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PRESIDENT'S MESSAGE TECHNICAL NOTE

Paul Taufen

Applying Geochemistry in a Rapidly
Changing Minerals Exploration World

My wife's brother lives in a small
farming community close to the demo-
graphic and geographic center of the
United States. Here one might think the
life style and economy would be indepen-
dent and isolated from what goes on in the
rest of the world. Not so. The town where
he lives has a tractor factory. Due to
anticipated demand for tractors in Russia, the small town is in
the process of doubling the size of the tractor factory, building
houses, and expanding schools to accommodate more workers.
A development on the other side of the world has caused a
significant change in the local economy and life style of a town
in a completely different country!

Like me, you may be struck by the rapid pace of worldwide
political and economic change> and like my brother in law, can
see the impact close to home in local neighborhoods and work
environments. Change in the minerals exploration industry
has been characterized by generally decreased funding re-
sources, while the obligations and requirements associated with
exploration programs have increased. With less money
available, minerals exploration groups need to do more in terms
of environmental management, community interaction, and
property permitting to maintain our ability to discover and
develop natural resources. Also, the capital investments
required to develop worthwhile mineral deposits are larger than
ever, and this places a premium on ensuring that there is high
integrity in the information used to make investment decisions.

What can we exploration geochemists do to contribute
effectively to exploration groups as resources shrink and more
needs to be done in these times of change?

Two things come immediately to mind:

1) Apply Environmental Geochemistry- In advanced explora-
tion projects, we can generate preliminary understanding
of the environmental geochemistry of exploration proper-
ties by assessing baseline levels of potentially toxic
elements, placing these in the context of "natural pollu-
tion" caused by ore deposits. This often is a logical and
simple extension of the exploration geochemistry surveys
already completed. We also can gain an early understand-
ing of potential acid rock drainage issues on exploration
properties by testing water quality early in the exploration
process, and assessing relative proportions of acid produc-
ing and acid neutralizing rocks in the local geologic
environment.

Continued on Page 2
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Introduction
Up to now a major shortcoming of regional geochemical

projects is that surveys have typically not crossed political
boundaries and consequently results are often not comparable over
country borders or, in some cases, within a single country. The
Baltic Soil Survey (BSS) project establishes, for the first time in
Europe, a directly comparable database of major and trace element
concentrations in soils. The database results from the multi-
element analysis of agricultural soil samples from 774 sites within
ten Northern European countries surrounding the Baltic Sea
(Belarus, Estonia, Finland, Germany, Latvia, Lithuania, Norway,
Poland, Russia, and Sweden). The sampling density is
approximately 1 site per 2500 km2 over an area of 1,800,000 km2

(Fig. 1 - see page 3). The minus-2 mm size sieved fraction (minus-
1 mm for Poland) was used for chemical analysis. The analytical

Continued on Page 3
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Information for Contributors to EXPLORE
Scope. This newsletter is the prime means of informal communication
among members of ihe Association of Exploration Geochemists, but has
limited distribution to non-members. EXPLORE is the chief source of
information on current and future activities sponsored by the Associa-
tion) and also disseminates technical information of interest to explora-
tion and environmental geochemists and analytical chemists. News notes
of members arc appropriate. We welcome short- to moderate-length tech-
nical articles on geochemical tools for exploration, concepts for finding
ore, mineral-related environmental geochemistry, new analytical meth-
ods recent deposit discoveries, or case histories. The goal of this news-
letter is communication among exploration geochemists, and to that end
we encourage papers on new methods and unconventional ideas that are
reasonably documented.

Formal. Manuscripts and short communications should be submitted in
electronic form to minimize errors and speed production. Files can be
transmitted on IBM-compatible 3.5 inch diskettes or attached to email.
Mosi popular text and graphics files can be accommodated. Figures and
photos can be transmitted in hard copy (which we will scan) or as high
quality digital files. Some issues are published with color pages for spe-
cial maps and figures which should be planned by early communication
with the editors.

Length: Technical communications can be up to approximately 1000
words, but special arrangements may be made for longer papers of special
interest. High quality figures, photos, and maps are welcome if they
present information effectively.

