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ABSTRACT 

We present new paleomagnetic data of 25 sites (240 specimens) along the 
southwestern part of the Azuero Peninsula, Panama. The data show two paleomagnetic 
domains in the peninsula: a northern domain featuring uniformly large vertical-axis 
clockwise rotation values of 73.4 ± 12 across to Azuero Soná Fault Zone with a single 
mean direction with declination of 81.2 and inclination of 3.2 (95% confidence of 
11.7 and precision parameter of 18.09), and a scattered paleomagnetic domain to the 
south. These contrasting domains could be attributed to the collision of far-
travelled/allochthonous seamounts that approached the Panama arc as subduction of the 
Farallon plate brought them to the margin. As consequence of this collision the far-
travelled seamounts were fragmented and scattered along the margin while the Panama 
arc rotated into the colliding seamounts. These new paleomagnetic data suggest that the 
Campanian-Eocene arc segment in the Azuero Peninsula was originally oriented NE-SW, 
implying an original curvature for this part of the arc. 

 
Ke y wo rd s :  paleomagnetism, collision-induced rotation, paleogeography, 

Panamanian Arc 

1. INTRODUCTION 

Tectonic block rotations in forearcs of active convergent plate margins are events that 
can be recorded using global positioning system (GPS) (e.g., Papua New Guinea). 
Wallace et al. (2005) suggest that forearc rotations are the product of a buoyant indentor 
entering a subduction zone, for example the accretion of seamounts. Previous lithologic 
observations and geochemical studies of the Azuero Peninsula, Panama (e.g., Buchs et al., 
2011a) suggest the accretion of seamounts along the trailing edge of the Caribbean plate. 
The Azuero Peninsula is an excellent area to study the relationship between seamount 
collision and magmatic arcs because it exposes a deformed, fragmented forearc where the 
collisional processes can be directly observed and studied. 
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Buchs et al. (2011b) and Mann and Corrigan (1990) suggest that the Azuero Soná 
Fault Zone (ASFZ) separates autochthonous from far-travelled/allochthonous terrains. 
The geology and tectonic evolution of each block is different, including age, 
geochemistry, stratigraphy, granting this distinction (Buchs et al., 2011a). However, the 
effects of the processes that brought these seamounts to the subduction margin of the 
Panama arc have not been investigated. Collision and accretion must have modified the 
margin, and probably would have also affected magmatic processes in the arc (McCabe, 
1984; Vogt et al., 1976; Wallace et al., 2005). 

We present new paleomagnetic results from sites sampled during 2014 and 2015 in the 
southwestern part of the Azuero Peninsula, distributed in different blocks located both in 
the north and south of ASFZ. We took advantage of layered basalt flows and interbedded 
fine-grained sedimentary rocks as markers of the paleo-horizontal references, which then 
we used as a bedding correction of paleomagnetic data. Our data reveals consistent, large 
vertical-axis rotations in tectonic blocks around the ASFZ, but scattered in the seamount 
domain to the south. These new data document the process of seamount collision, 
accretion and arc rotation in the trailing edge of the Caribbean plate. 

2. REGIONAL GEOLOGY 

2 . 1 .  P a n a m a n i a n  I s t h m u s  

The Isthmus of Panama is located at the southwestern trailing edge of the Caribbean 
plate (Pindell and Kennan, 2009), in the junction between Nazca, Cocos, Caribbean and 
South American plates (Molnar and Sykes, 1969; Fig. 1). It is composed by Cenozoic and 
Mesozoic magmatic products (Buchs et al., 2010, 2011b; Whattam et al., 2012) and 
several sedimentary overlapping sequences (Coates and Obando, 1996; Kolarsky et al., 
1995). The magmatic products are the result of three main processes: an oceanic plateau 
extrusion (the Caribbean Large Igneous Province, CLIP), an Upper Cretaceous and 
younger arc system in southern Costa Rica and western Panama (Drummond et al., 1995; 
Kesler, 1978; Whattam et al., 2012), and finally seamount accretion (Buchs et al., 2010, 
2011a; Lissinna, 2005; Wegner et al., 2011). Additionaly, there are periods without 
magmatism and even sedimentation processes related with deformational events in the 
Isthmus (Mann and Corrigan, 1990; Montes et al., 2012; Silver et al., 1990). 

