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As I complete my two year term as
President of the Association of Applied
Geochemists I take this opportunity to thank
David Cohen all those who have contributed in so many
ways to the activities of the AAG and reflect
on our future.
Reviewing the message by my esteemed predecessor,
Rob Bowell, when handing over the presidency at the
end of 2007, I note that most of the key contributors to
our Association have continued in those roles during
these last two years. I have received tremendous support
from the incumbents of the four critical offices within
the Association. David Smith has continued to deliver
great service as Secretary, ensuring our meetings operate
efficiently and keeping track of the many organisational
tasks such as the Council elections. Gwendy Hall has
continued to achieve much for the Association in the
highly demanding dual roles of Editor-in-Chief of GEEA
and the AAG Treasurer. GEEA continues to gain in
status and impact – both of which are crucial to attracting
high quality papers. Eion Cameron has maintained our
investments with great wisdom and expertise, ensuring
that potential losses during the recent financial crisis were
minimized. Beth McClenaghan has ensured EXPLORE
continues to be a very high quality and interesting newsletter which, along with GEEA and the website, is crucial
to the marketing and profile of AAG. All four contribute
large slabs of their time to these roles and we are indebted
to them for this work.
I thank the other members of Council as well as the
many AAG members who contribute their time to various
activities – symposia, web site, bibliography, student
paper competition, distinguished lecturer, medals, etc. I
acknowledge those who must dial into Council meetings in
the wee hours of the morning. I also thank our corporate
sponsors who take out ads in EXPLORE and booths at
symposia.
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It has been an interesting couple of years for the
minerals industry. While it fared better than other
sectors, uncertainty in commodity prices and markets has
dampened (though certainly not extinguished) exploration
activity for various metals. Gold continues to shine. On the
academic front, science is gaining popularity with students
and the earth sciences are benefitting from these gains.
It is becoming clearer to students that the earth sciences
(especially geochemistry) provide an interesting and
rewarding sphere of study (intellectually and financially)
and an important discipline to throw into the crossdisciplinary mix when addressing issues as diverse as
climate change to the evolution of life.
The Association has completed a two-year cycle with
a very successful 24th IAGS (and thanks again to Dave
Lentz for chairing the organising committee), and various
other educational activities. While the meeting held in
Fredericton saw a number of “new faces“ presenting
papers and posters, we must renew efforts to attract
a new generation of geochemists into the AAG. We
must continue to expand our geochemical orbit and to
further develop strategic linkages with kindred societies
and organisations, while still preserving our distinctive
contribution to research and education in applied
geochemistry relating to mineral resources and associated
environmental issues.
I am sure that the AAG will continue to grow under
the current Vice-president, Paul Morris, who succeeds me
as President in 2010. I look forward to catching up with
many AAG members at the next IAGS in Finland in 2011,
if not before.
David Cohen
President, AAG

Europium-rich dark monazite – a potential new ore mineral for Alaska, USA?
Introduction
Mineralogical drainage surveys carried out between
2004 and 2008 in the Taylor Mountains quadrangle, Alaska, USA, have identified three areas containing a distinctive dark monazite in panned stream sediment concentrate
samples. Similar dark monazite of unknown or limited
extent has been observed in sediments from elsewhere in
Alaska (12 occurrences), France, Taiwan, Zaire and Russia
(Rosenblum & Mosier 1983). Systematic mineral identification of panned concentrate samples by R. Tripp led to
the discovery of dark gray to black, pellet-like, crystalline
monazite grains collected from streams draining sedimentary rocks in the eastern quarter of the quadrangle (Fig.
1). A few sites at the western edge of the quadrangle also
contained dark monazite in concentrate samples.
EXPLORE NEWSLETTER
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Figure 1a: Location of
the Taylor Mountains
quadrangle, Alaska, USA
with adjoining portions
of Lake Clark and Dillingham quadrangles;
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The Taylor Mountains quadrangle is largely underlain by
Cretaceous flysch sequences that overlap several older terranes (Miller et al. 2004). Much of the flysch in the quadrangle had previously been assigned to the Upper Cretaceous
Kuskokwim Group; however, newer mapping may indicate
that the flysch includes multiple, genetically unrelated units.
Late Cretaceous to early Tertiary igneous rocks (Sleitat
Mountain) intrude the flysch and this is where the central
study area (TA559) of this report is located, as shown on Figure 1. Well- developed hornfels consisting of metasiltstone,
metasandstone, and metashale surrounds Sleitat Mountain.
Cordierite, corundum and sillimanite were collectively found
in concentrate from streams draining the hornfels around
Sleitat Mountain and several other igneous intrusions. In
contrast, andalusite and dark monazite were observed in
almost every concentrate sample, suggestive of low-grade
regional metamorphism of the flysch in the eastern quarter
of the quadrangle.
Sample Collection and Laboratory Analysis Methods
Heavy-mineral concentrate samples collected primarily
from first-order and second-order streams (as determined
from the 1:63, 360 - scale quadrangle maps) consisted of
numerous grab samples along a 9 to 30 m length of an active
stream channel. The grab samples were composited into a
single 3 to 4 kg sample and screened in the field with a 2.0
mm (10-mesh) stainless steel screen to remove the coarse
material. The <2.0 mm fraction then was panned to remove
lower-density material such as quartz, feldspar, organic material, and clay-size particles.
The concentrate samples were air-dried in the laboratory
and then sieved through a 0.5 mm (35-mesh) screen. The
<0.5 mm fraction was further separated using bromoform
heavy liquid (2.89 g/cm3) to remove any remaining lighter
minerals with specific gravities of less than 2.85 g/cm3. A
Frantz Isodynamic Magnetic Separator was used to split the
processed concentrate samples into two mineral fractions:
a magnetic fraction containing magnetite, ilmenite, garnet,
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amphibole, pyroxene, epidote, and other high-iron silicates
and a relatively non-magnetic fraction containing most orerelated minerals including both dark and yellow monazite.
The non-magnetic fraction was scanned visually under a
ring light-illuminated binocular microscope using up to 56X
magnification. In most cases, the monazite grains could be
identified from their physical properties, but X-ray diffraction and six-step semi-quantitative emission spectrography
(Grimes & Marranzino 1968) were used to confirm the identification of monazite. This non-magnetic fraction commonly
contained andalusite, apatite, cordierite, epidote, muscovite,
rutile, sphene, tourmaline, and zircon. Some samples also
contained gold, cinnabar, and corundum.
Schist and phyllitic rock, as well as numerous monazite
grains, were initially examined with a JEOL 5800LV scanning
electron microscope (SEM) to identify monazite in the rock
and acquire information on the distribution of inclusions and
possible chemical zoning. Next, twenty-five detrital monazite
grains from TA559 concentrate were analyzed using a JEOL
8900 fully-automated five spectrometer electron probe microanalyzer operated at 20 keV accelerating voltage, 150 nA
current (cup), and 5 μm beam diameter. The Kα x-ray lines
were analyzed for Al, Si, and P, the Lα x-ray lines for Y, La,
Ce, Pr, Nd, Sm, Eu, Gd, Dy, and Er, and the Mα x-ray lines
for Pb, Th, and U. The count times (peak plus background)
were 1320 seconds for Al, Si, and Ca, 40 seconds for P and
200 seconds for the remaining elements. Linear background
corrections were assumed for all elements. Interferences
of off peaks on the analyzed peaks were corrected using
the electron microprobe software Probe for Windows by
Probe Software, Inc. The distribution of selected elements
within the dark monazite was determined using wavelength
dispersive spectrometry (WDS) by the JEOL-8900 electron
microprobe.
continued on page 3

Notes from the Editor
The December issue of EXPLORE (No. 145) includes
two technical articles. The first is written by Richard Tripp,
William Benzel, David Adams, Heather Lowers, Gregory
Lee and Elizabeth Bailey from the USGS and describes dark
monazite distribution in stream sediments in western Alaska,
USA. The second article describes the use of geophysics in
support of geochemical data for detecting deeply buried
mineralization in Australia. This second article in EXPLORE
is a reporting requirement for the authors as recipients of the
ioStipend. Scientific and technical editing assistance for this
EXPLORE issue was provided by Paul Morris, Geological
Survey of Western Australia, Ray Lett, British Columbia
Geological Survey, Steve Amor, Geological Survey of
Newfoundland & Labrador and Janet Campbell, Geological
Survey of Canada. Coming in the March (No. 146) issue of
EXPLORE will be an article about groundwater surveys in
Australia.
Beth McClenaghan
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Distribution of detrital dark monazite
In total, 838 heavy mineral concentrate samples were collected from streams in the Taylor Mountains quadrangle over a
period of four years. In addition, 14 samples were collected in the adjacent Lake Clark and Dillingham quadrangles (Fig. 1b).
Of these, 229 samples (27%) contained dark monazite in varying amounts. Most dark monazite occurs in the eastern Taylor
Mountains quadrangle with a western limit along the Nushagak River south of Butch Mountain and north-northeast to the
northern border of the quadrangle. Dark monazite extends into the Lime Hills quadrangle to the northeast to the Mosquito
River drainage in the Lake Clark quadrangle to the east and into the Dillingham quadrangle to the south. Two smaller areas
of dark monazite in stream concentrates occur along the western edge of Taylor Mountains quadrangle.
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Figure 1b: Black dots indicate stream sediment concentrate locations that did not contain monazite. Red dots indicate locations where
monazite was observed in the samples. The solid black star indicates site TA559 of the monazite study area in this report.
During the field season of 2008, a concerted effort was
made to locate the source rocks of the dark monazite, in
the southern part of the Taylor Mountains quadrangle, with
particular emphasis on collecting rubble crop along the ridge
extending northward from Sleitat Mountain towards Old
Man Creek. Additional concentrate samples were collected
from virtually every stream draining the ridge. All concentrate samples contained dark monazite and most contained
gold colors and tiny flakes (Fig. 2). The likely lode source,
gold-bearing quartz veins, is less than 1000 m from the
sample location.

