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S U M M A R Y 

During the Jurassic and Early Cretaceous, Earth’s magnetic field experienced a high frequency 

of polarity reversals. This hyperactivity period is followed by a ∼38 Myr prolonged period of 
stable normal polarity from the Aptian until the Santonian, known as the Cretaceous Normal 
Superchron (CNS; chron C34n, from 121.4 to 83.65 Ma). Ho wever , the CNS might have been 

characterized by more variability than previously thought, but the current database is uneven 

in its spatial and temporal distribution. In this study, we integrate paleomagnetic and biostrati- 
graphic data from the SER-03 sedimentary core, drilled onshore in the Sergipe-Alagoas Basin, 
NE Brazilian margin, South Atlantic Ocean. The 183-m cored interval spans 5.2 Myr (114.7–
109.5 Ma), including the Aptian–Albian transition. It records the evolution from restricted 

marine settings to the complete opening of the South Atlantic Ocean. Magnetic remanence 
and rock magnetic parameters, such as magnetic susceptibility, anhysteretic remanent mag- 
netization and isothermal remanent magnetization, were measured. Rock magnetic analyses 
indicated that primary magnetizations were preserved throughout the interval, with detrital 
magnetite identified as the primary magnetic carrier, predominantly in the pseudo-single do- 
main and low-coercivity states. Normalizations by χ , ARM 15mT and IRM 15mT were used to 

determine relative paleointensity curves and were compared to the curve resulting from the 
pseudo-Thellier method. The SER-03 relative paleointensity record shows marked changes in 

both intensity and inclination. Inclination instability results are comparable with those found 

in volcanic rocks from surrounding the region. The high-resolution SER-03 magnetic record 

revealed that the field variability was higher than expected during the CNS, but remaining 

substantially lower than during other periods, such as the late Jurassic. The new SER-03 can 

serve as a dating and correlation tool for coe v al records. 

Key words: Magnetic mineralogy and petrology; Magnetostratigraphy; Palaeomagnetic sec- 
ular variation. 
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1  I N T RO D U C T I O N  

Geomagnetic observatories and satellites have been the primary 
sources of Earth’s magnetic field data (e.g. Whaler & Holme 2011 ). 
These direct measurements enable the observation of a rapid de- 
crease in the geomagnetic field intensity (Hulot et al. 2002 ; Pav ón- 
Carrasco & De Santis 2016 ; Brown et al. 2018 ) and the investigation 
of Earth’s interior dynamics and its evolution over time and space 
(e.g. Aubert et al. 2010 ), primarily through numerical simulations 
(e.g. Glatzmaier & Roberts 1995 ; Lhuillier & Gilder 2013 ; Aubert 
& Finlay 2019 ). During the geological past, Earth’s magnetic field 
variations are investigated through indirect measurements from ge- 
olo gical archi ves (e.g. GEOMAGIA50 data set, Brown et al. 2015a ; 
MagIC database, https://earthref.org/MagIC/; or Latin-American 
Paleomagnetic Online Database (LAPOD), Rodr ́ıguez-Trejo et al. 
2024 ), displaying a sequence of magnetic polarity reversals which 
are intrinsic characteristics of the geodynamo, influenced by long- 
term changes in core heat flow and heat flux patterns across the core–
mantle boundary (Glatzmaier et al. 1999 ). In general, directional 
and relative paleointensity data extracted from continuous sedimen- 
tary archives significantly contribute to our comprehension of past 
geomagnetic field variations (e.g. Meynadier et al. 1992 ; Guyodo & 

Valet 1999 ; Brown et al. 2015a , b ). Nev ertheless, v ery few studies 
provide an uninterrupted record of field changes for time inter- 
vals older than 2.0 Ma (e.g. Donadini et al. 2009 ; Cromwell et al. 
2018 ; Panovska et al. 2019 ; Valet et al. 2020 ) and none of these 
records is in the Southern Hemisphere. Such biased and incomplete 
data set results in our poor understanding of, for instance, geo- 
dynamo processes within Earth’s interior responsible for polarity 
changes. 

Here, to fill this gap, we focus on the he Aptian–Albian interval in 
the Early Cretaceous. This period is characterized by notable paleo- 
climatic, palaeoceano graphic and paleo geo graphic transformations 
(e.g. Leckie et al. 2002 ; Huber & Leckie 2011 ; Huber et al. 2011 ), 
alongside a stable normal polarity of the Earth’s magnetic field, 
referred to as the Cretaceous Normal Polarity Superchron or Cre- 
taceous Normal Superchron (CNS). This interval is also informally 
designated as the Cretaceous quiet zone, as observed in ocean-floor 
magnetic anomaly profiles by Helsley & Steiner ( 1968 ). The CNS 

has been investigated using paleomagnetic methods worldwide (e.g. 
Cronin et al. 2001 ; Di Chiara et al. 2021 ; Zhang et al. 2021 ; Liu 
et al. 2024 ) and it corresponds to an extended normal polarity 
Chron, C34n, spanning from 121.4 to 83.6 Myr ( ∼38.0 Myr, e.g. 
Gradstein et al. 2020 ; Olierook et al. 2020 ). Essentially, the CNS 

is an anomalously prolonged period of stable magnetic conditions. 
Hence, it serves as a valuable tool for understanding Earth’s geody- 
namo processes, with its stability attributed to the thermal effects 
of mantle activity in the outer core (e.g. Helsley & Steiner 1968 ; 
McFadden & Merril 1984 ; Aubert et al. 2010 ; Biggin et al. 2012 , 
2015 ; Bono et al. 2019 ). 

Before the onset of the CNS, the Jurassic period was charac- 
terized by high-rates of polarity reversals (Jurassic hyperactivity 
period, e.g. Franco et al. 2019 ; Kulakov et al. 2019 ). Ho wever , the 
debate persists regarding variations in geomagnetic field intensities 
throughout the CNS (e.g. Tarduno 1990 ; Cronin et al. 2001 ; Granot 
et al. 2012 ; Di Chiara et al. 2021 ). One point of contention arises 
from magnetic anomalies data (Granot et al. 2012 ). Deep-tow mag- 
netic profiles in the Central Atlantic Ocean suggest the presence of 
two anomalous periods within the CNS with higher intensity values 
around 108 Ma and lower values around 92.0 Ma. Ho wever , these 
anomalies are not consistently identified in other volcanic or sed- 
imentary records (e.g. Tarduno 1990 ; Cronin et al. 2001 ; Granot 
et al. 2012 ). Hence, new detailed paleomagnetic studies of sedi- 
mentary sequences from South America would contribute toward 
the possible identification of such anomalies and their understand- 
ing, offering valuable insights into this issue. 

