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ABSTRACT

We present a detailed rock-magnetic and paleomagnetic survey from Autlan volcanic
succession in western Mexico. The principal aim of this study is to extend paleomagnetic
data from Autlan lavas in order to confirm vertical-axis rotation observed in
reconnaissance study and to evaluate long-term variation of the geomagnetic field
strength based on existing and global data. The mean inclination (44.7°) is in agreement
with the expected inclination for 60 and 70 Ma, as derived from available reference poles
for the North American craton. The declination (333.6°), however, is significantly
different from those expected, which suggests a statistically significant counterclockwise
tectonic rotation ranging between 10° + 6° and 14° = 7°. As a measure of paleosecular
variation (PSV), we obtained a geomagnetic field dispersion of 9.6° (upper and lower
limits: 7.2°—11.9°) in perfect agreement with the previously published PSV compilation of
selected Cretaceous data from lavas. The mean virtual dipole moments available for
Autlan lavas are about 65% of the present geomagnetic axial dipole but are in reasonably
good agreement with other comparable quality determinations between 5 and 90 Ma. This
reinforces the hypothesis that low geomagnetic field strengths persisted for the entire
Jurassic extending into the Upper Cretaceous.
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1. INTRODUCTION

Secular variations and reversals of the main geomagnetic field components are now
well constrained for the last 180 Ma. During the whole Paleogene—Neogene period, the
Earth’s magnetic field experienced multiple reversals and excursions while there is a long
period of normal polarity (about 37 Myr) during the Cretaceous called as the Cretaceous
Normal Superchron (Opdyke and Channell, 1996). Tarduno and Smirnov (2001) suggest
that the time-averaged field during the Cretaceous Normal Polarity Superchron was
unusually high and stable. Some evidences of high field were also reported by Tauxe and
Staudigel (2004) from study of submarine basaltic glass. Thus, the Cretaceous should be
definitively considered as a key period for the long-term evolution of the geomagnetic
field. In other hand, systematic and high standard paleomagnetic surveys varied out on
Cretaceous volcanic rocks may provide some decisive constraints on the existence of the
Mesozoic Dipole Low (MDL) characterized by low absolute intensity (Prevot et al., 1990;
Tanaka et al., 1995). However, the duration and even existence of the MDL is not
estimated and understood (Goguitchaichvili et al., 2002; Tarduno and Cotrell, 2005; see
also Perrin and Shcherbakov, 1997).

Most of paleomagnetic studies in Mexico is concentrated in the Trans-Mexican
volcanic belt (TMVB) with contrasting results (Goguitchaichvili et al., 2004). Reliable
Paleomagnetic data from the western and eastern TMVB as well as from sourrounding
terrains are scarce which limits analyses of the regional geodynamic evolution. Béhnel et
al. (1989) presented detailed paleomagnetic results for more than 100 sites in different
intrusive, volcanic, and sedimentary units exposed along the southern Mexico continental
margin (Guerrero Terrane). This study was aimed to estimate the accretion history of the
Guerrero terrane and subsequent movements of the margin. The authors reported evidence
of several tectonic rotations. Many sites showed low to moderate degree of metamorphism
which makes difficult to retrieve the primary, characteristic remanent magnetization.

Cretaceous volcanic sequences from Western Mexico represent good target for
systematic paleomagnetic survey. Goguitchaichvili et al. (2003, 2004) studied fifteen
radiometrically dated (67.4 + 1.2 Ma) lava flows at the Sierra Cacoma area (Jalisco block,
Western Mexico). The mean paleodirection obtained from 14 sites pointed to
a counterclockwise tectonic rotation for this region within the Jalisco block. The absolute
paleointensity determination was also intended. 18 individual samples from four
independent lava flows yielded a mean virtual dipole moment of 4.9 + 0.6 x 1022 Am?,
which is significantly lower than the present geomagnetic field strength. However, both
geodynamic and geomagnetic outcomes are based on a limited number of samples and
thus no firm conclusions may be achieved. In the present study we sampled twelve
additional lava flows from the same area (located at 19.7°N, 104.4°W) in order to obtain
a robust paleomagnetic dataset for the Upper Cretaceous. The principal aim of this study
is to extend paleomagnetic data from Autlan lavas in order to confirm vertical-axis
rotation observed in reconnaissance study and to evaluate long-term variation of the
geomagnetic field strength based on existing and global data.
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2. GEOLOGICAL CONTEXT AND SAMPLING

