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The Neoproterozoic to Devonian sedimentary successions of Severnaya Zemlya, in the Russian high Arctic, have been sampled for detrital zircon 
provenance studies. 50-100 zircons were analyzed from 11 samples and, of these, about 60% (c. 500 totally) were used for the geological interpreta-
tion. Most of the samples show a similar Precambrian age spectrum, including a strong, prominent peak in the Late Vendian to Early Cambrian and 
well defined Mesoproterozoic populations reaching back into the Late Palaeoproterozoic. Only a few older zircons are present, composing minor 
populations at c. 2.7 Ga. The younger samples (Ordovician and Devonian) also contain an Early-Mid Ordovician population, probably related to 
local igneous activity. The detrital zircon age spectrum of Severnaya Zemlya constitutes a strong link to the Timanian margin of northwestern Rus-
sia, providing support for the interpretation that this part of the high Arctic was a northern continuation of Baltica’s eastern passive margin in the 
Early Palaeozoic. It may also have had close connections not only with the Northern Belt of the Tajmyr Orogen, but also to the Central Belt, which 
was accreted to Siberia in the Vendian.

Henning Lorenz, David Gee. Department of Earth Sciences, Uppsala University, Villavägen 16, 752 36 Uppsala, Sweden (henning.lorenz@geo.uu.se)
Antonio Simonetti. Department of Earth and Atmospheric Sciences, University of Alberta, Canada; Present address: Department of Civil Engineering 
and Geological Sciences, University of Notre Dame, 156 Fitzpatrick Hall, Notre Dame, IN 46556, USA

Introduction
Eurasia’s northern margin (Fig. 1) is dominated by wide 
continental shelves composed of thick Mesozoic and 
Upper Palaeozoic sedimentary successions underlain by 
older Palaeozoic and Proterozoic complexes. Establish-
ing the geological history of the latter is essential for a 
better understanding of the overlying basins including 
their hydrocarbon and other resources. Major Palaeozoic 
orogens of Eurasia, e.g. the Caledonides and Uralides, 
continue several thousands of kilometres from lower 
latitudes into the high Arctic across the Barents and 
Kara shelves. It is likely that these orogens continue to 
other parts of the Arctic, now separated from Eurasia by 
the deep Amerasia and Eurasia basins and intervening 
ridges. A well founded knowledge of the Palaeozoic and 
older geology of the Arctic margins is therefore a key to 
interpretation and reconstruction of the Arctic before the 
opening of these Mesozoic and Early Cenozoic features 
(Wilson 1963; Lawver et al. 1988; Embry 2000), and con-
sequently to the tectonic history of the Arctic in general.
Only a few islands decorate the vast and little known 
shelf areas of the Eurasian Arctic, allowing direct obser-
vation of the bedrock geology. The Severnaya Zem-
lya Archipelago separates the Kara and Laptev seas. In 
most earlier studies, the North Kara domain, including 

its land areas of Severnaya Zemlya and northern Tajmyr 
(Fig. 2), has been interpreted as a small independent 
continental plate (e.g., Vernikovsky 1994; Nikishin et al. 
1996; Cocks & Torsvik 2005; Metelkin et al. 2000, 2005, 
their Kara microcontinent or Kara plate) or as a part of 
a larger entity, Arctida (e.g. Zonenshain et al. 1990), that 
was accreted to Siberia in Late Palaeozoic time to form 
the Tajmyr Orogen (Zonenshain et al. 1990; Vernikovsky 
1994; Inger et al. 1999). The latter has been considered to 
be the eastern continuation of the Uralides (Zonenshain 
et al. 1990), despite significant differences in the char-
acter and timing of deformation. Relationships between 
Baltica, Siberia and Laurentia are controversial (Gee et al. 
2006) and provide the focus of this study.

Recently, it has been inferred that the North Kara 
domain has been a part of Baltica at least since the Neo-
proterozoic, an interpretation based on new geochrono-
logical studies of igneous rocks (Lorenz et al. 2007) and 
geological and structural analysis (Lorenz et al. 2008) 
of Severnaya Zemlya. In the present paper we report on 
the first study of detrital zircon geochronology from the 
Severnaya Zemlya Archipelago. This complementary 
information gives evidence for sediment transport from 
source areas similar to the Timanide margin of Bal-
tica (Gee & Pease 2004) providing further support for a 
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Figure 1: The western Eurasian 
Arctic: Tectonic elements and place 
names; the area of the North Kara 
domain is outlined by a broken line. 
Bathymetric data from Jakobsson 
et al. (2000).
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Figure 2: Regional geology and struc-
ture of the Tajmyr-Severnaya Zem-
lya area (Geological maps simplified 
from Egiazarov 1967; Bezzubtsev 
et al. 1983). The sample locations on 
Bol’shevik Islands are marked on this 
map, sample locations on October 
Revolutions Island on Fig. 3.



237NORWEGIAN JOURNAL OF GEOLOGY Detrital zircon ages and provenance, Severnaya Zemlya

close relationship between the North Kara domain and 
Baltica.

Geological Setting
The Severnaya Zemlya Archipelago (Figs. 3 and 4) exposes 
bedrock of Neoproterozoic and Palaeozoic age (Egiazarov 
1959; Kaban’kov & Lazarenko 1982; Markovskij et al. 1984, 
1985, 1988; Gramberg & Ushakov, 2000). Palaeozoic rocks 
dominate on Komsomolets, Pioneer and October Revo-
lution islands. Neoproterozoic and Cambrian (according 
to this study) turbidite sequences make up easternmost 
October Revolution and Bol’shevik islands and continue 
into Northern Tajmyr (Fig. 2). On October Revolution 
Island, they are overlain by shallow marine and basinal 
Mid and Upper Cambrian strata which are truncated by 

the angular Kan’on River Unconformity (Egiazarov 1957; 
Proskurnin 1999; Lorenz et al. 2006). Overlying Ordovi-
cian shallow water siliciclastic sediments pass into thick 
carbonate successions which dominate the Silurian. Silici-
clastic (Old Red Sandstone) sedimentation is prevalent 
throughout most of the Devonian. Carboniferous and 
Permian sandstones are only preserved in small outliers on 
Komsomolets, October Revolution and Bol’shevik islands 
as flat-lying strata transgressing the underlying folded Pal-
aeozoic and Neoproterozoic strata (e.g., Egiazarov 1967), 
being separated from the latter by the major Severnaya 
Zemlya Unconformity (Lorenz et al. 2008). In addition to 
these two episodes of Palaeozoic deformation and related 
unconformities observed on Severnaya Zemlya, it is also 
possible that a third unconformity, of Vendian age, is pres-
ent on Bol’shevik and October Revolution islands (Lorenz 
et al. 2008).

Figure 3: Geological map of October 
Revolution, Komsomolets and Pio-
neer islands and the Sedova Archi-
pelago. Igneous rocks are of Ordo-
vician and possible Neoproterozoic 
age. Samples are indicated by sample 
number and line to geographic loca-
tion. Stratigraphic units correspond to 
the chart in Fig. 4.
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Deformation, uplift and erosion during the Kan’on River 
Deformation occurred in a very short timespan (3-6 mil-
lion years, Lorenz et al. 2007). Subsequent upright to E-ver-
gent folds with NNE-trending axes in the southeastern part 
of October Revolution Island (Fig. 3) and N- to NW-trend-
ing, E-vergent folds and thrusts in its northern parts are the 
dominating structures; they formed during the Severnaya 
Zemlya Deformation of latest Devonian/earliest Carbon-
iferous age. This folding and thrusting was controlled by 
décollements in Middle Ordovician evaporite and shale-
bearing horizons that probably were impeded in the east 
by an Early Ordovician igneous suite (extrusive and intru-
sive), now located beneath the Universitet and Karpinsky 
glaciers of eastern October Revolution Island (Lorenz et al. 
2008). Overlying Upper Carboniferous to Lower Permian 
strata are little deformed (Lorenz et al. 2008), although it 
has been a widely accepted hypothesis that Severnaya Zem-
lya’s main structure developed during the Uralian collision 
of the North Kara domain with Siberia.

Several independent lines of evidence lead to the conclu-
sion that the North Kara domain has been a part of Bal-
tica at least since the late Neoproterozoic Timanian orog-
eny (cf. Torsvik et al. 1996), and that the E-vergent struc-
ture on Severnaya Zemlya (Severnaya Zemlya Deforma-
tion) is related to the final phase of development of the 
Arctic Caledonides (Lorenz et al. 2008).

Adjacent continental domains
The interaction of three palaeocontinents, Baltica, Lauren-
tia and Siberia, has influenced the Neoproterozoic and Pal-
aeozoic tectonic evolution of the North Kara domain. All 
three are dominated by Palaeoproterozoic and Archaean 
complexes. Younger tectonothermal activity, culminat-
ing in Sveconorwegian-Grenvillian orogeny in the latest 
Mesoproterozoic, influenced the presently exposed parts 
of southeastern Laurentia and southwestern Baltica (pres-

Figure 4: Stratigraphic chart of the 
Severnaya Zemlya Archipelago. The 
right column corresponds to the units 
on the geological map in Fig. 3 and an 
approximate stratigraphic location of 
the samples is indicated by the sam-
ple numbers. BI – Bol’shevik Island, 
ORI – October Revolution Island, KI 
– Komsomolets Island. Sources: Rip-
hean to Ordovician – Shul’ga (2000), 
Silurian and Devonian – Männik 
et al. (2002), Carboniferous and Per-
mian – Dibner (1982). Time scale of 
the Palaeozoic: ICS 2004 (Gradstein 
et al. 2004).



239NORWEGIAN JOURNAL OF GEOLOGY Detrital zircon ages and provenance, Severnaya Zemlya

ent coordinates) and has been inferred by some (Gee et al. 
2008, and references therein) to have continued north-
wards beneath the continental shelves of the North Atlan-
tic to the basement beneath the Barents and Kara seas.

Along the Laurentian margin in eastern North Amer-
ica the Grenvillian orogeny consists of three orogenic 
phases (Shawinigan, 1190-1140 Ma, Ottawa, 1080-1020 
Ma and Rigolet, 1010-990 Ma), including a high pres-
sure belt which developed between 1080 and 1040 Ma. 
Additionally, the older Labradorian (1680-1660 Ma), 
Pinawarian (1500-1450 Ma) and Elzevirian (1250-1190 
Ma) orogenies contribute to the zircon age spectrum 
(cf. Rivers 1997; Rivers et al. 2002). Further north, in the 
highest thrust sheets of the East Greenland Caledonides, 
the oldest sedimentary successions (Krummedal and 
Smallefjord sequences) contain zircons in the age range 
of 1800-1100 Ma and are intruded by c. 950 Ma gran-
ites and augen gneisses (Strachan et al. 1995; Kalsbeek 
et al. 2000). Similar ages have been obtained from the 
Brennevinsfjorden and Helvetesflya formations on 
Svalbard (Johansson et al. 2005), which have also been 
intruded by augen granites of earliest Neoproterozoic 
age.

Baltica is dominated by Archaean to Palaeoproterozoic 
rocks in the north, on the Kola Peninsula and the area 
around the White Sea, and younger Svecokarelian (1950-
1750 Ma) accreted terranes further south. Along its west-
ern margin, in southern Norway and western Sweden, 
Sveconorwegian orogeny (1040-900 Ma) reworked the 
older Transscandinavian Igneous Belt (1850-1750 Ma), 
the Gothian (1660-1520 Ma), Hallandian (c. 1450 Ma) and 
Telemark (1300 Ma) domains (Åhäll & Connelly 1998; 
Åhäll & Connelly 2008; Bingen et al. 2008a, b). Further 
north, in the Scandinavian Caledonides, Sveconorwegian 
protoliths occur in the Jotun and Seve Nappes, reaching 
into northern Norway in the Kalak Nappe Complex (Kirk-
land et al. 2006, 2007). Baltica’s northern and eastern mar-
gins are, apart from the younger Uralides, dominated by 
the Late Neoproterozoic Timanide Orogen (cf. Gee & Pease 
2004). Magmatism in the hinterland of the orogen beneath 
the Pechora Basin happened during accretion of the Izhma, 
Pechora and Bol’shezemelskaya zones (terranes). Igneous 
rocks from drillcores yielded ages of 620-550 Ma (Gee et al. 
2000), a detrital zircon age signature to be expected in sedi-
ments derived from the Timanide Orogen.

The Siberian craton has accreted Neoproterozoic 
(locally Mesoproterozoic) complexes along its margins 
(Vernikovsky et al. 2004). Those along the eastern mar-
gin, in the Verkhoyansk fold- and thrust-belt, were not 
emplaced before the Cretaceous and are therefore of no 
relevance for this study of Palaeozoic and older rocks. 
Accretion to the Siberian craton in the south, along the 
Baikal-Vitim fold belt, is known to have occurred from 
the Neoproterozoic to the Middle Palaeozoic and igne-
ous rocks of 900-800 Ma and c. 550 Ma age have been 
reported (cf. Vernikovsky et al. 2004). Closer to Sever-

naya Zemlya, the Yenisey Ridge and the Turukhansk-
Igarka region extend along the western side of the Sibe-
rian craton where Palaeo- to Neoproterozoic successions 
have been thrust onto the Siberian margin before the end 
of the Vendian. Typical igneous ages in the Yenisey Ridge 
are 1850 Ma, c. 870 Ma and 760-720 Ma (cf. Vernikovsky 
et al. 2004).

The Tajmyr Orogen of northernmost Siberia, in direct 
proximity to the Severnaya Zemlya Archipelago, has a 
Central Belt comprising Vendian and younger succes-
sions unconformably overlying older complexes, e.g. the 
Mamont-Shrenk Terrane (Pease et al. 2001), which were 
accreted to the Siberian margin at c. 600 Ma (Vernikovsky 
et al. 1995). The Mamont-Shrenk Terrane provides evi-
dence of widespread late Grenvillian (940-880 Ma) mag-
matism, with mostly Mesoproterozoic, but up to late 
Archaean xenocrysts (U-Th-Pb ion microprobe study, 
Pease et al. 2001). Ophiolites within the Central Belt have 
an age of 755-730 Ma, based on zircon data from associ-
ated plagiogranites and gabbros (Vernikovsky 1994; Pease 
& Vernikovsky 2000; Vernikovsky et al. 2004). Other 
common ages in the Central Belt are c. 630-615 Ma from 
rift-related intrusive and extrusive rocks (U-Th-Pb ion-
microprobe study, Pease & Vernikovsky 2000).

The Northern Belt of Tajmyr is separated from the Cen-
tral Belt by a major thrust that has been interpreted as 
the Late Palaeozoic suture in the Tajmyr orogen (e.g. 
Zonenshain et al. 1990). As shown in Fig. 2, this northern 
part of Tajmyr continues northwards into the Severnaya 
Zemlya Archipelago and is an essential part of the North 
Kara domain. It is dominated by turbidites with Vendian 
detrital zircon populations (Pease 2001).

Detrital zircon data
Eleven samples have been collected from the Vendian 
to Lower Devonian sections of Bol’shevik and October 
Revolution islands to define the ages of the detrital zir-
cons in these sediments and compare them with poten-
tial sources areas. The samples are located on Figs. 2 and 
3 and their stratigraphic position is indicated in Fig. 4.

