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Detailed palaeomagnetic record at Rose Cottage
Cave, South Africa: Implications for the Holocene
geomagnetic field behaviour and chronostratigraphy
Palaeomagnetic data from a sedimentary section spanning the Holocene and terminal Pleistocene (~13 kya)
from Rose Cottage Cave, eastern Free State (South Africa), are reported. The palaeomagnetic analysis
took into account rock magnetism and directional analysis. The former reveals that most samples show
stable single domain and superparamagnetic particles of Ti-poor magnetite and haematite. Natural remanent
magnetisation directions were determined by progressive alternating field demagnetisation methodology.
Directional analysis shows normal directions between samples 18 to 39 and 85 to 92; however, during the
Early and Late Holocene in samples principally from RC40 to 84 ‘anomalous’ directions occurred. There is
a significant westward shift in declination of ~80°, and a conspicuous fluctuating inclination in the lower
part of the section during the Early Holocene at ≥9.5 kya and before ~12.0/13.0 kya. This palaeomagnetic
record might become a chronostratigraphical marker for latest Pleistocene/Holocene sedimentary deposits
in South Africa. Our two new accelerator mass spectrometry radiocarbon dates for the sampled deposit are
9500±50 BP and 1115±30 BP.
Significance
•

The study provides new accelerator mass spectrometry dates on the chronological sequence existing in
Rose Cottage Cave.

•

The findings contribute to the knowledge of the geomagnetic field behaviour since the terminal Pleistocene
to the Late Holocene in a period spanning the last 13 000/12 000 years.

•

This palaeomagnetic record might become a chronostratigraphical marker for the latest Pleistocene/
Holocene sedimentary deposits in South Africa.

Introduction
The primary goal of palaeomagnetism is retrieving past geomagnetic field (GMF) behaviour through time from
geological and archaeological remains. During their formation process, certain minerals lock in a record of the direction
and intensity of the GMF. In this way, rocks, sediments, and archaeological features and artefacts provide data on
earth and humankind’s evolution through changing geomagnetic field behaviours such as reversals, palaeosecular
variations and excursions.1,2 We briefly explain GMF, palaeosecular variations and excursions. One of the main features
of the geomagnetic field (over millions of years) is its alternation between periods of normal polarity, in which its
direction was similar to the present, and reverse polarities, with an opposite direction. Palaeosecular variations
measure small changes, in the order of decades to millennia, occurring slowly and progressively in the geomagnetic
field. The strength and direction of the total field vary as a result of changes in strength and direction of the dipole
and non-dipole components. The other significant feature is a geomagnetic excursion, that is a major deviation in the
geomagnetic field behaviour that does not result in reversal. Spanning centuries to millennia, an excursion is a striking
disturbance characterised by a significant change in the geomagnetic field with a variation orientation of ≥45° from
the previous pole, and it habitually involves declines in field strength of up to 20% of normal.3,4
The applications of palaeomagnetism can be useful for diverse issues in palaeosciences research, such as studies
of the evolution and history of the earth’s magnetic field, stratigraphy, age determinations, polar wander, and
tectonics.1-3,5-7 Particularly in South Africa, investigations of these topics have been of increasing interest since the
beginning of the1960s.8-13 Thus, with the aim of exploring GMF behaviour and its utility as a chronological tool, several
Late Pleistocene and Holocene South African deposits were sampled.14 Here we report the results obtained from Rose
Cottage (RC) Cave, situated on the Platberg at 1676 m asl, at a short distance from the town of Ladybrand, eastern
Free State (Figure 1).
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Sampling site, stratigraphy and chronology
Facing north, Rose Cottage (29°13´S, 27°28´E) is protected by a large boulder that encloses the front of the cave which is ~20 m long by ~10 m wide
(Figure 2a). Archaeological excavations were performed by B.D. Malan between 1943 and 1946, P.B. Beaumont in 1962, Harper between 1989 and 199315,16
and Lyn Wadley between 1987 and 199717 (Figure 2b,c). The site has been extensively dated over the years. The first radiocarbon date (Pta-1) from the
laboratory in Pretoria opened by John Vogel was from Rose Cottage Cave18, and many more dates from this laboratory were obtained for the site over the
next 30 years. Valladas19 later conducted thermoluminescence dating on Rose Cottage lithics and Woodborne and Vogel20 and Pienaar et al.21 sampled
the sediments for optically stimulated luminescence ages. Rose Cottage Cave has a long sequence of Middle Stone Age (MSA) to Late Stone Age (LSA)
occupations dating from close to 100 000 years ago (100 kya) to just a few hundred years ago. The cultural sequence includes pre-Howiesons Poort,
Howiesons Poort and post-Howiesons Poort (MSA) assemblages, a possible MSA/LSA transitional industry, and an LSA sequence containing Robberg,
Oakhurst, Wilton and post-classic Wilton industries, some with ceramics.17 The Robberg Industry is characterised by many ribbon-like blades (mostly
<26 mm in length) derived from small conical blade cores; the Oakhurst Industry mostly lacks blades and is flake and scraper oriented. The Oakhurst lithic
products are considerably larger than those elsewhere in the LSA sequence of Rose Cottage. The Wilton Industry is typified by microlithic backed tools,
mostly segments, but there are also elongated scrapers. The post-classic Wilton retains some backed tools, but is dominated by a variety of scraper forms.
For illustrations of the tool types, see previous detailed publications.22-24 The Rose Cottage sedimentary fill shows a deep (more than 4 m in places) and varied
stratigraphy that provides a complex sequence deposited between ~0.5 kya and about 90 kya.17(p.440, Fig.3),19 However, the section sampled for palaeomagnetic
research belongs to the last millennia of the Pleistocene and Holocene (Figure 2b,c).

