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Abstract

Pegmatites are very coarse-grained magmatic/hydrothermal veins derived from either vola-
tile-rich residual magmatic liquids, or from initial dehydration melting of high-grade meta-
morphic rocks. Some types of pegmatites are enriched in economically valuable minerals,
and certain pegmatite minerals are the most important sources of metals like beryllium and
lithium. Pegmatites are also an important source of gemstones such as emerald, topaz and
tourmaline.

Pegmatites are abundant in Greenland, but their economic potential is poorly known except
in a few cases. This report provides an overview of the genesis and general economic po-
tential of pegmatite occurrences in Greenland. Stream sediment geochemical maps with
locations of samples that are enriched in elements characteristic of pegmatites are also
presented, and the most prospective areas for pegmatite-hosted mineral occurrences in
Greenland are outlined together with recommendations for further evaluation of their eco-
nomic potential.
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Introduction

Pegmatites are suppliers of rare metals like beryllium, lithium and tantalum, which are in
increasing demand by the world’s high technology industry. Pegmatites also represent an
important source of gemstones such as emerald and tourmaline, and some pegmatites are
even mined for their large, clean crystals of quartz and feldspar. Pegmatites are abundant
in Greenland, but few have been described or studied in detail and hence their economic
potential is largely unknown at present.

This report results from a project supported financially by the Bureau of Minerals and Petro-
leum in Greenland and the Geological Survey of Denmark and Greenland (GEUS). It aims
to provide an overview of pegmatite occurrences in Greenland, describe known mineralogy,
and suggest prospective areas and suitable methods for further exploration.

The present survey is based on many years of field observations by the authors, supple-
mented by literature studies and information from colleagues. Existing geological maps and
data from the geochemical mapping of Greenland by GEUS have also been used to search
for areas hosting pegmatites with economic potential.
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Definition and classification of pegmatites

In a strict sense, a pegmatite is a very coarse-grained igneous rock that has crystallised at
a late magmatic stage from a residual magma enriched in volatiles and trace elements.
Pegmatites may concentrate rare elements such as lithium, boron, fluorine, tantalum, nio-
bium, rare-earth elements (REE), and uranium to economic proportions (Allaby & Allaby
(eds) 1990). Besides, large crystals of pegmatite-forming minerals such as feldspars,
quartz and micas are commonly exploited as industrial minerals. Magmatic pegmatites
usually form veins or pods in the roof zones of intrusive igneous complexes (Fig. 1). Al-
though pegmatites are mostly known from granitic intrusions, they may also be associated
with dioritic to gabbroic and alkaline magmatic complexes. The economic potential of peg-
matites is primarily attached to those representing residual melts from granitic and alkaline
intrusions. Fine-grained aplite veins are commonly formed at the same late stage in the
evolution of a granitic magma as pegmatites, and may be equally enriched in lithophile
and/or rare elements. In addition to the above mentioned elements, both pegmatites and
aplites may hold interesting concentrations of molydenum, tungsten, copper and gold.

In a broader sense, the term pegmatite is used for any coarse-grained vein of approxi-
mately granitic composition, with or without a connection to an intrusive complex. Medium-
to coarse-grained granitic to pegmatitic veins may be derived from partial melting of their
host rocks during progressive high-grade metamorphism. Such veins are also termed mig-
matitic veins. When supracrustal rocks are metamorphosed to the point of beginning of
melting, both volatile, lithophile and rare elements may readily enter the melt phase and
subsequently be incorporated into pegmatite minerals like tourmaline, fluorite, lepidolite,
spodumene or beryl. Also molybdenite, scheelite, uraninite and REE-bearing minerals may
occur in such pegmatites. In the case of aluminous source rocks such as clayey metasedi-
mentary rocks, common aluminosilicates such as kyanite and cordierite may crystallise in
gemstone quality.

In the geological mapping of the Precambrian basement of Greenland, coarse-grained
veins are commonly termed pegmatites when their dimensions exceed c. 0.5 m in width
and 2 m in length, regardless of their origin as either residual or partial melts; it is generally
difficult to determine if a deformed and metamorphosed pegmatite originally extended from
a granite body or if it was derived from anatectic melting of a local host rock. The Precam-
brian basement in Greenland characteristically contains several generations of pegmatites
formed in response to repeated episodes of heating and granite emplacement (Fig. 2).

In this report we deal with pegmatites in their broad sense, i.e. both those derived from
residual magmatic melts and those derived from heating during metamorphism of local host
rocks. Elements and minerals of economic interest may occur in both genetic types, and we
do not have the means to distinguish their origin in each particular case. Pegmatite-related
metals and other elements addressed in this report are listed in Table 1.
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Lithium Li Niobium Nb Tantalum Ta

Beryllium Be Molybdenum Mo Tungsten W
Boron B Caesium Cs Gold Au
Fluorine F Rare-earth elements REE Uranium U
Scandium Sc Lanthanum La Thorium Th
Yttrium Y Cerium Ce Tin Sn
Zirconium  Zr Hafnium Hf

Table 1. Pegmatite-related trace elements and their chemical abbreviations

Figure 1. Pegmatite of granitic origin with pink feldspar, white to grey quartz and bronish
black allanite. South of Attu, Nordre Strgmfjord area..

GEUS 7



Figure 2. Two or more generations of quartz-feldspar-dominated pegmatite veins in grey
orthogneis. Likely origin as local partial melts. Godthabsfjord, Nuuk region.

Figure 3. Feldspar-dominated pegmatite veins within mafic metavolcanic rock. Southern
Storg, Nuuk region.
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Classification of economic pegmatites

Several classification schemes exist for pegmatites of largely granitic composition The
major rock-forming minerals are combinations of feldspars, quartz and micas, and different
proportions of several fluids fluids may be involved in their formation (H,O, CO,, CI, F). In
an economic-geological context the classification by Cerny (1991) divides the pegmatites
into characteristic suites based on their trace element contents, which have an implied
genetic connotation. Two suites of pegmatites are recognized by Cerny (1991):

1. The Nb-Y-F suite associated with sub-alkaline granites.
2. The Li-Cs-Ta suite, also enriched in boron, and typically associated with alumina-
rich granites.

Another common classification (e.g. used by Robb 2005) divides granitic pegmatites into
simple and complex pegmatites:

1. Simple pegmatites, which are dominated by the ordinary silicates and quartz, often
exploited as industrial minerals in bulk operations.

2. Complex pegmatites, which contain concentrations of the large ion elements Sn, W,
U, Th, Li, Be, B, Ta, Nb, Cs, REE and Zr, giving rise to minerals which are exploited
selectively for their metal content (e.g. cassiterite, columbite, uraninite), or minerals of
exotic and precious character, such as tourmaline, topaz, and beryl (Robb 2005).

A third group including pegmatites of alkaline and peralkaline heritage will also be used in
this report for descriptive purposes.
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Exploitation of pegmatites

A suite of characteristic pegmatite minerals has been successfully exploited from pegmatite
mines in most parts of the World. Examples of economic pegmatite deposits world-wide are
shown in Table 2. Production numbers are not displayed, since accurate accounts are rare
and of heterogeneous nature. The examples comprise large-scale operations with peak
productions pr. year in the order of at least 10 000 — 50 000 tonnes. Very large operations

have reached annual productions of up to 150 000 tonnes.

Locality Country Mineral/commodity Age Production
year
Bikita Zimbabwe Li-minerals Proterozoic 1900(?)—
Evje-lveland Norway Feldspars, various minerals Proterozoic 1890-1980
Hagendorf Siid, Bawaria Germany Phosphate minerals, Li Phanerozoic 1894-1964
Harding Mine, New  Mexico | USA Spodumen Phanerozoic 1900-1959
Etta Mine, Black Hills, Dakota | USA Spodumen, micas Phanerozoic 1883-1959
Tip Top Mine, Black Hills, USA Feldspar, beryl, Li-minerals Phanerozoic 1880-1980
Dakota
Tourmaline Queen, Pala, USA Tourmaline, gemstones Phanerozoic 1903-1971
California

Table 2. Examples of pegmatites mined for their minerals or metal content:

Mineral extraction may take place as conventional mining in large operations or as small-
scale mining. Exploration is generally straightforward, because large, economic pegmatites
are often easily recognised in the field, and they are often shown on geological maps. Fur-
thermore, pegmatites may sometimes be located directly from aerial photographs due to
their distinct appearance.

Of economic importance are especially minerals containing lithium, beryllium, scandium,
uranium and REE, which are commodities with a variety of high-technology uses. Quartz,
feldspars and mica are used as industrial minerals, e.g. in ceramics. Several pegmatite
mineral species may also be used as gemstones. Furthermore, a number of odd and rare
minerals typically occur in pegmatite environments and are locally of great importance.

Greenland itself only comprises one example of pegmatite exploitation which is however
outstanding, namely the cryolite deposit adjacent to an alkaline granite of Mesoproterozoic
Gardar age at lvittuut, South Greenland (Fig. 5). This deposit supported an extremely prof-
itable mining operation for as much as 130 years. The first account on the economic poten-
tial of pegmatites in Greenland was published by Ball (1922), who underlined the lvittuut
cryolite deposit and the peralkaline rocks in South Greenland, but only mentioned a few
pegmatite mineral occurrences elsewhere.
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Pegmatite occurrences in Greenland

Although pegmatites are abundant in many parts of Greenland, only few have been studied
or described from a mineralogical, genetic or economic point of view. Some general fea-
tures of pegmatites in Greenland are presented here, while more information is given later
on a regional basis.

