(goed] poe yeam)
HSANVONVIA

SHAOD
UNNOS JINNAOLINVIA
aNVv
VLTIA ANIFZTVE 3ANVID

P01 310D

00ST 0001 00S
87T 2107

0

24 p00 310D

00ST 6001 00S
I 310D

- ost

<

[

[

3

[

£

L

L
_I.LL.LLLLL..—LLIEMUQ

5 SLI

14}

001

SL

0s

sT

¢

SLT

0ST
szl
001
. sL
) 0s
sz
0

HT 00 210D

001
SL
0s
14
8

00ST 0001 00S ©
p0T 310

(wo) ypdaq

(u) ydaq




Depth (cm)

46

MANGANESE
(hydroxylamine leach)

(ngeg™h

Core LG 3C Core LG 4C
0 500 1000 1500 0 500 1000 1500
RAAE RARAS RARAY SHAA0SAARE RARRS

25 ¢ -

50 § =

75 r ™

100 &)—

LA GRANDE
CORES




47

(;.8 « 31i)
(yoeo] sutueAx0IpAY)
HSANVONVIA

SHIOO
ANNOS JANNOLINVIA
anNnyVv
VL TAd ANIFTVE AANVED

£*:"-::i—~ g

PO1 3100

00ST 0001 00S 0©
87T 310)

ELE

oSt
sz1
001
SL
. 0s
ST
(VTS P PP 0
J9v00d310) H'T£00 310D
SLI
0s1
STl
001 001
SL SL
0s 0s
14 ST
00T 000T 005 0" 00ST 000T 005 0
ZIz310) POC 3107

(u) ydag

(u) ydaqg




Depth (cm)

Core LG 3C

0
0

25

50

75

100

g

S00 1000 1500

48

MANGANESE
(heated hydroxylamine leach)

(ngeg™)

Core LG 4C
0 500 1000 1500

W e 4_;| m ﬂ* g

LA GRANDE
CORES




49

(;-8 0 81)
(yoea] sururejxoapAy pa3jeay)
HSHANVONVIN

SHYI00D
NNOS INNNOLINVIA
anNyv
VLTAA ANITTIVL AANVED

P01 210D

00ST 0601 00S @
87T 310D

04 $00 210D

0051 0001 00S
Iz 8310)

6

H'T 500 310D

00ST 0001 005
Poc 3x0)

0

<@

SLT

0sT

STl

061

SL

(u) ypda(g

0s

sT

(w) pdagg




Depth (cm)

25

50

75

100

Core LG3C

0

500 1000 1500

50

MANGANESE
(residual)

(Mgegh

I

Core LG4 C
0 500 1000 1500

LA GRANDE
CORES




51

( 8. 81)
ﬂl
(1enpisaa)
ASANVONVIA

SHIO0D
(NAGCS JMNNAOLINVIA
anNVv
VLTHA INIHTVE AANVID

P01 3100

00ST 0001 00s 0
§¢g 310p

9 $00 210D

1 sL

”mm

BOST 080T 00S O

LT 3103

sLY

0st

§TL

601

] 0s

H'T €00 310D

00ST 0001 005
P0T 210D

001

SL

0s

§C—

(wd) pdag

(u0) ydoqg




Depth (cm)

Core LG 3C

0
0

25

75 I

100 -

500 1000 1500

52

MANGANESE LA GRANDE
(total) CORES
(ngeg™)
Core LG4C

0 500 1000 1500




53

(.8 81)
(1e303)
HASANVONVIA

SHIO0D
(NNOS AONQOLINVIA
anNv
VLTI ANIHTVE HANVID

P01 3107

00ST 000L 00S 0
8¢ 210D

24 v00 310D
- SLI
: 0sT
szt
001
SL
0s

] st

1g
00ST 0061 00S O
(AY4:2 L]

SL
0sT
1sa
] oot
SL
] 0s

] sz

HT£00 310D

Ls. 0
Q0ST 000L 60 O

P07 2107

(u) pdaqq

(wo) pdaq



Depth (cm)

54

CALCIUM LA GRANDE
(weak acid leach) CORES
(ugeg")
Core LG3C Core LG4 C
o 040000 80000 | 0_. 40000 80000

25 -

50 | -1

75 -

100 = -




55

r.w 11}
(4oe3] proe yeam)
NQIDTVO

SHAOD
NOS ANNAOLINVIA
NV
VL THA INIHTVE HANVID

P01 310D

00008 0000F
87T 310

24 ¥00 310D

~ SLL
- 0st
i 148

| 00T

SL

0s

§T

00008 0000¥ 0
Zlg 310

| PP Y

<

H'T500 310D

00008 00007
P0T 3107

0

SLI

0st

T4

001

SL

0s

ST

001

(u) yydaq

(u) pdag




Depth (cm)

56

CALCIUM
(hydroxylamillle leach)
(ugeg)
Core LG3C Core LG 4C
0 0 40000 80000 40000 80000
25 T
I ]
| L
50 @ %
’ 1
l‘ ]
75 +‘