Quality: Suhmittals are reviewed and edited for content and style through
peer reviews. The intent is to improve clarity, not suppress unconven-
tional ideas. If time permits, the author will be shown changes to mate-
rial, by FAX or emai]. Time constraints do not allow author review of
galley proof from the printer.

All contributions should be submitted to Lloyd James by email
(l-njames@central.com) or regular mail to 7059 East Briarwood Drive,
Englewood, CO 80112, UjSA. Only in rare situations should FAX be sent
(303-741-5199).

Information for Advertisers
EXPLORE is the newsletter of the Association of Exploration Geochem-
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selected addresses from the rosters of other geoscience organizations, and
additional copies are distributed at key geoscience symposia. Approxi-
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EXPLORE is the most widely read newsletter in the world pertaining to
exploration geochemistry. Geochemical laboratories, drilling, survey and
sample collection, specialty geochemical services, consultants, environ-
mental, field supply, and computer and geoscience data services are just a
few of the areas available for advertisers. International as well as North
American vendors will find markets through EXPLORE.

The EXPLORE newsletter is produced on a volunteer basis by the AEG
membership and is a non-profit newsletter. The advertising rates are the
lowest feasible with a break-even objective. Color is charged on a cost
plus 10% basis. A discount of 15% is given to advertisers for an annual
commitment (four issues). All advertising must be camera-ready PMT,
negative or File on disk. Business card advertising is available for consult-
ants only*. Color separation and typesetting services are available through
our publisher, Vivian Heggie, Heggie Enterprises.
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President's Message
Continued from Page 1

2) Ensure Information Integrity- Exploration geochemists
can use our relatively advanced knowledge of sampling
theory and laboratory analysis to ensure representative,
accurate, and precise data are provided prior to large
investment decisions on exploration properties.

Attention in each of these areas provides appreciated
contributions by exploration geochemists to exploration teams,
environmental assessment teams, and investment groups. This
can actually expand the positive impact of exploration
geochemistry, even in a time of shrinking financial resources.

The times are changing, and no one is beyond the reach of
change. What we can do as geochemists is look for the ex-
panded opportunities to contribute that appear with the
changes, and identify where we can effectively help out!

Paul Taufen
Chief Geochemist
WMC Exploration
8008 E. Arapahoe Court 1110
Englewood, CO 80112 USA
TELE: 303-268-8321
FAX: 303-268-8375
Email: paul.taufen@zomc.com.au
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Technical Note
Continued from Page I

program covers more than 50 chemical elements and a
variety of different methods, giving total and partial
element concentrations. The randomised samples from all
countries were always analysed together in one laboratory
only for each set of parameters to guarantee comparable
results.

Exploration geochemists should be interested in large-
scale regional environmental studies for several reasons.
First, they create baseline knowledge about the variation
in background concentrations for a multitude of elements
over a large area. Second, low-density geochemical surveys
provide data on the distribution of geochemical provinces
and can be used to outline prospective ground for more
detailed follow-up, Finally, mining companies should be
interested in having the natural variation of element
concentrations documented for a large range of chemical
elements before moving into a new area. Detailed
information about the natural variability in geochemical
backgrounds is pertinent to a multitude of administrative
and legal issues. For example, the disposal of sewage sludge
from waste-water treatment plants is an increasing problem
in Europe and elsewhere. The sludge can be applied as soil
conditioner and fertiliser to agricultural soils if the
concentrations of potentially harmful elements in the soil
and in the sludge are lower than acceptable regulatory limits.
There is a general need for reliable baseline geochemical
data to establish such values. Sustainable long-term
management of environmental and mineral resources is
dependent upon a comprehensive and reliable database
(Darnley et al., 1995).

Materials and methods
After much discussion, it was decided to collect agricultural

soils over the whole survey area. The sampling density was one
site per 2500 km .̂ Two samples were collected at each site: topsoil
(ploughing layer, A -horizon) at a depth of 0-25 cm, and subsoil
(usually B-, BC- or C-horizon) at a depth of 50-75 cm. The samples
were 8-10 litres in volume each, composited from five to thirteen
subsamples over an area measuring 100 x 100 m.

