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From the AMG committee
Hello and welcome to the December edition of Applied
Mineralogist! In this issue, there is much to learn about Rare
Earth Elements (REE), with a special feature on Exploration
potential of alkaline rocks in Angola and two student reports
on Luminescence sorting of REE-bearing minerals, and HFSE
(high field strength elements) in igneous rocks in Southwest
Greenland, both presented at the SGA.
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SGA Conference “Life with Ore deposits on Earth - LODE 19"
Bursary report by Nicky Horsburgh, School of Earth and Environmental Sciences, University of St Andrews
I am grateful to the Applied Mineralogy Group of the
Mineralogical Society of Great Britain and Ireland for
awarding me a Student Bursary in 2019 to attend the
15th Biennial Meeting of the Society for Geology
Applied (SGA) to Mineral Deposits, 27 - 30 August,
2019.
My research is focused on the luminescence of REE
bearing minerals, e.g. fluorite, bastnäsite, parasite,
catapleiite, eudialyte, wöhlerite, monazite and
xenotime, but the principles I am exploring can be
applied to any ore system. My work is directed towards
the understanding of using fluorescence spectroscopy
to develop 'smart sorting' as an exploration or
beneficiation tool. The introduction of luminescence
spectroscopy to the processing of ore has the potential
to i n c re a s e p ro d u c t i v i t y a n d d e c re a s e t h e
environmental impact, as optimisation of the run-ofmine (ROM) material at the sorting stage reduces
energy consumption, water use and processing time.
Luminescence can be used to target key minerals,

increasing the grade or alternatively to remove
deleterious materials that can poison the line. I gave a
presentation during the session: The changing face of
metal extraction - geology, biology and geometallurgy.
The applied nature of the conference was a perfect fit
to present my research and it was a fantastic
opportunity to discuss my project with industrial and
academic participants.
The conference was held within the historic University
of Glasgow campus with the ice breaker in the
Hunterian Museum and the conference dinner was
held in the impressive Central Hall of the Kelvingrove
Art Gallery and Museum. I had a very productive week,
attending many fantastic talks/posters on a broad
range of subjects, arranged potential collaborations
with colleagues, had some very interesting discussions
and made many new connections which will be
beneficial in developing the technological potential of
my project.
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SGA Conference “Life with Ore deposits on Earth”
Bursary report by Krzysztof Sokół, School of Earth and Environmental Sciences, University of St Andrews
I thank the AMG for granting me a student bursary
allowing me to present my PhD research at the
Biennial SGA 2019 Meeting in Glasgow, Scotland
attended by delegates from around the world. This
international conference is a perfect opportunity for
early-career researchers interested in magmatic
processes to showcase their findings to a wider
mining-focused community.
My project focusses on alkaline igneous systems and
the associated transport of valuable high-fieldstrength elements (HFSE) into country rocks
surrounding magmatic reservoirs.
The alteration styles accompanying emplacement of
alkaline magmas provide insight into chemical
mobility of normally incompatible elements and could
subsequently help us to better target the ores of
interest.
This alteration, metasomatic in nature, is referred to as
fenitisation and studying the fenites throughout
Gardar Province in southwest Greenland will
contribute to our understanding of these unusual
processes.
At SGA I presented a poster showcasing findings from
the western margin of Illerfissalik Complex in
Greenland.
The presence of perthite, late-stage titaniferous vein
systems and precipitation of secondary rare HFSE

minerals such as strontio-chevkinite in what was once
quartz arenite suggest multiple fenitising events, both
potassic and sodic in nature, accompanied by silica
leaching.
The mineralisation however is restricted to the
proximal envelope and Ti, Nb and LREE-bearing phases
are linked only to the latest event. However, transport
of significant HFSE cargo also likely occurred in the
earlier episodes. The presentation allowed me to
network with several scientists with common interests
who likely I would not have met otherwise.
I gained valuable insight into a variety of magmatic and
hydrothermal processes driving ore genesis in a
variety of crustal settings and was able to draw
parallels to other metasomatic processes like skarn
formation.
The bursary also helped me take part in a workshop
showcasing newest advances in developing
Automated Quantitative Mineralogy techniques led
by industry partners (i.e. Zeiss) and researchers across
European institutions. It highlighted many intricacies
of spectroscopic techniques, sample preparation and
the challenges professional and academic geologists,
and fellow metallurgists face when processing large
data batches.
I am most grateful to the AMG Committee for
supporting my attendance at the conference.