100

LA GRANDE
CORES




57

(,8.37)
(goea] sururejAxoipAy)
NNIDTIVD

SHIOD
ANNOS AANAOLINVIA
4NV
VLTHA INIHIVE HANVED

POT 310D

_lLLLLLL.m

00008 0000 0
$TT 3107

SLI

oSt
1A
001
SL
0s
ST
0
o4 00 3107 HT 500 3107

SLT

0st

1|

001 G01

SL SL

0s 0s

§T sT

3460008 0000V 0 0 00008 0000F e@
CIZ 810Dy P07 31073

(w) ypdag

(un) pdaqg




Depth (cm)

25

50

75

1060

58

CALCIUM

(heated hydroxylamine leach)

Core LG3C
0
(1]

406000 80000

(ugegh

Core LG 4C
40000 80000

¢

LA GRANDE
CORES




59

SLT

0sT

sl

PP PP S

§o1

SL

0s

§T

|
LL PRI PSP TN N
{.--‘.A- PR WP P W
>

o1 23107 24 00 2103 H'T €00 310D
. SLI
. 0s1
_ m szl
ﬁ.m « 81) b |
(yoea] durwelAxoIpAy pajeay) . _ 001 001
€
WNIDTIVO
3 st sL
&
$ 05 0S
m.
. sT ST
STH0D b
aNAos M%M@OEZ«E 00008 0000V c_ 00008 0000 80 00008 0000 o
87T 310D ZIT 3100 0T 310D

VL TAQ ANIHTVE HANVED

(ud) pdag

(u) pdo



Depth (cm)

25

50

75

100

Core LG 3C

0 40000 80000
=TT

60

CALCIUM LA GRANDE
(residual) CORES
(ugegh

Core LG 4C

0 40000 80000

| @




61

(8.5
(fenpisau)
WAIDTVD

SHJIO0D
aNNOS AONNOLINVIA
anNVv
VLTI ANIHTVE HANVED

P01 310D

06008 0000v 0
87T 310D

€LI
0T
sT

1 001

24 00 3107 H'I S00 310D

— 001
1se
105

isz

06008 0000V 0 00008 0000Y 0

1T 310D

$10

$0T 3100

(wo) pda

(u2) yydag




Depth (cm)

25

50

75

100

Core LG3C
0 40000 80000
e e e e e |

CALCIUM
(total)

(ngeg’)

62

Core LG4C
0 40000 80000

LA GRANDE
CORES




63

SLT

3 7 ost w
.n i sa
] : o |
h 1 001 8
] =7
3 SL lm\
3 ] 0s
E st
Lo 1gfe | “ 0
P01 310D 24 v 3107 H1 560 3107
. - SLI
- J ost
1 s2x
( ﬁ.w  311) “
(1e303) { o001 001
WNIDIVD ]
1 st st ¥
]
] =
10s s
; g
] st 14
SHIOCD 3 ]
aNnos M%MWOEZ«E 00008 0000v © 00008 00008 ' 00008 00007 O

VLITAA ANITIVE AANVED 82T 316D Tz 310 0T 910D



Depth (cm)

25

50

75

100

Core LG3C
¢ 7 1421 28 35
T

64

COPPER
(weak acid leach)

(ugegh

Core LG4C
) 7 14 21 28 35
T

LA GRANDE
CORES




65

e |

BodaPerindd

POI 310D

(,8 « Srl)
(goe3] proe yeam)
dHddOD

STIOD
ANNOS YNNNOLINVIA
ANV
VLTAA ANIATVE HANVED 827 3190

SESTITHPL L ¢

24 00 210D

SESTITHL L 0
AYA 1Y)

SLT

0st

14

001

HT£00 310D

001

sL

@s

4 sz

SESTITYL L O
POT 310D

(wd) pdaq

(u) pdaq



Depth (cm)

66

COPPER LA GRANDE
(hydroxylamirlle leach) CORES
(ugeg)
Core LG3C Core LG4C
0 7 142128 35 0 7 142128 35
0 TTTT A -

© P

© t
$ 2
¢

25 ¢ 1=
@ 4

@ ?

50 ¢ In
¢ b4

L] ‘!

75 B

® Q .
@ e
100 & e




67

. @ N

(8« 371)
(goea] surwiejAX0IPAY)
dHddOD

SHAOD
ANNOS JONAQOLINVIA
anNvVv
VL TIA INIHTVE HANVED

P01 210D J4 v00 310D
SLT

0st

w 14}
, 601
SL
0s
€T
, 0

SESTITYL L O SESTITYL L O
87T 310D TI¢ 310D

A 2

H'1500 310D

SESTITYL L O
PO 310D

SLI

0sT

sTI

11118

SL

0s

4

601

SL

08

sT

0

(ud) pdag

(uo) Yrdaq



Depth (cm)

