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PRrovisioNAL ELEMENTAL VALUES FOR FOUR NEw GEOCHEMICAL SOIL AND
TiL Rererence MateriaLs, TILL-1, TILL-2, TILL-3 anp TILL-4*

John LYNCH

Mineral Resources Division, Minerals and Continental Geoscience Branch, Geological Survey of Canada,

601 Booth Street, Ottawa, Ontario, K1A 0E8 Canada

The collection and preparation of two soil reference
samples and two till reference samples are described.
Like their predecessors the LKSD series and the STSD
series, the TIL L series are characterized fortotal elements
and for elements derived by partial extractions.
Provisional data are presented for major, minor and
trace elements. In addition, information data from a
single source are provided for a number of elements
derived by EPA digestions 3050 and 3051; these data
allow a comparison with other partial extractions
reported herein.

Information values from single sources were reported by
Lynch (1) for TILL-1, TILL-2, TILL-3 and TILL-4. These
four samples, two soils and two tills, complete a series of
reference samples of surficial material originally intended
for quality control in geochemical exploration studies. Lake
sediment and stream sediment samples have beendescribed
previously (1).

The number of laboratories providing data for the TILL
series has been below expectation and hence the number of
determinations for some of the elements in the TILL series
is less than for the LKSD and STSD series.

Guidelines for collection and preparation of the TILL
series were as follows:
» Samples were to represent different geological areas of
Canada.
* The concentration gradients for Ag, As, Au, Co, Cu, Mo,
Ni, Rb, W and Zr were to be broadened beyond those of the
LKSD and STSD series. In most cases this represented a
modest increase in concentration levels for the TILL series.

* Geological Survey of Canada Contribution number
1996701

Highly anomalous samples were to be avoided, if possible.
¢ Like the sediment series, the TILL samples were to be
characterized for major element oxides, total elements and
elements by the analysis of partial extractions. The partial
extractions would be concentrated hydrochloric-
concentrated nitric acids and dilute hydrochloric-dilute
nitric acids.

SOIL AND TILL COLLECTION

For the two soil samples (TILL-1 and TILL-3), the
combined B and C horizons were collected using shovels.
TILL-1 was collected 25 kilometres north-west of Lanark,
Ontario; TILL-3 was collected 8 kilometres east of Cobalt,
Ontario. The two till samples (TILL-2 and TILL-4) were
collected near Scission’s Brook, New Brunswick. At this
location, extensive trenching had been done by the mining
company that owned the property in order to expose the till.
The company had obtained preliminary analyses of till
samples collected at various sites within the trenched areas.
These analyses were used as guidelines to sampling. The
sampling was done by shovelling. No effort was made to
collect any particular horizon. In order to augment the
molybdenum levels in one of the samples, a small quantity
of a molybdenite-bearing soil was collected near an old test
pit. Approximately 50 kg of this material were collected.
Sample collection locations are shown in Table A.

SOIL AND TILL PREPARATION

Each sample was dried and prepared separately. For
each sample, all of the collected material was spread to a
depth of 7.5 to 10 cm over a 6 mil (6/1000") polyethylene
sheet and allowed to dry for several weeks at room
temperature. Moist air was continually removed by the use
of fans. During the drying period, each sample was mixed
and agitated with a garden rake in order to speed up drying
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Table A. Sample collection locations

Sample NTS Location Enriched
Designations Elements
TILL-1 31F Joe Lake, Ontario Ay, Sb
TILL-2 21C 5 km West Scisson’s Brook, As, Cs, Cu, Li, Mo,
New Brunswick Sn, W
TILL-3 3IM O’Brien Mine, near Cobalt Ag, As, Au

Ontario

TILL-4 21C

Scisson’s Brook, New
Brunswick

As, Cs, Cu, Mo, Pb, W

31C Molybdenite occurrence

near Hull, Québec

and to remove rocks, twigs and leaves. When dry, each
sample was sieved through an 80-mesh (177 pm) screen.
The +80 mesh fraction was discarded. The -80 mesh fraction
was ball milled and sieved through a 200 mesh screen (74
pm). The oversize material from this sieving was retained,
ball milled and sieved a second time through the 200 mesh
screen. At this point, any oversize fraction (+200 mesh) was
discarded. The two -200 mesh fractions were combined and
tumbled as a single batch in a conical blender for eight
hours.

Homogeneity testing

A method described previously by Lynch (1) was
employed for homogeneity testing. No changes in the
methodology were made.

CHEMICAL CHARACTERIZATION

TILL-1, TILL-2, TILL-3 and TILL-4 were characterized
by the same method used for the LKSD and STSD samples.
Like the sediment series, only a limited number of
laboratories, in all 31 laboratories, submitted data for the
TILL series, and, hence, the assignment of certified values
for the elements is beyond the scope of this work.

The calculation of provisional values for the soil and till
reference materials series did not justify a rigorous statistical
treatment of the data. The two step trimming method
described by Lynch (1) for the LKSD and STSD series was
applied to the TILL series without modification.

