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Abstract  
 Petrographic and geochemical analysis with ground mapping and some field camp relationship 
allow to propose a new tectonic classification for the Azuero Peninsula. Two localities where analyzed; 
Palmilla River and Honda Creek.  Of the three samples analyzed, one correspond to the volcanic arc 
section and the other two to an enriched source origin. Palmilla segment involves gabbroic bodies 
associated with the development of the magmatic arc and the slab-derived fluids (negative Nb anomaly, 
La/Yb ratio =2.75 and Cpx enrichment). On the other hand, Honda segment can be divided in two sub-
regions. The first subregion or lower part is associated with a subduction related ophiolite, which follows 
the subduction initiation rule (positive Nb anomaly, La/Yb ratio =8.95 and Opx enrichment). This 
enables the emplacement of an oceanic sequence in the proto-forearc with an enriched mid ocean 
ridge basalt (E-MORB) affinity. The upper part or second subregion of the Honda Creek is associated 
with an enriched source, which is genetically related to the Caribbean large igneous province (CLIP; 
positive Nb anomaly, La/Yb ratio =7.30 and Cpx enrichment) due to the presence of the Ocú formation. 
The southern part of the peninsula is associated with a sequence of regular lava (basalts) flows. No in-
situ gabbroic bodies could be located in the Hoya Island as expected due to the cartography previously 
described in the literature. 
 

Resumen 
 Análisis geoquímicos y petrográficos junto con cartografía de la zona de estudio y algunas 
relaciones de campo llevaron a determinar una nueva clasificación para la división establecida de la 
Península de Azuero. Dos localidades fueron analizadas; Rio Palmilla y Quebrada Honda. De las tres 
muestras analizadas, una corresponde a la sección del arco volcánico y las otras dos a un origen en 
el cual la fuente presentaba enriquecimiento en tierras raras ligeras. La sección de Palmilla involucra 
cuerpos gabroicos asociados con el desarrollo del arco magmático y la contribución de fluidos del slab 
(anomalía negativa de Nb, relación La/Yb =2.75 y enriquecimiento en Cpx). Por otro lado, la sección 
de Honda se puede dividir en dos subregiones. La primera subregión o parte inferior está asociada 
con una ofiolita relacionada a la subducción, la cual sigue la regla de iniciación de subducción 
(anomalía positiva de Nb, relación La/Yb =8.95 y enriquecimiento en Opx). Esta permite el 
emplazamiento de una secuencia oceánica en el proto-antearco con una afinidad geoquímica E-
MORB. La parte superior de Quebrada Honda o segunda sub-región está asociada con una fuente 
enriquecida, la cual está relacionada genéticamente con la gran provincia ígnea del Caribe (CLIP; 
anomalía negativa de Nb, relación La/Yb =7.30 y enriquecimiento en Cpx) dada la presencia de la 
Formación Ocú. La parte sur de la península está asociada a una secuencia de flujos basálticos 
regulares. No se encontraron cuerpos gabroicos en la Isla Hoya como era de esperarse dada la 
cartografía previamente presentada en la literatura.   
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Introduction 

The Azuero Peninsula, is located in the Pacific coast of Panama it has a maximum elevation of 
935m, it is 100 km from east to west and 90km from north to south (Figure 1). The Peninsula is 
characterized by a prevalent volcanism that started during the Late Cretaceous and structures that 
are related to regional faults (Corral et al., 2013). Buchs et al. (2010, 2011) determined the 
peninsula could be divided into three basic groups; delimited by the Azuero-Soná fault (AZF 
regional fault of N60°W strike).The southern part of the peninsula (south of the AZF) was 
interpreted as an accretionary complex composed of oceanic island fragments that were accreted 
during the early-middle Eocene. The middle part of the peninsula (AZF zone) corresponds to the 
Azuero mélange, resulting from deformation along the fault during the middle Eocene. The last part 
is the northern side of the peninsula (north of AZF) which includes the Azuero Plateau, Azuero 
Proto-arc and Arc Group. A refined geologic map of the western part of the Azuero Peninsula 
reveals that the division of the units may be more complex than previously thought. Two field 
seasons in 2014 and 2015 show that the large intrusive bodies reported by Buchs (2010, 2011) 
may not be as extensive and that the cross-cutting relationships may be different than those 
reported. 

This work presents a petrographic and geochemical characterization of the gabbroic bodies found 
in the northern and southern part of the Azuero peninsula in order to determine whether these 
samples come from an ophiolitic dismembered complex, from the plateau or an accretionary 
complex (seamount). Three samples of gabbro located in three different locations were studied. 
Petrographic analysis, X-ray fluorescence (XRF) and inductively coupled plasma mass 
spectrometry (ICP-MS) were the base to determine the origin of the rocks and the different 
alterations on the rock that could be caused by the process of collision and obduction. This work 
is divided into a basic introduction to ophiolites sequences types, a geological framework of 
Panama and Central American geology. The methodology used in this project consist of the 
fieldwork, petrology and geochemical analysis. The results are presented in photos, REE 
diagrams, discrimination diagrams and formal thin section descriptions. Finally, the discussion and 
conclusions of the work include the tectonic setting and possible evolution history of the southern 
Azuero complex.  

 

Figure 1. Location of the Azuero Peninsula (Encyclopedia Britannica, 2016) 

75Km 
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Conceptual Framework 

In general, an ophiolite sequence or complex consists from top to base of pelagic sediments, 
basaltic pillows lavas (1-2 km thick), a complex of sub-parallel diabase dykes (1-2 km thick), 
gabbroic rocks with different textures (3-5 km thick) and mantle ultramafic rocks as shown in figure 
2 (Penrose Conference, 1972; Dalziel et al., 1974; Stern et al., 1976; Tarney et al., 1979). There 
are many examples of ophiolite sequences around the world where tools like petrology, structural 
geology and geochemistry provide a better understanding in how they are originated and 
emplaced.  
 

