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Abstract

Mineralogical and chemical composition, heavy and opaque mineral content and
grain size distribution of the sands show that they mainly consist of locally derived
material. Glacially transported material has little infiuence on the composition of the
sands. By comparing sands of various grain sizes it is shown that the sedimentary
processes do not appreciably change the composition of the sands, except that
biotite is largely winnowed out. Thus the sands are suitable for a regional study of the
composition of the country rocks and for prospecting. Estimates are made of the
average mineralogical and chemical composition of the area and the abundance of
the difTerent rock types. The amount of hypersthene gives an impression of the
metamorphic grade of the rocks, and the average chemical composition of the
high-grade rocks in the northern part of the area is the same as that of the lower
grade rocks in the southern part.
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1. Introduetion

T he Fiskenæsset region belongs to the Archaean gneiss block of South
West Greenland (PULVERTAFT, 1968) which consists mainly of gneisses

with bands and lenses of amphibolite. Metamorphosed anorthositic and
leucogabbroic rocks (the so-called 'Fiskenæsset complex') occur both as
minor inc1usions in the gneisses and as persistent layers and major
outcrops up to 5 km across. The anorthositic and leucogabbroic rocks
are often associated with minor amounts of meta-gabbros and ultra
mafic rocks.

The metamorphic grade of the rocks in the area decreases from
north to south. Around the base Midgård of the Geological Survey of
Greenland (GGU) in the northern part of the area (plate 1), most rocks
belong to the granulite facies, while south of Fiskenæsfjorden amphi
bolite facies rocks prevail, but locally granulite facies rocks have also
been found. In the extreme southern part of the area epidote locally
becomes common in the gneisses and the rocks may belong to the epidote
amphibolite facies.

For more information on the bedrock geology of the Fiskenæsset
district the reader is referred to KALSBEEK & MYERS (1973).

The area has been extensively glaciated and erratic boulders are
found everywhere. Sand and gravel terraces occur commonly along the
valley sides, and it is generally not clear in the field whether this material
is glacial in origin or not.

In the hope that an investigation of sand samples would give
information on the overall composition of the rocks in the area, a number
of sand samples were collected from river beds and the shores of lakes.
A preliminary report on the bulk composition of the sands has been
published by KALSBEEK (1971); the present paper reports in more
detail upon the mineralogical and chemical composition of the sands
and upon the control of grain size on composition (sections 2 to 4).
Furthermore, both the non-opaque and the opaque minerals of the heavy
fractions of the sands have been studied (sections 5 and 6) by B. THOMSEN
and M. GHJSLER.

The validitY of the use of sand samples as a method of obtaining a
quick impression of the composition of the bedrock in an area depends
upon whether the sands found in the river beds represent material
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Fig. 1. Thin section of sand from the Fiskenæsset area. oLe t11e angularity of the
grains. Tilo thin section is uncovered and the relief of the g'l'ains is therefore high.

The largest grains are approximately 0.5 mm in size.

derived locally Ol' material imported by glacial transport from distant
areas. This questionl which is also of interest for other parts of Greenland l
is discussed in section 7. In section 8 the results of the foregoing sections
are used to make estimates of the average composition of the rocks in tho
Fiskenæsset district and of the abundance of the different rock types.

Inspection of thin sections of the sands shows that the grains
generally are pOOl'ly rounded (fig. 1); since in this investigation the sands
are mainly used to tudy the bedrock composition of the areal the grain
shapes are of minor importance and have not been studied further.

1 he 86 samples studied were collected at 47 localities spread over
an area of approximately 3500 km 2 (plate 1). At most localitics two
sample were taken at distan es up to a few hundreds of metres apart.
Several of the samples were taken from terrace . The weight of the
samples was generally 500-1000 gm. One sample from each of the 47
localities was fully investigated; of the remaining samples only the bulk
composition and the grain size distribution were studied.

A further collection of 30 sand samples was taken at 15 localities
along a ri vel' running through a maj Ol' body of anorthositic rock . These
samples were investigated to obtain more information about the corre
spondence between the compo ition of the rocks outcl'opping along the
river and the sands in the river bcd. The results of this study are described
in section 7 b.
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Fig. 2. Calcic (anorthosite-) plagioclase and sodic plagioclase with some quartz.
The very calcic plagioclase has a high relief and is strongly etched by the HF vapours.

The largest grain is 1.5 mm in size. Crossed polars.

Tables with the results of the various point and g['ain counts, the
chemical and the granulometric analyses of the sand samples, as well as
the details of Lhe diITerent methods of study have been colleeLed in an
internal GG report (KALSBEEK, GHISLER & TrroMsEN, 1973), copies of
whieh will be sent to interested reader's on request.

2. The Bulk Mineralogical Composition of the Sands and

the Composition of the Feldspars

a. Method of study

To determine the bulk composition of the sands, splits of approx
imately 15 gm were boiled in concentrated HCl, washed, dried, cementcd
with 'Araldite' and thin seetions of the resulting mounts were point
eounted. Point counting was facilitatcd by seleetive staining of Ko
feldspur and plagioclase. The very calcie plagioclase (generally bytownite)
of the anorthositie rocks ean easily be recognized in the thin section,
because of its high relief and the way it is etched by HF vapour (fig. 2).
The percentage of this ealcic plagioclasc was also determined during the
eountings. Point eounting of thin section has the advantages that the
mineralogical composition of the sands are obtained directly in percentages
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A : COM POSITION OF 86 SANO SAMPLES

FISKENÆSSET AREA
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Ouartz
mean 28.7
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40 B : COM POSITION OF 67 GNEISS SAMPLES

FISKENÆSSET AREA

30

Plagioclasc
mean 52.3

s 5.57

K-faldspar
mean 7.25

s 3.55

<C 20 samples conla;n < 0.5% K-faldspar

20

Matie minerals
mean 11.8

s 5.56

40

Quartz
mean 30.8

s 5.64
20

10

Plagloclas8
mean 49.7

s 7.96

K·feldspar
mean 6.37

s 7.81

40%

Biotile
mean 9.34

s 4.74

20%

Fig. 3. The composition of 86 sand samples from the Fiskenæsset area (A) compared
with 67 gnciss samples (B). One sample of blaek and and 4 samples rieh in very
ealcic plagioclase have boen indicated by ero s hatching. Modal analyses of the
gneisses by J. R. TOMAS (1973) and L. S. ANDERSEN (pers. eomm.).Volume per cent.

by volume and that the eomposition of the feldspar ean be determined
without diffieulty.

