
Stratigraphy and provenance of 
Cenozoic sequences in the 

Panamanian Fore arc.

By: Juan Sebastian Garzón Alvarado

Director: Camilo Montes Rodriguez

Codirector: German Bayona

Proyecto de grado
2016-1  



STRATIGRAPHY AND PROVENANCE OF CENOZOIC SEQUENCES
IN THE PANAMANIAN FORE ARC.

_______________________________________
Juan Sebastian Garzón Alvarado

Estudiante

______________________________                       ______________________________
             Camilo Montes   German Bayona 

                            Director       Co-Director

Universidad de los Andes
Facultad de Ciencias

Departamento de Geociencias
Mayo 2016 



Table of contents
Abstract 4
Introduction 5
Geological setting 7

Azuero Mélange, Accretionary and Marginal Complexes 8
Younger overlap sequences  (Early Eocene to Middle Miocene) 9

Covachón Formation (Early to Middle Eocene) 10
Tonosí Formation (Late Eocene-Early Oligocene) 11
Santiago Formation (Late Oligocene) 13

Methodology 14
Stratigraphic columns 14
Thin sections elaboration 15
Point counting 15

Results 17
Petrography 18
Facies classification and association 24

Discussion 30
Conclusions 33
Acknowledgments 34
References 34



Abstract

Overlap sequences of the Tonosí Formation were deposited in a shallow marine to near-
littoral marine system of mainly gravity-driven deposits in a forearc configuration with a 
high supply of volcanic material. Lithofacies association of Playa Palo Seco (south) 
outcrop exposing Tonosí Formation suggest debris flow and turbiditic deposits for this 
sequence; macroscopically this sequence is characterized by basaltic clasts and high 
presence of calcareous material including fossil fragments. Depositional limestone textures 
and lithofacies association of Quebrada Bejuco de Sangre outcrop suggest a rimmed 
carbonate platform system with a high supply of clay-sized terrigenous material, this 
sequence includes abundant foraminifera Lepidocyclina. Detrital modes analysis by point-
counting of Playa Palo Seco (south) outcrop suggest an undissected arc provenance 
characterized by absence of monocrystalline quartz and zircon. This result is supported by 
the presence of volcanic clast and common occurrence of litharenites on Playa Palo Seco 
(south) outcrop. Environmental interpretation and provenance analysis suggest a complex 
topography of the forearc with no-evidence of exposed deep-seated plutonic rocks.
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Introduction 

The Middle American Margin evolution comprises a wide range of events related with the 
plateau formation, arc initiation and shifting episodes of subduction erosion and accretion. 
In the southeastern area of this margin, the Azuero-Soná complex allows insight of most of 
these processes. In this sense, Buchs et al. (2011a) broadly describes the Azuero area as 
an igneous basement overlain by forearc sediments. On the one hand, the igneous 
basement comprises the Azuero Plateau, the Ocú Formation, the Azuero Proto-arc Group 
and the Azuero Accretionary complex. On the other hand, the forearc sediments comprise 
the Covachón, Tonosí and Santiago Formations described in multiple works (del Giudice 
and Recchi, 1969; Kolarsky et al., 1995; Krawinkel et al., 1999; Buchs et al., 2011a). 
Despite differences in the classification of the main lithostratigraphic units, Covachón and 
Tonosí formation are interpreted as early Eocene to early Miocene shallow water deposits 
to paralic environments that unconformably overlay an igneous basement. According to 
Buchs et al. (2011a), the overlap sequences, mainly Tonosí Formation, indicate a middle 
Eocene age of emplacement of the Azuero Accretionary Complex and suggest a two-stage 
tectono-sedimentary evolution of the western Panamanian forearc from middle Eocene to 
early Miocene. The first stage is represented by the Lower Tonosí Formation (LTF), its 
basal sequence is composed by conglomerate and shallow marine limestone and record a 
regional transgressive event (Buchs et al., 2011a). According to Krawinkel et al. (1999) the 
sediments of the LTF were deposited in a shallow marine inner forearc basin with debris 
derived from the magmatic arc and from uplifted parts of the accretionary wedge. The 
second stage is represented by the Upper Tonosí Formation (UTF) mainly composed of 
deeper marine interbedded graded sandstone, siltstone, shale and calcarenite interpreted 
by Krawinkel et al. (1999) as deposits of a deep marine trench slope setting. This 
interpretation implies major tectonic events as well as significant differences between the 
LTF and UTF that can be described by provenance analysis.