a

b

c

d

Figure 2:

(a) Map of Rose Cottage Cave depicting the location of the palaeomagnetic study. (b) Lyn Wadley’s excavation at Rose Cottage. (c) Stratigraphic
section showing the layers sampled in this study. (d) Picture of palaeomagnetic sampling in the southern profile.
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coarse-grained elements, and rock fall from the cave’s roof. The orange
sand, and intercalated lenses and levels of grey and/or rubefied material,
testify to the presence of significant combustion phenomena, such as
fireplaces. The samples – labelled RC together with a number – were
vertically taken after carefully cleaning the section, then trying to follow
the apparently undisturbed layers suitable for our research. Despite this it
was difficult to attribute each sample precisely to the previously described
stratigraphy. Samples were taken from layers A to DB as follows: samples
RC1 to RC26 were generically from A and A2 corresponding to the
Late Holocene, and RC28 to RC80 from levels Pt, Ja, H, CM and DCM.
According to radiocarbon assays, they mainly belong to the Middle, Early
Holocene (8–9.5 kya), and probably the Pleistocene–Holocene transition
(~10.0/11.0 kya). Finally, the samples RC81 to RC92 came from the
terminal Pleistocene DB and DB2 greenish sands which were dated at
~13–12 kya. We did not collect sediment between samples RC48 and
RC49 at 74.0 cm and 79.0 cm depth, because sediments here were highly
compacted by rubefaction. The date of 1.1 kya was obtained next to RC13
and RC14, corresponding to layer A, and the 9.5 kya assay was obtained
close to RC44 and RC45, in the transition between the orange sand (layer
Ja) and a compacted orange–grey sand with hearths embedded (layer Ph).

Radiocarbon dates (Table 1) imply several hiatuses, preceded and
followed by pulses of intense occupation. The hiatus between ~2.2 kya
and 6.0 kya demonstrates a sedimentary unconformity spanning a great
portion of the middle and late Holocene. Another substantial hiatus occurs
between layers G and DB2, although in parts of the cave a gritty orange
wash dated ~15.7 kya separates the two layers.
Because of the dates and the relative densities of archaeological material,
Wadley17(p.440) suggested that some of the darker organic-rich layers (e.g.
Pt, H and DB) were slowly deposited during periods of gentle rainfall
as shallow lenses with considerable anthropogenic content, while the
underlying orange sands (e.g. CM to Ja and Wa1) accumulated rapidly
and with less anthropogenic material. The latter were primarily formed
through weathering or rock spalling of the sandstone roof and through
material washed into the cave by springs, occasionally activated during
protracted, heavy rains.25
To accurately contextualise all the palaeomagnetic results that will be
discussed below, two charcoal samples were collected and submitted
for accelerator mass spectrometry radiocarbon assays. The samples
were processed by the Poznań Radiocarbon Laboratory, Poland.
The new results obtained are given in Table 2. The date Poz-64224
(9500±50 BP) from layer Ja (the contents of which are attributed to the
Oakhurst Industry), is somewhat older than the two dates (8380±70
and 8160±70 BP) previously obtained for layer Ja. The new date
suggests that the entire Oakhurst sequence may be of greater antiquity
than was previously thought.
Table 1:

Uncalibrated radiocarbon dates from Rose Cottage Cave (from
Wadley17). The dates in bold belong to the layers sampled for
palaeomagnetic research.
Layer

Sample

Date

Ge

Pta-5592

31 300 ± 900

Dc

Pta- 5596

27 200 ± 350

J

Pta-6303

26 900 ± 550

Ru

Pta-6202

27 800 ± 1700

Ru

Pta-7126

27 700 ± 480

Ru

Pta-7184

28 800 ± 450

G

Pta-5598

20 600 ± 250

Wa1

Pta-6195

15 700 ± 40

DB2

Pta-5601

13 360 ± 150

DB

Pta-5593

12 690 ± 120

LB

Pta-7275

9560 ± 70

O

Pta-5599

9250 ± 70

H

Pta-5560

8614 ± 38

JaG

Pta-5600

8380 ± 70

Ja

Pta-7122

8160 ± 70

Pt (base)

Pta-6783

7630 ± 80

Pt (up)

Pta-5934

5970 ± 70

A2

Pta-7117

2240 ± 60

A

Pta-5622

680 ± 50

Mn

Pta-6788

500 ± 50

Table 2:

The cores were taken using 25-mm long and 20-mm diameter
cylindrical PVC plastic containers. The cylinders were carefully pushed
into the sediments, overlapping each other by about 50%. The sample’s
orientation was measured using a Brunton compass. Samples were
consolidated with sodium silicate once removed and they were numbered
from the top to the bottom. The depth of each sample is recorded in
Supplementary table 1. Seven samples were taken for rock magnetic
analysis nearby the location of palaeomagnetic samples.

Rock magnetic study
In previous work carried out by Herries and Latham11,12 on magnetic
properties in Rose Cottage Cave, they found that the frequency
dependence of magnetic susceptibility between unburned and burned
sediments was very small. They determined this using a susceptibilimeter
(Bartington) of two frequencies (460 Hz and 4600 Hz). In our studies we
used a Kappabridge AGICO of three frequencies (1000 Hz, 4000 Hz and
16 000 Hz) and we also measured the dependence of the susceptibility
at high (room temperature to near 700 °C) and low (room temperature
to near -190 °C) temperatures. This allowed us to better discriminate the
burnt sediments from the unburned ones.
In order to characterise the magnetic mineralogy, we took seven samples
catalogued as RC at respective depths of -16, -32, -46, -70, -85, -109
and -146 cm below surface. They were analysed with an AGICO MFK1FA by using the variation of susceptibility (k) with temperatures from
-190 °C to 700 °C, and the variation of susceptibility with applied fields
from 10 A/m to 700 A/m at 1000 Hz; 10 A/m to 350 A/m at 4000 Hz and
10 A/m to 200 A/m at 16 000 Hz.
The variation of initial magnetic susceptibility with frequency was used as
an indicator of superparamagnetic (SP) magnetite grains.26,27 It is indicated
as X fL_fH% = 100 x [(XfL – XfH)/ XfL], where fL is the low frequency and fH
the higher frequency. Frequencies are f1 = 1000 Hz, f2 = 4000 Hz and
f3 = 16 000 Hz. Another parameter we used was proposed by Hrouda27
as XR = (Xf1 – Xf2)/ (Xf2 – Xf3 ). According to Hrouda: ‘The advantage of
the XR parameter is that it is not affected by any mineral fraction being
frequency independent.’ It can be used to estimate the size of the
superparamagnetic grains, keeping in mind that its distribution follows
a lognormal distribution.28,29 According to this and the data shown in
Figure 3a, Hrouda’s27 calculations show an estimate of grain size diameter
for superparamagnetic particles in the range between between 39 nm and
11 nm (1 nm= 10-9 m). It is in agreement with the presence of very stable
single mains, higher than 30 nm at room temperature, which are good
magnetic remanence carriers.