Information on the aeeuraey of the point eounter analyses is given
in KALSBEEK, GHISLER & THOMSEN (1973).

b. Results af the point eounter analyses

Mo t of the sands eontain 45-60 Ofo (by volume) of plagioelase,
20-35 Ofo of quartz, 5-20 Ofo of mafie minerals and less than 15 Ofo of
potash feldspar (fig. 3A). For eomparison fig. 3B shows histograms of the
amounts of the main minerals in a number of gneiss samples. The figures
show that the eomposition of the sands eompares well with the bedroek
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40

20 >50% An

<IO%An ~CZ2I

O
IO 50% An

gneisses. The average amounts of quartz, plagioclase and potash feldspar
are more Ol' less egual, but the spread is larger for the gneisses than for
the sands. Differences in composition bet\veen the ands and the gneisses
are partly due to the prc ence of amphibolite material in tbe sands and
parLly to the absence of much of the biotitc derived from the gneisses.

In the preliminary report (K.USBEEK, 1971) on the composition of
the sands a comparison was made between sands from the northern, the
central and the southern parts of the area, i.e. areas wiLh difTerent
grades of metamorphism. It could be shown tbat onJy small difTerences
in the averaO'e mineralogical composition of these sand exist. This wi1l
be di cussed furLher in section 3.

c. The composition of the feldspars

In every Lhin section the anorthite content of several plagioclase
grains wa measured using extinction angles X'.ti 010 in sections normal
to the crystallographic a axis. The anorthite content of the very calcic
anorthosite plagioclase \Vas not detcrmined. The anorthite content
measured is rather variable because in every sand sample plagioclase
from difTerent rock types may be present (fig. 4). The anorthite contents

80

<Il 60
w
..J
"::;;
«
Ul

u.
o
Cl:
UJ

'"::!:
:J
Z

Fig.~. Histogram of the An contcnls of 19i plagioclase grains from the Fiskenæsset
sands. The composition of tlle very calcic plagioclase from the anorthositic rocks is

not shown in lhe diagram.

of the plagioclase are sliO'htly higher when Lhe sands contain hypersthene
(table 1); the difference' are small but stati tically significant.

Presence Ol' absence of antipel'Lhite was record ed (KALSBEEK,
GHISLER & THOMSEN, 1973) since it wa supposed that antiperthjte
might indicate the prescnce af high-grade metamorphic rocks. Anti-
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Table 1. Anarthite cantents af plagiaciase grains in sands af the Fiske
næsset area

Hypersthene-rich sands .
Hypersthene-poor sands .
Sands wilhout hypersthcne .

Mean An

28.6 %

27.3 %

26.5 %

s

5.09
6.45
4.13

I umber of
measurements

60
82
45

The anorthite contents of the very caicic anorthositc plagioclase are excluded.

perthite is encountered more frequently in hypersthene-rich sands than in
hYPel'sthene-poor sands but the association is rather loose.

The I -feldspar present in the sands is invariably microcline.

3. The Chemical Composition of the Sands

a. Method of study

To get an impression of the chemical composition of the sands,
several composite sand samples were analysed. To obtain at the same

o 25 km
L'~_~~_~-"

.. I···.· . ;"'::
.................::::.

63'

.::

Fig. 5. Areas A, B and C from which mixtures of sands were analyzed. Sands from
areas A, B and C ditTer in hypersthene contents, compare fig. 7.
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time an idea of the relationship, if any, between the metamorphic grade
and the composition of the rocks, large coherent subareas were chosen in
the northern, central and southern parts of the area, i.e. across the
metamorphic gradient, and splits of 20 gm of all the sands collected in
these areas were used for the mixtures to be analysed (fig. 5).

At a few localities sand samples with widely divergent median
grain sizes could be collected. To see whether the chemical composition
of the sands depends on the grain sizes, coarser grained and finer grained
sands were analysed from two localities, 6 and 47. The results of these
analyses are given in table 4. All original analyses are listed in KALSBEEK,
GHISLER & THOMSEN (1973) together with the C.LP.W. weight norms.

b. Results of the analyses

The average chemical compositions for sands from the different
parts of the area are almost identical (table 2). The only clear differences
occur in the amounts of FeO and Fe20 3, indicating higher oxidation
ratios for the rocks in the southern part of the area. The differences in
amounts of FeO and Fe20 3 are clearly related to the distribution of
hypersthene and epidote throughout the area, hypersthene being more

Table 2. Average composition and C./.P.W. norms for sands

SiO•............................
TiO•...........................
AI.O a · •••...••••...••.•..•...•.•

Fe.Oa .
FeO .
MnO .
MgO .
eao .
Na.O .
K.O .
p.05 •••••••••••••••••••••••••••

q ..
or .
ab .
an ..
di .
hy .
mt .
il .
ap .

Northern
area

A

69.?
0.3

15.2
0.8
2.2
0.0
1.9
4.1
4.3
1.4
0.1

2?3
8.1

36.1 }
18.2 54.3

1.3)6.9
1.2 10.2
0.6
0.2

Central Southern
area area

B C

69.3 69.6
0.3 0.4

15.3 15.1
1.0 2.2
1.9 1.4
0.0 0.0
2.0 1.6
4.5 3.9
3.9 4.2
1.7 1.4
0.1 0.0

2?3 29.0
10.0 8.4

32.9 } 36.0 }
19.3 52.2 18.0 54.0

2

i

) U)6.2 3.?
1.5 10.4 3.0 8.?
0.5 0.8
0.1 0.1

Recalculated to 100% water free.
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common in the northern part of the area and epidote in the southern
part (section 5).

The fact that the sands from the different parts of the area have the
same average compositions very probably implies that the average
composition of the bedrock is the same in the different subareas. This
means that the differences in (prograde or retrograde) metamorphism
had hardly any or no influence at all on the bulk chemical composition
of the rocks.