Granitic pegmatites

The most common pegmatites in the Precambrian basement of Greenland (Fig. 5) are ap-
proximately granitic in composition. They essentially consist of very coarse-grained quartz,
alkali feldspar and mica; the amount and variety of additional minerals depend on the origin
of the pegmatite in question. Magnetite, zircon and allanite are commonly seen, while min-
erals such as monazite, tourmaline, fluorite, apatite, sulphides, uraninite, beryl or topaz are
more rarely seen. Table 3 lists minerals seen or expected to occur in pegmatites in Green-
land.

Genetically, most pegmatites in the basement are results of melting during prograde meta-
morphism. Their mineralogy and economic potential depend to a large extent on the char-
acter of the source rock. Pegmatites derived from reworking of tonalitic to granitic or-
thogneiss usually have a simple mineralogy of quartz, alkali feldspar and biotite and may
be classified as simple pegmatites. Small proportions of accessory phases such as mag-
netite, allanite, apatite, rutile and zircon are also commonly present. Because the pegma-
tites are closely linked to some of the most common rocks in the middle continental crust,
they rarely have economic importance, possibly except large, inclusion-free single crystals
of quartz or mica in postkinematic pegmatites.

Especially the Palaeoproterozoic orogens in Greenland comprise turbiditic metagrey-
wackes derived from erosion of magmatic arcs. Such rocks are very common and volumi-
nous in the Rinkian fold belt in central and northern West Greenland, and in the south-
eastern part of the Ketilidian orogen of South Greenland. Prograde metamorphism of clas-
tic sedimentary rocks with significant contents of clay minerals leads to progressive dehy-
dration and generation of metamorphic fluids, and when high amphibolite facies P-T condi-
tions are reached, pegmatites are commonly formed. These pegmatites are different from
those derived from granitic rocks or magmas: they are more aluminous than the latter and
therefore in addition to quartz, alkali feldspar and biotite typically also contain muscovite,
tourmaline and garnet, and more rarely andalusite and/or cordierite. Besides common ac-
cessory minerals such as magnetite, apatite and zircon, which are also found in simple
granitic pegmatites, these pegmatites may comprise additional beryl, topaz and flusspar, in
order to accommodate minor elements like B, Be or F from their pelitic precursors, and
some of them therefore may be grouped as complex pegmatites. Some of the minerals
found in this group of pegmatites may potentially be of gem quality and commercially ex-
ploited.
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In the Caledonian orogen of central and northern East Greenland, a considerable number
of granite and pegmatite bodies of Mesoproterozoic and early Silurian ages, respectively,
were formed by melting of Mesoproterozoic supracrustal rocks (Kalsbeek et al. 2001a). The
alumina-rich sediments sourcing the pegmatites would favour crystallisation of aluminosili-
cates such as kyanite and cordierite, and potentially also lithium-, tin- and tungsten-bearing
minerals. Their genesis thus suggests that many of them may be of the complex type, but
very few have been investigated.

Figure 4. Examples of minerals from granitic pegmatites in Greenland.

A. Beryl (variety aquamarine) crystal, 17 cm long.

B. Tourmaline crystal (variety dravite) , 14 cm long.

C. Aggregate of allanite crystals.

D. Cerium-rich monazite (orange) and biotite. The monazite crystal is 3 mm across.

In summary, veins derived from melting of orthogneiss become simple pegmatites, while
melts sourced by supracrustal rocks of volcanic and/or sedimentary origin have a potential
to become complex pegmatites with economically valuable minerals.
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Pegmatites associated with alkaline igneous intrusions

Alkaline magmatic rocks result from crystallisation of melts generated in the lithospheric
mantle. Melting in this part of the lithosphere commonly takes place due to pressure re-
lease associated with crustal-scale rifting. Magmas formed in this way are often silica-
undersaturated and characterised by high concentrations of the alkali metals K and Na.
Like granitic melts they are enriched in lithophile elements including U and Th, but also in
high field strength elements such as Y, Zr, Hf, and Nb, Ta and REE. The concentration of
these elements may reach economically interesting levels in pegmatites formed in the ter-
minal stages of magmatic crystallisation - in fact, economic concentrations of such ele-
ments may also be found in non-pegmatitic rock units and hydrothermally altered zones
within or in the surroundings of the alkaline complexes. Alkaline rocks contain rare minerals
that have a value as specialised industrial minerals or in the mineral collectors’ market. In
addition, certain minerals have found use as semi-precious stones, e.g. amazonite and
tugtupite (see frontispiece).

In Greenland, the largest and most important group of alkaline rocks is the Mesoproterozoic
Gardar province in South Greenland (Upton 1974; Upton & Emeleus 1987). Others com-
prise the Palaeogene alkaline province in East Greenland (Nielsen 1987, 2005) and the
Neoarchaean Skjoldungen province in Southeast Greenland (Nielsen & Rosing 1990; Bli-
chert-Toft et al. 1995). Alkaline intrusions in both provinces are shown in Fig. 5.

Two different local types of pegmatites were formed during the crystallisation of the large
intrusive complexes within the Gardar Province. One type, ‘facies pegmatites’, was devel-
oped as layers or irregular veins and pockets within the complexes themselves, where
volatiles were trapped and the rocks became unusually coarse-grained.

The other type, ‘phase pegmatites’, was developed where residual liquids and volatiles left
the crystallising magma chamber to form pegmatite veins in the surrounding host rocks.
The mineralogy of both types of pegmatites reflects the accumulated incompatible ele-
ments and compounds. However, the physical conditions (temperature, volatiles, confine-
ment) prevailing within the magmatic complex were different from those in its margin and in
the surrounding rocks, and this influenced the mineralogy of the resulting pegmatites.
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Figure 6. Facies pegmatite within the alkaline llimaussaq complex, South Greenland. The
pegmatite contains greyish white, lath-shaped feldspar, red eudialyte, and black arfvedso-
nite.

Figure 7. Phase pegmatite in the margin of the alkaline llimaussag complex, South
Greenland. Large black crystals of arfvedsonite up to 60 cm long are intergrown with
equally large crystals of white feldspar.

GEUS 15



Geochemical criteria for identifying favourable areas
for economic pegmatite occurrences

Large parts of Greenland outside the Inland Ice have been covered by stream sediment
surveys (Steenfelt 2001). Sediments from the bottom or banks of second to third order
streams have been collected systematically, at densities of 1 sample per 2.5 km? in a small
part of East Greenland, 6.5 km? in South Greenland, 30 km? in most of West and parts of
North Greenland, and at lower densities in other areas. The samples were screened and
the < 100 um fraction analysed by a variety of methods (Steenfelt 1999). Most samples
have been analysed by the neutron activation method, and several of the elements deter-
mined by this method are usually concentrated in pegmatites; the elements of interest in
this context are Cs, Mo, La, Yb, Hf, Ta, Th and U. Thus, the distribution of high values of
these elements may indicate where pegmatites or other rocks with economic potential are
located. While Mo mineralisation is mostly associated with granitic rocks, interesting con-
centrations of the remaining elements may occur in both granitic and alkaline rocks. Unfor-
tunately, the analytical programme did not include determination of B, Be, Li, F.

The distribution of Cs (Fig. 8) reflects the distribution of granitic and syenitic rocks, and the
highest values suggest areas favourable for pegmatite formation. These high values form
clusters in the metasedimentary rocks of the Karrat Group in the southern Rinkian fold belt,
the central and southern Ketilidian orogen, and in the Caledonian belt of northern East
Greenland.

Quartz veins have been described from the southern Rinkian fold belt (Thomassen & Lind
1998), but very limited information exists about pegmatites. In the other areas of high Cs,
pegmatites have been observed in connection with postkinematic granitic or syenitic igne-
ous complexes.

Lithium (Li) is the most economically valuable of the lithophile elements because of its rarity
and use in the electronics industry e.g. in rechargeable batteries. GEUS’ stream sediment
database does not contain data for Li, but the distribution of Cs serves as a good indicator
of environments generally enriched in lithophile elements. Maps of Li and Cs in till and
stream sediment in the geochemical atlas of Finland (sampling density 1 sample per 300
km?, Koljonen (ed.) 1992; Lahermo et al. 1996), confirm that the distribution patterns of the
two elements are very similar. An area in south-eastern Finland is most enriched in the two
elements, and here Cs > 4 ppm in grid values based on stream sediment data corresponds
to Li > 32 ppm. By comparison, the values for till samples are 6 ppm for Cs and 50 ppm for
Li.
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In South Greenland, both granitic and alkaline intrusions have high Cs, hence the possibil-
ity of finding concentrations of Li minerals seems to be good. The metasedimentary Karrat
Group in the Rinkian fold belt appears to be another environment with an obvious potential
for Li-bearing pegmatites. Analysing available stream sediment samples from Cs-enriched
areas for Li would allow an identification of targets for detailed Li exploration.