New accelerator mass spectrometry uncalibrated dates taken
from the sampled section

Depth (cm below surface)

Sample

Date (years BP)

-20

Poz-64223

1115 ± 30

-56

Poz-64224

9500 ± 50

Palaeomagnetic research

Typical magnetic susceptibility versus temperature curves are depicted in
Figure 3b. It can be seen that there is a steady linear increase of susceptibility
from near -180 °C to 125 °C that could be related to unblocking of
superparamagnetic to single domain grains of Ti-poor magnetite and/or
maghemite. There is no evidence of Verwey transition near -155 °C, so
multidomain pure magnetite is absent in these samples. Heating curves

Sampling procedures
The palaeomagnetic samples (n=92) were taken from the fine sediments
of the southern profile exposed by Wadley’s excavations (Figure 2d).
The profile reveals fine sediments with interbedded thin lenses of ashes,
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of Ti-poor magnetite, together with haematite, which is compatible with
chemical processes during heating in situ of iron-bearing minerals.
The magnetisation of saturation in haematite is 100 times lower than in Tipoor magnetite. Therefore, the remanence recorded here is carried mainly
by Ti-poor magnetite grains. Only when the concentration of Ti-poor
magnetite is very low, can haematite be considered as a magnetic carrier.
In this case, magnetic measurements show that Ti-poor magnetite is the
main magnetic remanent carrier. Stable single domain grains are very
stable magnetic carriers, so these sediments are suitable for recording
ancient magnetic fields acquired during burning. Samples RC-109 and
RC-146 do not exhibit high superparamagnetic content, suggesting that
no burning events affected these sediments.

show a Ti-poor magnetite Curie temperature near 575 °C, and a Curie
temperature appropriate for haematite that perhaps formed as a byproduct
when the hearths heated nearby strata. Due to the low magnetisation
saturation of the haematite when compared with the Ti-poor magnetite
or maghemite, it does not contribute significantly to the final remanence
in these samples. Figure 3c depicts the low temperature susceptibility
measurements of all the samples. The slope is related to the stable single
domain/superparamagnetic transition because the blocking volume is
proportional to temperature,28,29 so when the temperature increases, more
magnetic grains go from stable single domain to superparamagnetic
and the susceptibility increases. Sample RC-70 shows the higher slope,
indicating a higher concentration of very fine superparamagnetic fraction;
this finding can be related to sediments that suffered burning or higher
combustion temperatures, or use of the site for a longer time. Samples
RC-16 to RC-85 exhibits a similar slope, while in RC-109 and RC-146 the
slope is very low, suggesting that these samples were not affected by a
combustion event. This is in agreement with the results of the frequency
dependence section, where a very fine superparamagnetic particle is
predicted due to a broad grain size distribution.

Remanence directions analysis and results
All samples were subjected to detailed stepwise alternating field
demagnetisation in progressive steps of 3, 6, 9, 12, 15, 20, 25, 30, 40
and 60 mT with a three-axis static degausser attached to a 2G cryogenic
magnetometer (755R). Additional steps of 80 mT and 100 mT were
used for some specimens. The RC samples showed a common pattern
with highly reliable magnetic behaviour. Most specimens had a gradual
decrease of magnetisation with almost all remanence erased at 25 mT
(RC2; Figure 4b), but mostly at 50 mT and 60 mT (RC1, 5, 8, 11, 15, 18,
24, 37, 54, 59, 61, 66, 75, 91; Figure 4a, c–l, n–o, q–s, v); 10% remains
at 30 mT (e.g. R44; Figure 4k), 40 mT (e.g. RC60; Figure 4p), while a
few indicate a drop at 80–100 mT (RC40, 47, 51, 83, 90; Figure 4j, l, m,
t–u). As seen in the previous section, these differences are related to the
magnetic carriers of the remanence.