Comparison of yellow and dark monazite
The characteristics of the more common yellow monazite are in sharp contrast to dark monazite. Yellow monazite (Fig. 3) is a light rare earth element (REE) phosphate
mineral, typically a cerium (Ce), lanthanum (La), yttrium
(Y) phosphate [(Ce,La,Y)(PO4)]. Lanthanum is ordinarily
present in a 1:1 ratio with Ce. Thorium oxide (ThO2) can
substitute for Ce and La in amounts up to 12 wt.%; Th-free
monazite is rare. Uranium (U) has been occasionally reported (Palache et al. 1951) in amounts up to approximately 1
continued on page 4
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_______
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Figure 2. Photomicrograph of monazite grains together with
gold. The gold from these samples is “fresh” looking with rough
hackly surfaces and angular three-dimensional morphology, suggesting that the source is nearby.

Figure 3. Photomicrograph of typical detrital “yellow” monazite
grains showing color, shape, and luster. Yellow monazite colors
range from yellow to reddish brown, greenish, to nearly white.
Scale in photo is 0.1 mm per graduation.
wt.% U3O8. The yellow variety occurs as monoclinic platelets
to prismatic crystals that are commonly small, but sometimes
large and coarse (Fig. 3). The physical properties of the yellow monazite include:
• one well-developed cleavage plane [100];
• well-marked parting plane [001];
• conchoidal to uneven fracture;
• hardness of 5 to 5½;
• varying specific gravity from 4.6 to 5.4 g/cm3, but mostly in
the range of 5.0 to 5.2 g/cm3;
• luster can be variable, usually resinous or waxy, but may
incline towards vitreous to adamantine;
• colors range from yellow to reddish brown, greenish, to
nearly white;
• small crystals of yellow monazite range from sub-transparent to sub-translucent.
Yellow monazite is widely disseminated as an accessory

mineral in granitic and gneissic rocks. Monazite is of sufficient hardness to form considerable detrital deposits such
as those found in gold sands of the southern Urals, Russia;
in black sands of the Manajary basin, Madagascar; in sands
of the Embabaan district, Swaziland, southern Africa; in
tin placers of the Moolyella district, Western Australia; the
west coast of Ceylon; and in the provinces of Bahia, Espirito
Santo, Minas Gerais, and Rio de Janeiro, Brazil (Hedrick
2004). In the United States, considerable amounts of yellow
monazite occur in the sands of Burke, Cleveland, Lincoln,
McDowell, Polk and Rutherford Counties in North Carolina
and the beach sands in Florida (Hedrick 2004). Since yellow
monazite may contain appreciable amounts of Th and U, this
variety has largely been eliminated from commercial use as a
REE source because of concerns about radioactivity hazards.
Dark monazite, in contrast to yellow monazite, contains
low levels of Th and U, but relatively high Eu values. Detrital dark monazite occurs in rounded to discoidal, inclusionrich, xenoblastic forms, commonly with white sericitic “tails
and rims” (Fig. 4). However, there is evidence of forms
showing idioblastic features as well. Dark monazite shows

Figure 4. Photomicrograph of dark monazite grains with attached “tails and rims” of white sericite. Most stream sediment
sample locations yield dark monazite with attached sericite, although in some areas, erosion was sufficient to totally remove the
sericite. (Magnification 31X)
fracture and hardness similar to yellow monazite, but contrasts in specific gravity, luster, and color, with the following
properties:
• well-developed cleavage (see Fig. 5);
• well-marked parting plane;
• specific gravity from 4.25 to 4.70 g/cm3 (Rosenblum &
Mosier 1983);
• luster ranges from submetallic in the blackest of grains,
glittery vitreous on tiny crystalline facets to variable resinous;
• color ranges from light gray on thin edges, to black and
sometimes inclining towards beige.
• grains range translucent to opaque
The presence of microscopic clouds of amorphous carbon, detrital and authigenic rutile, and inclusions of silt-sized
continued on page 5
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Figure 5. Photomicrograph of dark monazite grains showing well
developed cleavage and parting surfaces similar to those of yellow monazite (magnification 31X).
detrital quartz, feldspar, chlorite, sericite, and apatite affect
its specific gravity, luster and color. Grain morphology,
which includes an apparent annular ring structure (produced
by growth ridges), has microcrystalline faces reflecting the
glittery vitreous luster (Fig. 6). The black spots were shown
by X-ray diffraction to be amorphous and therefore are
interpreted to be organic carbon inclusions.

______
0.5 mm

Figure 6. Photomicrograph of dark monazite grain morphology.
Note the apparent annular ring structure produced by growth
ridges and microcrystalline faces. The black spots are organic
carbon inclusions. (Magnification 56X)
Scanning electron microscope and electron probe microanalysis of dark monazite
The primary stream sediment sample site (TA559, Fig.
1b) selected for this study is in the upper reaches of Harris
Creek. A typical inclusion distribution within a monazite
grain is quartz, albite, muscovite, chlorite, rutile and apatite
(Fig. 7). Chemical zoning was not observed under the SEM,
but later observations using the electron microprobe indicated distinct zoning.
In the upper reaches of Harris Creek, numerous grab
samples of rubble crop were collected for the purpose of
finding the dark monazite in source rocks. The bedrock in

Ch

Ms Rt

Figure 7. SEM photomicrograph showing typical inclusion distribution within a dark monazite grain from TA559 concentrate.
The observed inclusions are quartz (Q), albite (Ab), muscovite
(Ms), chlorite (Ch), and rutile (Rt).
this area is composed of mid-Cretaceous clastic sedimentary
rocks of the Kuskokwim Group. The common presence of
sericite schist at the TA559 site suggests that the rocks have
been subjected to low-grade metamorphism. The sericite
schist contains numerous tiny black inclusions (Fig. 8a) which
when viewed more closely are dark monazite grains, typically
0.5 to 1 mm in size (Fig. 8b). If one did not know to look for
these grains, they could easily be overlooked. A grab sample
was split and scanned by SEM backscatter to reveal the
internal morphology of the monazite in the cleavable sericite
schist (Fig. 8c). Examination of the halves (plus a smaller
piece that broke off during the split) clearly show how
monazite (the white colored material in the photo) grew between the schist cleavages showing it has both lateral growth
along a cleavage plane as well as thickness across cleavage
planes. Additional SEM scans performed on sericitic schists,
metasiltstones, metagraywackes, and quartzites to determine which rock-types host the dark monazites suggest that
sericitic schists host more occurrences of dark monazite than
the other rock-types. The siltstone was also found to host
monazite, mostly in the sericitic portions of the rock. Thus,
monazite is present, but less commonly than in the schist.
Chemical composition of detrital dark monazite
The results of the electron microprobe analyses are given
in Table 1. None of the analyses showed Pb contents above
the detection limit of 200 ppm. For this reason, no attempt
was made to date these monazites.
Thorium oxide concentrations of the dark monazite
range from 0.02 to 1.75 wt.%, with the average being 0.61
continued on page 6

NUMBER 145 EXPLORE

PAGE 6

Europium-rich dark monazite…

continued from page 5

Figures 8. Photographs and photomicrograph of in situ dark
monazite in phyllitic schist. (a) photograph of schist showing in
situ monazite, scale is in inches. The monazite grain studied
in detail is located just to the left of the white spot painted on
the rock and enclosed by the circle. (b) close-up of the in situ
dark monazite, approximately 1 mm in length, in sericite schist
(light color). (c) SEM backscatter image of the schist split along
a cleavage plane containing the dark monazite (bright material)
showing it has both lateral growth along a cleavage plane as well
as thickness across cleavage planes.
continued on page 7
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Grain
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
AVG
1ı

