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a b s t r a c t

High-resolution paleo- and rock magnetic studies were performed on a group of four sediment cores from
Laguna Potrok Aike (Santa Cruz, Argentina) representing the time period AD 1300–2000. The rock mag-
netic analyses show that the main magnetic mineral is (titano)magnetite with a concentration between
0.01 and 0.08%, and a grain size of 4–15 �m. This study is helpful in order to complete the paleosecular
variation (PSV) and paleointensity type curves for South America which do not have a detailed record
for the last millennium. The comparison with the study carried out for Lake El Trébol shows a very good
dited by: Keke Zhang.
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agreement, supporting that PSV records of south-western Argentina can be developed into a stratigraphic
correlation tool on a regional scale.

© 2010 Elsevier B.V. All rights reserved.
outhern Hemisphere

. Introduction

It is a well-known fact that the Earth’s magnetic field varies in
ntensity and direction during time. In particular, recent studies
rovide evidence for a possible imminent change of polarity or an
xcursion of the geomagnetic field (Hulot et al., 2002; Constable and
orte, 2006). For this reason, studying records of the last centuries

s of vital importance to explore the persistence of the observed
ecrease of the geomagnetic field. In order to produce accurate
lobal models of the geomagnetic field and its secular variation,
ata for PSV reconstruction should be evenly distributed and as
ide as possible across the Earth’s surface (Barraclough, 1991).
owever, experimental results from the Southern Hemisphere are

carce in comparison to those from the Northern Hemisphere. Dur-
ng the last decade we therefore have made an effort to reconstruct

he behaviour of the Holocene geomagnetic field by studying sedi-

ent records from a group of lakes from south-western Argentina
Gogorza et al., 1999, 2000a,b, 2002, 2004, 2006, 2008; Irurzun
t al., 2006, 2008, 2009). Nevertheless, our regional knowledge
nd understanding of the PSV during the last millennium is still

∗ Corresponding author. Tel.: +54 2293 439660; fax: +54 2293 439669.
E-mail address: cgogorza@exa.unicen.edu.ar (C.S.G. Gogorza).

031-9201/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.pepi.2010.10.011
not satisfying. Here, we report new results of PSV and paleointen-
sity records from Laguna Potrok Aike in an attempt to improve our
knowledge about the behaviour of the geomagnetic field in this
region for the last centuries.

2. Site description, sedimentology and chronology

Laguna Potrok Aike is a maar lake located in the Province of
Santa Cruz, Southern Patagonia (Argentina). Roughly 120 km west
of the city of Río Gallegos, and 80 km north of the Strait of Magel-
lan, it is situated in the Pali Aike Volcanic Field (51◦58′S 70◦23′W)
(Zolitschka et al., 2006).

The Laguna Potrok Aike, Santa Cruz, Argentina, reveals an
unprecedented continuous high resolution climatic record for the
steppe regions of southern Patagonia. Haberzettl et al. (2008) indi-
cate that seismic reflection studies in the Laguna Potrok Aike
revealed an erosional unconformity associated with a sub-aquatic
lake-level terrace at a water depth of 30 m. Radiocarbon-dated,
multi-proxy sediment studies of a piston core from this location
indicate that the sediment below this discontinuity has an age of

45 kyr BP (Oxygen Isotope Stage 3), and were deposited during an
interval of high lake level. Pollen, diatom assemblages and geo-
chemical sediment proxies of the sediment record from Laguna
Potrok Aike provide new data about the vegetation and climate his-
tory since 16,100 cal BP of the drylands in the Patagonian Steppe,

dx.doi.org/10.1016/j.pepi.2010.10.011
http://www.sciencedirect.com/science/journal/00319201
http://www.elsevier.com/locate/pepi
mailto:cgogorza@exa.unicen.edu.ar
dx.doi.org/10.1016/j.pepi.2010.10.011
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Fig. 1. Location of Laguna Potrok Aike with coring sites.

ome 80 km east of the Andes on the southernmost Argentinean
ainland (Wille et al., 2007). These data record increasing temper-

tures and decreasing moisture availability resulting in falling lake
evels in the steppe culminating in the lowest lake levels around
640 cal BP, between 6000 and 2300 cal BP cyclic seasonality fluctu-
tions in the steppe and the Andes and after 2300 cal BP the research
rea became increasingly humid and the Andean Forest underwent
hanges in floristic composition.

