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Abstract

The study area is situated along the Zolotica river in NW Russia, located within the Kola-Dvyna Rift System in the Baltic
Shield that developed during Meso and Neoproterozoic times. A 9-m thick section made up of shallow marine sediments of Upper
Ediacaran age was sampled in this locality. Two volcaniclastic levels from the middle part of the section yielded an age of ~556
Ma. (U/Pb SHRIMP-II on zircons). Two magnetic components were successfully isolated, component A (Decl=157.1, Incl=68.0,
295=1.9°, N=575 in situ) carried by magnetite and component B (Decl=120.3, Incl=—31.7, 095=3.9°, N=57, bedding
corrected), carried by haematite. While component A is thought to represent a younger overprint direction, the in situ direction
for component B on the other hand, is dissimilar to any expected younger direction and is considered to be primary magnetisation
in origin, acquired during or soon after deposition of the sediments in the Late Ediacaran. The corresponding palacomagnetic pole
for component A in situ is located at Lon=55.4°E, Lat=31°N, 495=2.7° and for component B at Lon=110°E, Lat=28.3°S,
Ag5=3.8°, N=57. Combined with other palacomagnetic poles of the same tectonostratigraphic unit an alternative apparent polar
wander path for the Late Proterozoic—Early Palacozoic of Baltica is proposed. Such an alternative path shows that after the mid
Cryogenian (750 Ma), the poles that were situated over South Africa (p.d.c.) moved to the east until they reached Australia during
the Late Ediacaran (555 Ma) where they remained approximately stationary until the beginning of the Cambrian (~545 Ma).
Finally, they moved to the northwest until they reached the Arabian Peninsula in the Early Ordovician. Palaeolatitudes indicate that
Baltica situated near the equator from the Cryogenian through to the Ediacaran moving gradually to the south at c. 1 cm/yr. During
the Late Early Ediacaran, the plate suddenly began to drift northward at c. 8 cm/yr and in the boundary with the Cambrian it was
positioned in low to intermediate latitudes. Finally, Baltica began to move back to the south at c. 13 cm/yr until in the Early
Ordovician, reaching intermediate to high southern latitudes.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

There are still many questions regarding the reli-
ability of the apparent polar wander (APW) path of
Baltica for the Late Proterozoic—Early Palacozoic due
to the lack of reliable and well dated palacomagnetic
poles. The most widely used database for Baltica is
that given by Torsvik et al. [1] and places Baltica at
very high latitudes in the southern hemisphere through-
out this time period, except for a short interval in the
Late Ediacaran (560-550 Ma). The main problem with
this dataset, however, is that it contains very few high
quality data for the Ediacaran and Cambrian Periods,
thus this section of the path relies on interpolations and
palaeopoles whose reliability have been questioned in
the literature.

On the basis of more recently published data, how-
ever, an alternative APW path for Baltica has been
proposed by Popov et al. [2], which is in marked
contrast to the APW path suggested by Torsvik et al.
[1]. According to this model, Baltica was positioned at
very low to intermediate latitudes during the Late Pro-
terozoic to Early Palaeozoic.

The key to this problem concerning the palacomag-
netic dataset for Baltica is to obtain new data from well-
dated sequences.

In this study, a sedimentary section exposed along the
Zolotica river which is located to the NE of Arkhan-
gelsk, NW Russia, was sampled. From these sediments,
it was possible to obtain a radiometric age (U/Pb on
zircons) of ~556 Ma as well as palacomagnetic data
which are of very good quality and similar to data
obtained from Late Ediacaran rocks [2] exposed along
the Winter Coast (555 +3 Ma) situated some 70 km to
the west (Fig. 1) of the Zolotica section, and also to
recently published Ediacaran data from Ukraine [3].

2. Geological setting and palaecomagnetic sampling

The sampling area (65°36’N; 40°29'E) is located in
the Kola—Dvyna Rifts System (Fig. 1) in the pericra-
tonic area of the Russian Platform, that extends from the
area of Arkhangelsk in the south to the Barents Sea in
the north. The basement, made up of metamorphic rocks
of Archean-Lower Proterozoic age, crops out in the
westernmost area of Arkhangelsk. During the Late Pro-
terozoic, northwestern-oriented rifts developed which
produced the characteristic horst-and-graben structural
style of the regional basement bounded by transform
faults (Fig. 1). Sedimentation began in the area approxi-
mately at 750 Ma with sandstones and siltstones. In the
Ediacaran, higher regional subsidence rates resulted in
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Fig. 1. Geological sketch map of Baltica and location of the study area (star), located within the Ediacaran Kola—Dvina Rift System which
developed in the Late Proterozoic. Modified from Vidal and Moczydlowska [37]. Solid circles = other Ediacaran localities mentioned in the text and

corresponding reference.
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deposition of most of the sedimentary cover which
reached thicknesses of up to 1200 m of terrigenous to
shallow marine facies. The Ediacaran succession is
overlaid partly by terrigenous and carbonate sediments
of Devonian to Permian age and partly by glacial and
marine Quaternary sediments.

During the Late Devonian, an important compres-
sional tectonic event took place producing the uplift of
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the Kola—Dvyna block with associated magmatism.
Such magmatism in fractures was mainly alkaline—
ultramafic and was responsible for the formation of
the diamond-bearing kimberlites from the diamondifer-
ous province of Arkhangelsk [4,5].

The succession that crops out along the Zolotica
river is several hundred meters thick. It increases in
grain and strata thickness up-section, and lithologies
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Fig. 2. Stratigraphical column of the Zolotica section (left). To the right, sampling sites (dash), Longitude/Latitude of VGPs and recorded polarities.
A = claystone, B = clay-sandstone, C = sandstone, D = conglomerate, N = normal polarity; R = reverse polarity. Circles (triangles) in Long/Lat =

sites with number of samples >3 (<2).



M.PI. Llanos et al. / Earth and Planetary Science Letters 240 (2005) 732—747 735

consist of red and gray—green coloured sediments: lam-
inated claystones and siltstones (open shallow marine
facies), non-lithified sandstones in forestepping clino-
forms (prodelta facies) and horizontal bedded sand-
stones (sandy shoal). It is practically unaffected by
tectonic deformation and exhibits a north—south strike
dipping up to 9° to the west.

For the present study, a c. 9-m thick section was
sampled almost continuously (Fig. 2). In total, 190
levels were sampled with a distance <1 cm in the
fine-grained sandstones and siltstones and <5 cm in
the coarse-grained sandstones. As lithologies are rather
fragile and drilling was not possible, hand samples were
collected from which at least three 2 X2 X2 cm cubes
were subsampled per sampling level.