The Panama Ishmus is bound to the north by a submarine deformed belt and its 
associated earthquake and shorteninng processes (Pennigton, 1981; Silver et al., 1995). To 
the east, the Uramita Fault (Duque-Caro, 1990) is located between a volcanic basement 
and the Chuqunaque basin, which has been interpreted as an extension of the Atrato basin 
(Montes et al., 2012). The south boundary is constituted by left-lateral and normal 
subduction west of Azuero Peninsula (Montes et al., 2012), and an accretionary complex 
through Costa Rica and Western Panama. Finally, the western boundary is a broad zone of 
well distributed left-lateral shear in central Costa Rica (Camacho et al., 2010; Fan et al., 
1991). 

Paleomagnetic studies have helped to reconstruct a model of the deformational events 
of the Isthmus. Montes et al. (2012) suggested that deformation in the Isthmus resulted 
from opposite vertical-axis rotations on both sides of the Rio Gatun Fault. The Isthmus 
can be classifed as an orocline because it is a curved orogen in map view, that has been 
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bent about a vertical axis of rotation (Johnston et al., 2013). Block rotation and 
fragmentation are recorded by older arc segments, whereas younger segments are less 
deformed. This provides a clear chronology of deformation of the arc, where arc shut 
down at ~38 Ma may be marking the initiation of arc fragmentation and oroclinal bending. 
Deformation occurred in three main stages with large and moderate rotations. In the first 
stage, counterclockwise rotations took place between 38 and 28 Ma, additionally to left-
lateral strike-slip of the arc. In a second stage, between 28 and 25 Ma clockwise rotations 
of the central arc segments took place. Finallly, the orocline tightenining happened after 
25 Ma (Montes et al., 2012). 

2 . 2 .  A z u e r o  P e n i n s u l a  

The Azuero Peninsula is located in the Panamanian forearc along the southwestern 
edge of the Caribbean Plate (Buchs et al., 2011; Fig. 1). The Azuero Peninsula is 
composed by a volcanic basement that has been intruded by arc and protoarc sequences, 
has experienced seamount accretion, and is overlain by forearc sediments. 

Large structural and tectonic features have been mapped in the Azuero Peninsula: The 
Azuero Soná Fault Zone, the Central Coiba Fault Zone, the South Coiba Fault Zone, all of 
these with high angle dips, and with left-lateral strike-slip motion since Pliocene times 
(Mann and Corrigan, 1990; Mann and Kolarsky, 1995; Kolarsky et al., 1995). 
Additionally, there are other features as the Ocu-Parita Fault Zone and the Joaquin Fault 
Zone (Buchs et al., 2011; Corral et al., 2013; Guidice and Recchi, 1969; Kolarsky et al., 
1995). The most important structure is the Azuero Soná Fault Zone, as a shear zone with 
incohesive brittle, cohesive brittle and narrow ductile rocks. Ductile deformation markers 
within the fault zone preliminarily suggest a dextral sense of shear for the fault, with a 
normal displacement along a plane coincident with foliation dipping at 60 degrees to the 
southwest in average, aligned with the overall strike of the fault zone (Pérez-Angel, 2015). 

Buchs et al. (2010, 2011a,b) divided the Peninsula into four tectonostratigraphic units: 
The Azuero Marginal Complex, the Azuero Mélange, the Azuero Accretionary Complex 
and the overlapping sequences. These can be roughly summarized as an autochthonous 
Marginal Complex where the basament is composed by the Azuero Plateau intruded by 
arc sequences (the arc and proto-arc groups). The allochthonous part is found south of the 
Azuero Soná Fault Zone, and is composed of accreted seamounts separated from the 
marginal complex by a mélange zone (Azuero Accretionary Complex and the Azuero 
Mélange). Overlapping sequences are suggested to be non-conformably covering this 
complex geological arrangement. 