Al
bd
bd
bd
0.02
bd
bd
0.10
bd
bd
bd
bd
bd
bd
bd
bd
0.01
bd
bd
bd
bd
bd
0.10
bd
bd
bd
0.06
0.05

Si
1.37
bd
bd
0.01
bd
bd
1.73
bd
bd
bd
bd
bd
bd
bd
bd
1.51
bd
bd
0.05
bd
bd
bd
bd
bd
bd
0.93
0.83

Ca
0.10
0.06
0.12
0.15
0.03
0.12
0.12
0.08
0.04
0.08
0.03
0.12
0.05
0.10
0.01
0.14
0.16
0.09
0.12
0.02
0.10
0.04
0.05
0.04
0.11
0.08
0.04

Y
0.55
0.43
0.48
0.49
0.30
0.64
0.46
0.45
0.29
0.49
0.37
0.49
0.46
0.60
0.32
0.55
0.58
0.50
0.35
0.24
0.35
0.56
0.29
0.26
0.70
0.45
0.13

La
7.11
4.91
6.60
5.32
13.83
9.75
6.32
6.93
10.52
6.59
10.20
10.95
8.26
5.32
11.22
6.99
6.99
7.81
11.47
9.59
10.49
9.77
7.71
13.17
4.88
8.51
2.55

Ce
24.20
22.00
25.00
22.20
30.90
26.90
22.80
26.10
29.90
25.40
29.00
28.20
27.60
22.50
30.50
25.20
25.40
26.90
28.70
29.20
30.00
29.20
27.30
30.50
21.60
26.70
3.00

Pr
3.60
3.93
3.95
3.91
3.05
3.24
3.45
3.98
3.66
3.94
3.57
3.32
3.73
3.90
3.60
3.79
3.57
3.64
3.29
3.62
3.47
3.71
3.92
3.14
3.85
3.63
0.27

continued from page 6
Nd
15.42
20.02
16.79
18.66
9.91
13.03
15.70
17.27
12.95
17.45
13.50
11.81
15.27
19.81
12.63
15.95
15.98
15.49
11.29
13.58
12.29
13.66
15.81
10.41
20.53
15.01
2.94

Sm
2.97
4.49
2.99
3.75
0.89
2.16
3.23
2.73
1.29
3.05
1.96
1.49
2.39
4.19
1.48
2.87
2.88
2.71
1.37
2.02
1.43
1.86
2.48
1.04
5.04
2.51
1.08

Eu
0.56
0.62
0.52
0.72
bd
0.36
0.60
0.34
0.20
0.35
0.36
0.23
0.31
0.61
0.23
0.59
0.71
0.31
0.10
0.21
0.16
0.34
0.32
0.05
0.61
0.39
0.20

Gd
1.17
1.52
1.12
1.32
0.16
0.85
1.28
0.93
0.49
1.05
0.72
0.66
0.78
1.41
0.59
1.16
1.05
0.93
0.54
0.63
0.51
0.85
0.88
0.27
1.72
0.90
0.38

Dy
0.18
0.21
0.18
0.13
0.12
0.22
0.15
0.15
0.11
0.19
0.14
0.09
0.17
0.23
0.11
0.20
0.21
0.19
0.10
0.10
0.12
0.24
0.12
0.07
0.27
0.16
0.05

Er
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd

Pb
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd
bd

Th
0.78
0.15
0.96
1.11
0.18
0.73
1.12
0.32
0.10
0.78
0.16
1.12
0.20
0.56
0.04
0.83
1.75
0.75
1.27
0.14
0.75
0.02
0.69
0.54
0.18
0.61
0.46

U
0.03
0.01
0.01
0.02
bd
0.03
0.02
0.01
0.01
0.02
0.02
0.03
0.02
0.01
bd
0.01
0.02
0.02
bd
bd
bd
0.03
0.01
0.01
0.03
0.02
0.01

P
13.3
13.7
13.7
13.6
13.9
13.8
13.0
13.8
13.6
13.7
13.8
13.6
13.9
13.8
13.8
13.3
13.8
13.7
13.8
13.8
14.0
13.9
13.8
13.8
13.8
13.7
0.0

O
28.4
27.6
27.7
27.4
28.1
27.8
28.2
27.9
28.0
27.8
28.1
27.6
28.0
27.9
28.1
28.9
27.8
27.8
27.9
27.9
28.3
28.4
28.0
28.0
27.8
28.0
0.3

Sum
99.7
99.7
100.1
98.8
101.4
99.6
98.3
101.0
101.2
100.9
101.9
99.7
101.1
100.9
102.6
102.0
100.9
100.8
100.4
101.1
102.0
102.7
101.4
101.3
101.1
101.7
1.1

* bd - below detection limit

Table 1. Electron microprobe chemical analyses of 25 detrital dark monazite grains from TA559 concentrate showing the average REE
concentrations and confirming the high Eu content. All values are in wt. %.
wt.%. Uranium oxide concentrations are mostly below 0.03
wt.%. Conversely, Eu2O3 contents are very high, ranging
from 0.05 to 0.72 wt.%, the average being 0.39 w.t%. Neodymium (Nd) concentration, which is closely associated with
Eu content at the cores of the dark monazite, ranges from
9.91 and 20.53 wt.% Nd2O3, with an average of 15.01 wt.%.
Lastly, Ce2O3 concentrations range from 21.6 to 30.9 wt.%,
with an average of 26.7 wt.%.

X-ray mapping of Eu content in these detrital dark
monazite grains (Fig. 9) shows they are highly zoned, with
the Eu concentrated in the cores and decreasing substantially
outward toward the rims. Conversely, La content is low in
the grain cores and increases sharply at the rims. Cerium
concentration is more chemically homogenous throughout
the grains, usually with the cores only slightly reduced in content as shown by the limited range in color from green to red

Figure 9. Electron microprobe photomicrograph of element distributions within detrital dark monazite grains. Colors indicate variation in elemental concentration, where dark colors (blue) are the
lowest concentration and bright colors (white) are the highest concentration as shown by the color bar at the right of the figure. Monazite grains are zoned with Eu at the core and La at the rim.
continued on page 8
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on the elemental map. Elevated Th contents occur with the
highest La concentrations as narrow enriched zones in only
a few of the monazite grains and satellite spots in the rims of
other grains
Chemical composition of in situ dark monazite
SEM spectral imaging was collected on dark monazite
imbedded in sericitic schist. A backscattered electron image
of one of these monazite growths, together with elemental
X-ray maps of Ce, La, and Eu concentrations, is given in
Figure 10. As seen here, the monazite appears as complex
idioblastic intergrowths with mica and quartz rather than
a well-formed separate discoidal grain. The element maps
suggest homogeneous distributions of Ce and Eu, but subtle
differences in La distribution across the growth; note the
darker yellow colors at the outer edge of the growth compared to the brighter yellow in the interior. Unfortunately,
no samples of in situ dark monazite could be polished to a
flat surface suitable for microprobe analysis. At this time,
there are insufficient data to show whether the in-situ monazite grows to become discoidal grains such as those that are
found in the stream sediments.
Occurrences of detrital gold
Angular to sub-rounded detrital gold (Fig. 2) was found
with dark monazite in virtually every concentrate sample
from streams draining the northeast-trending ridge from
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Figure 10. SEM backscatter image (BEI) of in situ dark monazite in sericite schist together with element distribution maps for
Eu, La, and Ce. REE distribution is relatively homogenous
across the monazite growth. For each element (color) the dark
regions represent lower concentration than bright regions. There
is a slight decrease in La concentration at the outer boundaries,
especially noticeable at the upper right area of monazite.
Sleitat Mountain. The gold may come from quartz veins,
associated with the Sleitat Mountain stock, which cuts the
mid-Cretaceous clastic sedimentary rocks of the Kuskokwim
Group. Five to ten ounces of gold was recovered from a
wolframite-bearing pegmatite vein nearby (Mertie 1938).
A magnetic survey of Taylor Mountains quadrangle which
included the Sleitat Mountain area shows a possible cupola
to the northeast of Sleitat Mountain (available at: A Website
for the Distribution of Data, World Wide Web: http://pubs.
usgs.gov/ds/2006/224/ and http://pubs.usgs.gov/ds/2006/224/
Data/USGS_TaylorMtsMagFinalReport.pdf). The 2008 sampling traverse conducted across this ridge revealed igneous
rubble crop at that location.
Conclusions
The relatively high Eu concentration, with generally very
low contents of U and Th in dark monazite, from the Sleitat
Mountain area and elsewhere in the Taylor Mountains quadrangle points to the desirability of this variety of monazite
becoming a potential source for REE. Europium oxide has
gained considerable commercial interest (Haxel et al. 2002;
Hedrick 2004). Utilized principally as a phosphate activator, Eu-activated yttrium (Y) compounds produce red color
in television, computer monitor, and light emitting diodes
(LED). Certain alloys of Eu are used in the petroleum industry, such as cracking catalysts in refineries. Currently, Eu
is separated from bastnaesite [(Ce,La)(CO3)F] ore found in
China and California, and the ionic clays of southern China;
however, all contain only small concentrations of Eu. Europium is difficult to separate from the other REE, especially
in the presence of U and Th, making it one of the most expensive REE. The United States once was self-sufficient in
continued on page 10
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continued from page 8

