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ABSTRACT 

In the reconstruction of past movements of tectonic plates, the determination of reliable paleomagnetic poles is of ut-
most importance. To achieve accurate results, a full knowledge of the rock magnetic properties of the samples is re-
quired particularly for Curie point, for grain-size analyses in addition to thermal and alternating field (a.f.) demagneti-
zation experiments. We present the comparative results of 20 sites drilled at 3 different Paleozoic areas: The Permian 
rocks of the Juchatengo area in Oaxaca, Mexico; the Late Silurian (~418 Ma) Mountain Pine Ridge Granite, the Hum-
mingbird Granite in Belize, and the Early Leonardian Chochal Limestone in Guatemala. The samples of all 20 sites 
were subjected to a.f. and thermal demagnetization in 16 steps from NRM to 100 mT, the thermally demagnetized sam-
ples were cleaned in 15 increasing temperature steps from NRM up to 675˚C. Principal component analysis was applied 
to the samples in order to obtain their respective mean directions. Saturation Isothermal Remanent Magnetization 
(SIRM), hysteresis loops, and coercivity experiments performed indicate that about 90% of the samples were character-
ized by Multi-Domain (MD) grain sizes and the rest were in the Pseudo-Single Domain (PSD) range of the Day dia-
gram. Curie point determinations results ranged from 190˚C to 660˚C, indicating the presence of titanomagnetites as 
well as hematite. In the Juchatengo area reliable poles were obtained from 3 sites, in Belize 3 sites and only 2 sites of 
the Permian Chochal Formation, Guatemala yielded coherent and useful results. All the “reliable” paleopoles obtained 
do not agree with the APWP of North America. 
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1. Introduction 

In the quest for precise and reliable results to be applied 
in the reconstruction of past movements of tectonic plates, 
we have performed a number of rock magnetic tests to 
discriminate between suitable and unsuitable rocks rang- 
ing in age between Carboniferous to Triassic units from 
Guatemala, Oaxaca and Belize. The studied rocks are 
mainly limestones, granites and metamorphosed basalts.  

One of the problems encountered with most of the 
rocks of this study is the low magnetic stability of them 
to properly conduct directional analyses and to calculate 
their respective paleomagnetic poles, this problem is di-
rectly related to the magnetic grain sizes and their com-
plex magnetic mineralogy. In order to discriminate the 
“good” versus the “bad” specimens is necessary to con- 

duct more detailed rock magnetic tests in addition to the 
common alternating field (a.f.) and thermal demagnetiza-
tion experiments. The experiments proposed to charac-
terize and determine the magnetic properties of the sam-
ples are Saturation Isothermal Remanent Magnetization 
(SIRM), hysteresis analyses, back-field and Curie point 
determinations. 

In our present study we have analyzed 20 sites from 
the geographic areas mentioned above that after the ex-
periments performed on them we ended up with only 8 
sites that yielded reliable, coherent and meaningful re-
sults. 

The process of doing extra rock magnetic experiments 
to characterize the magnetic properties of the sampled 
sites in addition to a.f. and thermal demagnetization is 
the purpose of this study in order to determine which are 
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the most reliable and the only sites useful for further tec-
tonic interpretations. 

2. Sampling Sites 

We sampled 20 sites distributed at three different Paleo-
zoic areas. At Belize (Figures 1 and 2(a), e.g. [1-4], 
eight sites were sampled in the Maya mountain region: 3 
sites in the Late Silurian (418 +/− 3.6 Ma) Mountain Pine 
Ridge Granite, 3 sites in the Late Silurian (410 - 420 Ma, 
[5]) Hummingbird Granite, and 2 sites in the sandy facies 
of the Santa Rosa Formation of Late Pennsylvanian 
through Permian age [2-4]. Farther south in Guatemala, 
three sites were drilled in the Permian Chochal Lime-
stone (Figures 1 and 2(b), [6,7]). In Mexico (Figures 1 
and 2(c)), Permian rocks (289 +/− 6 Ma, [8]) of the 
Juchatengo volcanic rocks (pillowed and massive lava 
flows, and pyroclastic rocks) were sampled at nine dif-
ferent sites. 

The 20 sampling sites were drilled using a portable 
gasoline-powered drill. Magnetic and in some cases sun 
orientation methods were for the entire sample collection. 
The samples were spread out laterally within each drilled 
unit and taken with inclination angles between 10˚ and 
60˚ away from the horizontal plane. A total of 160 sam-
ples were drilled from twenty widely separated rock units 
(see Figures 1 and 2). 

