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GEOCHEMISTRY OF MARINE SEDIMENTS FROM THE
STRAIT OF GEORGIA,
BRITISH COLUMBIA

C.E. Dunn, R.G. Balma, and W.A. Spirito

INTRODUCTION

This Open File Report contains data from a geochemical study of surface marine
sediments from the Strait of Georgia, and a few fluviatile deposits from the Fraser River. Figure
1 shows a general outline of the area sampled, and Fig. 2 shows locations of all samples for
which analytical data were obtained. This compilation has been prepared to provide baseline
information on the distribution of a wide range of chemical elements in muds and sands from the
survey area. Studies have been published on the content of a few metals in sediments from the
Fraser River delta (e.g. Grieve and Fletcher, 1976), but no comprehensive regional geochemical
studies have been undertaken on sediments from the Strait of Georgia. Delaney and Turner
(1994) have provided a useful directory of element databases for the Vancouver area. Concern
about the level of anthropogenic input of heavy metals and other elements into the sediments of
the Fraser River system and the Strait of Georgia requires that present concentrations of elements
be ascertained to provide a yardstick for future environmental evaluations.

The first section of this report deals with the methodology and highlights some of the
element associations within the survey area. This is followed by maps with dots proportional to
the relative concentration of each element accompanied by transparent overlay maps with sample
numbers and bathymetry. A complete listing of the analytical data and summary statistics of each
element are given in the appendices.

METHODS

Sample Collection and Preparation

A total of 172 surface grab samples of mud, sandy mud or sand were collected from the
survey area during a scientific cruise on CSS Tully in November, 1992 (code-named TUL 92A).
A Shipek grab sampler was lowered to the sea floor to scoop up approximately 200 - 500 g of
the top 10 cm of sediment. Evoy et al. (1993) estimated that at an ‘offshore background’ site,
west of Sturgeon Bank (Lulu Island, close to site #12 on Fig. 2), at a water depth of 200 m, the
sedimentation rate is 0.76 cm/yr. From that location southward for 20 km, sediments from
several cored sections were estimated to have accumulated at rates varying from 0.49 - >2.92
cm/yr (Evoy ef al., 1993). Assuming that similar rates occur throughout much of the Strait of
Georgia, the top 10 cm of material collected for the present study comprises sediments that
accumulated within the past 20 years, and perhaps less.

All sediment samples were freeze-dried. One portion was retained for sedimentological
studies (the original purpose for collecting the samples), and a second was set aside as a reference
sample for any future studies. Sufficient material (5 - 10 g) remained for geochemical
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analysis of each of 127 samples from the reference set. This material was forwarded to the
authors in Ottawa by Drs. V. Barrie and J. Luternauer.

Samples were gently disaggregated with an agate mortar and pestle, and any shell
fragments or pebbles were removed with plastic tweezers. Clay-rich samples were ground to a
fine powder in the agate mortar, and the sandy samples were ground in a ceramic ball mill.
Although the maximum grain size was 50p, the great majority of the grains were <2u in
diameter because most samples comprised clay-size particles.

Analysis

The analytical program used the following techniques:

- X-Ray Fluorescence (XRF) analysis for major oxides and some trace elements;

- Instrumental neutron activation analysis (INAA), mostly for trace elements;

- Inductively-coupled plasma emission spectrometry (ICP-ES) following an aqua regia
digestion, mostly for trace elements;

- Ion chromatography for F, Cl, and S;

- Cold-vapour atomic absorption (AA) spectrometry for Hg.