COMPILED DATA

Provisional and informational values for TILL-1 to
TILL-4 are contained in Tables 1 to 10 and a summary of
them in Tables 11 to 14, with a page guide after each Table
number:

Table 1 (page 280). Major and minor elements expressed as
oxides of the element.

Table 2 (page 280). Summation of major and minor elements
expressed as oxides.

Table 3 (page 280). “Total” elements.

Table 4 (page 282). Summary of “total” values in TILL
series.

Table 5 (page 283). Elements derived from the analysis of
a partial extraction using concentrated nitric acid and
concentrated hydrochloric acid.

Table 6 (page 283). Summary of Table 5.

Table 7 (page 284). Elements derived from the analysis of
a partial extraction using dilute nitric acid and dilute
hydrochloric acid.

Table 8 (page 284). Summary of Table 7.

Table 9 (page 284). Elements derived by EPA method 3050.
These are informational only.



Table 10 (page 285). Elements derived by EPA method
3051. These are informational only.

Table 11 (page 285). Summary of all values, both provisional
and informational, for TILL-1.

Table 12 (page 285). Summary of all values, both provisional
and informational, for TILL-2.

Table 13 (page 285). Summary of all values, both provisional
and informational, for TILL-3.

Table 14 (page 286). Summary of all values, both provisional
and informational, for TILL4.

InTables 1, 3, 5and 7,

N =number of laboratories after outliers have been removed;
n = number of determinations after outliers have been
removed; X = mean; 0 = standard deviation.

Qualified = number of values reported below the detection
limit. If more than 50% of the values from a laboratory were
below the detection limit for a given element in a particular
sample, all of the values for that element in that sample were
deleted and did not appear in either of the last two columns.
If the qualified values were not deleted, they were set
arbitrarily to one half of the detection limit.

Outliers = values which were deleted by the two step
trimming method.

DATA EVALUATION

Forthe datain Tables 3, 5 and 7 there were norestrictions
placed onthe initial selection of data. The sources of data for
the major and minor elements expressed as oxides were
restricted to those laboratories who reported these elements
as a package. When major and minor element data were
acquired as part of a trace element package (e.g. Fe, Mn),
these data were excluded from the oxide compilation. If
warranted, a second compilation expressed as % or ppm
element involving the combined oxide and non-oxide data
was made. In Table 1, N and n appear incomplete for SiO2,
MnO and LOI (1000°C). Some of the laboratories providing
oxide data omitted data for the two elements and LOI
(1000°C) and hence N and n are low.

Two sets of informational values are contained in Tables
9 and 10. These data are from a single source and represent
single measurements, rather than averages of multiple
determinations. Hence they should be treated with discretion.
The data in Table 9 were obtained by decomposing the
sample by EPA method 3050. The data in Table 10 were
obtained by decomposing the sample by EPA method 3051.
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EPA method 3050 consists of heating a 1 gm sample with
15 mL concentrated HNO3 and 6 mL 30% H202 for four
hours at 100°C on a hot plate. After cooling, the resulting
solution is diluted to 50 mL for analysis by inductively
coupled plasma-emission spectroscopy.

EPA method 3051 consists of heating a 0.3 gm sample
with 10 mL concentrated HNO3 in a microwave oven at
high power (600 watts) for 15 minutes. After heating, the
sample solution is cooled and diluted to 50 mL and analysed
by ICP-ES.

FINAL REMARKS
Notes on sample collection

Inthe section “Guidelines for Collection and Preparation
of the TILL Series” it was stated that attempts would be
made to broaden the concentration gradients of a number of
elements. This objective was partially realized for As, Au,
Cu, Mo, Rb, W and Zr. Unfortunately there was very little
improvement for Ag, Co and Ni. In the case of TILL-1, a
detailed survey was done on the proposed site which was
adjacent to a gold occurrence. Analyses of many samples
from the site suggested that a value of 25 ppb Au should be
achievable. The provisional Au value for TILL-1 is 13 ppb;
collection of this sample introduced considerable dilution.
Attempting to target specific elemental concentrations for
bulk samples can be a difficult task.

Summary of “Total” elements methods
Solution Methods

Methods of dissolution involved HF-HNO3-HCIO4 or
HF-HNO3-HCI acid extraction or LiBO2/Li2B407 fusion
and subsequent dissolution in dilute HNQOs.

Methods of determination included

* atomic absorption spectroscopy (AAS)

» graphite furnace atomic absorption spectrometry (GF-
AAS)

¢ hydride atomic absorption spectrometry (HY-AAS)

« inductively coupled plasma-emission spectrometry (ICP-
ES)

¢ inductively coupled plasma-mass spectrometry (ICP-MS).