The study area belongs to the Guerrero terrane (Fig. la), formed of sedimentary,
volcano-sedimentary and volcanic rocks (Campa and Coney, 1983), and represents a main
period of magmatism during Mesozoic. The Jalisco block, a fault bounded crustal block
belonging to the Guerrero terrane, includes intrusive rocks of the Puerto Vallarta batholith
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Fig. 1. a) Tectonic framework for the Jalisco block. Extensional deformation along the
continental boundaries are related to a normal (Rivera Plate) and oblique (Cocos Plate) convergence
relative to the continental blocks. Note that volcanic fields inside the Jalisco block are not affected
by faulting. TZR: Tepic-Zacoalco Rift, COR: Colima Rift, CHR: Chapala Rift. b) A simplified
geologic map of Autlan area with indication of paleomagnetic sites; the dip and strike reported
refers to the apparent flow directions. The simplified stratigraphic column on the right shows
approximate stratigraphic position of the samples. After Servicio Geologico Mexicano, 1997.
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with ages ranging between 133 and 61 Ma (Valencia et al., 2013, and references therein),
which belong to a plutonic belt parallel to the present-day Middle America Trench. The
schists sampled along the boundaries of the intrusive rocks gave ages between 135 and
161 Ma (Valencia et al., 2013).

Valencia et al (2013) define the Carmichael silicic ash flow tuff volcanic succession
which comprises a widespread silicic ash flow tuffs, volcanic breccias, lithic tuffs, ad tuff
breccias with ages ranging between 58 and 83 Ma. North of the Autlan area a silicic ash
flow tuff overlying an andesitic succession of volcanic breccias and lithic tuffs gave
66.8 Ma (Valencia et al., 2013). To the east of Autlan we studied a succession of andesitic
volcanic breccias up to 300 m thick (Fig. 1a) where a mafic unit is characterized by large
feldspar crystals (up to 2 cm) appears at the base of this succession. This succession is
overlying by a flat-lying rhyolitic ash-flow tuff dated in 66.8 Ma by Valencia et al. (2013)
and belongs to Carmichael’s volcanic succession.

119 oriented samples belonging to 12 volcanic units were collected at fresh road-cuts
southwest of Autlan city (Fig. 1b), in flows interspersed among those previously studied
by Goguitchaichvili et al. (2003). The whole-rock sample from the middle part of
sequence yielded a K-Ar age of 67.4 = 1.2 Ma (1.99%K, 85.8% 40Ar*) (Goguitchaichvili
et al., 2003). Commonly, the outcrops extend laterally over a few tens of meters, and in
these cases we drilled typically 8—12 standard paleomagnetic cores per site. The samples
were distributed throughout each flow both horizontally and vertically in order to
minimize effects of block tilting and lightning. Cores were obtained with a gasoline-
powered portable drill, and then oriented with both magnetic and sun compasses. Some
lava flows sampled are sub-horizontal, while others present well-defined planes which are
considered as ‘original’ tilting occurred during the emplacement. The dip and strike
measurements shown on simplified geological map refers to the bedding plane of lava
planes. Thus, no tectonic correction was applied in this study.

3. METHODS

In order to characterize in more detail the magnetic remanence carriers and their
domain state a set of rock-magnetic experiments was undertaken. With the aid of
a Variable Field Translation Balance (MM_VFTB), we performed progressive isothermal
remanent magnetization (/RM) acquisition curves, hysteresis loops (£1 T), backfield
coercivity curves and thermomagnetic (Fig. 2) curves (magnetization vs. temperature) up
to 700°C in air. These analyses were carried out on bulk sample (~450 mg) per lava flow.
Hysteresis and backfield data were treated by using the the RockMagAnalyzer 1.0
software (Leonhardt, 2006). The saturation magnetization (M), remanent saturation
magnetization (M,), and coercive field (B.) were calculated from hysteresis loops after
subtracting the paramagnetic contribution. These parameters combined with the coercivity
of remanence (B,,), obtained independently from the backfield curves, allowed us to
estimate the domain state distribution of the collection in the Day plot (Day et al., 1977;
Dunlop, 2002). The Curie temperatures of themomagnetic curves were determined with
the two-tangent method of Grommé et al. (1969).