The trace element Hf has chemical properties similar to those of Zr, and the two elements
are both concentrated in the mineral zircon. The stream sediment analytical data for Hf are
more consistent than those for Zr, hence the Hf data are shown here (Fig. 8). Zircon is a
heavy mineral and very resistant to weathering and abrasion, and is therefore concentrated
in clastic sediments. Accordingly, areas of high Hf commonly reflect the presence of clastic
(meta)sedimentary rocks.

Melts formed within metasedimentary rocks have a good chance of becoming enriched in
elements contained in rare minerals such as spodumene or cassiterite. High Hf values oc-
cur in stream sediments draining sedimentary rocks in the Inglefield Land — Pittufik region,
which also show high values of REE (Fig. 10) and Th (Fig. 11). However, low concentra-
tions of the granite-indicating element Cs suggest that a granitic component is absent, and
pegmatites are rare.

Hf is also enriched in alkaline rocks together with Cs, Li, Nb, Ta, U, Th and REE. Elevated
concentrations of many of these elements in the same stream sediment samples in South
Greenland reflect the alkaline rock complexes of the Gardar province.

The economically interesting elements Ta and Mo (Fig. 9) may both be concentrated in
pegmatites, although these elements may also be enriched in other rock types. Ta may
also be indicative of Nb concentrations, because Ta and Nb are geochemically very similar.
Molybdenite, MoS2, typically forms as an accessory mineral in certain granites, pegmatites
and aplites, commonly in high-temperature vein deposits associated with cassiterite,
scheelite, wolframite and fluorite. Mo is enriched in the Rinkian metasedimentary Karrat
Group, where Mo has been found in pegmatites (Allen & Harris 1980). Mo-bearing pegma-
tites are also known from the northern part of the Julianehab batholith.

The Ta distribution patterns of Fig. 9 show that the Gardar province is strongly enriched in
Ta, but interestingly, high Ta is also found in samples from streams draining metasedimen-
tary and sedimentary rocks in East Greenland. The few scattered stream sediment samples
with high Ta in other parts of Greenland coincide with known occurrences of Ta-Nb bearing
carbonatites in West Greenland (i.e. not pegmatites). The samples with high Ta in northern
West Greenland are presently unexplained.
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In simple pegmatites related to granites the minerals allanite and monazite are commonly
enriched in REE, whereas a whole range of rare REE minerals occurs in alkaline pegma-
tites. The light REE La and Ce are geochemically very similar, so that high concentrations
of La also indicates high Ce; presently Ce has greater industrial use than La. The heavy
REE Yb is similar to yttrium (Y), which is eonomically more interesting. There is an interest-
ing difference in the distribution patterns of the light and heavy REE, exemplified by La and
Yb (Fig. 10). Thus, in metasedimentary environments, La is enriched in the Rinkian fold
belt, while Yb is enriched in south-eastern Ketilidian and Caledonian orogens. Many of the
Gardar rock units are enriched in both light and heavy REE.

Fig. 11 displays U and Th distributions. The two elements are concentrated in granites and
their pegmatites, but also in alkaline rocks. In addition, Th minerals such as allanite may be
accumulated in sediments. In the map, high Th values are distributed in areas of sedimen-
tary rocks, whereas high U values reflect occurrences of granitic rocks. Large Neoarchaean
pegmatites with high U contents in the Nuuk region are the source of the high U found in
stream sediments there.

In summary, the stream sediment data suggest that granitic pegmatites in the Palaeopro-
terozoic Karrat and Ketilidian supracrustal sequences, and in the Neoproterozoic
Krummedal supracrustal sequence seem to have the best potential for hosting economi-
cally interesting minerals.
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Overview of known pegmatite occurrences in differ-
ent regions of Greenland

Most of the information about pegmatites is found in the published geological maps, and in
map manuscripts and field diaries in the archives of the Survey. Limited additional informa-
tion exists in reports by mineral exploration companies. Much information is stored in the
minds of field geologists. The authors of this report have worked with Greenland geology
for 30 years, and allowed us to draw on collective field observations of pegmatites in most
parts of Greenland. For other areas we have looked into relevant sources of information
residing in GEUS archives, and we have asked colleagues about their observations. Here
we provide an overview region by region of pegmatite occurrences known to us, including
their type and observed mineralogy. The regions addressed in the following are shown in
Figs 12 and 19.

Some references to key publications for each region are given here. Additional references
of general or introductory character concerning geological units in Greenland may be found
in Henriksen et al. (2000).

Palaeoproterozoic Inglefield mobile belt and Archaean base-
ment between Inglefield Land and Pittufik

Inglefield Land supracrustal rocks

Garnet-rich granulite facies metasedimentary rocks (predominantly metasandstones and
metagreywackes) have common migmatitic veins and leucocratic quartz-feldspar pegma-
tites with variable amounts of garnet (Dawes 2004). The migmatitic veins and pegmatites
were formed in at least three pre-, syn- and post deformation generations. Undeformed
simple pegmatites and small outcrops of granite carry pink K-feldspar and may be associ-
ated with hidden larger granitic plutons. One pegmatite has radioactive minerals (Steenfelt
& Dam 1996).

Archaean basement

At Nunatarsuaq south-east of Inglefield Bredning many migmatitic veins and K-rich pegma-
tites are hosted by Archaean tonalitic to granodioritic orthogneiss in amphibolite facies.
Stream sediment and gamma-radiation data confirm elevated large-ion lithophile elements
(LILE) in Nunatarsuaq, suggesting an upper-crustal level of prograde amphibolite facies
(Steenfelt et al. 2002). Pegmatitic gneiss has also been described from Carey ger (Bendix-
Almgreen et al. 1967; Dawes 2006).
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Northern Rinkian fold belt

Metasedimentary rocks of the Karrat Group

Metasedimentary rocks of the Palaeoproterozoic Karrat Group (Grocott & Pulvertaft 1990),
mostly in granulite facies, are widespread in most of the Rinkian fold belt and contain
abundant granitoid veins of migmatitic or pegmatitic origin, besides numerous quartz veins
and pods (Thomassen et al. 1999). The metasedimentary setting has an excellent potential
for the formation of complex pegmatites.

Prgven igneous complex

The most prominent and best exposed example of pegmatites adjacent to a large orogenic
intrusion in West Greenland occurs adjacent to the Palaeoproterozoic Prgven igneous
complex in the Upernavik region of the northern Rinkian fold belt (Fig. 8). The Prgven igne-
ous complex is a huge granitic lopolith about 100 km across that was emplaced into the
core of the Rinkian fold belt at 1.87 Ga (Kalsbeek 1981; Thrane et al. 2005) Isotopic studies
by the same authors have shown that the complex consists of remelted Archaean crust.
The granitic magma was emplaced synkinematically with respect to the flat-lying, collisional
tectonic fabrics in its host rocks. Due to the large heat flow, swarms of pegmatites were
also generated by local melting in the country rocks up to tens of kilometres away from the
presently exposed margins of the igneous complex.

Figure 13. Swarm of syn- to postkinematic Rinkian pegmatites on the west coast of Uk-
kusissat Fjord c. 20 km south of the Prgven igneous complex. The coast side is c. 1000 m
high.
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Central and southern Rinkian fold belt

Metasedimentary and metavolcanic rocks of the Karrat Group

The Karrat Group south of the Prgven igneous complex comprises large areas of lower
amphibolite facies metagreywacke of the Nukavsak Formation together with quartzite and
marble, the latter hosting lead-zinc-sulphides (Henderson & Pulvertaft 1987). Pegmatites
are most abundant in the northern part close to the Prgven igneous complex (see the pre-
vious section). According to Allen & Harris (1980), a swarm of peraluminous granite peg-
matite dykes cuts Umanak gneiss and Karrat Group rocks in the central part of southern
Rinkian fold belt. The pegmatites have quartz-rich centres and are associated with quartz
veins, and are composed of quartz, muscovite, biotite, feldspar, garnet and variable tour-
maline, they. Molybdenite is found commonly within 30 cm of the margins of the veins, and
0.1 — 0.5 % MoS, over 4-5 cm have been recorded (Allen & Harris 1980).To the south,
quartz veins derived from metamorphic dehydration of the sedimentary rocks are more
common than pegmatites (Thomassen & Lind 1998; A.A. Garde, field notes 2002-2003).
Farther south, a pegmatite with tourmaline has been observed at the contact between the
metagreywacke and underlying basement of orthogneiss (A. Steenfelt, field notes 1997).

Archaean basement in the Uummannag region

The amphibolite facies Archaean orthogneisses in the Uummannaq region contain several
generations of migmatitic veins and pegmatites in the broad sense.

Ataa area

The Archaean basement consists of amphibolite facies migmatitic orthogneiss. Common
simple pegmatites are likely to have been mobilised from the orthogneiss. The Ataa tonalite
is an intrusive plutonic complex which is in part exposed near its roof, where granitic and
aplitic to pegmatitic veins are locally abundant and may extend into the surrounding country
rocks (Kalsbeek & Skjernaa 1999). The mineralogy of these simple pegmatites is domi-
nated by quartz, feldspars and biotite. Migmatite veins are common in the metavolcanic
rocks adjacent to the Ataa tonalite and also occurs in the supracrustal sequences at Eqi
near the margin of the Inland Ice.