 
Figure 2. Ophiolite architecture based on the Penrose Conference 1972. Modified after (Dilek et al., 

2014) 

a. The origin of ophiolites 

Ophiolites are fragments of upper mantle and oceanic crust (Dewey et al., 1971; Coleman et 
al., 1971) that were incorporated onto continental margins during different tectonic events 
such as continent-continent collision (Dilek et al., 2003; Dilek et al., 2011), ridge-trench 
interactions (Cloos et al., 1993) or subduction-accretion events (Cawood et al., 2009).  The 
study of oceanic crust began in the early 1800’s with the description of the ophiolitic outcrop 
of the Italian, Apennines.  After the publication, the ophiolites became an important topic of 
research because they were the key to comprehend how mid ocean ridges (MOR) work, how 
did the ancient ocean basins look like and they lead to the plate tectonic theory (1960) which 
involves tectonical evolution of the earth. In addition, these kind of investigations were the first 
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approximation to understand the mantle chemistry, which also was the fundamental key to 
understand the dynamics of the inner earth. Two main avenues of study are key to understand 
ophiolites. The first factor is composed by the tectonic and magmatic, processes that lead to 
the ophiolite formation; where characteristic geochemical signatures are derived. The second 
factor is the preservation of ophiolites as a result of the different emplacement mechanisms 
(Dilek et al., 2014).   

b. Ophiolites types  

Based on their geodynamic settings of their formation and their emplacement mechanisms 
which includes petrological, geochemical and structural features, the ophiolites can be 
classified (Shervais et al., 2001; Dewey et al., 2003; Dilek & Furnes, 2011) into two big 
categories: subduction – unrelated and subduction related (Dilek et al., 2014).   
 
Subduction - unrelated  
For the subduction – unrelated there are three typical scenarios (Figure 3). These scenarios 
are continental margins (CM type), mid-ocean ridges (MOR type) and plume-related to mid-
ocean (P type).  
 

  
Figure 3. Subduction-unrelated ophiolites. A. Continental margin type. B. Mid-Ocean ridge 

type. C. Plume type. (Dilek et al., 2014). TZ: Transition zone. OC: Oceanic crust 

Subduction related 
For the subduction related, there are two possible scenarios (Figure 4). These scenarios 
include suprasubduction zones (SSZ type) and volcanic arc (VA type). 

 
Figure 4. Subduction-related ophiolites. A. Suprasubduction zone type. B. Volcanic arc type. 

P: Pillow lavas. Rhy: Rhyolite. Gb: Gabbro. Di: Diorite. (Dilek et al.,2014) 
 

Ophiolites related to subduction usually form in intra-oceanic systems. The ophiolites emplace 
either in the fore-arc or in the back-arc basin (Stern et al., 2012; Dilek & Furnes, 2011), due to 
different forces like buoyancy or compression (Figure 5). 
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Figure 5. A. It is relatively easy to emplace fore-arc lithosphere. Subduction of buoyant material 

commonly leads to failure of subduction zone, and isostatic rebound of buoyant material emplaces 
ophiolite. B. It is difficult to emplace back-arc basin oceanic lithosphere. Compression and shortening 

across the arc will lead to uplift of the arc. Modified after (Stern et al., 2012) 

 
The subduction related ophiolites are referred as supra-subduction zone (SSZ) ophiolites 
(Whattam & Stern, 2011). This classification is subdivided into Tethyan and Cordilleran types 
(Dilek et al., 2003). The Tethyan subtype is usually related to the emplacement of oceanic crust 
over passive continental margins. The ophiolites of this type generally have a structure like the 
one presented in the Penrose Conference (1972). The igneous sequence have MORB to back-
arc basin basalt (BABB) geochemical affinities. The Cordilleran subtype is related to 
subduction complex where the ophiolites generally reflect subducted sea floor with almost no 
presence of continental fragments. This is also known as an accretionary uplift; which entails 
gradual exhumation and exposure of young oceanic lithosphere as a result of shallow 
underthrusting beneath the ophiolite fragments (Shervais et al., 2001). This type involves 
gabbroic plutons, which are overlain by intermediate middle crust and felsic upper crust and 
might have MORB-like to upper arc-like geochemical affinities (Stern et al., 2012; Whattam & 
Stern, 2011).   

c. The subduction initiation rule 

The study of ophiolites related to subduction zones has been a way to understand the proto-
arc formation and its geological implication. The ophiolites are the link into what is known as 
subduction initiation (SI) rule. This rule predicts that ophiolites that form as a result of 
subduction initiation processes consist of a sequence of igneous rocks formed by a magma 
source that changed progressively in composition by the combined effects of melt depletion 
due to the subduction (Whattam & Stern, 2011).  In this process (SI) an older and thicker 
lithosphere is juxtaposed with young and buoyant lithosphere across a zone of weakness 
(Figure 6.A). Subsidence of old lithosphere allows asthenosphere to flood over it. Upwelling 
asthenosphere melts generates basalts with mid-ocean-ridge (MORB) affinities, accompanied 
by seafloor spreading, early proto-forearc (Figure 6.B). Continued lithospheric subsidence is 
accompanied by penetration of slab-derived fluids into the upwelled mantle; which generates 
enriched MORB (Figure 6.C). Finally, down dip motion of lithosphere starts the true subduction, 
which causes rapid trench rollback and proto-forearc spreading with an ophiolitic influence 
(Figure 6.D). The ophiolites that form as a result of subduction initiation reserve systematic 
variations in lava composition that can variate from tholeiitic (LREE depleted, higher Ti/V ratios, 
lower Cr/Y and high ΣREE) to calc-alkaline (LREE depleted, lower Ti/V, higher Cr/Y and low 
ΣREE) (Stern et al., 2012) .  