a

Palaeomagnetic directions were determined by the ‘Remasoft 3.0
palaeomagnetic data browser and analyser’ computer program.
The characteristic remanent magnetisation directions were calculated
using principal components analysis. In most cases, the characteristic
remanent magnetisation trended towards the coordinate’s origin in the
Zijderweld30 diagrams (Figure 4). The RC samples display varied patterns
of behaviour in the vector diagram’s projection. Some exhibit univectorial
projections (RC1, 5, 24, 91; Figure 4a, c, h, v), while many have two
magnetic components with one decaying to the origin (RC2, 11, 18,
40, 47, 51, 59, 61; Figure 4b, e, g, j, l–m, o, q). A viscous secondary
component was easily removed in a number of specimens (RC2, 15, 40,
47, 51, 59, 66, 90; Figure 4b, f, j, l, m, o, r, u) between 3 mT and 12 mT
and was not considered further. In a few specimens (e.g. RC40; Figure 4j),
some scatter is observed when fitting the steps of demagnetisation to the
origin of coordinates, probably due to the minor haematite presence (as
recognised by rock magnetic experiments). Also, samples RC15, RC44
and RC90 do not go to the coordinates’ origin of the orthogonal diagrams,
but in these cases their harder component is similar to that obtained by
samples decaying to the origin (Figure 4f, k,u). There were also several
cores that recorded two geomagnetic field directions. As described
in Supplementary table 2, the secondary (‘soft’) component in five
samples recorded a normal position (e.g. RC11, 18; Figure 4e,g), but
also an ‘anomalous’ direction in two specimens (e.g. RC75; Figure 4s);
the ‘hard’ magnetisation is interpreted as an early remanence acquired
during formation of the sedimentary deposit (e.g. RC11; Figure 4e). Finally,
several cores recorded three magnetic components, one of which appears
to decay to the origin (e.g. RC83; Figure 4t).

Heating
Normalised susceptibility a.u.

b

Cooling

Temperature ˚C

Magnetic susceptibility a.u.

c

Many samples presented either a high (e.g. RC66; Figure 4r) or a low (e.g.
RC60; Figure 4p) negative, and positive (e.g. RC11, RC40; Figure 4e, j)
inclinations. Most specimens yielded a normal position (RC8, 15, 18, 90,
91; Figure 4d–e, u–v); a few samples showed northwesterly (RC2, RC15;
Figure 4b, f), northeasterly or easterly (RC47, 60, 83; Figure 4l, p, t)
directions, several of which had steep inclinations (RC60; Figure 4p).
‘Anomalous’ southward directions were found in various cores, mainly
in the lower portion (RC40; Figure 4j). The number and intervals of
the demagnetisation steps used to isolate the characteristic remanent
magnetisation are given in Supplementary table 1, which also depicts
the maximum angular deviations that generally have low values, ranging
from 0° to 5° (n=82, 89.13%), and from 5.1° to 10° (n=10, 10.87%).
This analysis shows that the RC samples mostly display normal, but
also intermediate and reverse magnetic remanence of low negative and

Temperature ˚C

Figure 3:

(a) Mass magnetic susceptibility and variation with frequency.
f1 =1000 Hz; f2=4000 Hz; f3= 16 000 Hz. (b) Thermomagnetic
susceptibility curve from approximately -190 °C to 700 °C for
sample RC-16; the behaviour of the other samples seems similar.
(c) Low temperature of magnetic susceptibility. The slope is
related with SP mean diameter.

In conclusion, the strata with burnt sediments as observed in samples RC16 to RC-85 show stable single domain and superparamagnetic particles
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Figure 4:

Vector components diagrams showing the behaviour of typical samples cleaned using alternating field progressive demagnetisation from Rose
Cottage Cave. The totality of the vector projection diagrams illustrated in the figures is directional data with corrected field. Blue and green symbols
correspond to projection on the horizontal and vertical planes, respectively.

positive inclination values. Figure 5 illustrates the stereographic projection
of characteristic remanent magnetisation for the RC sampling.