Haberzettl et al. (2005) detected (applying multi-proxy
pproach) rapid climatic changes before the turn of the first mil-
ennium followed by medieval droughts which are intersected by

oist and/or cold periods of varying durations and intensities. The
total inorganic carbon’ content suggests that during the late Middle
ges (ca. AD 1230–1410) the lake level was rather low representing
signal of the ‘Medieval Climate Anomaly’ in southeastern Patag-
nia. At the beginning of the ‘Little Ice Age’ the lake level rose
onsiderably staying on a high level during the whole period. Sub-
equently, the lake level lowered again in the course of the 20th
entury.

On the other hand, previous studies carried out at Laguna
otrok Aike by Haberzettl et al. (2005) reveal a continuous and
igh-resolution sedimentary record. The sediment sequence is
haracterized as minerogenic with only minor amounts of organic
arbon and biogenic silica but with varying contents of calcite. All
ores consist of brownish gray laminated silts with variations in the
hades of gray and brown (Haberzettl et al., 2005). Based on sed-
mentological characteristics core PTA05-17 was subdivided into
hree lithological units as indicated in Fig. 2. For paleomagnetic
tudies this core was chosen as the master core.

Forty-six gravity cores with lengths up to 49 cm were recovered
rom this lake during a field campaign in 2005 using an UWITEC
ajak corer. In this study a selection of four cores is analysed, three
ores (PTA05-11, PTA05-12 and PTA05-16) were collected from the
00 m deep central basin and one core (PTA05-17) from a slightly
hallower 90 m deep part (Fig. 1). After the cores were split length-
ise and described, they were stored in a cool room at 4 ◦C until

ub-sampling.
The correlation of the four cores is based on the results of high-
esolution logs of magnetic susceptibility and XRF-scanning data
ith 4 and 1 mm resolution, respectively. The chronology has been

ransferred to the cores used in this study based on the age/depth
odel that was determined for PTA02-4 (Haberzettl et al., 2005)
Planetary Interiors 184 (2011) 41–50

and in combination with the reference core PTA05-33 that was
primarily correlated to PTA02-4 (Kastner et al., 2010).

3. Methods

Magnetic measurements were made to characterize sediments
and to investigate their response to a variety of applied magnetic
fields. The response is mainly driven by the mineralogy as well as
concentration and grain-size distribution of magnetic carriers. The
procedure used for magnetic measurements was as follows:

1. Cores were sub-sampled continuously with cubic plastic boxes
(20 mm × 20 mm × 20 mm) that were pressed into the surface of
the open core face. A total of 69 samples were obtained from
the four cores investigated. It is important to take into account
that the samples were taken one next to another and that the
size of 20 mm represents about 30 years, then the different mag-
netic parameters that we plot, although they are represented by
a point, located in the centre of the sample, indeed are showing
average values for the corresponding interval.

2. Magnetic susceptibility was measured at low frequency
(klow at 470 Hz) and high frequency (khigh at 4700 Hz).
The difference between both measurements was used
to calculate the frequency dependent susceptibility
[F(%) = (klow − khigh) × 100/klow]. This parameter reflects the
presence of very fine (<0.03 �m for magnetite) ferrimagnetic
grains in the super-paramagnetic state (SP) of the sediment
record.

3. Stability of the magnetisation was analysed by alternating-field
(AF) demagnetisation. Samples were demagnetised successively
at peak fields of 2.5, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70 and
100 mT.

4. Acquisition of the anhysteretic remanent magnetisation
(ARM100 mT) was carried out with a direct field of 0.1 mT and an
alternating field between 2.5 and 100 mT. After acquisition, the
ARM was demagnetised stepwise using eleven successive steps
at 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80 and 100 mT.

5. Acquisition of isothermal remanent magnetisation (IRM) was
determined in growing steps until 1 T reaching the satura-
tion isothermal remanent magnetisation (SIRM) and in growing
steps back until cancelling the magnetic remanence. These mea-
surements were used to calculate the Sratio (IRM−300 mT/SIRM),
the “hard” IRM (HIRM = ((SIRM + IRM−300 mT)/2)/SIRM), and the
remanent coercivity field (BCR). SIRM was stepwise demagne-
tised using the same steps like for ARM.