0 0 7 142128 35
[T T T

25

50

75

100

68

COPPER
(heated hydroxylz}mine leach)
(ngeg’)
Core LG 3C Core LG 4C

0 7 142128 35

Iad

LA GRANDE
CORES




69

(.8 « 81)
(yoeo aurwuejAxoapAy pajeay)
dHdLOD

SHAI0D
(UNOS AANNOLINVIA
NV
VLTHJ ANIHTVE HANVID

§

P01 310D

o

€STITYL L O
8¢7310)

oy

O4 ¥00 310D

SESTITYL L 0
Z1T 310D

SLT

0st

14

001

SL

0s

§T

0

SL1

H'1500 3163

N

SESTITYPL L @
P07 310D

0s1

ST

001

sL

0s

s¢

601

SL

0s

§<

0

(u) pdaq

(wd) pdaq




Depth (cm)

25

50

75

100

70

COPPER
(leach residual)

(Lgeg")

Core LG3C
0 7 1421 28 35
TTTT1

Core LG4C
¢ 7 --14 21 28 35

LA GRANDE
CORES



71

ﬁ.m o 31)
(fenpisax yoesp)
dHIdOD

SHI0D
dNOOS MNNOOLINVIA
aNVv
VLTHA INTHTVE HANVID

P BSTAT |

P01 210D

7]

SESTITYL L O
87T 2107

34 00 310D

SESTITYL L O
¢1Z 310)

sLT

0st

§Tl

HTS00 2103

- 001

i
n
«

SESTITYPL L O
p0T 3107

(u) ydaq

(wd) pdaq



72

COPPER LA GRANDE
(total)1 CORES
(Lgeg)
Core LG3C Core LG 4C
0 7 1421 28 35 0 7 14 21 28 35
0 TTTTTTT :

25 B

Depth (cm)
-4
]
]

75 r =

160 ™~ -




73

(,.8 « 81))
(1e101)
AALIOD

STI0D
(UNNOS AONAOLINVIA
aNVv
VLTIA INIHTVE HANVED

P01 2100

SESTITHL L
8C¢ 3107

' T |

bkttt bt pen g a Lo

& Ldeadod

¢

24 $00 310D
~ SLI
n 0sT
szt
001
SL
0s

15T

19
SESTITHPL L O
LT 30D

1 e01

H'I £00 310D

' BTETIT A SV U AT AT ST |

H
SESTITYL L ¢
p0T 310D

1¢

SLT

1 0¢1

{su

001

SL

0s

14

(ud) pday

(wo) ydag



Depth (cm)

Core LG3C

0 ¢ 25 50 75 100
'I'I'T'lTﬂ'ﬂ‘T"!'ﬁ'T""'ﬂ"

25

50

75

100

74

ZINC
(weak acid leach)

(Lge-g™)

!

Core LG4C
0 25. 50 75 160

&

" LA GRANDE

CORES




75

(8 » 31
(4oB3] p1oe yeam)
IONIZ

SHAGO
ANNOS AONAOLINVIA
NV
VLTAd INIHTVE HANVIED

P01 3107

00 SL 05 ST 0
8¢T 310D

SLT

0SSt
a8
001
SL
. 0s
T
0
04 $00 310D HT $00 310D
- SLY
 os1
*W §71
[
001 001
SL SL
0s 0
Y4 ST
00% SL 05 ST Qc 001 sL 05 ST c@
717 910D 0T 310D

(wo) pdag

(wo) pdag

|
W




Depth (cm)

25

50

75

100

ZINC

76

(hydroxylamine leach)

Core LG3C
0 25 50 75 100
'FT'"TTT""THF"“TI"

(ngeg")

i

Core LG4C
0 25 .50 75 1006

LA GRANDE
CORES



77

SLy

0st
41
A . 001
. o SL
. 0s
ST
_ . o

01 310D 24 $00 210D H1S00 310D
. SL1
0sT
71
(851 , |
(yoeay surwe[Ax01pLy) 001 001
IONIZ
SL SL
| 0s 0s
_ ST ST
SHAOD
ANNOS JNANNOLINVIN 00T SL 0S ST 0 TR TR TR RN
anv 87T 310D . 1T 3107 P07 3107

VL TAdd ANIAIVE HANVID

(ud) pdaq

() ydaq



' Depth (cm)

25

50

75

100

78

ZINC
(heated hydroxylamine leach)
(ug g
Core LG3C Core LG4 C
0 25 50 75 100 , 0 25 50 75 100
RARA laads anis Laasd

"LLA GRANDE

CORES




79

m.m o 1)
(goes] sunuejAx0ipAy pajeay)
INIZ

SHI0D
aNNOS JINONAOLINVIA
anNv
VLT ENTHTVE HANVID

basaalosaatonsalgn, ol

@

P01 310D

00L SL 05 ST ©
87T 310

24 $00 310D
- SLI
- osT
- sz
- 001
st
Jos

mmu

Lusabaadendagd g
001 SL 05 ST O
21T 31073

H'T £00 310D

| EPRTE YO PP

001 SL 05 ST 0
P0T 3107

g

001

SL

0s

s¢

(u) ypda

(wo) yrdaqg




Depth (cm)