Data for some elements measured by solution methods
involving HF and mineral acids exhibited a negative bias
when compared to data obtained by borate fusion solution
methodology ornonsolution methodology. Elements which

Text continues on page 286
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Table 1. Major and Minor Elements (%)

El./sample N n X o Qual. Outliers
SiO2mL1 8 29 60.9 0.2 0 4
Si0mn-2 7 29 60.8 0.2 0 3
SiorL-3 7 26 69.1 0.3 0 6
SiortL4 7 31 65.0 04 0 1
ARO3muL-1 10 40 13.7 0.1 0 9
ARO3TILL-2 9 39 16.0 0.1 0 9
AROIMILL-3 9 41 12.2 0.1 0 8
Al203mIL4 9 41 14.4 0.2 0 8
FeO3(TYTILL-1 10 40 682 020 0 0
FO3(TyTILL-2 9 37 539 019 0 3
Fe2O3 (TVTILL-3 10 48 392 012 o 2
Fe203 (TYTILL-4 10 49 563 021 0 1
MgOmiLL-1 9 46 2.15 0.07 0 4
MgOmILL-2 9 47 183 006 O 3
MgOmL-3 9 43 1.71 0.05 0 7
MgOmTiLL4 9 44 1.26 0.04 0 6
CaOmLL-1 10 56 2.72 0.10 0 4
CaOmmL-2 10 58 127 007 O 2
CaOmnL-3 10 57 2.63 0.10 0 3
CaOrmmLL4 11 59 125 005 O 1
Na20OmILL-1 10 54 271 0.10 0 6
Na20rmuL-2 10 52 219 017 0 8
Na2OmiLL-3 10 54 264 011 0 6
Na20/TL-4 10 53 2.46 0.11 0 7
K20mL-1 11 59 2.22 0.10 0 1
K2OmL-2 11 58 3.07 0.12 0 2
K20mii-3 11 56 242 010 O 4
K20mmL4 11 57 3.25 0.12 0 3
MnOmiLL-1 7 28 0.18 0.01 0 0
MnOTILL-2 7 26 0.10 0.00 0 2
MnOmILL-3 7 28 006 001 O 0
MnOmiL-4 7 28 006 000 O 0
TiOvme-1 11 57 098 004 O 1
TiO2TL-2 10 56 088 003 O 2
TiOvmL-3 10 52 049 002 O 6
TiOvTILL-4 11 58 0.81 0.03 0 0
P20smL-1 9 53 022 001 O 6
P205mL-2 9 52 017 002 O 7
P205MILL-3 8 53 011 001 O 6
P205smL-4 9 53 020 001 O 6
LOI (1000°C)

LOITILL-1 5 29 73 0.2 0 1
LOImILL-2 5 30 8.1 0.3 0 0
LOITILL-3 5 30 4.6 0.2 0 0
LOITILL-4 5 30 5.7 0.2 0 0

Table 2. Summation of major and minor elements expressed
as oxides (%)

TILL-1 TILL-2 TILL-3 TILL-4
SiO2 60.9 60.8 69.1 65.0
ARO3 13.7 16.0 12.2 144
Fe203 (T) 6.82 539 3.92 5.63
MgO 2.15 1.83 1.7 1.26
CaO 272 1.27 2.63 1.25
Na20 2.1 2.19 2.64 2.46
K20 2.22 3.07 242 3.25
MnO 0.18 0.10 0.06 0.06
TiO2 0.98 0.88 0.49 0.81
P20s5 0.22 0.17 0.11 0.20
LOI(1000°C) 7.3 8.1 4.6 5.7
Sum 99.90 99.80 99.88 100.02

Table 3. “Total” elements (ppm)

El./sample N n X o Qual. Outliers
As/TILL-1 7 58 18 1 0 0
AS/TILL-2 7 59 26 2 0 1
As/TILL-3 6 49 87 4 0 3
AsTILL-4 5 5 111 6 0 4
Au (ppb)