the production of REEs, but in the last 20 years has become
dependent largely upon imports from China (Bayan Obo
deposit and lateritic deposits of tropical southern China).
The thickness of the bedrock at Sleitat Mountain that
contains the dark monazite is not known at this time. However, the heavy mineral concentrate surveys indicate the
lateral distribution of the dark monazite to be widespread
(Fig. 1b). The costs of mining the dark monazite possibly
could be offset by the recovery of gold. The Th content of
the dark monazite is low and the paucity of Th-rich yellow
monazite suggests that radioactive hazards may be of little
economic consequence. The importance of ensuring domestic resources of REE, and particularly the scarcity of national
Eu resources, suggests that this area of the Taylor Mountains
quadrangle would be an important region to evaluate as a
potentially significant source of Eu.
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Geophysical support for geochemistry in detecting deeply buried
mineralisation: a case study from Mandamah, Australia
Introduction
The effects on the composition of transported and
residual overburden by the oxidation of underlying sulfide
mineralisation have been the subject of a large number of
empirical and theoretical studies over the last two decades
(Cohen et al. 2007). These studies have benefitted from
advances in analytical techniques and the development of
various geochemical dispersion models. Development of
reliable techniques to detect mineralisation through thick
transported overburden opens up previously underexplored
areas, many of which are located in arid terrains. Whilst
most studies have focused on the mineral associations and
distribution of trace elements, others have looked more
broadly at physico-chemical changes in, or characteristics of
the overburden profile or groundwater. A recurring theme in
most geochemical dispersion models and empirical studies is
that of variations in the measured pH in regolith or groundwater due to the presence of oxidised or oxidising sulfides, or
the effects that pH changes have had on regolith or overburden mineralogy and geochemistry (e.g. Govett 1976; Smee
1998; Hamilton et al. 2004; Mokhtari et al. 2009).
Electromagnetic surveys are commonly employed in
exploration for primary sulfide ore bodies, and have been
extended to soil and regolith studies to map salinity (mainly
for agricultural purposes) and even to recognise regolith
structure. Such methods have not been used extensively in
exploration for deeply buried mineralisation in overlying
transported regolith, despite various models indicating the
potential for development of weak alteration haloes which
may affect the composition of the blanketing regolith cover.
A comparison between the geochemical characteristics
of the upper part of the transported regolith and the shallow EM response (reflecting soil conductivity) has been
undertaken over the sub-economic Mandamah porphyry
Cu-Au deposit (~0.3% Cu) in central NSW, Australia (Fig.
1). Here, structurally-controlled quartz-pyrite-chalcopyrite
mineralisation is hosted by altered andesitic Siluro-Ordovician Gidginbung Volcanics. A central zone of sericite-pyrite
alteration (containing higher grades of mineralisation) is
surrounded by a zone of sericite-chlorite-magnetite-albite
alteration (MacCorquodale, 1997). Discontinuous zones of
pyrite alteration (and acid-generating potential in the regolith) extend beyond the zone of Cu mineralisation.
Mineralisation was discovered by Gold Mines of Australia when drilling aeromagnetic geophysics-defined targets
as part of a regional reconnaissance program. The deposit
is overlain by 30 m of in-situ regolith and 50 m of alluvium
containing quartz, lithic fragments, kaolinitic clays and
minor amounts of Fe-oxides. The upper 70 cm of the profile
contains discontinuous carbonate-rich patches (mainly
magnesian calcite). Recent drainage lines, with narrow zones
of alluvium accumulation, contain slightly lower K values, as
indicated by the regional airborne radiometrics dataset, than
the surrounding areas.

Figure 1. View across the Mandamah site in central NSW, Australia, with geological and regolith profile below Line 1.
Methods
AurionGold completed an extensive reverse circulation
exploration drilling program, analysing aqua regia-extractable Cu, Au and other elements at 2 m intervals from surface
to ~100 m depth (Fig. 2). In the current study, various soil
physical and geochemical parameters were measured on
more than 550 regolith samples collected from a series of
1.5 m deep pits and 1.8 m soil cores, along two traverse
lines crossing the zone of buried Cu mineralisation (Figs. 3
& 4). Samples from 20-cm increments down the cores and
pit faces were subjected to both ammonium acetate (pH 5)
continued on page 12
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Figure 3. Location of soil core and sampling pit sites along Lines
1 and 2.
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Figure 2. Location of deeply buried sulfide mineralisation and
spatial variation in aqua regia Cu contents of various intervals
within residual and transported regolith at Mandamah.
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and aqua regia digestion followed by ICP-MS analysis, as
well as measurement of slurry pH, EC and methylene blue
cation exchange capacity (CEC). The shallow EM response
was measured at 10 m spacing along both traverses using
a Geonix frequency-domain EM-38 device, that provides
around 1.5 m penetration in vertical dipole mode and 0.75
m in horizontal mode (Fig. 4). Following a study of the scale
of variation in the EM data, this survey was subsequently
extended to examine patterns across the property, based on a
series of 5,000 measurements taken every 10 m along 30 traverses with 25 to 50 m line spacings. This second phase of the
EM mapping followed a 2-year dry spell where just 450 mm
total rain fell across the period 2006-07, compared with 910
mm across 2004-05, and corresponded with a reduction in
the average conductivity of the soil (though similar patterns
in conductivity variation along lines re-sampled in phase 1).
continued on page 13
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continued from page 12

0

0.6

1.2

1.8 m

A
Figure 4. (A) Measurement of shallow EM measurements using
a Geonix EM38. (B) Example of typical profiles through the upper 1.5 m of transported regolith at Mandamah. The upper 30 cm
is disturbed by ploughing and displays near-neutral pH. Between
30 cm and ~70 cm depth there is carbonate accumulation and
the pH is 9 to 9.5. Below 70 cm the regolith displays pH 5 to 6
and Fe mottling.
Results
Elevated total Cu values (>80 ppm) in the saprock are
generally restricted to the zone directly overlying the zones
where Cu values exceed 0.2% (Fig. 2). There is substantial
lateral dispersion in the overlying saprolite and the base of
the transported regolith cover. The upper 20 m of transported cover contains a few slightly elevated Cu values above and
to the west and southwest of the underlying mineralisation.
On Line 1, both the vertical and horizontal mode EM configurations display a discontinuous zone of low conductivity
above the eastern (and high grade) section of buried mineralisation (Fig. 5). A similar EM response to that of Line 1 is
observed on Line 2, although there is a slight (50 m) shift between the centre of the low-conductivity zone and underlying
mineralisation (Fig. 6). Above mineralisation on both lines,
the variation between the magnitudes of responses in the different modes is lower than areas away from mineralisation.
These vertical patterns cut across the horizontal mineralogical and pH zonation in the upper 2 m of the regolith in the
area.
continued on page 14
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Figure 5. Comparison between surface EM response and profiles
for pH, CEC and aqua regia Ca, Na and S in the upper 2 m
regolith profile across mineralisation on Line 1.
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Figure 6. Shallow EM response within the upper 2 m regolith
profile across mineralisation on Line 2.
Chemical analysis of the transported regolith shows
that electrical conductivity is correlated with CEC and aqua
regia-extractable Na and S contents. Calcium concentration displays a classic “rabbit ears” anomaly pattern with
accumulations of magnesian calcite either side of the low
conductivity zone. The high pH zone on Line 1 does not,
however, correspond with elevated pedogenic carbonate con-