In order to isolate the characteristic remanent magnetization (ChARM), the stepwise
progressive demagnetization of the natural remanent magnetization (VRM) by alternating
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Fig. 2. Examples of rock-magnetic results, Sample BJ-093: a) isothermal remanent acquisition
curve, b)back-field curve to determine the coercivity of remanence, ¢) hysteresis loop, and
d) continuous thermomagnetic curve.

field (AF) or thermal (TH) demagnetization was applied. AF demagnetization (Fig. 3) was
carried out in 5 to 9 steps up to a maximum peak field of 90 mT using Molspin
demagnetizer. Thermal demagnetization was performed up to 565°C using a TD48-SC
(ASC) thermal demagnetizer. A JR6a AGICO spinner magnetometer was used to measure
remanence vectors of the initial NRM and after each demagnetization step. The ChRM
direction for each sample was calculated by the method of the principal component
analysis (Kirschvink, 1980), involving a minimum of 5 demagnetization steps including
the origin. Mean directions and associated statistical parameters were calculated using
Fisher (1953) statistics (95% confidence limit ags, precision parameter k).

The Thellier-Coe type experiments (Thellier and Thellier, 1959; Coe, 1967) were
carried out using an ASC ScientificTD48-SC furnace; all heating/cooling runs were
performed in air. The laboratory field strength was set to 40 uT. Partial thermoremanent
magnetization reinvestigations (pTRM checks) at each third temperature steps were added
to the protocol.
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Fig. 3. Orthogonal vector plots of stepwise alternating field demagnetization (stratigraphic
coordinates). The numbers refer to peak alternating field.

4. RESULTS AND DISCUSSION

As rock-magnetic properties are concerned it appears that the majority of progressive
IRM acquisition curves are almost saturated between 130-250 mT, indicating that the
remanent magnetization is dominated by low-coervicity minerals (titanomagnetite or
titanomaghemite). However, some (few) samples do not reach complete saturation upon
maximum available fields applied, pointing out that a considerable fraction of high-
coercivity is also present (sample BJ-093, Fig. 2a). This sample is characterized with high
remanence coercivity (Fig. 2b) and apparently wasp-waisted hysteresis loop (Fig. 2¢c). All
these factors may indicate the co-existence of (titano)magnetite and (titano)hematite as
main magnetic carriers. The thermomagnetic curve reinforces this hypothesis as two
magnetic phases are detectable during the heating being the second phase compatible to
almost pure hematite.

Figure 3 illustrates representative examples of NRM orthogonal demagnetization
diagrams. The NRM (natural remanent magnetization) stability in AF samples is defined
by a stable single component which is almost completely demagnetized at 50 mT (Fig. 3,
sample 03A009A), indicating that the dominant NRM carrier is a low-coercivity mineral.
There are very few exceptions, as the sample 03A098A shown in Fig. 3 with almost 20%
of the initial NRM remaining at 90 mT due to the contribution of a high-coercivity
mineral, most probably haematite. In any case, the CARM direction can be successfully
isolated here.
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Table 1. Site-mean remanence paleodirections for Autlan volcanics. n: number of specimens used
for calculation (in italics are sites with n <5); N: number of treated samples; /nc: inclination; Dec:
declination (reversed site-mean directions marked in bold type); ags and k: radius of 95%
confidence angle and precision parameter of Fisher (1953) statistics; Plat and Plong: paleolatitude
and paleolongitude of virtual geomagnetic poles, respectively (all in northern hemisphere
coordinates). BJ: this study; AU: Goguitchaichvili et al. (2003); N.D.: not determined. Data in bold
are the sites with reversed polarity.