Within this complex geological arrangement, bedded basalt flows interbeded with 
hemipelagic limestone or mudstone in the Marginal Complex provide paleomagnetic 
sampling targets. These bedded sequences have been correlated with the Upper 
Cretaceous Ocu Formation overlapping plateau basement (Buchs et al., 2010; Corral et 
al., 2011; Lissinna, 2005). These sequences are composed of gray to white, fine-grained 
limestones, interbedded with tuffs, and lava flows, collectivelly more than 1500-m thick 
(Corral et al., 2011; Guidice and Recchi, 1969; Kolarsky et al., 1995). They are cross-cut 
by basaltic dikes (Buchs et al., 2010, 2011; Wegner et al., 2011). Younger sequences 
overyling these deposits lack layering that can be used as paleohorizontal reference. 

Within the accreted seamount province, layered and pillow basalts also provide 
opportunity for paleomagnetic sampling. The seamounts are composed of massive and 
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pillow lavas, sheeted lava flows, basaltic breccias and subaerial lava flows. These are also 
cross-cut by basaltic dikes (Buchs et al., 2011; Hoernle et al., 2002; Hoernle and Hauff, 
2007). 

Buchs et al. (2011b) and Mann and Corrigan (1990) have described the Azuero Soná 
Fault Zone as the boundary that separates a volcanic arc basement in the north part of the 
Azuero Peninsula from a basaltic basement in the south; in other words, Azuero Soná 
Fault Zone represents the boundary between the authocthonous and the allocthonous 
terranes. However, preliminary field, petrological and geophysical studies (Agudelo-Mota, 
2016; Ayala, 2015; Jara, 2016; Revelo, 2015; Urdaneta, 2016) suggest that the limit 
between authochtonous and allochthnous terranes is located father south, within what 
Buchs et al. (2011b) considers the Azuero Mélange. Also, sedimentary successions 
overlapping basement rocks in both regions, have been reported faulted within the Azuero 
Soná Fault Zone (Garzon, 2016; Gongora, 2016; Ortiz-Guerrero, 2016). 

Previous paleomagnetic studies performed in the peninsula (Di Marco et al., 1995; 
Frisch et al., 1992) have shown vertical-axis rotations close to 100 and inclination values 
indicating equatorial positions. Frisch et al. (1992) studied 4 sites in the Azuero 
Peninsula, on lava flows and a dike from Cenozoic units (Paleocene and Miocene), 
nonetheless paleomagnetic directions yielded from these 4 sites were too scattered. 
Di Marco et al. (1995) investigated two sites in the same area on calcareous beds 
interbedded in volcanic arenites from the Güera Formation. These sites showed an east 
shallow direction and positive fold test, so an equatorial paleoposition and clockwise 
vertical-axis rotations about 60 seemed confirmed. However as all the units sampled are 
Cretaceous in age, and a tectonic reconstruction of the terrrane could not be performed. In 
conclusion, the tectonic evolution of the Azuero Peninsula has not been interpreted by 
paleomagnetic data because the reliable data available is scarce and constrained just to 
Cretaceous units. 

