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Hydrogeochemical surveys in

with REEs in lake waters.
A major component of the research carried out in the past

several years by the Analytical Methods Development
Section at the Geological Survey of Canada (GSC) has
focused on the design and implementation of cost-effective
methods to determine trace and ultra-trace elements at their
"natural" (anthropogenic) levels in surface waters. Currently
thousands of lake and stream sediments and their
corresponding waters are collected across Canada under the
federal-provincial National Geochemical Reconnaissance
(NGR) Program in support of the exploration and mining
industry. Unlike the extensive range of elements determined
in the sediments, those measured in waters are generally
limited to U, F, pH, Ca and Mg. This is a reflection of the
priorities at the initiation of the program, during the
"uranium boom days" of the 1970s, and at a time when
analytical capability for other trace elements was poor. Since
then, dramatic advances have been made in water analysis,
mainly due to the establishment of the techniques of
inductively coupled plasma emission spectrometry (ICP-ES)
and mass spectrometry (ICP-MS). Both techniques enjoy such
features as multi-element detection and a wide linear
dynamic range (approximately 10 ) but the sensitivity of ICP-
MS is significantly superior to that of ICP-ES, generally by
several orders of magnitude. Under a Mineral Development
Agreement (MDA) with Newfoundland, the GSC has applied
this new analytical methodology in a lake water survey in
Bay d'Espoir in 1991 and a stream water survey in Bay Verte
in 1992. This paper describes results from the former project
for the rare earth elements (REEs).

Research to date on the distribution of the REEs in
surface waters appears to have been concentrated almost
exclusively in the area of marine geochemistry, more
specifically on the degree to which river input and estuarine
processes define the seawater composition of these elements
(Hoyle et al., 1984; Goldstein and Jacobsen, 1988; Elderfield et
al., 1990).

Ground water contents of the REEs have been measured
at selected analogue sites in nuclear waste assessment studies
to predict future mobility of both lanthanides and actinides.
Miekeley et al. (1992) determined "dissolved" (empirically
defined as <0.45 /xm) and particulate-held REEs in 42 near-
surface and deeper ground water samples from the Osamu
Utsumi uranium mine and the Morro do Ferro thorium and
REE deposit in Brazil. The analytical methods employed by
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Figure 1. Bay d'Espoir location.

these workers are much too cumbersome and time-
consuming to apply on a large scale. Typically, from 2 to 20
litres of sample are collected and lengthy ion exchange
procedures are invoked to achieve adequate detection levels.

The method developed at the GSC is based upon
preconcentration and separation of the REEs, from 50 ml of
sample, using chelation and analysis of the eluant by
nebulisation ICP-MS. The resin used, marketed by Dionex
Corp. (Sunnyvale, CA, U.S.A.), is known as the

Continued on Page 4

CONTENTS
Technical Notes l

Hydrogeochemkal surveys in
Newfoundland - Geological
mapping with REEs in
lake waters
Ideal CH1M with the Newly-
Developed, NEOCHIM Electrode 10

Notes from the Editor , . . 2

President's Message 3

Annual General Meeting . . . . . . 3

News Release . . . . . . . 3

Correction .. . . 15

Upcoming JGE 15

SME Annual Meeting 16

Tauson International
Symposium 16

Calendar of Events 18

New Members 19

Book Review , , . . . . 20

Recent Papers . 20

AEG Application for

Admission 26

AEG Committees 27

List of Advertisers 28



PAGE 2 83 EXPLORE

Scope This Newsletter endeavors to become a forum for recent
advances in exploration geochemistry and a key informational
source. In addition to contributions on exploration geochemistry,
we encourage material on multidisciplinary applications,
environmental geochemistry, and analytical technology. Of par-
ticular interest are extended abstracts on new concepts for guides
to ore, model improvements, exploration tools, unconventional
case histories, and descriptions of recently discovered or
developed deposits.

Format Manuscripts should be double-spaced and include
camera-ready illustrations where possible. Meeting reports may
have photographs, for example. Text is preferred on paper and 5-
or 3-inch IBM-compatible computer diskettes with ASCII (DOS)
format that can go directly to typesetting. Please use the metric
system in technical material.

Length Extended abstracts may be up to approximately 1000
words or two newsletter pages including figures and tables.