Figure 5:

The magnetograms of the declination and inclination profile (Figure 6)
exhibit wide amplitude fluctuations both in declination and inclination in
the upper and lower portions of the section. In the former, directions
vary widely with transitional positions gradually changing to normal from
samples 1 to 19. Despite directional variations, with the exception of
RC11, the inclination values are quite constant and normal directions with
little difference from the present geomagnetic field occur up to RC39. It is
noteworthy that there is a stable record with normal directions between
samples RC19 to RC39, and a highly fluctuating log from RC39 to RC61
which is depicted with pointed lines and marked with arrows. Samples
RC38 to RC41 show similar directions, but with a pronounced swing
of ~130° to a positive inclination in RC40. Between RC45 and RC54,
the samples exhibit similar inclination, but with varying directions, and
with a deviation of ~180° from the normal geomagnetic field. Between
samples RC53 and RC58, there is a strong swing both in declination
and inclination values with transitional normal-reverse-normal positions,
which in the latter are observed in samples between RC85 and RC92.
As seen in Figure 6, the resulting logs show an important difference of
~50–60° in inclination in the period ~≥9.5 kya.

Directional data with field correction of characteristic remanent
magnetisations of each sample for the section reported in this
paper. Negative inclination (open circle) and positive inclination
(solid circle).

Review Article
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After checking that the directional data from Rose Cottage were useful for
assessing a Fisherian distribution, the site mean directions were computed
(Figure 7).
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DECLINATION
0.13

180 225 270 315 360 45 90 135 180 90

observed in other places during the Pleistocene–Holocene transition and
Holocene.31,32 Virtual geomagnetic pole positions located in the abovementioned positions, mainly near the Americas and Australasia, attract
attention because they agree with the transitional longitudinal bands
registered in excursions and polarity transitions in different parts of the
world since the early Jurassic.33 Also they coincide with present-day zones
of fast seismic velocity at the core–mantle boundary.34

INCLINATION
45

0

-45

-90

9.5 kya

-12.7–
13.4 kya

1.46 m

Figure 6:

Stratigraphic plots of the declination and inclination profiles
from Rose Cottage Cave. The more conspicuous long direction
departures are depicted between dashed lines and pointed
with an arrow. The numbering of the samples in the declination
magnetogram is indicated every 10 specimens.

Additionally, the mean direction was calculated by segmenting the Rose
Cottage record according to the most frequent directional changes
observed in its upper, middle and lower portions (Supplementary table 3).
From this study, it is observed that Rose Cottage mean directions show
a consistent agreement; they are also located close to the International
Geomagnetic Reference Field direction (D=337.4°, I=-63.9°) for 2014,
the year in which the sampling was performed. However, a significant
difference is observed for the mean directions calculated in the upper and
lower portion of the section (Figure 7).

Figure 8:

Figure 7:

Site mean magnetisation directions for (1) RC, (2) RC #1–17,
(3) RC #18-39 and (4) RC #40–92. The International
Geomagnetic Reference Field direction is indicated by the square.

The virtual geomagnetic pole positions were calculated from the
aforementioned directions (Supplementary table 1, Figure 8a). When
plotted on a present world map, besides normal positions, virtual
geomagnetic pole positions show intermediate and reverse positions from
the rotation axis of the earth (Figure 8b). The virtual poles in the northern
hemisphere are located in North America, Greenland, and north, east and
southeastern Asia, and northern South America. Virtual geomagnetic pole
positions in the southern hemisphere are situated in Indonesia, South of
the Pacific Ocean, and west of southern Africa; those ones calculated
from secondary directions are located close to New Zealand. Surprisingly,
virtual geomagnetic pole position locations from Rose Cottage show a
remarkable agreement with those calculated from Klasies River Cave
1.14(Fig.8) Interestingly, as seen in Figure 8b–f, virtual geomagnetic pole
positions from Rose Cottage show consistency between the locations

Review Article
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(a) Stereographic projection of virtual geomagnetic poles
(VGPs) calculated from directions of characteristic remanent
magnetisations isolated in the Rose Cottage site. Solid circles
show those ones located in the northern hemisphere. The centre
of the projection is the Geographic Southern Pole. (b) VGPs
paths plotted on a world map for the RC section. The stars
show the VGPs calculated from the secondary direction of
RC75 and RC76. Examples of VGPs location from samples with
anomalous directions recorded during the Pleistocene–Holocene
transition and early Holocene in some sites from different places
of the world: (c) El Tingo (Ecuador), (d) Barrancas de Maipú
(Argentina) and (e) Mylodon Cave (Chile). (f) The totality of VGPs
from the locales illustrated in (b–e). Modified with permission
after Nami et al.55,56 and Nami60.