 
 

12 
 

 
 

Figure 6. Subduction initiation and ophiolite emplacement. (Stern et al., 2012). 

d. Intra-oceanic model 

For the Panamanian case, it is possible to determine the influence on an intra-oceanic arc 
system in the formation of the current tectonical setting. The intra-oceanic model involves the 
developing of subduction initiation (Stern et al., 2012; Whattam & Stern, 2011). The lithologies 
involved in the model range from ultramafic rocks (mantellic origin), gabbros and basalts. The 
study of the different lithologies can determine the origin of the oceanic crust involved in the 
intra-oceanic model. The study of gabbros can lead to a comparison link between the two 
plates because they are present in both sides of the subduction (Figure 7).  
 

 

Figure 7. Interpretive section of a typical intra-oceanic forearc as reconstructed from dredging of the 
Tonga Trench (Bloomer & Fisher, 1987) 
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Geological Framework 

a. Caribbean Geology 

The Caribbean plate is generally regarded as an example of a large igneous province or 
oceanic plateau. An oceanic plateau is basically normal oceanic crust partially thickened by 
interplate magmatism (cf. Hoernle et al., 2004; Buchs et al., 2010). The large igneous province 
is denominated as CLIP (Caribbean large igneous province) and most authors consider it 
formed in the Pacific Ocean in the Late Cretaceous (Pindell & Kennan, 2009). An important 
factor for the formation of the CLIP was the Galapagos Hotspot (GHS). The GHS formed 
different tracks in the Coco and Nazca plate. These tracks start in the current location of the 
hotspot to the Central American and Ecuadorian deep-sea trench. The movement affected the 
composition of most of the oceanic basement of the zone. In order to form the large igneous 
province there might be a period of extreme volcanism and intrusive activity. In this case, the 
formation of the CLIP corresponds to the period of intense activity of the GHS. Some theories 
determine that by 85 Ma the CLIP had formed above the GHS and later began drifting to the 
east, toward the Great Antilles arc. The eastern edge of the CLIP soon choked the Antilles 
trench causing the subduction flip, and subduction of Atlantic oceanic crust beneath the 
Greater Antilles and CLIP. The subduction compensation caused the uplifting of the actual 
Panama and the insertion of the CLIP between the Americas (Figure 8; Hoernle et al., 2002).  
However, other theories establish that induced subduction of the Proto-Caribbean along a 
fracture zone boundary occurred at 135 Ma by the plate convergence and a change in the 
relative motion of the Farallon plate (Pindell et al., 2011). 
 

 
Figure 8. Model of the formation of the CLIP (Hoernle et al., 2002) 
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The Golfito complex (Costa Rica) and the Azuero marginal complex (Panama) were the first 
direct evidence of a protoarc initiation (75-73 Ma) at the margin of an oceanic plateau (89-85 
Ma; Buchs, 2010). This occurs after the subduction initiation process in which the Farallon 
plate subduct beneath the Panama plate (CLIP section). The Farallon’s oceanic plate include 
seamounts and aseismic ridges formed in association with the Galapagos Hot spot track, 
CLIP (von Huene et al., 1995; Werner et al,1999). The subduction of those irregular 
topographic highs lead to the uplift of the igneous and accretionary complexes, which 
represent the south Central America fore-arc (Denyer and Gazel, 2009). Most of the igneous 
rocks that compose the complexes, along the margin, have an oceanic plateau geochemical 
affinity (Hoernle and Hauff, 2007).  
 

b. Panama – Azuero Peninsula  

Panama has a distinguishing and unusual volcanic arc system that can be identified in 
different locations along the territory. The origin of the volcanic arc system and intra-oceanic 
subduction is associated with the subduction of the Farallon oceanic plate beneath the 
Panama microplate (Corral et al., 2010; Corral et al., 2013), during the Late Cretaceous – 
middle Miocene (Buchs et al., 2009; Buchs et al., 2010; Worner et al., 2009). Nowadays the 
convergent margin is associated with the Nazca and Cocos oceanic plates. The subduction 
of different features (irregular topographic highs) of the Farallon plate enables the location, 
along the Panamanian margin, of portions of what was denominated as the fore-arc (Fisher 
et al, 1998; Sak et al, 2004). Most of the theories that lead to the origin of the plateau- volcanic 
arc system (late Campanian to Paleogene) suggest it might been originated in the CLIP; 
autochthonous oceanic plateau (Buchs et al., 2009). 
 
Buchs (2010) divides Azuero into two complex, Azuero accretionary complex and Azuero 
marginal Complex, based in the terrains established by Mann et al. (1990). The Azuero 
accretionary complex is composed of accreted seamounts and oceanic islands with overlap 
sediments (forearc deposits). Meanwhile the Azuero marginal complex comprises an oceanic 
plateau, hemipelagic limestones with protoarc igneous rocks and on the very top overlapping 
sediments (forearc deposits). The Azuero accretionary complex is situated in the southwest 
edge of the Azuero peninsula (Cretaceous to Eocene). The suture between the accretionary 
complex and the marginal complex is denominated as Azuero mélange and it comprise most 
of the Azuero-Soná fault zone. The Azuero marginal complex is located in the area of Coiba 
Island, Soná peninsula and the Azuero peninsula with the exception of the SW corner.  
 