6. Combined magnetic parameters were calculated (ARM100 mT/k
and ARM100 mT/SIRM). Also, and as a first estimate of relative
magnetic grain-size variations, the median destructive field of
the NRM (MDFNRM) was determined.

A Minispin spinner fluxgate magnetometer (Molspin Ltd.) was
used for the measurements of remanent magnetisation. Magnetic
susceptibility was measured using a Bartington MS2 Suscepti-
bilimeter, and an alternating field demagnetiser Molspin Ltd. was
used to separate components of magnetisation. A pulse magne-
tiser IM-10-30 (ASC Scientific) and alternating field demagnetiser
(Molspin Ltd.) with an ARM device were used for IRM and ARM
acquisition experiments, respectively.

4. Rock magnetic studies
The goal of analysis of rock magnetic parameters is to charac-
terize the magnetic properties of the sediments because estab-
lishment of paleomagnetic and paleointensity records requires
magnetic carriers with certain characteristics.
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the best way to assess such variations is the bilogarithmic plot of
k vs. SIRM (Fig. 6) which was calibrated according to Thompson
and Oldfield (1986). From this relationship, we estimate that the
concentration of ferrimagnetic minerals varies between 0.01% and
0.08%.

-6000

0

6000

12000

IR
M

 (
m

A
/m

)

ig. 2. Logs of lithology, susceptibility (k), F (%), intensity of natural remanent magn
sothermal remanent magnetisation (SIRM) for core PTA05-17 versus depth and tim

.1. Mineral-magnetic characteristics

Down-core plots of k, F, NRM intensity, ARM100 mT and SIRM
f the master core (PTA05-17) are shown in Fig. 2 along with the
ithology. Profiles of these parameters are comparable for all cores
cross the lake basin. They show changes in their pattern that could
e associated with lithological variations as displayed in Fig. 2.
his suggests that their behaviour is mostly influenced by changes
n concentration of magnetic minerals. Although the visible plant
ragments were excluded for these studies, the decrease in k at
he top and at the bottom of the record could be associated with
he presence of not completely excluded macro plant remains. The
bserved coherence of k with remanence parameters indicates that
here are no significant paramagnetic contributions along the core.
inally, the record of the F shows that SP materials are not impor-
ant.

k values vary between 23 and 110 × 10−5 SI, and ARM100 mT and
IRM oscillate between 0.05–0.45 A/m and 2–12 A/m, respectively.
hey show a slight increase from the bottom to approximately
05 mm – except for a peak observed at about 370 mm in NRM
nd ARM100 mT. NRM displays a pronounced high at 250 mm not
bserved in the rest of the records.

Fig. 3 shows the stepwise acquisition of isothermal remanence
n fields up to 1.0 T for samples of core PTA05-17. All cores display
imilar results documenting that about 90% of the SIRM is obtained
etween 150 and 200 mT. This indicates that low-coercivity min-
rals are the dominant magnetic carriers. Progressive removal
f SIRM by back-field demagnetisation indicates that BCR varies
etween 25 and 35 mT (Fig. 4) which agrees with the characteristic
verage value of pure magnetite between 8 and 60 mT according to
eters and Dekers (2003).

The Sratio and HIRM are interpreted to reflect the dominant
agnetic minerals and, in particular, to differentiate between soft
agnetite and hard hematite minerals (Anderson and Rippey,
988). Both range from 0.95 to 0.98 and from 0.008 to 0.025
Fig. 4), respectively, which suggest that magnetic mineralogy is
ominated by ferrimagnetic minerals and the contribution of anti-
erromagnetic minerals (hematite-type) is not significant (Oldfield,
991).
on (NRM), saturation anhysteretic remanent magnetisation (ARM100 mT), saturation

Thermal demagnetisation of acquired SIRM was carried out with
core PTA05-17. Some representative stepwise thermal demagneti-
sation curves are displayed in Fig. 5a. In general, two magnetic
phases are observed. Each phase is mainly discriminated from slope
changes in the curve of remanent magnetisation, hence unblock-
ing temperatures are determined. The unblocking temperatures
of the first phases vary slightly about 250 ◦C as shown in Fig. 5.
These changes of low temperature were also observed by Dankers
(1978) in (titano)-magnetite and maghemite. The unblocking tem-
perature of the second component is 580 ◦C, and the remanence
decreases linearly for all samples. The most important changes in
remanence are observed in this second magnetic phase, which can
be considered as the main magnetic phase, suggesting that the most
important magnetic mineral is magnetite.