#AppliedMineralogy @TimCosmos
From your #ThinSectionThursdays, #FieldworkFridays &
#MineralMondays, our #AppliedMineralogy winner is...
@TimCosmos
Tim shows us one of his beautiful X-ray maps of the
meteorites he is studying on #ThinsectionThursday.
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New fron ers of cri cal metal explora on: Alkaline igneous rocks of Angola
Anouk Borst, University of St Andrews, Scotland; amb43@st-andrews.ac.uk.
Introduc on
Angola is home to some 35 carbona tes and alkaline
igneous complexes [1], some of which, for historic and
poli cal reasons outlined below, have received li le
a en on to date. Angola shares much of it geological
history with Brazil and Namibia, where similar alkaline
igneous complexes are ac vely explored for elements
like rare earths and Nb as well as ﬂuorite. These include
the Lofdal, Okuroso and Teufelskuppe carbona tes in
Namibia, and the Araxà and Catalão I and II
carbona tes, producing most of the world's Niobium
(Nb), in Brazil. With this in mind, my colleague Prof.
Adrian Finch, HiTechAlkCarb collaborator Pete Siegfried
(GeoAfrica Prospec ng Services) and I visited Angola
this September to learn more about the mineral
poten al of Angolan alkaline rocks.
We started our visit with a public seminar at the
Universidade Agos nho Neto (UAN) in Luanda, where
we presented recent work on mineral deposits
associated with alkaline magma sm using examples
from Greenland, Brazil and Namibia. We then travelled
south to a poorly known peralkaline complex in the
remote north-eastern corners of the Namibe province
(Fig 1). We were accompanied by Prof. Aurora Bambi
and four ﬁnal-year geology students of UAN, and two
Angolan St Andrews graduates. Before sharing some
highlights of the ﬁeldtrip I'll provide a quick summary of
Angola's history, economy and poli cs.
Angola: recent developments
Angola's recent history revolves around recovery
from a 27-year long civil war that started a er gaining
independence from Portugal in 1975, and ended with
the death of Jonas Savimbi, leader of the an communist party UNITA, in 2002. Angola's economy
relies strongly on its oﬀ-shore petroleum industry,
accoun ng for more than 90% of export and 80% of
government revenues in 2014 [2]. Unsurprisingly,

Angola facts
•

•

•

•
•

Angola is Africa's 7th largest country with an es mated popula on of 30
million: twice the size and 6 mes more densely populated than its
southern neighbour Namibia
The name Angola derives from the ancient Kingdom of Ndongo, whose
kings carried the tle “ngola.” One of Angola's largest beer brands is also
called N'gola.
Luanda, the capital, is acclaimed to be one of the world's most
expensive ci es for expatriates to live in. A hotel room easily costs $200
a night.
China is Angola's largest investor and trading partner; 45% of export
products go to China.
Angola is Africa's 3rd biggest producer of diamonds (a er Botswana and
South Africa) and Africa's 2nd largest producer of oil (a er Nigeria).

· Angola has one ongoing Nd-Pr explora on project at the Longonjo
carbona te, by Pensana Metals Ltd

Angola suﬀered a major economic crisis following the
2014 oil price crash. GDP growth contracted from a
booming 23% in 2007 to a record low of -2.6% in 2016
[3]. Unsuccessful a empts to reform the economy led
President José Eduardo dos Santos to step down in
September 2017, a er ruling Angola for 38 years.
The crisis re-emphasised the urgency to diversify
the economy and to reduce its oil-dependency. The
new government, led by President João Lourenco, is
working hard to achieve this and is also implemen ng
a strong reform agenda to ﬁght corrup on and
improve ﬁscal and corporate transparency. Slowly
but surely Lourenco's policies are bearing fruit and
foreign investors are returning for business. New
roads and railways (o en following Chinese
investment), combined with con nued HALO trust
support to clear remaining landmines, are rapidly
improving the country's infrastructure and the
economy is expected to grow again by 2020. These
developments make for a hopeful future, and as such,
Angola might soon become a new fron er for mineral
explora on.

Figure 1. Map of Angola with inset showing satellite image of the Nejoio complex, with simpliﬁed geological
map a er Rodrigues (1978). amph = amphibole, cct = cancrinite, ne = nepheline, px = pyroxene
sod= sodalite, sy = syenite.
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Figure 2 A) Blue
photochromic
sodalite (note
hexagonal
inclusions in
feldspar),
B) Photoluminescent sodalite,
C) Nejoio
complex seen
from the south,
D) magmamush mingling
textures,
E) maﬁc – felsic
banding with
strong contrast
in feldspar
lamina on.

The Nejoio complex
Now on to the rocks and minerals - a er all, this is a
special feature for the Applied Mineralogy Group. We
travelled to a remote li le hill in the dry Namibe
province: the Nejoio complex. Nejoio is a small, ovalshaped intrusion spanning ca. 2 x 1.5 km and is
Cretaceous in age [4]. It lies on the land of the
Muhumbi people, at a 3.5 hour drive north-east from
the nearest village Camacuio.
Nejoio comprises feldspathoidal syenites, divided
into an inner and outer zone, that intrude a
Paleoproterozoic basement. It lies along a NW-SE
trend with the larger peralkaline Lutala complex (40 x
17km) to the northwest. The only detailed studies of
Nejoio date back to pre-civil war, by Portuguese
geologist Britaldo Rodrigues (1978) [5]. Nejoio's
topographic expression forms two horse-shoe shaped
ridges that are truncated towards the west (Fig 1). The
outer ridge is dominantly in mildly feni sed country
rock. Along the margin, basic ring-dykes associated
with the complex melted both the syenite and the
grani c basement, crea ng a complex mixing zone
with evidence of liquid-liquid interac on.
The syenites themselves are a variety of
feldspathoidal syenites, most of which contain
photochromic blue sodalite (hackmanite). Some
sodalites luminesce orange under UV (Fig 2B), or have
hexagonal forms hosted in feldspar (Fig 2A),
sugges ng they are secondary a er nepheline. The
internal zone comprises laminated nephelinecancrinite syenites, in which we suspect the presence
of eudialyte, wöhlerite and/or other unusual
accessory minerals (Table 1). Further petrographic
work will conﬁrm whether these minerals are present
and thus whether the rocks classify as agpai c
(containing complex Na-HFSE minerals such as
eudialyte and wöhlerite), miaski c (containing HFSEphases such as zircon, tanite and Fe-Ti oxides) or
transi onal. Preliminary XRD conﬁrms the presence of
orange tanite, hin ng at a miaski c to transi onal
composi on. Towards the margins of the inner zone,