The marginal complex is divided into four groups (Figure 9A). The Azuero plateau is 
dominated by massive lavas and pillow lavas (Coniacian – Early Santonian) that have a 
plateau-like affinity (Lissinna, 2005; Wörner et al., 2009). The Ocú formation, composed by 
foraminifera-bearing limestones that date from the Campanian - Maastrictian. The formation 
also contains interbeds of basaltic lava flows that are crosscut by basaltic dykes with Azuero 
protoarc group affinities (Tournon, 1984). The Azuero protoarc group comprise basaltic dykes 
and lava flows, which have typical oceanic plateau to intra-oceanic island geochemical 
affinities. Other authors know this group as the CLIP oceanic basement (Worner, 2009; 
Wegner 2011). The Azuero arc group is located in the central and norther Azuero marginal 
complex and it is composed by silicic lavas and related intrusives (Kolarsky, 1995). The 



 
 

15 
 

igneous rocks have a suprasubduction geochemical signature and represent what it is 
determined as an extinct volcanic arc (Wegner, 2011; Buchs, 2009). 
 

 
 

 
 

Figure 9. A. Simplified geological map of the Azuero area. (Buchs, 2010). B. Azuero accreted 
complex geological map. (Buchs, 2010) 

 
The presence of two Paleogene oceanic island accreted in the early middle Eocene, was 
described as the Azuero accretionary complex (Figure 9B; Buchs et al., 2011). Five main 
lithologies have been mapped in the complex. These lithologies comprise submarine massive 
and pillowed lava flows with minor presence of hemipelagic sediments; submarine sheeted 
lava flows and scarce pillow lavas; clastic deposits which includes basaltic breccias crosscut 
by basaltic dykes; subaerial massive lava flows; large gabbroic intrusive with a dense dyke 
network that cross cut the other lithologies in most of the cases. 

A 

B 



 
 

16 
 

 
The igneous rock types found among the complex mainly tholeiitic and alkali basalts and 
gabbros. The two accreted seamount can be divided into three magmatic groups (Hoya, 
Quebro and Punta Blanca) with OIB affinities but geochemical differentiations. Based on these 
geochemical patterns it was possible to determine and delimit two seamounts. The first 
seamount was named as Hoya Island and is defined by the Quebro and Hoya group. The 
second seamount was named as Punta Blanca and was defined by the Punta Blanca group 
(Buchs, 2011). The first seamount contains all the lithologies including the large gabbroic 
intrusion (located in the natural reserve Cerro Hoya) meanwhile the second seamount it is 
smaller and does not comprise most of the lithologies. 
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Methodology and Analytical techniques 

a. Field camp  

Twenty-two days of field camp helped map establish different structural and lithostratigraphic 
relations which lead to determine the possibility of fragments of an ophiolite complex in the 
Azuero Peninsula. The field camp was based on mapping, sample recollection and structural 
analysis. For this work purpose, three fresh samples of gabbros were collected to make thin 
sections for petrographic analysis and whole-rock chemistry by X-ray fluorescence (XRF) and 
inductively coupled plasma mass spectrometry (ICP-MS). 
 
During the field camp work fourteen different zones were visited. Six of them were selected 
because they were access points into the gabbroic body (Figure 9B) described by Buchs (2011). 
These localities were Varadero River, Varaderito River, La Playita River, Pavo River and La 
Barra River. Three of them were selected based on the field camp of 2014, in which they were 
identified as access points of the ophiolite sequence. These access points are Furniales River, 
Guayabo River and Honda Creek. Finally the remaining localities were selected during the field 
camp as complementary transects that help the improvement of the geologic map and were 
proposed as possible localities of the ophiolite sequence or the gabbroic bodies. These zones 
were Quebro River, Morillo River, Puerto Nance, Boca Vieja and Palmilla River. Most of the 
creeks did not present gabbroic bodies. No in-situ gabbroic bodies could be located in the Hoya 
Island. The zones selected were Palmilla River and the Honda creek because they were the 
only in situ outcrops that show representative gabbro samples.   
 
As mentioned, the samples were taken from two different locations. Two of them were taken 
from Quebrada Honda (40615, 40591) which is located south of the Azuero-Soná fault and the 
third one was taken from Quebrada Palmilla (40419) which is located north of the Azuero-Soná 
fault (Figure 10A).  
 

Table 1. Samples location base on locality and GPS coordinates (WGS84). 

ID 40419 40615 40591 

Locality 993606 994006 994203 

Longitude -80,959 -80,8633 -80,8655 

Latitude 7,592 7,4845 7,4604 

The relevant transects are the Palmilla River section, the Honda Creek section, the Barra River 
section and the Varadero and Varaderito River section (Figure 10B). The first two section 
represent the sampling districts meanwhile the remaining sections represent the rivers that were 
supposed to be access point onto the big gabbroic intrusion.  
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Figure 10. A. Location of the three samples in the study zones map (Ortiz-Guerrero, 2016). B. Map 
of representative transects. 

B 

A 
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b. Whole Rock Chemistry 

Powdered whole-rock samples were obtained by grinding the rock in an Agatha mill. Major 
elements were determined by the glass beads method; which consist of 0.6g of powder sample 
diluted in 6 g of Li2B4O7 by a PHILIPS Magix Pro X-ray fluorescence (XRF) at the “Centro de 
Instrumentación Cientifica” at the Granada University in Spain. Trace elements were 
determined at the University of Granada by ICP-Mass Spectometry (ICP-MS) after HNO3+HF 
digestion of 0.1000 g of sample powder in a Teflon-lined vessel at ~180 °C and ~200 P.S.I. for 
30 minutes evaporation to dryness, and subsequent dissolution in 100 ml of 4 vol.% HNO3.  
 