Field equipment and sampling instructions were sent to all
participants from the Geological Survey of Norway (NGU). Thus
in most countries samples were collected using the same
equipment and technique. All samples were air dried and sieved
to minus-2 mm using nylon screening at NGU. Samples from
Poland and Sweden were splits of samples taken for different
projects carried out earlier. These samples were received dried
and sieved (the Polish samples were previously sieved at minus-1
mm). After randomisation and the insertion of a standard and
analytical duplicates, NGU delivered a split of all samples to the
Federal Institute for Geosciences and Natural Resources in
Hannover, Germany (BGR). These splits were milled in a disk
mill (agate vessel). Subsequently they were analysed as fused discs
by WD-XRF for 41 elements (Al, As, Ba, Bi, Ca, Ce, Cl, Co, Cr, Cs,
Cu, F, Fe, Ga, Hf, K, La, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, S, Sb,
Sc, Si, Sn, Sr, Ta, Th, Ti, U, V, W> Y, Zn and Zr) at BGR. A second
split of the samples was analysed at NGU following an ammonium
acetate extraction (buffered al pH 4.5) by TCP-AES (30 elements).
Presently all samples are being analysed at the Geological Survey
of Finland (GTK) by ICP-AES (33 elements) following an aqua
regia extraction. GTK will also analyse the milled samples after a

N
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Fig. 1 Location of the ten
participating countries in Northern
Europe. All sample sites are marked
by a gray +.
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The Baltic Soil Survey...
Continued from Page 3

total (multi-acid) extraction by ICP-MS
(ca. 40 elements). Loss-on-Ignition (LOI)
at different temperatures (450°C and
1100"C) and pH and electrical conductivity
in water extractions were determined as
additional parameters. Examples of
selected results from XRF analyses are
presented below.

Results
Analytical results for the major and

selected trace elements for the whole data
set are given in Table 1. Compared with
values published for world soils (data from
Reimann and Caritat, 1998), the Baltic soils
show lower values for AI2O3 CaO, Cr, Fe2O,
MgO, Sc, Sr, Ti, V, Zn and higher values
for SiO2. Already this result demonstrates
that soil background levels have to be
established for any one area under

Continued on Page 5

Element
AI2O3
Ba
CaO
Cr
Fe2O3
K2O
MgO
Mn
Na2O
P2Q5
•m
Rb
Sc
SiO2
Sr
Th
TiO2
V
Y
Zn
Zr
LOI

Unit
wt.-%
mg/kg
wt.-%
mg/kg
w(.-%
wt,-%
wt.-%
wt.-%
wt.-%
wl.-%
mg/kg
mg/kg
mg/kg
wl.-%
mg/kg
mg/kg
wt.-%
mg/kg
mg/kg
mg/kg
mg/kg
wt.-%

DL
0.05
2
0.01
3
0.01
0.01
0.01
0.001
0.01
0.001
4
2
2
0.1
2
5
0.001
5
3
3
3
0.01

TABLE
TOPSOIL (0-25 cm)
MIN
0.3
26
0.1
<3
0.26
0.02
<0.01
0.002
0.05
0.019
<4
<2
<2
1.37
10
<5
0.007
<5
<3
<3
<3
1.8

MAX
18.4
2007
20
614
12.82
4.19
4.9
0.277
4.3
0.953
85
194
36
94.7
667
22
1.664
258
47
264
665
97.2

1
SUBSOIL (50-75 cm)
MED
8.94
404
1.39
32
2.44
1.88
0.58
0.055
1.21
0.188
15
65
7
70.9
110
9
0.434
37
14
43
227
7.1

MED
10.4
419
1.45
36
2.81
2.05
0.78
0.052
1.43
0.111
12
67
8
72.4
107
9
0.456
43
16
39
219
3.6

world soil*
MIN
0.06
6
0.08
<3
0.05
<0.01
<0.01
<0.001
0.01
0-015
<4
<2
<2
<0.1
4
<5
0.001
<5
<3
<3
<3
0.57

MAX
19.6
2920
31
269
15.9
4.05
8.1
0.518
5.01
0.682
109
189
36
96.3
1048
27
1.890
259
51
327
632
99.6

MEfi
15.1
500
1.96
80
5
1.69
1.49
0.06,
1.35
0.17;
17
65
12
59.9
240
9.4
0.661
90
20
70
230
-