If the magnetic mineral in sediments is dominated by magnetite,
10008006004002000-200-400
-12000

H (mT)

Fig. 3. IRM acquisition curves of samples from core PTA05-17.
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ig. 4. Down-core variation of selected rock magnetic properties from core PTA05
102 A/m) vs. time.

.2. Magnetic granulometry

ARM100 mT/k and ARM100 mT/SIRM imply changes in grain size,
igher ratios indicating a smaller grain size and a higher proportion
f single-domain (SD) grains. The latter concerns only remanent

agnetisations and is thus independent from paramagnetic and

iamagnetic components. This assumption has been questioned for
ultiphase assemblages (Anderson and Rippey, 1988) and, there-

ore, interpretation of mixed sedimentary mineral assemblages can
e difficult. This analysis is carried out for our samples because the
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ig. 5. Thermal demagnetisation curves of SIRM for samples from core PTA05-17.
ogs of S (unitless), HIRM (unitless), BCR (mT), ARM100 mT/SIRM (10−2), ARM100 mT/k

presence of one dominant magnetic mineral – but with varying con-
centrations – is suggested by the plot of k vs. SIRM (Fig. 6), which
results in a straight line and is also supported by results of thermal
demagnetisation of SIRM. These ratios (PTA05-17 in Fig. 5) show a
drastic increase, which implies an abrupt decrease of the magnetic
grain-size during the 15th century. This coincides with the presence
of macro plant remains in this section. The combination of low k
(Fig. 2) and high ratios of ARM100 mT/SIRM and ARM100 mT/k suggest
a notorious decrease in the magnetic grains. Moreover, these ratios

show the same pattern for most of the samples: rather constant
values (suggesting reasonable uniformity of the magnetic grain size
along the profile) or a slight increase (i.e. decrease in magnetic grain
size) since the beginning of 16th century.z

Fig. 6. k vs. SIRM for all samples in order to estimate concentration and grain size
according to Thompson and Oldfield (1986).
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ig. 7. Typical AF demagnetisation behaviour for sample 9 of core PTA05-17; samp
a). Zijderveld diagrams: open and closed symbols represent projections on the ver
If magnetic minerals are dominated by magnetite, k vs. SIRM
an be used to estimate the magnetic grain size (Thompson
nd Oldfield, 1986). Fig. 6 shows this variation for all samples
hich indicates that the magnetic grain size varies approximately

etween 4 and 15 �m.

Fig. 8. k and NRM logs for cores PTA05-11,
f core PTA05-12 and sample 13 of core PTA05-13. Normalised intensity decay plot
nd horizontal planes, respectively (b). MDFNRM vs. age (c).
5. Paleomagnetic studies

Representative examples of demagnetisation plots are docu-
mented in Fig. 7a. Most of the samples show no systematic change
in the direction of their remanent magnetisation during AF demag-

PTA05-12, PTA05-16 and PTA05-17.
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Fig. 9. Inclination and declination logs for cores PTA05-11, PTA05-12, PT

etisation. Only a few of them show a small viscous magnetisation,
hich could easily be removed by AF demagnetisation at 5 or 10 mT

Fig. 7b). Directions of the stable remanent magnetisation were
erived using principle component analysis (Kirschvink, 1980)
ith successive demagnetisation steps. In order to exclude the vis-

ous magnetisation, demagnetisation steps from 0 to 10 mT were
ot used for the vector analysis in those samples where viscous
agnetisation was evident. Since the cores were not drilled ori-

ntated relative to magnetic north, the D values for each core was
entred on the average declination.