3. Petrography

Microscopic analysis reveal that the sampled sedi-
ments are mainly claystones and sandstones with vol-
canic input. They are composed of some lithic
fragments, as well as crystals of which quartz, feld-
spar, pyroxene and amphibole are the most common,
with zircon, apatite, garnet, epidote and magnetite as
accessory minerals. The size range of the crystals is
typically 50-100 um. The idiomorphic shape of some
minerals such as zircons and apatite suggests the
vicinity of a volcanic source area at the time of
deposition.

The cement is composed in the red sediments, of
haematite, and in the green-gray, of carbonate. To a
lesser degree, in very fine-grained rocks the ground-
mass is made up of highly altered volcanic glass.
Haematite and magnetite form the ferromagnetic frac-
tion. The first appears as aggregates as well as a patina

Zircon crystal 129.2

100 um

coating the other minerals, whereas the magnetite crys-
tals show idiomorphic habitus.

4. Geochronology

Fresh idiomorphic zircons of primary magmatic ori-
gin were separated from two samples, ZL105 (21.2 m
from the base) and ZL129 (22.5 m), respectively, for
dating purposes.

Zircon crystals were hand selected and mounted in
epoxy resin together with chips of the TEMORA (Mid-
dledale Gabbroic Diorite, New South Wales, Australia)
and 91500 (Geostandart zircon) reference zircons. The
grains were sectioned approximately in half and
polished. Reflected and transmitted light photomicro-
graphs and cathodoluminescence (CL) SEM images
were prepared for all zircons. The latter were used to
analyse the internal structures of the sectioned grains
and to target specific areas within these zircons (Fig. 3).

U/Pb analyses were performed using SHRIMP-II
ionmicroprobe (Center of Isotopic Research, VSEGEI,
St. Petersburg, Russia). Each analysis consisted of five
scans through the mass range, diameter of spot was about
18 km, primary beam intensity was about 4 nA. The data
have been reduced as described by Williams ([6] and
references therein), using the SQUID Excel Macro [7].
The Pb/U ratios have been normalized relative to a value
of 0.0668 for the **°Pb/>**U ratio of the TEMORA
reference zircons, equivalent to an age of 416.75 Ma
[8]. Uncertainties calculated for the concordia ages are
reported at 2-¢ level. The Wetherill [9] concordia plot
(Fig. 4) has been prepared using ISOPLOT/EX [10].

The separated crystals range from rounded grains
showing high degrees of corrosion and which are clear-
ly detrital in origin, to very clear elongate prismatic

Zircon crystal 129.5

90 um

Fig. 3. Cathodoluminiscence SEM image of zircon crystals 129.2 and 129.5 (Center of Isotopic Research, VSEGEI, St. Petersburg, Russia) showing
good prismatic habitus, from which a reliable age of the sediments at Zolotica has been determined.
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Fig. 4. Wetherill’s [9] concordia plots of U/Pb SHRIMP-II analytical data from samples ZL129 (22.5 m from the base). Ellipses represent 1-sigma
uncertainties for individual spots (measured points) but thick-line ellipse (concordia age) represents 95% confidence limit for ZL129.

crystals with good crystal habitus (Fig. 3). Few of the
grains selected show any internal structure under
reflected light; cathodoluminescence imaging, however,
reveals the often complex internal structures. A total of
11 crystals were selected for analysis, four of which
correspond to the clearly detrital grains. Analyses of
these grains (105.2, 105.3, 129.1 and 129.3; Table 1)
record ages ranging from 1.33 to 1.93 Ga, i.e. Palaco-
to Mesoproterozoic in age. The two older ages obtained
are fairly typical for the Svecofennian domain and are
to be expected for younger sediments of the Baltic
shield. The two younger ages of 1.46 Ga and 1.33 are
slightly more difficult to correlate with an event in
Baltica. However, ages of 1.4 Ga have previously
been reported from the Kola Peninsula, and SW Scan-
dinavia [11-13], and the age distribution is similar to
that obtained in previous studies from sedimentary
sequences in southern Baltica, although these are some-
what distal to the current study area. In a recent statis-
tical analysis of available detrital zircon data, the results
obtained here fall within the distribution of ages which
may be expected from Baltica, albeit at the upper and

lower limits of the probability density curves [14].
However, given the possibility of Pb loss in the samples
analysed, some of which are cracked and corroded,
there may be inherent errors, thus further discussion
and speculation of these Mesoproterozoic ages is not
considered warranted.

The other 7 crystals selected are predominantly
clongate and show varying degrees of corrosion.
Grain 105.4 shows fairly good crystal habitus and
magmatic zoning but the shot point is rather close to
a crack in the crystal which can result in lead loss. The
most prismatic crystal with the best crystal habitus and
showing good magmatic zoning in both reflected light
and CL imaging, is crystal 129.5 (Fig. 3). Three points
were shot in this grain, unfortunately two over cracks
which may result in lead loss, but shot 129.5.1 is solely
within the magmatic zoning and is considered one of
the most reliable ages obtained. Grain 129.2 also shows
good crystal habitus and magmatic zoning in both
reflected and CL imaging, and it contains a few inclu-
sions. Two points were measured in the centre and the
rim of this grain. The remaining four grains are all fairly
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Table 1
U/Pb SHRIMP-II dataset from zircon crystals ZL 129 and ZL 105
Grain %>°Pb, U Th Z2mh/3%0 0 (1) ) 3) % Disc. (1) +% Err
spot (ppm) (ppm) 206pp /238 age  2%Pb/?*"U age  2°°Pb/***U age 206pp /238y corr
z1129.1.1 0.21 240 65 0.28 1331.1£9.4 1331.0£ 10 1331.4£9.7 1 0.2293 0.78 427
z1129.2.1 1.02 190 138 0.75 552.9+5.6 553.0+5.4 5553+6.1 -2 0.08955 1.1 173
z1129.2.2 0.46 366 257 0.73 5553142 5542442 556.8+4.7 10 0.08997 0.79 .240
z1129.3.1 0.39 140 88 0.65 1879.0+ 15 1879.0+ 17 1880.0 £ 16 0 0.3385 0.94 481
z1129.4.1 0.41 370 259 0.72 546.6+7.9 5459 +8.0 548.2+8.9 7 0.0885 1.5 .560
z1129.4.2 0.82 350 244 0.72 536.1+4.2 535.8+4.2 539.2+4.7 3 0.08671 0.82 .268
z1129.5.1 0.61 363 135 0.38 560.5+4.9 561.2+4.9 562.4+5.1 -7 0.09084 091 .246
z1129.5.2 0.75 339 156 0.47 547.0+4.4 5472+43 548.1+4.6 -2 0.08856 0.83 .230
z1129.5.3 0.89 354 221 0.65 548.4+4.5 5504+4.3 551.9+4.7 —28 0.08880 0.85 .161
71129.6.1 0.77 318 119 0.39 561.4+4.6 563.2+4.6 563.8+4.8 —-22 0.09100 0.86 .208
z1129.7.1 0.68 267 118 0.46 5443452 542.2+49 545.0+£5.2 18 0.08810 1.0 .165
z1105.2.1 0.67 180 131 0.75 1465.0+ 12 1458 £12 1475.0 £ 13 5 0.2551 0.89 .448
z1105.3.1 0.65 130 109 0.87 1934.0£17 1936 + 20 1983.0 £20 0 0.3499 1.0 .502

