Lead isotope studies on mineral showings
and ore deposits in East Greenland

Sven Monrad Jensen

Lead isotope studies indicate an age of 680 + 65 Ma for syn-diagenetic stratiform
copper mineralisation in the Upper Proterozoic Eleonore Bay Supergroup (EBS)
sediments. Metals in EBS-hosted veins were remobilised from local host rocks, or
derived from underlying Middle Proterozoic gneisses. Tungsten-arsenic skarns associ-
ated with Caledonian granites intruded into the EBS incorporated lead mobilised
from the basement gneisses mixed with Caledonian granite lead. Isotopic composi-
tions of trace lead in sparse sulphide occurrences in North-East Greenland point to
Late Archaean — Early Proterozoic sources, comparable to the local basement
gneisses. Base metal mineralisation in Upper Palaeozoic — Mesozoic rocks in central
East Greenland shows a limited range. in lead isotope compositions, suggesting that a
large, homogeneous crustal reservoir supplied the metals, or that metals from dif-
ferent sources were effectively mixed. Mineralisation in Tertiary igneous rocks in the
Kangerdlugssuaq area of southern East Greenland shows lead isotope evidence for
contamination by material from lower crustal Archaean sources.
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The lead isotope system is unique in that it directly
addresses the provenance of lead (and by inference
other metals) in ore deposits. Variations in lead isotope
composition within or between deposits characterise
geochemical aspects and geological histories of crustal
or mantle metal source regions. Lead isotopes thus
place constraints on genetic models for mineralisation.
Within a region, different types of mineralisation usu-
ally have distinct and characteristic ranges of lead iso-
tope ratios. Such isotopic ‘fingerprints’ are useful in
classifying ore deposits, by type, age and source of
metals. Suites of lead isotope analyses from mineralised
localities or groups of localities often plot as linear
arrays in conventional diagrams for lead isotope data
presentation. Linear arrays may give geochronological
information (isochrons) or information about multiple
sources of lead (mixing lines).

In central East Greenland and southern parts of
North-East Greenland some 150 ore mineral occur-
rences are known (Harpgth et al., 1986). However, only
the Blyklippen lead-zinc deposit at Mesters Vig has
been exploited. Extensive diamond-drilling has been
undertaken on several other prospects, for example the
scheelite-stibnite-gold-mineralised quartz veins and
breccias on Ymer @ and the Tertiary Malmbjerg por-
phyry-molybdenum stockwork (Fig. 1); at the latter test
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adits were also excavated. Mineralisation associated
with Tertiary igneous activity has been the focus of
considerable economic interest. In central East Green-
land a 150 Mt ore body with 0.23 % MoS, was proven
for the Malmbjerg porphyry-molybdenum deposit
(Harpgth er al., 1986). For the Kangerdlugssuaq area in
southern East Greenland (Fig. 1) molybdenum-pre-
cious metal mineralisation at Flammefjeld in the Terti-
ary Kangerdlugssuaq alkaline complex has been re-
ported on by Geyti & Thomassen (1984) and Stenstrop
(1989), and the gold and platinum group element poten-
tial of Tertiary layered gabbroic intrusions and related
rocks is currently under investigation (Nielsen, 1990;
Nielsen & Schgnwandt, 1590; Bird et al., 1991).

The mineral potential of the northern parts of North-
East Greenland has only been investigated on a recon-
naissance basis (Jensen & Stendal, 1990; Henriksen,
1991; Schgnwandt, 1991). Known mineral showings are
sparse, and are mainly confined to iron sulphides and
traces of copper along Caledonian thrust and shear
zones. Locally, a Proterozoic skarn was sheared and
modified by metamorphic solutions in Caledonian time.
Upper Mesozoic or Tertiary block faulting in the Pre-
cambrian gneisses is often accompanied by pyrite min-
eralisation in fault breccias, and in one of these (Flade
Bugt; Fig. 3) an oil seep was located in 1990 (Jensen &
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Fig. 1. Simplified geological map of central East Greenland and southern parts of North-East Greenland. Filled circles. localities

for analysed lead isotope samples.