The values of MDFNRM obtained from all samples vary between
0 and 36 mT except for a group of samples from the top with val-
es around 4 mT (for PTA05-17 in Fig. 7c). This corresponds to the
esults obtained for other Holocene lake sediments from these lat-
tudes (Gogorza et al., 1999, 2000a,b; Irurzun et al., 2006, 2008).

oreover, they are typical values expected for (titano)magnetites.
his corresponds to the basaltic composition of rocks in the catch-
ent area. The fact that slight differences between the MDFNRM

alues are due to grain size changes of magnetite particles is
onfirmed by rock magnetic investigations. However, the low
alues of MDFNRM observed for the top and in ARM100 mT/SIRM
nd ARM100 mT/k in a lesser extent are indicators of significant
ariations in magnetic grain size associated with dissolution of
agnetic particles. Dissolution of detritic magnetic minerals has

een observed in marine and lake sediments deposited during
arm periods due to the high content of organic matter. Dis-

olution tends to preferentially remove more fine-grained than
oarse-grained magnetic particles because of their higher surface
rea-to-volume ratios (Franke et al., 2004). These changes of mag-

etic parameters which attest that dissolution takes place, were
ssociated with the increase of human impact recorded for this
ake as described by Haberzettl et al. (2006). They point out that the
uman impact at Laguna Potrok Aike is recognizable since the end
f 19th century and that introduction of sheep altered the steppe
16 and PTA05-17 with stacked profile as an arithmetic average vs. time.

ecosystem distinctly (Hoppe, 1997 in Haberzettl et al., 2006). More-
over, eutrophication of the lake might have been intensified and
enhanced soil erosion occurred after the destruction of protecting
natural vegetation.

6. Analysis of palaeosecular variation

NRM values range from 3.7 to 45.6 mA/m and show comparable
variations between all cores and similar to those observed in the
concentration dependent parameter k (Fig. 8). The final inclination
and declination records for four cores and the stacked profile of
arithmetic averages are plotted versus time in Fig. 9. The stack-
ing removes spurious data exhibited by individual records and
enhances the signal-to-noise ratio. Hence, the stacked record is
often found to show fewer details than individual records (Creer
and Tucholka, 1982). In particular, the highly scattered data linked
to organic rich layers with low NRM, artefacts at the top or bottom
of some core sections and disturbed sections have been eliminated
for this discussion. Maximum angular deviations (MAD) according
to Kirschvink (1980) are mostly below 5◦, except for a few sam-
ples, indicating that magnetisation components are well defined.
Core PTA05-12 has an average inclination angle significantly lower
than the other cores, which suggests that it did not penetrate the
sediment perpendicular to the bedding plane. Trends in inclination
of all cores are similar, although the amplitude of certain features
varies from core to core. They show a slight decrease from bottom to
top with two broad maxima at about AD 1640 and 1840 and three
local minima at about AD 1500, 1700 and 1880, which suggest a
periodicity of about 200 years. Inclination data vary between −50◦
and −70◦, except for PTA05-12 with an inclination of −78.6◦. The
mean inclination oscillates around −64.4 ± 0.7◦. The expected axial
dipole field inclination for the site latitude at 51◦58′S is −68.6◦.

For declination, the record of PTA05-16 was not considered
because it shows an anomalous behaviour possibly connected with
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he extraction process. For the other three cores the declination is
airly defined. From bottom to top a broad maximum is observed
t about AD 1500–1520 in PTA05-12 and PTA05-17, this behaviour
s also reflected in the stacked profile, a smooth decreasing trend
ntil AD 1700. After that a broad maximum is observed between
D 1720 and 1800 and, finally, declination increased until AD 1880.
he relative declination varies between 23◦ and −21◦, except for
ne sample of PTA05-17 (−28◦). The similarity of directional sig-
als obtained from the four cores indicates that the depositional
rocesses that recorded these directional variations are consistent
long the profiles.

The Bauer diagrams (Bauer, 1895) corresponding to the record
f inclination and declination from Laguna Potrok Aike are shown
n Fig. 10. Although the dominant motion is anticlockwise there is
clockwise portion between AD 1780 and 1880. Closed and open

oops are observed. In particular, the two closed loops lasted ca.
00 years. The same tendency for successive loops was observed by
ogorza et al. (2000a,b) in the study of the SW Argentinean mas-

er curve. This process could be represented by the presence of a
avelength trend with a periodicity approaching the length of the

ime span of available data (Lund, 1996).