The samples were crushed and heavy minerals concen-
trated by standard methods at the Institute of Precam-
brian Geology and Geochronology, Russian Academy 
of Sciences, St. Petersburg, Russia. U-Pb analyses were 
carried out at the Department of Earth and Atmospheric 
Sciences, University of Alberta, Edmonton, Canada. 
Zircons were hand-picked and mounted into 2.5 cm 
(in diameter) epoxy mounts. Approximately sixty zir-
cons per sample were analysed using a NuPlasma MC-
ICP-MS coupled to a Nd:YAG UP213 laser ablation sys-
tem. International zircon standard 91500 (Wiedenbeck 
et al. 1995) and the in-house LH94-15 zircon standard 
(Ashton et al. 1999; Simonetti et al. 2005) were used for 
external calibration purposes. The analytical protocol 
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and data reduction procedure is described in detail in 
Simonetti et al. (2005). Calculation of ages and illustra-
tion of results on concordia and relative probability plots 
were obtained with IsoPlot (version 3.0; Ludwig 2003). 
Individual analyses exhibiting more than 5% discor-
dance (difference between 206Pb/238U and 207Pb/206Pb age 
divided by 207Pb/206Pb age, factoring in the 2σ uncertain-
ties) were not considered for provenance indicators. This 
explains the large differences between the total number 
of analysed zircons and ’meaningful’ analyses in some of 
the samples (see discussion below). The data are listed 
in Table 1. For interpretation purposes, relative prob-
ability plots have been constructed using the 206Pb/238U 

and 207Pb/206Pb ages. For individual zircons older than 
800 Ma, the 207Pb/206Pb age is selected while for zircons 
younger than 800 Ma the 206Pb/238U age is preferred.

In the Russian literature (e.g. Kaban’kov & Lazarenko 
1982; Gramberg & Ushakov 2000), the stratigraphic units 
are mainly referred to as ‘‘svitas’’. Our mapping on Octo-
ber Revolution Island suggests that these units usually 
correspond either to formations or groups in the gener-
ally accepted international lithostratigraphic nomencla-
ture (see Lorenz et al. 2008 for details), and therefore the 
term “Svita” is retained in the following description.

1NORWEGIAN JOURNAL OF GEOLOGY Direct Rhenium-Osmium age of the Oxfordian-Kimmeridgian boundary

206Pb 
204Pb

207Pb 
206Pb 2σ error

207Pb 
235U 2σ error

206Pb 
235U 2σ error rho

207Pb 
206Pb 

age [Ma]
2σ error

206Pb 
238U

age [Ma]
2σ error Discord-

ance [%]

G98-018
1 infinite 0.09204 0.00300 1.18501 0.03570 0.09326 0.00291 0.38 1468 62 575 18 -58
2 infinite 0.06953 0.00131 0.74792 0.02267 0.07721 0.00324 0.91 915 39 479 20 -43
3 infinite 0.06750 0.00109 0.67645 0.02048 0.07246 0.00275 0.91 853 34 451 17 -43
4 infinite 0.08025 0.00538 1.12776 0.03434 0.10104 0.00335 0.92 1203 132 620 21 -40
5 infinite 0.10129 0.00137 2.34657 0.07067 0.16766 0.00767 0.66 1648 25 999 46 -36
6 infinite 0.06778 0.00085 0.80636 0.02435 0.08626 0.00320 0.95 862 26 533 20 -34
7 1715 0.06743 0.00259 0.80524 0.02436 0.08811 0.00302 0.25 851 80 544 19 -27
8 infinite 0.07998 0.00091 1.48790 0.04532 0.13470 0.00856 0.48 1197 22 815 52 -26
9 infinite 0.06497 0.00099 0.77663 0.02354 0.08664 0.00364 0.96 773 32 536 23 -25
10 infinite 0.07399 0.00189 1.23012 0.03738 0.11899 0.00642 0.97 1041 51 725 39 -23
11 infinite 0.06267 0.00129 0.73061 0.02209 0.08457 0.00299 0.81 697 44 523 18 -17
12 infinite 0.06463 0.00091 0.86671 0.02616 0.09680 0.00351 0.93 762 30 596 22 -16
13 infinite 0.06999 0.00230 1.08277 0.03334 0.11220 0.00769 0.45 928 68 686 47 -15
14 4421 0.06288 0.00101 0.78550 0.02370 0.09020 0.00339 0.87 704 34 557 21 -14
15 infinite 0.07672 0.00140 1.60981 0.04839 0.15225 0.00500 0.84 1114 36 914 30 -12
16 infinite 0.06175 0.00124 0.72629 0.02195 0.08536 0.00288 0.81 666 43 528 18 -12
17 infinite 0.08396 0.00130 2.11539 0.06356 0.18283 0.00610 0.89 1292 30 1082 36 -11
18 infinite 0.05979 0.00066 0.65415 0.01974 0.07928 0.00248 0.94 596 24 492 15 -11
19 infinite 0.06384 0.00135 0.84427 0.02553 0.09606 0.00364 0.83 736 45 591 22 -11
20 infinite 0.06121 0.00084 0.73762 0.02240 0.08756 0.00381 0.99 647 29 541 24 -9
21 14157 0.05972 0.00062 0.66988 0.02022 0.08241 0.00309 0.93 594 22 511 19 -7
22 infinite 0.05932 0.00073 0.65327 0.01977 0.07984 0.00286 0.94 579 27 495 18 -7
23 infinite 0.06155 0.00115 0.75773 0.02292 0.08994 0.00330 0.86 659 40 555 20 -7
24 infinite 0.06396 0.00100 0.92299 0.02779 0.10476 0.00329 0.87 740 33 642 20 -6
25 infinite 0.08194 0.00086 2.11676 0.06362 0.18731 0.00655 0.96 1244 21 1107 39 -6
26 infinite 0.09369 0.00142 2.90929 0.08753 0.22875 0.00926 0.95 1502 29 1328 54 -6
27 infinite 0.10971 0.00118 4.33861 0.13029 0.28667 0.01014 0.96 1795 20 1625 57 -5
28 infinite 0.07325 0.00154 1.52442 0.04584 0.15110 0.00492 0.78 1021 43 907 30 -4
29 infinite 0.11502 0.00119 4.87658 0.14638 0.30743 0.01026 0.95 1880 19 1728 58 -4
30 infinite 0.06111 0.00057 0.79603 0.02399 0.09370 0.00344 0.93 643 20 577 21 -4
31 infinite 0.07975 0.00173 1.96998 0.05944 0.17931 0.00791 0.90 1191 43 1063 47 -3
32 5060 0.07046 0.00032 1.39705 0.04208 0.14446 0.00563 0.98 942 9 870 34 -3
33 infinite 0.06081 0.00077 0.75399 0.02321 0.08955 0.00550 0.50 633 27 553 34 -3
34 infinite 0.10121 0.00106 3.75127 0.11270 0.26619 0.00993 0.93 1646 19 1521 57 -3
35 infinite 0.06186 0.00035 0.85185 0.02569 0.10002 0.00382 0.97 669 12 615 23 -3
36 6662 0.06115 0.00034 0.82392 0.02480 0.09659 0.00334 0.95 645 12 594 21 -3
37 infinite 0.09514 0.00150 3.22877 0.09695 0.24621 0.00816 0.88 1531 30 1419 47 -2
38 infinite 0.10577 0.00110 4.14942 0.12464 0.28429 0.01043 0.97 1728 19 1613 59 -2
39 7768 0.08720 0.00057 2.63579 0.07929 0.21841 0.00872 0.98 1365 13 1273 51 -2
40 infinite 0.06010 0.00063 0.74203 0.02242 0.08951 0.00318 0.96 607 23 553 20 -2
41 infinite 0.08085 0.00085 2.14973 0.06465 0.19280 0.00701 0.97 1218 21 1137 41 -2
42 infinite 0.08100 0.00082 2.16195 0.06505 0.19359 0.00735 0.98 1221 20 1141 43 -1
43 infinite 0.06541 0.00170 1.01296 0.03074 0.11324 0.00518 0.84 788 55 692 32 -1
44 infinite 0.07951 0.00089 2.04920 0.06169 0.18685 0.00729 0.98 1185 22 1104 43 -1
45 8913 0.07750 0.00048 1.92559 0.05794 0.17995 0.00694 0.97 1134 12 1067 41 -1
46 7291 0.05954 0.00036 0.72728 0.02192 0.08859 0.00320 0.95 587 13 547 20 -1
47 infinite 0.09528 0.00098 3.30012 0.09916 0.25107 0.00917 0.97 1534 19 1444 53 -1
48 infinite 0.10165 0.00084 3.88746 0.11679 0.27460 0.01027 0.95 1654 15 1564 59 -1
49 58338 0.05924 0.00029 0.71522 0.02157 0.08732 0.00327 0.97 576 11 540 20 -1
50 infinite 0.06104 0.00097 0.78543 0.02365 0.09440 0.00320 0.84 641 34 581 20 -1
51 infinite 0.09970 0.00101 3.67875 0.11055 0.26755 0.01011 0.98 1618 19 1528 58 -1

Table 1: Analytical results and age calculations
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206Pb 
204Pb

207Pb 
206Pb 2σ error

207Pb 
235U 2σ error

206Pb 
235U 2σ error rho

207Pb 
206Pb 

age [Ma]
2σ error

206Pb 
238U

age [Ma]
2σ error Discord-

ance [%]

52 infinite 0.07740 0.00117 1.90007 0.05713 0.17832 0.00619 0.90 1132 30 1058 37 -1
53 infinite 0.05926 0.00030 0.71484 0.02154 0.08808 0.00315 0.96 576 11 544 19 0
54 infinite 0.09601 0.00038 3.41801 0.10270 0.25818 0.00955 0.97 1548 7 1481 55 0
55 infinite 0.06066 0.00074 0.78233 0.02367 0.09369 0.00363 0.97 627 26 577 22 0
56 63094 0.09612 0.00016 3.43930 0.10337 0.25981 0.00999 0.99 1550 3 1489 57 0
57 infinite 0.05821 0.00131 0.77244 0.02331 0.09659 0.00308 0.74 538 49 594 19 0
58 5974 0.05911 0.00027 0.79492 0.02398 0.09797 0.00375 0.98 571 10 602 23 0
59 7826 0.06087 0.00074 0.91828 0.02760 0.10931 0.00347 0.87 635 26 669 21 0
60 1932 0.06072 0.00115 0.89372 0.02772 0.10756 0.00741 0.45 629 41 659 45 0
61 3091 0.05752 0.00078 0.68446 0.02063 0.08658 0.00305 0.88 512 30 535 19 0
62 6025 0.05987 0.00026 0.83756 0.02518 0.10139 0.00329 0.94 599 9 623 20 0
63 infinite 0.10792 0.00022 4.87811 0.14652 0.32745 0.01219 0.98 1765 4 1826 68 0
64 infinite 0.05799 0.00028 0.71068 0.02151 0.08869 0.00373 0.72 530 10 548 23 0
65 infinite 0.05862 0.00018 0.74988 0.02267 0.09269 0.00382 0.73 553 7 571 24 0
66 4667 0.09462 0.00034 3.57712 0.10773 0.27395 0.01248 0.66 1520 7 1561 71 0
67 infinite 0.06119 0.00021 0.91635 0.02759 0.10806 0.00389 0.96 646 8 661 24 0
68 infinite 0.05726 0.00092 0.65660 0.01980 0.08273 0.00286 0.84 502 35 512 18 0
69 19725 0.10698 0.00016 4.66807 0.14023 0.31698 0.01187 0.98 1749 3 1775 66 0
70 infinite 0.06013 0.00069 0.83157 0.02569 0.10025 0.00652 0.48 608 25 616 40 0
71 33569 0.05889 0.00022 0.75293 0.02266 0.09243 0.00316 0.95 563 8 570 19 0
72 10740 0.05909 0.00051 0.75854 0.02285 0.09291 0.00328 0.93 570 19 573 20 0
73 18567 0.09230 0.00055 3.29683 0.09902 0.25717 0.00901 0.95 1474 11 1475 52 0
74 10542 0.05917 0.00033 0.75178 0.02287 0.09282 0.00460 0.61 573 12 572 28 0
75 infinite 0.05978 0.00063 0.79558 0.02401 0.09647 0.00334 0.96 596 23 594 21 0
76 infinite 0.05902 0.00035 0.74868 0.02255 0.09170 0.00324 0.95 568 13 566 20 0
77 infinite 0.05830 0.00044 0.69945 0.02111 0.08712 0.00329 0.96 541 16 538 20 0
78 6154 0.10971 0.00040 4.83383 0.14532 0.31910 0.01336 0.72 1795 7 1785 75 0
79 infinite 0.11027 0.00132 4.86691 0.14649 0.31837 0.01506 0.64 1804 22 1782 84 0
80 121440 0.05838 0.00063 0.69943 0.02114 0.08686 0.00307 0.96 544 24 537 19 0
81 infinite 0.05842 0.00051 0.70412 0.02121 0.08702 0.00306 0.93 545 19 538 19 0
82 infinite 0.07995 0.00037 2.20953 0.06641 0.20056 0.00714 0.96 1196 9 1178 42 0
83 8456 0.05755 0.00037 0.64334 0.01939 0.08149 0.00285 0.94 513 14 505 18 0
84 infinite 0.05928 0.00041 0.75110 0.02259 0.09210 0.00297 0.93 577 15 568 18 0
85 2079 0.12118 0.00061 5.86765 0.17620 0.35135 0.01301 0.97 1974 9 1941 72 0
86 18892 0.08227 0.00023 2.39270 0.07192 0.20980 0.00763 0.97 1252 6 1228 45 0
87 9241 0.07860 0.00039 2.08775 0.06278 0.19237 0.00710 0.96 1162 10 1134 42 0
88 8184 0.05866 0.00069 0.71215 0.02149 0.08733 0.00326 0.92 554 26 540 20 0
89 infinite 0.08133 0.00017 2.29120 0.06879 0.20398 0.00659 0.95 1229 4 1197 39 0
90 4823 0.11115 0.00036 4.83148 0.14513 0.31497 0.01197 0.98 1818 6 1765 67 0
91 7437 0.05926 0.00080 0.74400 0.02250 0.09073 0.00373 0.93 577 29 560 23 0
92 120 0.09715 0.00098 3.56387 0.10718 0.26599 0.01073 0.75 1570 19 1520 61 0
93 infinite 0.06059 0.00041 0.82778 0.02495 0.09834 0.00366 0.96 625 15 605 23 0
94 infinite 0.07585 0.00043 1.86148 0.05601 0.17792 0.00677 0.97 1091 11 1056 40 0
95 infinite 0.05962 0.00025 0.75892 0.02291 0.09229 0.00360 0.98 590 9 569 22 0
96 45532 0.06160 0.00071 0.88536 0.02672 0.10377 0.00408 0.94 660 25 636 25 0
97 infinite 0.07805 0.00080 2.01406 0.06055 0.18711 0.00658 0.96 1148 20 1106 39 0
98 11039 0.05878 0.00076 0.70348 0.02121 0.08689 0.00310 0.89 559 28 537 19 0
99 infinite 0.06055 0.00033 0.81929 0.02470 0.09666 0.00366 0.97 623 12 595 23 0
100 infinite 0.05903 0.00072 0.71195 0.02153 0.08757 0.00321 0.95 568 26 541 20 0
101 infinite 0.06036 0.00066 0.78818 0.02421 0.09480 0.00555 0.52 617 24 584 34 0
102 infinite 0.05883 0.00191 0.69543 0.02112 0.08551 0.00319 0.55 561 71 529 20 0
103 infinite 0.06011 0.00059 0.77282 0.02331 0.09282 0.00348 0.94 607 21 572 21 0
104 infinite 0.05864 0.00061 0.68022 0.02051 0.08416 0.00256 0.94 554 23 521 16 0
105 infinite 0.05811 0.00130 0.64532 0.01954 0.08057 0.00272 0.76 534 49 500 17 0
106 infinite 0.06031 0.00035 0.88677 0.02672 0.10680 0.00390 0.96 615 13 654 24 0
107 2539 0.05642 0.00069 0.65518 0.01974 0.08360 0.00288 0.89 469 27 518 18 1
108 3376 0.05707 0.00068 0.68829 0.02078 0.08871 0.00334 0.92 494 26 548 21 1
109 infinite 0.05883 0.00061 0.83847 0.02577 0.10312 0.00609 0.52 561 23 633 37 2
110 infinite 0.05590 0.00099 0.64322 0.01948 0.08346 0.00293 0.86 448 39 517 18 2
111 infinite 0.11050 0.00029 5.30250 0.15928 0.34844 0.01318 0.98 1808 5 1927 73 2
112 15815 0.09771 0.00056 4.01727 0.12062 0.30031 0.01019 0.94 1581 11 1693 57 3
113 infinite 0.05521 0.00186 0.65775 0.02006 0.08633 0.00353 0.59 421 75 534 22 3
114 infinite 0.09327 0.00028 3.68754 0.11074 0.28643 0.00995 0.96 1493 6 1624 56 5
G98-019
1 infinite 0.05715 0.00032 0.83111 0.02523 0.10555 0.00490 0.65 497 12 647 30 21
2 infinite 0.05667 0.00047 0.67321 0.02028 0.08674 0.00301 0.93 479 18 536 19 4
3 infinite 0.07905 0.00031 2.42073 0.07298 0.22156 0.00976 0.68 1173 8 1290 57 4
4 infinite 0.07951 0.00024 2.39856 0.07213 0.21939 0.00819 0.98 1185 6 1279 48 3
5 infinite 0.05939 0.00015 0.82272 0.02478 0.10088 0.00361 0.97 581 6 620 22 2
6 infinite 0.05906 0.00018 0.73218 0.02204 0.09016 0.00308 0.96 569 7 556 19 0
7 infinite 0.05901 0.00038 0.75430 0.02271 0.09286 0.00320 0.94 568 14 572 20 0
8 infinite 0.06032 0.00036 0.81658 0.02455 0.09809 0.00319 0.93 615 13 603 20 0
9 infinite 0.08073 0.00029 2.24990 0.06757 0.20192 0.00671 0.95 1215 7 1186 39 0
10 infinite 0.10326 0.00026 4.37819 0.13145 0.30779 0.01053 0.96 1684 5 1730 59 0