Stendal. 1990). The oily material appears to have mi-
arated along the fault zone from buricd oil-generating
rocks or oil accumulations (Christiansen er al.. 1991).
The aim of the lead isotope study is to characterise
the sources of lead in the major types of mineralisation
in East Greenland. Lead isotope compositions have
been analysed for ¢. 250 samples of a variety of mineral-
ised rocks. from mineral showings to economic ore de-
posits. The new analyses reported on here represent
four groups of mineralisation in East Greenland: (1)
stratiform and stratabound mineralisation in quartzites

and shales of the Upper Proterozoic Eleconore Bay Su-
pergroup: (2) mineralisation associated with Caledo-
nian granites and Caledonian thrust and shear zones;
(3) stratiform and stratabound mineralisation in Upper
Carboniferous to Triassic sediments in central East
Greenland; and (4) mineralisation in ‘lertiary igneous
rocks. This paper gives a brief account of the new lead
isotope data and some implications of their interpreta-
tion. Detailed treatment of the mineral occurrences and
lead isotope data will be presented elsewhere.
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Mineralisation in Eleonore Bay Supergroup
(EBS} rocks

Stratiform copper mineralisation is very widespread
in certain beds of the Upper Proterozoic Eleonore Bay
Supergroup (EBS), but has generally produced low-
grade occurrences (Stendal & Ghisler, 1984). The same
mineralised beds can outcrop as much us 273 km apart
{(Fig. 1}. Shaly heds host disseminated chalcopyrite-py-
rite, bornite-chalcocite  or  chalcocite  assemblages,
whercas quartzitic beds host chalcopyrite-pyrite-pyrrho-
tite ot chalcopyrite-pyrite-tetrahedrite (Stendal & Ghis-
ler, 1984).

EBS rocks also host skarn and vein-type tungsten-
arsenic mineralisation believed to be of Caledonian age.
The skarns are associated with Caledonian granites in-
truded into the border zone between EBS rocks and the
Precambrian metamorphic complexes (Fig. 1). Mineral-
ised veins and breccias of uncertain origin are found in
Strindberg Land and on Ymer @,

Stratiform EBS mineralisation

Copper sulphide {chalcocite) samples from stratiform
mineralisation in Strindberg Land, Ymer ¢ and Can-
ning Land (Fig. 1) have been analysed for their lead
isotope compositions. Twelve chalcocite samples repre-
sent primary  disseminated mineralisation  in  fine-
grained silicificd curbonuaceous shales and secondary re-
mobilisation into stratabound veinlets and veins. The
fead in the chalcocite samples is radiogenic with
ephAPh ratios ranging from 18.5 to 26.4. In a P/
Mph*Ph/™Ph diagram (Fig. 2) the data points define
a secondary isochron that indicates a primary mineral-
isation age of 680 = 65 Ma (MSWD = 0.25; all isochron
ages are staled at the 2o level of confidence). This is

reasonable eslimate. as the mineralisation is regarded as
being syn-diagenetic and of Late Precambrian to Early
Cambrian age (Ghisler er af., 1980; Stendal & Ghisler,
1984).

The somewhat radiogenic character of the sulphide
lead is not uncommon tor sediment-hosted mineral-
isation (cf. Bjdrlvkke & Thorpe. 1981 Gulson. 1936).
In threc samples of mineralised EBS shale the lead
Isotope composition of the sibicate matrix was measurced
after the sulphides hud been leached out with HNO,.
The silicate residucs have strongly radiogenic composi-
tions (*Ph”Pb ratios from 21.4 to 55.1) and (it a line
with a slope of 0.0702 = .0009 quite well (MSWD =
0.46). 1f tentatively treated as an isochron (only three
points give little confidence), the slope of the line sug-
gests derivation of the sediment from g basement source
with an age of 930 = 25 Ma. Four gulena samples from
the Schaffhauserdalen mineralisation in Middlie Prote-
rozoic paragneisses adjacent to the large area of EBS
racks (Fig. 1) plot exactly on the alleged silicate matrix
isochron (Fig. 2).

EBS intruded by Caledonian granites

Mineralisation associated with Caledonian granites
intruded into Eleonore Bay Supergroup rocks is repre-
sented by samples from Canning Land and Randenzs
(Fig. 1.

In Canning Land lead-zinc mineralisation 1s found in
the hydrothermally altered roofl zone of the Caledonian
Kup Wardiaw gruanite, and arsenic-lead-minerzlised
veins occur in the EBS country rock (Thomassen &
Schgnwandt, 1981. Harpéth et al., 1986). The
WPhAMPh ratios of eight analyscd sampies Tange {rom
18.5 to 19.0 and the ™Pb/™Pb ratios arc about 15.6
(Fig. 2). The *™Ph/Pb ratios range from 38.4 to 38.8.
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gncisses dated by Steiger er al. (1976).