3. METHODOLOGY 

Two hundred and forty oriented cores from twenty-five sites (Table 1) were collected 
in the southwestern part of the Azuero Peninsula. Most cores (210) were collected using 
a portable gasoline-powered drill and a copper orienter. Other cores (30) were collected 
from oriented hand samples with a static drill and cut to the standard 2.4 cm diameter by 
2 cm long in the laboratory. At least nine cores were taken at each site. We performed two 
field tests (dike and conglomerate test) to determine relative age of magnetization. The 25 
sites were divided into four blocks (Table 1) according to stratigraphy, age and distance 
between sites. The structure that divided the main two groups is the Azuero Soná Fault 
Zone, because initial hypothesis suggested that this structure was the most relevant 
structural boundary in the peninsula. The laboratory analysis were carried out at Instituto 
de Geociencias Básicas, Aplicadas y Ambientales de Buenos Aires (IGEBA) of the 
Universidad de Buenos Aires, Argentina. Demagnetization cleaning processes were 
conducted by alternating fields (AF) and high temperatures (HT) methods (Butler, 1992) 
with an AGICO LDA5 AF demagnetizer and an ASC TD48-SC thermal specimen 
demagnetizer and the magnetic remanence was measured in a AGICO JR-6 spinner 
magnetometer or a 2G cryogenic magnetometer. To decide on the best magnetic 
demagnetization procedure for each site, we performed a pilot test in all sites. 
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Demagnetization steps for alternating fields were as follows: 0, 2, 4, 6, 8, 10, 15, 20, 25, 
30, 40, 50, 60,70 and/or 80 mT, and steps for thermal demagnetization as follows: 0, 100, 
150, 200, 250, 300, 350, 400, 450, 500, 525, 550 and 575C. 

We analyzed the paleomagnetic data using RemaSoft 3.0 software (Chadima and 
Jelínek, 2009), and isolated a characteristic paleomagnetic component (ChRM) for each 
sample applying the means of principal component analysis (PCA) (Kirschvink, 1980). 
We employed orthogonal demagnetization or Zijderveld diagrams in the analysis of 
principal components. Mean magnetization directions were calculated using Fisher’s 
statistics (Fisher, 1953), and in the most cases we used seven or more samples for each 
site. 

Table 1. Summary of the paleomagnetic sites. 

Block Site Lat. N 
[] 

Long. W
[] 

Number 
of Cores Lithology Age 

Discarded Oc01 7.59973 80.9740 7 Sandstone Camp.-Maastr. 
Ocú Oc02 7.63059 80.9290 10 Basalt Camp.-Maastr. 
Ocú Oc03 7.63032 80.9273 9 Basalt Camp.-Maastr. 
Ocú Oc04 7.62767 80.9273 12 Basalt Camp.-Maastr. 
Ocú Oc05 7.63147 80.9327 11 Conglomerate Camp.-Maastr. 
Ocú Oc06 7.63011 80.9296 11 Dike Camp.-Maastr. 
Ocú Oc07 7.62056 80.9181 12 Tuffs Camp.-Maastr. 
Ocú Oc08 7.62032 80.9177 10 Basalt Camp.-Maastr. 
Ocú Oc09 7.63023 80.9295 8 Basalt Camp.-Maastr. 
Ocú Oc10 7.62688 80.9280 7 Basalt/biomicrite Camp.-Maastr. 
Discarded H01 7.45479 80.9022 5 Masive picrites Paleocene-Eocene 
Honda H02 7.45479 80.9022 9 Basalt Paleocene-Eocene 
Honda H03 7.45498 80.8783 9 Basalt Paleocene-Eocene 
Honda H04 7.45965 80.8937 11 Basalt Paleocene-Eocene 
Honda H05 7.46557 80.8650 8 Basalt Paleocene-Eocene 
Honda H06 7.47237 80.9306 7 Pillow basalts Paleocene-Eocene 
Honda H07 7.46964 80.8362 13 Basalt Paleocene-Eocene 
Honda H08 7.47806 80.8630 10 Pillow basalts Paleocene-Eocene 
Discarded V01 7.41164 80.8364 10 Pillow basalts Paleocene-Eocene 

Varadero V02 7.29846 80.8685 6 Amigdular and 
vesicular basalt Paleocene-Eocene 

Varadero V03 7.30125 80.8586 8 Amigdular and 
vesicular basalt Paleocene-Eocene 

Varadero V04 7.30397 80.8563 9 Amigdular and 
vesicular basalt Paleocene-Eocene 

Pachotal P01 7.32902 80.8952 7 Vesicular basalt Eocene 
Pachotal P02 7.32872 80.8969 10 Mudstone Eocene 
Pachotal P03 7.45498 80.8782 4 Mudstone Eocene 

* The age of all sites was taken from Buchs el at. (2011b), the only data avaliable in the literature. 
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4. RESULTS 

Sampled sites were grouped into four fault-bounded blocks according to field relations 
and with the purpose of developing a tectonic interpretation (Fig. 1). Ten sites were 
sampled in the Ocú block, eight in the Honda block, four in Varadero block and three in 
the Pachotal block (Table 1). We took advantage of layered basalt flows and interbedded 
fine-gained sedimentary rocks for tilt corrections, assuming that deposition was nearly 
horizontal. The statistical values as precision parameter k and confidence angle 95 
(Fisher, 1953), and the demagnetization ranges are reported for each site (Table 2). 