The results are compared with most of the geochemical analysis made on the Azuero peninsula 
Worner et al. (2009), Corral et al. (2010), Wegner et al. (2011), Buchs et al. (2010, 2011).  The 
geochemical data is divided into four principal regions: the plateau, arc, proto-arc and 
accretionary complex (seamount). The data is processed and plotted into REE and some 
discrimination diagrams that are found in the papers mentioned above in order to classify the 
samples into their corresponding region. This lead to determine the possible tectonic evolution 
of the southern part of the Azuero peninsula, which is known as the Azuero accretionary 
complex.  
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Results  

a. Field relationships 

Different field camp relations lead to determine possible tectonic settings, which help to 
delimitate the future geochemical analysis. The three gabbroic bodies where find in different 
locations (Figure 10A). Sample 40419, found in the initial segment of the section along the 
Palmilla River (Transect 1 – Figure 10B), was faulted with two different sedimentary sequences 
defined as Covachon Fm. and Ocú Fm. The sample can be identified as a possible intrusion 
but it original position is under discussion due to the influence of the AZF (Ortiz-Guerrero, 
2016). Sample 40615, found in the upper part of the section along the Honda Creek (Transect 
2 – Figure 10B), was faulted with the Ocú Fm. and can be identified as a possible intrusion.  
The presence of Ocú delimitate the tectonic settings into a plateau-like ambience. Sample 
40591, found in the lower part of the section along the Honda Creek, is presented as part of 
the possible ophiolitic section. However the sample can’t be identified as an intrusion or a dyke 
because in this case, field relationships (mafic intrusive vs. stacked mafic lava flows) were 
obscured by deformation. 
 
None of the possible access onto the seamounts (intrusion-gabbroic core) were successful. 
This means the Barra River section and the Varadero and Varaderito River section (Transect 
3,4 and 5 – Figure 10B) were not access point into the big gabbroic intrusion mentioned by 
Buchs (2011). Most of the transects present basaltic flows sections and gabbroic clasts which 
turn out to be the trace of the real intrusion. The Hoya seamount gabbroic core must be located 
much further south than what had been mapped (Buchs et al., 2010; 2011). 

b. Petrography 

Sample 40615 
This sample is medium-grained (1-3 mm) igneous rock that can be classified as a gabbro*; 
mainly composed of clinopyroxene and plagioclase. It also contains olivine and minor biotite 
and opaque minerals. The sample is altered to secondary chlorite, which is present in most 
of the sample. In most of the cases, the chlorite replaces both plagioclase (saussuritization) 
and clinopyroxenes. Which could mean that the chlorite develop in a secondary stage. In 
terms of crystallinity, the sample is holocrystalline (100% crystals). The mineral grain size, 
based on Castro (2015), lead to a phaneritic texture determining an inequigranular grain size, 
which variate from small to large (seriate). In term of mineralogy, the modal proportions are 
25% plagioclase, 43% chlorite, 22% clinopyroxene, 2% orthopyroxene, 5% olivine and 3% 
biotite (flogopite). This modal percentage could be recalculated in order to obtain the main 
composition (rock-forming minerals). After the recalculation, we obtain that the sample main 
mineralogy is 46% plagioclase, 41% clinopyroxene 4% and 9% olivine. In this, way and using 
the classification diagram (Castro, 2015) for gabbroic rocks we can conclude that the sample 
recollected in Quebrada Honda is a gabbro (Figure 11).  
 
Extinction angle method (EAM) and the Michel-Levy table reveals that the plagioclase is 
between labradorite and bytownite (50%-90% An). The plagioclase shows zonation and 
fracture. The clinopyroxene were identified based on the Michel Levy table as possible 
augites or pigeonite. Their representative cleavage (90°) is shown in most of the cases but 
they also present alteration due to the chlorite and fracture due to deformation. Finally, the 
olivine is deformed and fracture. Grains are anhedral and subhedral, with biotite and chlorite 
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being anhedral and plagioclase and clinopyroxene, subhedral. Plagioclase and 
clinopyroxene also present an acicular form; but most of the times the plagioclase is tabular 
while clinopyroxene is prismatic. There is also deformation indicators suchs as micafish and 
foliation in some minerals (Figure 12). 

Sample 40591 
This sample is fine-grained (less than 1 mm) igneous rock that can be classified as a diabase 
with a gabbroic magma origin, also named as micronorite*. It is compose of orthopyroxene 
and plagioclase. It also contains opaque minerals (magnetite) in a high proportion and olivine 
in a minor proportion. The sample is altered to secondary chlorite, which is present in most 
of the sample. The chlorite replaces plagioclase (saussuritization). Which could mean that 
the chlorite develop in a secondary stage. In terms of crystallinity, the sample is 
holocrystalline (100% crystals). The mineral grain size, based on Castro (2015), lead to an 
aphanitic texture determining an equigranular grain size, which does not variate. In most of 
the cases, the sample shows a hypidiomorphic granular texture which means most of the 
minerals are subhedral or euhedral. In term of mineralogy, the modal proportions are 24% 
plagioclase, 23% chlorite, 24% orthopyroxene, 2% clinopyroxene, 25% magnetite and 2% 
olivine.  This modal percentage could be recalculated in order to obtain the main composition 
(rock-forming minerals). After the recalculation, we obtain that the sample main mineralogy 
is 46% plagioclase, 4% clinopyroxene, 46% orthopyroxene and 4% olivine. In this, way and 
using the classification diagram (Castro, 2015) for gabbroic rocks we can conclude that the 
sample recollected in Quebrada Honda (low part) is a norite, but based on the grain size it 
must be named as micronorite (Figure 11).  
 