AwTILL-1 9 65 13 4 0 7
AwTILL-2 7 52 2 2 14 6
AwTILL-3 9 65 6 4 7 4
Au/TILL4 9 7 5 3 11 3
Ba/TILL-1 16 121 702 59 0 15
Ba/TILL-2 17 134 540 56 0 4
BaTILL-3 16 117 489 36 0 12
Ba/TILL-4 17 132 395 37 0 9
Be/TiiL-1 4 26 24 0.6 0 1
Be/TILL-2 5 28 4.0 0.5 0 0
Be/TILL-3 4 27 20 05 O 0
Be/TILL4 4 27 37 0.5 0 0
Bi/TILL-1 4 25 <5 - 19 -
Bi/TILL-2 4 25 <5 - 17 -
BiTILL-3 4 25 <5 - 20 -
BimiLL-4 3 23 40 3 0 2
Br/TIiL-1 5 44 6.4 0.6 0 3
Br/TILL-2 5 49 12.2 1.1 0 0
Br/TILL-3 5 40 45 0.5 0 1
Br/TiLL-4 5 51 8.6 0.9 0 1
Ce/TILL-1 11 75 71 6 0 10
Ce/TILL-2 1 79 98 7 0 8
Ce/TILL-3 11 74 42 5 0 5
CertiLL-4 11 81 78 7 0 9
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Table 3 (cont'd). “Total” elements (ppm) Table 3 (cont'd). “Total” elements (ppm)
El./sample N n X 6 Qual. Outliers El./sample N n X 6  Qual. Outliers
Comi-1 13 95 18 2 0 13 Lumi-1 4 39 06 01 1 4
Comir-2 13 96 15 2 (i} 10 Lumi2 3 35 06 02 O 0
Comii-3 13 96 15 2 ()} 6 Lummi-3 3 30 02 01 6 0
ComL4 13 94 8 2 3 15 LumiL4 4 48 05 02 4 0
Crme-1 10 58 65 6 0 7 MnTiL-l 10 46 1420 75 0 5
Crame-2 10 61 74 8 0 6 MnmL-2 8 42 780 28 0 8
Cr/mLL-3 10 56 123 14 0 4 Mn/TILL-3 9 45 520 39 0 6
Cr/TILL-4 10 66 53 10 0 4 Mn/TILL-4 9 45 490 30 0 6
Cs/ILL-1 4 36 10 02 O 1 Momiil 6 53 2 1 9 1
Cs/TILL-2 7 57 12 1 0 3 Mo/TILL-2 9 4 14 2 0 1
Cs/MILL-3 5 41 1.7 04 0 1 Mo/TILL-3 5 38 2 1 6 0
CsImiLL-4 7 59 12 1 0 4 Mo/TILL-4 9 77 16 2 0 1
Cumir-1 9 48 47 4 0 5 NbmLL-1 6 37 10 2 0 1
CumLL2 9 52 150 10 ) 0 NbTIL2 6 36 20 2 0 2
Cumui3 9 49 22 5 0 4 Nb/TILI
C 4 9 53 237 1 ()} 0 3 6 36 ! 2 ! 2
u TLL 7 NbTILL4 5 35 15 2 0 1
EwTILL-1 7 50 13 05 9 1 NdILY @ 3 14 26 ) 0 0
EwtniL2 7 53 10 05 20 0
NdmL2 3 14 36 3 0 0
BwToL-3 6 35 <10 - 23 - 16 1
Bwtiid4 7 56 <10 - 32 - Ndmi-3 - 313 0
NdmLL4 3 14 30 2 (i} 0
g“ TILL-1 2 4 36 05 0 0 Ni/TILL-1 9 57 24 4 0 4
L2 2 4 37 06 O 0 L
ErmiL3 2 4 4 01 o o Ni/TILL-2 9 53 32 3 0 7
Ermui-4 2 4 32 01 0 0 NimLe-3 9 52 39 7 0 9
Ni/TILL-4 9 57 17 3 0 4
Fe (%) P 10 60 930 60 0 9
Femii-1 17 98 481 022 0 9 /TILL-L
FeriL2 16 97 38 017 0 12 Pmui2 10 62 750 8 0 7
FemLL-3 17 88 278 012 0 13 P/TILL-3 9 62 40 40 0 7
FernL4 17 105 397 019 0 7 PrriLL-4 9 6 80 50 0 9
HfrriL-1 8 62 13 1 0 3 Phmi-1 9 46 22 3 0 6
HfTLL2 8 66 11 1 0 1 P2 9 50 31 3 0 2
Hf/TILL-3 8 58 8 2 0 1 PWTILL-3 8 49 26 3 0 3
HETILL4 8 69 10 1 0 1 Pb/TiLL-4 9 48 50 4 0 4
La/TILL-1 14 100 28 2 0 8 Rve-1 10 86 44 6 0 4
LaTmL-2 14 101 44 4 0 9 RbroL2 10 81 143 12 (] 11
LaTL-3 14 96 21 2 (i} 6 RbTILL-3 10 87 55 7 () 7
Lami4 14 108 41 4 (] 5 RbrLL-4 10 86 161 15 0 9
Li/TiLL-1 5 35 15 1 (] 0 S (%)
LifmLL-2 5 35 47 4 (] 0 SAILL-1 3 14 <005 - 11 -
LirrmL-3 5 32 21 2 ()} 3 S/MILL-2 3 14 <005 - 11 -
LiTILL4 4 34 30 3 0 1 SILL-3 3 14 <005 - 14 -
SMILL-4 2 13 008 001 0O 1
LOI (500°C) (%)
LoymL-1 3 27 63 05 0 1 SbrrILL-1 6 48 78 05 0 0
LolmL2 3 26 68 05 0 2 Sb/TILL-2 5 46 08 01 0 3
LolmiL-3 3 25 36 04 O 3 Sb/TILL-3 5 41 09 o1 O 0
Lormi4 3 26 44 03 O 2 ShTILL-4 6 48 10 o1 0O 5
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Table 3 (cont'd). “Total” elements (ppm)