In this study, we provide high-resolution magnetic and paleoen- 
vironmental records across the Aptian-Albian transition from core 
SER-03, drilled in the onshore segment of the Sergipe-Alagoas 
Basin, nor theaster n Brazil, wester n tropical South Atlantic Ocean 
(Fauth et al. 2021 ). This interval within the basin is records (in 
the Riachuelo Formation) the evolution from restricted marine se- 
quences to the complete opening of the South Atlantic Ocean. 
Moreover, the area holds economic rele v ance due to its substan- 
tial contributions to oil and gas production (Koutsoukos, Mello 
& Azambuja and Filho 1991a ; Koutsoukos et al. 1991b ; Mello 
& Katz 2000 ). This contribution is based on previous research 
on the SER-03 core that demonstrated stable geomagnetic direc- 
tions after alternating field (AF) demagnetization (Fauth et al. 2021 ; 
2022 ). 

The new directional and relative paleointensity records at core 
SER-03 are integrated with previous biostratigraphic and cy- 
clostratigraphic studies, which indicate ages ranging from 109.5 
to 114.7 Ma (Fauth et al. 2022 ), thus providing the opportunity to 
explore the behaviour of the geomagnetic field during the CNS and 
serving as a correlation tool for coe v al basins. 

2  G E O L O G I C A L  S E T T I N G  

The Sergipe-Alagoas Basin is well-known for its economic rele- 
vance in oil and gas production and hosts the most expanded ma- 
rine Cretaceous sequence among the South Atlantic basins (Fig. 1 a; 
Fauth et al. 2021 ). Core SER-03 (10 ◦46 ′ 51.03” S, 37 ◦14 ′ 53.95” W) 
was drilled in the onshore portion of the Sergipe-Alagoas Basin, 
near the town of Laranjeiras (Figs 1 a and b). The core spans a total 
length of 200.1 m and achieved a recovery rate of 87.7 per cent 
(Fig. 1 c; Fauth et al. 2021 ). 

The continuous record from restricted marine conditions in the 
Early Cretaceous to open marine conditions in the late Aptian within 
the Riachuelo Formation, attributed to the Gondwana breakup 
(Fauth et al. 2021 , 2022 ; Luft-Souza et al. 2022 ), marks the on- 
set of the drift phase of tectono-sedimentary evolution. In Sergipe- 
Alagoas Basin, this phase comprises a 2800 m thick sedimentary 
package within the Sergipe Group, subdivided into the Angico, 
Maruim and Taquari interfingered members. It is mainly charac- 
terized by mixed calcareous and siliciclastic sediments deposited 
in a shelf environment, with an age range spanning the Aptian–
Albian interval, based on ammonite, planktonic foraminifers and 
calcareous nannofossil biostratigraphy (Schaller 1969 ; Bengtson 
1983 ; Koutsoukos et al. 1991a , b ; Feij ó 1994 , 1996 ; Bengtson et al. 
2018 ; Fauth et al. 2021 , 2022 ; Luft-Souza et al. 2022 ). 

The Angico Member represents fan delta deposits composed of 
mixed calcareous-siliciclastic sediments, predominantly deposited 
on the basin’s margin and on lowered blocks. The Maruim Member 
consists of grainstones and oolitic/oncolitic packstones deposited 
on a carbonate platform, indicative of areas with reduced input of 
sedimentary terrigenous sediments. The Taquari Member recorded 
lagoonal environments on the outer shelf, characterized by the depo- 
sition of mudstones and wackestones (Schaller 1969 ; Cainelli et al. 
1987 ; Campos Neto et al. 2007 ). Core SER-03 spans the Angico 
Member and is primarily composed of fine-grained sedimentary 
rocks such as shales, marls and packstones. Intermittent layers of 
dark grey shales occur (Fauth et al. 2021 , 2022 ). 

https://earthref.org/MagIC/;
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Figure 1. (a) Aptian–Albian paleo geo g raphic reconstr uction indicating the location of core SER-03 (red dot) ∼113 Ma. Paleo geo graphic map generated with 
the ODSN softw are av ailable at http://www.odsn.de/odsn/services/paleomap/paleomap.html . (b) Present-day position of Sergipe-Alagoas Basin. (c) Present-day 
position of the SER-03 core in Sergipe-Alagoas Basin. (d) Paleomagnetic, biostratigraphic and sedimentolo gical frame work of core SER-03 (Fauth et al. 2021 , 
2022 ). Planktonic foraminiferal (PF-Zone), calcareous nannofossil (N-Zone) biozones, absolute ages and sedimentation rates are from Fauth et al. ( 2022 ). 
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In Fauth et al. ( 2021 ), two lithostratigraphic units were identified.
nit I spans the interval between 198 and 95.3 m and is primarily

haracterized by thick intercalated layers of dark grey shale and
ight grey marl. Within Unit I, two intervals exhibit dark grey shale
t depths of 184.3–183.3 m and 153.0–151.5 m. Unit II is present
n the interval between 95.3 and 5.8 m and consists mainly of thick
ntercalated layers of medium-light grey mudstone and medium-
ight grey shale (95.3–15.6 m), followed by light greyish-brown
laystone (12.5–5.8 m). Additionally, fine- to medium-grained sand-
tones, forming millimetre- to centimetre-thick layers, are observed
t specific depths ranging from 55.2 to 25.7 m. 

 A G E  M O D E L  

he base of the Albian and, therefore, the Aptian –Albian bound-
ry ( ∼113.0 Ma; Gradstein et al. 2020 ; Leandro et al. 2022 ) at
ore SER-03 is identified by the first occurrence of the plank-
onic foraminifera Microhedbergella renilaevis at 171.55 m (Fig. 1 ;
ennedy et al. 2017 ; Fauth et al. 2022 ; Leandro et al. 2022 ). Within

he Albian, the first occurrence of Ticinella primula at 117.51 m was
lso considered a robust bioevent by Fauth et al. ( 2022 ). Planktonic
oraminiferal, and calcareous nannofossil bioevents across the en-
ire marine sedimentary succession were additionally constrained
 y astrochronolo gy conducted b y Fauth et al. ( 2022 ), which used 11
ie points to tune a 5 cm resolution natural gamma-ray series to the
table long eccentricity cycle (405 kyr) (Fig. 1 d). This age model is
ntegrated here with high-resolution paleomagnetic records span-
ing the interval between ∼114.7 and 109.5 Ma, falling within
agnetochron C34n. The independently estimated ages for bios-

ratigraphic markers align within one long eccentricity cycle with
revious estimates (Gradstein et al. 2020 ), over a ∼5.2 Myr interval
Fauth et al. 2022 ). 