There are several conventional methods of expressing and grouping analytical data.
Because of the large number of determinations, in this report the data have been grouped by
analytical method, and within each group they have been listed in alphabetical order of chemical
symbol. The conventional method of expressing concentrations of major elements analyzed by
XRF is by their oxides. Analyses by INAA and ICP-ES are normally expressed as elemental
concentrations. The rare earth elements (REE) are commonly grouped together, but in this study
the seven REE determined by INAA are arranged in alphabetical order with other determinations
by this method. For ease of recognition of analytical method, data obtained by the three main
techniques are listed on paper of different colours - white for XRF, blue for INAA, and yellow
for ICP-ES. Determinations by miscellaneous analytical methods are listed on white paper,

a) XRF

Prior to XRF analysis, approximately 1.5 g of powder was ignited in a muffle furnace
to determine loss-on-ignition at 900°C. During this procedure, traces of volatile elements
(e.g. F, Cl, Br, Hg), water (moisture [H,O] and structurally bound [H,0%]) and CO,
were lost. This prepared each sample for fusion of a 1 g aliquot with lithium metaborate
(LiBO,) for analysis in a Philips wavelength dispersive spectrometer (Model PW1404)
in the analytical laboratories at the Geological Survey of Canada in Ottawa. The XRF
work was completed under the direction of Richard Rousseau, and element concentrations
were determined by the methods of Rousseau (1984a, 1984b). The XRF method
provides total content of each element, regardless of chemical bonding within the
minerals comprising the sample. The list of major elements (expressed as their oxides,
arranged in alphabetical order) and trace elements, with their determination levels
obtained by this method, is given in Table 1.
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Table 2: Determination Limits for Elements Analyzed by INAA

Arsenic As ppm 0.5
Gold Au ppb 2
Barium Ba ppm 10
Bromine Br ppm 1
Calcium Ca % 0.5
Cobalt Co ppm 1
Chromium Cr ppm 1
Cesium Cs ppm 0.5
Iron Fe % 0.05
Hafnium Hf ppm 0.5
Sodium Na ppm 10
Antimony Sb ppm 0.1
Scandium Sc ppm 0.1
Thorium Th ppm 0.1
Uranium U ppm 0.1
Zinc Zn ppm 20
Rare Earth
Elements:
Lanthanum La ppm 0.1
Cerium Ce ppm 3
Neodymium Nd ppm 5
Samarium Sm ppm 0.1
Europium Eu ppm 0.01
Terbium Tb ppm 0.5
Ytterbium Yb ppm 0.05
Lutetium Lu ppm 0.05

All values above the determination limit except for some analyses for Au, Ca, and Cs
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Elements Analyzed by ICP-ES: Units of measurement, determination limits
and approximate percentage of elements released into solution during the
aqua regia digestion (determined by comparison with Standard BCSS-1
and/or total concentrations obtained from XRF or INAA - see section on
‘Analytical Precision and Accuracy’)

Silver Ag ppm 0.1
Aluminum Al % 0.01
Boron B ppm 2
Barium Ba ppm 1
Beryllium Be ppm 0.2

Calcium Ca % 0.01
Cadmium Cd ppm 0.2
Cobalt Co ppm 1
Chromium Cr ppm 1
Copper Cu ppm 1

Iron Fe % 0.01
Mercury* Hg ppb 10
Potassium K % 0.01
Lanthanum La ppm 1
Lithium Li ppm 2
Magnesium Mg % 0.01
Manganese Mn ppm 1
Molybdenum Mo ppm 2
Sodium Na % 0.01
Nickel Ni ppm 1
Phosphorus P % 0.001
Lead Pb ppm 2
Strontium Sr ppm 1
Titanium Ti % 0.02
Vanadium )\ ppm 1
Zinc Zn ppm 1

All values above the determination limit except some analyses for Ag, B, Be and Mo.

*Determined by cold-vapour AA.
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Table 4: Replication of analytical data on two sub-samples of several samples: 4.1
Determinations by XRF; 4.2 Determinations by INAA; 4.3 Determinations
by ICP-ES on an aqua regia digestion; 4.4 Determinations by miscellaneous
chemical methods

4.1 XRF

Site Al,O;% Ba ppm CaO % Fe,0;% K,0% MgO% MnO% Na;0% Nb ppm P,0;% Rb ppm Si0,% Sr ppm Ti0.% Zr ppm