At present these ranges best describe a “Caledonian
granite lead isotope composition’,

Randenas is located where Caledonian granites and
pegmatites have intruded the contact zonc between
Lower Elconore Bay Supergroup rocks and Middle Pro-
terozoic paragneisses. Tungsten-tin and arsenic mineral-
isation tn this area is associated with greisen zones in the
pegmatites,
veins occur in the EBS rocks (Lind, 1980; Harpath et
afl., 1986). In a “Pb/*"Pb-""Pb/""Pb diagram data
points for two pegmatite-hosted arsenopyrite samples
plot in the Caledonian granite field whereas lead in two

and galena-arsenopyrite-bearing  quartz

vein samples resembles the Schalfhauserdalen gneiss-
hosted type of lead (Fig. 2). The Randenzs samples
appear to approximate the two end member composi-
tions of a mixing line between Caledonian granite lead
and lead mobilised from Middle Proterozoic gneisses.
The line has a slope of 0.0947 + 0.0064 (n = 4, MSWD
= 0.12). Four samples from a scheelite-arsenopyrite-
bearing quartz vein swarm at Galenadal thought to be

related to underlying Caledonian granites (Fig. 1), plot
in a cluster on the Randenas mixing line (Fig. 2). The
like the
probably contains a significant component of unradio-
genic lead derived from Middle Proterozoic basement

Galenadal mineralisation, Randenas veins,

gnetsses mixed with Caledonian granite lead. Stratilorm
EBS-type lead does not appear 1o be significantly in-
volved in mineralisation at Randenas and Galenadal.

Caledonian EBS-hosted veins and breccias of
Hnecertain origin

Caledonian vein- and breccia-type mineral oceur-
rences in Eleonore Bay Supergroup rocks in which no
lield relation to Caledonian granites has been demon-
strated include those of Strindberg Land and Ymer @
(Fig. 1).

The field of lead isotope compaositions in Strindberg
Land veins completely overlaps that of the stratiform
EBS type. while the Ymer @ lead compositions (n = 7)
are less radiogenic (Fig. 2). This suggests that the cop-
per-rich Strindberg Land veins largely contain metals
remobilised locally from the EBS-hosted stratiform
mineralisation. In the tungsten-antimony-gold mineral-
isation on Ymer ¢ a non-EBS lead component is pre-
sent.

On the basis of the lead isotope compositional fields
for stratiform and Caledonian granite-related EBS-
hosted mineralisation discussed above, possible mixing
between end member components 1n vein mineralisa-
tion on Ymer ) can be assessed. [f, for example. Cale-
donian granite is considered to have contributed lead in
any significant amount to lead mobilised [rom the strati-
form mincralisation. the mixing should produce leads
with isotope ratios intermediate between the two types.
For the Ymer ) mineralisation this is not an obvious
interpretation. Instead, the field of Ymer @ lead ex-
tends towards compositions typical of Middle Protero-
zoic basement (c.g. Schaffhauserdalen type: Fig. 2).
Caledonian metamorphic mobilisation of gneiss lead,
mixing ol the metamorphic fluid with lead mobilised
from EBS-hosted stratitorm mineralisation, and deposi-
tion of scheelite and sulphides in veins and breceias in
the EBS rocks may have produced the observed lead
isotope signature.

Mineralisation in North-East Greenland (76°-
T8°N)

In North-East Greenland Caledonian mineralisation
is related to thrust and shear zones. These include the
Bessel Fjord and Storstrsmmen shear zones. the imbri-



Fig. 4. PbA'PbpbRopy dia  207Pp/20%ph

[05

gram showing isochrons and compo- T
sitional fields for mincralisation n
North-East Greenland (76°-78°N).
undeformed

160

Precambrian  skarns,
Lower Proterozoic skarns in Rech-
nitzer Land and on islands in Dove
Bugt. Shear zone, islands in Dove
Bugr, strongly radiogenic samples
define 1sochron for Caledonian de-
formation and uranium influx. Im-
bricaie thrust zone, hematitised sam- o=
ples define isochron for Caledonian
thrusting and hematitisation. Bessel Y
Frord. Storstrommen, Caledonian
shear zones have mobilised lead from 1951 . EE5
Middle Proterozoic sources. [flade
Bugi — Nordmarken, pyrite mineral-

isation in Upper Mesozoic - Tertiary

15.0 1

Flade Bugt-
Nordmarken

® Rechnitzer Land

Precambrian skarns:
¢ Islands in Dove Bugt

206py/204p,
| 1

fault breccias has incorporated lead 15 20
with Archacan source age.

cate thrust zone of Dronning Louise Land and a sheared
and imbricated Lower to Middle Proterozoic contact
skarn on two small islands in Dove Bugt (Fig. 3).