Quality Submittals are copy-edited as necessary without re-
examination by authors, who are asked to assure smooth writing
style and accuracy of statement by thorough peer review.
Contributions may be edited for clarity or space.
All contributions should be submitted to:

EXPLORE
c/o USGS, Box 25046, MS973, Denver Federal Center
Denver, CO 80225, USA

Information for Advertisers
EXPLORE is the newsletter of the Association of Exploration
Geochemists (AEG). Distribution is quarterly to the membership
consisting of 1200 geologists, geophysi cists, and geochemists.
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mentary copies are mailed to selected addresses from the rosters
of other geoscience organizations, and additional copies are
distributed at key geoscience symposia. Approximately 20% of
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EXPLORE is the most widely read newsletter in the world per-
taining to exploration geochemistry. Geochemical laboratories,
drilling, survey and sample collection, specialty geochemical
services, consultants, environmental, 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 adver-
tising 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 or negative. Business
card advertising is available for consultants only*. Color separ-
ation and typesetting services are available through our
publisher, Network Graphics, Inc.
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Despite claims of demise of the mineral exploration
industry, technical notes continue to be submitted to
EXPLORE. This issue features an article by Gwendy Hall
and John McConnell on hydro geochemical surveys in
Newfoundland and an article by Reinhard Leinz and Don
Hoover that updates us on developments with the CHIM
method.

In the President's Message for this issue, Graham Taylor
draws our attention to the changing times in the mineral
exploration industry. This is a subject that the AEG Council
has given considerable attention to recently. Most agree that
the AEG must change in response to changing conditions in
our industry in order to meet the needs of the membership,
but the type and direction of change remains a topic of lively
discussion. Some would have the AEG change its mandate
and audience to the extent that a name change would be
required, while others are basically happy with the
organization as it was originally founded and is currently
functioning. No AEG member should ignore this debate
over fundamental issues. You are all urged to watch the
pages of EXPLORE for continued discussion. Most
importantly, be aware of any votes by the membership over
the next several months and make sure your opinion is
heard.

Contributor's deadlines for the next four issues of EXPLORE
are as follows:

Issue Publication date

84
85
86
87

July 1994
October 1994
January 1995
April 1995

Contributor's deadline

May 31, 1994
August 31,1994
November 30, 1994
February 28, 1995

Owen Lavin
Editor EXPLORE
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During 1990 and 1991 a Committee
chaired by Alan Coope worked very hard
to produce a comprehensive "Report on
the Identity of the Association of
Exploration Geochemists." I refer you to
EXPLORE No. 73 of October 1991 in
which the nine recommendations of this
Committee were detailed. Many of these
recommendations have already been
implemented and Council is presently |
discussing ways of initiating others
such as Penrose-type lectures.

Geochemistry is still a major weapon in the armory of
many companies as they expand their exploration activities
into South America, the S.W. Pacific, S.E. Asia and West
Africa, as is evidenced by the number of membership
applications from geoscientists working in these areas. There
is no doubt that this trend will continue as the alienation of
prospective land and environmental considerations make
exploration in Canada, USA and Australia less attractive.
And yet, these three countries have, and still do, provide the
majority of the membership of the Association.

What are these members now doing? Many of them are
now involved in disciplines which are removed from our
core business of exploration geochemistry. Some of them
have ceased membership in the AEG because their career is
no longer in the exploration industry. There are others, such
as the petroleum geochemists, who are members of other
scientific organizations but whose activities could be
encompassed within an expanded AEG. It seems to me that
a broadening of our charter would benefit both AEG and the
many geochemists in the community.

A more immediate reason to reconsider our charter is
occasioned by the present negotiations with Elsevier for the
journal contract. There is potential to widen the scope of the
Journal of Exploration Geochemistry to embrace disciplines
other than exploration geochemistry and which may require
a title change. I have already discussed these matters with
the Negotiating Committee and there is general consensus
within the committee that we should be at least considering
some changes.

To aid this process I will prepare a discussion paper for
the next issue of EXPLORE. In the meantime, I urge you to
reread EXPLORE No. 73 and provide me with your vision
for AEG in the 21st Century.

The ballot to change the By-laws to reflect coincidence of
the term of office of the Executive and Councilors with the
financial (calendar) year was overwhelmingly in the
affirmative. The present Executive and Council will hold
office until 31 December 1994. It is my desire that as we
approach our 25th year, we can do so in the knowledge that
the AEG is vibrant and assured of another quarter century of
service to geochemistry.