El./sample

Scmir-1
Sc/miLL-2
Sc/TILL-3
ScTiLL-4

SnmvTILL-1
SmvTILL-2
Sm/TILL-3
SnvTILL-4

SoTILL-1
SrTILL-2
Sr/TILL-3
SrmLL-4

TamiLL-1
TaTILL-2
Ta/TILL-3
Ta/TILL-4

Th/TILL-1
T/TILL-2
THTILL-3
THTILL-4

Th/TILL-1
Th/TL-2
TTILL-3
Th/TILL-4

Ti /mILL-1
Ti /TILL-2
Ti /rLL-3
Ti /TiLL-4

UILL-1
UMILL-2
UrMILL-3
UmLL-4

VITILL-1
VILL-2
V/TILL-3
VmiLL-4

WITILL-1
WmILL-2
W/TILL-3
W/TILL-4

Y/LL-1
YMILL-2
YmL-3
YmiL-4

YbrriL-1

[ - WV - N =20 -3 - -] NN~~~ o0 0 0 ®
QA h
Bagg

AN

45
50
42
48

61
65
61

47
47
41
52

48
48
42
53

58
67
55

54
56
52
51

53
58
49
65

72
70
69
70

48
49
42
81

34
36
36
35

52

X

13
12
10
10

5.9
74
33
6.1

291
144
300
109

0.7
1.9
<0.5
1.6

1.1
1.2
<0.5
1.1

5.6
184

4.6
174

38

17
33

39

4]

N ]

0.6
03
04

10

12
11

0.1
0.2

0.2

0.2
0.2

0.2

0.5
14
04
14

210
190

130

0.3
04
0.2
0.5

10
10

.-,

W Wwhh

Qual. OQutliers
0 0
0 2
0 3
0 0
0 6
0 3
0 3
0 8
0 8
0 4
0 8
0 5
0 1
0 3

19 -
0 1
0 0
0 2

30 -
0 0
0 10
0 3
2 7
0 3
0 4
0 2
0 6
0 7
0 5
0 12
0 3
0 8
0 0
0 2
0 3
0 2

40 0
0 1

36 0
0 2
0 3
0 1
0 0
0 2
0 2

Table 3 (cont'd). “Total” elements (ppm)

El./sample

Yb/TILL-2
Yb/TILL-3
YbmiL-4

Zn/mILL-1
Zo/TILL-2
ZoTiLL-3
ZnTILL-4

Zo/TILL-1
Zy/TILL-2
ZrmiLL-3
ZrL-4

N
8
5
8
12
12
11
12
1

1
9
9
8

55
20
55

c

Qual. Outliers
0 1
0 0
1 4
0 4
0 8
0 5
0 6
0 11
2 9
3 12
5 9

Table 4. Summary of “Total” elements in TILL series (in
ppm unless otherwise noted)

TILL-1
As 18
Au (ppb) 13
Ba 702
Be 24
Bi <5
Br 64
Ce 71
Co 18
Cr 65
Cs 1.0
Cu 47
Eu 1.3
Er 36
Fe (%) 481
Hf 13
La 28
Li 15
LOI(500°C)% 6.3
Lu 0.6
Mn 1420
Mo 2
Nb 10
Nd 26
Ni 24
P 930
Pb 22
Rb 44
S (%) <0.05
Sb 78
Sc 13
Sm 59
Sr 291
Ta 0.7
Tb 1.1

TILL-2

26
2
540
4.0
<5
12.2
98
15
74
12.
150
1.0
3.7
3.84
1
4
47
6.8
0.6
780
14
20
36
32
750
31
143
<0.05
08
12
74
144
1.9
1.2

TILL-3

87
6
489
20
<5
4.5
42
15
123
1.7
22
<1.0
1.4
2.78
8
21
21
3.6
0.2
520
2
7
16
39
490
26
55
<0.05
0.9
10
33
300
<0.5
<0.5