242 3NORWEGIAN JOURNAL OF GEOLOGY  T. M. Løseth & A. Ryseth 

206Pb 
204Pb

207Pb 
206Pb 2σ error

207Pb 
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11 infinite 0.05854 0.00019 0.73144 0.02204 0.09062 0.00324 0.96 550 7 559 20 0
12 infinite 0.05949 0.00041 0.73221 0.02209 0.08894 0.00337 0.96 585 15 549 21 0
13 infinite 0.05900 0.00027 0.72089 0.02175 0.08858 0.00335 0.97 567 10 547 21 0
14 infinite 0.10886 0.00015 4.99240 0.14993 0.33292 0.01207 0.97 1780 3 1853 67 0
15 infinite 0.10775 0.00105 4.46430 0.13405 0.30082 0.01051 0.92 1762 18 1695 59 0
16 infinite 0.07246 0.00034 1.66877 0.05013 0.16794 0.00559 0.94 999 10 1001 33 0
17 infinite 0.08125 0.00019 2.24120 0.06743 0.20105 0.00786 0.99 1228 5 1181 46 0
18 infinite 0.05941 0.00040 0.72339 0.02180 0.08864 0.00322 0.95 582 15 547 20 0
19 infinite 0.06129 0.00038 0.84148 0.02550 0.09959 0.00453 0.67 649 13 612 28 0
20 infinite 0.06238 0.00047 0.95110 0.02864 0.11062 0.00396 0.94 687 16 676 24 0
21 infinite 0.08525 0.00020 2.72096 0.08190 0.23163 0.00957 0.73 1321 5 1343 55 0
22 infinite 0.10798 0.00020 4.73329 0.14208 0.31805 0.01069 0.96 1766 3 1780 60 0
23 infinite 0.10116 0.00033 3.95515 0.11881 0.28334 0.01044 0.97 1646 6 1608 59 0
24 infinite 0.08480 0.00016 2.61497 0.07864 0.22361 0.00856 0.98 1311 4 1301 50 0
25 infinite 0.06315 0.00105 0.96763 0.02910 0.11056 0.00357 0.81 713 35 676 22 0
26 infinite 0.05902 0.00041 0.73909 0.02232 0.09129 0.00356 0.97 568 15 563 22 0
27 3593 0.05967 0.00053 0.75258 0.02271 0.09129 0.00350 0.95 592 19 563 22 0
28 infinite 0.05960 0.00026 0.74938 0.02255 0.09107 0.00308 0.95 589 9 562 19 0
29 infinite 0.06015 0.00044 0.80235 0.02413 0.09766 0.00324 0.93 609 16 601 20 0
30 infinite 0.05785 0.00019 0.64858 0.01956 0.08138 0.00298 0.97 524 7 504 18 0
31 infinite 0.10033 0.00036 3.85096 0.11565 0.28082 0.00989 0.96 1630 7 1596 56 0
32 infinite 0.05883 0.00029 0.69484 0.02095 0.08605 0.00315 0.96 561 11 532 19 0
33 infinite 0.06169 0.00057 0.89771 0.02702 0.10590 0.00369 0.92 663 20 649 23 0
34 infinite 0.05910 0.00051 0.76288 0.02298 0.09341 0.00326 0.93 571 19 576 20 0
35 infinite 0.06158 0.00023 0.88917 0.02678 0.10464 0.00383 0.97 660 8 642 23 0
36 infinite 0.06162 0.00066 0.88674 0.02667 0.10406 0.00346 0.90 661 23 638 21 0
37 infinite 0.09295 0.00021 3.39589 0.10205 0.26492 0.00987 0.98 1487 4 1515 56 0
38 infinite 0.08901 0.00031 3.14411 0.09452 0.25610 0.00971 0.98 1404 7 1470 56 0
39 infinite 0.05731 0.00044 0.59865 0.01800 0.07580 0.00236 0.92 503 17 471 15 0
40 infinite 0.05851 0.00014 0.67865 0.02045 0.08449 0.00299 0.96 549 5 523 19 0
41 infinite 0.06188 0.00042 0.87572 0.02639 0.10239 0.00381 0.96 670 15 628 23 -1
42 infinite 0.09950 0.00053 3.69205 0.11083 0.26880 0.00888 0.94 1615 10 1535 51 -1
43 infinite 0.11272 0.00023 4.82199 0.14482 0.31161 0.01151 0.97 1844 4 1749 65 -1
44 infinite 0.11011 0.00040 4.57856 0.13753 0.30192 0.01132 0.97 1801 7 1701 64 -2
45 infinite 0.06001 0.00038 0.74659 0.02248 0.09029 0.00315 0.94 604 14 557 19 -2
46 infinite 0.06065 0.00043 0.76718 0.02321 0.09186 0.00391 0.99 627 15 567 24 -3
47 infinite 0.06114 0.00052 0.80027 0.02411 0.09477 0.00339 0.93 644 18 584 21 -3
48 infinite 0.06091 0.00057 0.77734 0.02343 0.09273 0.00340 0.93 636 20 572 21 -4
49 infinite 0.05955 0.00073 0.67791 0.02041 0.08287 0.00278 0.88 587 27 513 17 -5
50 infinite 0.05972 0.00037 0.70335 0.02114 0.08562 0.00266 0.93 594 13 530 16 -6
51 infinite 0.06551 0.00104 1.01156 0.03043 0.11241 0.00381 0.83 791 33 687 23 -6
52 infinite 0.05980 0.00027 0.68791 0.02068 0.08373 0.00267 0.94 596 10 518 17 -9
53 4483 0.11832 0.00026 4.87259 0.14635 0.29691 0.01138 0.98 1931 4 1676 64 -10
54 27200 0.06586 0.00104 1.00249 0.03013 0.11004 0.00346 0.82 802 33 673 21 -10
55 2662 0.10797 0.00022 3.95344 0.11880 0.26537 0.01048 0.99 1765 4 1517 60 -10
56 infinite 0.06143 0.00057 0.75207 0.02263 0.08891 0.00298 0.91 654 20 549 18 -11
57 infinite 0.06562 0.00141 0.93163 0.02803 0.10323 0.00335 0.72 794 45 633 21 -13
58 infinite 0.08123 0.00039 1.89084 0.05686 0.17049 0.00632 0.97 1227 10 1015 38 -14
59 infinite 0.08866 0.00036 2.26955 0.06884 0.18581 0.01154 0.49 1397 8 1099 68 -16
60 2443 0.06105 0.00030 0.68622 0.02066 0.08174 0.00283 0.95 641 11 506 18 -17
HL02-024
1 1921 0.12210 0.00132 4.71976 0.14280 0.28040 0.02029 0.42 1987 19 1593 115 -13
2 2743 0.08543 0.00098 2.24032 0.06723 0.18964 0.00586 0.93 1325 22 1119 35 -11
3 6788 0.18327 0.00189 11.91708 0.35753 0.47245 0.01451 0.94 2683 17 2494 77 -4
4 44623 0.08178 0.00089 2.21757 0.06657 0.19702 0.00629 0.94 1240 21 1159 37 -2
5 4371 0.07579 0.00095 1.75240 0.05303 0.16712 0.00847 0.60 1090 25 996 50 -2
6 5043 0.05899 0.00082 0.71094 0.02138 0.08762 0.00281 0.90 567 30 541 17 0
7 982 0.05915 0.00092 0.75340 0.02267 0.09209 0.00303 0.88 573 34 568 19 0
8 11040 0.05808 0.00099 0.66162 0.01990 0.08238 0.00256 0.84 533 37 510 16 0
9 29770 0.05977 0.00098 0.73877 0.02222 0.09010 0.00286 0.86 595 35 556 18 0
10 2169 0.06160 0.00117 0.89631 0.02717 0.10561 0.00482 0.95 660 41 647 30 0
11 2783 0.05754 0.00097 0.62002 0.01865 0.07883 0.00241 0.85 512 37 489 15 0
12 4592 0.05852 0.00093 0.65833 0.01983 0.08171 0.00273 0.88 549 35 506 17 0
13 1273 0.05883 0.00091 0.69756 0.02098 0.08748 0.00274 0.87 561 34 541 17 0
14 2872 0.05724 0.00095 0.60864 0.01832 0.07647 0.00241 0.86 501 37 475 15 0
15 1580 0.05841 0.00073 0.66829 0.02009 0.08381 0.00262 0.92 545 27 519 16 0
16 5071 0.05851 0.00088 0.70008 0.02104 0.08699 0.00264 0.87 549 33 538 16 0
17 1530 0.05835 0.00079 0.72436 0.02182 0.09055 0.00313 0.92 543 30 559 19 0
18 3004 0.08996 0.00109 2.94432 0.08836 0.23776 0.00735 0.92 1425 23 1375 42 0
19 1387 0.08294 0.00127 2.49060 0.07486 0.21739 0.00782 0.91 1268 30 1268 46 0
20 4175 0.05952 0.00102 0.76725 0.02308 0.09438 0.00300 0.85 586 37 581 18 0
21 2225 0.05770 0.00087 0.66568 0.02002 0.08369 0.00262 0.88 518 33 518 16 0
22 22295 0.05862 0.00079 0.72483 0.02179 0.08950 0.00278 0.90 553 29 553 17 0
23 5276 0.05957 0.00077 0.77119 0.02317 0.09402 0.00285 0.91 588 28 579 18 0
24 6342 0.06297 0.00089 0.94441 0.02836 0.10859 0.00330 0.89 707 30 665 20 0
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25 8153 0.05883 0.00073 0.73373 0.02205 0.09109 0.00280 0.92 561 27 562 17 0
26 2620 0.05770 0.00081 0.68450 0.02058 0.08648 0.00270 0.90 518 31 535 17 0
27 1182 0.05757 0.00095 0.67967 0.02044 0.08603 0.00269 0.86 514 36 532 17 0
28 13172 0.05835 0.00064 0.72510 0.02179 0.09028 0.00280 0.94 543 24 557 17 0
29 11447 0.11836 0.00121 5.85155 0.17559 0.35911 0.01141 0.95 1932 18 1978 63 0
30 11340 0.09017 0.00111 3.01642 0.09050 0.24246 0.00730 0.92 1429 24 1399 42 0
31 5404 0.09351 0.00100 3.46920 0.10416 0.26941 0.00905 0.95 1498 20 1538 52 0
32 7702 0.10081 0.00138 3.92299 0.11785 0.28235 0.01039 0.94 1639 25 1603 59 0
33 502 0.05995 0.00307 0.86435 0.02618 0.10402 0.00355 0.26 602 111 638 22 0
34 1712 0.05879 0.00114 0.71047 0.02141 0.08927 0.00304 0.82 559 42 551 19 0
35 3484 0.05882 0.00071 0.74228 0.02232 0.09130 0.00291 0.92 561 26 563 18 0
36 9286 0.05884 0.00062 0.72096 0.02167 0.08911 0.00279 0.94 561 23 550 17 0
37 751 0.05849 0.00124 0.67946 0.02051 0.08604 0.00312 0.81 548 46 532 19 0
38 393 0.05885 0.00147 0.70165 0.02113 0.08711 0.00268 0.66 561 55 538 17 0
39 2682 0.05944 0.00099 0.78748 0.02369 0.09637 0.00311 0.86 583 36 593 19 0
40 4477 0.12749 0.00193 6.61772 0.19900 0.37591 0.01760 0.64 2064 27 2057 96 0
41 3885 0.05936 0.00077 0.74653 0.02246 0.09130 0.00299 0.92 580 28 563 18 0
42 378 0.10935 0.00268 4.62016 0.13867 0.30904 0.00986 0.69 1789 45 1736 55 0
43 2213 0.09121 0.00099 3.19301 0.09582 0.25421 0.00796 0.94 1451 21 1460 46 0
44 1955 0.05852 0.00108 0.72418 0.02178 0.08996 0.00281 0.82 549 40 555 17 0
45 3989 0.05960 0.00084 0.78268 0.02375 0.09513 0.00441 0.65 589 30 586 27 0
46 3953 0.05722 0.00085 0.65077 0.01958 0.08274 0.00265 0.89 500 33 512 16 0
47 2103 0.06292 0.00106 0.92741 0.02786 0.10751 0.00327 0.85 706 36 658 20 0
48 3570 0.05810 0.00075 0.69721 0.02096 0.08717 0.00270 0.91 534 28 539 17 0
49 6204 0.08246 0.00087 2.52183 0.07567 0.22132 0.00671 0.94 1257 21 1289 39 0
50 1666 0.05753 0.00133 0.63483 0.01916 0.08052 0.00280 0.75 512 51 499 17 0
51 2316 0.05843 0.00083 0.69887 0.02102 0.08723 0.00278 0.90 546 31 539 17 0
52 4774 0.18444 0.00206 12.72033 0.38176 0.49881 0.01840 0.96 2693 18 2609 96 0
53 1051 0.10802 0.00170 4.51097 0.13536 0.30429 0.00942 0.87 1766 29 1713 53 0
54 5926 0.11958 0.00122 5.74003 0.17222 0.34774 0.01064 0.94 1950 18 1924 59 0
55 3021 0.05883 0.00096 0.75815 0.02279 0.09297 0.00291 0.86 561 35 573 18 0
56 4641 0.05809 0.00093 0.73324 0.02224 0.09074 0.00409 0.98 533 35 560 25 0
57 1464 0.05853 0.00094 0.73929 0.02242 0.09079 0.00409 0.99 550 35 560 25 0
58 1385 0.05960 0.00155 0.74422 0.02245 0.09008 0.00315 0.69 589 57 556 19 0
59 3465 0.07628 0.00097 1.99338 0.05984 0.18908 0.00593 0.92 1102 25 1116 35 0
60 2150 0.05712 0.00103 0.62794 0.01890 0.07950 0.00251 0.83 496 40 493 16 0
G99-040
1 52 0.07621 0.00588 0.53538 0.01727 0.05027 0.00276 0.54 1101 154 316 17 -65
2 65 0.09878 0.00115 1.35264 0.04071 0.09922 0.00426 0.70 1601 22 610 26 -60
3 176 0.11251 0.00303 2.65496 0.07981 0.17148 0.00652 0.71 1840 49 1020 39 -41
4 173 0.09649 0.00313 2.18937 0.06926 0.18234 0.02242 0.26 1557 61 1080 133 -19
5 52 0.07312 0.00358 1.18274 0.03587 0.11828 0.00522 0.17 1017 99 721 32 -18
6 5000 0.21340 0.00268 12.53190 0.37671 0.42352 0.02698 0.47 2932 20 2276 145 -17
7 321 0.14280 0.00249 6.57632 0.19780 0.33136 0.01719 0.58 2261 30 1845 96 -13
8 74 0.07624 0.00297 1.59833 0.04819 0.15335 0.00595 0.39 1101 78 920 36 -7
9 573 0.10984 0.00119 4.33650 0.13017 0.28638 0.00957 0.95 1797 20 1623 54 -6
10 533 0.11212 0.00130 4.55353 0.13672 0.29703 0.01042 0.95 1834 21 1677 59 -4
11 343 0.11206 0.00337 4.19692 0.12680 0.28551 0.01694 0.98 1833 54 1619 96 -4
12 infinite 0.09107 0.00112 2.88117 0.08654 0.22913 0.00799 0.94 1448 23 1330 46 -3
13 1242 0.11380 0.00160 4.81670 0.14457 0.30752 0.01019 0.91 1861 25 1728 57 -3
14 61466 0.10569 0.00124 4.13281 0.12407 0.28430 0.00968 0.94 1726 21 1613 55 -2
15 513 0.10043 0.00131 3.71932 0.11172 0.26630 0.00963 0.94 1632 24 1522 55 -2
16 3640 0.18438 0.00194 12.52877 0.37593 0.49248 0.01628 0.95 2693 17 2581 85 0
17 3728 0.09258 0.00125 3.10575 0.09327 0.24352 0.00836 0.92 1479 26 1405 48 0
18 infinite 0.11233 0.00124 4.99953 0.15011 0.32395 0.01147 0.96 1837 20 1809 64 0
19 105 0.07038 0.00694 1.32465 0.04055 0.13904 0.00582 0.73 940 202 839 35 0
20 infinite 0.09997 0.00148 3.83621 0.11518 0.27915 0.00943 0.90 1623 27 1587 54 0
21 16489 0.10116 0.00142 3.88779 0.11670 0.27941 0.00914 0.90 1646 26 1588 52 0
22 infinite 0.09860 0.00122 3.69900 0.11112 0.27266 0.00992 0.95 1598 23 1554 57 0
23 527 0.14240 0.00206 7.91335 0.23773 0.40877 0.01744 0.98 2257 25 2209 94 0
24 2357 0.11736 0.00132 5.37186 0.16128 0.33279 0.01177 0.95 1916 20 1852 66 0
25 4071 0.11651 0.00128 5.32137 0.15975 0.33295 0.01148 0.95 1903 20 1853 64 0
26 1306 0.09244 0.00136 3.38757 0.10175 0.26979 0.00941 0.91 1476 28 1540 54 0
27 1613 0.09474 0.00117 3.54922 0.10662 0.27155 0.00982 0.95 1523 23 1549 56 0
28 2058 0.17989 0.00188 12.79121 0.38387 0.51442 0.01836 0.96 2652 17 2675 96 0
29 3164 0.10229 0.00111 4.25169 0.12767 0.30074 0.01052 0.96 1666 20 1695 59 0
30 9418 0.05861 0.00076 0.71275 0.02148 0.08736 0.00313 0.94 552 28 540 19 0
31 infinite 0.06346 0.00157 0.99684 0.03162 0.11528 0.01071 0.34 724 53 703 65 0
32 479 0.06394 0.00154 1.04236 0.03218 0.12086 0.00825 0.45 740 51 736 50 0
33 956 0.12497 0.00203 6.12939 0.18401 0.35572 0.01253 0.89 2028 29 1962 69 0
34 1728 0.09607 0.00146 3.37814 0.10147 0.25968 0.00919 0.90 1549 29 1488 53 0
35 11034 0.07326 0.00090 1.62918 0.04898 0.16228 0.00570 0.94 1021 25 969 34 0
36 2811 0.11805 0.00129 5.68017 0.17052 0.34970 0.01216 0.95 1927 20 1933 67 0
37 2158 0.07509 0.00236 1.71781 0.05167 0.16738 0.00580 0.54 1071 63 998 35 0
38 2135 0.09131 0.00135 3.10883 0.09335 0.24576 0.00827 0.90 1453 28 1417 48 0
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206Pb 
204Pb