. Paleointensity studies

The rock magnetic studies confirm that the studied sediments
eet stringent criteria for the determination of relative paleointen-

ity (Tauxe, 1993), e.g. the variations in concentration and magnetic
rain size of magnetite are smaller than a factor of ten. However,
TA05-11 shows subtle to pronounced differences in concentra-

ion and magnetic grain size in comparison with the other three
ores (Figs. 6 and 8) and was therefore excluded for paleointensity
tudies. Diagenetically affected core sections also were excluded.
his implies that the top part which corresponds to the 20th cen-
ury was not taken into account for relative paleointensity studies.

ig. 11. NRM15 mT/ARM15 mT, NRM15 mT/SIRM15 mT and NRM15 mT/k records from cores PTA0
s. age.
Fig. 10. Bauer plot of average declination and inclination. Arrows indicate trajecto-
ries from old to young.

Finally, and in order to be cautious concerning variations of mag-
netic grain size, data older than 16th century were also discarded
because the behaviour of magnetic parameters would suggest a
distinctive change to lower values in grain size in this period.

In this study the normalised field intensity for each core and
for the selected sections were calculated by normalising NRM with
ARM, SIRM after a 15 mT AF treatment to remove viscous over-
prints, and k (Fig. 11). The three normalisation methods yield

profiles with broad similarities but differ in amplitude of peaks
and troughs. In particular, differences are observed at AD 1880,
1800 and 1600. These differences suggest that some paleoclimatic
influence remains in the relative paleointensity records. Linear
correlation supports previous results: NRM15 mT/ARM15 mT shows

5-11, PTA05-12 and PTA05-17 and the stacked profile after the arithmetical average
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ig. 12. Linear correlation of the three normalisation parameters (ARM15 mT, SIRM15

nd NRM15 mT/k).

low correlation with its normaliser (ARM15 mT) (R2 = 0.33), but
orrelation of NRM15 mT/SIRM15 mT and NRM15 mT/k with SIRM15 mT
nd k has quite different results with a R2 of 0.62 and 0.70,
espectively (Fig. 12). This analysis indicates that the parameter
RM15 mT is the appropriate normaliser for these sediments and

hat the NRM15 mT/ARM15 mT record is not affected by sedimento-
ogical factors but represents a true geomagnetic signal. This result
s consistent with previous grain size analyses.

. Discussion

.1. Inter-lake comparison in south-western Argentina
Declination and inclination records and their error interval, con-
idering the standard deviation, from Laguna Potrok Aike are shown
n Fig. 13 together with the topmost records from Lake El Trébol
41◦04′S 71◦29′W), SW Argentina (Irurzun et al., 2006); the two
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ig. 13. Comparison of inclination and declination records obtained from Laguna Potrok
sing the current International Geomagnetic Reference Field as adopted by IAGA.
k) and the three normalised remanences (NRM15 mT/ARM15 mT, NRM15 mT/SIRM15 mT

lakes are at a distance of about 1216 km from each other. Both
records are compared in order to test the reliability of our pale-
omagnetic record and to get a better understanding of the historic
PSV for Patagonia. Some major features – directional lows and highs
– have been labelled using the symbols “A-B-C” in inclination and
“b-c” in declination. The PSV record of Lake El Trébol was obtained
by stacking records from four cores, each about 11 m long, and the
age control was achieved by three accelerator mass spectrome-
ter (AMS) radiocarbon dates, which were converted into calendar
years using the calibration curves of Stuiver and Reimer (1993). On
the other hand, distinctive magnetic features of the El Trébol dec-
lination and inclination records, close to the dated levels (Fig. 9 in

Gogorza et al., 2002), were identified and correlated with similar
features of PSV from Lake Escondido (41◦S, 71◦30′W, Gogorza et al.,
2002). This three connecting points and four zones were defined.
Within each zone new tie points were determined (based on visual
inspection). Based on this correlation, a total of 44 tie points were
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ig. 14. Comparison of inclination and declination stacks obtained from Laguna
otrok Aike with Gufm1 and CALS3k.3 predictions. The standard deviations are
hown.