 M AT E R I A L S  A N D  M E T H O D S  

ll measurements were conducted at the Laborat ório de Paleomag-
etismo e Geomagnetismo (USPMag) at the Universidade de S ˜ ao
aulo (USP). A total of 384 cubic samples ( ∼8 cm 

3 ) were collected
or paleomagnetic and rock magnetic analyses (mass normalized)
rom depths ranging from 15.88 to 198.47 m, approximately 183 m,
xcluding the top 15 m of the core, which consists of brown uncon-
olidated soil and weathered rock. 

Initially, all samples were measured for magnetic susceptibility
 χ ) using the AGICO MFK1-FA multifunction Kappabridge (Dear-
ng et al. 1996 ; Chadima & Hrouda 2007 ; Hrouda & Pokorn ý 2012 )
t two operating frequencies (low frequency, χ lf , 976 Hz and high
requency, χ hf , 15 616 Hz) in a magnetic field of 200 Am 

−1 . 

art/ggae432_f1.eps
http://www.odsn.de/odsn/services/paleomap/paleomap.html
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Natural remanent magnetization (NRM) of all samples was step- 
wise AF demagnetized with peak fields up to 100 mT, at 17 field 
steps: NRM, 2, 4, 7, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 
90 and 100 mT. Anhysteretic remanent magnetization (ARM) was 
induced using 100 mT in direct current, with a bias field of 0.05 mT, 
and subsequently demagnetized by applying the same AF treatment. 
The ARM 100mT is used to infer the concentration of low-coercivity 
magnetic minerals (Kodama 2012 ). 

Characteristic remanent magnetization (ChRM) directions were 
determined by interpreting vector end-point demagnetization di- 
ag rams (Zijder veld 1967 ). Magnetic components were calcu- 
lated using principal component analysis (Kirschvink 1980 ). This 
method analyses the best-fitting straight line with maximum an- 
gular deviation (MAD) of < 15 ◦. The analysis was conducted us- 
ing the Remasoft 3.0 paleomagnetic software package (Chadima 
& Hrouda 2007 ). Since core SER-03 lacked azimuthal orienta- 
tion, we relied on the inclination record to determine geomagnetic 
polarities. 

Isothermal remanent magnetization (IRM) was measured by ap- 
plying a field of 1 T (saturation isothermal remanent magnetization, 
SIRM, or IRM 1000mT ) in a 2G Enterprises Pulse Magnetizer at USP- 
Mag, followed by a back field of 100 and 300 mT, and then subjected 
to AF demagnetization following the same afore mentioned steps. 
All AF demagnetization procedures for NRM, ARM and IRM re- 
manences routines were conducted on 369 samples using a 2G En- 
terprises cryogenic magnetometer (model u-channel 755R) housed 
in a magnetically shielded room. 

SIRM is used to identify down-core variations in the mag- 
netic mineralogy of sediments in terms of relative amount of low- 
coercivity ferromagnetic minerals, that is magnetite, compared to 
high-coercivity antiferromagnetic minerals, that is hematite (Ko- 
dama 2012 ; Liu et al. 2012 ). Also, from the IRM data, the S-ratio 
(S 300mT = [IRM -300mT /IRM 1000mT ]) and ‘hard’ isothermal remanent 
magnetization (HIRM = [IRM 1000mT + IRM -300mT] /2) were calcu- 
lated. These parameters indicate the relative concentration of low- 
versus high-coercivity minerals and reflect the magnetic signal from 

high-coercivity antiferromagnetic minerals (Thompson & Oldfield 
1986 ; Kodama 2012 ; Liu et al. 2012 ). Regarding using the ratio 
ARM 100mT /SIRM, samples containing a large fraction of single do- 
main (SD)-pseud-single domain (PSD) particles will have a higher 
ARM/SIRM ratio (Tauxe 1993 ; Kodama 2012 ). Finally, SIRM/ χ lf , 
is used for estimating grain-size variations (Tauxe 1993 ; Kodama 
2012 ). 

Hysteresis loops and back-field demagnetization were con- 
ducted to obtain parameters including saturation remanence ( M r ), 
saturation magnetization ( M s ), coercive force ( H c ), and coer- 
civity remanence ( H cr ). The ratios of M r / M s and H cr / H c are 
useful in discriminating domain state and magnetic grain size 
(Day et al. 1977 ). These high-field measurements were exe- 
cuted using a variable field translation balance in a Vibrating 
Sample Magnetometer Micromag 3900 by Princeton–Lakeshore 
Cryotronics. 

Magnetic susceptibility ( χ ) versus temperature (themormag- 
netic) curves were obtained using a Kappabridge KLY-4S cou- 
pled with a CS3 furnace (Chadima & Hrouda 2007 ), by heat- 
ing and cooling from room temperature up to 700 ◦ C. ARM ac- 
quisition curves were analysed using the curve-fitting software 
MAX UnMix (e.g. Maxbauer et al. 2016 ). This method can de- 
termine mean coercivity ( B h ), a dispersion parameter (DP), and a 
skewness factor (S). Additionally, ARM 100 mT values can be cor- 
related with the concentration of SD and PSD or vortex grains 
(Roberts et al. 2017 ). 
The relative paleointensity (RPI) variability was estimated by nor- 
malizing the NRM to susceptibility, ARM, and SIRM (e.g. Tauxe 
1993 ; Lund et al. 2017 ). Although the results with χ , ARM and 
SIRM as normalizers produce almost identical patterns, we prefer 
to use ARM as the RPI proxy because it is more sensitive to the 
finest grains. Additionally, we applied the pseudo-Thellier method 
(Tauxe et al. 1995 ; Paterson et al. 2016 ), a non-heating paleoin- 
tensity method used to explore magnetic field intensity variation 
recorded by thermally sensitive materials of both terrestrial and ex- 
traterrestrial origin. In this method, an alternating field is used to 
demagnetize the NRM’s specimen and replace it with a laboratory- 
induced ARM (as an analogue of a thermoremanent magnetization). 
The pseudo-Thellier method serves as a normalization and has been 
widely used in sediment cores (Tauxe et al. 1995 ; de Groot et al. 
2013 ; Paterson et al. 2016 ). Ho wever , some parameters were slightly 
relaxed from Paterson et al. ( 2016 ) due to the very rigorous metrics 
used in their criteria (Bono et al. 2019 ; Shcherbakova et al. 2020 ). 
All samples used in this work are approved by the following param- 
eters of Paterson et al. ( 2016 ): MAD ≤ 10 ◦, n ≥ 6, f ≥ 0.45, β ≤ 0.1. 
The rest of the parameters related to the linear fit of the data ( r 2 , | k | ,
f resid , α, and | bAA | ) were relaxed because our values are close to the 
acceptable values reported by Shcherbakova et al. ( 2020 ). All data is 
reported in Appendix A1. Classical normalizations by χ , ARM 15mT 

and IRM 15mT were used to determine relative paleointensity curves 
and were compared to the curve resulting from the pseudo-Thellier 
method. 