TILL-4

111
5
395
3.7
40
8.6
8
8
53
12
237
<1.0
32
397
10
41
30
44
0.5
490
16
15
30
17
880
50
161
0.08
1.0
10
6.1
109
1.6
1.1
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Table 4 (cont'd). Summary of “Total” elements in TILL Table 5 (cont'd). Partial extraction elements; concentrated
series (in ppm unless otherwise noted) HNO3-concentrated HCI (in ppm unless otherwise noted)
TILL-1 TILL-2 TILL-3 TILL4 El./sample N n b3 o Qual. Outliers
Th 56 184 4.6 174 Fe (%)
Ti 5990 5300 2910 4840 Fe rTILL-1 5 43 31 0.2 0 1
0) 22 5.7 21 50 Fe /TILL-2 5 45 32 0.2 0 0
\'/ 9 71 62 67 Fe /mILL-3 5 39 20 0.1 0 5
w <1 5 <1 204 Fe /TILL4 5 43 33 0.2 0 1
Y 38 40 17 33
Yb 39 37 1.5 34 Hg (ppb)
Zn 98 130 56 70 Hg/TILL-1 4 31 92 11 0 3
Zr 502 390 230 385 Hg/mLL-2 4 32 74 13 0 2
Hg/miLL-3 4 133 107 15 0 1
] Hg/rr-4 4 34 39 12 0 0
Table 5. Partial extraction elements (ppm); concentrated Momii-l - 4 35 950 70 0 5
HNO3 -concentrated HCI (in ppm unless otherwise noted) MnTILL-2 4 40 530 80 0 1
Mw/TILL-3 4 40 310 40 0 0
El/sample N n X G Qual. Outliers MnTLL-4 4 40 260 40 0 0
Agmi-1 4 28 02 01 6 0 MomiL-1 7 60 < - -
AgmiL2 S5 29 02 01 10 0 Mommi-2 8 60 11 2 0 Y
AgmiL-3 7 47 16 02 0 4 Momr-3 7 59 < - 8 -
Ag/TILL-4 4 28 <02 - 19 - Mo/TiLL-4 8 58 14 1 0 3
AsTILL-1 6 136 13 4 0 3 NVTILL-1 9 65 18 2 0 2
As/TILL-2 6 39 22 11 0 0 Ni/TILL-2 9 66 31 3 0 2
As/TILL-3 6 39 84 12 0 0 NVTILL-3 9 67 32 3 0 0
AsTiLL-4 6 39 102 13 0 0 Ni/TILL4 9 66 15 2 0 1
Ba/TiLL-1 4 22 84 6 0 0 Pb/TILL-1 7 49 12 1 0 0
Ba/TILL-2 4 22 95 7 0 1 Pb/TILL-2 7 49 21 2 0 1
BamILL-3 4 18 43 2 0 4 Pb/TILL-3 7 48 16 1 0 1
BarriLL-4 4 20 71 4 0 2 Pb/TILL4 7 49 36 3 0 0
Bi miLL-1 3 18 <3 - 9 - V/TILL-1 9 68 48 8 0 0
Bimui-2 4 17 4 2 3 2 V/TILL-2 9 65 38 4 0 4
Bi rriLL-3 3 18 <3 - 14 - V/TILL-3 9 68 33 5 0 i
Bi /L4 4 18 44 4 0 1 V/ITILL-4 9 64 38 4 0 5
Cd/TILL-2 3 24 0.3 0.2 7 0
Zn /TILL-2 7 51 116 6 0 5
CdriLL-3 3 24 <0.2 - 14 -
Cdmii4 3 24 <02 14 Zomu3 7 54 43 3 0 !
’ B - Zn L4 7 55 63 6 0 0
Co /miLL-1 8 53 12 1 0 6
Co /TILL-2 8 53 13 1 0 7
Co /TLL-3 . .
Cz TILL4 g gg ! é ; g ; Table 6. Summary of partial extraction elements;
concentrated HNO3-concentrated HCl (in ppm unless
Crmt 4 17 30 3 0 0 otherwise noted)
Cr/TILL-2 4 18 40 3 0 0
Cr/TILL-3 4 17 73 8 0 0 TILL-1 TILL-2 TILL-3 THLL4
Cr/TiLL4 4 17 26 2 0 0
Ag 0.2 0.2 1.6 <0.2
CumiLL-1 7 52 48 2 0 6 As 13 22 84 102
Cu/TILL-2 7 56 149 8 0 3 Ba 84 95 43 71
CuwriLL-3 7 56 23 1 0 2 Bi <3 4 <3 44
CwTLL-4 7 56 254 15 0 2 Cd <0.2 0.3 <0.2 <0.2
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Table 6 (cont'd). Summary of partial extraction elements;
concentrated HNO3-concentrated HCl (in ppm unless

Table 7 (cont'd). Partial extraction elements; dilute HNO3-
dilute HCI (in ppm unless otherwise noted)

otherwise noted)

El./sample N n X 6  Qual. Outliers

TILL-1 TILL-2 TILL-3 TILL-4

PbmILL-1 5 46 14 3 0 4
Co 12 13 11 6 Pb /TILL-2 5 50 24 4 0 0
Cr 30 40 73 26 Pb rmiLL-3 5 49 17 3 0 1
Cu 48 149 23 254 Pb/mLL4 5 48 37 5 0 2
Fe (%) 3.1 32 20 33
Hg (ppb) 92 74 107 39 ZnmLL-1 5 50 71 5 0 0
Mn 950 530 310 260 Zn/TILL-2 5 48 116 7 0 2
Mo < 11 <2 14 ZwTILL-3 5 49 43 5 0 1
Ni 18 31 32 15 ZnmL-4 5 48 62 4 0 2
Pb 12 21 16 36
v 48 38 33 38
Zn 70 116 43 63

Table 7. Partial extraction elements; dilute HNO3-dilute

HClI (in ppm unless otherwise noted)

El./sample N

Ag/TILL-1
Ag/TILL-2
Ag/TILL-3
Ag/TILL-4

h L

CormiLL-1
Co/TILL-2
Co/TiLL-3
CoTILL-4

(7 Y WV Y}

CuwTILL-1
Cu/TILL-2
CwTILL-3
CwTILL-4

SN

Fe (%)