5 143 560 249 64 219 30 007 32 <10 023 80 584 280 0.7 150

5 144 580 248 64 222 308 007 3.2 13 023 75 587 270 0.78 150
23 14.0 530 232 65 208 303 007 3.7 10 026 74 566 260 076 130
23 13.9 560 - 2.33 65 210 3.03 007 3.9 13 025 71 559 260 0.76 130
44 13.9 550 263 57 185 260 007 32 <10 020 66 609 280 067 120
44 14.4 590 2.67 58 200 278 007 32 <10 0.20 68 61.0 270 0.69 120
72 10.2 490 223 36 134 194 006 26 <10 013 38 746 280 050 94
72 10.3 560 2.28 38 134 201 006 2.7 <10  0.13 42 737 300 053 110
95 126 450 3.78 46 145 200 006 36 10 0.16 52 855 390 059 190
85 128 480 377 46 144 201 005 3.4 <10 0.7 46 654 400 0.59 180
123 140 580 224 64 207 295 007 3.7 12 022 76 566 250 0.76 130
123 13.9 540 224 64 208 295 0.07 3.8 10 022 77 559 260 075 130
138 145 600 28 64 221 300 007 33 177 023 79 601 240 076 150
138 14.6 610 2.84 65 224 309 007 33 20 0.22 76 594 250 0.789 150
154 148 610 242 6.7 234 307 007 36 20 024 85 575 210 0.76 120
154 14.8 600 24 6.7 232 311 007 3.6 15 024 82 57.7 220 0.76 120
170 14.0 480 273 58 181 253 006 36 18 020 68 616 230 077 160
170 14.1 430 274 58 180 252 006 35 18 020 69 613 240 079 160
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4.3 ICP-ES

Site Agppm Al% Bppm Bappm Beppm Ca% Cdppm Coppm Crppm Cuppm Fe% K% Lappm
5 08 185 21 59 03 081 03 13 52 53 364 0.27 14
5 0.7 1.85 19 55 04 078 0.3 12 48 50 347 0.25 13
23 0.2 206 25 57 03 078 0.3 11 46 41 364 0.35 12
23 0.3 2.03 26 55 03 077 0.3 11 45 38 350 0.33 12
4 02 2.02 21 74 <02 0.86 0.2 11 47 4 363 0.34 13
4 0.2 1.83 17 52 02 0.80 0.2 11 43 40 323 0.27 11
72 02 1.07 6 58 03 061 <0.2 8 33 17 233 0.12 8
72 04 1.01 6 57 <02 058 <0.2 8 32 19 435 0.11 8
85 02 1.40 20 58 <02 1.23 0.3 7 34 17 381 0.23 9
95 0.2 153 21 64 <02 145 0.2 8 34 19 330 0.24 9
123 04 192 31 §3 03 072 0.3 11 a7 41 342 0.33 12
123 0.2 2.05 28 56 04 076 0.2 12 47 42 367 0.37 12
138 07 1.79 24 56 <02 074 <0.2 1 46 120 337 0.26 13
138 0.7 1.87 23 64 02 077 0.3 11 51 96 354 0.27 13
154 0.5 203 29 58 02 072 0.3 1 49 56 3.58 0.35 13
154 1.0 1.97 33 57 02 0.70 0.3 11 48 55 3.49 0.34 13
170 0.1 1.83 24 45 03 070 <0.2 8 39 27 31 0.26 10
170 0.3 1.88 27 49 02 072 <0.2 9 38 28 323 0.28 11
Site Lippm Mg_;% Mnppm Moppm Na% Nippm P% Pbppm Srppm Ti% Vppm Znppm

5 26 137 403 2 1.00 45 0062 14 59 0.14 51 4]