5  R E S U LT S  

5.1 Magnetic mineralogy and grain size 

χ lf values ranged from 1.83 × 10 −8 to 1.30 × 10 −7 m 

3 kg −1 , 
with a mean of 8.41 × 10 −8 m 

3 kg −1 . These values exhib- 
ited amplitude changes throughout the core. χ hf varied be- 
tween 1.27 × 10 −7 and 1.82 × 10 −8 m 

3 kg −1 , with a mean of 
8.18 × 10 −8 m 

3 kg −1 (Fig. 2 a), consistent with observations of χ lf . 
The intensity of magnetization (NRM) ranged from 9.49 × 10 −8 

to 2.49 × 10 −9 Am 

2 kg −1 , with a mean of 2.68 × 10 −8 Am 

2 kg −1 

(Fig. 2 b). 
ARM 100mT ranged from 3.31 × 10 −8 to 2.82 × 10 −7 Am 

2 kg −1 , 
with a mean of 1.44 × 10 −7 Am 

2 kg −1 (Fig. 2 c). Intensity os- 
cillations throughout the top half of the core exhibited more 
variability, while the middle and basal parts showed a well- 
marked ne gativ e peak at 113.70 Ma (177.08 m) and a posi- 
tive peak at 113.9 Ma (180.15 m), with more regular behaviour. 
The SIRM behaviour resembled that of ARM 100mT ranging from 

8.81 × 10 −7 to 1.37 × 10 −5 Am 

2 kg −1 , with a mean of 4.89 × 10 −6 

Am 

2 kg −1 (Fig. 2 d). Although the ne gativ e and positiv e peaks in 
the older part had shorter amplitudes at 113.74 Ma (177.66 m) and 
113.89 Ma (180.15 m), respecti vel y, HIRM behaviour resembled 
that of SIRM, ranging from 7.97 × 10 −7 to 1.16 × 10 −5 Am 

2 kg −1 

(Fig. 2 e). 
The S-Ratio remains remarkably constant, ranging from 0.34 to 

1, with 85 per cent of the samples falling within the range of 0.79–
0.89. Two peaks at a value of 1 are observed at 110.56 Ma (77. 
29 m) and 113.70 Ma (177.08 m) (Fig. 2 f). The ARM 100 mT /SIRM 

ratio ranged from 1.44 × 10 −2 to 4.8 × 10 −2 , with a mean of 
3.16 × 10 −2 (Fig. 2 g). Oscillations follow along the core and in- 
crease in amplitude until approximately 112.0 Ma (around 118 m). 
Values continue to oscillate with a slight decrease in depth, but the 
oldest v alues ne ver fall below 2.60 × 10 −2 at 115.03 Ma (197.87 m) 
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Figure 2. Trends depicted by rock magnetic proxies at core SER-03 over time. (a) Magnetic susceptibility ( χ ) in two different frequencies ( χ lf, 976 Hz and 
χhf, 15.616 Hz) in a field of 200 Am 

−1 . (b) Natural remanent magnetization. (c) Anhysteretic remanent magnetization induced at 100 (ARM100mT). (d) 
Saturation of isothermal remanent magnetization. (e) HIRM records changes in the concentration of magnetic minerals. (f) S-Ratio records relative changes in 
magnetite versus hematite. (g) ARM100mT/SIRM. (h) SIRM/ χ lf. Grey dashed line represents Aptian–Albian boundar y repor ted in GTS 2020 ( ∼113.2 Ma; 
Gradstein et al. 2020 ); stars represent examples of samples subjected to stepwise AF demagnetization (190.05, 125.79, 76.38 and 23.75 m; see Fig. 6 ). 

(  

t  

w  

o  

r
 

t  

t  

n  

i  

h  

m  

O
 

a  

S  

m  

s  

t  

a  

M  

b  

b  

m  

(
 

d  

p  

l  

m  

e  

s  

a  

fi  

l  

y  

T
o  

c  

(

5

T  

f  

p  

t  

p  

o  

t  

t  

a  

t
 

t  

p  

a  

i  

(  

t  

e  

a  

i  

r  

p  

t  

c  

2  

(  

p  

D
ow

nloaded from
 https://academ

ic.oup.com
/gji/article/240/2/1079/7917621 by M

edical Sciences Library of Texas A&M
 U

niversity user on 06 January 2025
Fig. 2 g). The behaviour of the SIRM/ χ lf ratio is comparable to
hose of ARM 100 mT and SIRM, ranging from 13.78 to 156.23 mA 

−1 ,
ith a mean of 57.8 mA 

−1 . Two positive peaks are observed in the
lder interval at 113.9 Ma (180.15 m) and 114.04 Ma (182.64 m),
especti vel y (Fig. 2 h). 

To obtain detailed magnetic mineralogy and grain-size informa-
ion, we utilized χ -T curves, hysteresis loops, and IRM acquisi-
ion cur ves. χ -T cur ves indicate that magnetite and/or titanomag-
etite are the dominant magnetic minerals, showing the most signif-
cant susceptibility decrease at approximately 580 ◦ C (Fig. 3 ). After
eating, cooling curves plot above heating curves, consistent with
ineral transformation during the heating process (e.g. Dunlop &

¨ zdemir 1997 ; Muxworthy et al. 2023 ). 
Hysteresis loops reveal the presence of low-coercivity miner-

ls, which dominate magnetic properties of most samples ( Fig. S1 ,
uppor ting Infor mation ). Additional magnetic mineralogical infor-
ation was obtained using hysteresis loops (Table 1 ) for 13 repre-

entative samples. Hysteresis parameters ( M r , M s , H cr and H c ) and
heir ratios ( M r / M s and H cr / H c ) (Table 1 ) can be utilized to char-
cterize the domain structure (SD; PSD – or vortex; multidomain,
D) of magnetite in a Day plot (Day et al. 1977 ; Dunlop 2002a ,