207Pb 
206Pb 2σ error

207Pb 
235U 2σ error

206Pb 
235U 2σ error rho

207Pb 
206Pb 

age [Ma]
2σ error

206Pb 
238U

age [Ma]
2σ error Discord-

ance [%]

39 261 0.08385 0.00210 2.42722 0.07297 0.21518 0.00773 0.73 1289 49 1256 45 0
40 4670 0.07549 0.00111 1.88006 0.05646 0.18155 0.00590 0.89 1082 29 1075 35 0
41 infinite 0.11468 0.00163 5.20413 0.15669 0.32880 0.01645 0.60 1875 26 1833 92 0
42 11904 0.10084 0.00115 3.84801 0.11557 0.27564 0.00985 0.95 1640 21 1569 56 0
43 418 0.07394 0.00219 1.73311 0.05211 0.17619 0.00593 0.57 1040 60 1046 35 0
44 193 0.09399 0.00634 3.24238 0.09765 0.25099 0.00951 0.97 1508 128 1444 55 0
45 1845 0.06364 0.00105 0.99195 0.02982 0.11291 0.00370 0.87 730 35 690 23 0
46 438 0.09429 0.00300 3.42355 0.10291 0.26357 0.00974 0.57 1514 60 1508 56 0
47 1278 0.10093 0.00184 3.99641 0.11998 0.28544 0.00956 0.84 1641 34 1619 54 0
48 272 0.09285 0.00253 3.16603 0.09558 0.25094 0.01283 0.90 1485 52 1443 74 0
49 692 0.05936 0.00348 0.75405 0.02296 0.09138 0.00322 0.59 580 127 564 20 0
50 5058 0.07400 0.00084 1.77428 0.05330 0.17430 0.00579 0.94 1041 23 1036 34 0
51 6087 0.08105 0.00098 2.23724 0.06728 0.20099 0.00756 0.96 1223 24 1181 44 0
52 828 0.10520 0.00192 4.29682 0.12900 0.29587 0.01005 0.85 1718 33 1671 57 0
53 192 0.05662 0.00174 0.57243 0.01736 0.07324 0.00278 0.62 477 68 456 17 0
54 2751 0.08938 0.00100 3.08281 0.09257 0.25070 0.00846 0.95 1412 21 1442 49 0
55 1356 0.09852 0.00114 3.82644 0.11492 0.28173 0.00993 0.95 1596 22 1600 56 0
56 3870 0.08093 0.00093 2.34774 0.07056 0.21031 0.00749 0.95 1220 23 1230 44 0
57 5343 0.09167 0.00101 3.17090 0.09522 0.25083 0.00857 0.95 1461 21 1443 49 0
58 7937 0.08989 0.00103 2.95240 0.08865 0.23896 0.00797 0.94 1423 22 1381 46 0
59 infinite 0.05667 0.00080 0.59913 0.01806 0.07612 0.00262 0.91 479 31 473 16 0
60 626 0.09215 0.00144 3.48724 0.10472 0.27490 0.00932 0.89 1470 30 1566 53 1
61 infinite 0.05478 0.00095 0.61560 0.01854 0.08001 0.00262 0.85 403 39 496 16 9
HL02-025
1 infinite 0.10568 0.00222 2.42797 0.07302 0.16694 0.00683 0.87 1726 39 995 41 -39
2 900 0.14410 0.00254 4.70034 0.14115 0.23497 0.00908 0.90 2277 30 1360 53 -37
3 infinite 0.09447 0.00251 1.81064 0.05527 0.14301 0.01079 0.40 1518 50 862 65 -37
4 933 0.10063 0.00143 2.51634 0.07801 0.18190 0.02034 0.28 1636 26 1077 120 -26
5 infinite 0.09999 0.00319 2.40105 0.07358 0.18099 0.01566 0.35 1624 59 1072 93 -26
6 389 0.10829 0.00441 2.85564 0.08968 0.19130 0.02676 0.22 1771 74 1128 158 -24
7 2640 0.09107 0.00361 2.16269 0.06684 0.17475 0.01652 0.33 1448 75 1038 98 -17
8 infinite 0.10981 0.00131 3.87948 0.11651 0.25573 0.00932 0.95 1796 22 1468 53 -14
9 5351 0.07976 0.00316 1.34189 0.04339 0.14215 0.01644 0.28 1191 78 857 99 -14
10 15094 0.12688 0.00246 5.35474 0.16084 0.30472 0.01188 0.87 2055 34 1715 67 -12
11 infinite 0.19629 0.00278 11.51982 0.34714 0.42628 0.03509 0.37 2796 23 2289 188 -11
12 infinite 0.06857 0.00394 1.00400 0.03162 0.10428 0.00931 0.35 886 119 639 57 -9
13 infinite 0.12574 0.00153 5.53658 0.16654 0.31763 0.01532 0.62 2039 21 1778 86 -8
14 infinite 0.11186 0.00385 4.32103 0.13005 0.27744 0.01282 0.67 1830 62 1578 73 -7
15 19159 0.10269 0.00184 3.74458 0.11252 0.26300 0.01003 0.89 1673 33 1505 57 -5
16 infinite 0.10512 0.00137 3.93386 0.11825 0.27208 0.01095 0.97 1716 24 1551 62 -5
17 101775 0.06077 0.00170 0.69743 0.02120 0.08439 0.00380 0.79 631 60 522 24 -4
18 infinite 0.10092 0.00129 3.48243 0.10627 0.25091 0.02080 0.37 1641 24 1443 120 -3
19 20296 0.08020 0.00168 2.02728 0.06098 0.18471 0.00689 0.83 1202 41 1093 41 -2
20 24139 0.10229 0.00196 3.85381 0.11588 0.27498 0.01125 0.90 1666 36 1566 64 0
21 9857 0.05973 0.00162 0.72354 0.02197 0.08827 0.00390 0.80 594 59 545 24 0
22 infinite 0.07925 0.00092 2.08391 0.06276 0.19018 0.00786 1.00 1178 23 1122 46 0
23 2436 0.06119 0.00165 0.96937 0.02937 0.11553 0.00504 0.79 646 58 705 31 0
24 3646 0.06125 0.00236 0.85401 0.02618 0.10313 0.00569 0.74 648 83 633 35 0
25 infinite 0.05272 0.00642 0.57187 0.02080 0.07918 0.01010 0.30 317 277 491 63 0
26 453 0.08406 0.00257 2.39512 0.07302 0.20264 0.01412 0.44 1294 59 1189 83 0
27 infinite 0.12213 0.00181 5.83594 0.17610 0.34455 0.02154 0.48 1988 26 1909 119 0
28 88 0.05397 0.00529 0.41421 0.01363 0.05535 0.00234 0.78 370 221 347 15 0
29 infinite 0.06556 0.00229 1.00455 0.03234 0.10796 0.01193 0.29 792 73 661 73 0
30 24064 0.09364 0.00166 3.15959 0.09537 0.24493 0.01274 0.58 1501 34 1412 73 0
31 infinite 0.06231 0.01767 0.76104 0.02308 0.08796 0.01044 0.26 685 605 543 65 0
32 infinite 0.05893 0.00613 0.93068 0.02997 0.10371 0.00950 0.23 565 226 636 58 0
33 infinite 0.08970 0.00732 3.53136 0.10912 0.29541 0.02663 0.44 1419 156 1669 150 0
34 infinite 0.05813 0.00126 0.89279 0.02707 0.11183 0.00493 0.90 535 47 683 30 12
35 infinite 0.05469 0.00451 0.87399 0.02704 0.11415 0.00587 0.60 400 185 697 36 13
36 infinite 0.04590 0.00223 0.52068 0.01615 0.08324 0.00418 0.36 -8 117 515 26 348
G99-039
1 infinite 0.06176 0.00169 0.64088 0.01934 0.07607 0.00247 0.62 666 59 473 15 -20
2 990 0.25391 0.00264 20.38252 0.61151 0.58155 0.01851 0.95 3209 16 2955 94 -5
3 2470 0.18652 0.00199 12.67685 0.38036 0.49185 0.01613 0.95 2712 18 2579 85 -1
4 9 0.05753 0.00189 0.63341 0.01954 0.07983 0.00470 0.92 512 72 495 29 0
5 758 0.05554 0.00172 0.54741 0.01657 0.07133 0.00240 0.53 434 69 444 15 0
6 39 0.05571 0.00415 0.55907 0.01733 0.07294 0.00246 0.92 441 166 454 15 0
7 892 0.05648 0.00099 0.57372 0.01728 0.07345 0.00238 0.84 471 39 457 15 0
8 5240 0.09592 0.00100 3.59696 0.10794 0.27067 0.00842 0.94 1546 20 1544 48 0
9 26 0.05610 0.01107 0.53451 0.01957 0.07000 0.00265 0.97 456 438 436 17 0
10 580 0.05827 0.00174 0.70347 0.02121 0.08685 0.00275 0.53 540 65 537 17 0
11 7 0.05794 0.00336 0.65946 0.02012 0.08824 0.00294 0.65 527 127 545 18 0
12 infinite 0.09876 0.00123 3.75956 0.11283 0.27436 0.00871 0.92 1601 23 1563 50 0
13 2633 0.05696 0.00093 0.63338 0.01906 0.08074 0.00252 0.86 490 36 501 16 0
14 13633 0.05684 0.00087 0.59527 0.01791 0.07565 0.00237 0.88 485 34 470 15 0
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206Pb 
204Pb