continued from page 13

centrations. Aqua regia and ammonium acetate-extractable
trace elements patterns in the upper 2 m of regolith do not
indicate detectable mass transport of ore-related elements
(e.g. Cu, Mo, Au) from mineralisation into the upper part of
the overlying transported regolith.
The results of the shallow EM mapping are presented in
Figure 7. At the scale of a few metres, there is a high degree
of variability in the EM response in the southern part of
the property and central part of the western side related to
formation of “gilgai” structures produced by swelling clays in
the soil (particularly in the northern part of the area). When
the effects of local variation on the scale of tens of metres
are measured using the absolute value of the first derivative for the smoothed raw data (Fig. 7B), the zone of higher
grade Cu mineralisation is characterized by consistently low
variation above the mineralization, but a number of zones
displaying high variability around the projected edge of the
mineralisation (as also indicated in Figs. 5 & 6). Small zones
of low-grade, discontinuous sulfide mineralisation to the
south of the main Cu mineralisation zone also display limited EM variation in the regolith above mineralisation and
increased variation in some places around their projected
edges. It is difficult to define a distinct relationship between
the EM variability and the location (and edges) of the lowgrade sulfide mineralisation that envelopes the higher grade
Cu mineralisation.
Discussion
The EM response across the property is controlled by
various factors and at different scales. At the broad scale,
shallow-depth regolith conductivity is mainly controlled by
the effects of recent landscape-modifying processes. These
effects include low-conductivity zones in the areas of recent
deposition of alluvium along shallow drainages zones (shown
in light blue) and a recently ploughed paddock on the NW
corner of the area, with generally elevated values elsewhere
on the property (Fig. 7A).
The regolith evolution model being developed for Mandamah (Mokhtari et al. 2009) involves the development of an
acidic chimney in transported regolith over oxidizing mineralisation during a period (of unknown duration) of more
elevated ground water levels. This also resulted in a leaching
of carbonate from at least the upper 2 m of regolith above
mineralisation and the acid-induced alteration of clays from
a 2:1 to 1:1 structure. With the subsequent Late Miocene
onset of aridity and reduction in the amount of acid moving
to the surface, an influx of Na and Ca and their exchange
with clays generated a shallow zone of non-carbonate soil
alkalinity at surface over mineralisation. Broad controls on
the shallow EM response (soil conductivity) in the area are
dominated by the effects of recent alluvium deposition and
flushing of salt out of the upper few m of the regolith along
recent drainage lines, and the effects of farming activities.
There is however a local trend of low conductivity in the
shallow regolith over a number of mineralised zones at the
site (relative to the surrounding area) and increased variability at the tens of metres scale at the edge of mineralisation.
continued on page 15
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Figure 7. (A) Vertical dipole mode EM response across the Mandamah site, normalised on a line-by-line basis. (B) Absolute
value of the first derivative of the vertical mode EM response in
the E-W direction.
EM patterns tend to be more strongly developed if preceded
by recent rain showers. The EM patterns observed above
mineralisation are not unique within the property, and there
are other areas at Mandamah with circular to elongate zones
of low EM variability. Whether these other zones also display
non-carbonate alkalinity is the subject of ongoing research at
the site.
Conclusions
Geochemical and mineralogical patterns in the upper
parts of transported regolith at Mandamah may be explained
in terms of the effects of a (now inactive) acid chimney that
developed within transported regolith above buried sulfide
mineralisation. Whereas the EM patterns that appear spatially related to the effects of mineralisation on the overlying
transported regolith are subtle, and patterns similar to those
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above mineralisation are observed in areas of the property
with no known mineralisation, this study should encourage
further evaluation of shallow EM methods, in combination with measurement of various soil chemical parameters
(mainly pH and carbonate content), to assist in the detection
of deeply buried mineralisation.
Acknowledgements
This work has been generously supported by ioGlobal
through an ioStipend grant to A.R. Mokhtari to undertake
analytical work at Acme Laboratories. EM measurement devices were provided by Fugro Instruments and the soil corer
by the Elizabeth Macarthur Agricultural Research Institute.
References
Cohen, D.R., Kelley, D.L., Anand, R. & Coker, W.B. 2007.
Major advances in exploration geochemistry, 1998-2007.
In: B. Milkereit (ed), Proceedings of Exploration 07: Fifth
Decennial International Conference on Mineral Exploration, 3–18.
Govett, G.J.S. 1976. Detection of deeply buried and blind
sulphide deposits by measurement of H+ and conductivity
of closely spaced surface soil samples. Journal of Geochemical Exploration, 6, 359–382.
Hamilton, S.M., Cameron, E.M., McClenaghan, M.B. &
Hall, G.E.M. 2004. Redox, pH and SP variation over
mineralisation in thick glacial overburden. Part I: methodologies and field investigation at the Marsh Zone gold
property. Geochemistry: Exploration, Environment, Analysis, 4, 33–44.
MacCorquodale, F. 1997. The Mandamah porphyry Cu-Au
prospect: new developments in research for ore deposit
exploration. Proc of Third national conference of the Specialist Group in Economic Geology. Geological Society of
Australia, 44–51.
Mokhtari, A.R., Cohen, D.R. & Gatehouse, S.G. 2009. Geochemical effects of deeply buried Cu-Au mineralisation
on transported regolith in an arid terrain. Geochemistry:
Exploration, Environment, Analysis, 9, 227-236.
Smee, B.W. 1998. A new theory to explain the formation of
soil geochemical responses over deeply covered gold mineralisation in arid environments. Journal of Geochemical
Exploration, 61, 149–172.

WORLD LEADERS IN SAMPLE PREPARATION EQUIPMENT AND REFERENCE MATERIALS FOR USE IN GOLD ASSAYING

Quality Reference Material complies with ASTME
1831-96 and affordable for use on an every batch basis.
Used in over 90 countries and available in 2.5Kg
jars and 30g, 50g, 100g sachets for laboratories and
exploration geologists.
We also offer technical support for choosing the RM
and statistically analyzing results.

Rocklabs Ltd, 157-161 Neilson Street, PO Box 18-142, Auckland, New Zealand
Ph: 0064 9 634 7696; Fax: 0064 9 634 6896; e-mail: sales@rocklabs.com
Paid Advertisement
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Ahmad Mokhtari
Department of Mining Engineering
Isfahan University of Technology
Isfahan, 84156-83111, Iran
Email: ar.mokhtari@cc.iut.ac.ir
David Cohen
School of Biological, Earth and Environmental Sciences
The University of New South Wales, Sydney
NSW, 2052, Australia
Email: d.cohen@unsw.edu.au
Simon Gatehouse
Hellman and Schofield P/L
6/3 Trelawney St., Eastwood,
NSW, 2122, Australia
Email: simon@hellscho.com.au

The AAG announces the 8th biennial Student Paper
Competition. The paper must address an aspect of exploration geochemistry or environmental geochemistry
related to mineral exploration and be based on research
performed as a student. The student must be the principal author and the paper must have been published in
Geochemistry: Exploration, Environment, Analysis
no more than three years after completion of the degree,
All eligible papers in 2009 and 2010 volumes of GEEA
will be reviewed by the selection panel.
The winner will receive:
A cash prize of $1000CAD generously donated by
SGS Minerals Services.
A 2-year membership of AAG, including the society's
journal (GEEA), EXPLORE newsletter, publication of
an abstract and CV of the winner, a certificate of recognition and $500US towards expenses to attend an
AAG-sponsored meeting, courtesy of AAG.
The results of the 2010 competition will be announced
at the 25th IAGS in mid 2011. Details are available from
the chair of the committee or the AAG Students' page
(http://www.applied geochemists.org/).
David Cohen
Chair, Student Paper Competition
Schools of BEES
The University of New South Wales
UNSW, NSW 2052 Australia
Email: d.cohen@unsw.edu.au
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CALENDAR OF
EVENTS
International, national, and regional meetings of interest to
colleagues working in exploration, environmental and other
areas of applied geochemistry. These events also appear on
the AAG web site at: www.appliedgeochemists.org.
Please let us know of your events by sending details to: Steve
Amor, Geological Survey of Newfoundland and Labrador,
P.O. Box 8700, St. John’s NL Canada A1B 4J6, Email:
StephenAmor@gov.nl.ca; telephone: 709-729-1161
2009
 30 November-4 December 2009. Northwest Mining
Association 115th Annual Meeting, Exposition and Short
Courses, Reno-Sparks NV USA. Website: www.nwma.org/
pdf/09cv.pdf
 1-3 December 2009. 7th Fennoscandian Exploration &
Mining, Rovaniemi Finland. Website: www.lapinliitto.fi/
fem2009/index.htm
 1-5 December 2009. 6th Symposium on the Atlantic
Iberian Margin, Oviedo Spain. Website: www.uniovi.es/
mia09/index-ing.html
 7-11 December 2009. AGU Fall Meeting, San Francisco
CA USA. Website: www.agu.org/meetings

 26-28 April 2010. The First International Applied
Geological Congress, Mashhad Iran. Website: www.iagc.ir/
 2-7 May 2010. European Geosciences Union General
Assembly 2010, Vienna Austria. Website: http://meetings.
copernicus.org/egu2010/
 3-7 May 2010. 2nd International Applied Geochemistry
Workshop, Vancouver BC Canada. Website: www.ioglobal.net
 10-13 May 2010. GAC/MAC Annual Meeting, Calgary AB,
Canada. Website: http://www.geocanada2010.ca/
 11-12 May 2010. Sampling 2010 (AusIMM), Perth
Australia. Website: www.ausimm.com.au/sampling2010/
 17-21 May 2010. 3rd International Congress on Arsenic
in the Environment, Tainan City Taiwan. Website: www.
As2010tainan.com.tw
 6-11 June 2010. Gordon Research Conference: Natural
Gas Hydrate Systems, Waterville ME USA. Website: http://
tinyurl.com/yh23to4
 13-18 June 2010. Goldschmidt 2010, Knoxville TN USA.
Website: www.goldschmidt2010.org
 16-17 June 2010. International Uranium Conference
(AusIMM), Adelaide Australia. Website: http://tinyurl.com/
yefy5a2

