
and phyIlite, but are also found in chlorite schists and
ultramafic rocks (on Anap nunå). They generally have
carbonate (ankerite and ca\cite), chlorite and quartz in
the matrix. The breccia is often slightly porous. The
sulphides, generally located in the matrix, consist dom
inantly of large, anhedral cha\copyrite with minor
amounts of euhedral pyrite.

In the Eqe area several chalcopyrite-pyrite bearing
breccia zones have been found (fig. 5), and in the south
em part of the area a breccia up to 5 m wide could be
followed 100 m along strike. The samples GGU 341442,
341445, 341448, 341453 and 341489 (Table 2) were col
lected in this zone. This breccia is located. where Steen
felt (1987) found e1evated gold values (up to 43 ppb) in
stream sediments.

In the supracrustals at Arveprinsen Ejland a 1 to 5 m
wide breccia zone has been followed for about 5 km.
The breccia (3 on fig. 1) is locally rich in sulphides,
mainly pyrite, but Iocally massive chalcopyrite and
sphalerite occur.
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Progress in geochemical mapping of West Greenland

Agnete Steenfelt

Geochemical mapping based on low density sampling
and analysis of stream sediment and stream water is part
of the mineral resources evaluation programme under
taken by the Geological Survey of Greenland (Steenfelt
1987a, b).

In the field season of 1986 two areas were sampled,
the inner Disko Bugt region (1:250000 map sheet 69
V.2 and part of 70 V.2), and the Godthåb region (map
sheets 64 V.1 and 64 V.2).

Sampling and analysis

The sampling was carried out by one field team sup
ported by a Bell 206 helicopter from Greenlandair
Charter. At each sample station 200-300 g of stream
sediment was collected from four to five sites in the
stream bed; a 100 ml stream water sample was taken;
and the gamma radiation· was measured by averaging

Rapp. Grønlands geol. Unders. 140, 17-24 (1988)

2 Rapport nr. 140

five to ten scintillometer readings in the immediate sur
roundings of the sample site. The sample density is one
sample per 20-30 km2

•

The 608 stream-sediment samples were dry-sieved in
the laboratory and the < 0.1 mm fraction was analysed
by X-ray fluorescence at the Geological Survey of
Greenland. A selection of 96 samples were also ana
Iysed by Instrumental Neutron Activation at Bondar
Clegg, Canada. The conductivity and the fluoride con
centration of the stream water samples weremeasured
in a field laboratory. Table 1 lists the elements and basic
statisticaI parameters for the concentrations determined
by X-ray fluorescence and for the water analyses.

The X-ray fluorescence analyses for major and trace
elements were made on a Philips PW 1606 multi-chan
nel spectrometer. The analyses were made on glass discs
and major elements were determined folIowing the
principles of Petersen & Sørensen (1980) while the pro-
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Table 1. Statisticai parameters for the chemical analyses af the < 0.1 mm fraction af stream-sediment
samples from West Greenland

0/0 min. max. mean s.d. min. max. mean s.d.

Disko Bugt 267 samples

< 0.1 mm fraetion afstream sediment

Godthåb 339 samples

Si02 38.23 73.89 64.57 5.30 38.61 80.85 62.19 4.88
Ti02 0.22 9.68 0.52 0.59 0.17 2.69 0.52 0.21
AI2O) 8.89 24.59 13.63 1.23 7.82 17.67 13.94 0.99
Fc2O, 0.70 24.86 4.17 2.09 0.75 14.79 4.88 1.77
MnO 0.04 0.57 0.08 0.05 0.05 0.29 0.10 0.03
MgO 0.47 8.06 1.62 0.97 0.99 25.46 2.52 1.80
CaO 1.72 10.10 3.03 0.71 2.45 9.31 4.36 0.78
K20 0.36 2.96 2.00 0.41 0.34 3.01 1.53 0.39
pp~ 0.07 2.57 0.19 0.16 0.06 0.48 0.18 0,07