207Pb 
206Pb 2σ error

207Pb 
235U 2σ error

206Pb 
235U 2σ error rho

207Pb 
206Pb 

age [Ma]
2σ error

206Pb 
238U

age [Ma]
2σ error Discord-

ance [%]

15 167 0.11118 0.00254 4.88304 0.14654 0.31218 0.00972 0.72 1819 41 1751 55 0
16 8257 0.05608 0.00127 0.57640 0.01738 0.07499 0.00241 0.74 456 50 466 15 0
17 274 0.05581 0.00318 0.57976 0.01775 0.07660 0.00264 0.53 445 127 476 16 0
18 256 0.05660 0.00453 0.58552 0.01818 0.07476 0.00240 0.97 476 177 465 15 0
19 658 0.05567 0.00086 0.58929 0.01773 0.07599 0.00236 0.87 439 34 472 15 0
20 1807 0.05611 0.00133 0.57771 0.01742 0.07467 0.00238 0.71 457 53 464 15 0
21 infinite 0.05665 0.00081 0.58889 0.01772 0.07507 0.00236 0.89 478 31 467 15 0
22 1150 0.05617 0.00117 0.58912 0.01776 0.07600 0.00250 0.78 459 46 472 16 0
23 77 0.05586 0.00310 0.54470 0.01671 0.07105 0.00252 0.40 447 123 442 16 0
24 2182 0.06189 0.00165 1.00295 0.03016 0.11751 0.00368 0.62 670 57 716 22 0
25 207 0.05650 0.00286 0.56496 0.01723 0.07422 0.00239 0.30 472 112 462 15 0
26 317 0.05598 0.00159 0.56429 0.01704 0.07279 0.00229 0.58 451 63 453 14 0
27 52312 0.08125 0.00096 2.26253 0.06793 0.20152 0.00657 0.93 1228 23 1183 39 0
28 2749 0.05636 0.00141 0.57633 0.01737 0.07498 0.00230 0.66 466 55 466 14 0
29 852 0.05609 0.00738 0.54875 0.01811 0.07063 0.00252 0.93 456 292 440 16 0
30 38 0.05589 0.00279 0.54873 0.01674 0.07087 0.00228 0.27 448 111 441 14 0
31 250 0.05694 0.00229 0.59055 0.01789 0.07586 0.00234 0.14 489 89 471 15 0
32 infinite 0.05895 0.00071 0.72225 0.02172 0.08905 0.00285 0.93 565 26 550 18 0
33 952 0.05632 0.00271 0.61290 0.01862 0.07876 0.00246 0.22 465 107 489 15 0
34 1411 0.05664 0.00231 0.59544 0.01805 0.07553 0.00245 0.16 477 90 469 15 0
35 2777 0.05675 0.00094 0.59254 0.01785 0.07572 0.00246 0.86 482 37 471 15 0
36 67 0.05636 0.00592 0.57238 0.01820 0.07424 0.00238 0.99 466 233 462 15 0
37 2027 0.05640 0.00160 0.59185 0.01786 0.07590 0.00238 0.58 468 63 472 15 0
38 80 0.05654 0.00399 0.58505 0.01804 0.07528 0.00244 0.95 474 156 468 15 0
39 995 0.05634 0.00262 0.54374 0.01656 0.07176 0.00229 0.11 466 103 447 14 0
40 9584 0.05686 0.00069 0.60287 0.01814 0.07670 0.00243 0.92 486 27 476 15 0
41 1149 0.05610 0.00212 0.58659 0.01776 0.07613 0.00242 0.26 456 84 473 15 0
42 4856 0.09344 0.00100 3.38371 0.10154 0.26354 0.00819 0.94 1497 20 1508 47 0
43 198 0.05662 0.00185 0.57005 0.01727 0.07311 0.00258 0.51 477 72 455 16 0
44 7363 0.05668 0.00094 0.58543 0.01764 0.07535 0.00249 0.87 479 37 468 15 0
45 2556 0.05913 0.00237 0.71423 0.02178 0.08818 0.00397 0.49 572 87 545 25 0
46 300 0.05688 0.00149 0.58519 0.01771 0.07569 0.00276 0.71 487 58 470 17 0
47 4721 0.05745 0.00115 0.68678 0.02066 0.08621 0.00267 0.79 509 44 533 16 0
48 5280 0.07980 0.00093 2.26293 0.06793 0.20689 0.00655 0.93 1192 23 1212 38 0
49 9708 0.05631 0.00072 0.57853 0.01741 0.07427 0.00235 0.91 464 29 462 15 0
50 8975 0.06036 0.00090 0.82035 0.02466 0.09867 0.00312 0.88 616 32 607 19 0
51 5002 0.05667 0.00103 0.58065 0.01748 0.07440 0.00234 0.83 479 40 463 15 0
52 20 0.05682 0.00250 0.56083 0.01710 0.07186 0.00263 0.15 485 97 447 16 0
53 2675 0.07471 0.00099 1.91275 0.05742 0.18641 0.00581 0.91 1061 27 1102 34 0
54 5110 0.05574 0.00151 0.57522 0.01735 0.07491 0.00231 0.61 442 60 466 14 0
55 173 0.05810 0.00187 0.66243 0.01999 0.08487 0.00267 0.46 533 70 525 16 0
56 37 0.05644 0.00383 0.45996 0.01444 0.06103 0.00248 0.77 470 150 382 15 0
HL03-008
1 infinite 0.06677 0.00099 0.59118 0.01802 0.06434 0.00350 0.56 831 31 402 22 -47
2 27957 0.08220 0.00109 1.92690 0.05786 0.16974 0.00550 0.91 1250 26 1011 33 -15
3 infinite 0.06041 0.00092 0.70349 0.02119 0.08450 0.00292 0.90 618 33 523 18 -8
4 9 0.05753 0.00189 0.63341 0.01954 0.07983 0.00470 0.92 512 72 495 29 0
5 758 0.05554 0.00172 0.54741 0.01657 0.07133 0.00240 0.53 434 69 444 15 0
6 39 0.05571 0.00415 0.55907 0.01733 0.07294 0.00246 0.92 441 166 454 15 0
7 892 0.05648 0.00099 0.57372 0.01728 0.07345 0.00238 0.84 471 39 457 15 0
8 5240 0.09592 0.00100 3.59696 0.10794 0.27067 0.00842 0.94 1546 20 1544 48 0
9 26 0.05610 0.01107 0.53451 0.01957 0.07000 0.00265 0.97 456 438 436 17 0
10 580 0.05827 0.00174 0.70347 0.02121 0.08685 0.00275 0.53 540 65 537 17 0
11 7 0.05794 0.00336 0.65946 0.02012 0.08824 0.00294 0.65 527 127 545 18 0
12 infinite 0.09876 0.00123 3.75956 0.11283 0.27436 0.00871 0.92 1601 23 1563 50 0
13 2633 0.05696 0.00093 0.63338 0.01906 0.08074 0.00252 0.86 490 36 501 16 0
14 13633 0.05684 0.00087 0.59527 0.01791 0.07565 0.00237 0.88 485 34 470 15 0
15 167 0.11118 0.00254 4.88304 0.14654 0.31218 0.00972 0.72 1819 41 1751 55 0
16 8257 0.05608 0.00127 0.57640 0.01738 0.07499 0.00241 0.74 456 50 466 15 0
17 274 0.05581 0.00318 0.57976 0.01775 0.07660 0.00264 0.53 445 127 476 16 0
18 256 0.05660 0.00453 0.58552 0.01818 0.07476 0.00240 0.97 476 177 465 15 0
19 658 0.05567 0.00086 0.58929 0.01773 0.07599 0.00236 0.87 439 34 472 15 0
20 1807 0.05611 0.00133 0.57771 0.01742 0.07467 0.00238 0.71 457 53 464 15 0
21 infinite 0.05665 0.00081 0.58889 0.01772 0.07507 0.00236 0.89 478 31 467 15 0
22 1150 0.05617 0.00117 0.58912 0.01776 0.07600 0.00250 0.78 459 46 472 16 0
23 77 0.05586 0.00310 0.54470 0.01671 0.07105 0.00252 0.40 447 123 442 16 0
24 2182 0.06189 0.00165 1.00295 0.03016 0.11751 0.00368 0.62 670 57 716 22 0
25 207 0.05650 0.00286 0.56496 0.01723 0.07422 0.00239 0.30 472 112 462 15 0
26 317 0.05598 0.00159 0.56429 0.01704 0.07279 0.00229 0.58 451 63 453 14 0
27 52312 0.08125 0.00096 2.26253 0.06793 0.20152 0.00657 0.93 1228 23 1183 39 0
28 2749 0.05636 0.00141 0.57633 0.01737 0.07498 0.00230 0.66 466 55 466 14 0
29 852 0.05609 0.00738 0.54875 0.01811 0.07063 0.00252 0.93 456 292 440 16 0
30 38 0.05589 0.00279 0.54873 0.01674 0.07087 0.00228 0.27 448 111 441 14 0
31 250 0.05694 0.00229 0.59055 0.01789 0.07586 0.00234 0.14 489 89 471 15 0
32 infinite 0.05895 0.00071 0.72225 0.02172 0.08905 0.00285 0.93 565 26 550 18 0
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53 2675 0.07471 0.00099 1.91275 0.05742 0.18641 0.00581 0.91 1061 27 1102 34 0
54 5110 0.05574 0.00151 0.57522 0.01735 0.07491 0.00231 0.61 442 60 466 14 0
55 173 0.05810 0.00187 0.66243 0.01999 0.08487 0.00267 0.46 533 70 525 16 0
56 37 0.05644 0.00383 0.45996 0.01444 0.06103 0.00248 0.77 470 150 382 15 0
HL03-008
1 infinite 0.06677 0.00099 0.59118 0.01802 0.06434 0.00350 0.56 831 31 402 22 -47
2 27957 0.08220 0.00109 1.92690 0.05786 0.16974 0.00550 0.91 1250 26 1011 33 -15
3 infinite 0.06041 0.00092 0.70349 0.02119 0.08450 0.00292 0.90 618 33 523 18 -8
HL03-013
1 infinite 0.09188 0.00126 0.58737 0.01777 0.04632 0.00153 0.91 1465 26 292 10 -79
2 infinite 0.07224 0.00151 0.78245 0.02362 0.07849 0.00257 0.78 993 43 487 16 -47
3 1544 0.06677 0.00112 0.63511 0.01923 0.06894 0.00247 0.88 831 35 430 15 -44
4 infinite 0.06790 0.00144 0.68217 0.02064 0.07295 0.00248 0.79 865 44 454 15 -43
5 infinite 0.06838 0.00122 0.72541 0.02191 0.07724 0.00258 0.85 880 37 480 16 -41
6 infinite 0.06584 0.00071 0.67083 0.02026 0.07385 0.00247 0.95 801 23 459 15 -39
7 infinite 0.06282 0.00079 0.57339 0.01735 0.06619 0.00222 0.93 702 27 413 14 -37
8 infinite 0.06463 0.00137 0.63502 0.01920 0.07102 0.00222 0.76 762 45 442 14 -36
9 3030 0.06705 0.00113 0.77490 0.02338 0.08374 0.00278 0.86 839 35 518 17 -33
10 infinite 0.06480 0.00084 0.69624 0.02103 0.07771 0.00269 0.93 768 27 482 17 -33
11 infinite 0.06881 0.00541 0.73084 0.02268 0.07754 0.00251 0.96 893 162 481 16 -32
12 infinite 0.06624 0.00081 0.77349 0.02335 0.08466 0.00300 0.94 814 26 524 19 -31
13 infinite 0.06100 0.00069 0.59214 0.01790 0.07038 0.00229 0.94 639 24 438 14 -26
14 infinite 0.06145 0.00072 0.60688 0.01841 0.07177 0.00279 0.97 655 25 447 17 -26
15 1916 0.06101 0.00098 0.58548 0.01774 0.06954 0.00241 0.89 640 35 433 15 -26
16 infinite 0.05958 0.00079 0.55894 0.01698 0.06801 0.00265 0.96 588 29 424 17 -21
17 infinite 0.05924 0.00068 0.55205 0.01684 0.06756 0.00304 0.68 576 25 421 19 -20
18 2530 0.06237 0.00078 0.72947 0.02203 0.08480 0.00292 0.93 687 27 525 18 -18
19 4237 0.06305 0.00066 0.77608 0.02342 0.08918 0.00310 0.96 710 22 551 19 -17
20 infinite 0.10573 0.00118 3.48034 0.10456 0.23856 0.00879 0.96 1727 20 1379 51 -16
21 infinite 0.05921 0.00079 0.58568 0.01773 0.07174 0.00243 0.92 575 29 447 15 -15
22 infinite 0.05934 0.00076 0.60545 0.01832 0.07375 0.00253 0.93 580 28 459 16 -14
23 infinite 0.06468 0.00073 0.89956 0.02714 0.10080 0.00366 0.96 764 24 619 22 -13
24 infinite 0.05953 0.00071 0.62926 0.01907 0.07662 0.00289 0.96 587 26 476 18 -12
25 infinite 0.08083 0.00088 1.92934 0.05802 0.17305 0.00626 0.96 1217 21 1029 37 -11
26 infinite 0.07991 0.00085 1.89642 0.05700 0.17203 0.00586 0.95 1195 21 1023 35 -10
27 infinite 0.06185 0.00065 0.78301 0.02362 0.09177 0.00311 0.95 669 22 566 19 -9
28 infinite 0.05839 0.00128 0.55996 0.01702 0.06985 0.00259 0.81 544 48 435 16 -9
29 infinite 0.05848 0.00082 0.59494 0.01802 0.07373 0.00262 0.92 548 31 459 16 -8
30 3423 0.05763 0.00064 0.57907 0.01755 0.07285 0.00261 0.96 516 24 453 16 -4
31 infinite 0.05759 0.00067 0.57731 0.01749 0.07270 0.00256 0.95 514 25 452 16 -4
32 infinite 0.09696 0.00100 3.33593 0.10020 0.24942 0.00876 0.96 1566 19 1435 50 -4
33 infinite 0.05829 0.00076 0.65927 0.01991 0.07813 0.00253 0.91 541 29 485 16 -2
34 infinite 0.08359 0.00127 2.32058 0.06976 0.20151 0.00720 0.91 1283 30 1183 42 -2
35 infinite 0.08197 0.00088 2.25349 0.06773 0.19936 0.00695 0.96 1245 21 1172 41 -1
36 54108 0.05567 0.00064 0.55844 0.01691 0.07274 0.00243 0.94 439 25 453 15 0
37 infinite 0.07475 0.00089 1.79658 0.05403 0.17434 0.00609 0.94 1062 24 1036 36 0
38 infinite 0.05607 0.00071 0.55311 0.01675 0.07149 0.00239 0.93 455 28 445 15 0
39 infinite 0.05751 0.00089 0.60979 0.01849 0.07691 0.00282 0.91 511 34 478 17 0
40 infinite 0.05560 0.00101 0.58583 0.01776 0.07645 0.00263 0.85 436 41 475 16 0
41 infinite 0.05651 0.00073 0.58114 0.01763 0.07094 0.00269 0.95 473 29 442 17 0
42 infinite 0.06140 0.00075 1.01219 0.03054 0.11373 0.00424 0.96 653 26 694 26 0
43 infinite 0.05526 0.00082 0.55839 0.01698 0.07350 0.00289 0.94 423 33 457 18 0
44 infinite 0.05538 0.00105 0.48464 0.01484 0.06343 0.00274 0.92 428 42 396 17 0
45 infinite 0.05895 0.00087 0.86652 0.02619 0.10145 0.00386 0.93 565 32 623 24 0
46 infinite 0.05500 0.00072 0.55901 0.01692 0.07373 0.00243 0.92 412 29 459 15 1
47 infinite 0.05571 0.00090 0.61831 0.01876 0.08051 0.00306 0.91 441 36 499 19 1
48 infinite 0.05326 0.00098 0.49571 0.01507 0.06775 0.00230 0.84 340 41 423 14 7
49 8343 0.05353 0.00063 0.54160 0.01643 0.07335 0.00260 0.95 352 27 456 16 16
50 infinite 0.05308 0.00112 0.55472 0.01683 0.07608 0.00254 0.78 332 48 473 16 20
51 infinite 0.05599 0.00090 0.77068 0.02332 0.09981 0.00372 0.91 452 36 613 23 21
52 5207 0.05403 0.00058 0.60516 0.01833 0.08121 0.00287 0.96 372 24 503 18 22
53 infinite 0.05509 0.00088 0.74507 0.02251 0.09333 0.00326 0.89 416 36 575 20 23
54 infinite 0.05552 0.00076 0.84026 0.02544 0.10443 0.00419 0.96 433 30 640 26 33
55 infinite 0.05057 0.00068 0.47207 0.01449 0.06768 0.00303 0.69 221 31 422 19 60
56 infinite 0.05068 0.00084 0.70029 0.02118 0.10026 0.00344 0.87 226 38 616 21 125
57 1792 0.04897 0.00066 0.54353 0.01652 0.08052 0.00293 0.93 146 32 499 18 170
G99-014
1 31201 0.05956 0.00089 0.44327 0.01340 0.05405 0.00199 0.92 588 32 339 12 -37
2 infinite 0.06089 0.00169 0.53217 0.01611 0.06287 0.00215 0.64 635 60 393 13 -29
3 infinite 0.06035 0.00096 0.55637 0.01677 0.06698 0.00225 0.88 616 34 418 14 -26
4 2868 0.11360 0.00127 3.63791 0.10922 0.23241 0.00812 0.95 1858 20 1347 47 -24
5 infinite 0.06041 0.00095 0.58126 0.01749 0.06980 0.00214 0.87 618 34 435 13 -23
6 56643 0.05846 0.00083 0.57010 0.01718 0.07081 0.00243 0.91 547 31 441 15 -12
7 57498 0.05782 0.00066 0.54704 0.01647 0.06893 0.00223 0.94 523 25 430 14 -11
8 65094 0.05717 0.00083 0.52346 0.01577 0.06653 0.00216 0.89 498 32 415 13 -8
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206Pb 
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207Pb 
206Pb 2σ error