5 25 1.33 389 <1 0.96 43  0.060 11 56 0.14 48 88

23 27 132 422 1 1.38 39 0.064 10 65 0.13 51 82

23 24 1.30 411 1 1.29 39 0.062 12 63 0.13 49 82

44 31 125 410 1 117 37 0056 12 79 0.13 50 82

44 25 1.16 378 1 1.02 36 0.050 12 65 0.11 46 77

72 9 087 359 <1 0.38 35 0033 3 4?2 0.10 36 41

72 8 0.79 565 2 0.33 45  0.031 4 39 0.10 33 38

95 21 0.76 398 1 0.62 30 0040 4 75 0.13 42 43

95 17 _0.79 353 1 0.62 28 0.042 6 85 0.13 43 49

123 29 124 402 <1 152 37 0054 11 62 0.11 50 82

123 31 134 426 1 1.60 40  0.058 11 64 0.11 53 89

138 28 1.25 361 1 1.06 39  0.061 23 60 0.12 47 o1

138 28 1.29 379 1 1.09 40 0.070 29 64 0.12 48 97

154 31 1.3 396 1 1.38 39 0.060 17 63 0.11 49 86

154 26 1.27 401 1 1.35 38 0.058 18 62 0.1 48 85

170 30 1.05 288 <1 1.03 30 0.051 9 53 0.13 44 74

170 30 1.07 300 1 1.09 30 0.053 9 56 0.14 45 73
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Table S: Analysis of National Research Council standard marine mud #BCSS-1: 5.1
Determinations by XRF; 5.2 Determinations by INAA; 5.3 Determinations
by ICP-ES on an aqua regia digestion; 5.4 Determinations by miscellaneous
chemical methods

5.1 XRF
ALO; % Ba ppm Ca0 % Fe,0; % K,O % MgO % MnO % Na,0% Nb ppm P,0: % Rb ppm $i0. % Sr ppm TiO.% Zr ppm

11.8 310 073 48 218 241 0.03 24 14 017 92 65.1 110 071 250

1.7 340 074 48 217 243 003 24 4 017 89 649 110 071 240

11.8 320 074 48 216 240 003 25 15 017 91 652 110 070 230

11.7 340 073 48 214 239 003 24 16 0.18 87 646 120 069 240

1.7 340 072 48 214 239 003 24 14 017 92 650 110 071 240

119 330 074 48 216 241 0.03 24 18 017 85 657 110 070 240

12.0 280 0.79 47 224 237 003 24 24 016 90 665 88 073 260

11.9 310 077 48 222 235 0.03 24 24 016 94 66.8 84 073 240

Mean 11.81 32125 075 479 218 239 003 241 17.38  0.17 90.00 6548 10650 071 24250

Standard Deviation 0.11 2100 002 004 004 003 000 0.04 431 0.01 293 079 1030 001 8.86

95% Confidence Limit  0.078 14553 0.016 0.024 0.025 0.017 0.024 2985 0.004 2.029 0549 7.134 0010 6.142

Values Certified

by NRC 11.83 0.76 47 217 244 272 0.154 66.1 9% 073
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5.3 ICP-ES
Agppm Al% Bppm Bappm Beppm Ca% Cdppm Coppm Crppm Cuppm Fe% K% Lappm
0.1 1.62 27 31 06 043 0.3 10 46 17 282 0.21 20
0.1 1.49 25 30 05 039 0.3 9 4 15 264 0.20 19
02 155 27 32 04 041 0.3 10 48 16 280 022 21
04 167 31 32 06 045 0.2 11 51 17 299 0.23 22
03 1.8 36 75 06 0.7t 0.3 10 56 2 374 043 20
05 1.61 33 32 06 045 0.3 11 53 18 290 0.20 2
06 1.60 34 31 05 042 0.3 10 50 16 2.87 0.22 2
05 153 35 30 05 040 03 9 49 15 270 0.21 20
Mean 034 163 3100 3663 054 046 029 1000 4963 1700 283 024 2075
Standard Deviation 019 0.15 417 1553 007 0.10 0.04 0.76 3.81 227 034 0.08 1.16
85% Confidence Limit  0.133 0105 2893 10.760 0.052 0.072 0024 0524 2644 1571 0239 0054 0807
Values Certified
by NRC 13 0.25 114 123 185
Lippm Mg% Mnppm Moppm Na% Nippm P% Pbppm Srppm Ti% Vppm Znppm
33 1.18 203 2 0.79 47 0.046 21 37 0.02 31 97
30 1.07 190 1 0.74 43  0.042 17 35 0.02 28 88
37 113 205 1 0.80 46  0.044 21 37 0.02 30 3
41 124 211 3 0.87 50 0.049 17 39 0.02 32 102
33 1.09 317 2 0.87 47 0.042 14 59 0.06 40 84
35 1.21 212 2 0.88 49  0.047 19 4 0.02 32 102
37 117 205 1 0.82 47  0.046 17 38 0.02 30 94
35 1.08 1988 1 0.78 43  0.042 17 36 0.02 29 88
Mean 3513 115 217.63 1.63 082 4850 004 1788 4013 003 3150 9350
Standard Deviation 331 0.06 40.76 0.74 0.05 2.51 0.00 2.36 7.79 0.01 3.70 8.63
95% Confidence Limit  2.286 0.044 28247 0516 0035 1737 0002 1633 5389 0010 2566 4597
Values Certified
by NRC 229 19! 55.3 27 o' 93.4 119