4. The Grain Sizes of the Sands

a. Grain size and sorting

Splits of all samples were sieved with mesh sizes of 1/8, 1/4, 1/2, 1
and 2 mm. The values for d75 , d50, d25 and So = yd75/d25 are given in
KALSBEEK, GHISLER & THOMSEN (1973).

In general, the results of the grain size analyses are not representative
for the river sediment as a whole. In many places the river bed is formed
of coarse gravel and the sand was collected from local streaks of sand

30

Ul
w
--'
"-
~«
Ul 20
IL
o
a:
w

'"~
::>
z

10

MEDIAN GRAIN SIZES d.o

86 sand samples

SORTING So =Vd,./d2•

80 samples

0L...--L..-
1
...L.

0
-....L-----'2.-;0 l >imm 1'-.0-.1...-----'---'--'-yre-

Fig. 6. Histogram of the median grain sizes d.o and the sorting coefficients So =
Vd,s/d.s of the Fiskenæsset sands.

occurring between the more coarse grained material. In a few cases even
no streaks of sand were found and samples could only be collected with
difficulty by scraping sand material together from in between the stones.
In other places, however, very large amounts of sand are present. The
major component of the sediment at each locality is given in the tables
in KALSBEEK, GHISLER & THOMSEN (1973).
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Most of the sands have median grain sizes < 1 mm, some have
medians between 1 and 2 mm (fig. 6). Coarser sands are largely absent,
which results in a size gap between sand and gravel with pebble sizes
from several centimetres upwards. Possibly the smaller pebble fraction is
broken up relatively easily into separate mineral grains. The grain size
of the gneisses, amphibolites etc. in the area is in the order of 0.5-1 mm,
which coincides with the most common grain sizes in the sands. In thin
sections of the sands it can be seen that grains larger than 1.5-2 mm
generally are composite. Such material, however, is relatively rare.

Most of the sands are moderately well sorted (So < 2, fig. 6). The
sands with sorting coefficient So > 2 all come either from terraces or
from localities where only minor amounts of sand occur in gravel de
posits.

b. Influence of the gram size on the composition
of the sands

If the study of sand samples is to be used as a tool to estimate the
average composition of the bedrock in an area, it is of importance to
know whether or not the composition of the sands is dependent on the
grain size. A comparison between the 18 most fine grained samples
(d 50 < 0.35 mm) and the combined samples (table 3) shows that there
is hardly any difference in average composition. The largest difference
is found in K-feldspar, but even this difference is hardly of statisticaI
significance.

Table 3. Comparison of the mineralogical composition of the 18 most fine
grained samples (d 50 < 0.35 mm) with the aCJerage of all sands from the

Fiskenæsset area

K-feldspar* Plagioclase* Quartz* Mafies

All samples .
18 most fine-grained samples

8.2
9.9

59.3
57.9

32.5
32.2

11.8
12.7

* The amounts of K-feldspar, plagioclase and quartz have been reealculated to
a sum of 100 %. Volume per cent.

As a further test of the dependence of composition on grain size,
chemical analyses (table 4) were made on material with widely diverging
grain size from localities 6 and 47.

Since the material comes from the same source area, differences in
the composition of the samples, if not fortuitous, must be due to the
grain size. It is seen that these differences are quite small. In both
examples the coarser grained sample is slightly richer in Si02 and slightly
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Table 4. Chemical composition and grain size distribution of fine grained
and more coarse grained sands

Locality 6 Locality 47
GGU 131 155 GGU 131 196

b fine a coarse b fine a + c coarse

Sia•.............. 73.13 75.13 69.49 70.47
Tia. ............. 0.21 0.11 0.22 0.22

AI.O s ··•······•·· . 13.71 13.46 15.00 14.06
Fe.Os ............ 0.72 0.16 0.87 1.14
FeO .............. 0.97 0.89 1.57 1.61
MnO o •••••••••••• 0.02 0.00 0.05 0.04
MgO o •••••••••••• 0.78 0.55 1.68 1.68
CaO .............. 3.33 2.81 4.29 4.24
Na.O ............. 4.02 4.04 3.99 3.68
K.O .............. 1.44 1.54 1.75 1.39
p.a. ............. 0.11 0.03 0.06 0.07

d,. ............... b 0.27mm a 0.64 b 0.23 a 0.90 c 0.80
d.o o •••••••••••••• 0.14 0.42 0.17 0.56 0.53
d •• ............... < 0.125 0.28 0.12 0.34 0.36

poorer in AI20 a. This may well be due to the differences in grain size of
the samples.

5. The Composition of the Heavy Fraction

a. Method of study

The composition of the heavy fraction of one sample from each
locality was studied in detail. The heavy minerals were separated with
bromoform (specific gravity 2.9) from a 74-250 p, sieve fraction, and the
amounts of each mineral were determined by grain counts according to
the line count method. Although, theoretically, line counts do not give
the amounts of the minerals in percentage by volume, it ean be shown
that the deviations from volumetric percentages probably are small
(KALSBEEK, GHISLER & THOMSEN, 1973).

b. Properties of the heavy minerals

Most of the heavy minerals in the sands from the Fiskenæsset area
are much the same as those described from the Holsteinsborg district
(THOMSEN, 1957). The hypersthene, however, seems to be slightly less
pleochroic than in the area north of Holsteinsborg. ane mineral has only
rarely been described from sand samples: a chromian epidote. This
mineraloeeurs in irregular, almost colourless grains, light yel10wish
green in larger grains, and shows a faint pleochroism from yellow to
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yellowish green. In larger fragments, chromian epidote from rock
samples shows a marked pleochroism from clear yellow to lighter green.
The mineral is most easily recognised by its very marked anomalous
dark blue and violet interference colours. The mineral commonly occurs
in composite grains. The optical properties of the chromian epidote have
not yet been studied in detail.

c. Results of the grain counts

On average, the samples contain 18.6 Ofo by weight of heavy minerals
in the 74-250 f1 fractions. The point counter analyses gave an average of
11.8 Ofo by volume in all samples, and 12.0 Ofo in the samples in which
the heavy minerals were investigated, i.e. some 15.5 Ofo by weight for
the mafic minerals. To this last figure should be added approximately 2 Ofo
for the amount of opaque minerals that appears in the grain counts but
not in the thin sections because of the Hel treatment.