Errors are 1-sigma; Pb. and Pb* indicate the common and radiogenic portions, respectively. Error in standard calibration=0.35%.

(1) Common Pb corrected using measured >** Pb.

(2) Common Pb corrected by assuming 2°® Pb/*** U7 Pb/*** U age-concordance.
(3) Common Pb corrected by assuming 2°° Pb/*** U-2*® Pb/?*? Th age-concordance.

elongate, but are fairly corroded and of detritic appea-
rance and in general do not have good internal struc-
tures, and grain 129.6 appears to have an inherited core.
On comparison with the results obtained, it can be seen
that the points associated with crystal fractures do yield
slightly younger ages. As it is not possible to test for
lead loss in these samples given their relatively young
age, these points are discounted due to the uncertainty.
Also omitted from consideration are those grains which
may have inherited cores, and those which have poor
internal structures and are of corroded appearance.
While grain 129.2 contains some inclusions, the results
from both points yield almost identical ages (Table 1);
these data, therefore, are considered reliable. Thus, the
shot points considered the most reliable are 129.5.1,
129.2.1 and 129.2.2 (Table 1, Fig. 3). Combining these
data results in a weighted mean of ~556 Ma. As these
results are obtained from crystals which show only
limited amounts of corrosion, this is considered to be
close to the rock age.

5. Laboratory procedures

For the palacomagnetic study, a total of 640 specimens
were processed and analysed in the Munich University
palacomagnetic laboratory. Palacomagnetic measure-
ments were carried out using a 2G-Cryo magnetometer
and for the corresponding analysis, the software devel-
oped in the Munich and Utrecht laboratories. In addition,
rock magnetic studies were performed using a variable
frequency translation balance (VFTB) and a KLY-2 Kap-
pabridge magnetic susceptibility meter (15 positions).

5.1. Rock magnetic studies

Specimens of red and green-gray-coloured sediments
were processed with the VFTB in order to get hysteresis
(maximum field=300 mT) and thermomagnetic curves.
In Fig. 5, representative examples of red and green-gray
sediments show their distinct rock magnetic properties.
In the case of the red sediments, hysteresis loops reveal
that the magnetic contribution is provided by at least two
minerals, with high and lower coercivity, respectively,
showing either pot-belly (Fig. 5a) or wasp-waist geom-
etry that are not saturated at 300 mT. The corresponding
thermomagnetic curves show the high coercivity miner-
al is dominant and has Curie temperature (7,) = 650 °C
(haematite). Green-gray sediments on the other hand,
display hysteresis loops which show the contribution of
mainly the paramagnetic minerals and secondly, of a
ferromagnetic mineral (Fig. 5b). The latter is interpreted
to be magnetite, according to the H. (~10 mT) and the
corresponding thermomagnetic curves (7, = 580 °C).

5.2. Palaeomagnetic studies

Specimens have been treated using either conven-
tional stepwise thermal techniques (Fig. 6) or alternat-
ing field (AF) demagnetisation. However, AF treatment
was generally not very successful in revealing the full
spectrum of the magnetisations, thus most samples
were subjected to thermal demagnetisation.

The data presented in this paper and discussed here-
inafter derive from fine to medium-grained red sedi-
ments as the coarse-grained and green-gray coloured
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Fig. 5. Red and green-gray sediments show distinct rock magnetic properties. Red sediments show at least two minerals, with high and lower
coercivities, respectively, that produce either (a) pot belly or wasp-waisted hysteresis loops which are not saturated at 300 mT. The corresponding
thermomagnetic curve shows that the dominant high coercivity mineral has Curie temperature (7.) = 650 °C, typical of haematite. Green-gray
sediments on the other hand, reveal (b) that the contribution belongs mostly to the paramagnetic minerals plus a ferrimagnetic mineral which is
interpreted as magnetite, based on the H,. (~10 mT) and corresponding thermomagnetic curves (7. = 580 °C).

sediments do not yield reliable results. Such a differ-
ence in the palacomagnetic behaviour between red and
green-gray sediments resides in the fact that the dom-
inant magnetic carriers are different for each case, i.e.,
haematite in the red and magnetite in the green-gray
sediments (Fig. 5).

Samples were heated up to maximum temperatures
of 710 °C; after c. 650 °C temperature steps of 3 °C

were used (Fig. 6). The palacomagnetic analysis has
been performed using principal component analysis
[15]. Two magnetic components (Figs. 6 and 7) were
consistently isolated: (i) component A showing (Fig.
7a) mostly a southerly direction with positive inclina-
tions (Decl=157.1, Incl=68.0, 095=1.9°, N=575 in
situ and Decl=171.4, Incl=66.9 after bedding correc-
tion), which was removed by 580 °C (magnetite) and
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Fig. 6. Specimens show two clear magnetic components. Component A has mainly southerly declinations with positive inclinations carried by
magnetite (unblocking temperatures ~580 °C), and component B shows mainly south-eastern declinations with negative inclinations as well as
opposite directions, carried by haematite (unblocking temperatures > 650 °C). Open (solid) circle = upper (lower) hemisphere. J,=NRM intensity in

Amperes/meter.