25

50

75

100

Core LG3C
$ 25 50 75 100
'I'ﬁ"ﬂ'rl'l"ﬂ'rm""""""'l

80

ZINC
(leach residual)

(ngeg")

Core LG 4C
0 25 50 75 100

LA GRANDE
CORES




81

LT

1 ost
3 su
] )
1001 .G
st Mwuv
- “ gm
{st
busalasaalin g 10
Y01 2100 J4 00 210D HT S60 810D
-  SL
. ] ost
s  su
(,8 + 1) ] ]
({enpisai yoeap) E - oot - 001
ONIZ “ “ ”
- - st 4s. ¥
] ] 1 g
3 ] ] =
- 4 os Jos 3
; “ “ g
- Jst Jsz
SHIOD ] ; ]
Jd y T PR A PN
aNnos M%h@@ﬁlﬁa 00T SL 0S ST 0 00T SL 05 &0 0 00T $L 05 5T 0
877 310D 71z 310D 0T 310D

VLTI INIHIVE HANVIED



Depth (cm)

Core LG 3C

0 25
0

25

50

75

100

50 75 100

[

ZINC
(total)

(ngegh

82

Core LG4 C
0 25 50 75 100

LA GRANDE
CORES



83

(.8 + 81)
(1e10%)
ONIZ

SHAGD
aNNOS JINNAOLINVIA
anNyv
VLTIA ANIHTVE HANVID

P01 310D

00T SL 0S ST 0
8T 310

24 ¥00 3107

- SL1

.H STI

4 oo1

lumm

d g
90T SL 0S ST ©
LT 3107y

HT£00 310D

Lassoilzcoadocestanes
601 SL 0S5 SZ O
P07 910D

dg

SLT

6st

STl

001

SL

6s

§T

(ud) Ppdaq

(u) yda(



Depth (cm)

25

50

75

100

Core LG3C

0 25 50
LA e e o |

84

NICKLE
(weak acid leach)

(ngegh

!

Core LG4C
0 .25 50
[
$
£
©
@

LA GRANDE
CORES



85

(8.8
(Yyora[ pide yeam)
HTIDIN

SHIOD
UNNOS MOANAOLINVIA
anNv
VL THA ANIHTVE HANVED

SLE

0st
STI
001
SL
0S
st
H » 12 0
P01 210D 24 $00 3107 HT §00 310D
SLL
0ST
i
_ st1
i
H
! 001 001
i
A
H SL SL
U
:
m 0 0S
L
0
i
! st sz
\
1
4 ) )
0s st 0 0S sT 0 0s ST 0
§7T 310D TIT 9407 PO 310D

() ydagy

(u) ypdag



Depth (cm)

86

NICKLE
(hydroxylamine leach)
(hgeg")
Core LG3C Core LIG 4C

0 25 50 0 25 50
0 [TrTTr——

4

S

i ]

.| :

75 3

100 ©- -

LA GRANDE
CORES




87

(,8 « 8ri)
(Yoeap sunuejAxo1pLy)
HTADIN

SHAOD
ANNOS MANNOLINVIA
aNVv
VLTAd ANITTVE AANVYD

o nl,&é..@ﬂ'

PPN AP S PN

]

P01 310D

0s st 0
8T 310D

0ST
241
001
\ SL
) 0s
— ST
0

24 $00 310D
- SLI
- ost
3 sz
€
[
001
SL
0s
74
0S ST 0
CIT 310)

0s

H'T1500 310D

sT
POT 3103

(u) ypdag

(uo) pdag




88

NICKLE LA GRANDE
(heated hydroxylamine leach) CORES
(ngeg")
Core LG 3 C Core LG 4 C
0 25 50 0 25 50
0 [T | Aiasans
{ !
L & ¢
25 |9 -‘f

Depth (cm)
3
£
3

100 o -¢




89

(,8 31
(Yoeo[ surwiejAx01pAy pajeay)
HIMDIN

SHIOD
ANNOS MNNNOLINVIA
aNvVv
VLTHJ ANIFTIVE AANVYED

Las aaly

P01 3107

& lodettd

0s 14
8¢T 310D

| PP

24 $00 310D

| IR

se1
001
SL
] os

1 5S¢

0s T -
Z1z 210D

SLT

0st

HT 500 310D

| PP

1 08

1st

s sz 0

P07 310D

SLY

LI

ST

1 oot

001

(u) yidaqy

(wo) \pdaqg




Depth (cm)

25

50

75

100

Core LG3C

0 25 50
R

80

NICKLE
(leach residual)

(ugeg")

0

1

Core LG 4C

25

50

LA GRANDE
CORES




91

?.w o 1)
(enpisaz yoeay)
HIMDIN

SHAOD
(NNOS JNNNOLINVIA
NV
VL THA INIZTVE HANVED

0s

P01 310Dy

sT
8TC 310

24 $00 210D

05 114 0

I 310)

SLT
0st
14§

1 oot

H'1£00 310D

- 001

P0T 310D

(wo) pdag

(w) pdag




Depth (cm)

25

un
=

75

100

Core LG3C

(] 25 50
e e e

NICKLE
(total)

(ugeg"

92

0

Core LG4 C
25

50

LA GRANDE
CORES

i
]
g.




