PARTING SHOTS

FULL STOP FOR
MOTHER EARTH
As discussed elsewhere in this issue, many of the largest accumulations of rare earth elements (REEs) are associated with rift-related
nepheline syenite and alkali granite plutons. The most extreme evolved
magmas produced by our planet form the agpaitic suite, named after
the headland of Agpat on Tunugdliarfi k, a fjord that cuts through the
extraordinary Ilímaussaq intrusion in the Mesoproterozoic Gardar rift
province in South Greenland (FIG. 1). Agpaite, by definition, has a molar
(Na + K) Al greater than 1.2; in other words, it contains much more
Na and K than can be accommodated in feldspars and feldspathoids,
and it also contains Na–Ti–Zr silicates.

Naujaite, Kangerdluarssuk fjord, Ilímaussaq intrusion. The rock is
simultaneously the type locality of eudialyte (pink), arfvedsonite (black)
and sodalite (grey prisms). The white areas are microcline and nepheline.

FIGURE 2

 eudialyte, Na15Ca6Fe3Zr3Si(Si25O73)(O,OH,H 2O) 3 (Cl,OH) 2
(strong pink)
 arfvedsonite, an alkali amphibole,
Na3 (Fe2+,Mg) 4Fe3+ Si8O22 (OH) 2 (black)
 sodalite, Na4 (Si3Al3)O12Cl (light grey prisms)
The sodalite is a variety known as hackmanite. It is purple on a fresh
surface but its 1.13-billion-year-old colour fades to greenish grey in a
few minutes on exposure to light. I used to demonstrate this to students, probably the only bit of the course they remembered!
FIGURE 1

Agpat headland, home to the agpaites

Kangerdluarssuk is the type locality for a further 8 mineral species,
all of which have subsequently been found elsewhere on Earth. These
minerals, occurring mainly in late pegmatites and veins, are:

The modern view is that the Gardar alkaline rocks are the products
of extreme fractionation of an alkali basaltic parent magma originating from asthenospheric mantle modified by alkaline, rare-elementenriched metasomatic fluids. The magmas ponded and fractionated,
perhaps at multiple levels, on their ascent, and also during their fi nal
emplacement, since many rocks are clearly cumulates. In the fi nal
evolved juices, we have a blurring of silicate magma and silicate-rich
aqueous fluids that precipitate a bewildering array of exotic minerals
and concentrate rare elements beyond the wildest fantasies of geochemists. Many components, many phases, and a composition somewhere
near the multiphase invariant point that represents the end of Earth
evolution through igneous fractionation – full stop for Mother Earth!
Three localities in the Gardar rift (the Narsarsuk pegmatite, the Ivigtut
cryolite body [Elements 5: 71, 2009] and the Ilímaussaq intrusion) have
provided type samples for a total of 60 mineral species (that’s about
1% of all known species), of which 17 have not been found elsewhere.
Ilímaussaq is one of the most complicated and, it is turning out, valuable intrusions in the world. About 220 mineral species have been
found there, so far. Below I give the formulae of a few them, just to
show how exotic and complex they are.
F IGURE 2 shows a beautiful rock called naujaite, from the fjord
Kangerdluarssuk, in the southern part of the 18 x 8 km Ilímaussaq
complex. It is extremely coarse grained, and seen out of context you
would expect it to have come from a pegmatite. In Ilímaussaq such
rocks form whole mountainsides, and the naujaites make up more than
half of the Ilímaussaq outcrop. The naujaite from Kangerdluarssuk is
the type locality for three mineral species, all visible in the photograph:

aenigmatite, Na 2 (Fe2+) 5TiSi6O20
polylithionite, KLi2AlSi4O10 (F,OH) 2
potassicarfvedsonite, KNa 2Fe2+ 4Fe3+ Si8O22 (OH) 2
rinkite, Na(Na,Ca) 2 (Ca,Ce) 4 (Ti,Nb)(Si2O7)(O,F) 4
skinnerite, Cu3SbS3
steenstrupine-(Ce), Na14Ce6Mn2+ Mn3+ Fe3+2Zr(PO4)7
(Si6O18 ) 2 (OH) 2 ·3H2O
 tundrite-(Nd), Na 2Nd 2TiO2 SiO4 (CO3) 2
 ussingite, Na 2AlSi3O8 (OH)








Not only do these formulae attest to the extraordinarily high concentrations of elements that normally occur in parts per million, they also
illustrate the extremely alkaline character of the assemblage. Ussingite
is essentially albite plus NaOH.
The type minerals in FIGURE 2 were collected on a remarkable journey
started in 1806 by Karl Ludwig Giesecke, a German actor (his original name was Johann Georg Metzler). He had fallen on hard times
in Vienna, left in a hurry without paying his bills and settled in
Copenhagen, where he moved into mineral dealing. He arrived in
Greenland intending to stay for two years, exploring and collecting
minerals, but had to stay for seven because of the Napoleonic wars. His
samples were sent in a Danish ship to Copenhagen in 1806, but the
vessel was taken as a ‘prize’ by the British Royal Navy and the minerals
were auctioned in Edinburgh in 1808. Giesecke arrived back in Europe
in 1813, causing a stir by turning up in the English port of Hull clad in
Inuit furs and feathers, his European clothes having long-since worn
out. Every cloud, however, has a silver lining. His samples had been
bought as a job-lot by a wealthy Scot, Thomas Allan, who recognised
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In a joint effort to protect
and provide mineral material
for present and future
research, across laboratories
and interdisciplinary sciences, the
International Association of Geoanalysts
is marketing the HMM # 91500 zircon
in collaboration with the
Harvard Mineralogical Museum.
www.geomus.fas.harvard.edu