207Pb 
235U 2σ error

206Pb 
235U 2σ error rho

207Pb 
206Pb 

age [Ma]
2σ error

206Pb 
238U

age [Ma]
2σ error Discord-

ance [%]

47 infinite 0.05571 0.00090 0.61831 0.01876 0.08051 0.00306 0.91 441 36 499 19 1
48 infinite 0.05326 0.00098 0.49571 0.01507 0.06775 0.00230 0.84 340 41 423 14 7
49 8343 0.05353 0.00063 0.54160 0.01643 0.07335 0.00260 0.95 352 27 456 16 16
50 infinite 0.05308 0.00112 0.55472 0.01683 0.07608 0.00254 0.78 332 48 473 16 20
51 infinite 0.05599 0.00090 0.77068 0.02332 0.09981 0.00372 0.91 452 36 613 23 21
52 5207 0.05403 0.00058 0.60516 0.01833 0.08121 0.00287 0.96 372 24 503 18 22
53 infinite 0.05509 0.00088 0.74507 0.02251 0.09333 0.00326 0.89 416 36 575 20 23
54 infinite 0.05552 0.00076 0.84026 0.02544 0.10443 0.00419 0.96 433 30 640 26 33
55 infinite 0.05057 0.00068 0.47207 0.01449 0.06768 0.00303 0.69 221 31 422 19 60
56 infinite 0.05068 0.00084 0.70029 0.02118 0.10026 0.00344 0.87 226 38 616 21 125
57 1792 0.04897 0.00066 0.54353 0.01652 0.08052 0.00293 0.93 146 32 499 18 170
G99-014
1 31201 0.05956 0.00089 0.44327 0.01340 0.05405 0.00199 0.92 588 32 339 12 -37
2 infinite 0.06089 0.00169 0.53217 0.01611 0.06287 0.00215 0.64 635 60 393 13 -29
3 infinite 0.06035 0.00096 0.55637 0.01677 0.06698 0.00225 0.88 616 34 418 14 -26
4 2868 0.11360 0.00127 3.63791 0.10922 0.23241 0.00812 0.95 1858 20 1347 47 -24
5 infinite 0.06041 0.00095 0.58126 0.01749 0.06980 0.00214 0.87 618 34 435 13 -23
6 56643 0.05846 0.00083 0.57010 0.01718 0.07081 0.00243 0.91 547 31 441 15 -12
7 57498 0.05782 0.00066 0.54704 0.01647 0.06893 0.00223 0.94 523 25 430 14 -11
8 65094 0.05717 0.00083 0.52346 0.01577 0.06653 0.00216 0.89 498 32 415 13 -8
9 42932 0.05739 0.00067 0.54905 0.01654 0.06945 0.00236 0.94 506 26 433 15 -7
10 918 0.08460 0.00374 2.13038 0.06613 0.18071 0.01741 0.32 1306 86 1071 103 -4
11 3411 0.06106 0.00088 0.79569 0.02392 0.09465 0.00304 0.89 641 31 583 19 -1
12 4302 0.10568 0.00111 4.21339 0.12646 0.28835 0.00947 0.95 1726 19 1633 54 -1
13 9137 0.10965 0.00120 4.52434 0.13581 0.30250 0.01007 0.95 1794 20 1704 57 -1
14 5588 0.06977 0.00096 1.38368 0.04155 0.14369 0.00453 0.90 922 28 865 27 0
15 1312 0.12987 0.00148 6.88605 0.20665 0.38489 0.01260 0.94 2096 20 2099 69 0
16 697 0.07316 0.00373 1.85018 0.05565 0.18445 0.00569 0.40 1018 103 1091 34 0
17 2477 0.05700 0.00119 0.60643 0.01826 0.07782 0.00243 0.77 492 46 483 15 0
18 17386 0.05802 0.00102 0.70055 0.02110 0.08771 0.00295 0.85 530 39 542 18 0
19 3293 0.05758 0.00123 0.67707 0.02039 0.08499 0.00273 0.77 514 47 526 17 0
20 3677 0.06033 0.00091 0.85359 0.02567 0.10268 0.00338 0.89 616 32 630 21 0
21 3707 0.05975 0.00085 0.77505 0.02333 0.09491 0.00323 0.91 594 31 585 20 0
22 2543 0.05820 0.00076 0.73013 0.02196 0.09096 0.00296 0.92 537 29 561 18 0
23 3305 0.05780 0.00084 0.65419 0.01968 0.08229 0.00260 0.89 522 32 510 16 0
24 2122 0.05726 0.00086 0.65556 0.01973 0.08299 0.00270 0.89 502 33 514 17 0
25 3711 0.05864 0.00092 0.69051 0.02078 0.08561 0.00282 0.88 554 34 530 17 0
26 29041 0.12593 0.00136 6.22331 0.18674 0.35944 0.01147 0.94 2042 19 1980 63 0
27 5794 0.05795 0.00095 0.67423 0.02029 0.08463 0.00270 0.86 528 36 524 17 0
28 109121 0.09597 0.00102 3.44905 0.10353 0.26033 0.00845 0.94 1547 20 1492 48 0
29 4603 0.05785 0.00077 0.66350 0.01996 0.08344 0.00269 0.91 524 29 517 17 0
30 3893 0.09693 0.00102 3.76407 0.11301 0.28084 0.00946 0.95 1566 20 1596 54 0
31 6213 0.06108 0.00073 0.85927 0.02583 0.10217 0.00333 0.93 642 26 627 20 0
32 3636 0.10758 0.00116 4.58966 0.13771 0.31027 0.00959 0.94 1759 20 1742 54 0
33 6391 0.05696 0.00101 0.55849 0.01682 0.07238 0.00229 0.84 490 39 451 14 0
34 1898 0.11214 0.00126 5.24840 0.15754 0.33938 0.01143 0.94 1834 20 1884 63 0
35 16638 0.10526 0.00106 4.49778 0.13498 0.31097 0.00992 0.95 1719 19 1745 56 0
36 10391 0.10193 0.00107 4.27757 0.12837 0.30480 0.00970 0.94 1659 20 1715 55 0
37 3538 0.09173 0.00098 3.32100 0.09970 0.26281 0.00864 0.95 1462 20 1504 49 0
38 235 0.05731 0.00460 0.68111 0.02108 0.08590 0.00338 0.79 503 177 531 21 0
39 4993 0.09153 0.00100 3.17694 0.09534 0.25117 0.00785 0.94 1458 21 1445 45 0
40 835 0.05885 0.00175 0.75242 0.02338 0.09328 0.00641 0.45 561 65 575 39 0
41 16299 0.05998 0.00070 0.79161 0.02383 0.09563 0.00329 0.94 603 25 589 20 0
42 6419 0.05653 0.00081 0.58037 0.01752 0.07458 0.00272 0.93 473 32 464 17 0
43 1209 0.05787 0.00117 0.67046 0.02021 0.08412 0.00289 0.81 525 44 521 18 0
44 2890 0.05881 0.00109 0.71768 0.02160 0.08908 0.00291 0.83 560 40 550 18 0
45 2324 0.05831 0.00102 0.69761 0.02098 0.08721 0.00269 0.83 541 38 539 17 0
46 56183 0.08237 0.00090 2.41183 0.07264 0.21233 0.00897 0.71 1254 21 1241 52 0
47 4749 0.05714 0.00063 0.59350 0.01801 0.07530 0.00336 0.68 497 24 468 21 0
48 3504 0.05747 0.00126 0.62730 0.01891 0.07985 0.00265 0.76 510 48 495 16 0
49 3345 0.05758 0.00062 0.67321 0.02023 0.08513 0.00262 0.94 514 24 527 16 0
50 3766 0.05820 0.00094 0.69995 0.02105 0.08795 0.00274 0.86 537 35 543 17 0
51 11423 0.05828 0.00064 0.66649 0.02006 0.08345 0.00279 0.95 540 24 517 17 0
52 6892 0.05752 0.00066 0.69005 0.02075 0.08687 0.00280 0.94 512 25 537 17 0
53 2715 0.05907 0.00153 0.75532 0.02275 0.09289 0.00299 0.66 570 56 573 18 0
54 7271 0.05889 0.00067 0.75440 0.02267 0.09303 0.00293 0.93 563 25 573 18 0
55 15501 0.06360 0.00077 1.04453 0.03137 0.11909 0.00372 0.92 728 26 725 23 0
56 15365 0.05862 0.00068 0.69927 0.02102 0.08710 0.00274 0.93 553 25 538 17 0
57 52873 0.06391 0.00074 1.01454 0.03049 0.11490 0.00373 0.93 739 25 701 23 0
58 8474 0.05885 0.00079 0.72411 0.02177 0.08959 0.00285 0.91 562 29 553 18 0
59 5904 0.05856 0.00090 0.68719 0.02068 0.08551 0.00281 0.89 551 33 529 17 0
60 833 0.05812 0.00131 0.67190 0.02026 0.08517 0.00288 0.76 534 49 527 18 0
G99-004
1 infinite 0.09875 0.00263 1.58434 0.04803 0.11744 0.00711 0.50 1601 50 716 43 -51
2 infinite 0.08955 0.00167 1.36700 0.04110 0.11061 0.00351 0.82 1416 36 676 21 -49
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3 13575 0.08286 0.00169 1.20699 0.03631 0.10543 0.00337 0.78 1266 40 646 21 -46
4 16861 0.08253 0.00154 1.20707 0.03632 0.10594 0.00351 0.83 1258 37 649 22 -45
5 115041 0.07329 0.00154 1.02770 0.03094 0.10127 0.00322 0.77 1022 42 622 20 -35
6 11146 0.07882 0.00165 1.38697 0.04234 0.12634 0.00834 0.46 1168 42 767 51 -27
7 infinite 0.07047 0.00164 1.11228 0.03359 0.11437 0.00453 0.81 942 48 698 28 -19
8 infinite 0.06758 0.00120 0.99629 0.03012 0.10676 0.00437 0.92 856 37 654 27 -17
9 infinite 0.06853 0.00141 1.05099 0.03164 0.11169 0.00353 0.78 885 43 683 22 -16
10 710 0.07760 0.00101 1.69515 0.05093 0.15832 0.00508 0.91 1137 26 947 30 -12
11 infinite 0.06466 0.00141 0.88859 0.02704 0.09881 0.00487 0.96 763 46 607 30 -11
12 35694 0.06489 0.00076 0.94042 0.02831 0.10518 0.00340 0.93 771 24 645 21 -11
13 infinite 0.06195 0.00091 0.76516 0.02307 0.08984 0.00282 0.89 672 31 555 17 -11
14 infinite 0.06216 0.00090 0.78196 0.02358 0.09130 0.00298 0.90 680 31 563 18 -10
15 32683 0.06257 0.00073 0.83656 0.02521 0.09706 0.00316 0.93 694 25 597 19 -8
16 infinite 0.06193 0.00081 0.81385 0.02453 0.09540 0.00310 0.92 672 28 587 19 -6
17 infinite 0.10786 0.00124 4.14496 0.12456 0.27906 0.01092 0.98 1764 21 1587 62 -5
18 infinite 0.06953 0.00140 1.22123 0.03795 0.12627 0.01034 0.38 914 42 767 63 -5
19 1228 0.12480 0.00198 5.67222 0.17028 0.32990 0.01134 0.89 2026 28 1838 63 -5
20 infinite 0.06201 0.00075 0.83232 0.02511 0.09736 0.00334 0.94 674 26 599 21 -4
21 22185 0.11280 0.00121 4.66432 0.14008 0.29976 0.01086 0.96 1845 19 1690 61 -4
22 infinite 0.07896 0.00158 1.95344 0.05873 0.17934 0.00617 0.82 1171 40 1063 37 -3
23 92309 0.11681 0.00124 5.25051 0.15765 0.32556 0.01160 0.96 1908 19 1817 65 0
24 1210 0.06952 0.00255 1.39031 0.04188 0.14502 0.00485 0.34 914 75 873 29 0
25 3651 0.07760 0.00132 2.14454 0.06444 0.20062 0.00663 0.86 1137 34 1179 39 0
26 infinite 0.10597 0.00162 4.41954 0.13307 0.30292 0.01436 0.64 1731 28 1706 81 0
27 2872 0.11927 0.00141 6.01919 0.18063 0.36651 0.01166 0.93 1945 21 2013 64 0
28 47302 0.09454 0.00106 3.44493 0.10346 0.26415 0.00903 0.95 1519 21 1511 52 0
29 121778 0.06065 0.00067 0.84159 0.02538 0.10067 0.00340 0.95 627 24 618 21 0
30 1820 0.08742 0.00096 2.97368 0.08933 0.24678 0.00848 0.95 1370 21 1422 49 0
31 infinite 0.09870 0.00101 3.86495 0.11602 0.28419 0.00926 0.95 1600 19 1612 53 0
32 8589 0.06577 0.00207 1.07187 0.03230 0.11742 0.00373 0.49 799 66 716 23 0
33 10325 0.12566 0.00130 6.68411 0.20058 0.38592 0.01239 0.95 2038 18 2104 68 0
34 infinite 0.06149 0.00079 0.84066 0.02535 0.09912 0.00332 0.92 656 27 609 20 0
35 infinite 0.08494 0.00090 2.62003 0.07870 0.22380 0.00755 0.95 1314 21 1302 44 0
36 6208 0.05793 0.00069 0.74031 0.02239 0.09275 0.00342 0.96 527 26 572 21 0
37 65 0.07669 0.01068 1.84871 0.05670 0.16985 0.00688 0.76 1113 278 1011 41 0