Discussion and conclusion
Palaeomagnetic data obtained in the fine-grained sediments from
a section at Rose Cottage have mostly shown normal directions,
especially between samples RC18 to RC39 and RC85 to RC92; however,
some samples, principally from RC40 to RC84, exhibit ‘anomalous’
southward directions where wide pulses occurred at different times
during the Early and Late Holocene. A significant westward shift in
declination of ~80° can be observed, and a conspicuous fluctuating
inclination in the lower part of the section during the Early Holocene at
≥9.5 kya, and after ~12.0/13.0 kya (Figure 6). The normal directions
correspond to the palaeosecular variations record for South Africa during
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the time span under consideration. Most oblique directions far from
the present geomagnetic field are located mainly in the lower portion
of the upper sediments. Such palaeomagnetic records may be due to
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of remanent magnetism that do not reflect the true geomagnetic field
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As noted above, the Rose Cottage sedimentary stratigraphy is the result
of episodic sedimentation37 registering a discontinuous record with gaps
of ≥3.8 ky between ~2.2 kya and 6.0 kya, that is, during the Late and
Middle Holocene. Despite discontinuities, the unstable directional logs
suggest some instability during certain periods of the Holocene. The Rose
Cottage oblique normal and oblique reverse samples exhibit several
palaeomagnetic consistencies such as their location in the northeast
quadrant of the stereoplot, something that also occurred at Klasies River
Cave(Fig.5), South Africa. Fluctuating logs were also reported at a similar
latitude to Rose Cottage in southern Brazil38, and northeastern Argentina,
some of them with positive inclination values32,39. In other places in the
southern hemisphere, low values, some with positive inclination, were
recorded during very recent times in the Late Holocene.31(Fig.9-10),32,40,41
However, due to the larger number of specimens, our main focus is
on the anomalous directions observed in the lower segment of the
magnetograms with a direct date of ~9.5 kya corresponding to the
Early Holocene. Hence, at this time the Rose Cottage record suggests
that swings with wide amplitude variations in declination alternated
between normal, intermediate and reverse positions. This suggests that
the geomagnetic field might have anomalous behaviour in South Africa
during the Pleistocene–Holocene transition and early Holocene. It is
significant to point out that the current paradigm in palaeomagnetic
research is that during this time, the geomagnetic field behaviour
was normal as it is now.42,43 However, since the 1970s, a number of
similarly aged records with anomalous directions were reported in
samples taken from diverse materials, and environments in different
parts of the world.31,32,44-56 Interestingly, samples from the Starnö core in
Sweden, dated by varved chronology to 10 127–10 153 BC or 12 077–
12 103 years BP, yielded virtual geomagnetic pole positions located in
northern South America.44(Fig.9),47(Fig.2) Of importance, as seen in Figure 8d,
almost all of the samples from the El Tingo site in Ecuador gave virtual
geomagnetic pole positions located in southern Africa.55 A list of welldated records of the possible excursion that occurred during the terminal
Pleistocene/Early Holocene is given by Nami and colleagues56(Table2).
The inclinations have the expected values during the time span under
consideration. Large amplitude swings in declination were recorded
in Scandinavia and northern Russia.57,58 A similar situation was also
registered in southernmost Patagonia at Potrok Aike lagoon; there the
palaeosecular variation record yielded logs of negative inclination values
with large amplitude variations in declination during the early Holocene at
~7-9 kybp.59 These large reverse pulses spanning short periods might
alternate with normal geomagnetic field directions that might mask or
cover up their existence in the palaeomagnetic record.
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