1 information value
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MAP PRODUCTION AND DATA HANDLING

Maps were drawn using the Transverse Mercator projection, with a central meridian of
123° 10°. The coastline and drainage were digitized from Canadian Hydrographic Service Map
L/C-3463, Strait of Georgia, Southern Portion, at a scale of 1:80,000. Digital bathymetry from
the Canadian Hydrographic Service’s Natural Resource Maps (NRM) 15792 and 15783
(1:250,000) was also integrated within the spatial database. The digital base for the index map
(Fig. 1) is a GSC modified 1:750,000 National Atlas Information Service Map provided by
Geomatics Canada.

Data for the study area were compiled using Microsoft Access relational database
software. Separate tables for the various analytical and location data sets were created. These
tables were linked through a primary site-id key. Data listings for all samples are presented in
Appendix A.

Statistics were generated for each element using SPSS software (Statistical Package for
the Social Sciences). Statistical summaries provided in Appendix C were generated using
software developed in the Applied Geochemistry and Geophysics Subdivision of the Geological
Survey of Canada. For computing purposes, analytical results less than detection were assigned
a value of half the determination limit. For samples with duplicate analyses, the analysis from
the first of each duplicate pair was plotted.

The element distribution and sample site maps were created using ArcInfo software. Site
specific location and analytical point data were transferred from the relational database into
Arclnfo point attribute tables. In order to partially automate the mapping process an ArcInfo
macro was written, prompting users to enter all variables necessary to create the element
distribution maps. The maps show percentile values of the data, and dots of increasing size that
correspond to relative concentrations of elements according to an exponential function. Different
functions were used (as shown beneath the percentile values on the right hand of each map) in
order to provide an appropriate visual impact. For output, ArcInfo map compositions were first
converted into graphics files and then converted to PostScript files. These were subsequently
printed at 600 dots per inch on a laser printer.
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marine muds) are quoted. In general, trace element concentrations are similar to, or less than
those in marine muds from around the world.

In order to assist the reader in synthesizing the many maps presented in this report in
Appendix A, several maps showing similar element distribution patterns have been
photographically reduced and presented as figures 3 - 8. The full page maps are reproduced in
Appendix A. Brief comments are provided alongside each of these figures in the following

pages.



Geochemistry of Marine Sediments, Strait of Georgia

21

Nd ppm 18 — North American shales

Sb ppm 0.7 0.592 Marine muds

Sc ppm 14 - North Pacific deep sea muds
Sm ppm 3.8 -— North American shales

Th ppm 5.7 -- Marine muds

U ppm 1.7 — Marine muds

Yb ppm 1.81 - North American shales

Zn ppm 120 1192 North Pacific deep sea muds

Determinations by ICP-ES

Ag ppm 0.4 0.18* 0.1-03 Clay-rich sediments

B ppm 25% — 230 - 2500 Saline clays

Be ppm 0.2 1.32 2.5 Deep sea muds

Cd ppm 0.2 0.252 0.24 Marine muds

Cu ppm 42 393 300 North Pacific deep sea muds

Li ppm 27 743 49 - 70 Pacific Ocean deep sea muds

Mo ppm 1.9% 4-18 Pacific Ocean deep sea muds

Ni ppm 39 44! Near-shore marine muds (world-wide)
Pb ppm 12 223 North Pacific muds