Central and northern Nagssugtogidian orogen

The Nagssugtogidian orogen in central West Greenland mainly comprises Archaean crust
that has been partly reworked during the Palaeoproterozoic heating and deformation, be-
sides Palaeoproterozoic supracrustal rocks and remnants of two magmatic arcs (van Gool
et al. 2002). Both Archaean and Palaeoproterozoic pegmatites occur, and examples of both
simple and complex pegmatites are known. In some areas two different groups of pink and
white pegmatites have been distinguished, but this distinction based on colour can only
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locally be related to the age, type, or genesis of the pegmatites in question. Furthermore, it
may be difficult to distinguish Archaean pegmatites within areas of unreworked Archaean
rocks from Palaeoproterozoic pegmatites in reworked areas. This is illustrated in Figs 14
and 15. Figure 14 shows a group of Archaean synkinematic granite-pegmatite sheets up to
about 30 cm wide, which cut Archaean orthogneiss and are in part folded with their host.
The outcrop is located south-east of Kangaatsiaq within an area that was heated but not
deformed during the Palaeoproterozoic, and the pegmatites are regarded as derived from
late Archaean granitic plutons.

Figure 14. Archaean, syn- to postkinematic granite—pegmatite sheets c. 30 cm thick in
Archaean orthogneiss. North coast of Saggarput, 30 km south-east of Kangaatsiaq

Figure 15 shows a coastal outcrop in the northern Nagssugtogidian orogen displaying Ar-
chaean orthogneiss and Palaeoproterozoic dykes that were intensely deformed in the Pa-
laeoproterozoic orogeny. Two prominent, steeply inclined postkinematic pegmatites of Pa-
laeoproterozoic age are visible in the centre of the photo, which cut the flat-lying, relict
dykes and reworked orthogneiss. These pegmatites have presumably been derived from
reworking of Archaean orthogneisses in Palaeoproterozoic time, since no large Palaeopro-
terozoic granites are exposed in the northern Nagssugtogidian orogen. Older, pre- or
synkinematic felsic sheets are also visible as thin, pale layers within the orthogneisses, and
may be either Archaean or Palaeoproterozoic in age.

GEUS 27



Figure 15. Pink Palaeoproterozoic pegmatites cutting reworked, migmatised Archaean
orthogneiss and deformed Palaeoproterozoic mafic dykes. South coast of island 11 km
east of Aasiaat.

Naternaq

The Palaeoproterozoic Naternaq supracrustal belt (Jstergaard et al. 2002) was deformed
and metamorphosed during the Nagssugtogidian orogeny, and local pink granites as well
as both pink and white pegmatites were formed as result of local melting in the area of a
prominent fold hinge in the south-western part of the belt. Several of these pegmatites are
white and commonly contain decimetre-sized crystals of black tourmaline (A.A. Garde, field
notes, 2002). However, no detailed studies have been carried out on such pegmatites,
some of which may be complex in their mineralogy.

Kangaatsiaq — Nordre Strgmfjord

Pink pegmatites are common in the outer fijord zone from Kangaatsiaq to south of Attu,
where the Archaean orthogneiss is intruded by granite and simple pink pegmatites of un-
known age. The pegmatites occur mostly as discordant decimetre- to metre-thick bodies
within the gneiss, at contacts between major lithological units, and within supracrustal rocks
where they are clearly cross-cutting. The dominant minerals are K-feldspar (commonly
more than 10 cm in size), quartz, biotite and subordinate allanite, titanite, apatite, magnetite
and Fe-sulphides. Zonation is occasionally seen, with quartz-rich centres bounded by K-
feldspar-rich parts.

White pegmatites are generally concordant (but locally discordant) to the foliation of the
adjacent country rocks (typically grey orthogneiss and supracrustal rocks). The white peg-
matites are 5-20 m wide and 50-200 m long, with a general trend of NW-SE all over the
Nordre Strgmfjord and Ussuit areas. Gradual contacts to the host rocks are common.
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Quartz and plagioclase dominate the white pegmatites, with garnet, biotite, monazite, mag-
netite and zircon as characteristic minor constituents. Monazite is found as 0.5-5 mm or-
ange crystals that mainly occur in plagioclase-biotite-rich pegmatites. The monazite crystals
are euhedral and occur in lens-shaped layers accompanied by biotite, set in a granoblastic
matrix of primarily plagioclase (Secher 1980). Both pegmatite types have ages of c. 1800
Ma (Pb-Pb age determinations of allanite and monazite, Stendal et al. 2006).

Southern Nagssugtogidian orogen

Kangerlussuaq

Pegmatite dykes, veins and schlieren occur throughout the southern Nagssugtogidian
boundary area, and vary considerably. Locally, simple quartz-feldspar-pegmatites host gar-
net and apatite (Noe-Nygaard & Ramberg 1961).

Archaean basement rocks in the Nuuk—Isua region

The Nuuk—Isua region represents the highest crustal level in the North Atlantic craton in
southern West Greenland, and pegmatites are abundant and voluminous in some areas,
especially within supracrustal rocks at western Godthabsfjord. They were formed during
several thermal episodes in the time interval c. 2750-2600 Ma (Hollis et al. 2006), and
again at around 2550 Ma in connection with the intrusion of the multiple Qoérqut granite
sheets.

Pre-Qo6rqut granite pegmatites

The earlier pegmatites (Figs 16 and 17) most likely represent local melting of a package of
metavolcanic and metasedimentary rocks. The pegmatites are leucocratic and dominated
by quartz and white feldspar, and they contain a variety of accessory minerals including
biotite, magnetite, garnet, tourmaline, allanite and uraninite. At a couple of localities also
uraninite has been found, frequently altered to yellow B-uranophane (Secher 1980). Peg-
matites in the Ivisaartoq area are known for their local accumulation of beryl (var. aquama-
rine), which at one locality has delivered large well-shaped crystals of up to 4 x 17 cm (Fig.
4). Tourmaline (var. dravite) is well known from Sermitsiaq and the southern part of the
Nuuk region around Ameralik. A typical feature of this tourmaline is its black colour, the
well-developed crystal faces with shiny surfaces, and the large sizes. Crystals of up to
nearly 2 kg a piece have been recorded (Petersen & Secher 1993). The economic potential
of these pegmatites has not been evaluated.
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Figure 16. White pegmatites dated at c. 2630 Ma within Archaean supracrustal rocks on
central Storg, Nuuk region.

Figure 17. Close-up of white pegmatite, clearly intrusive into deformed grey gneiss.

Pegmatites related to the Q6rqut granite
The Qorqut granite in Godthabsfjord is a multiply intruded sheeted complex around 2550
Ma in age. The granite is rich in lithophile elements like K, U and Th (Steenfelt et al. 1990)
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and with many pink pegmatites rich in K-feldspar (Fig. 18). A number of minerals of possi-
ble economic significance have been located within the pegmatites. Both inside and around
the Qo6rqut granite the biotite-rich parts of its pegmatites often contain magnetite, garnet,
pyrite and rarely molybdenite.

Figure 18. Pink pegmatite related to the Qorqut granite complex. Godthabsfjord, Nuuk
region.

Archaean craton in the Fiskenaesset—Paamiut region

In the southern part of the Archaean craton in southern West Greenland, quartz- and pla-
gioclase-rich pegmatites intrude both the orthogneisses and the Fiskengesset anorthosite
complex, where they typically form conformable bodies along lithological contacts within the
complex. Numerous light coloured quartz-plagioclase-biotite pegmatites with varying sizes
up to 30 m wide often have accessory (up to 10 vol%) allanite and rare garnets. Garnets
typically occur in marginal layers. Molybdenite and beryl are rarely seen, and the pegma-
tites are considered barren in an economic geological context. Similar pegmatites are found
locally in the easternmost part of the region. These pegmatites are often wide (10-15 m)
and can be followed for several hundred metres, and are characterised by their more or
less stable allanite contet of 5-10 vol%. (Windley et al. 1973; Secher, field notes 1970).
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Ketilidian orogen and Gardar igneous province in South
Greenland

The evolution of the Palaeoproterozoic Ketilidian orogen and the subsequent Mesoprotero-
zoic Gardar igneous province in South Greenland has favoured the formation of pegma-
tites, both simple pegmatites related to granitic magmas, simple and complex pegmatites
formed by melting of metasedimentary rocks, and pegmatites related to alkaline intrusions.
The most interesting pegmatite-forming events are late-kinematic Ketilidian granites related
to the Julianehdb batholith and the granites contemporaneous with the late- to postkine-
matic rapakivi suite, both of Palaeoproterozoic age, and the Mesoproterozoic Gardar mag-
mas. The location of geological formations and places in South Greenland is shown in Fig.
19.

Ketilidian orogen

Much of the information about pegmatites in South Greenland has been provided by ura-
nium exploration campaigns by the Survey in 1979-1986, as many pegmatites and veins
turned out to have elevated concentrations of U- and Th-bearing minerals ((Nyegaard &
Armour-Brown 1986).

Northern Ketilidian Border Zone (Frederikshaab Isblink — Kobberminebugt)

Isorsua

The Isorsua area is covered by 1:100 000 scale geological map 61 V.2 Nord Midternees.
the map shows that large pegmatites occur in both metavolcanic and metasedimentary
rocks. A large granite body of unknown, but presumably Archaean age was found to be
enriched in U and Th (Steenfelt et al. 1994; Stemp 1997). The granite could be the source
of the pegmatites, or the source of heat by which partial melting took place within the su-
pracrustal rocks.