Site n | N | Inc[°] Dec[°] | a95[°] k Plat [°] Plong [°]
BJ12 5 8 56.7 10.8 8.8 62 70.1 -78.4
BJ11 8 8 523 343.8 6.7 86 70.4 -148.7
BJ10 6 7 34.4 330.3 9.6 52 62.0 -191.0
BJ9 6 8 48.3 3314 7.5 79 62.3 -168.5
BJ8 8 8 534 337.6 8.3 68 65.5 -154.2
BJ7 5 8 48.2 324.1 7.8 96 56.1 -171.1
BJ6 0 8 N.D. N.D. N.D. N.D. N.D. N.D.
BJS 5 7 53.7 320.5 6.3 156 52.2 -163.5
BJ3 6 8 43.2 321.6 7.1 117 54.4 -178.5
BJ4 4 6 40.6 317.8 11.6 42 50.7 -181.5
BJ1 8 8 -25.8 163.1 6.4 81 72.7 147.6
BJ2 5 7 -39.7 171.5 9.8 49 81.6 -173.2
AU9 8 8 39.5 338.4 7.5 55 69.7 -182.9
AUI10 7 8 40.4 340.5 8.9 40 71.6 -180.5
AUI12 6 8 47.1 337.5 8.3 46 67.8 -167.4
AU14 5 6 48.6 324.9 11.1 26 56.8 -170.2
AUI13 8 8 424 3315 7.9 49 63.2 -178.8
AU15 7 8 32.6 332.7 8.4 45 64.1 -194.2
AU 6 7 50.7 336.3 7.5 63 65.7 -160.9
AUl 8 8 50.5 3294 8.3 45 60.2 -165.5
AU2 8 9 49.1 311.7 9.2 37 453 -171.3
AU3 8 8 433 343.2 5.1 122 73.5 -171.7
AU7 8 8 49.1 346.1 6.8 119 73.7 -152.4
AUS 6 8 -27.3 152.5 7.7 76 63.3 158.7
AU4 8 8 -333 122.3 6.5 93 35.7 -185.7
AU6 3 3 55.9 321.8 214 8 52.7 -159.6

As previously detected (Goguitchaichvili et al, 2003), the lowermost flows in the
sequence yield reverse polarity magnetization (Table 1), and probably formed during
chron 31r of the reference geomagnetic polarity time scale. The remaining flows,
including those belonging to the radiometrically dated site, would correspond to chron
30n. However, if we consider the available age information, we cannot exclude that it
possibly corresponds to chron 29r. Indeed, the age of the Autlan lava flows is
67.4 + 1.2 Ma. If we consider the lower age, i.e. 66.2 Ma, it corresponds to the chron 29r
of the Deccan traps from the Western Ghats in India recently dated by U-Pb methods on
zircon (Schoene et al., 2015).
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The average flow paleodirections are in general well determined (Table 1; Figs 4
and 5). No ChRM directions were isolated for site BJO6 (Table 1) because of erratic and
noisy behavior during the both alternating field and thermal demagnetization. Almost all
095 values of the remaining 11 sites are less than 10°, except the unit BJ4, yielding ags5 of

11.6° and the smaller value of the precision parameter & (42).

The mean paleodirection of the region (Table 2) was determined incorporating coeval,
previous data from the same area as well (14 paleodirections reported in Goguitchaichvili
et al, 2003, Table 1). Figures 4 and 5 illustrate all the site-mean directions and their
corresponding Virtual Geomagnetic Poles (VGPs), together with the respective mean
paleodirections and paleopoles. Note that the paleopole obtained in this study is
statistically indistinguishable from that of Goguitchaichvili et al. (2003) (BJ and AU,
respectively, in Table 2 and Fig. 5).

As there are only 4 site-mean directions of reversed polarity (vs. 19 of normal
polarity), we cannot perform a reversal test with the assumption of a common Fisherian
precision in both distributions (a poor-quality, positive test —indeterminate following the
McFadden and McElhinny (1990) classification- is obtained using a simulation test
without this assumption). Nevertheless, inclinations of the sites with reversed polarity data
are lower than those observed in the normal polarity dataset (Table 1, Fig. 4).