Extinction angle method (EAM) and the Michel-Levy table reveals that the plagioclase is 
between andesine and labradorite (30%-70% An). The plagioclase shows zonation and 
fracture. The orthopyroxene were identified based on the Michel Levy table as possible 
enstatite. Their representative cleavage (90°) is shown. Finally, the olivine is mostly fracture.  
Grains are anhedral and subhedral minerals, with chlorite being anhedral and plagioclase, 
olivine, magnetite and orthopyroxene, subhedral. The plagioclase is tabular while the 
orthopyroxene prismatic. In some cases the the plagioclase is enclosed between subhedral 
enstatite (diabasic texture). (Figure 12). 

Sample 40419 
This sample is coarse-grained (3-5 mm) igneous rock that can be classified as a gabbro-
norite* because it is compose of clinopyroxene, plagioclase and orthopyroxene in a low 
proportion. The clinopyroxene are mainly transform into amphiboles, which can implicate the 
filtration of abundant water. This also coincides with the presences of secondary mineral like 
chlorite. It also contains olivine and opaque minerals in a minor proportion. The opaque 
mineral can be classified as magnetite. In most of the cases, the chlorite replaces both 
plagioclase (saussuritization) and the pyroxenes in a not so frequent rate. Which could mean 
that the chlorite develop in a secondary stage (fluid rich event). In terms of crystallinity, the 
sample is holocrystalline (100% crystals). The mineral grain size, based on Castro (2015), 
lead to a phaneritic texture determining an inequigranular grain size, which variate from small 
to large (seriate). In term of mineralogy, the modal proportions are 26% plagioclase, 25% 
chlorite, 12% clinopyroxene, 25% amphibole (hornblende), 5% orthopyroxene, 4% olivine 
and 3% opaque minerals. This modal percentage could be recalculated in order to obtain the 
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main composition (rock-forming minerals). After the recalculation we obtain that the sample 
main mineralogy is 55% plagioclase, 25% clinopyroxene, 11% orthopyroxene and 9% olivine. 
In this way and using the classification diagram (Castro, 2015) for gabbroic rocks with high 
content of amphiboles  we can conclude that the sample recollected in Quebrada Palmilla is 
a pyroxene-hornblende gabbro-norite also known as a gabbro-norite that has suffer a 
process of amphibolitization (Figure 11) . 
 
Extinction angle method (EAM) and the Michel-Levy table reveals that the plagioclase is 
between labradorite and bytownite (50%-90% An). The plagioclase shows zonation and 
sericitization. The clinopyroxene were identified based on the Michel Levy table as possible 
augites, while the orthopyroxenes where identify as enstatite. They also present alteration 
due to the chlorite and amphiboles. Grains are anhedral and subhedral minerals, with chlorite 
and some clinopyroxenes being anhedral and plagioclase, olivine, amphibole, magnetite, 
clinopyroxene and orthopyroxene, subhedral. The plagioclase is tabular while the 
orthopyroxene, clinopyroxene, amphibole are prismatic. (Figure 12). 

 

                 Figure 11. *Classification scheme for gabbroic rocks (Castro, 2015; Streckeisen diagram and 
specific classification diagrams for gabbroic bodies).  

 

 



 
 

23 
 

 

 

 

 

Figure 12. Transmitted-light microscopy (parallel and crossed polars) photos of the sample 40419 is 
shown in figures A-B. Sample 40519 is shown in figures C-D. Sample 40615 is shown in figures E-F. 

Am: Amphibole. Cl: Chlorite. Pl: Plagioclase. Px: Pyroxene. Ol: Olivine. Bt: Biotite.  
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c. Whole Rock Chemistry 

Two of the samples were analyzed base on the methods XRF for mayor elements and ICP-MS 
for trace and rare earth elements (REE). 
 

Table 2. Analysis results of mayor elements for the gabbro samples of the Azuero Peninsula 

 40591 40419 

Locality 994006 994203 

Lon -80,8633 -80,8655 

Lat 7,4845 7,4604 

SiO2 48,60 53,45 

Al2O3 12,85 14,61 

Fe2O3 13,40 10,71 

MnO 0,15 0,18 

MgO 5,68 6,66 

CaO 7,94 7,27 

Na2O 4,00 2,81 

K2O 0,89 0,75 

TiO2 3,66 0,67 

P2O5 0,37 0,12 

Zr 218,3 48,8 

LOI 1,87 2,35 

SUM 99,41 99,58 

 
To determine the chemical behavior of the three gabbroic bodies of the Azuero peninsula and 
in order to identify if there is any difference between the samples besides the textures; the TAS 
diagram for plutonic igneous rocks (Cox et al., 1979) was use. This diagram classifies gabbros 
as rocks that have low to medium alkalinity (Na2O +K2O = 0.0-6.0 wt %) and low silica 
percentage (SiO2 = 44.0-54.0 wt %). All the samples fall within the TAS gabbroic section. The 
sample with the highest TAS ratio is 40419. It presents a Na2O +K2O wt% of 3.66 and SiO2 wt% 
of  53.45 (Figure 13A). Sample 40419 is in the edge point between gabbro and diorite; but due 
to its low amount of biotite it can be consider as a gabbro. 
 