Taartoq

The 1:100 000 scale geological maps show that pegmatites occur frequently in the basic
metavolcanic rocks of the Taartoq Group. These pegmatites are likely to have formed as
result of local melting during prograde metamorphism of the volcanic sequence.

Sanerut, Storg, Pyramidefjeld

Granites formed during the convergent subduction phase of the Ketilidian orogeny have
intruded the Archaean continental margin in what is known as the Ketilidian Border zone.
Pegmatites associated with these granites are expected to exist, but further information has
presently not been identified. Many pegmatites are shown in the two published geological
maps at scale 1:100 000 of the Border zone, and may include migmatitic veins as well as
true pegmatites.
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Figure 19. Geological map of South Greenland with names. Geological formations in
green, fjords in blue, settlements in grey, and other place names in black text.

Kobberminebugt

At Alangorsua in Kobberminebugt an irregular pegmatite lens, 10 x 3 m in size, contains a
nest of up to 3 cm long, light green to light blue-green beryl crystals (A. Steenfelt, field
notes 1987). The pegmatite is dominated by quartz, whereas feldspar is subordinate and
there are only traces of biotite. The host rock is a hornblende-phyric mafic metavolcanic
unit of the Kobberminebugt supracrustal rocks.

Central Ketilidian orogen

The late granitic members of the Julianehab Batholith are high-level intrusions with associ-
ated pegmatites, although there is no special information on these. The 1:100 000 scale
geological maps document that pegmatites have been observed. In the central part of the
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batholith supracrustal units are virtually absent, and pegmatites are likely to be of the sim-
ple type.

South-eastern Ketilidian orogen

The two published geological maps covering parts of the deformed and metamorphosed
fore-arc basin of the southern and south-eastern Ketilidian orogen illustrate with symbols
that migmatites and pegmatites are abundant in the zones of reworked metasedimentary
rocks. Partial melting of meta-arkose and quartz-rich sandstone on the Nanortalik Penin-
sula have formed

Figure 20. Migmatitic meta-arkose (or acid volcanic rock) carrying radioactive minerals
and cut by thin straight quartz-feldspar veins. Tasermiut, South Greenland.

pegmatitic subconcordant sheets and crosscutting veins up to several metres thick (Nielsen
& Tukiainen 1981). The main pegmatite minerals are quartz, feldspar, micas and amphi-
boles, with accessory pitchblende, chalcopyrite and black tourmaline. Tourmaline- and lo-
cally dumortierite-bearing complex pegmatites derived from partial melting of local meta-
sedimentary rocks occur, e.g. north of Danell Fjord (A.A. Garde, field notes 1994,1996).

Garnet- and locally cordierite-bearing S-type granites derived from partial melting of
metaarkose and greywacke are common in the eastern and south-eastern parts of the
Ketilidian fore arc, and sometimes grade into pegmatites.

The late to post-kinematic Rapakivi intrusive suite of granites and norites also comprises

small volumes of granites (microcline granite, biotite granite, Allaart 1973). Pegmatites and
aplites associated with the granites are locally enriched in gold, and they have a potential of
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being enriched in Li as they have high concentrations of the other lithophile elements Rb
and Cs (Steenfelt 2000). The type locality for allanite is Aluk in the rapakivi suite (Fig. 19).

Mesoproterozoic Gardar province

Information about pegmatites in the Gardar complexes may be found in Survey publications
(especially the Bulletin of the Geological Survey of Greenland) issued at the termination of
a regional mapping programme of the 1960s, see references below. A systematic search
through maps, publications and field diaries would undoubtedly provide more detailed in-
formation. Among the Gardar intrusions the llimaussaq intrusive complex described in the
following appears to have the best potential for economic use of its pegmatites.

Narsaq

The llimaussaq intrusive complex comprises a series of syenites formed by crystallisation
of silica-undersaturated, alkaline to peralkaline magmas rich in volatiles, in particular F and
Cl (Bailey et al. (eds) 1981). As mentioned in the introduction, pegmatites occur within
many of the rock units, and a few extend into the country rock. Thus, pegmatites were
formed as networks of veins below the roof and along the sides of the chamber of the early
naujaite-foyaite stage of felsic nepheline syenites, and as layers within the naujaite. The
pegmatites are commonly rich in eudialyte and other minerals containing Nb, Ta and REE,
and pegmatites rich in Li and Be minerals occur locally (Sgrensen 1962; Sgrensen et al.
1981; Sgrensen 1992). Also in the late magmatic lujavrite (mafic nepheline syenite) stage,
facies pegmatites developed as irregular veins and patches, and they are particularly en-
riched in F, U and Th, Be, Li, Zr, Nb and Ta (Sgrensen 1960; Engell et al. 1971; Bailey et
al. 1993; Sgrensen 2000).

The llimaussaq intrusion has become famous among mineral collectors for its large number
of rare mineral species, which are commonly found in its pegmatites (Secher et al. 1981,
Sgrensen et al. 1981; Petersen & Secher 1993).

Ivittuut

The intrusion at Ivittuut comprises a stock of alkaline granite (lvigtQt granite) with a pegma-
titic facies developed into cryolite-, quartz- and quartz-feldspar pegmatites. The now totally
exploited cryolite ore body had the shape of an irregular, flattened dome measuring about
50 x 155 m horizontally and 70 m in depth. The main ore body of cryolite and siderite was
followed downwards by a siderite zone mixed with a fluorite shell to the west. At still deeper
levels a huge mass of more or less pure quartz with accessory sulphide minerals separated
the body from the underlying granite. Late feldspar-quartz pegmatites have been recog-
nised in the upper part of the ore body. Typical complex pegmatite minerals such as topaz,
cassiterite, columbite and wolframite occur, together with a suite of rare and unusual fluo-
ride, carbonate and oxide minerals, around 90 different minerals in all. The elements Th
and Sr are minor but characteristic constituents of the deposit. The cryolite deposit was
mined from 1854-1987, with at total production of 3.7 million t of ore averaging 58% cryo-
lite.
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The mode of formation of the cryolite mass adjacent to the lvigtt granite is still a matter of
discussion. One accepted theory considers the cryolite to represent an extreme pegmatitic
and/or pneumatolytic phase derived from the crystallising granitic magma. The unusual
formation was the result of accumulated fluorine-rich gases trapped in the central upper
part of the already solidified granite stock.

The major cryolite, cryolite/siderite and quartz phases of the cryolite deposit are considered
to have crystallised in close succession, while subsequent fluorite-cryolite- and fluorite-
dominated phases were formed when late fluids reacted with previously crystallised rocks.

Pegmatites from the nearby Klngnéat syenitic intrusion contain ornamental amazonite and
iridescent feldspar.

Nunarssuit alkaline complex

This large intrusive complex comprises several intrusive phases of alkaline saturated to
oversaturated rocks. Very high Y and Yb concentrations in stream sediment (see high Yb in
Fig. 11) suggest that pegmatites with yttrium minerals occur in the intrusive complex. Ama-
zonite occurs in several pegmatites of the complex, see frontispiece.

Igaliko alkaline complex

A pegmatite at a place called Narsaarsuk has been made famous for a large humber of
new and very rare minerals (Petersen 1989; Petersen & Gault 1993; Petersen & Secher
1993; Petersen et al. 1996; Petersen et al. 1999).

Palaeoproterozoic basement, Ammassalik/Tasiilaq region

The Precambrian Ammassalik/Tasiilag region in southern East Greenland (Figs 5 and 12)
is supposed to represent the eastern continuation of the Nagssugtogidian orogen in central
West Greenland. Palaeoproterozoic supracrustal rocks are widespread at Tasiilaq (Kals-
beek (ed.)1989). Pegmatites of local origin are common in the gneisses and supracrustal
rocks (Chadwick & Vasudev 1989; Dawes et al. 1989) and large crystals of amazonite and
tourmaline have been observed at the head of Sermilik (Kent Brooks, pers. comm. 2006).
The potential for complex pegmatites is considerable.

Neoarchaean Skjoldungen alkaline province

Presently, we have no information on pegmatites from this province (Fig. 19). Some mag-
netite-apatite segregations are described in Blichert-Toft et al. (1995).
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Caledonian orogen in East Greenland

Palaeoproterozoic and Archaean basement

The basement to the Caledonian orogen in central East Greenland is dominated by grano-
dioritic to tonalitic orthogneisses of Archaean and Palaeoproterozoic age, respectively,
north and south of 73° N. Palaeoproterozoic granites are known, e.g. a c. 1850 Ma body of
pegmatitic muscovite granite near the margin of the Inland Ice at Charcot Land, 72° N
(Hansen et al. 1981). The granite/pegmatite body intrudes both basement and supracrustal
rocks. The development of migmatites is as widespread as in the Precambrain basement of
West Greenland.

Eastern Milne Land

Several metres wide pegmatite with large crystals of tourmaline and beryl (var. aguama-
rine) hosted by Proterozoic migmatitic gneiss (Bjgrn Thomassen, pers. comm. 2007). Cale-
donian granite intruding in the neighbourhood may have contributed to the formation of the
pegmatite.