On the islands in Dove Bugt a Precambrian skarn
mineralisation at the contact between a pink orthog-
neiss and paragneisses was sheared and imbricated dur-
ing the Caledonian orogeny. producing a very complex
structure with alternating lenses of magnetite-horn-
blende. garnet-quartz-fluorite and marble skarns. Min-
eral separates from an As-Zn-U-Th-Be-enriched marble
sample (GGU 363156) are moderately to extremely ra-
diogenic ("Pb/MMPb ratios from 19.7 to ¢. 77 000) and
define an isochron that corresponds to an age of 396 + 3
Ma (n = 7, MSWD = (.59 (Fig. 4}. This is interpreted
as the age of deformation of the Precambrian skarn and
the time of introduction of uranium along the shear
zone. Samples from hornblende-magnetite-rich parts of
the skarn zone have compositions that resemble those
of a Lower to Middle Proterozoic skarn occurrence in
Rechnitzer Land (Fig. 4).

Caledonian uranium influx 1s also evident in the im-
bricate thrust zone of Dronning Louise Land. The im-
bricate zone is defined by several east-dipping thrust
sheets that are composed of basement gneisses and a
strongly sheared Middle to Late Precambrian metasedi-
mentary cover sequence (Friderichsen et al., 1990).
[ron-rich metasediments and amphibolites in the imbri-
cale zone are pervasivelv hematitised. Hematite-rich
samples from two localities in the imbricate zone, 70 km
apart, together define a linear array roughly parallel to
that determined for the islands in Dove Bugt (Fig. 4).
Its slope corresponds to a mincralisation age of 435 + 75

25 30 35 40

Ma (n = 11, MSWD = 3.03). Mctamorphic oxidising
fluids are considered 1o have migrated along the thrust
planes to cause the hematitisation and supply the ura-
nium incorporated in the hematite crystals,

Two groups of isochron-determined maximum source
ages in North-East Greenland pre-dating the Caledo-
nian emerge from the lead isotope data: Middle Prote-
rozoie (~ 1200 Ma) and Late Archacan - Early Protero-
zoic (2000-2500 Ma).

Middle Proterozoic lead source ages were oblained
for lead in pyrite disseminated in the Bessel Fjord and
Storstrémmen shear zones. The Storstrommen shear
zone separates Dronning Louise Land from the coastal
region and continues some 300 km northwards into
Hertugen af Orléans Land (Fig. 3) (Strachan er al..
1991).

Samples from the Bessel Fjord shear zone define an
isochron that corresponds 10 a maximum source age of
1220 £ 180 Ma (n = 5. MSWD = 0.15) (Fig. 4). A
roughly parallel array is defined by ten samples from the
Storstremmen shear zone. but they scatter considerably
more. If a Caledonian mineralisation age of 400 Ma is
assumed and used in isochron calculations. a source age
of about 900 Ma is indicated. This corresponds to a
Grenville age for the crustal reservoir that supplied the
lead in the pyrites.

Late Archacan — Early Proterozoic lead source ages
are indicated for the Upper Mesozoic to Tertiary fault
breccia pyrite mineralisation in Flade Bugt and Nord-
marken (Figs 3 & 4): ten samples define an isochron age
of 2475 = 160 Ma (MSWD = 1.33). The presence of
Archaean (~ 3000 Ma) crustal material in North-East
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Greenland was reported by Steiger et al. (1976) from
isotopic studies on a banded gneiss from the Danmarks-
havn area (Fig. 3). Further, Kalsbeek et al. (1993) pre-
sent new Rb-Sr, Sm-Nd and U-Pb isotopic dating results
which demonstrate that major crustal growth took place
in the region ~ 2000 Ma ago and that Archaean crust
was incorporated into these rocks. The isotopic compo-
sition of lead in pyrite in the late fault breccias thus
suggests derivation from the local basement gneisses.