In this study, I present a lithostratigraphic description of two units, one of them proposed 
as Tonosi Fm. by Kolarsky et al. (1999), exposed along the western flank of the Azuero 
peninsula. This study includes stratigraphic columns, petrographic descriptions, lithofacies 
analysis and provenance analysis. This study includes a ~90 m stratigraphic section 
named Playa Palo Seco Sur located at Punta Malena and a ~30 m stratigraphic section 
named Quebrada Bejuco de Sangre. The first unit is located along the West coast of the 
Azuero peninsula, it is part of the Punta Malena Unit described by Kolarsky et al. (1995) 
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and in this study includes 6 studied samples mainly composed by very coarse sandstones. 
The second unit is located along the stream of Bejuco de Sangre, and it corresponds to 
the previously unreported stratigraphic contact between Ocú Formation and Tonosí 
Formation; this study includes 4 studied samples of limestone. The results allow 
reconstruction of tectonic setting and environments of deposition of Lower Tonosí units 
along western flank of Azuero peninsula during Early Miocene as well as a comparison 
with Tonosí Fm. units located in the southern flank.

The first section of this study shows a compilation of previous work in the Azuero 
peninsula area focused in the overlap sequences and its petrographic, geochemical, 
biostratigraphic and provenance analysis. Afterward, this study presents the stratigraphic 
sections of Playa Palo Seco South and Quebrada Bejuco de Sangre along with lithofacies 
classification, facies association and petrographic results of 10 samples. Finally, I present 
a discussion based on result analysis and comparison with previous studies of the area 
about the tectonic setting and environment of deposition of the overlap sequences and the 
implications for the proposed tectonostratigraphic evolution of the western Panamanian 
forearc area.
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Geological setting

The Azuero area is located at the Panamanian forearc at the trailing edge of the 
Caribbean plate, where subduction of the Nazca plate may be taking place (Buchs et al., 
2011a). According to Seyfried et al. (1991) the Azuero area represents uplifted parts of the 
forearc region of the Late Jurassic/Early Cretaceous southern Island arc (i.e. Central 
American land bridge) and it is commonly named as the Azuero-Soná Complex.

Fig 1. General setting of the south Central American Arc. (Modified from Buchs et al., 2009).

One of the most important feature of the Azuero Area is the presence of an oceanic 
complex that suggest periods of accretion in contrast with the absence of large volumes of 
accreted sediments in the erosive plate margins of the Middle American margin (Ranero 
and Von Huene, 2000; Buchs et al., 2011). This oceanic complex is commonly association 
with the Osa Mélange, the Quepos Block, the Osa Igneous Complex and accreted OIB in 
west Panama. Based on recent models by Krawinkel et al. (1999) & Buchs et al. (2011a) 
this area spans the Late Cretaceous to late Neogene Middle American margin evolution. A 
tectonostratigraphic model proposed by Buchs et al. (2011a) subdivide the Azuero area 
into 4 main units: (1) the Azuero Marginal Complex; (2) the Azuero Mélange; (3) the 
Azuero Accretionary Complex; and (4) younger overlap sequences. 
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Azuero Mélange, Accretionary and Marginal Complexes

The first tectonostratigraphic unit of the Azuero-Soná Complex is the Azuero Marginal 
Complex, it is located at the north of the Azuero-Soná Fault Zone and it is subdivided into: 
(1) the Azuero Plateau; (2) the Ocú formation; (3) the Azuero Proto-Arc Group; (4) the 
Azuero Arc Group and (5) undifferentiated metamorphic rocks. According to Buchs et al. 
(2011a) the Azuero Plateau represents and autochthonous basement of the area, it is 
composed of massive, columnar or pillow basalts with <1% of red siliceous pelagic 
sediments. 40Ar/39Ar ages from bulk basalts indicate a late Turonian to Santonian age of 
formation that are in agreement with sedimentary ages of Coniacian-early Santonian 
radiolarians (Lissinna, 2005; Buchs et al., 2009). The Azuero Plateau is overlaid by the 
Ocú Formation that it is commonly located along the Ocú-Parita Fault Zone and in Torio 
and is mainly composed by pelagic and hemipelagic limestone of Late Campanian age 
(Buchs et al., 2011a). The conditions of deposition of the Ocú Formation are interpreted as 