 
Fig. 1. Geologic map of the Azuero Peninsula (modified from Ortiz-Guerrero, 2016) with 
localization of all paleomagnetic sites and the main structures in the area: Azuero Soná Fault Zone 
(ASFZ) and Cerro Honda Fault (CHF), and general tectonic configuration of theIsthmus of Panama: 
Canal Fracture Zone (CFZ). 
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4 . 1 .  O c ú  b l o c k  

A total of ten sites (Table 1) were collected in the north area of the Peninsula, along 
the Palo Seco river and the Naranjo creek (Fig. 1). Seven of these sites were drilled from 
basalt-limestone interbeds of the Ocú Formation, Upper Cretaceous age, one from tuffs 
which are the basement of the Ocú Formation, one from a Cenozoic basal conglomerate 
and one from a dike crosscutting the Ocú Formation. A main component (Fig. 2a) was 
isolated at temperatures from 100 to 550C or with highest alternating field from 20 to 60 
or 80 mT (Fig. 2b). Two sites (Oc01 and Oc04) showed high scattering in the 
demagnetization sequence, thus their components were not calculated. Directional 
dispersion was high for ChRM at site Oc10 and also was excluded from computing the 
final results (Table 2). The characteristic components in Ocú Block showed declination 
values oriented to the east and northeast (between 100.1 ± 4.8 and 58.8 ± 13.8, after tilt 
correction) which suggests large vertical-axis rotations, with low values of positive and 
negative inclinations (Table 2) that decreased with the tilt correction (Fig. 2c). The final 
mean direction for this block was calculated (Table 2 and Fig. 2c) and show increase in 
the clustering of data after tilt correction. Also, one direction in the block is to the west, so 
timing of magnetization must cover two chrons of magnetic polarity (Table 2). 

 
Fig. 2. Representative examples (Site Oc03-4a) of a) Zijderveld diagram and b) normalized 
natural remanent magnetization (NRM) decay measured on Ocú block. c) Equal area plots for the 
mean directions of each site of the block, all values were projected to the east. BTC - before tilt 
correction; ATC - after tilt correction; D and I - declination and inclination of the mean direction of 
the block; N - number of sites; 95 - confidence angle (Fisher, 1953). 
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C o n g l o m e r a t e  t e s t  

The conglomerate test for site Oc05 was carried out in the Palo Seco river (Fig. 1) in 
a basal conglomerate that separates unconformably the Cenozoic sequences from the Ocú 
Formation. Eleven cores were drilled, each one in a different pebble of the conglomerate. 
This fining-upward conglomerate is composed by a lithic sand matrix with rounded 
basaltic fragments of a large range of sizes (from pebbles to boulders; 2500 mm). For 
this site, the main component (Fig. 3a) was isolated at temperatures between 100 and 
550C and from 20 to 60 mT in AF (Fig. 3b). We found large scattering among the 
components calculated (95 = 52.1, Fig. 3c) suggesting a positive conglomerate test, 
which means that the ChRM was acquired prior to the accumulation of the conglomerate. 

B a k e d  c o n t a c t  t e s t  

The baked contact test was carried out in the Palo Seco river too (Fig. 1), in a basaltic 
dike that crosscuts the Ocú Formation. Eleven cores were drilled in the diabase dike (site 
Oc06) and seventeen in the basalts that belong to the sites Oc03 and Oc09, with maximum 
separation of the dike of ∼130 m. Site Oc03 was closer to the dike than site Oc09 to 
investigate the possible influence of the dike in a remagnetization process. In most 
specimens a ChRM was calculated. The component (Fig. 3d) was isolated at temperatures 
between 100 and 550C and from 20 to 4060 mT for the dike and 80 mT in the host rock 
(Fig. 3e). 