3. Laboratory Experiments 

3.1. Natural Remanent Magnetization 

The remanent magnetization of the sites in question was 
measured with a JR5 spinner and a 760 2G cryogenic 
magnetometer, both housed in the shielded room of the 
SOEST-HIGP Petrofabrics and Paleomagnetics Labora-
tory of the University of Hawaii. A minimum of 8 spec-
imens per rock unit were stepwise demagnetized by  
 

Map of the Sampling site for this study 

 

Figure 1. Location map of the three localities under study. 
Maya Mountains, Belize (Blue dot), Chochal Formation 
Guatemala (Red dot) and Juchatengo volcanics, Oaxaca 
Mexico (Black area). Taken from [8]. 

 

Maps of the location of the sites for this study! 

  

Maya Mountains, Belize! 

(a) 
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Chochal Formation, Guatemala! 

 
(b) 

Juchatengo Oaxaca Mexico 

 

EXPLANATION 

Quaternary 

Granite (Tertiary) 

Red conglomerate (Tertiary) 

Plataform limestone (Lower Cretaceous) 

JUCHATENGO COMPLEX (Paleozoic) 

Quartz-diorite stock 

Honduras batholith 
(hornblende quartz-diorite) 

Granite 

Shale (Black shale, siltstone, limestone lenses and 
scare radiolarian beds) 

Volcanic rocks (pillowed and massive 
Lava flows, and pyroclastics rocks) 

Small stocks and sheeted dike 
complex (hornblende gabbro 
and oceanic plagiogranite 

METAMORPHIC COMPLEXES 

Xolapa Complex 

Oaxacan Complex 
(Grenville granulitic gneisses) 

Contact 
Fault 
Arroyo 
Road 
River 
Small Town 
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(c) 

Figure 2. Maps of the three sampling localities under study. (a) Maya Mountains, three successful paleomagnetic sampling 
sites, Site 1, 2 and 3. Sites 1 and 2 correspond to the Guacamayo Bridge and Windroad sampling localites of [5] within the 
Mountain Pine Ridge Batholith. Site 3 is located within the Hummingbird Batholith. Map taken from [5]. Original map was 
published by [3]. The blue dots also indicate the sites with a radiometric age determination; (b) Location of paleomagnetic 
sites Guatemala 9 and 11 drilled in the Permian Chochal Formation, Guatemala. Map taken from [6]; (c) Sampling localites 
of three paleomagnetic sites drilled (JU, ES, LS) within the Lower Permian Volcanics of the Juchatengo complex, Oaxaca, 
outhern Mexico. Modified map taken from [8]. s    
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alternating fields (af) from 5 to 100 mT. Few companion demagnetized both by temperature and a.f. for the study. 

Typical demagnetization diagrams are shown in Fig-
ur

specimens from the same samples/cores were thermally 
demagnetized at 15 temperature steps from 50˚C up to 
600˚C. Therefore, a total, 200 specimens were stepwise  
 

e 3. There is no striking difference between the overall 
pattern of a.f. and thermal demagnetization of all com- 

 

Figure 3. Typical demagnetization diagrams of normalized intensity, equal area stereograms and Zijderveld [15] vectorial 
plots of thermal (JU002b) and alternating field (a.f.) demagnetization (JU002a, LS002a and ES003b). Notice that sample 
JU002 shows the results of a.f. and temperature experiments. The a.f. demagnetization steps of 2, 50, 10 up to 100 mT and 
thermal demagnetization steps of 50˚C, 120˚C up to 600˚C were used for all samples.  
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panion, although thermal demagnetization appears to be 

ore efficient to achieve complete demagnetization. Be-
remaining eight sites that showed successful results in 
terms of their rockm

cause a.f. demagnetization appears to be more efficient 
during the first demagnetization steps, this resistance is 
likely caused by multidomain grains. The demagnetiza-
tion curves confirm that magnetite carries the NRM with 
complete demagnetization at 580˚C and rather soft resis-
tance to the alternating fields applied to the specimens. 

The direction of the characteristic component (ChRM) 
was determined using principal-component analysis for 
th

termined following the procedure mentioned 
ab

 

 magnetic and paleomagnetic charac-

etic Measurements 

ormed on at 
 under study. 

on characteristic  

e demagnetization diagrams with a well defined com-
ponent trending to the origin [9]. No direction passing 
away from the origin was accepted. In all cases the 
ChRM was defined from at least six successive direc-
tions.  