we also observed spectacular igneous layering and
complex mingling textures between maﬁc and felsic
units (Fig 2D and E). A pronounced contrast in
preferred orienta on of the feldspars between layers
led us to hypothesise that the feldspars were picked up
as more maﬁc rich melts intruded a rigid cooler mush
with interlocking feldspar crystals (Fig 2E).
The external zone comprises mostly cancrinitesodalite syenites, in which cancrinite forms yellowgreenish transparent crystals. Pyrite and ﬂuorite are
abundant in all rocks, both of which are some mes
concentrated in late-stage veins. The general
abundance of sodalite, cancrinite, ﬂuorite and pyrite
hints at a highly vola le rich (CO2, H2O, S, F and Cl)
system, which is conducive to cri cal metal
enrichment.
Further petrographic and mineral composi onal
studies will constrain Nejoio's petrogene c and
geochemical evolu on, some of which will be part of
the disserta on projects of the UAN students funded
by our visit. Hopefully with follow-up ﬁeldwork, me
will tell if Nejoio, or its much larger cousin Lutala, are of
real economic interest worthy of explora on.
Table 1 Some minerals men oned in the text.
Wöhlerite

NaCa2(Zr,Nb)(Si2O7)(O,OH,F)2

Eudialyte

Na15Ca6(Fe,Mn)3Zr3(Si3O9)2SiO(Si9O27)2(O,OH,H2O)3(OH,Cl)2

Cancrinite

(Na,Ca,☐)8(Al6Si6O24)(CO3,SO4)2 · 2H2O

Sodalite

Na8(Al6Si6O24)Cl2
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Come and get excited about
minerals!!!
Be a Student rep for
the Applied Mineralogist Group
If you are a student, get involved in
our commitee and:
b meet academics in your ﬁeld
b be an editor of the AMG

Newsle er
b help with organising events

Get in touch with us:
amgminsoc@gmail.com

“Hmm, is that Halite?”
Notices
Get Involved
If you would like to become more involved in the AMG,
elections are held yearly at the AGM. Spaces for Student
Representatives come up regularly. If you would like to be
considered for a committee spot please email Eimear Deady
(Chair).
AMG Postgraduate Bursaries
The AMG provides bursaries for postgraduate students in
the disciplines of Applied Mineralogy, Crystallography, and
Petrology and Geochemistry. Bursaries are intended to support
conference attendance and associated travel costs, although
other activities may be considered. Application guidelines can
be found at www.minersoc.org/amg-bursaries
Please note there are two bursary application deadlines
each year: 1st March and 1st September. Requests for funding
must be received well in advance of the event to allow for
consideration by the committee.
Funding
We welcome applications from both individuals or
organisations for funding in support of events covered in the
AMG remit. Further guidelines on how to apply can be found at
www.minersoc.org/amg-funding

Editorial
Thank you to those who have contributed to this issue of
Applied Mineralogist. Please forward any articles, comments or
notices of events and conferences to amgminsoc@gmail.com.
All previous issues of Applied Mineralogist are available at
www.minersoc.org/amg-applied-mineralogist
Thanks for reading; our next Applied Mineralogist will be
out in March 2020. Keep up on what is happening in the
meantime by following us on twitter @amg_min.

Calendar
Jan ‘20
6-8

Mineral Deposits Studies Group
London, England

Jan ‘20
7-9

Volcanic and Magma c Studies Group
Plymouth, England

Jan ‘20
20 - 23

Associa on of Mineral Explora on Roundup
Vancouver, Canada

Mar ‘20
1-4

Prospectors & Developers Associa on of Canada
Toronto, Canada
Metamorphic Studies Group Mee ng
St Andrews, Scotland

Mar ‘20
24 - 26
Jun ‘20
21 - 26

Goldschmidt Conference
Honolulu, Hawaii

About Us
Founded in 1963 by Norman F.M. Henry, the AMG is a special interest group of the Mineralogical Society of Great Britain and Ireland. We
encourage and promote the study and research of mineralogy applied to ores and related industrial mineral materials. This
encompasses: ore microscopy, fluid inclusions, nuclear minerals, coals, refractories, slags, ceramics, building materials, nuclear waste
disposal, carbon capture and storage, down-hole borehole alteration, and mineral-related health hazards.
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