ppm

V 17 1108 71 71 26 247 87 '34
Cr 12 993 144 111 34 921 188 125
Ni O 484 54 51 2 485 84 67
Cu O 839 56 74 O 440 45 48
Zn O 308 55 45 O 581 72 46
Rb l 170 57 21 O 179 37 .25
Sr ' 122 403 288 53 52 973 295 71
Y 10 76 21 9 O 60 22 7
Zr 64 1478 331 165 17 1905 396 223
Nb O 77 9 5 O 44 9 4
Ba 44 1150 738 126 85 986 602 117

Stream water samples

ppb
F 10 160 16 17.8 10 37 11 3.77
lLohm'\
Conductivity 7.8 260.0 28.4 27.7 6.0 92.0 20.6 11.36

X-ray fluorescence analyses by the Geological Survey of Greenland.
min.: minimum value; max.: maximum value; s.d.: standard deviation.

cedure for trace element determinations is under devel
opment by Ib Sørensen. The trace element data used
here have been corrected for background but not for
effects of matrix and line coincidence, and they must be
considered preliminary. However, there are no prob·
lems with line coincidence for Rb and Cu used in this
presentation, and matrix effects are relatively small be
cause of the use of glass dises.

Presentation and preliminary evaluation af results

As a first approach in the evaluation the two regions
are looked upon as two (arbitrarily chosen) segments of
the Archaean crust. The Godthåb region is established
as Archaean (Bridgwater et al., 1976), and the Disko

Bugt region is described as Archaean with the exception
of some supracrustal sequences of probable Proterozoic
age (Kalsbeek, 1986; Kalsbeek et al:, in press). The
average chemical composition of each segment may be
estimated using the values of the stream sediment analy·
ses from Table l which lists the range, mean, and stan
dard deviation for the elements with concentrations
above the analyticai detection limit.

Figure l illustrates the chemical composition of the
two areas. There appears to be a tendency for the crust
at Disko Bugt to be ncher in SiOz, KzO, Rb, Cu, and
Ba, and poorer in Fez03' MgO, V, Ni, Cr, MnO, Zn,
and Zr, relative to the crust at the Godthåb region. The
latter is dominated by granulite facies gneissesand is
regarded asa deep crustal level. It is therefore sug-
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rocks, respectively, and their distribution patterns re
flect major IithogeochemicaI changes. Copper repre
sents an example of an element associated with the
sulphide phase which often appears as an indicator of
mineralisation in supracrustal rocks.

Previous studies (Steenfelt & Kunzendorf, 1979; and
unpubIished data) have shown that the chemical compo
sition of the fine fraction of stream sediment in Green
land is dose to that of the surrounding bedrock. An
illustration of this is presented in Table 2 in which seven
samples of the Atå tomllite (Kalsbeek et al., in press)
are compared chernically with five sediment samples
from streams draining the Atå tonalite. Considering the
faet that the rock samples were not collected with the
aim of finding an average composition of the tonalite,
the agreement is satisfactory. A differential weathering
effect is noted in that feldspar components Iike SiOz,
Alz0 3, NazO, and Sr have lower values in the sediment,
whereas components typically contained in accessory
minerals Iike PzOs, Y, and Zr are enriched in the sedi
ment relative to the rock. In the folIowing, the stream
sediment data are treated as representative of the bed
rock, and the distribution patterns displayed by the
three elements are compared with major geological
units and structural features (figs 2 and 3).

Table 2. Chemical comparison between rock
samples and stream-sediment samples derived

from the Ata tonalite
er
~ ppm

I e

Sr
............
1-9--<

Zr e
e

I----G--<
Sa

~

e
MnO e

200 400 600 BOO 1000 1200 1400

Fig. 1. Graphic presentation of the average chemical composi
tion of the Disko Bugt and Godthåb regions. The bars show
the mean standard deviation for the analysis of the < 0.1 mm
fraction of stream-sediment samples.

gested that the Disko Bugt region, being richer in 'fel
sic' co'mponents, represents a higher crustal level.