HMM #91500
Zircon Reference
Material

1 cm

This material is from the same crystal
described in Wiedenbeck et al. (1995, 2004).
For ordering information go the the IAG’s
marketing division at http://www.iago.com.
As part of this collaboration, all profits from
the sale of this reference material will be used
by the Harvard Mineralogical Museum
to expand its research collection.

This three-day Workshop
will provide a forum for
discussion of the origin
and evolution of REE, Nb,
Ta, Li, Mo and In deposits,
and related processes in
igneous,
hydrothermal,
metamorphic, and supergene environments.

Geologists, petrologists, mineralogists, geochemists, explorationists, technologists and market
experts are all welcome to attend, contribute to
the Workshop, and explore wonderful Mongolia!
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CM2013, supported by the Geological Association of
Mongolia, will be held at the Mongolian University of Science
and Technology in Ulaanbaatar. The Workshop will be
accompanied by a rich cultural program and followed by a
fieldtrip to several large REE and Cu-Au deposits in the Gobi.

For further information, please visit us at:
www.criticalmetalsmeeting.com
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their importance and invited Giesecke to his home in Edinburgh. Allan
was impressed with his mineralogical skills and encouraged him to
apply for the Professorship of Mineralogy in the Royal Dublin Society,
a post Giesecke occupied until his death in 1833. One of Giesecke’s
samples was given the name allanite, so everyone was happy!
It is the northern part of the Ilímaussaq intrusion that is currently
attracting a lot of attention, mainly around a region of complex pegmatites called Kvanefjeld. So far Kvanefjeld is the type locality of a mere
7 mineral species, but remarkably none has so far been found outside
Ilímaussaq. They are:








kuannersuite-Ce, Ba6Na 2Ce2 (PO4) 6FCl
kvanefjeldite, Na4 (Ca,Mn)(Si3O7OH) 2
nabesite, Na 2BeSi4O10 ·4H2O
nacareniobsite-(Ce), Na3Ca3CeNb(Si2O7) 2OF3
orthojoaquinite-(La), NaBa 2 (La,Ce) 2Fe2+Ti2 Si8O26 (OH,O,F)·H2O
rohaite, Tl2Cu8.7Sb2 S 4
sørensenite, Na4Be2 Sn4+ (Si3O9) 2 ·2H2O

Naujakasite, Na6 (Fe,Mn)Al4Si8O26, is a fascinating mineral (FIG. 3). It
is a major rock-forming mineral at Kvanefjeld and over large areas of
Ilímaussaq, its silvery, diamond-shaped plates sometimes making up
75% of the rock, but it is known from nowhere else. Nowhere. It mainly
occurs in a rock type called arfvedsonite lujavrite, a bizarre peralkaline
amphibolite. It is often accompanied by beetroot-coloured villiaumite,
NaF, but it is so soluble in water that it does not survive on natural rock
surfaces. There is evidence that natrosilite, Na 2 Si2O5, was also present,
although it dissolves very rapidly in moist air, forming – as older readers
will know – water glass, once used for preserving eggs. Naujakasite has
relatively simple chemistry, not far from a combination of the common
minerals aegirine (NaFeSi2O6) and nepheline (NaAlSiO4). Anderson and
Sørensen (2005) have provided an intriguing assessment of the physical
and chemical conditions that provided the tiny window of opportunity
that gave naujakasite its moment as a rock star.
In 1955 Denmark began a programme to evaluate the uranium resources
of Greenland, and Kvanefjeld was discovered in 1956. Intensive mapping and drilling by the Geological Survey of Greenland continued until
the 1960s, and this work was followed up by detailed studies at the
University of Copenhagen under the leadership of Henning Sørensen,
whom you can see in FIGURE 4. Two adits were dug, the largest in 1979–
1980. Most of the uranium and REEs are in steenstrupine. The uranium programme was dropped in 1983, but in 2010 the Greenland
government lifted its ban on uranium mining and the area has been
the subject of an intensive drilling programme by Greenland Minerals

FIGURE 4

The entrance to the Kvanefjeld adit in 1986. The man in the centre is
Henning Sørensen.