Mesoproterozoic supracrustal rocks

The Mesoproterozoic Krummedal (meta)sedimentary sequence is exposed intermittently
between 70° and 76° N. It comprises basin-type sedimentary rocks including (meta)arkosic
and quartz sandstones and greywackes in amphibolite facies (Higgins 1988). During peak
metamorphism around 930 Ma, and again at around 435 Ma in the Caledonian orogeny,
thermal episodes resulted in partial melting of the metasedimentary rocks, whereby numer-
ous granitic and pegmatitic veins were formed (Kalsbeek et al. 2001a; Kalsbeek et al.
2001b). Large melt volumes have coalesced to form larger granite bodies that occur in the
same areas as the Krummedal sequence. The crystallisation of the granites is considered
to have been appropriate for pegmatite formation, although studies of pegmatites in this
region are not known to the present authors. The younger granites have partially intruded
the Neoproterozoic—Palaeozoic Eleonora Bay Supergroup. Stream sediment samples from
areas with exposed rocks of the Krummedal sequence are enriched in Cs, Hf, Th, Ta, and
Yb (Figs 8 tol1), suggesting a favourable environment for the formation of complex pegma-
tites.
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Figure 21. Migmatitic veins in the Krummedal metasediments at Ardencaple Fjord

Ardencaple Fjord

Abundant pegmatites occur in the surroundings of the Caledonian granite that has intruded
the Krummedal sequence at Ardencaple Fjord, at 75° N (Fig. 21). No detailed study is
known to the present authors.

Randenaes

Scheelite and cassiterite with tungsten and tin, respectively, besides fluorite and tourmaline
have been recorded in a subconcordant pegmatite presumed to be associated with a Cale-
donian granite at Randenzes, Forsblad Fjord. Here also Li (200 ppm) and Be (50 ppm) and
arsenopyrite with up to 2 ppm Au occur in samples from the contact zone between pegma-
tite and metasedimentary rocks (Harpgth et al. 1986). The finding suggests that pegmatites
related to the Caledonian granites have a potential for Li minerals.

Palaeozoic supracrustal rocks and granites

Exploration by Nordisk Mineselskab A/S in the years 1952-1984 led to the discovery of
many mineral occurrences within the Neoproterozoic—Palaeozoic Eleonora Bay Super-
group surrounding Caledonian granites of Silurian age. However, most of these are hydro-
thermal types of mineralisation rather than pegmatites, and no economically interesting
pegmatites were noted by Harpgth et al. (1986). Drainage samples collected near small
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intrusions of Devonian granites have yielded elevated concentrations of Sn and Mo that are
likely to have been derived from pegmatite or greisen (Harpgth et al. 1986).

Palaeogene alkaline intrusions in East Greenland

Mineral exploration related to the Palaeogene alkaline intrusions in central East Greenland
has been attracted by the hydrothermal alteration that is very pronounced within and
around preserved roof zones of several large intrusions, and previous investigations sum-
marised in Nielsen (2005) do not account for exploration of pegmatites. Many pegmatites
have however been observed, and in general terms they have a potential for rare minerals
enriched in Li, Be, Zr, Hf, Nb, Ta, REE and Y, U and Th.

The summary information presented here is mainly based on personal communication with
Troels Nielsen, GEUS, and Kent Brooks, Geocenter Copenhagen, 2006. The Gardiner in-
trusion comprises many pegmatites. Pegmatites occur in the Kangerlussuaq intrusion
(Kempe & Deer 1970). The large Werner Bjerge intrusive complex with nefeline-syenitic,
syenitic and granite members hosts a porphyry-type Mo mineralisation, see Harpgth et al.
(1986) for description and references. Li-amphibole has been observed in pegmatites.

An undersaturated alkaline pegmatite occurs at Bagneesset. At Kreemer @, a quartz vein
contains large crystals of aegirine, arfvedsonite, astrophyllite, and abundant small zircon
crystals and amazonite. The Caledonian alkaline intrusion at Batbjerg contains large peg-
matites with crystals of Cr-diopside, phlogopite and ‘moonstone’ feldspar.

Caledonian rocks in northern East Greenland and the Frank-
linian Basin, North Greenland

Geological maps do not indicate pegmatites. No occurrences are known to the authors at
this time.
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Known and expected pegmatite minerals in Green-
land

Table 3 contains a selection of common pegmatite minerals known or expected to occur
within pegmatites in Greenland. The minerals are arranged alphabetically with notes on
their use, classification, and appearance in Greenland (if any). The table is meant to pro-
vide an easy way of checking for knowledge about a particular mineral in Greenland.

Mineral Commodity| Remarks on setting and use Greenland locality
Allanite - Typical pegmatite mineral; crystals Nordre Stregmfjord
usually poorly developed and Nuuk region
metamict due to uranium and thorium | Fiskenaesset
content Aluk
Apatite P Common accessory mineral in peg- | Gardiner alkaline
matites, often developed as large and | complex
clean crystals
Bastnaesite |Ce In alkaline pegmatites Narsaarsuk
Beryl Gemstone, | Commonly as crystals up to a few cm | Nuuk region
Be large, gigantic crystals not uncom- Kobberminebugt
mon; gemstone varieties are emerald
and aquamarine
Betafite U, Nb Pyrochlore group mineral; often to- To be expected in Greenland
gether with columbite, euxenite and
beryl
Biotite Mica Very common in both simple and Nuuk region
complex pegmatites Tasiilaq
Cassiterite Sn Principal tin ore, in some cases to- Ivittuut
gether with tantalite
Columbite Nb, Ta Often in granitic pegmatites; com- Ivittuut
monly the primary resource for Nb
exploitation
Corundum Gemstone | In simple secretion pegmatites with Nuuk region
feldspars
Davidite U In simple pegmatites; uranium ore To be expected in Greenland
Epidote Gemstone | Accessory constituent in simple peg- | Nordre Stregmfjord
matites Nuuk region
Euxenite Y Often together with monazite, mica, To be expected in Greenland
garnet, beryl in granite pegmatites Nuuk region
Fluorite F Sometimes an important constituent | lvittuut
in pegmatites; accessory in allanite
pegmatites
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Gadolinite Be, Y Often together with allanite and fluo- | To be expected in Greenland
rite
K-Feldspar Feldspar Main pegmatite constituent, espe- Fiskenaesset
species cially microcline, and previously Ivittuut
mined for the ceramic industry; the Nunarssuit
green coloured variety amazonite is a
well-known gemstone
Lepidolite Li An important Li ore known from the To be expected in Greenland
pegmatite environment; also host for
Rb
Magnetite Fe Accessory in some simple pegma- Gardiner intrusion
tites; alkaline rocks can produce gi-
gantic crystals
Muscovite Mica Very common in complex pegmatites | Nuuk region
Molybdenite | Mo Fiskenaesset
Monazite Ce Accessory and major constituent in a | Nordre Strgmfjord
variety of pegmatites
Plagioclase | Feldspar, A main constituent of many pegma- Fiskenaesset
Al tites (albite), and previously mined for
the ceramic industry
Prehnite Gem Gardiner intrusion
Pyrite Fe Accessory constituent in many peg- Ivittuut
matites
Quartz Glass A main constituents of almost all Nuuk region
pegmatites; traditionally quarried for | Fiskenaesset
use as flux in metal smelters or for Ivittuut
glass production
Rutile Ti Important Ti ore To be expected in Greenland
Spessatrtite Gemstone | Typical complex pegmatite mineral Tasiilaq
(garnet group)
Spodumen Li Important Li mineral To be expected in Greenland
Tantalite Ta Often associated with columbite and | To be expected in Greenland
in many places the primary resource
for Ta mining
Titanite Ti In pegmatites of alkaline affinity Gardiner intrusion
Topaz Gem Often associated with mica, tourma- | lvittuut
line and beryl.
Tourmaline Gem, B As typical boron mineral in pegma- Nuuk region
tites, often in large well shaped crys- | Fiskenaesset
tals.
Uraninite U Accessory in granitic pegmatites. Nuuk region
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Uranophane |U Alteration of uraninite. Nuuk region

Wolframite W Malmbjerg

Xenotime Y Accessory constituent in simple peg- | To be expected in Greenland
matites.

Zircon Zr Accessory in pegmatites Ivittuut

Table 3. Pegmatite minerals and examples of known occurrences in Greenland. The loca-
tion of the places are shown in Figs 12 and 19.
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Conclusions and recommendations

Favourable areas for complex pegmatites of granitic composition with economic potential
occur where partial melting of metasedimentary sequences has taken place. Published
geological maps at scale 1:100 000 show the distribution of supracrustal rocks and pegma-
tites, but these maps still have limited coverage in Greenland. Additional information is pro-
vided by stream sediment geochemistry maps, which can be used to outline favourable
areas for complex pegmatites. Such areas occur as combined high concentrations of Cs
and U reflecting the granitic component, and Hf, Mo, or Th reflecting components in clastic
(meta)sedimentary rocks.

Favourable units with this potential are the Palaeoproterozoic Karrat Group in the Rinkian
fold belt of West Greenland and the fore-arc basin of the Ketilidian orogen in South Green-
land, and the Mesoproterozoic Krummedal sequence in the central Caledonian orogen in
East Greenland. Other units considered favourable are underlain by Archaean supracrustal
rocks at Nuuk, Taartoq and Isorsua in the Archaean craton.