The distribution of element concentrations within the
two regions is illustrated in figs 2 and 3. Symbol maps
were made for all elements at the scale of 1:500 000. A
geochemical atlas containing all the element maps will
be published for each region. In the present preliminary
evaluation three elements are chosen to illustrate differ
ent distribution patterns. Magnesium and rubidium rep
resent elements associated with basaltic and granitic

2"

0J0

SiOz
TiOz
AIZO]
FeZO]
FeO
MnO
MgO
CaO
Nap
K20

PzOs

ppm
Rb
Sr
y

Zr
Ba
V
Cr
Ni
Cu
Zn

7 rock samples

67.27 - 72.08
0.22 -0.47

14.74 - 16.73
0.25 - 0.81
1.24 - 2.30
0.03 - 0.05
0.45 - 1.06
2.28 - 3.41
4.28 - 5.07
1.19 - 3.23
0.08 - 0.15

43 - 99
373 - 471

5- 11
91 - 163

5 stream samples

59.83 - 67.74
0.35 - 0.45

12.31- ·13.63
3.11 -.- . 3.67

0.05 - 0.16
0.93 - 1.15
2.47 - . 2.69
2.95 - 3.56
1.75 - 2.34
0.17 - 0.30

43 - 65
291 - 316

15 - 32
278 - 381
574 - 751
50 - 61
85 - 231
23 - 37
0- 110

23 - 68
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Fig. 2. Simplified geology of the Disko Bugt region and corresponding element distribution maps based on X-ray fluorescence
analysis of the < 0.1 mm fraction of stream sediment. The dot size is linear proportional to the element concentration up to a
maximum of 5% for MgO. 120 ppm for Rb. and 300 ppm for Cu.



21

Table 3. Distriets with clusters of high values
of ore forming elements

The anomalies are defined as values above the 98th percentile
for both areas. The threshold values used are: Ag S ppm, As 80
ppm, Au S ppb, Ba 950 ppm, Co 80 ppm, Cr 400 ppm, Cu 170
ppm, MnO 0.8Ofo, Mo S ppm, Ni 210 ppm, Pps 0.4%, Ti02
1.1 %, V 185 ppm, W 10 ppm, Zn 170 ppm.

Ba, Cr, Cu, Ni, P20 S' Ti02, V, Zn: X-ray fluorescence analysis
by the Geological Survey of Greenland.

Ag, As, Au, Co, Mo, W: Instrumental neutron activation anal-··
ysis by Bondar-Clegg. . , .

gabbroic rocks and frequent occurrences of ultramafic
bodies (Garde et al., 1987; Garde & Marker, 1988).

In the distribution pattern for rubidium a diagonal
zoning is observed with a low-level area « 30 ppm) to
the north-west, a central north-east trending zone with
high Rb (5~180 ppm) and deereasing values towards
the south-east. The low-Rb areas eorrespond largely to
the distribution of granulite facies gneisses, and the
high-Rbzone appears as a regional crustal feature tran
secting gneiss and granite units of different age and
origin, Le. Amitsoq gneiss, Nfik gneiss and Qorqut
granite (Bridgwater et al., 1976). The high-Rb zone is
bounded towards the north-west by major faults and to
the south-east the boundary appears to coincide with a
major thrust according to recent field work by Nutman
& Friend (1988). The high-Rb zone may thus represent
a segment of high-level crust in tectonic contact with
deeper leveis. Data from an airbome radiometric sur
vey support this hypothesis by showing that the Rb-rich
zone is also enriched in U and Th (Steenfelt, 1987a).