(i) component B (Fig. 7b) identified with dual polari-
ties, yielding south easterly (north westerly) declina-
tions and intermediate negative (positive) inclinations
and erased between 630 and 690 °C (haematite). The in
situ A direction coincides with that expected for the
Lower Ordovician in the region and therefore compo-
nent A is considered to be an overprint of possible
Early Ordovician. The origin of an Ordovician remag-
netisation is very difficult to explain geologically and

there is no apparent evidence for any alteration in the
rocks studied which could relate to a remagnetisation
event of any age. The possibility of an Ordovician age
for this overprint therefore, is based purely upon the
fact that its palaecopole coincides with the well estab-
lished Ordovician pole for Baltica.

The reversal test [16] was applied to component B
from sites which reveal only fully normal or inverse
mean directions in the intervals 16.3—-17.7 m, 19.6-20.0



740 M.PI. Llanos et al. / Earth and Planetary Science Letters 240 (2005) 732—747

Fig. 7. Stereoplots showing (a) in situ directions from component A
(N=575) and (b) bedding corrected mean site directions (msd) from
component B (N=140). Squares = directions of samples; circles =
msd with number of samples (V)= 3; triangles=msd with N <2.

m and 22.2-23.9 m from the base (Fig. 8). The test was
negative (test value=18.3 for a value at 95% confidence
limit=6.6 and at 99% confidence limit=11.2). This is
most likely due to contamination of component A on the
normal directions (Fig. 6). The lack of conspicuous
variation in structural attitude in the sedimentary suc-
cession prevented the application of the fold test.

The resultant in situ direction of component B, how-
ever, is totally dissimilar to any expected younger di-
rection of magnetisation in this locality. The palacopole

corresponding to the structurally corrected B direction,
however, is in very good agreement with that obtained
in the nearby Winter Coast [2], and from volcanic rocks
in Ukraine [3]. In addition, the dominant reverse polarity
(Fig. 2) is in extremely good concordance with the
polarity pattern interpreted for this time interval
[17,18], and the change in polarity is stratigraphically
controlled. This direction, therefore, is considered to
represent the characteristic Ediacaran magnetisation
which was acquired during or shortly after deposition
of the rocks. While it may be argued that the directions
obtained may have been affected by inclination shallo-
wing, this is considered unlikely in the current situation
given the lithologies involved and that similar coeval
directions have been obtained from volcanic rocks [3].

In Table 2, all the statistical data from the sampling
sites used in this study are listed. Site mean directions
for component B were calculated using Fisher’s [19]
statistics and only in a few cases, did great circle
analysis after [20] have to be employed (see Table 2).
Approximately half of the site mean directions (Fig. 7b)
were calculated from three or more specimens (circles)
while the other half corresponds to mean directions
calculated from two or less specimens (triangles).

For component A, the VGPs were calculated for each
specimen, and for component B, the corresponding
VGPs were calculated for each sampling level using

N

Fig. 8. The reversal test in Component B was performed using only
“stable” directions (N=57) (intervals 16.3—-17.7 m; 19.6-20.0 m;
22.2-23.9 m from the base, in Fig. 2). The test [16] was negative
due to the contamination with component A. Big circle = mean
direction of reverse polarity; big triangle = mean direction from
normal polarity shown in the opposite direction.
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Table 2
Site mean palacomagnetic data from Zolotica
Site Colour n/N J; (A/m) ChRM dos k VGP Demagn. Tilt cor.
Dy, I, Long E, Lat N Strike, dip
5 (base)  Red-green clay 33 7.6107% 1243, -39.7  10.7° - 108°, —34.3° Th 500-640 (GC) 172, 9
6 Red-green clay 44 191073 1157, —447  14.3° - 118.6°, —34.4°  Th 660-685 (GC) "
7 Red-green clay 3/3 241077 1153, —35.7 3.7 1096.6  115.6°, —28.3 Th 620-700 "
8 Green clay 2/1 121077 1245, —182 - - 102°, —22.2° AF 100-200 "
9 Red clay 32 38107  113.6, —19.5 - - 113°, —18.8 Th 620-670 "
10 Grey f. sand 8/4 23107 110.8, —25.9 13.6° 463  117°, =21° Th 610-690 "
12 Red-green clay 3/3 281077 109.1, —31 - - 120°, —23° Th 620-680 "
13 Red clay 44 39107 130, —34.5 12.3° 57 100.4°, —33.2°  Th 630-675 "
14 Red-green clay 3/3  3.1107% 1189, —30.1 9.7° 161.4  110.4° —26.4°  Th 590-660 "
11 Grey f. sand 44 22107 1056, —35.4 7.8° 248 124.7°, —24.2°  Th 590-685 "
16 Red clay 42 341077 1262, —26.9 - - 102.3°, —27.4°  Th 660-700 "
17 Green f. sand 42 62107% 1245, 402 - — 108°, —34.7° AF 140-200 "
18 Red clay 44 231077 1102, —28.1 9.3° 99.5  118.2°, —22° Th 590-675 "
19 Red clay 33 1.6107° 1053, —25.8 6.5° 356.7 122.2°, —18.7°  Th 650-675 "
21 Red-green f. sand 8/5 42107 1132, —27.5 11.3° 46.6  115.2°, —22.8°  Th 640-680 "
20 Red clay 44 411077 1138, —25.6 7.8° 141 114°, —22° Th 665-685 "
22-0-2 Green f. sand 52 6.6107*% 1344, —32.7 - - 95.3°, —33.6°  AF 160-200 "
22-0-1 Green f. sand 52 6.6107* 133.6, —37.9 - - 97.7°, —=36.6°  Th 600-650 "
23 Red clay 3/3 42107 127.1, -28.7  12.0° 106.1  101.8°, —28.7°  Th 660-680 "
24 Red clay 4/4 471077 1088, —22.4  12.2° 57.7  118°, —18.3° Th 620-675 "
25 Red clay 33 461077 119, —32.5 10.4° 1422 111, —28° Th 650-675 "
26 Red clay 42 481077 1103, —28.5 - - 118.2°, —22° Th 660-675 "
27 Red clay 3/3 431077 126, —24.5 6.8° 328.1  102°, —26° Th 640-670 "
28 Red f. sand 42 281077 1233, -23.1 - - 104.3°, —23° Th 630-680 "
29 Red clay 33 641077 125, —248 12.7° 94.6  103°, —25.8 Th 590-670 "
32,38 Red clay 12/1 861077 1373, 214 - - 89.6°, —28.2 Th 660-680 "
33,39,40  Red clay 1006 5410°° 1215, —13.7 11.9° 324 1047, —19° Th 650-680 "
34-0-2 Red-green clay 82 75107% 1062, —14.4 - - 118.7°, —13.3°  Th 605-675 "
34-0-1 Red-green clay 82 15107 1004, —28.4 - - 127.4°, —13.3°  Th 600-670 "
41 Red clay 3/3 141072 943, -209 123 101.5  131°, —11.6° Th 620-680 "
46 Red f. sand 33 5110°°%  1294,-192 11.2° 121.5 97.3°, —24.5°  Th 660-680 "
44,47 Red f. sand 5/5 44107 1281, —17 8.7° 78 98°, —23° Th 660-680 "
43 Red f. sand 3/3  88107° 1403, —11.2  12.9° 92.5 84.6°, —24° Th 650-690 "
35,45 Red clay 6/2  6.1107° 1456, —6.6 - - 78.3%, —23° Th 640-670 "
37 Red clay 32 4110°% 1005, —8.2 - - 122.6°, —8° Th 660-690 "
48 Red clay 33 551077 1319, —83 13.1° 90.2 92.7°, —20° Th 650-675 "
49 Red clay 33 481077 1397, -23 9.6° 166.1 83.8°, —19.5°  Th 650-675 "
50 Red-green clay 3/3 581077 138.1, —17.6 2.3° 2979 88°, —26.5° Th 630-675 "
51 Red clay 33 6110°° 1326, —13.1 12.8° 93.6 92.8°, —22.5°  Th 650-710 "
52 Red clay 33 75107 123, —22.1 12.0° 107.4  104.3°, —23.7°  Th 630-680 "
53 Red clay 32 681077  116.8, —5.4 - — 106.8°, —13.2°  Th 650-670 "
54 Red clay 3/3 531077 1209, —11.1 8.6° 2054 104°, —17.5° Th 610-680 "
55 Red-green clay 32 36107 1289, -75 - - 95.5°, —18.6°  Th 605-660 "
56 Red clay 33 111072 1214, -31.5  13.1° 89.5 108.3°, —28.2°  Th 640-700 "
57 Red clay 44 121077 105, =302 12.9° 513 123.7°, —21° Th 650-675 "
58 Red clay 3/3 131072 108.4, —31 14.1° 77.1  120.7°, —=22.8°  Th 660-670 "
59 Red clay 33 12102 96.8, —37.1  13.4° 853  133.3% —21.6°  Th 640-680 "
60 Red clay 32 121072 119.9, —38.1 - - 112°, —31.6° Th 665-680 "
61 Green clay 6/1 4210°* 1074, —18.4 - - 118.5°, —15.7°  Th 500-580 "
63 Red-green clay 41 301077 91.5, —13.3 - - 132°, —6.8° Th 665-675 "
64 Red clay 33 49107 68.5, —18.1  12.8° — 153.8%,0.1° Th 640-685 (GC) "
65 Red clay 42 641077 71.6, —21.2 - - 151.7°, —2.6° Th 665-680 "
66 Red-green f. sand 21 241073 72, —24.6 - — 152°, —4.5° Th 670-675 "
70 Red clay 31 6.0107° 211.548.1 - - 13°,7.8° Th 605-635 "
74 Red clay 32 32107%  2282,56.5 - - 1.5%,19.2° Th 580-660 "
75 Red clay 9/5 49107° 273.8,37.7 10.2° 56.8  316.2° 20.7° Th 630-675 "