Alkaline pegmatites occur abundantly within the Gardar alkaline province in South Green-
land and the intrusions of the Palaeogene igneous province in East Greenland. However,
the commodities of interest hosted by alkaline rocks are not confined to pegmatites, so that
the entire complexes are target areas for detailed exploration for specific elements or min-
erals.

In order to provide more evidence for the existence of pegmatites with economic potential,
the following activities are recommended:

e Analysis of selected stream sediment samples for Li.

e Examination of selected stream sediment samples for certain minerals such as
spodumene, cassiterite, tantalite, molybdenite. GEUS already possesses facilities
for semi-automatic mineral identification using scanning electron microscopy.

e Systematic screening of published geological maps and literature, as well as com-
pany reports, for information on pegmatites within the areas considered in this re-
port to have a potential for complex pegmatites.

e Further interviewing of field geologists and screening of field diaries.

GEUS 43



References

Allaart, J.H. 1973: Geological map of Greenland, 1:100 000, Nanortalik 60 V.1 Syd. Copenha-
gen: Geological Survey of Greenland.

Allaby, A. & Allaby, M. (eds) 1990: The concise Oxford dictionary of earth sciences, 410 pp.
Oxford: Oxford University Press.

Allen, C.R. & Harris, C.J. 1980: Year end report 1979 Karrat Group reconnaissance programme
Marmorilik area, West Greenland. Unpublished report, A/S Cominco, Toronto, Canada
(in archives of Geological Survey of Denmark and Greenland, GEUS Report File
20435).

Bailey, J.C., Bohse, H., Gwozdz, R. & Rose-Hansen, J. 1993: Li in minerals from the llimaussaq
alkaline intrusion, South Greenland. Bulletin of the Geological Society of Denmark 40,
288-299.

Bailey, J.C., Larsen, L.M. & Sgrensen, H. (eds) 1981: The llimaussaq intrusion, South Green-
land: a progress report on geology, mineralogy, geochemistry and economic geology.
Rapport Grgnlands Geologiske Undersggelse 103, 130 pp.

Ball, S.H. 1922: The mineral resources of Greenlan. Meddelelser om Grgnland 63, 1-60.

Bendix-Almgreen, S.E., Fristrup, B. & Nichols, R.L. 1967: Notes on the geology and geomor-
phology of the Carey @er, north-west Greenland. Meddelelser om Grgnland 164, 19.

Blichert-Toft, J., Rosing, M.T., Lesher, C.E. & Chauvel, C. 1995: Geochemical Constraints on
the Origin of the Late Archean Skjoldungen Alkaline Igneous Province, SE Greenland.
Journal of Petrology 36, 515-561.

Cerny, P. 1991.: Fertile granites of Precambrian rare element pegmatite fields: is geochemistry
controlled by tectonic setting or source lithologies? Precambrian Research 51, 429-468.

Chadwick, B. & Vasudev, V.N. 1989: Some observations on the structure of the early Protero-
zoic, Ammassalik mobile belt in the Ammassalik region, South-East Greenland. Rapport
Grgnlands Geologiske Undersggelse 146, 29-40.

Dawes, P.R., Friend, C.R.L., Nutman, A.P. & Soper, N.J. 1989: The Blokken gneisses: a re-
appraisal. Rapport Grgnlands Geologiske Undersggelse 146, 83—86.

Dawes, P.R. 2004: Explanatory notes to the Geological Map of Greenland, 1:500 000, Hum-
boldt Gletsjer, Sheet 6. Geological Survey of Denmark and Greenland Map Series 1, 48
pp., 1 map.

Dawes, P.R. 2006: Explanatory notes to the Geological map of Greenland, 1:500 000, Thule,
Sheet 5. Geological Survey of Denmark and Greenland Map Series 2, 97 pp., 1 map.

Engell, J., Hansen, J., Jensen, M., Kunzendorf, H. & Lavborg, L. 1971: Beryllium mineralization
in the llimaussagq intrusion, South Greenland, with description of a field beryllometer
and chemical methods. Rapport Grgnlands Geologiske Undersggelse 33, 40 pp.

Grocott, J. & Pulvertaft, T.C.R. 1990: The Early Proterozoic Rinkian belt of central West Green-
land. In: Lewry, J.F. & Stauffer, M.R. (eds): The Early Proterozoic Trans-Hudson Oro-
gen of North America. Geological Association of Canada Special Paper 37, 443-463.

Hansen, B.T., Steiger, R.H. & Higgins, A.K. 1981: Isotopic evidence for a Precambrian meta-
morphic event within the Charcot Land window, East Greenland Caledonian fold belt.
Bulletin of the Geological Society of Denmark 29, 151-160.

Harpgth, O., Pedersen, J.L., Schgnwandt, H.K. & Thomassen, B. 1986: The mineral occur-
rences of central East Greenland. Meddelelser om Grgnland Geoscience 17, 139 pp.

Henderson, G. & Pulvertaft, T.C.R. 1987: Geological map of Greenland 1:100 000, Marmorilik
71 V.2 Syd, NOgatsiaq 71 V.2 Nord, Pangnertdq 72 V.2 Syd. Descriptive text.
Lithostratigraphy and structure of a Lower Proterozoic dome and nappe complex., 72
pp. Copenhagen: Grgnlands Geologiske Undersggelse.

Henriksen, N., Higgins, A.K., Kalsbeek, F. & Pulvertaft, T.C.R. 2000: Greenland from Archaean
to Quaternary. Descriptive text to the Geological map of Greenland 1:2 500 000. Geol-
ogy of Greenland Survey Bulletin 185, 93 pp.

Higgins, A.K. 1988: The Krummedal supracrustal sequence in East Greenland. In: Winchester,
J.A. (ed.): Later Proterozoic stratigraphy of the northern Atlantic regions, 86—96. Glas-
gow: Blackie & Son; New York: Chapman & Hall.

GEUS 44



Hollis, J.A., Schmid, S., Stendal, H., van Gool, J.A.M. & Weng, W.L. 2006: Supracrustal belts in
Godthabsjord region, southern West Greenland. Danmarks og Granlands Geologiske
Undersggelse Rapport 2006/7, 171 pp., 1 DVD.

Kalsbeek, F. 1981: The northward extent of the Archaean basement of Greenland - a review of
Rb-Sr whole-rock ages. Precambrian Research 14, 203-219.

Kalsbeek, F. & Skjernaa, L. 1999: The Archaean Ata intrusive complex (Ata tonalite), north-east
Disko Bugt, West Greenland. Geology of Greenland Survey Bulletin 181, 103-112.

Kalsbeek, F., Jepsen, H.F. & Jones, K.A. 2001a: Geochemistry and petrogenesis of S-type
granites in the East Greenland Caledonides. Lithos 57, 91-109.

Kalsbeek, F., Jepsen, H.F. & Nutman, A.P. 2001b: From source migmatites to plutons: tracking
the origin of c. 435 Ma granites in the East Greenland Caledonian orogen. Lithos 57, 1—
21.

Kalsbeek, F. (ed.)1989: Geology of the Ammassalik region, South-East Greenland. Rapport
Grgnlands Geologiske Undersggelse 146, 106 pp.

Kempe, D.R.C. & Deer, W.A. 1970: Geological investigations in East Greenland. Part IX. The
mineralogy of the Kangerdlugssuaq alkaline intrusion, East Greenland. Meddelelser om
Grgnland 190, 95 pp.

Koljonen, T. (ed.) 1992: The geochemical atlas of Finland, Part 2: Till, 218 pp. Espoo: Geologi-
cal Survey of Finland.

Lahermo, P., Vaanéanen, P., Tarvainen, T. & Salminen, R. 1996: Geochemical atlas of Finland,
Part 3: Environmental geochemistry - stream waters and sediments, 149 pp. Espoo:
Geological Survey of Finland.

Nielsen, B.L. & Tukiainen, T. 1981: Uranium-bearing metasediment and granite in the Tasermiut
area, South Greenland. Rapport Grgnlands Geologiske Undersggelse 105, 47-51.

Nielsen, T.F.D. 1987: Tertiary alkaline magmatism in East Greenland: a review. In: Fitton, J.G.
& Upton, B.G.J. (eds): Alkaline igneous rocks 30, 489-515

Nielsen, T.F.D. & Rosing, M.T. 1990: The Archaean Skjoldungen alkaline province, South-East
Greenland. Rapport Grgnlands Geologiske Undersggelse 148, 93-100.

Nielsen, T.F.D. 2005: Palaeogene intrusions and magmatic complexes in East Greenland, 66 to
75° N. Danmarks og Grgnlands Geologiske Undersggelse Rapport 2002/113, 249 pp.

Noe-Nygaard, A. & Ramberg, H. 1961: Geological reconnaissance map of the country between
latitudes 69°N and 63°45 N, West Greenland. Meddelelser om Grgnland 123, 9.

Nyegaard, P. & Armour-Brown, A. 1986: Uranium occurrences in the Granite zone. Structural
setting - genesis - exploration methods. The South Greenland Exploration programme
1984-1986. Report No. 1. Open File Series Grgnlands Geologiske Undersggelse 86/1,
138 pp.