 ). Hysteresis ratios for representative samples exhibit consistent
ehaviour (Fig. 4 ), aligning with the mixing grain-size trend of
agnetite between the SD and MD fields as defined by Dunlop

 2002a , b ). 
IRM acquisition curves for representative samples were used to

etermine the magnetic mineralogy of the lithologies at room tem-
erature ( Fig. S2 , Supporting Information ). Saturating fields be-
ow 300 mT confirm the predominance of low-coercivity magnetic
inerals such as magnetite and/or titanomagnetite. Unmixing co-

rci vity distributions deri ved from ARM acquisition curves re-
ulted in a two components model fit for all specimens (Figs 5 a
nd b). Each component is characterized by its median coercive
eld ( B h ) and dispersion parameter (DP; one standard deviation in

og 10 ) (Maxbauer et al. 2016 ). A total of 31 samples were anal-
sed along the studied interval ( Table S1 , Supporting Information ).
 m
he adjusted component (Figs 5 a and b) is characterized by a B h 

f 27–42 mT and a DP of 0.36–0.40. Following Egli ( 2004 ), this
omponent is interpreted as detrital magnetite and/or eolian dust
Fig. 5 c). 

.2 P aleomagnetic dir ections and RPI 

he representative NRM demagnetization results of six samples
rom different depths are shown in Fig. 6 . All demagnetized sam-
les exhibit a well-defined single component toward the origin
hat can be isolated between 10 and 60 mT. We define this com-
onent as the ChRM, characterized by a MAD anchored to the
rigin of the Zijderveld diagram of less than 10 ◦, the variations in
he median destructive field (MDF, average field at which the ini-
ial intensity decays by 50 per cent (Fig. 7 a), inclination (Fig. 7 b),
nd MAD (Fig. 7 c) of all samples throughout the SER-03 core
ime span. 

RPI v ariability w as estimated b y normalizing NRM to suscep-
ibility, ARM and SIRM (Figs 8 a–c), as well as by employing the
seudo-Thellier method (Fig. 8 d). Sediments from the core SER-03
re ideal for recovering relative paleointensity data due to their min-
mal variations in rock magnetic parameters throughout the record
less than a factor of 10, Fig. 2 ). We opted to use the 15 mT-step
o quantify RPI estimates from NRM, ARM and SIRM, aiming to
liminate the viscous component of relati vel y low-magnetic stability
s proposed b y Le vi & Banerjee ( 1976 ). The results of all normal-
zed parameters produce nearly identical patterns across the entire
ecord (Fig. 8 ). This resemblance between the results of normalized
arameters and the pseudo-Thellier suggests that these determina-
ions are robust and were not significantly affected by the viscous
omponent (e.g. T auxe 1993 ; T auxe et al. 1995 ; de Groot et al.
013 ; Paterson et al. 2016 ). In this method, the remaining NRM
NRM left) was plotted versus ARM gained, creating pseudo-Arai
lots (Figs 9 a–f). The slopes of the pseudo-Arai plots serve as a

easure of relative paleointensity. 
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Figure 3. Temperature dependence of magnetic susceptibility curves for six representative samples from core SER-03. Heating and cooling segments are 
indicated by red and blue curves or pointing right and left arrows, respectively. 
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6  D I S C U S S I O N  

6.1 Magnetic mineralogy and grain size 

During and after sediment accumulation, environmental factors can 
influence the magnetic properties of sediments (Tauxe 1993 ). To 
obtain reliable directional palaeomagnetic secular variation (PSV) 
and relative paleointensity estimates, it is important to investigate 
whether the NRM and RPI records exhibit a relationship with en- 
vironmental parameters and magnetic mineralogy. The NRM of 
sedimentary rocks is acquired at the time of sediment deposition, 
however it is necessary to remove secondary overprints that were 
acquired at later times. 

Rock magnetic data for core SER-03 highlights the predomi- 
nance of magnetite with a Curie temperature of 580 ◦ C as the main 
carrier of magnetization in these sediments. A change in the slope 
of heating curves between 420 and 580 ◦ C indicates the additional 
presence of titanomagnetite (Fig. 3 ) (e.g. Muxworthy et al. 2023 ). 
Stepwise acquisition of IRM in fields up to 1 T documents that 
more than 90 per cent of SIRMs were saturated in a field of 300 mT 

( Fig. S2 , Suppor ting Infor mation ), suggesting that low-coercive 
magnetic mineral, such as magnetite and/or titanomagnetite, are 
predominant within the sediments. ARM 100 mT data and low values 
of SIRM support the presence of low-coercivity minerals, such as 
magnetite (Figs 2 c and d) (e.g. Kodama 2012 ; Liu et al. 2012 ). 
The S-ratio varies from 0.79 to 0.89 for most samples, also indi- 
cating magnetite and/or titanomagnetite as the dominant magnetic 
mineral (King et al. 1982 ; Thompson & Oldfield 1986 ). The S- 
ratio and HIRM (Bloemendal et al. 1992 ; Liu et al. 2007 ) allows 
inferring relative concentrations of hard and soft magnetic miner- 
als within the examined interval. Between 109.5 and 114.7 Ma, in 
∼85 per cent of the samples, these values suggest a predominance 
of low-coercivity magnetic minerals throughout the ∼5.2 Myr in- 
terval. The remaining samples display an increased abundance of 
high-coerci vity magnetic minerals, namel y due to the presence of 
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Table 1. Measured hysteresis parameters and their ratios for selected sediments samples from the SER-03. 