Fe/Tii-1
Fe/TILL-2
Fe/TiLL-3
Fe/TILL-4

W W ww

Muo/TILL-1
Mn/TILL-2
Mn/TILL-3
Mn/TILL-4

W W W W

Mo/TILL-1
Mo/TILL-2
Mo/TiLL-3
Mo/TiLL-4

W Wwww

Ni /riL-1
Ni /miLL-2
Ni /TILL-3
Ni /TILL-4

(L WY WV Y.}

50
50
49
50

50
50
50
50

37
39
40
37

x

<0.2
<0.2

14
<0.2

12
12
10

6

49
152
23
252

34
34
22
35

1020
570
310
260

13
15
17
30

32
14

o

0.2

[ S S

N =N

O e O

NWWN

Qual. Outliers
5 -
4 -
0 1
7 -
0 0
0 0
0 0
0 0
0 3
0 1
0 0
0 3
0 0
0 0
0 0
0 0
0 1
0 0
0 2
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1
0 1

Table 8. Summary of partial extraction elements; dilute
HNO3-dilute HCI (in ppm unless otherwise noted)

Ag
Co

Cu

Fe (%)
Mn
Mo

Ni

Pb

TILL-1

<0.2
12
49

34
1020

17
14
71

TILL-2

<0.2
12
152

34
570
13
30
24
116

TILL-3

1.4
10
23

22

310

1
32
17
43

TILL4

<0.2
6
252

35
260
15
14
37
62

Table 9 . EPA 3050 Digestion - ICP-ES Analysis (all values

in ppm)
Element

Al
Ba
Be
Cd
Ca
Cr
Cu
Fe
Pb
Mg
Mn
Mo
Ni
P
K
Na
\'/
Zn
Co

TILL -1

18883
84.3
1.1
<0.33
4145
29.3
440
29167
240
6250
1060
8.7
140
915
1188
530
89
65.2
11.7

TILL -2

32600
104.6
2.1
<0.33
1940
39.3
162
33967
357
7547
601
18.7
275
856
4355
527
107.2
111.0
125

TILL-3

10750
46.4
0.8

<0.33

6240
66.7
17.6

19900
240
6510
294
5.0
280
470
1220
336
71.6
425
10.2

TILL -4

25200
75.1
1.6
<0.33
1438
258
266
32533
50.0
5470
243
20.7
11.0
1150
3915
313
829
59.0
58
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Table 10. EPA 3051 Digestion - ICP-ES Analysis (all values

in ppm)
Element

Al
Ba
Be
Cd
Ca
Cr
Cu
Fe
Pb
Mg
Mn
Mo
Ni
P
K
Na
\'
Zn
Co

TILL-1

18050
718
<0.2
<0.35

3817
29.3
4.8
37900
<100
6990
1060
<25
18.7
834
640
575
70
69.8
123

TILL-2

27550
60.8
1.7
<03
1640
34.7
176
38600
315
8525
588
<1.7
29.5
540
3370
450
111.2
112.7
155

TILL-3 TILL 4
12000 20400
49.2 102
<0.2 <0.2
<0.35 <0.3
5660 1565
64.7 243
16.5 332
21000 40500
23 42
7445 5570
317 280
6.0 22.5
26.5 11.0
457 1260
964 3115
427 485
66.1 88.0
4.7 57.6
14.8 8.1

Table 11. TILL-1. Summary of total and partial extraction
values (all values are in ppm unless otherwise noted)

Element Total Conc. Dilute EPA EPA
HNO3-HCl HNO3-HC1 3050 3051
Ag - 0.2 <0.2 - -
Al (%) 73 - - 1.89 1.80
As 18 13 - - -
Ba 702 84 - 84.3 718
Be 24 - - 1.1 <0.2
Bi <5 <3 - - -
Ca (%) 1.94 - - 041 0.38
Cd - <0.2 - <0.33
<0.35
Co 18 12 12 11.7 12.3
Cr 65 30 - 29.3 29.3
Cu 47 48 49 44.0 44.8
Fe (%) 4.77 3.1 34 292 3.79
K (%) 1.84 - - 0.12 0.06
Mg (%) 1.30 - - 0.62 0.70
Mn 1420 950 1020 1060
1060
Mo 2 <2 1 8.7 5
Na (%) 2.01 - - 0.05 0.06
Ni 24 18 17 14 18.7
P 930 - - 915 834
Pb 22 12 14 24 <10
v 99 48 - 89 70
Zn 98 70 71 65.2 69.8

Table 12. TILL-2. Summary of total and partial extraction
values (all values are in ppm unless otherwise noted)

Element

Ag
Al (%)
As
Ba
Be
Bi
Ca (%)
Cd
Co

Total

8.5
26
540
40
<5
091
15
74
150
3.77
2.55
1.10
780
14
1.62
32
750
31
77
130

Conc.

Dilute

EPA

HNO3-HCl HNO3-HCl 3050

0.2
22
95

4

03
13
40
149

3.2

530
11
31
21
38

116

<0.2

152
34

570
13

30

24

116

3.26

104.6
21

0.19
<0.33
12.5
39.3
162
34
0.44
0.75
601
18.7
0.05
215
856
35.7
107.2
111.0

EPA
3051

2.76

60.8
1.7

0.16
<0.3
15.5
34.7
176
3.86
0.34
0.85
588
<1.7
0.04
29.5
540
31.5
111.2
112.7

e ]

Table 13. TILL-3. Summary of total and partial extraction
values (all values are in ppm unless otherwise noted)

Element

Ag
Al (%)
As
Ba
Be
Bi
Ca (%)
Cd
Co

Total

6.5
87
489

2.0

Conc.