Graham F. Taylor
AEG President

As many of you know, the scheduled Annual General
Meeting (AGM) of the Association of Exploration
Geochemists had to be canceled because our President,
Graham Taylor, had to return to unexpectedly to Australia,
and the Association's finances had not been audited. We
have rescheduled the AGM for April 27, 1994. Because of
these unusual circumstances the AGM will be held via
conference telephone in both Ottawa, Ontario, Canada and
Denver, Colorado, USA. In Ottawa the conference call will
be at 5PM EDT at the Geological Survey of Canada, 601
Booth Street and in Denver at 3 PM MDT at the Denver
Federal Center, Building 20, Branch of Geochemistry, Room
1111. All available members are encouraged to attend the
AGM if at all possible.

Sherman P. Marsh
Secretary <$

Geologic Tours in the Las Vegas Area
The Nevada Bureau of Mines and Geology, in

cooperation with the U.S. Bureau of Land Management and
Department of Geosciences at the University of Nevada, Las
Vegas, has published Geologic Tours in the Las Vegas Area
(NBMG Special Publication 16), written by Becky Weimer
Purkey, Earnest M. Duebendorfer, Eugene I. Smith, Jonathan
G. Price, and Stephen B. Castor.

This 156-page book provides a geologic guide for
interested local citizens and tourists as they drive the main
roads, visiting the many sites of natural beauty and historical
importance in the Las Vegas Valley area. Road logs for five
trips are provided.

The guide is available for $12.00 at the NBMG sales office
(Room 310, Scrugham Engineering-Mines Building,
University of Nevada, Reno) or for $14.00 by mail from
Nevada Bureau of Mines and Geology/178, University of
Nevada, Reno NV 89557-0088. Mail orders must be prepaid
by check or money order made out to "Board of Regents."
Telephone orders (702-784-6691), using Visa or MasterCard,
are also accepted. ^

Becquerel Laboratories Inc.
6790KitiraatRd., Unit 4
Mississauga, Ontario
Canada, L5N 5L9
Telephone (416) 826-3080
Fax (416) 826-4151

USE NEUTRON ACTIVATION TO
CONFIRM YOUR ANALYSES

NO CHEMICALS AND FEW STEPS
PRODUCES ACCURATE AND

PRECISE RESULTS
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Continued from Page 1

MetPac CC-1 column and is similar to Chelex-100 in that it is
based on iminodiacetate functionality. In the pH range of 5-6,
the resin selectivity is optimized for retention of the REEs
and transition metals relative to the alkali and alkaline earth
elements. By using an ammonium acetate eluant in this pH
range, alkaline earth elements can be eluted while the REEs
(and transition metals) remain strongly bound. The resin
does not concentrate anions such as halides, nitrate, sulphate,
phosphate or organic anions. It should be noted that it is the
free REE cation being chelated; elements bound as charged or
neutral inorganic or organic complexes, or in colloidal form,
are not preconcentrated. Nitric acid is the preferred eluant (at
0.8 M) for analysis by ICP-MS as isobaric spectral
interferences are minimized. The preconcentration procedure
was designed to be fully automated, for operator-free
functioning overnight, so that the following morning a tray
of 40 samples is ready for nebulisation into the ICP mass
spectrometer. A preconcentration factor of 10 was selected,
but this can be increased or decreased easily to suit the needs
of the particular project.

The ICP mass spectrometer employed was the Perkin-
Elmer/SCIEX Elan model 250, upgraded to the 500.
Corrections were made for the isobaric interferences of the
light REE oxides on the heavy REE isotopes. The relative
standard deviations (RSD) of synthetic water standards taken
through the procedure were in the range of 1-2 % (n=5).