2010

 21- 24 June 2010. 11th International Platinum Symposium,
Sudbury ON Canada. Website: http://11ips.laurentian.ca

 3-9 January 2010. 2010 Winter conference on Plasma
Spectrochemistry. Fort Myers FL USA. Website: http://
icpinformation.org/2010_Winter_Conference.html

 27 June-2 July 2010. 27th Society for Environmental
Geochemistry and Health, European Conference, Galway
Ireland. Website: www.nuigalway.ie/segh2010

 12-14 January 2010. 2010 North American Environmental
Field Conference & Exposition, Tampa FL USA. Website:
www.envirofieldconference.com/

 4-8 July 2010. Australian Earth Sciences Convention
(AESC) 2010, Canberra, Australia. Website: www.gsa.org.au/

 18-21 January 2010. Mineral Exploration Roundup 2010,
Vancouver BC Canada. Website: www.amebc.ca/roundup/
overview.aspx
 4-7-February 2010. 6th International Dyke Conference,
Varanasi India. Website: www.igpetbhu.com
 13-20 February 2010. Short Course: Geoenvironmental
Modeling of Ore Deposits, Ottawa ON Canada. Website:
www.earth.uottawa.ca/short_course.html
 12-16 February 2010. 2010 AGU Ocean Sciences Meeting,
Portland OR USA. Website: www.agu.org/meetings/os10/
index.php
 7-10 March 2010. Prospectors and Developers Association
of Canada Annual Convention, Toronto ON Canada.
Website: www.pdac.ca/pdac/conv/index.html
 6- 9 April 2010. 13th Quadrennial IAGOD Symposium
“Giant Ore Deposits Down-Under”, Adelaide Australia.
Website: http://tinyurl.com/caoys8

 7-11 July 2010. EMU School: High-resolution electron
microscopy of minerals,. Nancy France. Website: www.lcm3b.
uhp-nancy.fr/emu10/
 1-6 August 2010. Gordon Research Conference: Organic
Geochemistry, Holderness NH USA. Website: http://tinyurl.
com/yzgvra9
 15-18 August 2010. Uranium 2010, Saskatoon SK Canada.
Website: www.metsoc.org/u2010/
 15- 20 August 2010. Gordon Research Conference:
Biomineralization, New London NH USA. Website: http://
tinyurl.com/yf6l3gz
 21-27 August 2010. International Mineralogical
Association 20th General Meeting, Budapest Hungary.
Website: www.ima2010.hu/
 1- 4 Sep 2010. International Symposium: Geology of
Natural Systems, Iasi Romania. Website: http://tinyurl.com/
yl7ap3d
continued on page 18
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CALENDAR OF
EVENTS
continued from page 17

 5-10 September 2010. 11th IAEG (International
Association For Engineering Geology and the Environment)
Congress, Auckland New Zealand. Website:
www.iaeg2010.com/
 15-17 September 2010. 11th International Symposium
on Environmental Radiochemical Analysis, Chester UK.
Website: http://tinyurl.com/yghqp3o
 19-24 September 2010. IWA World Water Congress
and Exhibition, Montreal, Canada. Website: www.
iwa2010montreal.org/
 23-26 September 2010. Carpathian Balkan Geological
Association XIX Congress, Thessaloniki Greece. Website:
www.cbga2010.org/
 2-5 October 2010. SEG 2010 Conference, Keystone CO
USA. Website: www.seg2010.org/
 31 October-3 November 2010. Geological Society of
America Annual Meeting, Denver CO USA. Website: www.
geosociety.org/meetings/index.htm

2011
 25-27 May 2011. GAC/MAC Annual Meeting, Ottawa ON
Canada. Website: www.gac.ca/activities/index.php
 22- 26 August 2011. 25th International Applied
Geochemistry Symposium, Rovaniemi Finland. Website:
http://www.iags2011.fi/
 August 2011. 10th International Congress for Applied
Mineralogy, Trondheim Norway. Website: www.icam2011.
org

AAG Member News
Erick Weiland has been appointed by Arizona
Governor Janice Brewer to the State Board of Technical
Registration. This two-year appointment will serve geology
professionals and the public, and he will represent the State
of Arizona on the Association of State Boards of Geologists
(ASBOG) in the licensing and certification of geologists in
the USA.
Erick has been an active member of Association of
Applied Geochemists (previously Association of Exploration
Geochemists) since 1979.

th

25

IAGS2011
25th
International Applied
Geochemistry Symposium
22 - 26 August 2011
Rovaniemi FINLAND