V ppm 50 127! 120 Deep sea sediments

Determinations by Miscellaneous Chemical Methods

Cop % 1.4 2.13 - Highly variable

Hg ppb 95 923 400 Shales

F ppm 579 - 200 - 400 Marine muds

S ppm 1724 1800° 1100 Marine muds (wide range in concentrations)

* Partial extraction
o Extracted from comprehensive summary of world literature published by Wedepohl (1969-1978)

' NRC marine sediment reference material ‘PACS-1’ - mud from Esquimalt Harbour
2 NRC marine sediment reference material ‘BCSS-1’ - mud from Baie des Chaleurs (Gulf of St. Lawrence)
*NRC marine sediment reference material ‘MESS-2’ - mud from the Beaufort Sea

Table 6: Comparison of median concentrations in muds from the Strait of Georgia with
muds from elsewhere in Canada (NRC Standard Reference Muds - column 3) and

marine muds from around the world
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GSC Open File 3052
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As Au Ba Br Ca Ce Co Cr Cs Bu Fe HE La Lu Na Nd Sb Se¢ Sm Ta Tb Th u Yb Zn

PPMm  ppb ppm  ppm ¥ ppm  ppm ppm ppm ppm % ppm ppm | ppm ppm  ppm bpm ppm ppm ppm ppm ppm ppm ppm ppm

Site 0.5 2 10 ks 0.5 3 1 1 0.5 0.01 0.05 0.5 0.1 0.05 10 5 0.1 0.1 0.1 0.5 0.5 0.1 0.2 0.05 20
1 8.3 <2 620 69 <0.5 42 16 93 2.2 1.14 4.07 3.6 23.3 0.27 22900 19 0.7 15.0 4.0 <0.5 <0.5 6.3 2.2 1.84 110
2 8.3 <2 490 84 1.5 43 16 94 3.0 0.78 4.13 3.6 22.1 r‘;.zz 23300 21 0.6 15.0 0 0.9 0.6 6.6 1.9 1.99 180
3 8.1 18 610 52 1.6 45 16 100 2.9 1.05 4.05 3.9 23.3 .33 20600 18 0.7 14.0 4.0 <0.5 <0.5 6.5 1 1.77 120
4 9.0 & 620 78 1.2 42 15 83 3.0 1.01 4.25 3.1 21.3 .33 21200 17 0.8 14.0 3.8 0.5 <0.5 1.2 1.86 140
5 7.3 18 610 55 1.7 44 i5 93 2.4 1.04 4.12 3.3 22.9 .28 21300 20 0.8 14.0 3.9 0.9 <0.5 6.0 1.8 1.77 73
6 9.7 5 450 88 <0.5 42 15 80 3.1 0.97 3.98 3.3 20.8 0.30 23700 18 0.9 14.0 3.7 0.8 <0.5 6.2 1.7 1.84 160
7 6.6 <l 500 48 <0.5 46 14 94 2.1 1.09 3.78 3.6 23.1 $‘28 20600 17 0.7 14.0 4.0 <0.5 0.6 6.3 1.8 1.77 64
8 9.2 <2 470 91 1.5 43 15 86 1.7 1.02 3.98 3.2 20.9 0.33 24400 14 0.7 15.0 7 <0.5 <0.5 6.0 1.9 1.83 97
9 10.0 15 580 80 1.7 42 16 88 3.0 1.08 3.98 3.7 21.6 4.29 23%00 18 0.7 15.0 3.9 <0.5 <0.5 6.1 1.7 1.65 68
10 5.6 <l 450 27 <0.5 31 11 69 2.5 0.79 2.76 2.6 16.5 Q.20 19300 11 0.6 11.0 2.7 1.3 <0.5 4.0 1.1 1.45 70