93

(.8« 8)
(1e103)
ATIDIN

SHIOD
(NNOS JINNNOLINYIN
NV
VLTAA ANIF TV AANVED

P01 8107

05 sz 0
8T 310

24 00 310D

{ st
1 0s

] st

0s 5T 0
iz 310

SLY

0st

1 sz1

1 001

H'T 500 310D

0s

s
70T 310D

s
1 0s

{ st

SLT

0s1

i s

{ go1

7 001

(u) ypdaqg

(u) ydagg




Depth (cm)

25

S0

75

100

94

LEAD LA GRANDE
(weak acid leach) CORES
(ugeg"
Core LG3C Core LG4 C
0 10 20 30 0 10 20 30
[T
- ¢
& ¢
r3 -‘#
Fy @
o -!L
Lo L4
4 o
L&
o 4
1 ]




95

$0I 210D J4 $00 210D
SLI
oSt
ra
(8« 81i) 001
(4oe9[ proe yeom)
avai SL
398 Wl
HUESS
un_“— .M«%M—ﬁc 08
'8
ST
STI0D /
ANNOS MNNNOLINVIA A e ot oot o0
ANV
87T 210D 71T 310D

VLITAA ANIHTVE HANVID

SLI

0st

A

y
1
i
s
1
1
3
i
¢
1
(1
>
&
1
o
4
4
4
a4
4
&

H'T£00 310D

ot

6z ol
PO 310

601

SL

0s

§T

0
0

(u) ypdag

(w) ypadaqg




0

25
~
E
&

g 50
=
-]
=]

75

100

96

LEAD

(hydroxylamine leach)

Core LG3C

10

20

30

(Lgegh

Core LG4C
[1] 10. 20 30

T

LA GRANDE
CORES




97

r.m o 811)
(Yoea[ sutwre[Ax01pLy)
avdai

SHIO0D
UNAOS JINNAOLINVIA
NV
VLITEA ANIZ'IVE AANVED

P01 3107

<

rlrrLLt
6 0T O o

8TT 310D

i

0€

24 ¥00 310D

07 oI
1T 3I0D

0

SLT

0st

144

601

SL

0s

sT

0

H'T £00 310D

o¢

0T oI
p0T 3107

0

SLT

0st

SCI

001

>

001

SL

0s

sT

0

(u) pdag

(u) ydag




Depth (cm)

98

LEAD
(heated hydroxylamine leach)
(ugegh
Core LG 3C Core LG 4C

0 10 20 30 0 10- 20 30
0 T :

%

25 ¢

50 H]

75 I

—g—
=gy L

100 ©®

LA GRANDE
CORES




98

(.8« 81)
{yoea| aurwe[Ax01pAy pajeay)
avial

NCR: (00
NNOS JAONNOLINVIA
anNv
VLTAd INIHIVY HANVID

POI 310))

e Wl T

Sttt

rrrlLL

6 6T o1 ¢

877 310D

24 00 310D

SLY

0sT

ST

001

SL

0s

T4

| B N— (1]
6c 0T o1 O

CIT 310D

H'T £00 210D
001
SL
0s
§T
0
0 0z o1 0
POT 3107

(w) pdaqg

(u) pdag




Depth (cm)

100

LEAD
(leach residual)
(ugeg"
Core LG3C Core LG 4C
9 10 20 30 20 30
0 [T
50 ¢- - 1
@

100

LA GRANDE
CORES




101

(.8 « 81)
(fenpisal yoedy)
aviai

SHAOD
aNNOS ANNAOLINVIA
NV
VLTI ANIHTVE HANVID

;

P01 3100

6 0T o1 O

87T 310D

24 $00 310D

¢ O0C o1 [}
ZIZ 310D

;

H'T£00 310D

o€ Z 61 0

0
POc 3163

SLT

0s1

ST

001

001

SL

0s

sT

0

(u) pdaq

(o) pdag




Depth (cm)

25

50

75

160

Core LG 3C

0 10 20 30

T T T

102

LEAD LA GRANDE

(total)l CORES
(ugeg)
Core LG4 C
0 10. 20 30




103

(,8 .« 8
(1e103)
avai

SHAOD
(UNAOS MNNNOLINVIA
NV
VLTHd ANIHTVE HANVED

P01 210D

0 o0z of 0
87T 3107

J9 v00 310D
- SLI
| 0s1
sar

1 001

0 0z 0I ¢
Z1Z 310D

H'T$00 310D
001
SL
0S
4
0
9€ 0T o1 o
P0T 3107

(u) pdag

(u) pdaqq




Depth (cm)