The heavy fractions are dominated by normal rock-forming minerals
such as hornblende, epidote and pyroxenes, whereas heavy minerals
that playan important role in more mature sediments, such as zircon,
rutile and tourmaline, occur only in very small amounts (table 5).

Table 5. The arerage composition of the non-opaque heary fractions of
sands from the Fiskenæsset area

> 1 0J0

hornblende .
epidote .
hypersthene .
clinopyroxene .
olivine .

65 0J0
13

8
7
5

0.1-1 0J0

garnet
enstatite
sphene
zircon
others

0.9 0J0
0.6
0.4
0.3
0.3

< 0.1 0J0

rutile
sillimanite
kyanite
spinel
chromian epidote

Percentages of the non-opaque heavy fraction exc1usive biotite and chlorite.

The amounts of biotite are very low. Since biotite gneisses are by
far the most common rocks in the area, most of the biotite must have
been winnowed from the sands before or during deposition.* To obtain
better control of the amount of biotite in the sands, the biotite of a few
sand samples was carefully separated using heavy liquids and the
magnetic separator. These samples (8) proved to contain 0.1-2.0 Ofo,
(average 0.7 Ofo), of biotite by weight. This biotite content is not re-

* Recent investigations by D. HELING (personal communication, 1973) have
shown that muds Iargely consisting of biotite are the major sediment in many fjords
and lakes in the area.
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Fig. 7. Distribu Lion of hyperslhene in the sands from Lhe Fiskenæssel area, expressed
as 100 hyperslhenejhornblende. The amounts of hypersthene and hornblende are

given in KALSBEEK, GIlISLER & 'l'noMSE:-l (1973).

produeed in the heavy mineral eounts, pJ'obably beeause part of the
biotite doe not sink in tho bromoform.

Hornblende dominates among the othel' heavy non-opaque minerals.
MosL of the hornblende is derived ft'om the amphibolites in the al'ea,
and a minor amount comes from the anorthositie rocks which also have
hOl'llblende as their most eommon mafie mineral. The gneisses more
rarely contain hornblende.

Hypersthene occurs espocially in the northern part of Lhe area,
where the rocks belong to the hornblende-granulite facie . Hyper thene
occurs here both in the amphibolites and in the aneisse .

The distribution of hypCl'sthene in the area is shown on fig. 7. The
ratio 100 hypersthene/hornblende is generally > 25 in the area around
Midgård in the northern part of the al'ea, and decreases from here both
eastwal'ds and southwards. In the area between Fiskenæsfjorden and
Bjørnesund the ratio 100 hy/hbl generally lies between 2 and 25 and
south of Bjørnesund values < 2 are common. This picture compares well
with the distribution of hypersthene arrived at by using thin sections in
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T a b l e 6. Relationship between the average amounts of epidote, diopside and
opaque minerals and the amounts of hypersthene in sands from the Fiske

næsset area

(a) 100 hyp/hbl epidote diopside opaque minerals

>25 (12) 9.6 (1-30) 12.2 (3-23) 14.6 (3-29)
8-25 (7) 8.1 (2-28) 10.3 (3-16) 6.3 (1-18)
2-8 (14) 13.4 (0-28) 4.6 (0-18) 2.7 (O-H)

<2 (14) 17.1 (6-35) 3.4 (0-10) 2.9 (1-6)

epidote diopside opaque minerals

(b) A (12) 8.0 (1-21) H.7 (2-23) 15.1 (3-31)
B (13) 12.1 (2-28) 8.4 (1-18) 3.2 (O-H)
C (9) 14.5 (5-29) 3.4 (0-10) 2.6 (1-6)

In the left column, the number of samples in each group is given between
parantheses. In the other columns, the range in epidote, diopside and opaque mineral
content is indicated between parantheses.

Per cent of the non-opaque heavy fraction exc1usive biotite and chlorite.

A, B & C are the subareas indicated in fig. 5.

a more subjective way (KALSBEEK, 1971). In the two samples collected
at the front of Frederikshåbs Isblink (1ocalities 32 and 33), hypersthene
is again common. It is not clear where this hypersthene comes from,
since the rocks in the southern part of the area do not seem to contain
hypersthene. DAWES (1970) has described hypersthene-bearing meta
dolerites from the nunataks and semi-nunataks in the Frederikshåbs
Isblink, but also here the surrounding gneisses and amphibolites do not
contain hypersthene.

The distribution of epidote is loosely correlated with the distribution
of hypersthene (table 6a). Although the sands rich in hypersthene on
average contain less epidote than the hypersthene-poor sands, large
amounts of epidote mayaIso occur in hypersthene-rich sands. This
occurrence of epidote is evidently due to the partial retrogression of
most of the granulite facies rocks in the area. AIso the amount of opaque
minerals and clinopyroxene (diopside) can be correlated with the amounts
of hypersthene (table 6a).

To make sure that these mineralogical differences are not due to
chemical differences, the average amounts of epidote, opaque minerals
and clinopyroxene were calculated for the mixtures A, B and C that were
chemically analysed and which proved to have almost identical compo
sitions (table 6b). The same differences appear for these mixtures (which
were chosen so that they contained different amounts of hypersthene)
and therefore these differences in heavy mineral content of the sands
must be due to differences in metamorphic grade of the source rock.

201 2
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The clinopyroxene found in the sands is mainly diopside, but
augitic pyroxenes also occur. Most of the diopside probably derives
from amphibolitic and anorthositic rocks, the augite may come from
basic dykes.

The fairly large amounts of olivine (on average 5 Ofo of the non
opaque heavy fraction) are surprising. The olivine must come from
ultramafic rocks which occur both in association with amphibolites in
the gneisses and with anorthositic rocks. Olivine is also locally found in
the basic dykes which occur in the area. Both the ultramafic rocks and
the dykes, however, are relatively rare.