In the Percentilo and Taylor diagram, the samples fall within the cal-alkaline serie due to a 
medium level of K2O. Samples 40419 is in the limit between the medium-K serie and the 
Tholeiitic serie (Figure13B). However, the variation of K2O and Na2O in proportion is not that 
different. Due to this ratio, it is possible to find that the two samples belong to the same serie in 
the Midddlemost (1975) diagram, sodic serie (Figure 13C). The proportions correspond to a 
low-medium sodic enrichment, which can be correlated with the plagioclase series present in 
the samples (andesine-labradorite-bytownite).The sample with the highest K2O/Na2O ratio is 
40591. 
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 Figure 13. A. TAS diagram (Cox et al., 1979) for the gabbroic bodies of Azuero peninsula. B. K2O 

(wt %) vs SiO2 (wt %) (Peccerillo & Taylor, 1976) for the gabbroic bodies of Azuero peninsula. 
C. Na2O (wt %) vs K2O (wt %) (Middlemost, 1975) for the gabbroic bodies of Azuero peninsula. 
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Table 3. Analysis results of trace elements and rare earth elements for the gabbro samples of the 
Azuero Peninsula. 

 40615 40591 40419 

Lon -80,8633 -80,8655 -80,959 

Lat 7,4845 7,4604 7,592 

Sc 38,303 27,21 38,049 

V 488,758 348,997 312,778 

Cr 5,785 20,343 191,531 

Co 49,068 42,466 33,276 

Ni 37,385 57,584 86,181 

Zn 107,739 126,799 75,02 

Rb 9,639 6,728 10,78 

Sr 38,303 221,25 230,785 

Y 24,675 33,671 19,349 

Zr 90,736 222,419 46,431 

Nb 23,177 27,908 1,489 

Ta 1,561 2,043 0,213 

Cs 0,379 20,343 191,531 

Ba 176,858 118,326 320,287 

Hf 2,854 5,547 1,576 

Pb 0,428 0,403 2,645 

Th 1,445 2,17 0,773 

U 0,375 0,661 0,298 

La 15,095 22,608 5,249 

Ce 30,9 54,118 11,048 

Pr 3,948 7,264 1,731 

Nd 17,617 32,042 8,432 

Sm 4,33 7,839 2,448 

Eu 1,605 2,608 0,768 

Gd 4,547 7,255 2,717 

Tb 0,72 1,1 0,448 

Dy 4,37 6,293 2,88 

Ho 0,911 1,233 0,659 

Er 2,271 3,039 1,782 

Tm 0,35 0,429 0,305 

Yb 2,067 2,525 1,911 

Lu 0,313 0,376 0,307 
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Base on the trace and rare earth elements analysis and the geochemical data published by 
Buchs (2010, 2011), Worner (2009) and Wegner (2011) about different tectonic setting in the 
Azuero peninsula, it is possible to establish different association between the possible tectonic 
settings and the origin of the gabbroic bodies found in the Azuero peninsula, Panama. The 
sample are classified by their heavy rare earth elements (HREE) and light rare earth elements 
(LREE) content. Sample 40615 is enriched in LREE and depleted in HREE; sample 40591 is 
enriched in LREE and depleted in HREE and sample 40419 present a flat pattern which can 
establishing that the sample is not enriched or depleted in any REE. The classification is based 
on the chondrite-normalized rare earth element (REE) diagram (Figure 14A). For the spider 
diagram, normalized by the primitive mantle (Figure 14B), it is possible to establish a link 
between samples 40615 and 40591. Both samples present a geochemical affinity similar to the 
Hoya group (Buchs et al., 2011) and the CLIP described by Worner and Wegner (2009, 2011). 
However, the geochemical pattern is more flat than the usual OIB pattern, which describe and 
characterize the Hoya Group. Sample 40419 presents an arc-like affinity similar to what Buchs 
describes as the Azuero Arc group (Buchs, 2010). 
 
The link between the origin of samples 40615 and 40419 is also show in different discrimination 
diagrams. In the La/Sm vs Nb/La plot (Figure 15) both samples don’t fall within any of the Azuero 
Groups division mentioned by Buchs (2010), meanwhile sample 40591 fall within the Azuero 
arc section. As the affinities from samples 40615 and 40419 tend to vary from E-MORB to OIB 
two discrimination diagrams where generated in order to classify the samples into their correct 
field. The first one (Figure 16A) the ternary diagram demonstrate both samples fit into the E-
MORB field. The Nb/Yb vs Nb/La plot (Figure 16B) supports the affirmation.  

 

 

 
 

Figure 14. A. REE diagram, chondrite-normalized (McDonough and Sun, 1995) for the gabbroic 
bodies of Azuero peninsula. Elements are plotted as LREE – HREE from left to right.   
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Figure 14. B.Trace element patterns normalized primitive mantle (McDonough and Sun, 1989) for the 
gabbroic bodies of Azuero peninsula. Elements are plotted according to their decreasing 

incompatibility from left to right. Literature data from the sources cited in the text are shown in dotted  
line (Buchs et al., 2010; Buchs et al., 2011; Wegner et al., 2011; Worner et al., 2011). 
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Figure 15. Plot of La/Sm vs Nb/La, normalized primitive mantle (McDonough and Sun, 1995) for the 
gabbroic bodies of Azuero peninsula. Literature data from the sources cited in the text are shown in 
light-green for the Azuero Plateau group, in light- gray for the Azuero Proto-Arc group and in light-

yellow for the Azuero-Arc group (Buchs, 2010; Corral, 2010). 
 