104

CHROMIUM LA GRANDE
(weak acid leach) CORES
(ugegh
Core LG3C Core LG4 C
0 25 50 75 100 0_25_50 75 100
AR LA s L _

25

75 7 ™

100 -



105

(.8 « 31)
(4youa] proe yeam)
NATNOYHD

SHAOD
(NNOS MNNNOLINVIA
aNVv
VLTHd ANIHTIVE HANVED

PO 310D

00T sL 05 ST ©
87T 316D

24 00 310D

00T SL 0s ST
¢1g 310)

4 SLI

4 os1

H'T £00 310D

[

GOT SL 0S5 ST O
YT 3107

SLY

6st

sTI

061

(u) pdaqy

(wo) pdaq



Depth (cm)

106

CHROMIUM
(hydroxylamine leach)
(ngegh)
Core LG3C Core LG 4C
0 25 50 75 100 0 25 50 75 100
A L L
i I
[ b
@ )4
]
5 ¢ F
] t
3 3
50 ¢ +

75 I- —

100 2

LA GRANDE
CORES




107

(8 « 811)
(yoeo] uruie[AX0IpAY)
INNQINOYHD

SHI0D
aNNOS JANNNOLINVIA
aNV
VL THA INIHTVE HANVID

SLI

oSt

ST

00t

&

SL

0s

T

P01 2100 249 $00 3107 HT 60 910D
- sLI
. 0s1
H szI
[
+ 001 001
[
- St SL
k.
% 0s 0s
&
P st ST
o
00I SL 0S ST © 00L SL 0S5 ST © 00L SL 05 ST 0
877 340 (A A28 $0T 91073

(u) pdag

(ud) pdag




Depth {cm)

25

50

75

100

(heated hydroxylamine leach)

Core LG 3C
0 25 50 75100
"I"!'ﬂ'r"‘"ﬂTl'ﬁTm"'

108

CHROMIUM

(ugeg"

Core LG4C

0 25

50 75 100

LA GRANDE
CORES

v e o S ST SRR S



109

(.8« 31)
(yoea] surue[AX01pAy pajeay)
INNINOYHD

SHTd0D
aNNOS ANNNOLINVIA
NV
VLTIA INIHIVE HANVIED

PO1 3107

e b I RN I

00L SL 0S5 ST O
877 3100

24 $00 310D

szl
| st
1 0s

152

00L SL 0S5 ST ©
ZIg810p

d ¢

SLT

{ oo1

HT£00 210D

00L SL 05 ST 0
P0T 310D

(wo) ydaq

(uw) pdaq




Depth (cm)

0

25

50

75

100

110

CHROMIUM
(leach residual)

(Hgegh

i

Core LG3C Core LG4 C
0 25 50 75 100 0 25 50 75 100
w"ﬂ"‘l’r"ﬂl‘rﬁ""l

[ ]

LA GRANDE
CORES




111

(,8 « 31l
(renpisaa yoeap)
NATNGIHD

SHIO0D
AUNNOS AONAOLINVIA
anNVv
VITAJ ONIHTIVE AANVED

2R ST

P01 2107y

G0 SL 05 ST o
87T 310D

€ $00 310D

06T €L @5 ST ¢
<IT 3107

SLT

0s1

STT

001

SL

0s

T4

SLT

0s1

4

1 oor

H'T £00 310D

1sL
| 0s

15z

00T SL 65 ST 0
v0T 3103

001

U

(u) pdagg

(u) pdag




Depth (cm)

0

25

50

75

Core LG3C
0 25 50 75100

100

112

CHROMIUM

(total)
(ngeg"

H

Core LG 4C
0 25.50 75 100

105 cmmmmi—

LLA GRANDE
CORES



113

(.8« 8))
(1e303)
IWNINOYHD

SHI0O
GNNOS AONNOLINVIA
aNVv
VL TAA ANIHTVE HANVED

P01 310D

00T SL 0S ST ©
87T 310D

24 $00 310D
- SLI
- 0sT
szt
001
]t
0s

1§t

d ¢
001 SL 0S5 ST O
¢ 3107y

SL1
st
¢l
00t
SL
0s

sz

HI 500 31073

00L SL 0S ST ©
P0C 3103

(u) ydaq

(u) ydaqg




Depth (cm)

25

50

75

100

Core LG3C
0 10 20 30 40
[T T

114

SILICON LA GRANDE
(total) CORES
(%)
Core LG4C

0 10.20 30 40




115

(%)
(1e103)
NODI'TIS

SHA0D
ANNOS ANNAOLINVIA
anNVv
VLT INTHTV] HANVID

P01 310D

ov 0f 6T O 0
8TT 210D

04 00 3103

ob 0c 0T 0L 0
(AYA LS

SLT

0st

STl

601

SL

0s

§T

0

SLI
1 ost
s
001

1sL

(un) ydag

1 0s

i sz

HT €00 310D

(und) ydaq

ov 0 07 OL 0
P0OT 3107




Depth (cm)

25

50

75

100

Core LG3C

0 4 8 12
WU e |

116

ALUMINUM
(total)
(%)