ANALYTICAL
LABORATORIES

SPECIAL EXPLORATION PACKAGES

Geo 1: 30 Element ICP + wel geochem Au
Geo 2: 32 Element ICP + wel geochem Au
Geo 3: 30 Element JCP + wel geochem Au

+ Hg(d.l. 5ppb)
Geo 4: 30 Elemenl ICP + Fire geochem Au, Pt, Pd
Geo 5: 31 Eiemeni ICP (30 + Tl) + Hg (d.l. 5 ppb)
Assay 1: Cu, Pb, Zn, Ag, Au We! Assay
Assay 2: Cu, Pb, ZN, Wet ICP Assay +

Fire Assay Ag & Au

Cdn,
511.55
S12.ll)

SI 3.60
S14.30
$ 7.15
SI 5.25

U.S.
S 8.90
S 9.30

S 10.55
SI 1.00
5 5.50
Si 1.75

$18.20

REGULAR PRICE SUMMARY
Soil sample preparation S 1.20
Rock and core sample preparation S 3.85
30 Elemenl ICP aqua regia digestion S 5.70
35 Elemenl total digestion S 8.05
Hydride generation of As, Sb, Bi, Ge, Se, Te $ fi.90
Hg by AA S 3.45
Geochem whole rock (11 oxides, LOI & 5 melals) $12.35
Wel geochem Au (10 g) S 5.85
Geochem fire Au (20 g) S 7.80
Geochem fire Au, Pi, Pd (20 g) S10.40
Assau Au by fire assay (1 A.T.) S10.05
Assay Au & Ag by fire assay (1 A.T.) $14.30

$14.00

$ .90
S2.95
S 4.40
$6.20
$5.30
$2.65
S 9.50
S 4.50
S 6.00
S 8.00
S 7.75
SI 1.00

Surcharge for batches less than 10 samples, Cdn. $6.00; U.S. $5.00
Main Laboratory U.S. Chile
852 E. Hastings St. (shipping address) El Salto 3558
Vancouver, B.C. 250 H Street Santiago, Chile
Canada V6A !R(i Blaine, WA 98230 Cell. 569 223 1077
Tel: (604) 253-3158 Tel & Fax:
Fax: (604) 253-1716 562 625 1057

1994 prices subject to change without notice
FOR THE LAST 10 YEARS, OVER 3 MILLION SAMPLES WERE ANALYZED

Results for six replicate applications of this method to 50 ml
aliquots of Ottawa River and Meech Lake control samples are
given in Table 1. Note the excellent RSDs: for Ottawa River
varying from ±3% for Pr at 31 ng I"1 (ppt, parts-per-trillion) to
±17% for Tb at only 1.8 ng I"1; and for Meech Lake ranging
from ±2.3% for La at 33 ng I"1 to a maximum of ±21% for Tb
at 0.7 ng I"1. Not surprisingly, higher RSDs tend to be
associated with those elements present at very low
concentrations. With the exception of Gd in Ottawa River,
RSDs greater than ±10% occur for those elements whose
concentrations are below 5 ng I"1, namely Sm, Eu, Tb, and
Lu. Also shown in Table 1 are control data for a bulk tap
water control which has been analyzed 27 times (i.e., 27-50
ml amounts) over a period of approximately one year.
Ottawa River is used for the supply of tap water, hence its
similar concentrations. Note that precision has not degraded
over time when these results are compared to those for the
six replicates of Ottawa River carried out consecutively
during the initial development of the method. Detection
limits are in the range 0.2-1 ng I"1 using a definition based
upon that concentration equal to three times the standard
deviation obtained in five replicate analyses of a 5 ng I"1

synthetic standard solution. We have reported all survey data
to lower limits of 1.0 ng I"1 as the noise encountered with the
ICP-MS measurement fluctuated with its performance {aging
instrument) from day to day.

Table 1. Reproduability of results for the REEs in: Ottawa
River (n=6); Meech Lake (n=6); and tap water (n=27). All in
ng I"1.

Element
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

Ottawa

mean
158
154
31
119
17
3
14
1.8
11
2
8
1
6
1

River

SD
8
9
1
6

0.8
0.4
2

0.3
1

0.1
0.3
0.1
0.6
0.2

Meech

mean

33
42
7
29
5
7
5

0.7
4
1
3

0.5
4

0.8

Lake

SD
0.8
1.7
0.2
2.4
0.6
0.3
0.8
0.15
0.4
0.1
0.2
0.05
0.3

0.14

Tap water

mean
159
156
32
120
18
3
15
2.0
11
3
8
1
7
1

SD
9
8
2
8
1

0.4
3.7
0.5
1

0.1
0.7
0.1
0.8
0.2

SD : Standard Deviation

The lake and stream water survey was carried out in
southern Newfoundland, north of Fortune Bay and east of
Bay d'Espoir (Fig. 1). A total of 136 lake water samples,
including 11 field (site) duplicates, were collected in one day
using a float-equipped helicopter. Samples were collected
about 20 cm below the surface after initial rinsing of the
bottle with the lake water. Of these lakes, 108 had been
sampled for the organic-rich centre lake bottom sediment in
an NGR survey in 1980 (Friske and Hornbrook, 1991). Within
24 hr. of collection, samples were filtered through a 0.45 ^m
filter paper into a 250 ml bottle, using Millipore glass