The mean declination and inclination of twenty sites 
were de

ove. Only eight sites out of twenty studied sampling 
sites yielded magnetically stable, reliable and relatively 
coherent results. For our paleomagnetic and rock mag-
netic analyses we had to discard twelve sites due to lack 
of magnetic stability and coherency of the demagnetiza-
tion results. Therefore, the study was conducted on the 
 

teristics. We have plotted up the results of the thermal 
and af demagnetization of the eight remaining (three sites 
from Belize, two from Guatemala and three from Jucha- 
tengo, see also Figures 1 and 2) and paleomagnetically 
successful sites (see Figure 4) showing their mean dec-
lination and inclination directions on a stereographic 
projection with their respective [10] statistical parameters 
(see also Table 1). 

3.2. Thermomagn

Studies of magnetic mineralogy were perf
least one sample from each of the rock units
Thermomagnetic experiments were conducted in order to 
determine the Curie temperature. Twenty specimens were 
progressively heated from room temperature up to 700˚C 
and subsequently cooled down using a Variable Field 
Translation Balance (VFTB) of the SOEST-HIGP Petro-
fabrics and Paleomagnetics Laboratory. 

In Figure 5 are shown some typical diagrams of ther-
momagnetic experiments. A first comm

 

Figure 4. Stereographic projection of the site mean directions of the eight successfully studied sites after thermal and af de-
magnetization. 
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Table 1. Results of the Fisher statistical analyses of eight successful sites Dsecl = Declination in degrees, East, of North, Inc = 
= Inclination in degress. N = number of samples used, R = Length of the vector, Kappa = precision parameter, alpha95 = 

Age (Ma) Decl Inc. N R Kappa Alpha95 PLON PLAT dp dm

semiangle of cone of confidence for mear directions, PLON = Pole Longitude ˚E, PLAT = Pole Latitude and (dp, dm),) oval of 
95% confidence about the pole position. 

Site Coordinates 

Belize Site 1 27 N Late Silur  3.6 Ma) 50.98˚E 16.82˚ ian (418 +/− 113.2 0.6 6 .82 28.3 12.8 353.6 −22.2 6.4 12.8

Belize Site 2 270.92˚E 16.91˚N Late Silurian (418 +/− 3.6 Ma) 183.1 −

G 9 

50.6 5 4.92 47.1 11.3 101.4 −75.3 10 15.2

Belize Site 3 271.49˚E 17.01˚N Late Silurian (410 - 420 Ma) 44.2 78.4 4 3.98 142 7.7 289.7 32.1 14 14.6

uatemala Site 268.10˚E 15.50˚N Early Leonardian (273 Ma) 157.4 −13.1 7 6.79 28 11.6 338.8 −66.2 6 11.8

Guatemala Site 11 268.10˚E 15.50˚N Early Leonardian (273 Ma) 25.1 58.3 6 5.82 27.2 13.1 306.4 57.8 14 19.4

Juchatengo JU 262.92˚E 16.35˚N Permian (289 Ma) 4.3 40.1 10 9.87 71.7 5.7 294.2 82.4 4.2 6.9

Juchatengo LS 262.92˚E 16.32˚N Permian (289 Ma) 30 30.6 5 4.87 31.8 13.8 348.3 61.2 8.6 15.4

Juchatengo ES 262.92˚E 16.47˚N Permian (289 Ma) 15.8 35.9 8 7.37 11 17.5 337.7 74.6 12 20.3

 
hat th igh d bility 

 

 were performed on small 

 the thermal and a.f. demagnetization 
 the magnetic size and thermo- 

vi of mag ility. r th e 

icators such as the conven-
tional and routinely demagnetization experiments (i.e. a.f. 

 well as magnetic granulometry and 

to
o

 all plots is t ey show a h egree of reversi
f the curves. In all these cases magnetite is identified as 

the unique magnetic mineral phase and the shape of the 
cooling curve remains identical to the heating curve. 
Given the absence of other visible Curie points, indicates 
production of additional magnetite during heating. Being 
aware that these diagrams are not only indicative of the 
magnetic grains involved in the remanence, we can an-
ticipate that the existence of one magnetic mineral phase 
could have as a result some consequences on the suc-
cessful behavior of the samples upon demagnetization 
(e.g. see Figures 3 and 4).  

3.3. Magnetic Hysteresis 

Magnetic hysteresis parameters
chips (~200 mg) of rocks on VFTB apparatus. Saturation 
remanent magnetization (Mr), saturation magnetization 
(Ms) and coercive force (Hc) were calculated after re-
moval of the paramagnetic contribution. The coercivity 
of remanence (Hcr) suggests that the NRM is carried by 
low-coercivity grains. The ratios of the hysteresis pa-
rameters plotted as a Day diagram [11,12] in Figure 6 
show that most grain sizes are scattered within the pseu-
do-single domain range and also within the multi-domain 
range. There is no obvious relation with magnetic miner-
alogy, and the thermomagnetic diagrams indicating al-
most pure magnetite are either PSD or MD in terms of 
their magnetic grain sizes (see Figures 5 and 6). 