|

11 8.0 7 530 S8 1.2 40 14 86 2.2 0.98 3.79 3.2 21.3 d.ZS 21200 16 0.8 14.0 3.7 <0.5 <0.5 5.5 2.0 1.69 77
12 7.9 <l 430 78 1.9 39 15 tos1 0.7 1.06 3.83 3.3 19.8 4.26 22300 13 0.7 14.0 5 <0.5 <0.5 5.4 1.6 1.68 120
13 .7 ] 550 87 1.8 37 14 76 2.5 0.93 3.75 2.8 19.0 0.24 22500 17 0.6 14.0 3.4 <0.5 <0.5 5.3 1.2 1.76 160
14 8.8 6 580 100 1.8 37 15 75 2.2 1.01 3.78 3.0 19.6 0.23 24900 16 0.6 14.0 3.6 <0.5 <0.5 5.7 1.2 1.77 96
15 8.4 3 530 100 1.7 41 15 75 2.6 1.02 3.86 3.3 19.8 Q.25 24600 <5 0.7 14.0 3.6 <0.5 <0.5 5.7 2.1 1.85 130
16 7.7 <l 560 78 <0.5 37 14 73 2.0 .99 3.54 3.5 18.4 023 23900 18 0.7 13.0 3.4 <0.5 <0.5 4.9 1.6 1.67 130
17 7.0 <l 530 70 1.9 34 12 66 2.1 0.93 3.35 3.8 18.5 Q.26 22900 139 0.7 12.0 3.2 1.8 <0.5 5.4 1.7 1.52 89
18 7.0 <l 540 42 1.9 46 15 91 2.2 1.04 3.65 4.3 22.9 0.28 20500 15 0.7 14.0 3.9 <0.5 0.7 6.0 1.6 1.75 93
19 7.5 3 520 69 1.5 41 14 81 1.8 0.95 3.61 3.9 21.3 026 213900 19 0.4 13.0 3.6 <0.5 <0.5 5.5 1.5 1.79 96
20 10.0 4 490 70 1.8 44 14 90 2.5 6.98 3.94 3.8 22.0 0|26 23200 17 0.8 14.0 3.9 <0.5 <0.5 6.0 1.9 1.84 93
21 9.4 6 470 87 2.1 42 15 83 2.7 1.03 3.90 3.4 20.4 0.28 23000 15 0.8 12.0 3.7 <0.5 <0.5 5.9 1.8 1.78 130
22 9.6 4 530 83 1.7 42 15 87 2.9 1.02 3.96 3.6 20.7 o0l2s 21800 15 0.7 14.0 3.8 <0.5 <0.5 5.8 1.9 1.82 100
23 10.0 10 480 100 1.7 40 14 76 2.5 1.01 3.81 3.3 19.4 0.29 23300 16 0.7 14.0 3.5 <0.5 0.7 5.3 1.4 1.68 130
24 11.0 5 560 100 1.7 39 15 86 3.2 1.06 3.96 3.1 20.0 0!30 23900 17 0.7 14.0 3.6 <0.5 0.8 5.9 1.7 1.80 190
25 7.7 7 500 85 2.1 43 15 83 2.6 1.04 3.82 3.4 20.5 0!30 22800 15 0.6 14.0 3.8 <0.5 0.7 5.5 1.0 1.78 69
26 8.0 <l 470 76 1.9 39 14 80 2.4 1.02 3.58 3.2 19.7 0!30 21700 19 0.7 13.0 3.6 0.9 0.6 5.4 1.4 1.78 130
27 8.3 4 550 76 1.5 41 14 79 2.6 1.03 3.58 3.4 20.2 0J25 22100 16 0.8 13.0 3.6 <0.5 0.7 5 1.86 130
28 8.6 <l 500 85 1.9 41 15 84 2.8 0.93 3.70 3.6 20.6 0.)25 23200 17 0.7 14.0 3.8 <0.5 0.6 6.0 1.2 1.91 100
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30 9.5 4 480 93 <0.5 42 15 91 2.9 1.06 3.96 3.8 20.8 0,26 24100 14 0.6 15.0 3.8 <0.5 <0.5 5.9 1.8 1.97 170
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