Sample Depth(m) Age (Ma) Mrs (Am 

2 kg −1 ) Ms (Am 

2 kg −1 ) Mrs/Ms Hcr (mT) Hc (mT) Hcr/Hc 

SER03 023 25 23.25 109.23 5.70 × 10 −5 2.70 × 10 −4 2.11 × 10 −1 3.60 × 10 −2 1.09 × 10 −2 3.31 
SER03 038 36 38.36 109.53 8.03 × 10 −5 8.32 × 10 −4 9.66 × 10 −2 3.80 × 10 −2 9.79 × 10 −3 3.88 
SER03 040 97 40.07 109.58 9.58 × 10 −5 9.13 × 10 −4 1.05 × 10 −1 4.65 × 10 −2 1.07 × 10 −2 4.33 
SER03 043 85 43.85 109.64 3.06 × 10 −8 3.43 × 10 −7 8.91 × 10 −2 3.65 × 10 −2 7.57 × 10 −3 4.82 
SER03 044 35 44.85 109.65 7.73 × 10 −5 6.65 × 10 −4 1.16 × 10 −1 4.55 × 10 −2 1.06 × 10 −2 4.31 
SER03 063 40 63.40 110.08 4.81 × 10 −5 3.32 × 10 −4 1.45 × 10 −1 4.17 × 10 −2 1.02 × 10 −2 4.11 
SER03 077 85 77.85 110.59 3.55 × 10 −5 3.58 × 10 −4 9.92 × 10 −2 3.74 × 10 −2 9.64 × 10 −3 3.88 
SER03 080 50 80.50 110.69 6.11 × 10 −5 5.43 × 10 −4 1.13 × 10 −1 3.52 × 10 −2 1.07 × 10 −2 3.29 
SER03 128 99 128.99 112.35 3.11 × 10 −5 5.56 × 10 −4 5.60 × 10 −2 3.56 × 10 −2 7.87 × 10 −3 4.52 
SER03 145 09 145.09 112.67 4.26 × 10 −5 5.31 × 10 −4 8.01 × 10 −2 2.45 × 10 −2 8.93 × 10 −3 2.74 
SER03 154 51 154.51 112.91 3.52 × 10 −5 1.42 × 10 −4 2.48 × 10 −1 3.61 × 10 −2 2.60 × 10 −2 1.39 
SER03 167 47 167.47 113.30 4.19 × 10 −5 3.42 × 10 −4 1.23 × 10 −1 3.29 × 10 −2 1.24 × 10 −2 2.66 
SER03 182 37 182.37 114.03 2.83 × 10 −5 4.28 × 10 −4 6.63 × 10 −2 3.86 × 10 −2 8.22 × 10 −3 4.69 

Figure 4. Day plot (Day et al. 1977 ) for representative samples from core SER-03. The domains represented in the M rs / M s versus H cr / H c diagram are indicative 
of PSD or vortex state, and multidomain (MD) magnetic particles. Theoretical mixing curves 1 and 2 are those expected for admixtures of MD, single domain 
(SD), and superparamagnetic (SP) magnetite for different median sizes of MD grains (Dunlop 2002a , b ). Percentages along these curves refer to the volume 
fraction of SP or MD grains. 
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ematite and/or goethite, as indicated by the associated S-ratio min-
ma (Figs 2 e and f). The presence of detrital magnetite and/or aeolian
ust is also inferred from unmixing coercivity distributions derived
rom ARM acquisition curves. ARM acquisition curves, according
o Egli ( 2004 ), suggest that these components can be interpreted as
elated to detrital magnetite and/or aeolian dust input (Maxbauer
t al. 2016 ) (Fig. 5 c). 

Compared to theoretical hysteresis trends for mixtures of hyper-
ne SP, SD and coarse MD grains (Dunlop 2002a , b ) on a Day plot
Day et al. 1977 ), the measured data from core SER-03 generally
lign parallel to the SD–MD mixing curve (Fig. 4 ). Magnetic con-
entration parameters ( χ , ARM 100mT , HIRM and SIRM), indicate
light variations but remain within one order of magnitude (Fig. 2 ),
uggesting that magnetic concentration in the core is moderately
omogeneous with respect to depth. 

ARM 100mT /SIRM and ARM/ χ lf , typically used to estimate grain-
ize variations of magnetic particles (Yamazaki & Oda 2005 ; Ya-
amoto et al. 2007 ; Yamazaki et al. 2008 ), exhibit variations sim-

lar to those of concentration parameters, and remained within one
rder of magnitude. Samples containing a high fraction of SD-
SD particles are characterized by a higher ARM 100 mT /SIRM ra-

io (Kodama 2012 ), particularly in the bottom half of the SER-
3 core and around 111 Ma (Fig. 2 f). The SIRM/ χ lf ratio is used
o assess grain-size variations of magnetic minerals present in
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Figure 5. (a) and (b) Examples of coercivity analysis using the MAX Unmix web application (Maxbauer et al. 2016 ). (c) ARM parameters (DP: dispersion 
parameter and MDF: median destructive field) for magnetite and maghemite in different environments (Egli 2004 ). 
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the sample and is preferred over the ARM/ χ lf ratio because the 
latter is strongly dependent on the concentration of magnetic parti- 
cles in a sample (Tauxe 1993 ). Grain size can significantly influence 
magnetic properties of a material. The SIRM/ χ lf ratio at core SER- 
03 showed higher values around 109.5, 111.0–112.0, and 114.0 Ma. 
Higher values may indicate smaller grain sizes of magnetic parti- 
cles, whereas lower ratios may indicate larger grain sizes (Fig. 2 g). 

6.2 PSV records and short reversals 

Continuous directional paleomagnetic data for the CNS are scarce 
in the South Hemisphere (e.g. Doubrovine et al. 2019 ), hamper- 
ing the use of Earth’s magnetic field short variations (from secu- 
lar and millennial-scale variations) as correlation and dating tools 
(Korte et al. 2019 ). Here, for the first time, we present a continu- 
ous record of the Earth’s magnetic field variations from 114.5 to 
109.5 Ma (Fauth et al. 2022 ), from core SER-03, Sergipe–Alagoas 
Basin. Rock magnetic data suggest that the obtained ChRMs are 
of detrital origin and are most likely related to primary magneti- 
zations, allowing the study of the Earth’s magnetic field variation 
during the CNS (e.g. Satolli et al. 2008 ). Fossils and geochem- 
ical data also reveal primar y signals, par ticularly reflecting the 
moderate to good preservation of calcareous nannofossil assem- 
blages (Fauth et al. 2022 ; Luft-Souza et al. 2022 ). The geochemical 
records spanning OAE1b show trends similar to those reported 
for North Atlantic and Tethyan sections (Fauth et al. 2022 ). In 
addition, several precautions were taken during drilling activities 
(Fauth et al. 2021 ). 
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Figure 6. Alternating field demagnetization diagrams for selected samples from SER-03 presented as stereographic projection, Zijderveld plots (Zijderveld 
1967 ; Kirschvink 1980 ), and normalized magnetization versus field plots. In the Zijderveld plots solid symbols represent declination, while open symbols 
represent inclination. In the stereonets, solid symbols indicate normal components, and open symbols indicate reverse components. NRM refers to natural 
remanent magnetization, MAD indicates maximum angular deviation, and ChRM denotates characteristic remanent magnetization. 
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The paleomagnetic record from core SER-03 exhibits mostly
e gativ e inclinations, within a mean value of approximately –16.3 ◦,
ndicating deposition during CNS, and in agreement with biostrati-
raphic framework and the astronomically calibrated age model in
auth et al. ( 2022 ). Similar results have been reported in the same
egion and time interval for volcanic rocks (e.g. Font et al. 2009 ).
o wever , eight samples in the studied record show positive incli-
ations, suggesting short periods of reversed field (Fig. 7 ). There
re a few reports of short reversal events within the CNS (e.g. Van-
enberg et al. 1978 ; Tarduno 1990 ; Gilder et al. 2003 ; Font et al.
009 ; He et al. 2012 ; Zhang et al. 2021 ). Zhang et al. ( 2021 ), and
oshimura ( 2022 ) provide a summary of studied reversals in ma-
ine and terrestrial sediments and v olcanic rocks. Notab ly, some
v ents hav e been repor ted near the Aptian–Albian boundar y at ap-
roximately 113.3 ± 1.6 Ma (Gilder et al. 2003 ). In the SER-03
ecord, three consecutive samples with positive inclinations occur
t 92.91, 93.51 and 94.57 m, corresponding to 111.03, 111.05 and
11.09 Ma (spanning ∼60 k yr), respectiv ely. Howev er, additional
igh-resolution data are needed to confirm such short-lasting polar-
ty events. 
Inclination values from core SER-03 core are consistent be-
ween consecutive samples and reveal g radually var ying directional
hanges (F ig. 7 ). Notab ly, these changes are unrelated to variations
f lithology or rock magnetic properties (Fig. 2 ). According to the
aleo geo g raphic reconstr uction by Torsvik ( 2012 ), the mean pa-
eomagnetic inclination of −16.3 ◦ indicates that the core site was
ocated at approximately 8 ◦ south during the Cretaceous ( ∼110