The fault running across Nordlandet appears to coin
cide with a change in concentration level for both Rb
and MgO which may indicate a significant displacement
along the fault. The Cu map shows a low and unsteady

Disko Bugt. Fig. 2 shows that high MgO values delin
eate the amphibolitic parts of supracrustal sequences in
the area. The high value at the east coast of ArVeprin
sen Ejland marks the presence of a large dolerite dyke.
A considerable difference is noticed between the gener
ally low MgO level « 1.6%) in the gneiss terrain to the
south, and the medium to high level (1.5-4.0%) in the
gneiss in the north-western corner of Nfigssuaq. The
high level may indicate the presence of a dioritic compo
nent, or more probable the occurrence of amphibolites
included in the gneiss.

The pattern for rubidium shows some distinct changes
in concentration level which must be attributed to litho
geochemical changes within the established geological
units. The mafic-felsic character of the volcano-sedi
mentary rocks is reflected in the varying Rb-values in
these rocks. Further it is noted that there are three
levels in the gneiss areas: a low level « 50 ppm) in the
southern gneiss terrane north and south of lakobshavn
and also in the central part of the Ata tonalite; a me
dium to high level' (50--90 ppm) in the gneiss surround
ing the central Atå tonalite as well as in the western part
of the Nfigssuaq area; and finally a high level (90--120
ppm) in the eastern Nfigssuaq gneiss. Tentative bounda
ries are drawn between the concentration leveIs. It is
noteworthy that the northern boundary of the southern
low-Rb area is not coincident with the major shear zone
(A-A in fig. 2) which Escher & Pulvertaft (1976) sug
gested as representing the boundary between the Nags
sugtoqidian and Rinkian mobile belts. The low-Rb
boundary follows a set of faults with the same direction,
Iying c. 5 km north of the major zone (cf. Knudsen et
al., 1988). The differentiation of the gneiss terrane by
the Rb-concentration levels adds a new dimension to
the interpretation of the origin and interrelation of the
various gneiss units.

The Cu map for the Disko Bugt region shows a low
background level and a number of scattered medium
and high values mainly, but not exclusively, confined to
the supracrustal rocks. The supracrustal rocks are
known to contain sulphide mineralisation with chalco
pyrite (Knudsen et al., 1988), and this stream-sediment
survey confirms that Cu is frequently associated with
these rocks. The medium to high Cu values in north
eastern Nfigssuaq coincide with medium to high MgO
values and thereby support the assumption of the pres
ence of basic (supracrustal?) rocks.

Godthåb. Fig. 3 shows a belt of high MgOvalues
(3.0--5.0%) with a north-north-east trend folIowing the
major mafic sequences of the Malene supracrustal
rocks. The .north-western corner of the Fiskefjord dis-

. iriet is rich in NgO (2-10%) which reflects dioritic to

Districts

Disko Bugt

Oqaitsut
Arveprinsen

Ejland
Eqe
Anap nunå
Nfigssuaq

south coast

Godthåb

Fiskefjord
Bjørneø
Ivisartoq

Anomalous metal eontents

MgO,MnO,V

Au, Cr, Cu, Ni, Zn
As, Au, Mo, V; Zn·
Ag, As, Au, Ba, Ni, Zn

Ag, As, Au, Ba, Cr, Ni, V, W, Zn

Cr, Ni
Cr, Cu, MnO, Ni, P20 S' Ti02, V
Ag, Au, Co, Cr, Cu, Ni, W, Zn
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Fig. 3. Simplified geology of the Godthåb region and corresponding element distribution maps based on X-ray fluorescence of

background variation and a few high values. In general
there are less high values associated with the supracrus
tal sequences in the Godthåb region than in the Disko
Bugt region. .

Geochemical anomalies

Samples with unusual chemical composition relative
to the geochemical background variation and to the

geology of the drainage area may be indicative of miner
alisation. The data are not fully evaluated to define and
interpret geochemical anomalies but a number ofsites
containing c1usters of high values for one or more ore
forming elements are listed in Table 3 together with the
anomalous elements.