nearby subaerial supported by the presence of tuffaceous layers, fragments of 

larger benthic foraminifera and well rounded altered basalts pebbles (Buchs et al., 
2011a). The Ocú formation is locally interbedded with lava flows of the Azuero Proto-arc 
Group, an unit that is located at the north side of Coiba Island and on Soná Peninsula and 
it is composed of massive and pillow basalts. The Azuero Proto-arc Group also is 
composed of basaltic dykes that crosscut the Azuero Plateau and Ocú Formation and 
represents a late Campanian-Maastrichtian primitive island arc sequences (Buchs et al., 
2011a). Additionally, the Azuero Arc Group is an arc-related Upper Cretaceous to Eocene 
(~71 to 40 Ma) sequences mainly composed by volcanic rocks, tuffites and volcaniclastic 
sediments. According to Buchs et al. (2011a) the Azuero Arc Group may represent an 
ancient volcanic front of the arc with a chemistry affinity to intra-oceanic origin. The last 
tectonostratigraphic sub-unit of the Azuero Marginal Complex is the undifferentiated 
metamorphic rocks group, and this unit crops out along major fault zones in contact with 
the Azuero Plateau, Azuero Arc Group and Azuero Mélange.  This unit includes deformed 
metabasalts, metasediments and ultramafic rocks in the green schist to amphibole facies 
of undefined origin, it is unconformably overlain by a sequence of limestones of the Ocú 
Formation that according to del Giudice and Recchi (1969) should represent the minimal 
age of its formation.

�8



The second tectonostratigraphic unit is the Azuero Mélange that is located between the 
Azuero Plateau and the Azuero Accretionary Complex along the Azuero-Soná Fracture 
Zone and forms a ~1 km thick layer. It is composed of deformed rocks of adjacent units 
and volcano-sedimentary assemblages with reddish siliceous pelagic limestones, red 
chert, black shale, vesicular pillow basalt and carbonate sediment (Buchs et al., 2011a).  
The deformation processes along the Mélange and the multiple source of material is 
interpreted as the combination of subduction tectonics and deformation associated to the 
Azuero-Soná Fault Zone with an active left-lateral strike-slip motion (Buchs et al., 2011a; 
Mann & Corrigan, 1990). This unit is interpreted as a former décollement zone at the 
Azuero Plateau containing accreted segments of seamounts with accretion ages in the 
range of the ages of pelagic sediments in the unit (latest Cretaceous) and the age of 
accretion of the Azuero Accretionary Complex (Middle Eocene) (Buchs et al., 2011a). 

The third tectonostratigraphic unit is the Azuero Accretionary Complex that is located along 
the Southwest area of the Azuero Peninsula, and it is separated from the Azuero Marginal 
Complex by the Azuero Mélange. The Azuero Accretionary Complex is mainly composed 
by submarine massive and pillowed lava with pelagic and hemipelagic calcareous 
sediment, submarine sheeted lava flow interbedded with shallow marine limestone, clastic 
deposits composed of basaltic breccias, subaerial massive lava flow and large gabbroic 
intrusions (Buchs et al., 2011a). This assemblage is interpreted as a well-organized and 
large accreted pieces of oceanic islands with OIB geochemical affinities (Buchs et al., 
2011b), the age of the island is based on biochronological data from Paleocene-Early 
Eocene to Early Eocene shallow marine limestones. The age of accretion of the Azuero 
Accretionary Complex is defined based on the age of formation and the ages of 
overlapping forearc sediments that provide a Middle Eocene age of accretion (Buchs et 
al., 2011b).

Younger overlap sequences  (Early Eocene to Middle Miocene)

The fourth tectonostratigraphic unit defined by Buchs et al. (2011a) is the younger overlap 
sequences that include Covachón, Tonosí, and Santiago Formations. These formations 
are geographically distributed along the Azuero peninsula with the Tonosí and Santiago 
Formations exposed at north and the Tonosí Formations to the south. In the Island of 
Coiba Tonosí Formation is exposed. Originally the Tonosí Fm. studied by Kolarsky et al. 
(1995) and Krawinkel et al. (1999) included the Covachón Fm. as part of the Lower Tonosí 
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Fm.; however, Buchs et al. (2011a) proposed the Covachón Fm. as it is separated by an 
unconformity from the Tonosí Fm. at Punta Blanca. Based on benthic Foraminifera 
analysis, the basal sequences Covachón Fm. has an early to middle Eocene age, the 
Tonosí Fm. has a late Eocene to early Oligocene age and the Santiago Fm. has a late 
Oligocene age (Buchs et al., 2011a).

Covachón Formation (Early to Middle Eocene)

Fig 2. Geological map of Azuero, modified after from Buchs et al. (2011a). PPSS Playa Palo Seco (South), QBdS 
Quebrada Bejuco de Sangre.