www.iags2011.fi
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OBITUARY
A.R. (TONY) BARRINGER
A. R. (Tony) Barringer passed away August 15,
2009 in Golden Colorado in his 84th year. He will be
remembered as a unique individual whose prodigious
efforts in scientific discovery and invention spanned 50
years, during which time he generated an enormous
body of ideas and technologies covering fields as
diverse as mineral and oil exploration to health and
security. Barringer must rank as a genius if not for his
achieved contributions then for the shear breadth of
his imagination regarding the measurement of physical
aspects of the Earth that few had conceived of before
or since.
Born in England in 1925, he received B.Sc. and Ph.D.
degrees in economic geology (1954) at the Royal School
of Mines, Imperial College, London. Tony’s tertiary
education was interrupted however, by the Second World
War where he quickly became an officer and served in
the Middle East Theater in the waning months of the
war. For his formal education he chose geology; this he
attributed to early influences of a neighbor who was an
avid amateur geologist and his father who had worked as
a mining engineer in Canada.
Upon receiving his doctoral degree, Tony joined the
Selco Exploration, the Canadian exploration branch of
the British company Selection Trust. The mid-1950s were
very exciting times in minerals exploration in Canada and
airborne geophysics was seen by many groups as the way
to explore the vast tree-covered interior of Canada. What
was unique about Tony was that he quickly developed
a concurrent vision of the importance of airborne
geophysics employed together with ground geochemistry.
Later he extended his geochemical concepts so as to
demonstrate that remote geochemical sampling could
be achieved as well. After four years as an exploration
geologist with Selco, Tony approached the chairman
of Selection Trust, Chester Beatty with the idea for
an new airborne EM system that Tony felt would be a
significant improvement over the technology then in use.
Beatty backed Tony to work on what became the INPUT
(Induced PUlse Transient) EM system. Field testing
began in 1960 and the Mark V system was introduced
in 1964, the first commercial version of INPUT. In 1967
INPUT was licensed to Questor Surveys Ltd, a division
of Selco in Toronto and also to Geoterrex Ltd., based
in Ottawa. INPUT was Tony’s best known and most
commercially successful legacy and is attributed with
being used in the discovery of more than 25 orebodies
worth collectively over 100 billion dollars. The majority of
the modern day airborne systems owe all or at least part
of their inheritance to the design of the INPUT system.
Barringer Research Ltd was created in 1961 by
Selco and Barringer so as to allow Tony to pursue
independently the development of his ideas. Over
the next almost 30 years a steady stream of ideas and
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technologies emerged from
the Barringer organization.
In the field of geochemical
measurement, the AIRTRACE
and SURTRACE systems were
two of his major achievements.
Tony developed the E-Phase
and Radio-Phase airborne EM
instruments used for shallow
mapping. This work appeared
to shape his later thinking about
how natural EM fields could
be used for mapping deep structures remotely; a topic
that was the focus of his energies in the later years of his
life. Barringer presented over 80 technical papers and was
awarded over 70 patents.
Tony could not have achieved his dreams singlehandedly. He related very well to other people at all levels
and was an exciting and motivational person to work for.
One of his greatest legacies is what has become termed the
alumni of the Barringer University. Many of these people
went on to become industry leaders in their own right. As a
tribute to Tony on the approach of his 80th birthday in 2004, a
large group of the alumni gathered to honor him in Denver,
USA during the Society of Exploration Geophysicist’s
annual meeting.
Tony’s contributions and knowledge were well
recognized by others. He was a visiting scientist to NASA
and a visiting professor at his alma mater in London. Various
geoscience and industry groups bestowed their highest
honors on Tony; this included the Geological Association
of Canada’s Logan Medal (1977), Society of Exploration
Geophysicists’ Virgil Kauffman Gold Medal (1980),
American Institute of Mining and Petroleum Engineers’
Daniel C. Jackling Award (1985) and induction into the
Canadian Mining Hall of Fame (1998).
Barringer officially retired in 1989 but remained
professionally active until the last few months of his life. In
late 2004, he wrote the following about his ‘current project’
using natural EM fields to find oil and gas deposits from an
airborne platform; he remained engaged in this project until
his death.
“The underlying physics is sound and we can penetrate to
20,000 ft. We also detect the definitive plume ‘signatures’.
All that is now needed is one success and we can move
forward. I hope that my final biography will record this
success.”
Tony is survived by his wife Jean of 60 years, their five
children and four grandchildren. The family has requested
that anyone wishing to make donations in Tony’s honour do
so through the KEGS Foundation (www.kegsfoundation.
org) Pioneer Fund.
Laurie Reed (lereed@aztec-net.com)
Ken Witherly
Peter Bradshaw
with ideas and remembrances from many Barringer alumni.
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RECENT PAPERS
This list comprises titles that have appeared in major
publications since the compilation in EXPLORE Number
144. Journals routinely covered and abbreviations used
are as follows: Economic Geology (EG); Geochimica et
Cosmochimica Acta (GCA); the USGS Circular (USGS
Cir); and Open File Report (USGS OFR); Geological
Survey of Canada papers (GSC paper) and Open File
Report (GSC OFR); Bulletin of the Canadian Institute
of Mining and Metallurgy (CIM Bull.): Transactions of
Institute of Mining and Metallurgy, Section B: Applied
Earth Sciences (Trans. IMM). Publications less frequently
cited are identified in full. Compiled by L. Graham Closs,
Department of Geology and Geological Engineering,
Colorado School of Mines, Golden, CO 80401-1887,
Chairman AEG Bibliography Committee. Please send
new references to Dr. Closs, not to EXPLORE.
Abzalov, M., 2008. Quality Control of Assay Data: A Review
of Procedures for Measuring and Monitoring Precision and
Accuracy. Explor. Min. Geol. 17(3/4): 131-162.
Alexandre, P., Kyser, K., and Jiricka, D., 2009. Critical
Geochemical and Minerological Factors for the
Formation of Unconformity-Related Uranium Deposits:
Comparison between Barron and Mineralized Systems
in the Athabusca Basin, Canada. EG 104(3): 413-435.
Barnes, S.J., Wells, M.A., and Verrall, M.R., 2009. Effects
of Magmatic Processes, Serpentinization, and TalcCarbonate Alteration on Sulfide Mineralogy and Ore
Textures in the Black Swan Disseminated Nickel-Sulfide
Deposits, Yilgarn Craton. EG 104(4): 539-562.
Blackbourn, G.A., 2009. Cores and Core Logging for
Geoscientists. 2nd Ed. Whittles Pub./CRC Press. 152 p.
Borrok, D.M., et al., 2009. Application of iron and zinc
isotopes to track the sources and mechanisms of metal
loading in a mountain watershed. Applied Geochem.
24(7): 1270-1277.
Cannon, W.F. and Horton, J.D., 2009. Soil geochemical
signature of urbanization and industrialization-Chicago,
Illinois, USA. Applied Geochem. 24(8): 1590-1601.
Cao, J., et al., 2009. TEM observation of geogas-carried
particles from the Changkeng concealed gold deposit,
Guangdong Province, South China. J. Geochem.
Explor. 101(3): 247-253.
Carranza, E.J.M., 2008. Geochemical Anomaly and
Mineral Prospectivity Mapping in GIS. Handbook of
Exploration and Environmental Geochemistry Series.
Elsevier. No. 11. 368 p.
Carranza, E.J.M., 2009. Controls on mineral deposit
occurrences inferred from analysis of their spatial
pattern and spatial association with geological features.
Ore Geology Rev. 35(3): 383-400.
Carvalho, F.P., et al., 2009. Soil to plant (Solanum
tuberosum L.) radionuclide transfer in the vicinity of
an old uranium mine. Geochemistry: Exploration,
Environment, Analysis 9(3): 275-278.
Chapman, R.J., et al., 2009. Chemical and Mineralogical
Signature of Gold Formed in Oxidizing Chloride

Hydrothermal Systems and their Significance within
Populations of Placer. Gold Grains Collected during
Reconnaissance. EG 104(4): 563-585.
Charlier, B., et al., 2009. Cumulate Origin and Polybasic
Crystallization of Fe-Ti Oxide Ores in the Suwalki
Anorthesite, Northeastern Poland. EG 104(2): 205-221.
Chipres, J.A., Castro-Larragoitia, J., and Monroy, M.G.,
2009. Exploratory and spatial data analysis (EDA-SDA)
for determining regional background levels and anomalies
of potentially toxic elements from Catorce-Matchula,
Mexico. Applied Geochem. Explor. 24(9): 1579-1589.
Cook, N.J., et al., 2009. Trace and minor elements in
sphalerite: A LA-ICPMS Study. GCA 73(16): 476de Cavitat, P., et al., 2009. Using groundwater chemical
and isotopic composition in the search for base metal
deposits: biohydrogeochemical investigations in the
Hinta and Kayar Pb-Zn district, India. Geochemistry:
Exploration, Environment, Analysis 9(3): 215-226.
Debba, P., et al., 2009. Deriving optimal exploration
target zones on mineral prospectivity maps. Math.
Geosciences 41(4): 421Dodd, B., Wade, C, and Fontbote, L., 2009. Water
management for acid mine drainage control at the
polymetallic Zn-Pb-(Ag-Bi-Cu) deposit, Cerro de Pasco,
Peru. J. Geochem. Explor. 100(2): 133.
Doornbos, C., et al., 2009. The first integrated use of insitu U-Pb geochronology and geochemical analyses to
determine long-distance transport of glacial erratics from
Mainland Canada into the western Arctic Archipelago.
Can. J. Earth Sci. 46(2): 101-122.
Fabris, A.J., Keeling, J.L., and Fidler, R.W., 2009. Surface
geochemical expression of bedrock beneath thick
sediment cover, Curnamona Province, South Australia.
Geochemistry: Exploration, Environment, Analysis 9(3):
237-246.
Fayek, M. (ed.), 2009. Secondary Ion Mass Spectrometry in
the Earth Sciences: Gleaning the Big Picture from a Small
Spot. Min. Assoc. Canada Short Course. V. 41. 160 p.
Galbraith, C.G., et al., 2009. Assessment of Tourmaline
Compositions as an Indicator of Emerald Mineralization
at the Tsado Glisza Prospect, Yukon Territory, Canada.
EG 104(5): 713-731.
Garrett, R.G., 2009. Relative spatial soil geochemical
variability along two transects across the United States
and Canada. Applied Geochem. 24(8): 1405-1415.
Garrett, R.G., 2009. A water-leach procedure for
estimating bioaccessibility of elements in soils from
transects across the United States and Canada. Applied
Geochem. 24(8): 1438-1453.
Groat, L.A. and Laurs, B.M., 2009. Gem formation,
production, and exploration: Why gem deposits are rare
and what is being done to find them. Elements 5(3): 153.
Grunsky, E.C., Drew, L.J., and Sutphin, D.B., 2009.
Process recognition in multi-element soil and streamsediment geochemical data. Applied Geochem. 24(8):
1602-1616.
Heikkinen, P.M. and Raisanen, M.L., 2009. Trace metal
and As solid-phase speciation in sulphide mine tailings
continued on page 21
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continued from Page 20
– Indicators of spatial distribution of sulphide oxidation in
active tailings impoundments. Applied Geochem. 24(7):
1224-1237.
Heimann, A., et al., 2009. Geochemistry of Garnet-Rich
Rocks in the Southern Curnamona Province, Australia,
and Their Genetic Relationship to Broken Hill-Type PbZn-Ag Mineralization. EG 104(5): 687-712.
Hoal, K.O., et al., 2009. Research in quantitative mineralogy:
Examples from diverse applications. Minerals Eng. 34(1): 4Holloway, J.M., Goldhaber, M.B., and Morrison, J.M., 2009.
Geomorphic controls on mercury accumulation in soils
from a historically mined watershed, Central California
Coast Range, USA. Applied Geochem. 24(8): 1538-1548.
Idrus, A., Kolb, J., and Meyer, F.M., 2009. Mineralogy,
Lithogeochemistry, and Elemental Mass Balance of the
Hydrothermal Alteration Associated with the Gold-Rich
Batu Hijau Porphyry Copper Deposit, Sumbawa Island,
Indonesia. Res. Geol. 59(3): 215-230.
Kesler, S.E. and Wilkinson, B.H., 2009. Resources of Gold
in Phanerozoic Epithermal Deposit. EG 104(5): 623-63.
Klusman, R.W., 2009. Transport of ultra-trace reduced
gases and particulate, near-surface oxidation, metal
deposition and adsorption. Geochemistry: Exploration,
Environment, Analysis 9(3): 203-213.
Large, R.R., et al., 2009. Gold and Trace Element Zonation
in Pyrite Using a Laser Imaging Technique: Implications
for the Timing of Gold in Orogenic and Carlin-Style
Sediment-Hosted Deposits. EG 104(5): 635-668.
Li, C., Ripley, E.M., and Naldrett, A.J., 2009. A New Model
for the Giant Ni-Cu-PGE Sulfide Deposits Associated
with the Siberian Flood Basalts. EG 104(2): 291-301.
Mathur, R., et al., 2009. Exploration potential of Cu isotope
fractionation in porphyry copper deposits. J. Geochem.
Explor. 102(1): 1-12.
McCafferty, A.E., and Van Gosen, B.S., 2009. Airborne
gamma-ray and magnetic anomaly signatures of
serpentinite in relation to soil geochemistry, northern
California. Applied Geochem. 24(8): 1524-2537.
McClenaghan, S.H., et al., 2009. Gold in the Brunswick 12
volcanogenic massive sulfide deposit, Bathurst Mining
Camp, Canada: Evidence from bulk ore analyses and laser
ablation ICP-MS data on sulfide phases. Min. Deposita
44(5): 523-558.
Merkel, B.J. and Hasche-Berger, A. (eds.), 2008. Uranium,
Mining and Hydrogeology. Springe-Verlag. 995 p.
Mokhtari, A.R., Cohen, D.R. and Gatehouse, S.G., 2009.
Geochemical effects of deeply buried Cu-Au mineralization
on transported regolith in an arid terrain. Geochemistry:
Exploration, Environment, Analysis 9(3): 227-236.
Moore, A.E., 2009. Type II diamonds: Flamboyant
Megacrysts. S. Afr. J. Geol. 112(1): 23-38.
Moore, A.E., et al., 2009. Landscape evolution in Zimbabwe
from the Permian to present. S. Afr. J. Geol. 112(1): 65-88.
Morman, S.A., Plumlee, G.S., and Smith, D.B., 2009.
Application of in vitro extraction studies to evaluate
element bio-availability in soils from a transect across