a). This consistency also supports the conclusion that the ChRM
as not been altered since its acquisition, and there is no evidence
f inclination flattening in the sediments. 

The new paleomagnetic record from core SER-03 core is based on
 total of 384 samples distributed over the ∼5.2 Myr interval. Based
n sedimentation rates calculated by astronomically calibrated age
odel of core SER-03 (Fig. 1 ), we present the mean temporal reso-

utions between 9.2 and 30.4 ka ( Table S2 , Supporting Information ).
he shor t-ter m millennial-scale variations reconstr ucted for this pe-

iod are different than those observed in higher reversal rates periods
McFadden et al. 1991 ), it is a stable normal polarity period. Due
o the scarcity of PSV data, the reversal curves are still a motive of
ebate in the literature (McFadden et al. 1991 ; Tarduno et al. 2002 ;
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(a) (b) (c) (d)

Figure 7. Variation of (a) MDF, (b) declination, (c) inclination and (d) MAD along age at core SER-03. Horizontal dashed line represents the Aptian–Albian 
boundar y repor ted in GTS 2020 ( ∼113.2 Ma; Gradstein et al. 2020 ). 

D
ow

nloaded from
 https://academ

ic.oup.com
/gji/article/240/2/1079/7917621 by M

edical Sciences Library of Texas A&M
 U

niversity user on 06 January 2025
Biggin et al. 2008 ; Doubrovine et al. 2019 ). Brief reversed-polarity 
chrons have been documented during the CNS (Larson & Chase 
1972 ; Keating & Helsley 1978 ; Ryan et al. 1978 ; Tarduno 1990 ; 
Shi et al. 2004 ; Zhang et al. 2021 ). Ramos et al. ( 2024 ) indicates 
an age of 117.03 ± 0.14 Ma for ISEA and 116.17 ± 0.14 Ma for 
reversal ‘2’ with timespans of ∼20 and ∼10 kyr, respecti vel y. 

The short duration of these reversals contributes to the difficulty 
in detecting them, which is highly dependent on sampling rates 
and the limitations of deep-tow surv e ys. Numerical model simula- 
tions suggest that the geodynamo operated at peak efficiency with 
a unique heat flux condition at the core–mantle boundary (CMB) 
during the CNS (Glatzmaier & Roberts 1995 ; Tarduno et al. 2001 , 
2002 ; Glatzmaier 2002 ; Coe & Glatzmaier 2006 ; Kageyama et al. 
2008 ; Lhuillier & Gilder 2013 ; Aubert & Finlay 2019 ). Never- 
theless, Amit & Olson ( 2015 ) estimated a decrease in CMB heat 
flux of about 30 per cent relative to the present day for both the 
CNS and the Kiaman Reverse Polarity Superchron. They also sug- 
gest that intervals with higher reversal frequencies during Jurassic 
times should be associated with core heat flux levels equal to or 
higher than those of the present day. Fur ther more, assessments of 
the relative contribution of the b/a ratio—antisymmetric/symmetric 
har monic ter ms (F ranco et al. 2019 )—w hich enab les tracking the 

art/ggae432_f7.eps


Paleomagnetic Variations in Ser gipe-Alag oas Basin 1089 

Figure 8. Normalized estimates of RPI: (a) NRM 15mT / χ , (b) NRM 15mT /ARM 15mT , (c) NRM 15mT /IRM 15mT and (d) curve of pseudo-Thellier versus age. Grey 
dashed line represents the Aptian–Albian boundary reported in GTS 2020 ( ∼113.2 Ma; Gradstein et al. 2020 ). 
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ime evolution of the relative contributions of dipole and non-dipole
elds and can be considered a predictor of rev ersal frequenc y (Coe
 Glatzmaier 2006 ), indicate a decreasing trend in the b/a ratio

reflecting an enhancement of the symmetric, non-dipole harmonic
erms) from the onset of the CNS to ∼110 Ma. This trend is inversely
roportional to the CMB heat flux and favours an increase in the ge-
magnetic reversal rate during this interval. Our data thus are an im-
ortant contribution to CNS geomagnetic modelling efforts, as they
dd new paleomagnetic direction contraints to the South American
atabase. 

.3 RPI records 

ith deposition rates between 1.5 and 5.0 cm kyr −1 between 114.7
nd 109.5 Ma (Fauth et al. 2022 ), core SER-03 provides high-
esolution geomagnetic field data across the Aptian–Albian tran-
ition, providing a record of paleosecular variation during the
NS. The paleomagnetic signal is carried mainly by magnetite
nd the magnetic concentration is mostly constant throughout the
5.2 Myr interval, therefore the core SER-03 constitutes an op-
ortunity to examine not only directional changes, but also the
istribution of relative paleointensities. In fact, all criteria for as-
essing the reliability of the relative paleointensity data (King et al.
983 ; Tauxe 1993 ; Paterson et al. 2016 ) are satisfied for core
ER-03. 
RPI during the Aptian shows variations consistent with the few

vailable absolute paleointensity records (Fig. 10 ). Virtual dipole
oments in the CNS have been reported as ranging from 1.1 to

9.9 × 10 22 Am 

2 (Fig. 10 ). The reported time-averaged dipole mo-
ents vary from different studies (e.g. Yamamoto & Tsunakawa

005 ; Tsunakawa et al. 2009 ; Tauxe et al. 2013 ; Yamazaki & Ya-
amoto 2014 ; Ahn et al. 2016 ; Kato et al. 2018 ; Bono et al. 2019 ;
oshimura et al. 2020 ). We choose to compare our data with ab-
olute paleointensity data due to the lack of relative paleointensity
ecords for the CNS. 