The declination values for the dike showed a northeastern orientation (46.1 ± 10) 
(Table 2), instead the values for the host rock showed an eastern orientation (100.1 ± 4.8 
and 81.3 ± 4.2) (Table 2). The inclination values for the dike were between low and 
moderate (18.5), for the host rock instead these were large (62.1 and 38.2) before tilt 
correction; however, with the tilt correction all of them decreased (3.2, 16.9 and 1.7, 
respectively) (Table 2). Inclinations for the dike and host rocks are clearly different in situ 
but almost identical after tilt correction (Fig. 3fg). In conclusion, the baked contact test 
yielded a result that is not conclusive but points to a pre-tectonic age for the magnetization 
of both the dike and the Ocú Formation, which is consistent with the results of the 
conglomerate test. This suggests that ChRM of the dyke and host rocks were acquired 
a different time, and the intrusion event related to the dyke did not affect directions of 
nearby sites Oc03 and Oc09. 

4 . 2 .  H o n d a  b l o c k  

The Honda block, located south of the Azuero Soná Fault Zone, was sampled at eight 
sites distributed in different creeks (Fig. 1 and Table 1). The sequences sampled in this 
block are monotonous interbedding of basalt flows, vesicular basalts, massive picrites, 
pillow basalts and occasional mudstone and chert intercalations. In most sites of the block 
it was possible to determine a characteristic component of remanent magnetization in 
temperatures from 100 to 575C or from 20 to 60 mT in AF (Fig. 4a,b). However, three 
sites (H01, H05 and H07) were ruled out because they showed high directional scattering 
or unstable performance, which is possibly explained by its proximity to the Azuero Soná 
Fault Zone (Fig. 2). We find a characteristic paleomagnetic component in this block with  
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Fig. 3. a) Representative Zijderveld diagram (Site Oc05-6a); b) representatiove plot of NRM 
decay (Site Oc05-6a), evaluated after conglomerate test; c) equal area plots of the mean directions 
after conglomerate test (note that all the components are scattered); d) and e) the same as in a) and 
b), respectively, but for the Site Oc03-9a and baked contact test; f )  and g) equal area plots of the 
mean directions after baked contact test. BTC - before tilt correction; ATC - after tilt correction. 



L.A. Rodriguez-Parra et al. 

210 Stud. Geophys. Geod., 61 (2017) 
 

high values of declination (between 92.7 ± 3.9 and 67.2 ± 8.1, after tilt correction) 
(Fig. 4c), that suggest large tectonic rotations, with low and moderate values of positive 
and negative inclinations (Table 2). The final mean direction for this block was calculated 
(Table 2 and Fig. 4c) and does not show significant change in the clustering of data before 
and after tilt correction. Also as in Ocú Block, one direction in the block is to the west, so 
timing of magnetization must cover two chrons of magnetic polarity (Table 2). 

4 . 3 .  V a r a d e r o  b l o c k  

Four sites were collected in the accretionary complex exposed in the Varadero Block. 
Varadero corresponds to the southernmost part of the peninsula (Buchs et al., 2011b). The 
lithology in the area is dominated by amygdular and vesicular basalts with evidence of 
flow alignment in the vesicles. In the paleomagnetic analysis of this area, it was possible 
to determine a characteristic paleomagnetic component for each site (Fig. 5a), isolated at 
temperatures from 100 to 550C or at fields from 20 to 60 and 80 mT (Table 2, Fig. 5b). 
The sites V01 and V02 have high values of 95 (38.4 and 65.8, respectively) so they 
were not used. Additionally, mean paleomagnetic directions for the other two sites (V03 
and V04) were not consistent (Fig. 5c) preventing to compute a valid mean direction for 
the block. 
  