the United Sates and Canada. Applied Geochem. 24(8):
1454-1463.
Morton, M.C., 2009. Mining U: The Key to Ukraine’s
Future Success. Earth 54(11): 36-45.
Naldrett, A.J., et al., 2009. PGE Tenor and Metal Ratios
within and below the Merensky Reef, Bushveld Complex:
Implications for its Genesis. J. Petrology 50(4): 625Nordstrom, D.K., 2009. Acid rock drainage and climate
change. J. Geochem. Explor. 100(2): 97Petts, A.E., Hill, S.M., and Worrall, L., 2009. Termite
species variations and their importance for termitaria
biogeochemistry: towards a robust media approach
for mineral exploration. Geochemistry: Exploration,
Environment, Analysis 9(3): 257-266.
Phillips, G.N. and Powell, R., 2009. Formation of gold
deposits: Review and evaluation of the continuum model.
Earth Sci. Rev. 94(-4); 1Pracejus, B., (ed.), 2008. The Ore Minerals Under the
Microscope: An Optical Guide. Atlases in Geosciences.
V. 3. Elsevier. 894 p.
Reich, M., et al., 2009. Supergene enrichment of copper
deposits since the onset of modern hyperacidity in the
Atacama Desert, Chile. Min. Deposita 44(5): 497-505.
Reid, N., Hill, S.M., and Lewis, D.M., 2009. Biogeochemical
expression of buried gold mineralization in semi-arid
northern Australia: penetration of transported cover at
the Titania Gold Prospect, Tanami Desert, Australia.
Geochemistry: Exploration, Environment, Analysis 9(3):
267-273.
Reimann, C., et al., 2009. Arsenic distribution in the
environment: The effects of scale. Applied Geochem.
24(7): 1147-1167.
Ricordel-Prognon, C., Quesnel, F., and Thiry, M., 2009. Les
altentes: l’epiderme de la Terre. Geosciences (BRGM):
9(April): 56-63.
Sarala, P., et al., 2009. Gold exploration using till
at Petajalehto, northern Finland. Geochemistry:
Exploration, Environment, Analysis 9(3): 247-255.
Scott, J.E., et al., 2008. The Shaft Creek Porphyry Cu-Mo(Au) Deposit, Northwestern British Columbia. Explor.
Min. Geol. 17(3/4): 163-196.
Seat, Z., et al., 2009. Re-evaluation of the Role of External
Sulfur Addition in the Genesis of the Ni-Cu-PGE Deposits:
Evidence from the Nebo-Babel Ni-CU-PGE Deposit, West
Musgrave, Western Australia. EG 104(4): 521-538.
Sheppard, D.S., et al., 2009. Stream sediment geochemical
survey in an area of volcanic-hosted epithermal Au-AgZn-Pb-Cu deposits and porphyry CU prospects, Thames,
Coromadel Peninsula, New Zealand. Geochemistry:
Exploration, Environment, Analysis 9(3): 279-296.
Smith, D.B. (Guest Ed.), 2009. Geochemical Studies of
North American Soils: Results from the Pilot Study Phase
of the North American Soil Geochemical Landscapes
Project. Applied Geochem. 24(8): 1355-1616.
Smith, D.B., et al., 2009. Pilot studies for the North
American Soil Geochemical Landscapes Project – Site
selection, sampling protocols, analytical methods, and
quality control protocols. Applied Geochem. 24(8): 13571368.
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Suerte, L.O., Imai, A., and Nishihara, S., 2009. Geochemical
Characteristics of Intrusive Rocks, Southeastern Mindanao,
Philippines: Implication to Metallogenesis of Porphyry
Copper-Gold Deposits. Res. Geol. 59(3): 244-262.
Suh, C.E., et al., 2008. Two Contrasting Iron Deposits in
the Precambrian Mineral Belt of Cameroon, West Africa.
Explor. Min. Geol. 17(3/4): 197-207.
Taylor, K.G. and Robertson, D.J., 2009. Electron microbeam
analysis of urban road-deposited sediment, Manchester,
UK: Improved source discrimination and metal speciation
assessment. Applied Geochem. 24(7): 1261-1269.

Voltattorni, N., et al., 2009. Gas geochemistry of natural
analogues for the studies of geological CO2 sequestration.
Applied Geochem. 24(7): 1339-1346.
Wayman, E., 2009. Termites Strike Gold. Earth 54(11): 13-14.
Wilkinson, B.H. and Kesler, S.E., 2009. Quantitative
Identification of Metallogenic Epochs and Provinces:
Application to Phanerozoic Porphyry Copper Deposits.
EG 104(5): 607-622.
Xu, Z. and Han, G., 2009. Rare earth elements (REE) of
dissolved and suspended loads in the Xijiang River, South
China. Applied Geochem. 24(7)): 1803-1816.
Zhang, Z., et al., 2009. Geochemistry of the Permian
Kalatongke Mafic Intrusions, North Xinjiang, Northwest
China: Implications for the Genesis of Magmatic Ni-Cu
Sulfide Deposits. EG 104(12): 185-203.
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Regolith Science

Keith Scott and Colin Pain (Eds.)
Jointly published by Springer and CSIRO, Australia 2009, X, 462 p. 220 illustrations, 19 in color. Hardcover ISBN: 978-1-4020-

8859-9

This comprehensive reference on the fundamentals of regolith science describes how regolith is developed from parental
rocks and emphasises the importance of chemical, physical, water and biological processes in regolith formation. It provides
details for mapping regolith landforms, as well as objective information on applications in mineral exploration and natural
resource management. Regolith Science also provides a concise history of weathering through time in Australia. It includes
previously unpublished information on elemental abundances in regolith materials along with detailed information on soil
degradation processes such as in acid sulfate soils.
Written by experts in the field, Regolith Science summarises research carried out over a 13 year period within the Cooperative Research Council for Landscape Environments and Mineral Exploration. This book will be a valuable resource for
scientists and graduate/postgraduate students in geology, geography and soil science, and for professionals in the exploration
industry and natural resources management.
Written for: Recent graduates in the exploration industry or natural resource management areas when faced with working
with regolith materials, postgraduate students working with regolith materials.
Web link: http://www.springer.com/earth+sciences/book/978-1-4020-8859-9
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WITH MMI GEOCHEMISTRY
Mobile Metal Ion (MMI) geochemistry measures the mobile ions that accumulate in soil above mineralization. MMI is used successfully to reduce
the cost of deﬁnition drilling programs and locate many deeply buried deposits, with few false positives. MMI geochemistry is now
exclusively available at SGS laboratories.
SGS IS THE WORLD’S LEADING INSPECTION, VERIFICATION,
TESTING AND CERTIFICATION COMPANY
ca.min@sgs.com

www.sgs.com/geochem
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