@ Expected direction

Fig. 4. Left: Equal area projections of the site-mean characteristic paleodirections for the Autlan
volcanics (Top: this study, BJ samples; Bottom: all available data - AU+BJ samples). Grey circles
indicate antipodal reversed polarities; blank circles directions from sites with n < 5. Mean directions
of all sites in each dataset, surrounded by 95% confidence cones, are compared with the reference
direction expected from coeval, selected North American paleomagnetic poles (see text and Fig. 5).
Right: Equal area plot of Virtual Geomagnetic Poles (VGPs) for each individual, available flow, all
projected in the northern hemisphere (after transformation of the reversed component to the northern
hemisphere), with their 95% confidence ellipses (along the paleomeridian and perpendicular to it;
around those VGPs from sites with n>5), which are shaded when reversed polarities were
observed.
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Fig. 5. Paleomagnetic poles obtained in this study (BJ samples), previously published (AU
samples, Goguitchaichvili et al., 2003), and from the combined and selected dataset (AU+BJ
samples), surrounded by 95% confidence cones, are anticlockwise, slightly (~10°) deviated from
available 70 and 60 Ma reference poles (plotted those from Torsvik et al., 2012; for the North
American Apparent Polar Wander Path).

A more selective dataset is also analyzed (N =23, Table 2), satisfying both tectonic
and PSV quality criteria with number of specimens n > 5 and ags < 10° (with only two
rejected sites: BJ4 and AU6). The mean directions of both datasets (number of sites
N =25 and 23, with all site-mean directions referred to the northern hemisphere) have
similar ag5 values and differ only in 1° (Table 2); being the mean paleodirection of the 23

selected sites: inclination Inc =44.7°, declination Dec =333.6°, ags=4.9°. They are

Table 2. Summary of palacomagnetic results of the different analysed data sets (selected: sites with
n>5). N: number of sites; Dec, Inc: mean directions (declination, inclination); PLat, PLong:
corresponding mean pole latitude and longitude; &, ags: precision parameter and semi-angle of 95%
confidence for directional (Fisher, 1953); K, Ags: the same for the pole space. BJ: this study;
AU: Goguitchaichvili et al. (2003).

Data Set N | Dec[°] | Inc[°] | k | @95[°] | PLat[°] | PLong[°] | K | 495 [°]
BJ (all) 11| 335.1 46.1 |33 8.1 65.95 37.93 27 8.9
BJ selected 10| 337.0 46.5 |33 8.5 67.49 39.82 28 9.3
AU (all) 14 | 330.7 442 |45 6.0 62.34 329 42 6.2
AU selected 13| 331.2 433 |46 6.1 62.87 31.49 42 6.5
AU+BJ (all) 25| 3326 45.0 |40 4.6 63.94 34.83 35 5.0
AU+BJ selected 23| 333.6 447 |40 4.9 64.86 34.63 35 5.2
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compared with the expected directions in the studied area (Fig.4), as derived from
available reference poles (Besse and Courtillot, 2002; Kent and Irving, 2010; Torsvik et
al., 2012) for the North American craton, centered in 70 Ma and 60 Ma (Fig. 5). These
reference poles come exclusively from North American poles (Kent and Irving, 2010) or
also from globally distributed poles rotated to a North American frame (Besse and
Courtillot, 2002; Torsvik et al., 2012); and their corresponding 495 values range from 2.1°
to 5.5°. The precise dating age of the Autlan sequence, if older than previously reported, is
not critical for the amount of the observed tectonic rotation, as the 70—100 Ma time
window correspond with a steady segment of the Apparent Polar Wander Path (APWP)
for North America (i.e., has similar reference paleopoles).

The same qualitative results are obtained, for the 70—60 Ma time window with these
different reference poles, calculating the amounts of vertical-axis rotation R (observed
minus expected declinations) and flattening of inclination F (expected minus observed
inclinations), which have been evaluated with their confidence limits (AR and AF,
Demarest, 1983). R=-13°+6° and F=2°+5° (Besse and Courtillot, 2002); or
R=-14°+£7° and F = 0° £ 7° (Kent and Irving, 2010); or R =-10°+ 6° and F =1°+ 5°
(Torsvik et al., 2012; GAPWP in North American frame), or R=-11°£7° and
F=—1°+6° (Torsvik et al., 2012; North American APWP, Fig. 5). All F values, indicate
that the observed mean inclination is always in a very good agreement with the expected
inclinations. The observed declination, however, is always significantly

(AR < |R| ) different from those expected ones, which suggests a relatively small,
counterclockwise (ranging from —10°+ 6° to —14° £ 7°) vertical-axis tectonic rotation
(Figs 4 and 5) in the Autlan sequence.