Core LG 4C
0 4 8 12

LA GRANDE
CORES




117

(%)
(1®303)
INNNIINNTV

SHE0D
ANNOS ANNAOOLINVIA
dNV
VLTI INTHTVE HANVED

P01 310D

a8 v 0
87T 310D

24 $00 318D

(4 S T
1T 3103

” STI

] st
1 05

sz

SLY

0s1

1 oo1

HT500 310D

st
{0s

] sz

2L 8 v 0
P0T 316D

SL1

0sT |
i sz |
] o
{oor 8 )
[awad
=
)
g
001
)
[¢]
=1
=h
=
~~
[«]
=
o’



25

Depth (cm)
-4

75

100

Core LG3C

0 2 4 6
_l_"—t""‘!_r—"

118

POTASSIUM LA GRANDE
(total) CORES
(%) :

Core LG 4C
0 2 4 6

-




119

01 2107 04 $00 2107
] ~ SLI
- - 0sT
sT1
(%) “
(1e303) 1 001
INNISSVLOd 1.,
] o5
st
SHIOD
aINNOS JANAOLINVIA 0
anNvVv

VITAd ANIZTVE ZANVID 8¢z 310D 17910

H'T £00 310D

rLI—ILI'—IP'“
9 b (4 ¢

v0C 310D

SLT

051

S7IL

001

601

SL

0s

(ud) yrdaqy

(u) pdaq




Depth (cm)

25

50

100

Core LG3C

6 1 2 3
T

120

MAGNESIUM LA GRANDE
(total) CORES
(%)
Core LG4C

0 1. 2 3




121

(%)
(1e3oy)
INNISANOVIA

SHIO0D
(UNAOS JINONNOCLINVIA
aNVv
VLTAd ANIZ IV AANVED

p01 310D

8773107

24 100 9103
- SLT
J osr
m 14
1 oor
st
1 0

i st

17 310D

sL1
0ST
{ sz

1 oot

H'T 600 310D

- 081

rLllr.rl.—I...I.Q
€ < |5 9

P0T 310D

(wo) pdag

(un) pdaqy



Depth (cm)

25

50

75

100

122

LITHIUM LA GRANDE
(total) CORES
(ugegh

Core LG3C Core LG 4C
0 25 50 ' 0 25 50
_|_T—f_|_r"|"l—l_r—| .

Q@

{»

[ ]




123

(.8 81)
(18103)
INNITHLIT

SHI0D
UNAOS AONNOLINVIA
aNVv
VLTHA INTHTVE HANVYID

L

ad s

6s

@

PO1 2100

5T
87T 310D

24 v00 310D

- SLI
H ost
3 st

J oor

0s

ST

CIT 3107

¢

isL

ios

HT 500 310D

0s §¢ ¢

P0T 3107

sLI

0st

1sa

1 oot

st

001

(u) pdaq

(w) yrdaq



124

ACKNOWLEDGEMENTS

The collection of the samples and analytical results published
here required the cooperation and dedication of many of our colleagues
at the Bedford Institute of Oceanography and other participants of the
CSS Hudson and the MV Septentrion cruises. We are very grateful for
the efforts of C.L. Amos, B. Ardiles, K. Bentham, A. Boyce, C. Davis,
I. Hardy, L. Johnson, D. Locke, L. Lockhart, B. MacLean, Y. Michaud,
R. Murphy, J. Riel, A. Robertson, M.H. Ruz, R. Sparkes, T. Sutherland
and J. Zevenhuizen. We also wish to thank the captain and the crew of
the CSS HUDSON and the captain and the crew of the MV Septentrion. We
thank Paul Standing for assistance in laboratory analyses. We thank
Iris Hardy for the critical review of this manuscript.

REFERENCES

Amos, C.L., B. Ardiles, K. Bentham, C. Davis, I. Hardy, W. LeBlanc, L.
Johnson, L. Lockhart, B. MacLean, Y. Michaud, R. Murphy, A.
Robertson, M.H. Ruz, R. Sparkes, T. Sutherland and J. Zevenhuizen.
1992. CSS Hudson and MV Septentrion cruises - Grande-Baleine
Region, Hudson Bay; A multi-disciplinary survey of the coastal and
nearshore regions. Geological Survey of Canada, Atlantic Geoscience
Centre, P.O. Box 1006, Dartmouth, N.S., B2Y 4A2. Internal Cruise
Report.

Becker, D., R. Christensen, L. Currie, B. Diamondstone, K. Eberhardt,
T. Gills, H. Hertz, G. Klouda, J. Moody, R. Parris, R. Schaffer, E.
Steel, J. Taylor, R. Watters, and R. Zeisler. 1992. Use of NIST
standard reference materials for decisions on performance of
analytical Chemical Methods and Laboratories. U.S. Government
Printing Office, Washington, DC 20402, National Institute of
Standards and Technology, spec. publ. 829, 30p.