(continued on next page)
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Site Colour n/N  J; (A/m) ChRM %95 k VGP Demagn. Tilt cor.
Dy, I, Long E, Lat N Strike, dip

77 Red-green f. sand 5/4 381073 275, 33.8 10.9° 71.8 314°, 19° Th 665-680 "
79 Red clay 2/1  2110°%  294.3,504 - - 302.7°, 38° Th 635-660 "
80 Red clay 43 2910°% 275.8,349 14.0° 78.3  313.5°,19.8° Th 640-670 "
81 Red clay 33 38107°  303.9,29.7 9.4° 1743  285.3°, 28° Th 640-670 "
82 Red-green clay 3/2 441073 291.6, 45.3 - - 302.8°, 33° Th 630-660 !
85 Green c. sand 31 5410°% 1546, —12.4 - - 69.4°, —28° AF 50-60 "
86 Red-green m. sand 3/1 1.6 1073 132.6, —40.0 - - 99.5°, —37.6°  Th 675-685 "
96 Red m. sand. 42  33107% 1511, —6.8 - - 72.5°, —24.5°  Th 665-680 "
97 Red c. sand 3/1 3.0107°  107.9, —43.3 - - 125.4°, —30.2°  Th 640-650 "
99 Red c. sand 31 221077 68.5, —36.8 - - 158.2°, —10.2°  Th 665-680 "
104 Red m. sand 6/2 261073 46.4, —29.0 - - 176.2°, 1.8° Th 670-680 "
110 Green m. sand 42 92107 1084, —52.1 2.7° - 129.2°, —37° AF 30-70 (GC) "
106 Red f. sand 51  2810°°  111.0, —25.6 - - 116.8°, —21° Th 670-675 "
107-0-2  Red f. sand 82 291077 95.0, —37.0 - - 135°, —20.8° Th 650-680 "
107-0-1  Red f. sand 82 3.0107° 117.0, —19.9 - - 109.7°, —20.3°  Th 650-680 "
108-0-3  Red f. sand 32 27107%  107.2, —30.5 - - 121.7°, —22° Th 630-680 "
108-0-2  Red f. sand 32 38107° 1134, —35.6 - - 117.4°, —27.5°  Th 630-680 "
108-0-1  Red f. sand 82 351077 1272, —355 - - 103.6°, —32.8°  Th 650-680 "
111-0-2  Red f. sand 6/3 44107° 1235, —242 8.9° - 104.3°, —25° Th 590-665 (GC) "
111-0-1 Red f. sand 6/1 3.010°° 1082, —15.3 - - 117°, —14.6° Th 630-675 "
112-0-2  Red clay 5/1 371073 168.5, —37.3 - - 55.7°, —44.6°  Th 670-675 "
112-0-1  Red clay 52  50107%  153.8, —48.5 - - 77.6°, —50.4°  Th 670-690 "
109-0-1  Red clay 8/1 35107 171.3, —159 - - 50.7°, —32.2°  Th 665-675 "
118-0-2  Red c. sand 2/1  33107% 1165, —238 - - 111°, —22° Th 670-680 96, 5
119 Red c. sand 52 27107% 1047, —34.6 7.5° - 125.3°, —23.3°  Th 660-675 (GC) "
121 Red m. sand 4/1  4410°% 157.0,—188 - - 67.5°, —31.8°  Th 675-685 "
122 Red c. sand 52 35107% 1174, —-9.6 - - 107°, —15.4° Th 630-660 "
123 Red c. sand 51 32107° 1472, —172 - - 78.2°, —28.8°  Th 660-670 "
124 Red m. sand 31 22107 1193, —21.6 - - 1087, —22° Th 660-680 "
131 Green m. sand 52 111073 93.4, —30.6 - - 134.4°, —16.4°  AF 70-150 "
133 Green f. sand 5/1 8910°% 141.0, —25.9 - - 86.5°, —31.8°  Th 660665 "
134 Red f. sand 32 25107°  146.6, —19.8 - - 79.2°, —30° Th 590-640 "
135-0-2  Red f. sand 52 2810773 96.4, —33.6 - - 132.6°, —19.3°  Th 640-680 "
135-0-1  Red f. sand 52 3.0107°  126.6, —24.6 - - 101.3°, —26.3°  Th 640-670 "
136 Red f. sand 9/1 281077  140.6, —27.6 - - 87.3°, —32.6°  Th 650-670 "
139 Red f. sand 6/3 411073 111.8, —32.4 11.4° 117.9 118°, —25° Th 650-670 "
140 Red clay 5/4 46103 91.0, —29.0  13.7° 46.2  136°, —14.5° Th 650-680 "
141 Red clay 6/4 6.6107° 127.0,-263 12.9° 51.8  101.3°, —27.4°  Th 650-670 "
142 Red f. sand. 16/2 261077 1144, =353 - - 116.3°, —27.7°  Th 640-670 "
143 Red-green f. sand 8/2 231073 158.6, —37.4 - - 68.4°, —43.2° Th 640-670 "
144 Red m. sand 32 201073 1293, —32.0 - - 100.4°, —31.4°  Th 590-660 "
146 Red m. sand 3/1 551073 130.3, —17.7 - - 96°, —24° Th 660-675 "