Other minerals that have been encountered in the heavy mineral
concentrates are: rutile, spinel (colourless, brown and green varieties
have been observed), sillimanite, kyanite, andalusite ( ?), tourmaline and
corundum. The spinel minerals and the corundum, as well as the chromian
epidote that has been found in several samples, derive from the rocks of
the anorthosite complex.

6. The Composition of the Opaque Fraction

a. Method of study

The opaque minerals were studied in one sample from each locality.
The amount of each mineral was determined by systematic grain counts
in polished sections of the heavy fractions under reflected light. Generally
the grain size range of 74-250 # was used.

The opaque minerals show considerable grain size variation within
each section, but on average are of smaller size than the translucent heavy
minerals (fig. 8). As this applies to all of the opaque components, the
number of grains is considered to represent the relative proportions of
opaque minerals, whereas the calculated figure for the volume per cent
for the whole sample must be regarded as a maximum value.

As the purpose of this paper is to discuss the general composition
of the sands, for reasons of simplification only the major groups of
opaque minerals have been determined separately. 'Magnetite' thus
includes its different more or less advanced alteration products, and
'titanomagnetite' represents a group of primaryas well as secondary
minerals, for a description of which the reader is referred to STUl\1PFL

(1958).

b. Results of the grain counts

an average the opaque minerals form 6.4 volume per cent of the
heavy fraction, which amounts to 1.1 volume per cent or approximately
2.0 weight per cent of the whole sample.
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Fig. 8. Heavy fraction of sand fl'om locality 10 under reneeled light. 1agnetite and
ilmenite (white) and silicate minerals (grey) lying in 'Araldite'.

Table 7. ACiel'age composition o( the opaque (,.action
in sands (rom the Fiskenæsset area

magnetite . . . . . . . . . . . . . . . . . . . . . . 56 %

ilmenite........................ 27
titanomagnetite. . . . . . . . . . . . . . . . . 6
ilmenite/haematite exsolulions.... to
chl'o mj Le . . . . . . . . . . . . . . . . . . . . . . . 5
sulphides....................... 2

The opaque fractions are dominated by magnetite and ilmenite,
which form nearly 90 0J0 of Lhe total amount of opaque minerals (table 7).
A brief sLudy of a number of polished sections fr'om the different rocks
af the area has shawn that most of the magnetite is derived from the
gneisses and aminor amount from the ultramafics, wherea ilmenite
originates from the amphibolites, and chromite from the anorthosiLic
rocks. It has not yet been possibIe to cOl'T'clate titanornagnetite and the
sulphides wiLh their respective sourcc rocks; they both occur in am
phibolites as well as in ultramafic . Tbc occul'J'ence of ilmenite with
exsolutions of haematitc is probably mainly derived from the dolcriLe
dvkes.

The amounts of magnetite and ilmcnite vary throughout the area.
This is shown for Lhe subarcas A, B and C af fig. 5 in table 8. Both the

2*
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T ab l e 8. Relationship between the composition of the opaque fraction and
the hypersthene contents of the sands

total
ilmenite

total Fe
opaque magnetite sphene TiO s as FesO a

A (12) ........ 2.87 % 1.63 0.99 0.04 0.30 3.4
B (13) ........ 0.50 0.32 0.08 0.07 0.26 3.1
C (9) ......... 0.47 0.23 0.18 0.23 0.44 3.9

A, B & C are the subareas indicated in fig. 5.

amounts of magnetite and ilmenite decrease from north to south, but
the amount of ilmenite is slightly higher in area C than in area B.
The amount of sphene, however, increases from north to south. As
the chemical values indicate a roughly constant amount of Ti02 and
total iron, the variations in the opaque mineral distributions are mainly
due to differences in the metamorphic grade. Ilmenite is stable under
granulite facies conditions in the area around Midgård, whereas sphene
becomes the most common Ti-bearing mineral to the south. Similarly
the iron occurring to some extent as magnetite in the northern area, is,
under lower metamorphic conditions, bound mainly in the silicate
minerals.

an the other hand, table 8 also reflects the variations in bedrock
composition. Thus the slightly higher amounts of Ti02 and total iron in
area C compared to B, which show similal' metamorphic conditions, are
explained by the different amounts of amphibolite horizons in the two
areas (section 8), which also is expressed by the volume per cent of ilmenite
and sphene.

Chromite forms quantitatively a minOl', but characteristic constituent
of a large number of the sands. The poikilitic inclusions, which are known
to occur in a certain portion of the chromite grains (GHISLER, 1970) are
very helpful in the identification of this mineral.

Chromite is found in 27 of the 47 samples investigated, of which 2/3
originate from the area north of Bjørnesund and east of the Midgård
area. The major portion of the anorthosite complex actually occurs in
this part (plate 1). There is a clear correlation between the occurrence of
chromite and calcic plagioclase in the samples. af the 27 samples where
chromite was observed, 23 contain calcic plagioclase, and of the 30
samples with calcic plagioclase, 23 are chromite bearing. There is also a
tendency indicating that the chromite-rich samples have high calcic
plagioclase contents. Further it is worth noting that these samples are
pOOl' in total opaque material, indicating that resistant opaque minerals
are relatively scarce in the anorthositic rocks. af the 12 samples where
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chromian epidote has been observed nearly all are chromite bearing, and
the few grains of rutile are also found within these samples.

The sulphides form only a very small portion of the opaque fractions,
and are dominated by pyrite, often rimmed by a zone of limonite.
Pyrrhotite, which is known to be the most important sulphide mineral
throughout the area, only occurs in very few samples and is obviously
decomposed very quickly and therefore less stable than pyrite. Single
grains of chalcopyrite were found in eight samples.

7. The Provenance of the Sands

It is of importance to know whether the sands collected in the river
beds are derived from nearby or represent material brought into the
area over long distances by the ice. In the second case the sands could
hardly be used to estimate the average composition of the bedrock in
the area. AIso the use of sands in prospecting would have a restricted
value.