38 9320 0.05904 0.00095 0.81588 0.02524 0.09951 0.00652 0.47 569 35 612 40 0
39 93 0.05261 0.02966 0.75260 0.03810 0.10193 0.00826 0.63 312 1283 626 51 0
40 infinite 0.05910 0.00072 0.74870 0.02270 0.09198 0.00377 0.99 571 26 567 23 0
41 1526 0.11578 0.00165 5.25043 0.15768 0.32808 0.01198 0.93 1892 26 1829 67 0
42 3622 0.09820 0.00144 4.01979 0.12067 0.29709 0.00963 0.89 1590 27 1677 54 0
43 11646 0.09683 0.00100 3.90007 0.11711 0.29186 0.00987 0.95 1564 19 1651 56 1
44 infinite 0.09644 0.00126 3.94491 0.11894 0.29780 0.01466 0.61 1556 24 1680 83 1
45 3254 0.07724 0.00080 2.18950 0.06576 0.20565 0.00667 0.95 1127 21 1206 39 2
46 infinite 0.06311 0.00196 1.18769 0.03652 0.14147 0.00864 0.99 712 66 853 52 3
47 904 0.05625 0.00195 0.71572 0.02166 0.09322 0.00291 0.37 462 77 575 18 3
48 2928 0.05853 0.00093 0.83188 0.02506 0.10308 0.00318 0.86 550 35 632 20 5
49 2460 0.10298 0.00111 5.48033 0.16598 0.38556 0.02544 0.46 1679 20 2102 139 16
50 1038 0.05420 0.00194 0.68868 0.02101 0.09205 0.00383 0.55 379 80 568 24 18
51 4078 0.05572 0.00099 0.75667 0.02282 0.09852 0.00312 0.84 441 39 606 19 22
52 392 0.05336 0.00180 0.65733 0.02006 0.08863 0.00372 0.61 344 76 547 23 25
53 2369 0.05415 0.00069 0.63600 0.01925 0.08513 0.00298 0.93 377 29 527 18 25
54 368 0.05066 0.00392 0.59745 0.01847 0.08713 0.00277 0.97 225 179 539 17 29
55 802 0.05552 0.00157 0.84759 0.02559 0.11075 0.00365 0.60 433 63 677 22 32
56 164 0.05044 0.00209 0.59151 0.01817 0.08599 0.00374 0.42 215 96 532 23 64
G99-016
1 219 0.13265 0.00152 1.81276 0.05752 0.10387 0.01892 0.17 2133 20 637 116 -64
2 6209 0.08847 0.00626 0.69229 0.02176 0.07296 0.00263 0.87 1393 136 454 16 -63
3 26776 0.06603 0.00065 0.57057 0.01726 0.06283 0.00266 0.98 807 21 393 17 -48
4 8733 0.09953 0.00031 2.83826 0.08581 0.20756 0.01226 0.51 1615 6 1216 72 -20
5 infinite 0.05767 0.00192 0.43982 0.01356 0.05522 0.00280 0.74 517 73 346 18 -18
6 7008 0.18988 0.00054 10.48765 0.31480 0.40098 0.01591 0.99 2741 5 2174 86 -17
7 3296 0.20346 0.00070 12.11736 0.36366 0.43001 0.01636 0.98 2854 6 2306 88 -16
8 1845 0.10135 0.00055 3.21793 0.09666 0.23042 0.00840 0.96 1649 10 1337 49 -15
9 30473 0.10209 0.00027 3.32822 0.10018 0.23452 0.01069 0.66 1663 5 1358 62 -14
10 3141 0.09756 0.00091 3.05251 0.09189 0.23052 0.01017 0.68 1578 17 1337 59 -11
11 28864 0.08288 0.00021 2.15075 0.06475 0.18930 0.00776 0.73 1266 5 1118 46 -8
12 4383 0.10825 0.00051 4.17032 0.12533 0.27969 0.01120 0.99 1770 9 1590 64 -6
13 1027 0.05691 0.00148 0.45110 0.01386 0.06179 0.00303 0.85 488 57 387 19 -6
14 infinite 0.06199 0.00063 0.83818 0.02526 0.09751 0.00360 0.93 674 22 600 22 -5
15 1287 0.08009 0.00299 1.74887 0.05296 0.17469 0.00833 0.59 1199 74 1038 49 -3
16 2015 0.08703 0.00035 2.61021 0.07842 0.21696 0.00772 0.96 1361 8 1266 45 -3
17 4452 0.10308 0.00555 3.48932 0.10635 0.25019 0.01944 0.84 1680 99 1439 112 -2
18 2180 0.12085 0.00081 5.45829 0.16406 0.33203 0.01414 0.71 1969 12 1848 79 -2
19 3286 0.09056 0.00038 2.90603 0.08750 0.23365 0.01020 0.69 1437 8 1354 59 -1
20 2465 0.18317 0.00119 12.29327 0.36902 0.48288 0.01918 0.98 2682 11 2540 101 -1
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21 1548 0.18399 0.00070 12.31528 0.36972 0.48480 0.02005 0.73 2689 6 2548 105 -1
22 6015 0.09780 0.00051 3.54533 0.10661 0.26212 0.01070 1.00 1583 10 1501 61 -1
23 2294 0.07111 0.00068 1.48554 0.04467 0.15126 0.00534 0.92 961 19 908 32 0
24 infinite 0.05672 0.00072 0.54845 0.01654 0.07024 0.00237 0.88 481 28 438 15 0
25 4655 0.10027 0.00065 3.84355 0.11551 0.27692 0.01069 0.97 1629 12 1576 61 0
26 4003 0.18745 0.00039 13.37806 0.40158 0.51758 0.02086 0.74 2720 3 2689 108 0
27 3194 0.07091 0.00038 1.51930 0.04573 0.15468 0.00586 0.97 955 11 927 35 0
28 995 0.05201 0.00508 0.42958 0.01412 0.05112 0.00299 0.56 286 223 321 19 0
29 4900 0.07844 0.00027 2.12405 0.06402 0.19659 0.00850 0.70 1158 7 1157 50 0
30 2542 0.08684 0.00084 2.70313 0.08125 0.22602 0.00832 0.93 1357 19 1314 48 0
31 5053 0.07841 0.00189 1.90774 0.05748 0.18194 0.00729 0.76 1157 48 1078 43 0
32 4212 0.08269 0.00047 2.45438 0.07382 0.21430 0.00827 0.97 1262 11 1252 48 0
33 3310 0.09033 0.00072 3.02735 0.09114 0.24440 0.01049 1.00 1433 15 1410 61 0
34 2878 0.06787 0.00039 1.40390 0.04227 0.14854 0.00561 0.97 865 12 893 34 0
35 1751 0.06943 0.00180 1.51629 0.04570 0.16336 0.00626 0.69 912 53 975 37 0
36 2074 0.07352 0.00054 1.84337 0.05555 0.18338 0.00755 0.99 1028 15 1085 45 0
37 3504 0.07502 0.00064 1.94776 0.05859 0.18966 0.00702 0.94 1069 17 1120 41 0
38 infinite 0.09062 0.00087 2.97874 0.08958 0.23734 0.00934 0.96 1439 18 1373 54 0
39 3752 0.18271 0.00054 12.80023 0.38433 0.50436 0.02174 0.70 2678 5 2633 113 0
40 3286 0.09837 0.00103 3.59170 0.10808 0.27023 0.01161 0.98 1593 20 1542 66 0
41 infinite 0.05705 0.00167 0.52304 0.01606 0.06615 0.00346 0.85 494 64 413 22 0
42 infinite 0.08687 0.00033 2.69218 0.08103 0.22425 0.00930 0.73 1358 7 1304 54 0
43 infinite 0.10026 0.00097 3.76236 0.11355 0.26940 0.01477 0.55 1629 18 1538 84 0
44 infinite 0.07444 0.00139 1.95811 0.05899 0.19015 0.00766 0.86 1054 38 1122 45 0
45 3498 0.09976 0.00046 4.02087 0.12103 0.29384 0.01316 0.67 1620 9 1661 74 0
46 infinite 0.07000 0.00232 1.60658 0.04848 0.16707 0.00680 0.56 928 68 996 41 0
47 3454 0.08491 0.00023 2.53659 0.07638 0.21811 0.00924 0.71 1313 5 1272 54 0
48 12265 0.15621 0.00078 9.18681 0.27586 0.43292 0.01753 0.99 2415 8 2319 94 0
49 2751 0.09662 0.00042 3.70212 0.11134 0.27678 0.01138 0.73 1560 8 1575 65 0
50 1785 0.09187 0.00045 3.44215 0.10343 0.27127 0.00998 0.96 1465 9 1547 57 1
51 3405 0.08109 0.00061 2.56835 0.07730 0.22604 0.00912 0.98 1224 15 1314 53 2
52 infinite 0.05501 0.00037 0.57298 0.01732 0.07526 0.00293 0.97 412 15 468 18 5
53 1618 0.07488 0.00070 2.10504 0.06335 0.20378 0.00779 0.95 1065 19 1196 46 6
54 3172 0.05559 0.00065 0.63214 0.01910 0.08275 0.00318 0.93 436 26 512 20 7
55 1584 0.07291 0.00049 1.95183 0.05882 0.19397 0.00802 0.99 1012 13 1143 47 7
56 1332 0.07160 0.00055 1.88487 0.05700 0.19140 0.00915 0.63 975 16 1129 54 9
57 1655 0.06615 0.00092 1.48468 0.04475 0.16398 0.00638 0.91 811 29 979 38 12
58 infinite 0.05166 0.00059 0.47368 0.01432 0.06645 0.00237 0.91 270 26 415 15 35
59 1978 0.06077 0.00084 1.31948 0.03979 0.15949 0.00610 0.90 631 30 954 36 39
60 infinite 0.04969 0.00197 0.51262 0.01560 0.07359 0.00260 0.23 181 92 458 16 62
61 infinite 0.04982 0.00065 0.45793 0.01386 0.06627 0.00241 0.89 187 31 414 15 83

Early Cambrian
The strata on Bol’shevik Island are greywackes which 
have been inferred to be Riphean and Vendian  on the 
basis of acritarchs (Kaban’kov et al. 1982). Two samples 
from the upper part of these turbidite successions, G98-
018 and G98-019 (Fig. 2, no coordinates available), have 
been analysed (Fig. 5). The dominant detrital zircon pop-
ulation, about 50% of the crystals, has an age of 600-500 
Ma with a peak in the relative probability curve at 555 
Ma and a knee towards older ages, 680-670 Ma. Zircon-
ages of 1250-1050 Ma and 1650-1450 Ma are common. 
An older Palaeoproterozoic (1900-1700 Ma) group of 
zircons is present.

The age of the youngest coherent population of detrital 
zircons is provided by three analyses, 505±18, 504±18 
and 500±17 Ma. These ages imply that the sediments of 
inferred Vendian age (based on acritarchs, Kaban’kov 
et al. 1982) appear to have been sourced from a Ven-

dian to Early Cambrian bedrock that might have been as 
young as Middle Cambrian. An isolated analysis yields 
an Early Ordovician age and is probably from an out-
lier. By this time turbidite sedimentation had terminated 
and shallow water siliciclastic sedimentation dominated 
Severnaya Zemlya (cf. Bogolepova et al. 2001). 

Middle and Late Cambrian
A shallow water siliciclastic sandstone (sample HL02-024, 
c. N78.863° E098.140°) from the Mid Cambrian Univer-
sitet ”Svita” (Fig. 4) of southeasternmost October Revo-
lution Island resembles the age spectrum of the allegedly 
Vendian turbidites: the dominant Vendian to Early Cam-
brian zircon population with a maximum probability 
at 555 Ma, and a small zircon population from the Late 
Riphean at c. 660 Ma (Fig. 6). Older ages are few and 
mainly of Mesoproterozoic and Late Palaeoproterozoic 
age. A small Archaean population at c. 2.7 Ga is distinct 
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Figure 5: 
Results from 
the analyses of 
Lower Cam-
brian, allegedly 
Vendian, turbi-
dites. The bar 
charts indicate 
the number of 
zircon ages in 
a 50 Ma inter-
val and are 
combined with 
a relative pro-
bability curve. 
The diagrams 
are based on 
2 3 8 U / 2 0 6 P b 
ages up to 800 
Ma and on 
207Pb/206Pb 
ages above 
it. The insets 
show the same 
analyses in 
relationship to 
the concordia 
curve.

Figure 6: 
Results from the 
analyses of a 
Mid Cambrian 
sandstone.