Regarding PSV, the classical formula Slzg = S% _S[/zy /n (e.g., McFadden et al., 1991)
was used for estimating the angular dispersion of VGPs in this study. Here, St is total
angular dispersion (Cox, 1970)

/2
Sr = 2. i )

N-1;5

where N is number of sites used in calculation, di the angular distance of the i-th VGP
from the mean paleomagnetic pole. Sy represents the within site dispersion (n being the
average number of samples per unit), and in this study it has been evaluated following
McElhinny and McFadden (1997), where it is determined from the latitude A and the
arithmetic average of the ays per lava flow (@954, in Table 3).

Using the iterative process defined by Vandamme (1994) to obtain optimum,
latitudinal variable cut-off angles ® (which directly depend on the angular dispersion of
each VGP data set distribution as ® = 1.857+ 5°), we obtained a geomagnetic dispersion
value (Table 3, Fig. 6) of Sp=9.6° (upper and lower limits: 7.2° and —11.9° if
bootstrapped or 7.9° and —12.1° using those from Cox, 7969) for the selected dataset
(starting with N =23), in perfect agreement (Fig. 6) with the compilation of selected
Cretaceous data from lavas reported in Biggin et al. (2008). These values barely change if
all data (starting with N = 25) are analyzed (Table 3).
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Table 3: Ultimate iteration of paleosecular variation results of the Vandamme (1994) iterative
method. N: number of non-excluded virtual geomagnetic poles (VGP); N7: number of total VGPs;

Q9saqyg: average semi-angle of 95% confidence; Dy, maximum angle from the mean;
®: Vandamme (1994) optimum cut-off angle (1.8 Sy+5°); S total angular dispersion;
Sp: geomagnetic field dispersion. S and Sy: lower and upper 95% bootstrapped confidence limits
of §, B-

Data set N [NT| @95avg [°] | Dpax[?] | @[] | ST[°T | S[°] | SL[°1 | Sul°]
All 23125] 10.1 18.7 2471109 | 94 | 69 | 113
Selected (n>5) | 21|23 8.1 19.8 240 | 106 | 96 | 72 | 119

Alternatively, using a fixed cut-off angle of 45° (e.g., Johnson et al., 2008), identical
results are obtained in both datasets: The maximum angle from the mean of all VGPs is
33° (<45°), and a geomagnetic dispersion value of Sp=12.2° is obtained. This compare

favorably with McFadden et al. (1991) results, who using also a 45° cutoff angle, report
on a VGP scatter centered around 11.5°, for the £20° latitude band, from their compilation
of lavas dated between 45 and 80 Ma.

Despite the reversed polarity mode is only represented in a 16% of the data, it seems
that its associated geomagnetic dispersion is slightly higher than that of the normal
polarity mode (e.g., McElhinny and McFadden, 1997). Reversed directions have lower
inclinations and corresponding VGPs are farthest from Autlan location (Fig. 4), thus with
greater angular distances from the mean paleopole (Fig. 5).

Absolute paleointensity experiments performed in this study failed completely
probably due to the presence of dominantly multidomain magnetic grains. Only
acceptable results from this region (lva flows of same sequence) belongs to study reported
by Goguitchaishvili et al. (2004). The mean VDM obtained for Autlan lavas (Fig. 7) is
about 63% of the present geomagnetic axial dipole (7.8 x 1022 Am? after Barton et al.,
1996) but in reasonably good agreement with other comparable quality determinations
between 5 and 90 Ma.

The relationship between reversal rate and absolute intensity is still matter of debate.
Aubert et al., (2010) performed numerical geodynamo predictions and analyzed available
(selected) paleomagnetic data including absolute intensities for the last 200 Ma. This
analysis indicates that an inverse relationship exists between the geomagnetic field
strength and reversal rates. In the same context, Tarduno and Cottrell (2005) carried out
a comprehensive absolute intensity study of plagioclase crystals to examine distinct
characteristic geodynamo regimes over the geological periods (period of moderate
reversal frequency, practically non-reversing field of the Cretaceous Normal Polarity
Superchron and a period of high reversal occurrence during the Jurassic). Again, a well-
marked inverse relationship between reversal rate and intensity is observed. In addition,
the authors argued that the geomagnetic field strength of reversing field is more variable
than that of the non-reversing field. Thus, our paleointensity data contradicts with
observed relationship between intensity and reversal rate. As already mentioned by
Tarduno and Smirnov (2004) there are many natural and experimental routes that lead to
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Fig. 6. Autlan virtual geomagnetic poles (VGP) dispersion (Sp =9.6°, filled rectangle) with its
95% bootstrap uncertainty limits, is integrated in the VGP dispersion curve (VGP scatter against
geographic latitude) of Biggin et al. (2008) for the Cretaceous Normal Superchron (CNS), where
open circles refer to other results from lavas at different paleolatitudes after applying variable cut-
offs (Vandamme, 1994) to high-quality CNS datasets. (Bottom inset): The shape parameters (a, b) of
the best-fit Model G (McFadden et al., 1988) with 95% bootstrap uncertainty limits are given in an
inset, and the resulting curves plotted. (‘Model G’ described VGP dispersion in terms of symmetric
and anti-symmetric contributions; the former is constant and the latter dependent of latitude A:

Sp =\/a2/12 +5% . Upper inset: Equal area projection of considered 23 VGPs centred on their

mean direction (unspecified longitudes), showing the effect of the Vandamme (1994) variable cut-
off angle (two rejected sites outside the circle).

alteration of lava samples that are typically used in paleointensity experiments. Presence
of multidomain grains, maghemitization due to the hydrothermalism and potential
adquisition of thermochemical remanent magnetization during the laboratory heatings
may overestimate the absolute paleointensity values.

Concerning the long-term evolution of the geomagnetic field strength we note that
three main tendencies may be observed judging from existing available data-set. The data
based on natural rocks (mainly basaltic lava flows) suggests the low paleointensity during
whole Mesozoic time (‘Mesozoic Dipole Low’, first underlined by Prévot et al., 1990).
Submarine basaltic glass data supports the relatively high paleointensity since about
present with lower paleointensities prior to that including whole CNS. In contrast,
Tarduno et al. (2001, 2002) suggest that the paleointensity was higher during CNS. Thus
the interpretation depends on material used.
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Fig. 7. Recent compilation of available absolute paleointensity data in terms of virtual dipole
moments. (Tauxe et al., 2013, © American Geophysical Union).

5. CONCLUSIONS

The Autlan volcanic succesion is revisited adding new entries to conform a robust
database around 65-70 Ma within the Jalisco block, western Mexico. Tentative
magnetostratigraphic correlations, with reversed polarities found at the base of the
sequence and normal polarities above, suggest that the entire volcanic sequence was
emplaced during a time span of about 2 Ma prior to the K-T limit.

The obtained paleodirections are statistically useful for tectonic and geomagnetic
purposes, with observed inclinations matching the expected ones but with observed
declinations westerly deviated from the expected ones, as inferred from available
60—70 Ma reference poles for stable North America (Besse and Courtillot, 2002; Kent and
Irving, 2010; Torsvik et al., 2012).

The apparent counterclockwise vertical-axis rotation affecting Autlan volcanics

(|R | ~10° —14°) is statistically significant (AR ~ 6°~7°), and do not depend of the choice

of the reference paleopoles (and therefore independent of their source: North American
poles only or globally distributed poles in the North American frame by a selected plate
circuit). We should emphasize however, that original flow plane is hard to retrieve in the
field, and therefore we cannot provide strong information about tectonic rotation. As
already mentioned, there are no sedimentary layers intercalated within Autlan lava flow
sequences and thus the bedding plane orientation measured in the field is considered as
original plane. If this assumption was erroneous, then all discusion about observed
tectonic rotation may be compromised.
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PSV from Autlan volcanics, determined from its geomagnetic dispersion (e.g., Sg

value of 9.6° - from 7.2° to 11.9° - calculated using a variable VGP cutoff), agree with
previous selected PSV (paleosecular variation) results from compilations of lavas of
coeval age (McFadden et al., 1991; Biggin et al., 2008). In addition, it reinforces the
significance of the tectonic rotation indicating that PSV has been adequately averaged.

This study evidence the difficulties to obtain absolute paleointensity determination
form the volcanic rocks older than 5 Ma since less than 5% success rate are achieved. The
mean VDM (virtual dipole moement) obtained for Autlan lavas reinforces the hypothesis
(Tauxe et al., 2013) of low geomagnetic field strengths extending into the Upper
Cretaceous.
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