4. Discussion 

After performing
procedures as well as
magnetic tests, the individual directions obtained are 
shown in Figure 4 for the eight sites (out of the initial 
twenty) that yielded reliable results from the point of  

number of samples in each stereo-plot varies from four to 
ten. Even so the alpha 95 cones of confidence are quite 
small and leave no doubt that a truly stable remnant 

ew netic stab Fo is same reason th

magnetization direction as been attained for each site. 
Two of the Silurian sites (418 Ma) at Belize (1 and 2) 
from the Mountain Pine Ridge Granite show reversed 
polarity while site at 3 Hummingbird Granite (210 Ma) 
poses normal polarity. One of the two Pemian sites at 
Guatemala (GUAT Site 9) exhibit inverted polarity while 
the other (GUAT Site 11) has normal polarity. As for the 
three sites in the Juchatengo area (JU, LS and ES) have 
normal polarity (Figure 7). With this in mind we now 
proceed to compare the VGP’s obtained with the APWP 
for North America. The VGP’s calculated for the three 
sampling sites at Belize (site 1, site 2 and site 3) fall way 
apart from each other as well as for the Silurian pole for 
North America. The first two come from the Mountain 
Pine Ridge Granite and are only seven kilometers apart. 
Evidently, there is no agreement at all between our pa-
leomagnetic results and those obtained from the same 
sites of Steiner (2006) [13]. 

5. Conclusions 

We contend that several ind

and temperature) as
Curie point determinations yielded very important in-
formation to asses the possibility of obtaining valuable 
and meaningful results to conduct further paleotectonic 
reconstruction of the sites in question based on the ex-
perimental paleomagnetic and rock magnetic tests. Our 
results are as follows:  

1) We have successfully isolated Characteristic Re-
manent Magnetization (ChRM) components of 8 sites out 
of 20 drilled locations by means of af and thermal de- 
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˚  
 

 

˚  
 

 

˚  

Figure 5. Thermomagnetic diagrams of typical Curie plots 
showing a high degree of reversibility and indicating the 
existence of almost pure magnetite (Tc = 560˚C - 575˚C). The 
upper part of the curves represent heating and the low r one 

 statistically coherent and internally consistent 

e
cooling. 
 
magnetization methods for our study. 

2) Of the 8 successfully demagnetized sites only 3 of 
them are

 

Figure 6. Plot of the hysteresis parameters, Mrs/Ms (ratio of 
remanent saturation moment Mrs, to saturation moment Ms) 
against Hcr/Hc (ratio of remanent coercive force, Hcr to 
coercive force Hc). Notice the range of the magnetic grai

ck magnetic experiments performed allowed 
s to characterize the magnetic mineralogy of the intru-

SD and 
M

.g. [14]. 

 paleomagnetic stud- 
ie

 laboratory phase of the project an Miss R.   

n 
sizes between Pseudo-Single (PSD) to Multi Domain (MD) 
for the 8 sites under study, after [11] and corrected accord-
ing to [12]. 
 
from the paleomagnetic view point, (i.e. N > 7 and al-
pha95 less than 10˚ for instance) see also Table 1. 

3) The ro
u
sive rocks under study and we found out that the 8 “suc-
cessful” sites contain almost pure magnetite, of P

D magnetic grain sizes. 
4) The paleomagnetic poles obtained thus far do not 

correlate at all with the corresponding poles of the 
APWP of stable North America for the Early Trias-
sic-Late Silurian time gap e

These results obtained here are to a certain level ex- 
pected since we have dealt with rocks such as granites, 
metamorphosed gabbroic dikes and black limestones that 
in general are not really suitable for

s and that they might also have been affected by mag- 
netomineralogical changes, drastic negative tectonic events 
and uncertainties related to the mode of emplacement of 
the granitic plutons as well as difficulties in obtaining the 
correct radiometric age dates of the sites in question. The 
bottom line of our study shows that the results obtained 
are very scanty and marginal to conduct further robust 
tectonic studies of the three sampled areas. Therefore, it 
is advisable that in addition to the routinely and conven-
tional a.f. and thermal demagnetization experiments one 
conducts other more diagnostic rock magnetic tests in 
order to further characterize the magnetic properties of 
the material studied as is done today in modern paleo-
magnetism.  
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Figure 7. Paleomagnetic poles of the eight successful sites obtained for this study. 
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