The Covachón Fm. represents multiple sequences of detrital sediments exposed on the 
southwest area of the Azuero peninsula that unconformably overlies the Azuero 
Accretionary Complex and locally occurs in contact with the Azuero Mélange. Based on 
the association of small larger benthic Foraminifera: Euconoloides sp., Amphistegina 
grimsdalei, A. praegrimsdalei, Pseudophragmani sp. on cross-bedded detrital limestone at 
local stratigraphic base of the formation the suggested age is middle Eocene (Buchs et al., 
2011a). It is composed of a 300m thick, folded and faulted sedimentary sequence that 

�10



comprise 3 types of lithofacies association (Buchs et al., 2011a). According to the 
description of Buchs et al. (2011a) lithofacies association 1 comprises interbeds of 3 to 50 
cm of volcaniclastic calcareous lutite, siltstone and sandstone that display gradation, 
parallel and cross-bedded laminations. Lithofacies association 2 comprises matrix-
supported sandstones with rounded to well-rounded pebbles of basalt and shallow marine 
limestone with thin interbeds devoid of pebble. Lithofacies association 3 is composed of 50 
cm to 50 m thick of matrix supported chaotic deposits of poorly sorted, sub angular to well 
rounded clasts of millimeter to few meters of size commonly interbedded with Facies 1 and 
2. The association of all these lithofacies suggests that the Covachón Formation was 
deposited in near-littoral environments along the uplifted Azuero Accretionary complex with 
turbiditic, mass-flow and slope near-littoral deposits (Buchs et al., 2011a).

Tonosí Formation (Late Eocene-Early Oligocene)

Originally proposed by Recchi and Miranda (1977) the Tonosi Fm. represents multiple 
sequences exposed across most of the Azuero peninsula and Coiba Island area. The 
association of Lepidocyclina (Neolepidina) sp., and rare Nummulitidae of Operculinoides 
type at pure carbonate facies at Punta Blanca suggest a late Eocene to early Oligocene 
age for the base of Tonosí Fm. (Buchs et al., 2011a). It is composed by a 40 m to 400 m 
thick basal transgressive sequence of coarse clastic rocks interbedded by shallow marine 
deposits followed by 500 m to 800 m of thick deepening upwards sections of turbiditic 
sediments (Kolarsky et al., 1995; Buchs et al., 2011a). This formation is usually subdivided 
into 2 lithological units: the Lower Tonosí Formation (LTF) and the Upper Tonosí Formation 
(UTF).

The Lower Tonosí Formation is composed by a basal pebbly conglomerate and coarse-
grained sandstone with minor coal seams and shallow marine limestones (Kolarsky et al. 
1995). At Punta Blanca, (see Fig 2) LTF unconformably overlays the Covachón Fm. and its 
characterized according to Buchs et al. (2011a) by the ubiquitously basal conglomerate 
and shallow limestone. This unit is interpreted as the record of a transgressive event in a 
shallow marine inner forearc basin on top of the igneous basement (Buchs et al., 2011a; 
Krawinkel et al., 1999). The Upper Tonosí Formation is composed of interbedded graded 
sandstone, siltstone, shale and calcarenite and ranges in age between Late Oligocene 
and Miocene (Buchs et al. 2011a; Kolarsky et al., 1995). This unit is interpreted as the 
record of deeper marine deposits, often representing turbidites in a trench slope setting. 
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Provenance analysis of heavy mineral suits indicate a convergent plate boundary setting 
for the LTF provenance with a high content of green clinopyroxene which suggest an 
evolved island arc system as the main provenance of sediments (Krawinkel et al., 1999). 
The provenance of the UTF indicates a divergent plate boundary due the high content of 
brow clinopyroxenes in the heavy mineral suits that suggest rift or intraplate volcanism; 
also geochemical analysis suggests affinities of the clinopyroxenes to within-plate alkalic 
(WPA) magma types (Krawinkel et al., 1999). However, Krawinkel et al. (1999) discuss 
that a divergent plate boundary provenance for the sediments of UTF implies a non-
observed short-lived reversal of subduction polarity. For this reason, they propose that the 
detritus with WPA magma affinity are derived from slab melts that ascended along deep-
rooted normal faults.