In the Disko Bugt region the anomalies are linked to
the supracrustal rocks which appear to have a potential
for base metals, and Ag and Au. This agrees with Knud-



23

•

• •

,.• .. ..
.._. .e ••

64·'--------;!;;;; ~_=_...!....___::L-=--~L-....!......:...:::..-.LL___,,---'l..-------'64·
52' 51' 50'

Ms ximum dot size equsls values 2: 120 ppm

......
...-r••

65.r__----'5T2"'----:-_.--_---;;_~5rl·----___,,=r-,._;____.,50~·-------,65·

Rb

30·,--_+-_-..''--..,.--__-=

•

. .

Cu

'.

. ... .

•

..

•

•
~. 4 •'. .

.·

.. .
• ~

..• ...... • .

." ~. .. ....· ..'· ..
•

..

. .
••

•

•

• •·..
·.·

•••

. . "." . ...- . ' ..
,-:----t---.--~- .._.---i----~-.-'-:-.---=+--------130·

65·r-_---:5r2"'--__,.--_---..,..--.....:;5,!-1· ---:,..----'5~0~·------~_,65·

• ••• ••'. ..... .-. -. .... ..". . ..
• • ,.. ' .• t •.. . .. ·.w .... ... ~ .... .' . .

•

•• .
•30'
•

.. '. •

64' '--------f52:::.----~-....!...--=5l.1.,.---~-.!!----'!..---=--..L51.0-.__---L•• --'64·

Maximum dot size equals values 2: 300 ppm

stream sediment. Symbols as in fig. 2.

sen et al. (1988) who report the frequent occurrence of
sulphide mineralisation at Ege and on Arveprinsen Ej
land (fig. 2). The resuIts for gold are reported by Steen
feIt (1987c). The anomalous sites will be targets for
further ·field work in 1988.

Anomalies in the Godthåb region are scattered and
comprise two types. A number of high er and Ni values
oceur in the magnesium rich north-western part of the
survey area and are beIieved to refleet ehromite bearing
peridotite bodies in the gneiss. Dunite bodies were ob-

served during the sampling by the author and are also
described by Garde et al. (1987). A few other anomaIies
(Table 3) are associated with the supraerustal rocks at
Bjørneø, and particularly at Ivisårtog (fig. 3). The min
eral potential of the supraerustal roeks of the Godthåb
region is treated by Appel (1984, 1986, 1988) based on
resuIts from analysis of panned eoncentrates of stream
sediment and detailed geologieal prospecting. The dis
tributions of gold values are reported by Steenfelt
(1987e).
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Stream sediment sampling in the Atå area, central West Greenland

Peter W. Uitterdijk Appel and Christian Knudsen

In 1982 scheelite was identified in stream sediments in
thi: Nuuk/Godthåb area, about 600 km south of Ata.
Subsequentlya regional stream-sediment programme
was carried out in the Nuuk area from 1982 to 1987 as a
result of which scheelite was found to be quite abundant
in the 3800 m.y. old Isukasia supracrustalrocks as well
as in the 3300 to 3000 m.y. old Malene supracrustal
sequence (Appel, 1988). It ·was also recognised that
there is a dose correlation between ·the number of
scheelite grains and the gold·content of the heavy min
eral concentrates in the Nuuk area (Appel, 1988).

Rapp. Grønlands geol. Vnders. 140. 24-26 (1988)

In the Ata area (fig. 1) extensive outcrops of supra
crustal rocks are found. In these supracrustals, which
have been metamorphosed to greenschist and amphibo
lite facies, abundant sulphide-rich horizons are found,
as well as sulphide-bearing breccia zones with appre
ciable gold contents (Knudsen et al., 1988).

During the 1987 field season geological reconnais
sance mapping was carried out in two of the supracrus
tal areas and the gneiss-granite complex enclosing the
supracrustal rocks ·was investigated (Knudsen et al.,

1988). A limited programme of stream-sediment sam-