147 Red f. sand 42  27107%  134.0, —40.3 - - 98°, —38.3° Th 650-680 "
148 Red f. sand 33 37107° 1413, —18.6 133° - 84.8°, —28° Th 650-670 (GC) "
149 Red f. sand 12/3 1.6107%  160.5, —62.1 13.0° - 76°, —65.3° Th 500-650 (GC) "
150-0-2 Red f. sand 6/2 141073 113.9, —62.2 - - 132°, —48.4° Th 590-650 "
150-0-1  Red f. sand 72 12107%  102.5, —21.8 - - 123.8°, —15.4°  Th 590-665 "
151-0-2 Red f. sand 4/1 221073 129.0, —6.6 - - 95.3°, —18.2° Th 590-665 "
151-0-1  Red f. sand 51 23107° 1340, —14.1 - - 91.6°, —23.5°  Th 590-665 "
154 Red-green m. sand 32 28107°  129.0, —24.3 - - 98.8°, —27° Th 640-665 "
155 Green f. sand. 31 40107%  156.6, —14.9 - - 67.5°, —29.7°  AF 70-100 "
157 Green f. sand 3/1 50104 145.5, —50.4 - - 89°, —49.7° Th 650-675 "
160 Red clay 33 22107% 1589, —-61.5 10.8° 131.6 78°, —64.2° Th 660-680 "
162 Green f. sand 15/3 121073 1166, —49.5  13.1° 89.9  120°, —38.3° Th 610-685 "
161-0-1  Red-green f. sand 43 2110°% 1051, —-475 13.5° 84.8  129.8°, —32° Th 600-680 "
163 Red-green clay 3/3 381073 125.0, —65.0 8.8° 198.1 125°, —56° Th 630-685 "
164 Red-green f. sand 6/6 3.0107° 131.7, —=70.1 8.0° 703 127.8°, —64° Th 630-680 "
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Table 2 (continued)

Site Colour n/N Jr (A/m) ChRM %os k VGP Demagn. Tilt cor.
Dy, I Long E, Lat N Strike, dip
165 Red clay 4/3 3.910°° 113.1, —28.5 5.5° 498.8 115.6°, —23.3° Th 650-670 "
166 Red clay 4/4 3.010°° 128.6, —51.3 7.3° 159.1 108.8°, —44.5° Th 665-680 "
167 Red clay 3/3 311073 159.1, —38.8 11.6° 1143 68°, —44.2° Th 590-640 "
168 Red clay 5/5 241073 146.5, —64.3 4.6° 279.2 99.6°, —63.5° Th 640-680 "
169 Red clay 4/3 271073 137.5, —68.1 13.9° 79.3 117.4°, —64.2° Th 665-680 "
170 Red-green clay 4/4 281077 121.5, —60.3 13.1° 50.3 123°, —49.7° Th 630-680 "
171 Red clay 4/2 471073 109.8, —30.8 - - 119.4°, —23.2° Th 630-680 "
172 Red-green clay 32 271073 131.1, —36.8 - - 100°, —35° Th 630-675 "
173 Red-green clay 4/3 201073 132.1, —43.8 4.9° 626.5 101.4°, —40° Th 640-660 "
174 Red-green clay 3/3 251073 1259, —41.2 9.4° 172.6 107°, —36° Th 630-675 "
175 Red-green clay 4/4 211073 126.8, —58.7 10.0° 85.2 116°, —50.3° Th 610-675 "
176 Red-green clay 4/3 241073 148.0, —57.6 13.1° 89.0 90.4°, —57° Th 670-680 "
177 Red-green clay 6/5 291073 143.5, —53.0 9.4° 143.5 93°, —51.3° Th 650-670 "
180 Red-green clay 5/5 5910° 154.0, —26.4 11.5° 449 72°, —35.4° Th 640-670 "
181 Red-green clay 4/4 441073 149.9, —26.6 13.1° 50.4 76.7°, —34.6° Th 630-675 "
182.1-2 Red clay 2/2 261073 155.9, —47.8 - - 74.6°, —50.4° Th 630-680 "
182.3-2 Red clay 2/2 141072 161.0, —32.6 - - 64.6°, —40.5° Th 630-680 "
182.3-1 Red clay 6/4 1.11072 163.8, —44.7 5.8° 247.8 63°, —49.4° Th 630-680 "
183 Red clay 6/3 22102 186.9, —33.4 3.9° 1022.4 31.6°, —42.4° Th 630-680 "
184 Red f. sand 4/4 151072 223.7, —20.0 9.6° 93.5 350.7°, —27.2° Th 630-680 "
185 Red clay 4/4 121072 2222, —-20.3 9.8° 88.9 352.2°, —27.8° Th 630-680 "
186 Red clay 3/1 431073 117.4, =223 - - 110°, —21.7° Th 665-670 "
187 Red clay 32 47103 226.1, —52.7 - - 337.1°, —47.7° Th 630-670 "
189 Red clay 2/1 781073 188.9, —4.0 - - 30.6°, —26.1° Th 640-680 "
188 Red clay 1/1 8810° 190.8, —32.4 - - 26.7°, —41.5° Th 650-680 "
190 (top) Red clay 1/1 3.01072 143.7, —16.5 - - 81.8°, —27.6° Th 650-680 "