1.6
84
43

<3
<0.2
11
73
23

Dilute
HNO3-HC1I HNO3-HCl1

EPA
3050

1.08
46.4
08
0.62
<0.33
10.2
66.7
17.6
1.99
0.12
0.65
294
5
0.03
28.0
470
24
71.6
4.5

EPA
3051

1.20

49.2
<0.2

0.57
<0.35
14.8
64.7
16.5
2.10
0.10
0.74
317
6.0
0.04
26.5
457
23
66.1
42.7
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Table 14. TILL-4. Summary of total and partial extraction
values (all values are in ppm unless otherwise noted)

Element Total Conc. Dilute EPA EPA
HNO3-HCl HNO3-HCI 3050 3051
Ag - <0.2 <0.2 - -
Al (%) 1.6 - - 2.52 204
As 111 102 - - -
Ba 395 71 - 75.1 102
Be 37 - - 1.6 <0.2
Bi 40 44 - - -
Ca (%) 0.89 - - 0.14 0.16
Cd - <02 - <0.33 <03
Co 8 6 6 58 8.1
Cr 53 26 - 25.8 24.3
Cu 237 254 252 266 332
Fe (%) 394 33 35 3.25 4.05
K (%) 2.70 - - 0.39 0.31
Mg (%) 0.76 - - 0.55 0.56
Mn 490 260 260 243 280
Mo 16 14 15 20.7 22.5
Na (%) 1.83 - - 0.03 0.05
Ni 17 15 14 11.0 11.0
P 880 - - 1150
1260
Pb 50 36 37 50 42
A" 67 38 - 829 88.0
Zn 70 63 62 59.0 57.6

exhibited this bias included Cr, Y, Zr and the rare earth
elements Tb, Er, Yb, Lu. These types of low recovery using
HF and mineral acids have been reported elsewhere by Hall
and Plant (2), Reeves and Brooks (3), Dolezal et al., (4) and
Fletcher (5). Hence data for these seven elements which had
been obtained by solution methods involving HF and mineral
acids were not included in the calculations of provisional
values.

Non-solution methods

These methods included
* instrumental neutron activation analyses (INAA)
* peutron activation analysis - delayed neutron counting
(INA-DNC)
* X-ray fluorescence (XRF)
* gravimetric analysis.

Summary of methods for partial extraction elements
Concentrated HNO3 - concentrated HCI

In most instances, a 1 gram sample was reacted with a
mixture of 3 parts HNO3 and 1 part HCl. (Lefort Aqua

Regia). Three laboratories used the same sample weight
with the reverse ratio of HNO3 and HCl. The room
temperature contact time was frequently overnight and the
heating time at 90°C varied from 2 to 4 hours.

Dilute HNO3 - dilute HCI

Two laboratories used a mixture consisting of 6M HCl -
2.7M HNO:3. Two other laboratories used a mixture which
was 4M HNOs - 1 M HCI. One laboratory used a solution
which was 3M HNO3 - 5SM HCl. Sample weights were
either 0.5 g or 1.0 g and heating times varied from 1 to 3
hours.

The methods of determination for the concentrated HNO3
- HCl extractions included AAS, ICP-ES, HY AAS and
cold vapour AAS (for Hg). For the dilute HNO3 - HCl1
extractions, only AAS and ICP-ES methods were employed.

EPA Digestion 3050 and 3051

Tables 9 and 10 contain data for 19 elements obtained by
these two different EPA decompositions. These data are
reported mainly to illustrate the fact that different partial
extractions produce different levels of efficiency when
compared to total values (e.g. Al, K, V). In other instances
essentially the same values are reported for the four samples
regardless of what partial extraction is used (e.g. Ba, Cu,
Co, Zn). In practice, different decompositions will require
specific certification programmes.

Future work

Provisional data for a large number of elements in TILL-
1, TILL-2, TILL-3 and TILL-4 have been calculated. These
data complement similar data published previously for
LKSD-1, LKSD-2, LKSD-3, LKSD-4. STSD-1, STSD-2,
STSD-3 and STSD-4. Future work should be focused onthe
acquisition of quality data in sufficient quantity that a
substantial number of elements may be certified for all three
sets of reference samples. Certification related to extractions
useful for environmental studies might also be considered.
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RESUME

Le préltvement et la préparation de deux échantillons
de référence de sol et de deux échantillons de référence
de moraine (till) sont décrits. Comme leurs
prédécesseurs, les séries LKSD et STSD, la série TILL
est caractérisée pour des éléments totaux et des éléments
obtenus par extraction partielle. Des valeurs provisoires
sont présentées pour les éléments majeurs, mineurs et
en traces. De plus, des données obtenues par une seule
source sont fournies pour un certain nombre d'éléments
obtenus selon les protocoles de digestion EPA 3050 et
3051; ces données permettent une comparaison avec les
autres données d'extractions partielles présentées dans
ce rapport.
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