 
Fig. 4. The same as in Fig. 2, but for Honda block (Site H08-5b). 
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Fig. 5. a) Representative Zijderveld diagram (Site V03-3a); b) representatiove plot of NRM decay 
(Site V03-3a), and c) equal area plots of the mean directions of each site at the Varadero block;  
d) – f )  the same for the Pachotal block, respectively (Site P01-6a in d) and e)). BTC - before tilt 
correction; ATC - after tilt correction. The site P01 may represent the most recent event of 
magnetization. 
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4 . 4 .  P a c h o t a l  b l o c k  

We performed sampling at three sites in Pachotal area (Fig. 1), in different beds from 
diverse lithologies, as vesicular basalts and mudstones from the Covachón Formation of 
Eocene or younger age. The principal component reported in the Zijderveld diagrams 
(Fig. 5d) for these sites was isolated from 100 to 600C or 20 to 60 mT (Fig. 5e). 
A reliable mean paleomagnetic direction could be determined for each site, but it was not 
possible to calculate a mean direction for the entire block due to large between-site 
dispersion. Additionally, paleomagnetic direction uncovered in the P01 may represent the 
present magnetic field (Fig. 5f). 

5. DISCUSSION 

The paleomagnetic data presented above indicate that the characteristic paleomagnetic 
components isolated in the western Azuero peninsula might be the record of primary 
magnetization components. Once placed in a spatial frame, it is clear that these primary 
components define two domains: one with consistently large vertical-axis rotations to the 
north, and another with scattered paleomagnetic components to the south. Firstly, the 
unblocking temperatures around 500550C and AF destructive fields in the range of 
2060 mT points to (Ti-poor)magnetite as the main remanence carrier in the study rocks. 
Futhermore, the conglomerate test indicates that magnetic components in the Campanian 
to Maastrichtian basaltic sequences were acquired before accumulation of Eocene clastic 
sequences, and there are no remagnetization events of Eocene or younger age in the 
western Azuero peninsula (Fig. 3c). The baked contact test, performed in a large diabase 
dike intruding the calcareous/basaltic Ocú Formation (Figure 3f-g) also suggests that 
intrusion of basaltic magmas, of likely Paleonece age, did not reset the paleomagnetic 
signature of the directions isolated in the Upper Cretaceous Ocú Formation. 

Secondly, paleomagnetic data obtained for the northern Ocú and Honda blocks 
separated by the Azuero Soná Fault Zone-reveal large vertical-axis rotations with similar 
inclination and declination values (Figs  2c and 4c, Table 2). Figure 6 illustrates the mean 
site directions from Cretaceous and Paleocene rocks sampled at these two blocks, which 
show a much better directional consistency after tilt correction, futher supporting the 
primary nature of the characteristic remanence. Given the lithological and paleomagnetic 
similarity, we grouped primary paleomagnetic components of the Ocú and Honda blocks 
to obtain a single mean direction of declination D = 77.2 and inclination I = 16.5 
(95 = 16.5 and k = 9.51) before tilt correction and D = 81.2 and I = 3.2 (95 = 11.7 
and k = 18.09) after tilt correction (Fig. 6). Assuming that the expected declination value 
for Azuero Peninsula (7N, 80W) is 7.79 ± 2.7 respect to the paleomagnetic pole of 
70 Ma for the South American Craton of Torsvik (2008), the magnitude of rotation is 
73.4 ± 12, the rotation was computed in reference to South American Craton because the 
Caribbean Plate has not paleomagnetic poles at this age. Futhermore, we calculated 
expected declination values for different ages (Fig. 6) for supporting the consistency of 
the data obtained. The clockwise sense of rotation was inferred by the configuration of the 
arc. A clockwise rotation is kinematically more plausible if the southern edge of the 
Azuero plateau face Galapagos-derived seamounts (Buchs et al., 2011a; Gazel et al., 
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2009; Trela et al., 2015) before rotation takes place. An opposite sense of rotation (with 
a larger magnitude) would instead place the edge of the plateau facing away from the 
Galapagos hotspot. The components marking a large vertical-axis rotation isolated in 
Azuero, however, force a southward bend (Fig. 7) in the Campanian to Eocene arc system 
of Montes et al. (2012). 