Symbols: n/N=total samples/selected samples; J,: natural remanent magnetization intensity; ChRM: characteristic remanent magnetization; D, /:
declination, inclination after tilt correction; aos: semi-angle of confidence; k: Fisher’s precision parameter; VGP: virtual geomagnetic pole;
Demagn.: demagnetization range in mT (AF) or °C (thermal); GC: great circles. Tilt correction: strike follows the right-hand rule.

only the site mean directions which are clearly fully
normal or inverse in polarity (Fig. 2). The corresponding
palacomagnetic poles were then calculated from the VGP
data for the two different magnetisations (Table 3). For
component A the in situ palaco-south pole is located at:
Lon=55.4 °E, Lat=30.9 °N, 495=2.7°, N=575, and the
pole for the primary component B direction is situated at:
Lon=109.9 °E, Lat=28.3 °S, 495=3.8°, N=57.

6. Discussion
The most generally adopted APW path for Baltica in

Ediacaran to Early Ordovician times is that of Torsvik et
al. [1], Smethurst et al. [21] and Torsvik and Rehnstrom

[22]. However, as discussed by Meert et al. [23], Popov
etal. [2] and Khramov et al. [24], this sector of the APW
is based on a rather sparse dataset, some of which are of
questionable reliability. For Cryogenian—Early Edia-
caran times, this path is anchored by the well constrained
750 Ma palaeopoles situated in South Africa (present day
co-ordinates) and (Table 4) by the 650 Ma Egersund
palaeopoles located in Arabia. The Ediacaran sector on
the other hand, is defined by the approximately 580 Ma
Sredny, and Komagnes and Fen poles (given the new age
dates for the Fen complex in [23] which form essentially
two groups separated by some 70° of longitude located in
NW Russia. Due to the lack of palacomagnetic data, the
Cambrian sector was defined by interpolation between

Table 3

Mean directions and corresponding palacomagnetic poles of components A and B at Zolotica

Component Age Mean directions N %95 Plat (°) Plon (%) Aogs
Dec®, Inc®

A (in situ) E. Ordovician? 157.1, 68.0 575 1.9 31.0 55.4 2.7

B (bedding-corr.) Vendian 120.3, —31.7 57 3.9 —28.3 110 3.8

N=number of samples; Dec, Inc: declination, inclination; a95: semi-angle of confidence; k: Fisher’s precision parameter.
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Table 4
Other palacomagnetic poles mentioned in this study

Rock unit Age (Ma) Lat. N Long. E Aos Reference
(dp/dm)

Egersund Dykes 650  28.0 52.0 11.5 [35]

Egersund Dykes 650  22.0 51.0 14.0 [36]

Nyborg Fm. 653+7 243 88.5 17/25  [25]

Sredny Dyke 580  73.0 95.0 2.3 [32]

Komagnes Dyke 580  63.0 103.0 4.5 [32]

Fen Complex
Tornetrask Fm.

583+15 56.0 150.0 7/10 23]
545-530  56.0 116.0 12/15  [22]

the 580 Ma poles and the well defined Early Ordovician
pole situated in Arabia. More recent data from Early
Cambrian rocks of N Norway allow refinement with a
well constrained pole [22] which plots on the Early
Cambrian segment of the path proposed by Torsvik et
al. [1]. Given questions concerning age constraints for
the Komagnes and Sredny group of palacopoles, how-
ever, Torsvik and Rehnstrom [22] used the most recent
Fen complex data [23] to anchor the Ediacaran APW
path. Reliability of the Fen complex data themselves,
however, have also been questioned by the original
authors and subsequently by Popov et al. [2], with sug-
gestion that they represent a younger remagnetisation
event (taking the opposite polarity option).

In contrast, taking into consideration the data pre-
sented here and other poles which are either more
recently published or not taken into account by Tors-
vik and coauthors, there is an increasingly large data
set for Late Neoproterozoic to Cambrian times that fall

consistently away from this APW path. These data
include the (Table 4) 653 +7 Ma Nyborg pole [25],
the (Table 5) 589 Ma [26] Alng pole [27], the ap-
proximately 555 Ma poles from Zolotica and the
Winter Coast (this study and [2]) and Ukraine [3],
the Ediacaran Stappogiedde data [28], the 510 %20
Ma Scandinavian Caledonides (SC) pole [29] and the
Late Cambrian Narva River pole [24]. The Late Cryo-
genian Nyborg data, which are constrained by a pos-
itive fold test, were considered by the original authors
as primary in origin. However, the pole is very similar
to the Latest Cambrian SC pole (constrained by a
positive contact test) and the Narva River pole
(based only on 14 samples, but with a positive rever-
sal test), thus suggesting that the Nyborg data may
represent a pre-folding Cambrian overprint. The Late
Ediacaran poles from Alng, Zolotica, the Winter Coast
and Ukraine form a fairly well grouped cluster of
poles which are completely distinct from any possible
younger remagnetisation or combination of remagne-
tisations directions. Taking all the Late Neoproterozoic
poles into consideration (pole numbers 8 to 13; Table
5), a mean pole position for the Upper Ediacaran of
Lon=127.1°E, Lat=28.7%S, A4¢5=13.8°, N=6, is
obtained. This plots some considerable distance from
the Ediacaran Fen complex and Sredny/Komagnes
data. They are also supported by the less well con-
strained Late Ediacaran Upper Stappogiedde data of
Bylund [28] which consist of single-site derived VGPs
(triangles in Fig. 9).