Fig 3. Proposed tectono-sedimentary evolution of the western Panamanian Forearc. Taken from Krawinkel et 
al. (1999).
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In this sense, Krawinkel et al. (1999) propose a two-stage tectono-sedimentary evolution 
of the Tonosí Fm. represented in the Lower and Upper unit. During Middle Eocene a 
frontal subduction with moderate to step angles generated an accretionary wedge in the 
Panamanian arc system (Krawinkel et al., 1999; De Boer et al., 1995). Due uplift of the 
accretionary wedge the forearc arc was structured into a trench-slope-outer arc-inner arc- 
magmatic arc configuration (Krawinkel et al., 1999) (see Fig 3). This led to a shallow 
marine inner forearc basin in which the sediments of the LTF were deposited with debris 
derived from the magmatic arc but also from the uplifted parts of the accretionary wedge 
mainly composed of obducted metamorphic basement and accreted remnants of 
seamounts (Krawinkel et al., 1999). Later, during the separation on the Farallon plate into 
Nazca and Cocos plate during upper Oligocene/early Miocene times a change in the plate 
vector produce a trench-parallel direction that generated an overall relaxation of the 
accreted masses and an adjustment of the trench slope inclination. As the relief was 
smoothed the sediments of the UTF were deposited in a deep marine trench slope setting 
with a supply of material from the island arc and the alkaline slab-derived magma 
(Krawinkel et al., 1999).

Santiago Formation (Late Oligocene)

According to Kolarsky et al. (1995) the Santiago Fm. comprises an unknown thickness of 
interbedded sandstone, siltstone, shale and coal exposed in the Macaracas Basin in the 
mountainous area of the north-central Azuero Peninsula. The basal sequence of the 
formation is composed by fossiliferous sandstones and sandy conglomerates, 
palynological and foraminiferal dating suggest that the age of sedimentation of the 
formation range from late Oligocene to Miocene (del Giudice and Recchi, 1969; Kolarsky 
et al., 1999). Based on palynological analysis of coal samples the Santiago Fm. is 
interpreted as sediments from a freshwater swamp environment contemporary to the age 
of sedimentation of Upper Tonosí Formation.
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Methodology 

Stratigraphic columns

Based on a 1:25.000 cartography of the Azuero Area (See Fig 5) developed during June 
2014 and 2015 as part of the Field Geology course at Los Andes University, several 
stratigraphic sections were measured along the southwestern coast of the Peninsula. Two 
of them are presented in this work as Playa Palo Seco (south) [7.59223ºN 80.97822ºW] 
and Quebrada Bejuco de Sangre [7.62440ºN 80.94050º W] with a combined thickness of 
~120m. 

The measurement of the sedimentary log was performed using a Jacob staff of 1.5 m with 
a scale of 1:50. Macroscopic observations of the sequences include composition, 
thickness, sedimentary structures, granulometry, sphericity, sorting, fossil material and 
matrix composition. The sample collection was held every 4.5 meters of measured section 
(if possible) with the STRI's Geological Sample Database methodology of localities and 
samples. For simplicity, the localities were defined every 9 meters (i.e. 6 Jacob staff 
measures) and the samples were directly correlated within the stratigraphic column with a 
5 digits unique STRI's Geological Sample Database ID.

For the presentation of the stratigraphic columns of Playa Palo Seco (south) and 
Quebrada Bejuco de Sangre the field log was digitized with the Adobe Illustrator CC 2015 
software. In this process the original scale was recalculated to 1:100 that allow a better 
understanding of the stratigraphic column (See appendix 3). For this graphic 
representation of the sequences I used as a base the Lithologic patterns and the 
Paleontological Features of the Digital Cartographic Standard for Geologic Map 
Symbolization by the Federal Geographic Data Committee and the U.S. Geological Survey 
(http://ngmdb.usgs.gov/fgdc_gds/geolsymstd/download.php). 
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Thin sections elaboration

A total of 6 samples from Playa Palo Seco (South) and 4 from Quebrada Bejuco de 
Sangre were selected for petrographic analysis, and they roughly represent the main 
lithofacies present in each sequence. For the Playa Palo Seco South localities the criteria 
for selection were samples of at least medium sand size located at the base of measured 
sequence. For the Quebrada Bejuco de Sangre localities the criteria for selection were 
collected samples of calcareous material above the unconformity. The samples were cut 
by the Slab Saw 24, polished with the Crystal master pro 12 grinder and silicon carbide 
until a thickness on 30 µm in the geoscience laboratories of Los Andes University. 
Afterward, the thin sections were scanned in an EPSON Perfection v850 Pro Photo 
Scanner at Art Department at Los Andes University for a digital register of the samples. In 
the following table there is a list of all the samples used for this study and its respective 
associated stratigraphic column.

Point counting

The point counting for 6 sandstone samples of Playa Palo Seco (south) was performed 
under the Gazzi-Dickinson methodology to obtain the detrital modes. This methodology is 
a tool for sedimentary petrologists to obtain a statistical representation of the modal 
composition of rock samples in order to realize provenances studies, mainly source rock 
and tectonic setting. It is described by Dickinson (1985) as one of the two possible 
approaches to the classification of rock fragments (i.e. polycrystalline particles). The first 
approach is to count all parts of all polycrystalline particles as lithic fragment that, 
according to him, generates a strong dependency between grain-size and sandstone 
composition. As an example, a coarse-grained source rock can occur as lithic fragments in 
a coarse sandstone but also as mineral grains in a fine sandstone which implies that their 
counted composition will be different even though the source rock is the same. 