Finally, the uniformity of paleomagnetic components across the Azuero Soná Fault 
Zone (Ocú and Honda blocks, Fig. 6) suggests that this fault does not separate tectonic 
domains. Instead, the Cerro Honda Fault (Fig. 1) located to the south, is more likely to 
represent a suture between the Azuero plateau and far travelled seamounts. Southern 
blocks (Varadero and Pachotal) show scattered paleomagnetic components (Table 2) 
consistent with the interpretation that southern Azuero peninsula is in fact composed of 
several distinct seamounts (Buchs et al., 2011a). Collision and dismemberment of 
seamounts carrying different paleomagnetic direction values, would be recorded as blocks 
with scattered paleomagnetic components (Fig. 5). 

The discussion of the paleomagnetic data presented above can be used to refine the 
paleogeographic model for the Campanian-Eocene arc (Montes et al., 2012). When 73.4 
clockwise vertical-axis rotation are subtracted from the arc segment preserved in the 
Azuero peninsula, a northeast-trending arc segment results (Fig. 7), that should then 
connect with the west-northwest arc segments of the San Blas, Choco and Canal blocks at 
38 Ma. Collision of Galapagos-derived seamounts (Buchs et al., 2011a; Gazel et al., 
2009), would then drive deformation west of the Canal basin, probably causing rotation of 
the Azuero arc segment and left-lateral offset with respect to El Valle block. This 
interpretation is consistent with previos studies (McCabe, 1984; Vogt et al., 1976; Wallace 

 
Fig. 6. Combined mean direction of characteristic component for Ocú (circles) and Honda 
(triangles) blocks. BTC - before tilt correction; ATC - after tilt correction; D and I - declination and 
inclination of mean directions of the block; N - number of sites; 95 - confidence angle (Fisher, 
1953). Stars represent the expected directions for Azuero Peninsula (7N, 80W) using the 
paleomagnetic poles of Torsvik (2008) for South American Craton. 
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et al., 2005) showing that large-vertical axis rotations result from the collision between 
microblocks (e.g., seamounts) and oceanic arcs. Wallace et al. (2005) describe cases in the 
South Pacific where GPS measurements allow quantifying displacements and rotations 
resulting from these collisions. 

6. CONCLUSIONS 

Five conclusions can be derived from the data presented in this paper: 1) The 
paleomagnetic data in Azuero Peninsula show two different domains separated by Cerro 

 
Fig. 7. Tectonic reconstruction model of Campanian to Eocene belt. Paleomagnetic data reported 
in this paper for Azuero Peninsula and Montes et al. (2012) for the other localities in the 
Panamanian Isthmus. a) Current configuration, b) reconstruction at 28 Ma, c) reconstruction at 
45 Ma, and d) reconstruction at 70 Ma (modified from Montes et al., 2012). CLIP: Caribbean Large 
Igneous Province. 
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Honda Fault. One domain with large clockwise vertical-axis rotations (81.2 ± 11.7), and 
another with scattered paleomagnetic components; 2) the ChRM isolated in Late 
Cretaceous Ocú Formation was previous to intrusion of basaltic dikes and deposition of 
Eocene clastic sequences; 3) Azuero Soná Fault Zone does not represent a major tectonic 
boundary for the tectonic blocks in the peninsula; 4) Using the restoration of 
paleomagnetic data in Azuero Peninsula suggest that WNW-ESE Campanian to Eocene 
arc proposed by Montes et al. (2012) had a northeast-trending segment in the Azuero 
block in late Cretaceous to Paleogene times; 5) The time of magnetization in the segment 
of the Azuero Peninsula in pre-Paleocene time, the arc was located near to the Equatorial 
magnetic line, supporting previous interpretations that consider the location of the Panama 
arc at the line of the magnetic equador. 
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