In the preliminary report (KALSBEEK, 1971) it was suggested that
most of the sands come from a nearby source, because: (1) The distribution
of hypersthene in the sands is clearly related to the known occurrence of
granulite facies gneisses (indicated e.g. on GGU's Tectonicjgeological
map of Greenland 1970). (2) The distribution of very calcic plagioclase
in the sands is related to the occurrence of meta-anorthosite and related
rocks, and the few samples taken very near to anorthositic rocks contain
large amounts of the calcic plagioclase.

To investigate this problem further, samples were collected in the
area around Midgård and in the area just north of the head of Fiskenæs
fjorden where a river runs through a large outcrop of metamorphosed
anorthosites and leucogabbroic rocks. The results of these investigations
are briefly described below.

a. Sands from the Midgård area
The high mountain to the north-west of Midgård (fig. 9) consists

of a granitic gneiss with conspicuous K-feldspar megacrysts. The sur
rounding, often more or less clearly banded gneisses do not contain
visible K-feldspar. The area has not yet been mapped in detail and the
rocks have not been sufficiently investigated to know exactly how
different the two rock types are.

At Midgård, a large river, draining mostly from the north-east
runs into the fjord. In the north-eastern valley a large lake traps most of
the bed-load, and the largest part of the sediment load of the river
comes therefore presumably from the north-north-western branch of the
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f,: .:~;~~'~'~J Granits gllelss
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Fig. 9. Geological sketch map of the area around Midgår'd and the loealities whel'e
sand samples were eolleeted.

river which drains the granite gneiss terrain. The river has given rise to
extensive gravel and sand banks at the head of the fjord. At an altitude
of 20-30 m above sea level terraces al'e developed also consisting of
gravel and sand in which many pebbles and boulders of granite gneiss
material ean be recognized.

A few kilometres to the west, another river comes from the granite
gneiss terrain. This river has sand banks over much of its lowcr COUl'se
and terraces are common along the sides of the valley.

Sand samples were collected (a) along the two rivers that come out
of the granite gneiss area, both fr'om tbe river beds and from the terraces,
and (b) from minor rivers and streams where no direct infiuence of the
granite gneiss material ean be expected (fig. 9). The composition of the
samples (table 9) shows that:

(1) The sands from the minor streams neal' Midgård (12, 13, 20 & 45)
contain very little K-feldspar, much less than the sands of the terraces
and the gravel and sand banks at the head of the fjord (10, 11 & 14).
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Table 9. Campasitian af the sands in the area araund Midgård

23

Sands presumably containing granite gneiss material

10T 11T 14 15 16 18T

quartz ....... 27 % 34 24 25. 32 30 26 23 31 26
K-feldspar ... 11 7 10 5 9 12 5 6 3.9 3.0
plagioclase ... 53 51 52 50 47 51 59 57 58 53
maties ....... 9 8 15 20 12 6 10 14 7 18

Sands presumably not containing granite gneiss material
12 13 20 45 17

quartz ....... 19 22 24 24 21 25 21
K-feldspar ... 0.4 1.0 3.0 2.5 1.4 1.1 2.0
plagioclase ... 60 66. 55 61 63. 63 62
maties ....... 21 11 18 13 H lO. 15

Samples marked with T eome from terraees. Volume per cent.

(2) The samples collected from the gravel and sand banks (14) have the
same composition as the samples taken from the terraces at Midgård
(10 & 11).

(3) Of the samples collected farther to the west, the sample from the
minor stream (17) is poorer in K-feldspar than the samples from the bed
of the larger river (15 & 16) and from a terrace along the river (18).

(4) The samples taken from the western river (15, 16 & 18) contain
less K-feldspar than the samples taken near Midgård (10, 11 & 14).

These results indicate that the rocks surrounding the granite gneiss
are very poor in K-feldspar and that the presence of up to 10 0J0 of
K-feldspar in the sands taken along the larger rivers is due to the presence
of granite gneiss material, originating a few kilometres away. This
conc1usion is supported by the fact that the sands from the larger rivers
also contain more quartz and less plagioc1ase than the sands from the
small streams. The results also suggest that the influence on the composi
tion of the sands by material transported over long distances is restricted.
The very low contents of K-feldspar in the sands from the minor streams
(17, 12, 13, 20 & 45) cannot be explained if the sands contain large
quantities of 'average material' coming from a long distance away.

b. Sands from the Majorqap qava area

To obtain further information about the provenance of the sands,
30 samples were collected at 15 different localities in a valley running
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Fig. 10. Geological map of the Majorqap qåva area by JOHN MYERS (1973), and the localities where sand samples were collected.
The columns show the mineralogical composition of the samples. There is a close agreement between the composition of tho sands
and the bedrock near the sample localiLies. The line between tho columns divides anorthosite derived material (above) from gneissl

amphibolite derived material (below).
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through one of the major outcrops of meta-anorthositic and leuco
gabbroic rocks, the Majorqap qava outcrop just north of the head of
Fiskenæsfjorden (MYERS, 1973). The samples were taken from the large
river running through the valley and from the shores of several lakes.
A study of the mineralogical composition of these samples (fig. 10)
shows that the composition of the sands very closely reflects the
composition of the rocks outcropping nearby. Soon after the river
enters the anorthosite outcrop, the sands begin to contain large amounts
of material derived from the anorthositic and leucogabbroic rocks.
Calcic plagioclase occurs in these samples in large amounts, but also
part of the mafic minerals is certainly derived from rocks of the anor
thosite complex, since the sands deriving from gneiss terrains rarely
contain more than 20 % of mafic minerals. The anorthositic rocks must
also contain minor amounts of quartz since the quartz-sodic plagioclase
ratios at a few localities (4 & 9) are much higher than in normal gneiss
sands. This is confirmed by occasional finds of composite sand grains in
which calcic plagioclase is intergrown with quartz. An estimate of the
amount of material in each sample deriving from the anorthositic,
leucogabbroic and associated rocks is also shown in fig. 10. To the
west of the large anorthosite outcrop, the sands assume again the same
composition as those taken to the north-east of it, although minor
percentages of calcic plagioclase are present in all samples.