Continued on Page 5
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Table 2. Field duplicate data for REEs in lakes and streams in Bay d'Espoir. All measurement in ng I"1

Sample

91-54
91-55

91-61
91-62

91-80
91-81

91-94
91-95

91-105
91-106

91-131
91-132

91-141
91-142

91-146
91-147

91-150
91-151

91-175
91-176

91-179
91-180

La

186
196

131
130

31
34

118
97

135
139

70
46

33
43

199
204

228
214

202
200

107
105

Ce

440
468

303
306

46
52

122
104

116
123

134
91

48
64

188
189

324
319

277
272

152
141

Pr

46
48

34
34

7
7

24
21

26
27

15
10

9
11

50
53

57
56

50
51

27
26

Nd

183
192

133
136

26
30

87
78

94
99

57
39

31
42

197
192

228
221

177
177

100
97

Sm

36
36

25
29

5
7

15
14

18
19

10
7
8
10

50
47

54
53

34
40

23
25

Eu

7
8

6
6

2
2

3
3

3
4
1
1

<1
<1

2
2

3
4

2
2

2
1

Tb

5
5

4
4

1
1

2
2

2
2

2
1

2
2

13
12

12
12

8
8

6
5

Gd

31
36

26
27

7
7

16
13

16
18

12
7

8
13

59
61

57
66

39
46

33
29

Dy

23
23

21
21

5
5

8
7
10
10

11
8

12
16

76
74

65
69

48
49

39
38

Ho

5
5

5
5

1
1

2
1

2
2

3
2

3
4

20
20

17
17

12
12

10
10

Er

16
16

15
15

3
3

4
4

5
5

10
7
11
14

70
71

56
57

39
40

34
35

Tm

1
2

2
2

<1
<1

<1
<1

1
1

1
1

2
2

12
12

9
10

7
7

6
6

Yb

7
7

9
10

3
3

2
2

4
4

12
7

15
19

87
91

65
70

43
47
42
42

Lu

1
1

1
1

<1
<1

<1
<1

<1
<1

2
1

2
3

14
14

10
10

6
7

6
6

apparatus and acidified with 1 ml of 16 M HNO3 (Ultrex).
Earlier studies indicated that: (1) acidification to 0.1 or 0.4 %
in HNO3 stabilized the REEs in solution at ng I'1 levels for at
least two months, and (2) the Nalgene bottles used "as is"
rather than acid-washed did not lead to contamination
problems. About 50 elements, including the REEs, have been
determined in these waters from Bay d'Espoir.

Data for the REE contents of 11 field duplicate lake water
samples are given in Table 2. Precision appears to be
excellent, even for the less abundant REEs, and is not
noticeably inferior to the analytical precision shown
previously by the control data (Table 1). A broader
evaluation of precision is obtained by combining duplicate
data from several concurrent hydrogeochemical projects and
representing the enlarged dataset graphically as "Thompson
and Howarth" plots, as has been done for La, Sm, Er and Yb
in Figure 2. In this approach, the absolute difference between
the duplicate pair is plotted against their mean on a tog-log
scale and a 95th percentile line for a selected precision (twice
the RSD) is then drawn according to the pattern of the data
(Thompson and Howarth, 1978). Thus, the 95th percentile for
the selected precision on each graph is an upper confidence
limit (i.e., the "worst" case precision value) above which no
more than 5% of the points should lie. Field duplicate data
(n=23 pairs) have been distinguished from blind (lab)
duplicate data (n=27), the former being labelled as stars and

the latter as circles in Figure 2. Although greater variability
would be expected in results for the field duplicates, rather
than for sample splits, this was not apparent from the graphs
and therefore data were viewed as one group. Note that
numerous points fall on or just below the x-axis, indicating
that there was no difference in values obtained for the
duplicates. Hence, at concentrations in the range from several
ng I"1 to several hundred ng I"1, a field and analytical
precision of 25-30% (i.e. ± 15% RSD) or better can be

Continued on Page 6
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