 
 

 
 

Figure 16. A. Ternary diagram Hf/3, Th and Ta for the gabbroic bodies of the Azuero peninsula. B. 
Plot Nb/Yb vs Nb/La for the gabbroic bodies of Azuero Peninsula. 
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Discussion  

Buchs et al. (2010, 2011) states that the southern side of the peninsula consist of a system of 
accreted oceanic islands (seamounts) where large gabbroic bodies constitute the core of these 
islands. However, our geologic mapping shows no in-situ gabbros in the southern part of the 
Peninsula. The gabbroic bodies found in the Azuero peninsula were not recorded in the 
literature. The two gabbro samples collected along the transect along Honda creek can instead 
be related to an ophiolite sequence (40591) and a LIP (Wegner et al., 2011), based on field 
relationships. The presence of a sequence of pillow, olivinic, and regular lava flows intercalated 
with cherts and mudstones suggests that sample 40591 may be assigned to an ophiolite 
setting. The presence of the Ocú Formation limestone near sample 40615 suggest a genetic 
association to the CLIP (plateau). On the other hand, the gabbro sample collected along the 
transect along Palmilla River (40419) can instead be related to the evolution of the magmatic 
arc and the slab derived fluids.  
 
Finally, based on the geochemical and petrological analysis and adding some field camp 
relations it is possible to determine the presumable tectonic arrangement of the Azuero 
Peninsula. However, the sampling number is small and this study can be improved with future 
geochemical, petrographic and geochronological analysis. The tectonic sequence is shown in 
figure 17 and will be described below.  
 
The initial stage describes two oceanic lithosphere (CLIP and Farallon plate), both in contact 
by a brittle zone (Figure 17A). Sample 40615 is located in the CLIP (Figure 14B; Figure 16A) 
and can be denominated as the intrusive section of the oceanic lithosphere, intruding possible 
basalts. The gabbroic body is associated with a plume source, which leads to the enriched 
geochemical affinity. The subduction of the Farallon plate under the Panamanian block (CLIP 
section) lead to an intra-oceanic subduction system. The subduction system allows a link 
between the Azuero convergent margin and the subduction initiation rule (Whattam & Stern, 
2011). The rule enables, due to the upwelling asthenosphere, the generation of an early 
protoforearc (Figure 17B). The subduction continues and the protoforearc formation begins to 
be under the influences of the continuous slab-mantle interaction (Figure 17C). The continuous 
upwelling mantle and the shallowing of the subduction dip lead to the emplacement of an 
ophiolitic section in the early protoforearc (sample 40591) (Figure 17D; Figure 14B; Figure 
16A). The sequence is characterized by different composition fluxs, which include basalts, 
ultramafic rocks and micronorite (sample 40591). The sequence can be named as 
parautochthonous ophiolite. Later, due to partial melting of the slab and rapid ascent of the 
magma the volcanic arc is formed. The slab that is being subducted during this process have 
different composition levels (basalts, gabbros and ultramafic rocks); the derived fluids of this 
levels generate an unique magmatic pulses that due to silica enrichment crystalize as different 
emplaced lithologies (Figure 17E). In this case, there’s two possible lithologies. The first one 
characterized by andesites, near the magmatic arc and enriched in silica. The second one 
characterized by gabbroic intrusion (sample 40419; Figure 14B; Figure 15), far from the 
magmatic arc, depleted in silica and possibly crystallized in depth. Later, a seamount begins 
to approach the Panamanian margin and the collision generates an accretionary complex with 
a sequence of thrust faults (Figure 17F). The collision generates a shortening regime, which 
corresponds to the overthrusting of the plateau over the ophiolitic sequence; the relation can 
be observed in the Honda creek. 
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Figure 17. Tectonic model of the Azuero peninsula. 
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These new relationships between the different gabbroic bodies lead to a new division of the 
Azuero peninsula. The new Azuero accretionary complex is constitute by the oceanic island 
described by Buchs (2011), located south of where it was originally mapped. A new ophiolitic 
section is mapped between the plateau and the accretionary section. The plateau goes beyond 
the AZF and has distinct intrusions which are arc-related (Figure 18). Tectonostratigraphic 
analysis (Ortiz-Guerrero, 2016) stablish the correct limits of the new Azuero divisions.  
 

 
Figure 18. New schematic map of the divisions of the Azuero Peninsula. 
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Conclusion 

The southwest part of the Azuero peninsula appears to be divided into two segments. The first 
segment belongs to an oceanic sequence, that based on the subduction initiation rule proposed 
by Whattam & Stern (2011), can be associated to a protoforearc ophiolite. Basalts, ultramafic 
rocks and gabbroic rocks (micronorite; sample 40591) characterize the new oceanic sequence 
section. The second segment belongs to the accretionary complex (seamounts) described by 
Buchs (2011), but without extensive gabbroic bodies and not bounded by the ASFZ. As The 
AZF does not divide the peninsula into two different sections; the CLIP-plateau goes beyond 
the AZF (sample 40615). This based on the E-MORB affinity and the direct relation within the 
gabbroic intrusion and the Ocú Fm. This based on field camp relationships, petrography and 
geochemistry analysis.  

The studied samples present can be divided into two groups, based on the petrographic 
analysis. The first group is characterized by a Cpx-enrichment, hornblende amphiboles and 
labradorite to bytownite plagioclase. The second mineralogical group is characterized by Opx-
enrichment and andesine to labradorite plagioclase. Both groups present chlorite as alteration 
products.  

The Honda creek igneous body have an E-MORB like affinity; meanwhile the Palmilla River 
igneous body have a volcanic arc affinity. This indicates a melt produced in a mantle wedge 
that has been influenced by the dehydrating subduction slab, leading to an enriched source.  
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