For that reason, in the second approach (i.e. Gazzi-Dickinson method) Dickinson (1985) 
restricts the lithic fragments category to microcrystalline aphanitic material of crystal size 
no larger than 0.0625 mm. This implies that material larger than 0.0625 mm are counted 
within a grain-mineral category (e.g. Plagioclase, feldspar, quartz) instead of a lithic 
fragment category (e.g. volcanic/metavolcanic, sedimentary/metasedimentary). This 
methodology was chosen following the Ingersoll et al. (1984) recommendations after a 
statistical comparison between the Gazzi-Dickinson method and the traditional method in 
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which they concluded that the Gazzi-Dickinson method results are more uniform for any 
grain size including unsorted samples and also reduces the ambiguity in the classification 
of poorly sorted diagenetically altered sandstones.

Fig 4. Comparison between Gazzi-Dickinson and traditional method of point counting. In the Gazzi-Dickinson 
method Feldspar fragment of >0.065 mm is counted as Feldspar (F), in the Traditional method is counted as 
Volcanic lithic fragment (Lv). This example illustrates classification differences of the methods, however grid 
distribution characteristic of the traditional method is not illustrated.

For the carbonate samples the point counting was performed using as a guide a two-
dimensional grid to estimate the volume of each component and classified the samples in 
the categories proposed by Dunham (1962). For the spar-filled gastropod shell I counted 
as bioclast (fossil material) only those points that fall in the particle following the ‘grain-
solid’ measurement described by Flügel (2004). 

For a digital register of the point counting I used Microsoft Excel software that allowed me 
to create a grid with adjustable area size and register the composition of each point. For 
the modal composition of the sandstone samples I counted at least 300 points of grains or 
lithic fragments, however the total number of points counted in a sample is variable 
depending in the number of points counted as interstitial material (i.e. non-grain or lithic 
material). For the carbonate samples I counted 300 points including framework material 
and interstitial material. 
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Results

Geologic map of the Azuero area, developed by the Field Geology 2015-1 course at 
Universidad de Los Andes, shows the precise locations of the measured stratigraphic 
columns. Field observations suggest that Quebrada Bejuco de Sangre sequence belongs 
to the Lower Tonosí Formation as it unconformably overlays Ocú Formation and due the 
presence of the basal conglomerate. Playa Palo Seco (south) unit also shows the 
presence of basal conglomerate and it is interpreted as Lower Tonosí Formation; this 
sequence is under the influence of the Azuero-Soná fault and its structural relationship 
with other units is not well defined.

Fig 5. Geologic map of the western corner of the Azuero Península developed by Field Geology course 
2015-1. Close up of the interpreted Cenozoic sequences. Compiler: Carolina Ortiz Guerrero.
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Petrography

In the following table there is a list of all the samples with petrographic analysis and its 
respective associated location. All the samples are correlated within the mentioned 
stratigraphic column (For details see appendix 3 and 4).

Table 1. Sample STRI’s ID and associated stratigraphic column

A general survey of 6 samples of Playa Palo Seco allow generating a classification system 
of grain-mineral and lithic fragments that represent the main components of the samples. 
In the following table there is the classification system and the recalculated grain 
parameters for the detrital modes interpretation. This classification system is a modified 
version of the modal composition categories of a previous study of samples of the Lower 
and Upper Tonosí formation by Krawinkel et al. (1999). 

Sample 
STRI’s ID Stratigraphic column

38737 Quebrada Bejuco de Sangre

40478 Quebrada Bejuco de Sangre

40836 Quebrada Bejuco de Sangre

41973 Quebrada Bejuco de Sangre

40680 Playa Palo Seco (South)

40683 Playa Palo Seco (South)

40687 Playa Palo Seco (South)

40701 Playa Palo Seco (South)

40710 Playa Palo Seco (South)

40713 Playa Palo Seco (South)

Symbol Definition Description

F Plagioclase or 
Potassium feldspar Distinctive twinning, cleave and low birefringence colors.

Lv Volcanic rock fragments Microcrystalline fragment. Common acicular texture.

Lvv    Vitric volcanic rock
    fragments

Non-crystalline fragment. Brownish to dark colors. Some 
fragments show Chloritization.

Ls Sedimentary rock
fragments Irregular mass containing clay sized crystals.
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Table 2. Grain parameters for point counting under the Gazzi-Dickinson methodology.