Mineralisation in Upper Palaeozoic to Mesozoic
rocks

Stratabound vein type Pb-Zn-Cu-Ba mineral occur-
rences hosted in sedimentary rocks of Upper Carbon-
iferous to Triassic age are widespread in central East
Greenland, especially along the margins of the Jameson
Land sedimentary basin.

The largest deposits are situated along the major
post-Devonian fault system that separates Upper Palae-
ozoic and younger rocks from Caledonian and older
rocks (Fig. 1). At Blyklippen Pb-Zn-Ba-mineralised
quartz veins occur in Upper Carboniferous and Lower
Permian arenaceous rocks. At nearby Oksedal and at
Bredehorn stratabound replacement and vein mineral-
isation is hosted by Upper Permian carbonate rocks.
Upper Permian carbonates host a major celestite
(S1SO,) deposit at Karstryggen (Scholle er al., 1990);
minor Pb-Zn-Ba showings occur here as well (Harpgth
et al., 1986). Although the mineralisation exposed at
these localities varies in style and age and composition
of host rocks, the occurrences all have similar lead
isotope compositions. Analyses of ¢. 50 mineralised
samples show isotope ratios within the ranges 18.25-
18.45 (*®Pb/*Pb), 15.50-15.60 (*’Pb/**Pb) and 38.10~
38.30 (*®Pb/**Pb).

Stratabound and stratiform Cu-Pb-Zn mineralisation
in Upper Permian to Triassic sediments in eastern Jame-
son Land (see Thomassen et al., 1982) has a slightly
more radiogenic lead isotope signature (**Pb/“Pb
18.45-18.60, n = 19) and displays greater variation in
the ratios *"Pb/?™Pb (15.55-15.70) and **Pb/*“Pb
(38.2-38.8).

One possible cause for the homogeneity of lead iso-
tope compositions of the replacement- and vein-type
mineral occurrences is their proximity to the major
faults bounding the Jameson Land basin. The faults
may have acted as a ‘plumbing system’ conducting min-
eralising fluids from depth. The lead source is probably
the sedimentary rocks in the deeper parts of the Jame-
son Land basin, and mineralisation could have been
triggered by fault movements in the Upper Permian or
Lower Triassic.

Other possible agents of mineralisation that merit
consideration include Lower Tertiary basaltic sills and
dykes. Sills outcropping along the margins of the Jame-
son Land basin are commonly 10-50 m thick, and up to
300 m thick sills appear to have intruded the deep,
central parts of the basin (Larsen & Marcussen, 1992).
The sills could have provided the heat necessary to drive
very large hydrothermal systems in the sedimentary ba-
sin.

Mineralisation in Tertiary igneous rocks

The Malmbjerg porphyry-molybdenum deposit in
central East Greenland and the Flammefjeld molyb-
denum-precious metal prospect in the Kangerdlugssuaq
region (Fig. 1) are late intrusive phases in continental
rifting-related alkaline magmatic complexes. The Terti-
ary Skaergaard intrusion and other layered gabbroic
intrusions in the Kangerdlugssuaq area have recently
been found to host gold and platinum group element
mineralisation (Nielsen, 1990; Nielsen & Schgnwandt,
1990; Bird et al., 1991).

The Kangerdlugssuaq gneisses, the country rocks to
the Skaergaard intrusion, have been dated using the
Pb-Pb system (Leeman ef al., 1976). Seven whole-rock
lead isotope analyses yielded a ?’Pb/’®Pb secondary
isochron corresponding to an age of ¢. 3000 Ma (Fig. 5).
In a subsequent isotope study it was shown that gabbros
and granophyric dykes from the Skaergaard intrusion
also define a linear array in the 2’Pb/**Pb-**Pb/*%Pb
diagram (Leeman & Dasch, 1978). The array lies below
the gneiss isochron and has a lower slope (Fig. 5). It was
interpreted as a mixing line between a low-u (Z*U7?%Pb)
crustal source and a Tertiary mantle-derived source.
Low u values are typical of uranium-depleted, granulite
facies rocks. Contamination with Archaean high-grade
metamorphic crustal material of the mantle-derived
magma was considered to have occurred at a deep crus-
tal level. The Tertiary mantle-derived component was
considered comparable to lead in a Malmbjerg galena
sample.