Table I: Minimum, maximum and median concentrations of selected elements in two layers of agricultural
soils from Northern Europe as analysed by WD-XRF on the <2 mm fraction. N= 774/773 (topsoil,
subsoil), DL: detection limit. World soil data as given in Reimann and Caritat, 1998.
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Fig. 2: Selected XY-diagrams showing the element concentrations in sub- and topsoil samples.
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The Baltic Soil Survey...
Continued from Page 4 0
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investigation, Using world soil or "Clarke
values" for comparison or decisions on
anthropogenic vs. geogenic element sources
may have little meaning.

When top and sub-layer samples are
compared most elements show a very good
correlation, with slightly higher values in
the subsoil samples (Table 1, Fig. 2). The
most prominent exception is P;O5 which is
enriched in the top-layer (Fig. 2). With
today's land use practice more phosphorus
is added to the surface soils via fertilizer and
sewage than is exported via harvesting. The
few other elements showing a slight
enrichment in the top-layer are Mn, Pb, Zn
and Zr. The samples deviating from the good
correlation in the diagram for A1;O3 (Fig. 2)
are all from Finland - here some very organic
rich soils (LOI up to >90%) are used for
agriculture. Zirconium (Zr) occurs
principally in the heavy resistant mineral
zircon (ZrSiO4). The slight enrichment of Zr
in topsoils (Fig. 2) can be explained by
weathering of less resistant minerals in the
topsoil and by wind erosion.

A comparison of analytical results
between the ten countries shows large
differences from country to country (Fig. 3)
- the most dramatic example is probably
shown in the boxplot for Na. The soils from
the northernmost part of the survey area
(Finland, Norway, Sweden, Russia) give
much higher values than those from the
other countries. One explanation may be
differences in weathering rates and soil age
from north to south, with the soils from the
northern countries still containing more
unweathered alkali-feldspars. Lead (Pb)
returned the highest values in the subsoils
from Sweden. This is caused by the relatively
high proportion of granitic rocks here (see
also maps for K and Pb - Fig. 4). If the ratio
Pb topsoil/subsoil is compared (Fig. 3) the
highest enrichment in the top-layer is found in §

Germany. This is indicative of leaded gasoline used z

in automobiles in Europe until very recently being the main
source of pollution to the top-layer of agricultural soils and not
long range atmospheric transport of industrial emissions. The
higher concentrations of Zn in Norway and Sweden can be
explained by the presence of some important ore fields (Bergslagen
and SJtjellefte districts, Juve 1997).

When mapping the analytical results, large-scale regional
distribution patterns emerge. Calcium (Ca) gives the best
reflection of regional geology (Fig. 4- see page 6). The Caledonian
Mountain Chain along the Norwegian coast is marked by high
values. The Fennoscandian Shield (most parts of Sweden and
Finland) mostly returns medium Ca-values (the noise in Finland
is related to the organic rich soils). The Northern European
Platform is clearly shown by low values, the exception being some
areas in the Baltic States, where the occurrence of limestone is
reflected by the highest Ca-values in the map. Potassium mirrors
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Fig. 3: Boxplots comparing element concentrations ofPb. Zn and Na in
subsoil, from the 10 participating countries. A line marks the median for
all countries. The upper right boxplot diagram shows the ratio ofPb in
top-jsubsoil. Here the line marks the ratio 1:1.

the distribution of granites and granitoid rocks, a pattern that is
also reflected in the Pb-map (Fig. 4). Important ore fields in
Norway and Sweden (Bergsiagen and Skjellefte districts, Juve
1997) can be seen in both the Pb and the Zn-map. The deposits
at the southern border of Poland are also clearly reflected.

Conclusions

The Baltic Soil Survey (BSS) establishes for the first time
baseline values for the chemical composition of agricultural soils
over a large area (1,800,000 km') in Northern Europe. It proves

Continued on Page 6
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T h e Baltic Soil Survey. . . Continued from Page 5
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Fig. 4: Geochemical maps for 4 selected elements (Ca. K, Pb and Zn) in the subsoils from, the survey area.