Fig 6. [A] Well rounded volcanic clasts, presence of cpx and calcareous matrix. [B] Volcanic fragment, feldspar and cpx 
minerals. [C] Vitric fragment, sub rounded and low sphericity [D] Volcanic fragment, plagioclase >0.065mm [E] 
Polycrystalline quartz [F] Skeletal fragments, calcareous matrix.

Lu Undifferentiated rock
fragment

Rock fragment, highly altered with no recognizable internal 
structure.

D Non-opaque heavy
minerals Clinopyroxene and hornblende.

Bio Biogenic debris Organic matter or skeletal grains

O Opaque minerals Minerals that does not transmit light.

C Cherts Microcrystalline quartz.

Qp Polycrystalline quartz Aggregates of two or more quartz crystals.

Recalculated parameters for classification.

Qm Total monocrystalline
 quartz

Qm= Qm
None of the samples show presence on Qm*

Qt Total quartzose grains Qt= Qm+Qp+C

L Lithic grains L=Lv+Lvv+Ls+Lu

Lt Total lithic grains Lt=Lv+Lv+Ls+Lu+Qp+C
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For the carbonates samples the classification system summarize the components of 4 
samples of Quebrada Bejuco de Sangre. The aim of these parameters is to allow a 
classification of the carbonates samples under the Dunham (1962) classification system. 
In the following table there is the main components and a generalized description for each 
one.

Table 3. Classification parameters for carbonates.

Fig 7. [A] Larger foraminifera (Lepidocyclina ?). [B] foramnifera (Lepidocyclina?) and ovoidal peloids. [C] Rod-shaped 
peloids. [D] Non-spheric intraclasts.

Symbol Definition Description

BioC Bioclast Fossil material, predominantly Foraminifera 
(Lepidocyclina?) and shells.

Pe Peloids
Spherical, ovoid or rod-shaped silt-sized carbonate 
grains that lack of internal structure. (Boggs, 2009)

Int Intraclast Carbonate sediment, commonly well rounded.

O Opaque minerals Minerals that does not transmit light.

Terr Terrigenous 
Volcanic minerals and fragments, common pyroxene 

and plagioclase

Mc Matrix Microcrystalline calcite (Micrite)

Ce Cement
Sparry calcite; includes granular, mosaic, fibrous, 

bladed and syntaxial cement.

Recalculated parameters for classification.

Framework material Fm Fm=BioC+Pe+Int

M Matrix M=Mc
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Detrital modes:

Detrital modes of 6 samples acquired following the Gazzi-Dickinson method indicate a 
feldespathic litharenite to litharenite composition for the Playa Palo Seco sequence 
showing a low Qt/L ratio (<0.1) and a 0.18 to 0.42 F/L ratio; all the samples are 
compositional immature and presence of stable minerals is rare. 

Fig 8. Qt-F-L Classification diagram (Folk , 1974)

All the samples are characterized by a high content of volcanic vitric fragments (Lvv) and 
volcanic lithic fragments (Lv) with minor occurrences of sedimentary lithic fragments (Ls). 
Volcanic lithic fragments are composed mainly by a clinopyroxene with acicular texture 
and basaltic clast. Feldspar crystals (F) are almost completely associated with basaltic 
clast and occurrence of feldspar phenocrystals is extremely rare (<1% of F points 
counted). Accessory minerals are mainly composed by non-opaque heavy minerals (D) as 
clinopyroxene and hornblende and rare opaque minerals (O). None of the samples show 
occurrence of mono-crystalline quartz, poly-crystalline quartz and chert commonly 
comprise < 8% of the framework material. Summary of the modal composition of samples 
of Playa Palo Seco (south) is listed in Table 4.
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Table 4. See table 2 for grain parameters, this table shows framework material, for details see appendix 1.

Depositional limestone textures:

Petrographic analysis of 4 samples of Quebrada Bejuco de Sangre suggest a 
predominance of grain-supported limestone with >18% of mud and with fossiliferous or 
intraclast ‘source material’. In the following table there is a compilation of the point-
counting results and a recalculated ratio of matrix and grains.

Table 5. See table 3 for grain parameters, this table shows framework material and matrix, for details see 
appendix 2. Percentages truncated to 2 decimals.

Based on the mud vs framework material, texture (Grain-supported or Mud-supported) and 
principal component of the samples in the following table there is a classification of each 
sample under the Dunham’s classification system (1962). 