AIso within the outcrop of the anorthosite complex, close corre
spondence exists between the composition of the sands and the composi
tion of the rocks outcropping nearby. Samples from localities 4 and 9,
where meta-anorthosites proper occur, are strongly dominated by calcic
plagioclase. Sands from locality 8, where quartzo-feldspathic rocks
outcrop within the anorthosite complex, contain large amounts of quartz
and sodic feldspar again. Sands at one of the localities (7) where meta
morphosed gabbroic and leucogabbroic rocks occur are rich in mafic
minerals.

It can thus be concluded that the composition of the sands closely
reflects the local geology. This implies that (a) the influence of glacial
material incorporated in the sands must be small and (b) the transport
of sand down the valley must be restricted.

The anorthositic rocks weather readily to a crumbly gravel, and it is
therefore not surprising that the sands in the river bed are soon dominated
by anorthositic material when a river reaches an anorthosite outcrop.
However, the fact that the river sands lose their content of anorthosite
material so soon after leaving the anorthosite area, can only mean that
transport of sand material downstream is small in comparison with the
addition into the river of new sand material coming from the mountain
slopes.
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That transport down the valley plays such a minor role in deter
mining the composition of the sands, is probably due both to the presence
of lakes, which act as traps for the sands (especially the long lake in the
western part of the large anorthosite outcrop, which probably prevents
the transport of anorthosite material downstream), and to the steepness
of the valley slopes which facilitates the transport of locally derived
material into the river.

Since the same conditions apply for most valleys in the Fiskenæsset
district, it is probable that a large part of the sands in most of the rivers
and streams consist of locally derived material. This does not rule out
influence of glacial transport. The fact that, in spite of the presence of
several lakes, up to 5 % of calcic plagioclase occurs even in the western
most samples of this series, may well be due to glacial or fluvio-glacial
transport in a westward direction.

8. Estimates of the Average Composition of the Bedrock
in the Fiskenæsset Area

a. The abundance of the different rock types

The main rock types in the Fiskenæsset area are gneisses of variable
composition, amphibolites and metamorphosed anorthositic, leuco
gabbroic and associated rocks. For various reasons it is difficult to make
areliable estimate of the abundances of these rock types. In the folIowing
an attempt is made to make such an estimate and the difficulties met
with are outlined.

The sands contain on average 12 Ofo of mafic minerals (fig. 3A) of
which two-thirds, or approximately 8 Ofo is hornblende (table 5). Assum
ing (as an approximation) that all the hornblende comes from amphibolitic
rocks and that the amphibolites-as elsewhere in the Archaean gneiss
block (KALSBEEK, 1970; KALSBEEK & LEAKE, 1970, see also GHISLER
& SHARMA, 1969)-contain 60 Ofo of hornblende, approximately 13 Ofo of
the area should be amphibolite. In reality a minor part (approximately
1 Ofo) of the hornblende comes from the anorthositic and associated rocks,
thus reducing the amount of amphibolite to approximately 12 Ofo.

The sands contain on average 3.5 % of calcic plagioclase. Since the
so-called anorthositic rocks for a large part consist of meta-Ieucogabbros,
with 20-40 Ofo of matic minerals, an estimate of 5 Ofo for these rocks
seems reasonable, of which 10f0 might be hornblende. South of Bjørne
sund, the amounts of calcic plagioc1ase in the sands are very low; the
samples collected north of Bjørnesund contain on average 4.6 % of
calcic plagioclase. The estimate of the amount of anorthositic rocks is of
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Table 10. Estirnates of the arnounts of the different rock types ln the
Fiskenæsset area

a b c

gneiss ................................ 83 % 85 {82/87} 85
amphibolite ........................... 12 11 {9.5/12.6} 10
anorthosite complex .................... 5 4 (8.5/0.4) 4

(a) based on the composition of the sands.
(b) based on the geological map. 1600 grid points were counted.

The values in parentheses are for the areas north and south respectively of
Bjørnesund.

{c} based on a grid sample collection with 300 samples, collected at 150 localities.
Volume per cent.

dubious value, since the amounts of calcic plagioclase are erratically
distributed over the different sand samples.

Independent estimates of the amounts of amphibolite and anorthos
itic rocks were made (1) from the geological map with the help of a grid
and (2) from a grid collection of rock samples. Since minor bands, streaks
and lenses of amphibolite and anorthosite do not appear on the map,
the first estimate may be too low, but this is partly cancelled because
many amphibolites and anorthosites are veined by quartzo-feldspathic
material. The second estimate is based on sampling at 150 localities only,
and the statisticaI errors are therefore relatively large. Moreover, at
many localities the rocks are so inhomogeneous that it is difficult to
choose representative, let alone random, samples.

Although the accuracy of each of the three estimates can be doubted,
the three estimates very nearly give the same results (table 10). That the
estimate based on the composition of the sands agrees so well with the
other estimates, is a strong indication that the study of sands really can
be regarded as a valid tool for regional geochemical investigations.

b. The mineralogical composition of the rocks in the area

The average mineralogical composition of the sands in the area
(fig. 3A, tables 5 & 7) is not the same as that of the bedrock. Biotite, the
main mafic component of the gneisses, only occurs in minor amounts in
the sands (p. 15); most of it has evidently been winnowed from the
sands before or during deposition. The biotite content of the gneisses is
variable; 67 point counted gneisses contain 1.0-19.8 Ofo biotite, average
9.3 Ofo (fig. 3B). Assuming that 85 Ofo of the area consists of biotite gneiss,
8 Ofo by volume of the average bedrock would be biotite. Correcting for
this amount of biotite, the average mineralogical composition of the
area would become as shown in table 11.
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Table 11. Aperage mineralogical composition ofthe rocks ofthe Fiskenæsset
area estimated with the help of the sand samples

main minerals matic minerals

quartz .
plagioclase .
K-feldspar .
biotite .
other matics .

26.5 % hornblende. . . . . . . . . . .. 6.5 %

48 (mean An 27 0/0) epidote 1.3
6.5 hypersthene. . . . . . . . . .. 0.8
8 clinopyroxene 0.7

11 olivine . . . . . . . . . . . . . . .. 0.5
opaque minerals. . . . . .. 1.1
(0.6 % magnetite, 0.3 % iImenite)

per cent by volume.

c. The chemical composition of the rocks in the area
The average composition of the rocks in the area ean be estimated

from the estimated average mineralogical composition of the rocks
(table 11) or from the chemical analyses of the sands (table 2).