Cronin et al. ( 2001 ) proposes a curve of relative palointen-
ity based on sediments from the Umbria-Marche Basin, but their
ecord is expressed only in stratigraphic units, not in absolute time,
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Figure 9. (a)–(f) Pseudo-Arai plots of representative samples. The slopes (b) of the straight lines represent relative paleointensities, and the uncertainty in the 
slopes is 2 σ . 
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hampering the correlation with our section. Fur ther more, Cronin 
et al. ( 2001 ) worked on a sedimentary section date as 89.5 to 85 Ma, 
spanning a different time interval than the core SER-03 record. 
Ho wever , we compare our data with Granot et al. ( 2012 ) during the 
same interval of the CNS (Granot et al. 2012 ). The magnitude of 
variations and their wavelength is similar in both records (Fig. 10 ). 
Ho wever , some disagreements can be related to the difference res- 
olution of our data (9.2–30.4 kyr) and the deep-tow anomaly ( ∼0.1 
and 2.3 Myr) of Granot et al. ( 2012 ). Based on a spectral analysis, 
our data shows that the more important variation are > 100 kyr. Our 
analysis highlights the periodicities which contribute most to the 
signal have periods greater than 1 Myr. 

We also compared the relative paleointensity record from this 
study with absolute paleointensity data. We observe periods of 
high- and low-intensity field (Tauxe & Hartl 1997 ; Constable et al. 
1998 ), with high (114.8–114.2 Ma) and low (114.2–113.5 Ma) val- 
ues at core SER-03 (Fig. 10 ). Our data show a quasi-cyclic pale- 
ointensity variations, consistent with temporal amplitude changes 
of marine magnetic anomalies during the CNS (Granot et al. 2012 ). 
Our new RPI data show that the geomagnetic field changed in 
both intensity and direction, and it was not completely stable 
during the studied time interval of the CNS. These results are 
in agreement with pre viousl y published data that suggest both 
intensity and directional variations during the CNS (e.g. Lhuil- 
lier et al. 2016 ; Doubrovine et al. 2019 ; Dembo et al. 2022 ; 
Liu et al. 2024 ). 

Ov erall, the frequenc y of short (millennial) geomagnetic instabil- 
ities recognized during the CNS remains substantially lower when 
compared to other time intervals (e.g. Gradstein et al. 2020 ). The 
recognition of geomagnetic instabilities of short duration can serve 
as a tool for dating and correlating sections deposited in periods 
where the field is remarkably stable, and the lack of reversals ham- 
pers the use of magnetostratigraphy as a dating tool. Changes in 
intensity and inclinations within CNS indicate that geodynamo is 
much more dynamic than pre viousl y estimated. Numerical models 
of the geodynamo suggest that during superchrons, the geomagnetic 
field exhibits reduced variability and higher dipole moments com- 
pared to periods of frequent polarity reversals (Olson et al. 2010 ; 
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Figure 10. Relative paleointensity (NRM 15mT /ARM 15mT and Pseudo-Thellier) and virtual dipole moment (V(A)DM in ZAm 

2 ) versus age (Ma) for the studied 
interval during the CNS, red curve represents Granot et al. ( 2012 ) data, dashed blue and grey lines represent the average field intensity from Juarez et al. ( 1998 ) 
and the present-day field (Cottrell & T arduno 2000 ; T auxe 2006 ; Hill et al. 2008 ; Zhu et al. 2008 ; Shcherbakova et al. 2011 ; Kato et al. 2018 ; Di Chiara et al. 
2021 ). Vertical dashed line represents the Aptian–Albian boundary reported in the GPTS 2020 ( ∼113.2 Ma; Gradstein et al. 2020 ). 
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riscoll & Olson 2011 ), which is related with the distribution of the
eat flux along the CMB. Ho wever , these models assume uniform
roperties of the field within each polarity interval, which is not
l wa ys confirmed by data (Larson & Olson 1991 ; Olson et al. 2010 ;
mit & Olson 2015 ; Hounslow et al. 2018 ; Franco et al. 2019 ).
he age, frequency and observations remain poorly constrained
ue to a lack of paleomagnetic sampling and precise chronologi-
al control. Our new data will contribute to future runs numerical
imulations of the geodynamo to better understand the variabil-
ty of intensity and direction of the Earth’s magnetic field during
he CNS. 

 C O N C LU S I O N S  

n this study, a comprehensive magnetostratigraphic analysis of
ore SER-03, Sergipe–Alagoas Basin, unveiled an extended normal
olarity interval associated with the CNS, punctuated by sporadic
hort-li ved re versed polarities. This offers a fresh perspective for
orrelating and calibrating RPI records within this timeframe. The
ollowing conclusions were drawn: 

1) Rock magnetic analyses indicated primary magnetizations for
he entire interval with detrital magnetite as primary component,
redominantl y characterized b y PSD and low coerci vity. The χ ,
RM and SIRM data suggest moderate concentration variations,

hus fulfilling the commonly accepted criteria for establishing RPI
ecords. 
2) Our data show short periods of reversed field within the studied
nterval of the CNS, suggesting higher magnitude of PSV variability
han pre viousl y thought. 
3) RPI curves were obtained using both the NRM 15 mT /ARM 15 mT 

nd pseudo-Thellier records from 114.7 and 109.5 Ma. These curves
how a quasi-cyclic behaviour during the studied interval of the
NS. 

4) The reconstructed RPI records showed long-term variations ( ∼1
a) throughout the CNS, thus suggesting that these RPI records

redominantly reflected the behaviour of the global dipolar contri-
ution of the geomagnetic field. 

Our data indicate that the geomagnetic field and geodynamo
uring the CNS were dynamic. This finding underscores the util-
ty of RPI data for elucidating the behaviour of the Earth’s mag-
etic field during extended periods of polarity stability such as the
NS. 
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