New lead isotope data lend support to this interpreta-
tion. Sixteen Flammefjeld samples (pyrite from molyb-
denum-mineralised intrusion breccias and galena from
quartz-carbonate-galena-sphalerite veins) have compo-
sitions that plot exactly on the Skaergaard mixing line
(Fig. 5). In a *®Pb/2"Pb - 2%Pb/*Pb diagram (not
shown) the Skaergaard instrusion and Flammefjeld
samples also define linear arrays that include the field
for the Tertiary mantle-derived component. This sug-
gests that both Flammefjeld and Skaergaard magmas
were contaminated with low-u Archaean lower crustal
lead.
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Lead isotope compositions for mineralisation in Terti-
ary igneous rocks in central East Greenland are distinct
from those of the Kuangerdlugssuaq arca (Fig. 5). The
field for ‘central East Greenland prospects” {n = 18)
coincides with the Tertiary mantle-derived component
of the Skaergaard intrusion mixing line proposed by
Leeman & Dasch (1978). The Malmbjerg molybdenum
deposit and other sulphide concentrations in Tertiary
igneous rocks in central East Greenland do not show
lead isotope evidence for contamination with an Ar-

curve

chaean lower crustal component although their ages,
geotectonic setting and possibly modes of mineralisa-
tion are similar to those of the Tertiary intrusions in the
Kangerdlugssuaq area.

Conclusions

Lead isotope compositions of mincral occurrences in
East Greenland clearly reflect the geological settings of
mineralisation. Stratiform and stratabound mineral oc-
currences have distinet isotopic patterns that attest 1o
the large-scale nature of the mineralising systems that
formed them. Caledonian and Tertiary magmatic-influ-
enced mineralisations also have distinet compositions.
Local basement remobilisation is often evident in vein-
type mineralisation. Lead mixing with involvement of
an unradiogenic low-g crustal end member is encoun-
tered in mineralisation throughout East Greenland, and
the presence of Late Archacan to Lower Proterozoic
crust in large parts of the Caledonian fold belt is con-
firmed by several *"Pb/"™Pb isochrons.

Stratiform mineralisation in the Upper Proterozoic
Eleonore Bay Supergroup has a somewhat radiogenic
lead isotopic signature in accord with syn-diagenetic
leaching of the metals (mainly copper) from upper crus-

16 18 20 22 24

tal rocks. Where Caledonian granites have intruded
EBS rocks. the associated skarn mincralisation may
have derived most of the lead [rom the granites.

For vein-type mineralisation hosted in EBS vocks,
such as the Strindberg Land and Ymer @) prospects, the
lead isotope signatures suggest a signilicant component
of lead derived locally from the stratiform mineralisa-
tion in the EBS. In the Ymer ¢ prospects this type of
lead appears to have been mixed with lead mobilised
[rom underlying Middle Proterozoic gneisses intro-
duced along deep-rooted laults.

Stratabound replacement and vein mineralisation in
Upper Carboniferous to Upper Permian sediments., lo-
calised along the major post-Devonian lault system
bounding the Jameson Land basin, shows little lead
isotopic variation. The mineralisation appears to be
structurally controlled by the fault system. and may
have been triggered by faulting or by the intrusion of
Tertiary basaltic sills and dvkes in the sedimentary ba-
sin. Based on the present lead isotope data base it is not
possible to conclude whether the mineralisation is Up-
per Permian or Tertiary in age.

Mineralisation in Tertiary igncous rocks shows dis-
tinct lead isotopic signatures. At Flammefjeld in the
Kangerdlugssuaq area the unradiogenic lead isotope
signature is the result of mixing of lead [rom two end-
member sources: Archacan high-grade gneisses of the
lower crust and Tertiary mantle-derived magmas. The
lead isotope signature for mineralisation in the Tertiary
igneous rocks of central East Greenland does not sug-
gest mixing with an old crustal source.

Note on analytical procedure. Samples of galena and other
sulphides were dissolved in HNO;, and hematite samples in
HCIL. Lead in trace amounts was subsequently extracted from a
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HBr solution in anion ion exchange columns. Samples were
loaded with silica gel in H;PO, on single rhenium filaments and
ionised at 1230°C in a Finnigan MAT-261 multiple-collector
mass spectrometer. The NBS SRM 981 lead standard was
measured frequently and compared to the ‘true’ value of Todt
et al. (1984). The mass fractionation factors for the ratios
W6ph/24Ph, 27Pb2MPh and 2%®Pb/2%Pb are 1.0025, 1.0037 and
1.0050, respectively. Total errors for the lead isotope ratios are
considered smaller than 0.10%. Analytical data will be pub-
lished elsewhere.
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