(1) Taking the average mineralogical composition of the rocks as
basis, the percentages by weight of the different minerals ean be cal·

Table 12. Aperage chemical compasition af the rocks af the Fiskenæsset
area estimated with the help of sand samples

a b

SiO s········· . 66.3 65.6
TiO s ......... 0.6 0.5

AlsO a··•••••· • 15.0 15.2
FesOa ........ 1.9 1.4
FeO .......... 3.5 3.1
MgO o •••••••• 2.3. 2.4
CaO .......... 3.8 3.9
NasO ......... 4.3 3.8
KsO .......... 1.8 2.1
HsO .......... 0.4.

100.0 98.0

(a) Calculated from the mineralogical composition of table 11.
The result of this estimate depends on the mineral compositions used for the
calculations. This is especiaIly the case for FeO and MgO.

(b) Calculated from the chemical composition of the sands (see table 2) correcting
for the amount of biotite in the rocks. The low total is due to slightly low
totals in the original analyses and to the fact that HsO was not analysed.
Weight per cent.



I Sand analysis for estimation of bedrock 29

culated with the known densities of the minerals. With the help of pub
lished analyses of these minerals in comparable rocks (analyses from
DEER, HOWIE & ZUSSMAN (1962-63) have been used) the average
chemical composition of the rocks in the area can be calculated (table 12a).

(2) Taking the average chemical composition of the sands, and
correcting for the deficiency of biotite (of the same composition and
density as the biotite used above), the chemical composition shown in
table 12b is obtained.

9. Summary and Conc1usions

Most of the sands in the Fiskenæsset area contain 40-60 % (by
volume) of plagioclase, 20-35 Ofo of quartz, 5-20 Ofo of mafic minerals
and less than 15 Ofo of potash feldspar (seetion 2). Among the mafie
minerals, hornblende is dominant. Epidote, hypersthene and diopside
also oecur in appreciable amounts. Garnet occurs in only very small
amounts (seetion 5). Approximately 10f0 of the sands consist of opaque
minerals, among whieh magnetite and ilmenite together form nearly
90 Ofo (section 6). This composition, together with the very irregular
shapes of the sand grains (figs 1 and 8) illustrates the extremely immature
nature of the sands, and results from the nature of the bedrock (mainly
plagioclase gneisses), the high relief whieh eauses strong erosion and the
subarcticclimate which almost completely prevents ehemieal weathering
of the main rock minerals.

The aim of this study was partieularly to learn something about the
bedrock geology of the area through the study of the sands. To be able
to use the sands in this way two eonditions must be fulfilled : (1) the sands
must be of local origin (and not reworked glacial material derived perhaps
from far beneath the inland iee), and (2) there must be no appreciable
change in the eomposition of the sands due to sedimentary proeesses.
These eonditions seem to be fulfilled. In seetion 7 it has been shown that
in two test areas the composition of the sands is strongly related to the
local geology; this indieates that material brought into the area from
long distances by glacial transport only plays a minor role in the investi
gated sands. It could also be shown that no major transport of sand
along the rivers oeeurs; this is evidently due to the presenee of the
numerous lakes whieh trap the sands. In section 4b it was shown that
the grain size of the sands hardly influenees their mineralogieal and
ehemieal compositions, indicating that sedimentary proeesses do not
drastically ehange the composition of the sands. an the other hand,
biotite is rare in the sands and evidently has been removed during
sedimentation owing to its specifie hydraulie properties.



30 FEIKO KALSBEEK, MARTIN GHISLER and BRUNO THOMSEN I

Assuming that the composition of the sands (corrected for biotite)
equals the average composition of the rocks in the area, estimates have
been made for (i) the amounts of the different rock types in the area,
(2) the average mineralogical composition, and (3) the average chemical
composition of the rocks (section 8). Using sand samples it can be
estimated that 83 % of the area consists of gneisses, 12 % of amphibolite
and 5 % of rocks of the anorthosite complex. This estimate agrees very
well with the results of the systematic mapping, which confirms the
usefulness of the sands in determining the composition of the bedrock.
The average chemical composition of the rocks in the area compares well
with estimates of other shield areas (RONOV & YAROSHEVSKY, 1969,
table 4).

The metamorphic grade of the bedrock can roughly be followed
from the hypersthene content of the sands. Diopside and the opaque
minerals magnetite and ilmenite are more common in the northern
high-grade parts of the area, epidote and sphene in the southern more
low grade part of the area (sections 5 & 6). The average chemical
composition of the rocks, however, does not seem to change with the
metamorphic grade (table 2, section 3).

Since it could be shown that the sands are largely of local origin,
they can also be used in prospecting for economic minerals, and in fact
chromite was found in some samples where in the immediate neigh
bourhood chromitite layers were not yet known. It must be emphasized,
however, that a dense sampling grid must be adopted, as numerous
lakes trap most of the sand material, and sample locations will have to
be chosen with a strategic position.

Moreover, not all opaque minerals survive in the sands. Thus
pyrrhotite, the most widely distributed sulphide mineral of the area, is
hardly found in the sands, whereas pyrite and chalcopyrite because of
the relatively short distances of transport are still found. On the other
hand, a resistant minerallike molybdenite, occurring in very small
amounts in all the rock units of the area, is (probably because of its
flaky nature) completely lacking in the samples investigated. Pre
concentration in the field by panning would probably make molybdenite
appear.

The present study shows that collection of sand samples would be
an important first step in prospecting glaciated areas in West Greenland
with similar c1imatic and topographic conditions. The chemical and
mineralogical compositions of such sands would give a first idea of the
regional economic possibilities of the area. Panning of river sands on a
small scale would be helpful to find concentrations of mineral deposits
such as magnetite, ilmenite, rutile, chromite, as well as molybdenite and
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even chalcopyrite (associated with possibIe nickel deposits) and path
finder minerals of kimberlites. All these minerals are known to occur in
the Precambrian rocks along the coast of West Greenland.
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