Bishop, J.N., L.A. Taylor and B.P. Neary. 1973. The determination
of mercury in environmental samples. Environmental Trace
Contaminants Section of Ministry of the Environment, January 25,
1973.

Bowman. W.S., G.H. Faye, R. Sutarno, J.A. McKeague and H. Kodama. 1979.
Soil samples S80O-1, S0-2, S0-3, and S0-4: Certified reference
materials. Canada Centre for Mineral and Energy Technology, 555
Booth St., Ottawa, Ontario, Canada (K1A 0Gl), CANMAT Report 79-3.



125

Bowman. W.S., G.H. Faye, R. Sutarno, J.A. McKeague and H. Kodama. 1979.
New CCRMP reference soils, SO-1 to S0-4. Geostandards Newsletter,
3: 109-113. , .

Brandenberg, H., and H. Bader. 1967. The determination of nanogram
levels of Hg in solution by flameless atomic absorption technigque.
Atomic Absorption Newsletter, 6: 101.

Buckley, D.E., and R.E. Cranston. 1971. Atomic absorption analyses of
18 elements from a single decomposition of aluminosilicates.
Chem. Geol., 7: 273-284.

Chester, R., and M.J. Hughes. 1967. A chemical technique for the
separation of ferro-manganese minerals, carbonates minerals and
adsorbed trace elements from pelagic gediment. Chem. Geol., 2:
249-262,

Canadian Association For Environmental Analytical Laboratories
(CAEAL) Inc. 1992. The Definition and estimate of the detection
limit. Suite 532, 1 Nicholas Street, Ottawa, Ontario, KIN 7B7.

Currie, L.A. 1988. Detection: Overview of historical, societal, and
technical issues. In: Currie, L. A., E4d. Detection in Analytical
Chemistry: Importance, Theory, and Practice; ACS Symposium Series
361; American Chemical Society: Washington, DC, 1988; Chapter 1.

Currie, L.A. 1990. Analyte and bias detection limits; approximations
to the non-central t distribution. National Institute of Standards
and Technology, Internal Report; Gaithersburg, MD, September 1990.

Dudewicz, E.J. 1988. Basic Statistical Methods. In: .Juran, J. M.
and Gryna, F. M., eds. Juran's quality control handbook, 4'th
edition. New York: McGraw-Hill, Inc: 23.1- 23.121.

Duncan, A.J. 1974, Quality control and industrial statistics, 4'th
ed. Richard D. Irwin, Homewood, IL.

Fitzgerald, R.A., G.V. Winters and D.E. Buckley. 1987. Evaluation of
a sequential leach procedure for the determination of metal
partitioning in deep sea sediments. Geological Survey of Canada,
601 Booth St., Ottawa, Ontario, Canada (K1A 0E8), Open File Report
1701. 21 pp.

Hardy I.A., and J. Zevenhuizen. 1993. Baseline sampling Grande riviere
de la Baliene, 1992 program. Geological Survey of Canada, 601 Booth
St., Ottawa, Ontaric, Canada (K1A O0OE8), Open File Report, in
preparation.

MacIntosh, M., J.D. Willey and C. Courneya. 1976. A compendium of the
sampling and analytical techniques used by the Environmental Marine
Geology Subdivision, Atlantic Geoscience Centre, Bedford Institute




126

of Oceanography, Dartmouth, Nova Scotia. Geological Survey of
Canada, 601 Booth St., Ottawa, Ontario, Canada (K1A 0E8), Open File
Report 397, 66 pp.

Penny, S. 1992. Mercury Analyses of sediments from Hudson Bay and
James Bay Area. Unpublished Work Term Report, Atlantic Geoscilence
Centre, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2.

Terashima, S. 1988. Determination of the total carbon and sulfur in
fifty-two geochemical reference samples by combustion and infrared
absorption spectrometry. Geostandards Newsletter, 12: 249-252.

Tessier, A., P. Campbell and M. Bisson. 1979. Sequential extraction
procedure for the speciation of particulate trace metals.
Anal. Chem. 51: 844-850.

Winters, G.V. 1993. Striving for excellence in the analytical
laboratory. Current Research, Geological Survey of Canada, in
preparation.

Zevenhuizen, J., J. Reil, L. Johnston, D. Locke and A. Boyce. 1992.
Research Vessel Septentrion 92-028S, records/samples inventory,
equipment specs, vessel specs, crulse specs. In: Amos, C.L., B.
Ardiles, K. Bentham, C. Davis, I. Hardy, W. LeBlanc, L. Johnson, L.
Lockhart, B. MacLean, Y. Michaud, R. Murphy, A. Robertson, M.H. Ruz,
R. Sparkes, T. Sutherland and J. Zevenhuizen. 1992. (CSS Hudson and
MV Septentrion cruises - Grande-Baleine Region, Hudson Bay; A multi-
disciplinary survey of the coastal and nearshore regions.
Geological Survey of Canada, Atlantic Geoscience Centre, P.0O. Box
1006, Dartmouth, N.S., B2Y 4A2. Internal Cruise Report.