H. Lorenz et al. NORWEGIAN JOURNAL OF GEOLOGY 



251

and reoccurs in younger samples (from the Upper Cam-
brian, Lower Ordovician and Lower Devonian). Except 
for one very young outlying age, the youngest detrital 
zircon ages, 499±16, 493±16 and 490±15 Ma, conform 
within errors to the Mid Cambrian stratigraphic age of 
the unit (513-501 Ma according to Gradstein et al. 2004).
Dark shales with interbedded turbidites comprise the Late 
Cambrian Kurchavaya ”Svita” (Fig. 4). Two channel sand-
stones have been collected and zircons analysed (G99-
040, c. N79.20° E097.53° and HL02-025, N78.847502° 
E097.902825°). One of the samples delivered only 14 
acceptably concordant analyses (out of 36). In marked 
contrast to the older samples, the Vendian to Early Cam-

brian age population (600-500 Ma) is less conspicuous 
(Fig. 7) and the Meso- to Late Palaeoproterozoic 1700-
1400 Ma age population is dominant; subordinate 1150-
1000 Ma, 1300-1150 Ma and Palaeoproterozoic 1950-
1800 Ma age populations are also present. A few Late 
Archaean (c. 2.7 Ga) zircons form the oldest population. 
The sampled units are known to be older than 489±2.7 
Ma, the U-Th-Pb age from a tuff in the unconformably 
overlying Kruzhilikha ”Svita” (Lorenz et al., 2007). The 
youngest detrital zircon component (522±24 and 473±16 
Ma) is consistent with this contraint; only one outlying 
analysis, 456±17 Ma from G99-040, is clearly younger 
than the age of the formation.

Figure 7:
Results from 
the analyses of 
Upper Cam-
brian turbidi-
tes.
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Figure 8: Results from the analyses of Lower Ordovician sandstones and conglomerates.
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Ordovician
Sandstones from the Early to Mid Ordovician Ushakova 
”Svita” (Fig. 4) have been sampled in three localities (Fig. 
3): the southern shore of Lake Fiordovoe (HL03-008, 
N79.309789° E097.607569°), near Kurchavaya River 
(sample G99-039, N79.167557° E097.329872°) and at a 
small stream between these two locations (sample HL03-
013, N79.264853° E097.392665°). In the first locality, the 
sample was taken from rocks only a few metres above the 
Kan’on River Unconformity; the second sample comes 
from strata some tens to a hundred metres higher in the 
Ushakova ”Svita”, while the stratigraphic position of the 
last sample is less certain due to its location in the Fior-
dovoe Lake Fault Zone.

The dominant zircon population for these samples has 
ages of about 500-450 Ma (Fig. 8) and the correspond-
ing zircons are idiomorphic and not altered. Vendian 
to Early Cambrian (600-500 Ma) and Late Archaean (c. 
2.7 Ga) zircon-populations are also present in samples 
G99-039 and HL03-008. A combined representation of 
the three samples contains only a few Mesoproterozoic 
to Archaean ages. Some young zircons are problematic 
because they are, within errors, younger than the strati-
graphical age of the Ushakov ”Svita” and as young as 
Early Devonian (in sample HL03-013, Fiordovoe Lake 
Fault Zone).

In a sandstone sample (G99-014, c. N79.67° E096.49°) 
from the Late Ordovician Strojnaya ”Svita”, zircons coeval 
to the local volcanic activity are less common and the 
Vendian to Early Cambrian zircon population is again 
dominant (Fig. 9). Older ages are few and the youngest 
zircon ages, 468±21, 463±17 and 451±14 Ma, conform 
well with the stratigraphic age of this fossiliferous unit.

Devonian
Old Red Sandstones have been sampled (G99-004, 
N79.709198° E096.533798° and G99-016, N79.702499° 

E096.654198°) from the Lower Devonian succession in 
central October Revolution Island (Fig. 3). The age spec-
tra of both samples are dominated by Neo- to Late Palaeo-
proterozoic ages (Fig. 10). A Vendian to Cambrian source 
(680-500 Ma) is apparently still present and reflected by 
several zircon ages, particularly in sample G99-004. The 
elevated relative probability curve in the time interval 
from 2100 to 850 Ma is a combination of several zircon 
age populations, as is indicated by the peaks in the curve 
that resemble the populations in the samples from the 
Upper Cambrian. A Late Archaean (c. 2.7 Ga) age popu-
lation is present in sample G99-016. The youngest zircon 
ages retrieved from the samples are of earliest Devonian 
to Mid Ordovician age (468±18, 438±15, 413±22 Ma).

Data synopsis
All the detrital zircon data provide evidence for a source 
region(s) with a Mesoproterozoic to Late Palaeoprotero-
zoic bedrock (Fig. 11). A Vendian to Early Cambrian sig-
nature is strong in the older samples and present in most 
of the others. The Ordovician and Devonian samples also 
provide evidence of a local igneous source of Early and 
Mid Ordovician age. This is in accordance with igneous 
activity in eastern October Revolution Island (cf. Egiaz-
arov 1959; Proskurnin 1995).

A few remarkably young ages (younger than the pub-
lished depositional age) have been recorded in several 
samples (see above). These outliers are not regarded as 
representative and have been disregarded for provenance 
interpretation; the latter is based on zircon age popula-
tions. Most of the youngest populations conform to the 
biostratigraphical age of their respective successions 
(within their respective uncertainties). However, the 
turbidite samples of allegedly Vendian age are a notable 
exception. The acritarch-based age of the youngest tur-
bidites on Bol’shevik Island (Kaban’kov et al. 1982) needs 
to be reinvestigated. Like the zircons, these microfos-
sils may perhaps represent the provenance and not the 
timing of deposition of the sediments. The results from 

Figure 9: 
Results from 
the analyses of 
a Upper Ordo-
vician sands-
tone.

NORWEGIAN JOURNAL OF GEOLOGY Detrital zircon ages and provenance, Severnaya Zemlya



254 H. Lorenz et al. NORWEGIAN JOURNAL OF GEOLOGY 

samples G99-018 and 019 demonstrate that the younger 
turbidites on Bol’shevik Island are of Early Cambrian age 
and could even be as young as Mid Cambrian (cf. also 
Pease 2001). Contemporaneous sediments on October 
Revolution Island have been deposited in a shallow water 
environment, suggesting the possibility that the basin 
deepened eastwards towards Bol’shevik Island.

Surprisingly young ages have also been obtained from the 
Early to Mid Ordovician Ushakov ”Svita”, particularly in 
one sample (HL03-013). Some of the analyses show high 
common lead content. And, as mentioned above, the 
exact stratigraphic position of sample HL03-013 is less 
certain. The strata at this location have been interpreted 
to belong to the Early Ordovician Ushakov ”Svita” and to 

Figure 10: Results from the analyses of Lower Devonian Old Red Sandstone facies sediments.
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overlie the Kan’on River Unconformity in this location 
by Lorenz et al. (2006). However, due to the proximity 
to the Fiordovoe Lake Fault Zone it is possible that this 
sandstone sample is Devonian, i.e. the Ordovician and 
Silurian are cut out locally by strike-slip faulting.

Sediment provenance
The detrital zircon age signatures of the different strati-
graphic levels on Severnaya Zemlya are not characteristic 
for the shield areas in Baltica, Laurentia or Siberia. Faunal 
evidence from the Palaeozoic successions of October Rev-
olution Island do not provide decisive evidence for affinity 
with any one of these palaeocontinents. They suggest that 
the North Kara domain has been in the proximity of both 
Baltica and Siberia in the Palaeozoic (Matukhin et al. 1999; 
Mel’nikov 1999; Blieck et al. 2002). This conclusion is close 
to Sengör et al. (1993)’s reconstruction of Palaeozoic Bal-
tica – Siberia relationships, where northeastern Baltica 
(today’s coordinates) was placed in the vicinity of Siberia’s 
Tajmyr Peninsula. Several independent lines of evidence 
(cf. Lorenz et al. 2008, for a detailed analysis) suggest that, 
within this tectonic setting, the North Kara domain has 
been an integral part of Baltica at least since the late Neo-
proterozoic Timanian orogeny (cf. Torsvik et al. 1996): a 
hypothesis which is tested in this study.

Old Red Sandstones are reported to have been sourced 
from the west and northwest during the Early and Mid 
Devonian and from the north to northeast during the 
Late Devonian (Kuršs 1982). The Caledonide Orogen, 
beneath the Barents Shelf, is the most probable source for 
these sediments. Ar-Ar ages from muscovite (453.1±3.9 
Ma and 451.9±3.9 Ma; unpublished data, analyses made 
in Novosibirsk, Russia, by courtesy of V. Vernikovsky) 
support this interpretation.

The magnetic anomaly data over the Barents and Kara 
shelves (cf. Fig. 4 in Lorenz et al. 2008) also suggest that 
the North Kara domain is an integral part of Baltica. Some 
of the positive magnetic anomalies can be correlated to 
Ordovician intrusive rocks on October Revolution Island 
and Carboniferous granites on Bol’shevik Island and in 
Tajmyr. These anomalies can be traced across the Kara 
Sea and onto the Barents Shelf. The magnetic data show 
no evidence for a Late Carboniferous to Permian suture–
zone, as required by tectonic models which interprete 
the North Kara domain as an individual microcontinent 
(e.g. Metelkin et al. 2005) or part of a larger entity (e.g. 
Zonenshain et al. 1990) which collided with both, Siberia 
and Baltica, during the Uralian orogeny.

Mesoproterozoic detrital zircons are present in all sam-
ples, throughout the stratigraphic range of this study. 
Typical populations are at 1600 Ma, 1450 Ma, 1250 Ma 
and 1050 Ma, which are comparable with the Mesopro-
terozoic accreted domains of the Baltic Shield and from 
the late Mesoproterozoic Sveconorwegian Orogen of 
southwestern Sweden and southern Norway (Åhäll & 
Connelly 2008, Bingen et al. 2008b). The populations 
resemble also the zircon ages derived from the Gren-
villian Orogen of Laurentia (cf. Rivers 1997; Rivers et 
al. 2002; Strachan et al. 1995; Kalsbeek et al. 2000). A 
potential source for these zircons would be located in the 
northern continuation of the Sveconorwegian-Grenvil-
lian orogen, if it extends northwards beneath the hinter-
land of the North Atlantic Caledonides into the Arctic. It 
is likely, that this source would have been closer to Sever-
naya Zemlya before the opening of the Arctic basins.

Zircons of Late Vendian to Early Cambrian age dominate 
most samples and are interpreted to be mainly derived 
from Late Neoproterozoic Timanian basement. They 
constitute a link from the North Kara domain to the 

Figure 11: Compilation diagram of all ana-
lyses used in this study.
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northeastern margin of Baltica which implies that the 
North Kara domain either was accreted to Baltica during 
Timanian orogeny or had been a part of it before. Rocks 
with ages of c. 630-615 Ma have also been reported from 
Tajmyrs’ Central Belt (Pease & Vernikovsky 2000) and 
correspond with zircon populations of this age. Also 
small, older Neoproterozoic populations are present 
in the samples from the Upper Ordovician and Lower 
Devonian strata. Rocks of c. 950-850 Ma age are typical 
for the Mamont-Shrenk Terrane which is exposed in a 
limited area of the Central Belt of the Tajmyr Orogen (cf. 
Pease et al. 2001). However, sediment transport from the 
Mamont-Shrenk Terrane to Severnaya Zemlya during 
most of the Palaeozoic would imply that the thrust 
separating the North and Central Tajmyr belts is not a 
Palaeozoic suture related to the closure of the Uralian 
ocean. Other c. 950 Ma igneous ages have been reported 
from Svalbard and Eastern Greenland (Johansson et al. 
2005; Strachan et al. 1995; Kalsbeek et al. 2000).

The change in age distribution in the samples from the 
pre-Devonian strata to those from the Devonian succes-
sions is notable. The latter are interpreted as deposits in 
a Caledonian foreland basin (Lorenz et al. 2008) and it 
is likely that this change in the age distribution reflects 
the development of the Arctic (Barentsian) Caledonides, 
where pre-Caledonian basement was uplifted and sub-
jected to erosion.

The youngest distinct age population in the samples 
from Severnaya Zemlya is of Early to Mid Ordovician 
age (500-450 Ma); the zircon ages are about contempo-
raneous with the sedimentation age of the strata: they 
dominate in the Lower Ordovician and are present in 
the Upper Ordovician. The mostly magmatic zircons are 
mainly idiomorphic, suggesting a local derivation. This 
fits well with ages from tuffs and subvolcanic intrusions 
in southeastern October Revolution Island (490-470 Ma; 
Lorenz et al. 2007) which have been interpreted as rift-
volcanics by Proskurnin (1995). These igneous rocks are 
contemporaneous with and similar to the rift magmatism 
occurring in the Palaeozoic of northeastern Baltica, dur-
ing the development of Baltica’s passive margin towards 
the Uralian Ocean in the Early Ordovician (Zonenshain 
et al. 1990; Nikishin et al. 1996).

Conclusions
The results from this study (Fig. 11) provide further evi-
dence for the hypothesis that the basement of the North 
Kara domain has been an integral part of the palaeo-
continent Baltica at least since the Late Neoproterozoic 
Timanian orogeny. The dominant age population (600-
500 Ma) in most of the analysed samples has a source of 
Timanian character.

Most of the other detrital zircons are of Mesoprotero-
zoic age, reaching into the Late Palaeoproterozoic and 

Early Neoproterozoic. This older age spectrum is simi-
lar to ages that have been reported from the Sveconor-
wegian-Grenvillian orogen and also some of the Caledo-
nian allochthons in the Scandinavian Caledonides, East 
Greenland and Svalbard, supporting the hypothesis that 
this orogen extends northwards beneath the hinterland 
of the Caledonides into the high Arctic. A possible source 
providing the remaining Neoproterozoic ages (c. 950-850 
Ma) is the Central Belt of Tajmyr, requiring close prox-
imity between Siberia and the North Kara domain dur-
ing the Palaeozoic.

Magmatism associated with Early Ordovician rifting on 
October Revolution Island is probably the source for the 
c. 490-450 Ma zircon assemblage in contemporaneous 
and younger sediments. This episode of rifting is part of 
the development of Baltica’s passive margin towards the 
Uralian Ocean. However, the geological evidence on Taj-
myr and Severnaya Zemlya suggests that Early Ordovi-
cian rifting in the Tajmyr – Severnaya Zemlya area did 
not result in ocean opening and that the Uralian Ocean 
terminated somewhere north of the Polar Urals on the 
Kara Shelf.

Old Red Sandstones, westerly derived from the Arc-
tic Caledonides, are characterized by a detrital zircon 
assemblage similar to that of the older strata, suggesting 
that a Timanian-type basement with an intercalation of 
Meso- to latest Palaeoproterozoic rocks occurred on the 
Kara Shelf.

The results from the Lower Cambrian (allegedly Ven-
dian) turbidites, dominated by a 600-500 Ma age popula-
tion, require an adjustment to the stratigraphy: turbidite 
sedimentation on Bol’shevik Island (and possibly eastern 
October Revolution Island) did not terminate at the end 
of the Neoproterozoic, but continued well into the Cam-
brian.
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