@stergaard, C., Garde, A.A., Nygaard, J., Blomsterberg, J., Nielsen, B.M., Stendal, H. & Tho-
mas, C.W. 2002: The Precambrian supracrustal rocks in the Naternaq (Lersletten) and
Ikamiut areas, central West Greenland. Geology of Greenland Survey Bulletin 191, 24—
32.

Petersen, 0.V. 1989: Der Narssarssuk-Pegmatit. Mitteilungen der Osterreichischen Mineralogi-
schen Gesellschaft 134, 63—72.

Petersen, O.V. & Gault, R.A. 1993: Xenotime from the Narssarssuk pegmatite, South Green-
land. Neues Jahrbuch fir Mineralogie, Monatshefte Jahrg.1993, 259-264.

Petersen, O.V. & Secher, K. 1993: The minerals of Greenland. Mineralogical Record 24, 1-65.

Petersen, O.V., Gault, R.A. & Leonardsen, E.S. 1996: A K-dominant nenadkevichite from the
Narssarssuk pegmatite, South Greenland. Neues jahrbuch fir Mineralogie, Monatshefte
Jahrg.1996, 103-113.

Petersen, O.V., Johnsen, O., Christiansen, C.C., Robinson, G.W. & Niedermayr, G. 1999: Naf-
ertisite - Na3Fel10Ti2Si12(0,0H,F)43 - from the Nanna Pegmatite, Narsaarsup Qaava,
South Greenland. Neues Jahrbuch fiir Mineralogie Monatshefte Jahrg.1999, 303—-310.

Robb, L. 2005: Introduction to ore-forming processes, 373 pp. Oxford: Blackwell Publishing.

Secher, K. 1980: Distribution of radioactive mineralisation in central West Greenland. Rapport
Grgnlands Geologiske Undersggelse 100, 61-65.

Secher, K., Nielsen, B.L. & Knudsen, N.@. 1981: Grgnlands smykkesten. Grgnland 1981, 105-
152.

Sarensen, H. 1960: Beryllium minerals in a pegmatite in the nepheline syenites of llimaussaq,
south west Greenland. Rep. 21st int. geol. Congr. Norden 1960, 31-35.

GEUS 45



Sarensen, H. 1962: On the occurrence of steenstrupine in the llimaussaqg massif, southwest
Greenland. Meddelelser om Grgnland 167, 251.

Sgrensen, H., Rose-Hansen, J. & Petersen, O.V. 1981: The mineralogy of the llimaussaq intru-
sion. Rapport Grgnlands Geologiske Undersggelse 103, 19-24.

Sgrensen, H. 1992: Agpaitic nepheline syenites: a potential source of rare elements. Applied
Geochemistry 7, 417-427.

Sgrensen, H. 2000: Mineraler ved Narsagq. In: Jakobsen, B.H., Bdcher, J., Nielsen, N., Gutte-
sen, R., Humlum, O. & Jensen, E. (eds): Topografisk atlas Grgnland,, 226-227: Kg-
benhavn: Det Kongelige Danske Geografiske Selskab og Kort & Matrikelstyrelsen.

Steenfelt, A., Thorning, L. & Tukiainen, T. 1990: Regional compilations of geoscience data from
the Nuuk-Maniitsoq area, southern West Greenland. Thematic Map Series Grgnlands
Geologiske Undersggesle, 90/1, 9 pp.

Steenfelt, A., Dam, E. & Petersen, A. 1994: Reconnaissance geochemical mapping of the
Paamiut region (61°25' to 62°45'N, 48°00' to 50°00'W), South-West Greenland. Open
File Series Grgnlands Geologiske Undersggelse 94/1, 16 pp., 45 maps.

Steenfelt, A. & Dam, E. 1996: Reconnaissance geochemical mapping of Inglefield Land, North-
West Greenland. Danmarks og Grgnlands Geologiske Undersggelse Rapport 1996/12,
27 pp., 49 maps.

Steenfelt, A. 1999: Compilation of data sets for a geochemical atlas of West and South Green-
land based on stream sediment surveys 1977 to 1997. Danmarks og Grgnlands Geolo-
giske Undersggelse Rapport 1999/41, 33.

Steenfelt, A. 2000: Geochemical signatures of gold provinces in South Greenland. Transactions
of the Institution of Mining and Metallurgy (Section B: Applied earth science) 109, B14—
B22.

Steenfelt, A. 2001: Geochemical atlas of Greenland - West and South Greenland. Danmarks og
Grgnlands Geologiske Undersggelse Rapport 2001/46, 39 pp., 1 CD-ROM.

Steenfelt, A., Dawes, P.R., Krebs, J.D., Moberg, E. & Thomassen, B. 2002: Geochemical map-
ping of the Qaanaaq region, 77° 10' to 78° 10" N, North-West Greenland. Danmarks og
Grgnlands Geologiske Undersggelse Rapport 2002/65, 26 pp., 48 maps.

Stemp, R.W. 1997: Helicopter-borne geophysical surveys in the Grgnnedal region, South-West
Greenland. Results from Project AEM Greenland 1996. Danmarks og Grgnlands Geo-
logiske Undersggelse Rapport 1997/12, 76.

Stendal, H., Secher, K. & Frei, R. 2006: 207Pb-206Pb dating of magnetite, monazite and al-
lanite in the central and northern Nagssugtogidian orogen, West Greenland. Geological
Survey of Denmark and Greenland Bulletin 11, 101-114.

Thomassen, B. & Lind, M. 1998: Karrat 97: Mineral exploration in the Uummannagq area, central
West Greenland. Danmarks og Grgnlands Geologiske Undersggelse Rapport 1998/62,
19.

Thomassen, B., Kyed, J. & Tukiainen, T. 1999: Upernavik 98: Mineral exploration in the Uper-
navik - Kap Seddon region, North-West Greenland. Danmarks og Grgnlands Geolo-
giske Undersggelse Rapport 1999/35, 20 pp., 1 map.

Thrane, K., Baker, J., Connelly, J. & Nutman, A.P. 2005: Age, petrogenesis and metamorphism
of the syn-collisional Prgven igneous complex, West Greenland. Contributions to Min-
eralogy and Petrology 149, 541-555.

Upton, B.G.J. 1974: The alkaline province of south-west Greenland. In: Sgrensen, H. (ed.): The
alkaline rocks, 221—-238. New York-London: Wiley.

Upton, B.G.J. & Emeleus, C.H. 1987: Mid-Proterozoic alkaline magmatism in southern Green-
land: the Gardar province. In; Fitton, J.G. & Upton, B.G.J. (eds): Alkaline igneous rocks.
Special Publication Geological Society, London 30, 449-471.

van Gool, J.A.M., Connelly, J.N., Marker, M. & Mengel, F. 2002: The Nagssugtogidian Orogen
of West Greenland: tectonic evolution and regional correlations from a West Greenland
perspective. Canadian Journal of Earth Sciences 39, 665-686.

Windley, B.F., Herd, R.K. & Bowden, A.A. 1973: The Fiskenaesset complex, West Greenland.
Part I. A preliminary study of the stratigraphy, petrology, and whole rock chemistry from
Qegertarssuatsiaq. Meddelelser om Grgnland 196, 80pp.

GEUS 46



	rapport2007_2_vers11.pdf
	Abstract
	Introduction
	Definition and classification of pegmatites
	Classification of economic pegmatites
	Exploitation of pegmatites
	Pegmatite occurrences in Greenland
	Granitic pegmatites
	Pegmatites associated with alkaline igneous intrusions

	Geochemical criteria for identifying favourable areas for ec
	Overview of known pegmatite occurrences in different regions
	Palaeoproterozoic Inglefield mobile belt and Archaean baseme
	Inglefield Land supracrustal rocks
	Archaean basement

	Northern Rinkian fold belt
	Metasedimentary rocks of the Karrat Group
	Prøven igneous complex

	Central and southern Rinkian fold belt
	Metasedimentary and metavolcanic rocks of the Karrat Group
	Archaean basement in the Uummannaq region
	Ataa area

	Central and northern Nagssugtoqidian orogen
	Naternaq
	Kangaatsiaq – Nordre Strømfjord


	Southern Nagssugtoqidian orogen
	Kangerlussuaq

	Archaean basement rocks in the Nuuk–Isua region
	Archaean craton in the Fiskenæsset–Paamiut region
	Ketilidian orogen and Gardar igneous province in South Green
	Ketilidian orogen
	Northern Ketilidian Border Zone (Frederikshaab Isblink – Kob
	Isorsua
	Taartoq
	Kobberminebugt


	Central Ketilidian orogen
	South-eastern Ketilidian orogen


	Mesoproterozoic Gardar province
	Narsaq
	Ivittuut
	Nunarssuit alkaline complex
	Igaliko alkaline complex


	Palaeoproterozoic basement, Ammassalik/Tasiilaq region
	Neoarchaean Skjoldungen alkaline province
	Caledonian orogen in East Greenland
	Palaeoproterozoic and Archaean basement
	Eastern Milne Land

	Mesoproterozoic supracrustal rocks
	Ardencaple Fjord
	Randenæs

	Palaeozoic supracrustal rocks and granites

	Palaeogene alkaline intrusions in East Greenland
	Caledonian rocks in northern East Greenland and the Franklin

	Known and expected pegmatite minerals in Greenland
	Conclusions and recommendations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