Table 5

South palaeopoles from Baltica of Cryogenian (750 Ma) to Early Ordovician (480 Ma) ages used in Fig. 9

Rock unit/locality Lithology Age (Ma) Lat. N Long. E Aogs Reference
(dp/dm)

1. Sredny—Kildin Sediments 750 -30.0 16.0 6/12 [30]

2. Kola Peninsula Mean Pole Sediments 750 —28.6 17.2 7.5 [31]

3. Kildinskaya Fm. Sediments/dykes 750 —26.0 13.0 4/7 [32]

4. Vadse Group Sediments 750 —24.0 27.0 5/11 [33]

5. Stappogiedde Fm. (site 5) Sediments E. Ediacaran —16.0 39.0 7/15 [28]

6. Stappogiedde Fm. (site 6) Sediments E. Ediacaran —-1.0 78.0 6/11 [28]

7. Alne Complex Intrusives 589 -8.0 92.0 5/9 [27]

8. Zolotica 1 Sediments ~556 —32.0 113.0 2/3 [34]

9. Zolotica 2 Sediments ~556 —28.3 110.0 3.8 This study

10. Stappogiedde Fm. (site 9) Sediments L. Ediacaran —36.0 131.0 10/13 [28]

11. Winter Coast Sediments 555+3 —253 132.2 2/4 [2]

12. Rafalivka Volcanics/sediments 555+5 —36.0 153.0 3/4 [3]

13. Stappogiedde Fm. (site 7) Sediments L. Ediacaran —10.0 126.0 8/15 [28]

Upper Vendian (average) Sediments 550+£5 —28.7 127.1 13.8 This study

14. Scad. Caled. Intrus./metamorph. 510£20 31.0 86.0 11/15 [29]

15. River Narva 1 Sediments 500 22.0 86.7 4.5/6.5 [24]

16. River Narva 2 Sediments 480 18.0 54.6 6/8 [24]

17. Zolotica-comp. A Sediments E. Ordovician? 31.0 55.4 2.7 This study

Ags (dp/dm): confidence limits of the pole.
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Fig. 9. Baltica’s APW paths proposed by Torsvik et al. [1] (solid line) and in this paper (dashed line) for Cryogenian (~750 Ma) to Ordovician (~480
Ma) times. After 750 Ma, the palacopoles located over South Africa (p.d.c.) moved to the east until they reached Australia at ~555 Ma and remained
more or less in the same position until ~545 Ma (Ediacaran—Cambrian boundary). Subsequently they moved to the northwest until at ~480 Ma they
reached the Arabian Peninsula. Star = sample locality; squares = palacomagnetic poles; triangles = virtual geomagnetic poles (one sampling site).

Poles 1-17 = see Table 5.

Thus, given the new data presented here, and con-
sidering the questions concerning the age of the
Sredny, Komagnes and Fen data, there is now a fairly
compelling argument that the Late Ediacaran mean
pole presented here, should be used to anchor the
APW path of Baltica. Given the rather sparse data set
for the Neoprotoerozoic of Baltica as a whole, one of
the main problems in construction of the APW path is
which polarity option to choose for the poles. As the
data stand, it is not possible to determine whether the
normal or reverse option should be taken for the new
Late Ediacaran mean pole presented here (Fig. 10). The
path shown here has been constructed using the reverse
polarity option (C1), in agreement with the path pre-
sented by Popov et al. [2] According to this new APW
path for Baltica, the Zolotica sampling locality was
situated close to the equator from Cryogenian through
to the Early Late Ediacaran, moving gradually to the
south at a rate of ¢. 1 cm/yr. This was followed by a
sharp shift in the motion of the plate toward the north at
about 8 cm/yr until it positioned at low to intermediate
latitudes in the Late Ediacaran. Near the boundary with
the Cambrian, Baltica moved back to the south at
higher rates (c.13 cm/yr) and reached intermediate to
high southern latitudes in the Early Ordovician.

This is a very tentative APW path, constructed in
order to minimise large scale rotations of Baltica in

the Late Neoproterozoic. However, it is generally
accepted that Baltica remained in the southern hemi-
sphere in the Neoproterozoic and early Palaecozoic
which would clearly require inversion of the Late
Ediacaran poles and necessitates large scale rotations
of Baltica (C2, Fig. 10). In keeping with the southern
hemispherical position of Baltica and to avoid high
drift rates, Nawrocki et al. [3] chose the normal
polarity option for their Late Ediacaran data. Howev-
er, as described above, the drift rates implied by the
path shown here are not high (13 cm/yr at most with
Cl1, Fig. 10) and, furthermore, the normal polarity
option also brings into question the polarities of the
other Neoproterozoic poles for Baltica, and the sense
of the rotations which are required. These problems of
which poles should be inverted and the rotational
history of Baltica cannot be resolved until more ac-
curate and reliable palacomagnetic data are available,
and at this stage construction of a robust and unique
Neoproterozoic/Cambrian APW path for Baltica is not
possible.

7. Conclusions
High quality palacomagnetic data and radiometric

ages have been obtained from the Zolotica section.
The rocks yield an age of ~556 Ma. (U/Pb SHRIMP
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Fig. 10. Baltica’s latitudinal positions between the Cryogenian and the Early Ordovician, calculated with the poles in Table 5. Baltica moved from a
position near the Equator in the Cryogenian through to the Early Late Ediacaran toward the south at c¢.1 cm/yr. Subsequently, the plate shifted to the
north (C1) in our reverse polarity option moving at c. 8 cm/yr or alternatively (C2), to the south in the normal polarity option proposed in [3], and
positioned in low to intermediate latitudes. During the Early Cambrian, Baltica moved southward again at ¢.13 cm/yr until it situated in intermediate

to high southern latitudes in the Early Ordovician.

method) and two magnetic components were isolated.
Component A which is carried by magnetite yields a
palacopole situated at Long=55.4°E, Lat=30.9°N
Ag5=2.7°, N=575. Given that this plots directly on
the Early Ordovician pole for Baltica, this component
is considered to be secondary in character and possi-
bly Early Ordovician in age. Component B is carried
by haematite whose direction of magnetisation is fully
discordant with any expected younger magnetisation
directions for the Zolotica region and is interpreted as
representing the primary magnetisation acquired at or
soon after the deposition of the sediments in the Late
Ediacaran. The corresponding palacomagnetic pole is
located at Long=110°E, Lat=28.3°S, A¢5=3.8°,
N=57. These data are in good agreement with previ-
ously published coeval data from NW Russia and
Ukraine, thus supporting the APW paths presented
by Popov et al. [2] and Nawrocki et al. [3], depending
on the polarity option chosen, and are in marked
contrast to the more traditional path proposed by
Torsvik et al. [1], which these data clearly bring into
question.
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