and Energy Ltd, whose office address is in Subiaco, Western Australia.
Kvanefjeld is now believed to be the second-largest deposit of REEs in
the world, and the sixth largest uranium deposit. It has particularly
high concentrations of heavy REEs, which are in much demand. It is
nice to see that the operators have called one of their exploration zones
the Sørensen deposit.
If mining goes ahead, I do not think it will be long before the list of
weird minerals found in Ilímaussaq becomes considerably longer. It is
a matter of great sadness to me that Mother Earth’s ultimate igneous
products will be dug up, but I fear it is inevitable. It is to be hoped that
the developers dedicate time and money to systematically recording
and interpreting features that they uncover, and take the trouble to
preserve crucial sections. Once it’s gone, it’s gone, full stop.
Ian Parsons
University of Edinburgh, UK

Andersen T, Sørensen H (2005) Stability of naujakasite in hyperagpaitic
melts, and the petrology of naujakasite lujavrite in the Ilímaussaq alkaline
complex, South Greenland. Mineralogical Magazine 69: 125-136
The mineral data were largely taken from Petersen OV and Johnsen O (2005)
Mineral Species First Described from Greenland. Canadian Mineralogist
Special Publication 8, 184 pp
World’s rarest rock-forming mineral? A silvery rhomb of naujakasite
in naujakasite lujavrite, Kvanefjeld, Ilímaussaq. The crystal is 15 mm
in largest dimension.

FIGURE 3
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RARE MINERALS
FOR RESEARCH

Leonard Himes
Fine Mineral Specimens for Collectors Since 1973

F

ROM our inventory of over 200,000 specimens, we can supply your research specimen
needs with reliably identiﬁed samples from worldwide localities, drawing on old,
historic pieces as well as recently discovered exotic species. We and our predecessor
companies have been serving the research and museum communities since 1950. Inquiries
by email recommended.

Remember when you were a kid and loved rocks so much
that you became a scientist studying them? Me, too!
Rekindle your passion for specimens. I have pegmatite
crystals like these and much more. Let me help you build
a stunning display collection. See me at major mineral
shows and my Colorado showroom or contact me for
personal assistance.

Red beryl from the Violet Claims, Beaver Co., Utah. Image by J. Scovil
from the Photographic Guide to Mineral Species CD, available exclusively from Excalibur Mineral Corp.

Excalibur Mineral Corp.
1000 North Division St. Peekskill, NY 10566 USA
Telephone: 914-739-1134; Fax: 914-739-1257

LeonardHimes@aol.com 719-359-3076
ALSO OFFERING APPRAISALS AND COLLECTION CONSULTING.

www.excaliburmineral.com | email: info@excaliburmineral.com
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TENURE TRACK POSITION

An ounce of example is worth a pound of generalities.

MINERALOGY/MATERIAL SCIENCE

HENRY JAMES

The Department of Earth and Environmental Science
at TEMPLE UNIVERSITY seeks applicants for a tenure-track
position at the level of Assistant or Associate Professor in
mineralogy and material science whose research emphasizes
the emerging fields of Environmental Mineralogy, Medical
Mineralogy, or Nanoscience to begin in August 2013.
The successful candidate will have a Ph.D. degree, an established
record of accomplishment in their discipline, a strong commitment to
teaching and student mentoring, and a keen interest in collaboration
with other faculty at Temple University to build a new Geoscience Ph.D.
program. The candidate is expected to complement existing specialties
in our department, including low-temperature aqueous geochemistry,
hydrology, environmental geophysics, structural geology, mineralogy,
coastal geomorphology, soils, sedimentology/stratigraphy, and
paleoclimatology.
Available analytical instrumentation includes: X-ray fluorescence,
magnetic susceptibility, electron microprobe, liquid chromatography/
mass spectrometry, Raman spectroscopy, automated powder, single
crystal, and thin film XRD, SEM and TEM with EDS, as well as access to
high-performance computing.
The deadline for applications is January 7, 2013. Applications should
include a CV, statement of research goals, description of potential
classes and teaching philosophy, names and addresses of at least three
references (five if applying at the Associate level), and copies of selected
reprints. Applications should be submitted electronically via the link on
the Department website: www.temple.edu/geology and letter of intent
emailed to Jonathan Nyquist, Department chair (nyq@temple.edu).

ADVERTISERS IN THIS ISSUE
Actlabs

397

AHF Analysentechnik

326

Bruker AXS

376

Bruker Nano

Inside back cover

CAMECA

Back cover

Cambridge University Press

395

Critical Metals Workshop

397

Excalibur Mineral Corporation

400

IAGeo

397

International Center for Diffraction Data

332

Leonard Himes Fine Minerals

400

Rigaku

331

Savillex

Inside front cover

SPECTRO

329

The Geochemist’s Workbench

399

Thermo Scientific

395

Temple University is an affirmative action and equal opportunity employer
committed to equal access and to achieving a diverse community. The department
specifically invites and encourages applications from women and minorities. We
will be available to meet with candidates at the 2012 Annual GSA and AGU
meetings in Charlotte and San Francisco.

JOB POSTINGS
Temple University

400

See www.elementsmagazine.org/jobpostings

E LEMENTS

400

O C TOBER 2012