efined. Ages of the most distinctive declination peaks are trans-
erred to the Lake El Trébol record and inclination features were

atched.
The general agreement between the presented inclination and

he declination records is good, especially for the correlation of
nclination records, also confirming that the signal recorded in
hese sediments are of geomagnetic origin. Three inclination and
wo declination features are identified. The mean inclination of
aguna Potrok Aike is higher due to its location. Minor differences
f correlatable features are in the range of dating errors. Thus both
ecords can be considered as synchronous within the errors of dat-
ng (about ±80 years). The differences in amplitude could be caused
y smoothing effects due to different deposition rates and different
ediment grain sizes (Yang et al., 2009). Reasons for the observed
ifferences with topmost declination records are not immediately
t hand, although the influence of the coring process has to be
onsidered. Moreover, it is possible to note that the pronounced
ecreasing trend showed in the youngest part in the declination
ecord of Lake El Trébol (Gogorza et al., 2002) is the only notorious
hange observed along the record. For this reason, as was stated in
hat paper further work will be necessary to validate it.

.2. Comparison with models

The declination and inclination records from Laguna Potrok Aike
re plotted together with two geomagnetic models, the Gufm1 of
ackson et al. (2000) and the CALS3k.3 of Donadini et al. (2009)
Fig. 14). Concerning the inclination record, both models show the
ame decreasing trend to lower values of inclination to the present.
n particular, our data are in good agreement with the inclination
urve derived from the model CALS3k.3, except in the period AD
600–1700, in which the model predicts higher values of incli-
ations. On the other hand, significant differences are observed
etween the Gufm1 model and the results reported in this study,

lthough they show the same trend, the difference between the
odel and our data increase with age. This model seems to be

moothed and does not take into account regional characteris-
ics of the record. This could be due to the scarce number of data
hat exists for this region. The comparison between our and the
Fig. 15. Comparison of the normalised intensity record NRM15 mT/ARM15 mT from
Laguna Potrok Aike with Gufm1 and CALS3k.3 predictions. The standard deviations
are shown.

modelled declinations is limited to general trends because varia-
tions in our declination record are only relative. CALS3k.3 shows
an almost constant behaviour between AD 1660 and 1900, only a
broad maximum around AD 1550 is observed, whereas the Gufm1
model displays the same decreasing trend like our data, although it
does not show the broad maximum that we have noted at about AD
1760. In the same way as inclination profiles, the differences may
be caused by a smoothing effect of the models that do not take into
account regional characteristics of the records.

The Laguna Potrok Aike paleointensity record is compared with
model data of CALS3k.3 and Gufm1 (Fig. 15). In this case and
because our record is relative and normalised by its mean value,
the comparison is limited to general trends. Both models shows
the same decreasing trend than our data, although, it is neces-
sary to point out that none of the models predicts the centennial
changes recorded by the sediments of Laguna Potrok Aike. Similar
results were found by Hartmann et al. (2010) when they compare
their archeointensity determinations for the Bahia region (North-
east Brazil) with the existing historical and archeomagnetic global
field models.

It would be interesting to point out that the results reported
in this study are in good agreement with the intensity variation
curve derived from the models of Jackson et al. (2000) and CALS3k.3
of Donadini et al. (2009), although both models predict intensity

values too high with respect to our intensity data between 1700
AD and 1760 AD and too low in 1880 AD. More studies would be
necessary to elucidate these questions and to detect any effect that
might be related to non-dipolar sources.
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. Conclusions

. High-resolution secular variation curves of geomagnetic incli-
nation and declination recorded in the lacustrine sediment
from Laguna Potrok Aike for the period AD 1880 to 1480 were
obtained. The new PSV record can be used to assess the general
characteristics of geomagnetic field variability during the stud-
ied period and to complete the records obtained previously for
these latitudes.

. The NRM15 mT is carried by (titano)magnetite with a grain size of
4–15 �m while the mineral concentration varies between 0.01
and 0.08%.

. Analyses of the curvature of Bauer plots show that clockwise and
counter clockwise directions are present with a preponderance
of counter clockwise movements.

. The observed consistency of the PSV records from south-western
Argentina confirms, in a preliminary way, that PSV dating may
be valuable for historic data on a regional scale. From the com-
parison with available models it is obvious that more records
from the Southern Hemisphere have to be analysed.

. The relative paleointensity records obtained for Laguna Potrok
Aike show that ARM15 mT is the best normaliser for these sed-
iments. Our normalised intensity record (NRM15 mT/ARM15 mT)
documents a reasonable agreement with the models analysed.
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