Original point counting values Recalculated values

Sample Number 
of counts F Lv Lvv Ls Lu D Bio O C Qp Qt F L

40680 305 63 81 140 0 5 56 7 4 0 0 0 63 226

40683 399 93 276 10 1 1 10 0 7 1 0 1 93 288

40687 302 36 178 16 2 3 19 22 8 7 11 18 36 199

40701 404 104 242 9 1 1 13 9 1 5 19 24 104 253

40710 321 71 179 18 1 9 38 0 0 1 4 5 71 207

40713 561 96 284 77 7 6 47 1 2 30 11 41 96 374

Sample Number of 
counts BioC Pe Int O Terr Mc Ce M % Fm%

40478 301 187 0 0 3 46 65 0 25.79 74.21

40836 303 185 60 0 2 2 54 0 18.07 81.93

41973 306 191 0 0 0 20 95 0 33.21 66.79

38737 303 5 2 163 0 20 84 29 33.07 66.93
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Table 6. Dunham’s classification for Quebrada Bejuco de Sangre samples. See table 5 and appendix 2 for 
details.

Terrigenous material in all the samples are associated to non-calcareous particles up to 
0.003 mm that mainly compose the interstitial material and suggest a mixed carbonate and 
siliciclastic deposits.

Sample Texture Main Fm
component Dunham’s classification

40478 Grain-supported Bioclast Fossiiferous packstone

40836 Grain-supported Bioclast Fossiiferous packstone

41973 Grain-supported Bioclast Fossiiferous packstone

38737 Grain-supported Intraclast Intraclast packstone
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Facies classification and association

Following the Miall (2000) definition of facies analysis as the interpretation of textures, 
sedimentary structures, fossils and the lithologic associations of sedimentary rock in any 
scale, the stratigraphic sections measured at Playa Palo Seco south and Quebrada 
Bejuco de Sangre were interpreted to understand the environment of deposition of these 
sequences (see Table 7.a and 7.b for facies descriptions).

Table 7. a,b. Facies scheme of classification for a) Detritic and volcaniclastic depostis b) Calcareous deposits. Modified 
after Miall (2000).

Detritic and volcaniclastic deposits.

Facies
Code Facies Sedimentary structure Interpretation.

Gmm Matrix supported, massive 
gravel Massive-Weak grading Plastic debris flow (high-strength, viscous)

Gcm Clast supported,
massive gravel Massive- weak grading Inertial bedload, turbulent flow

Gmni Matrix supported gravel
Inverse to normal grading Pseudoplastic debris flow (low strength- viscous)

Gt Gravel, stratified Trough crossbeds Minor channel fills

Gh Clast supported, crudely 
bedded gravel

Horizontal bedding Longitudinal bedforms, lag deposits, sieve 
deposits.

Sh Sand, v. fine to coarse may be 
pebbly

Horizontal lamination, parting 
or streaming lineation. Plane-bed flow (Critical flow)

Sm Sand, fine to coarse Massive or faint lamination Sediment gravity flow deposits.

Calcareous deposits.

Facies
Code Facies Sedimentary structure Interpretation.

Fw Fossiliferous wackestone Skeletal debris Components not bound together during deposition, 
transport and fracturing of biological material. 

Particles diluted in a fluid

Fp Fossiliferous packstone Skeletal debris Components not bound together during deposition, 
medium transport process and fracturing of 

biological material. Particles diluted in a fluid.

Ip Intraclast packstone Intraclast debris Components not bound together during deposition, 
medium transport process and fracturing of 

carbonate fragments. Particles diluted in a fluid.

Fg Fossiliferous
grainstone

Skeletal debris Components not bound together during deposition, 
transport and fracturing of biological material. Fluid 

deposits only heavier material (i.e grains)
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Facies association of Playa Palo Seco (South):

Fig 9. Facies association of Playa Palo Seco (south), modified after Shanmugam (2003) .For details 
see appendix 3.
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Facies association and environmental interpretation of Playa Palo Seco (south):

Matrix supported conglomerate (Gmm) is interpreted as a plastic debris flow of high 
strength, components of the conglomerate are mainly marine-associated fossil material  
(e.g. Gastropods and bivalves) and volcanic clasts. Repetitive sequences of bedded 
sandstone to laminated mudstone normally graded (Sh+Fl) suggest turbiditic currents as 
mechanism of transport and deposition; calcareous material present as interstitial material. 
Combination of gravity-driven deposits as the Gmni+Sh+Fl association can be interpreted 
as the result of a low-density debris flow with a laminar flow behavior at basal portion of 
the mass-movement and a turbulent flow on top; calcareous material present as interstitial 
material and fossil fragments. Pseudo-plastic debris flow and plane bed flow characteristic 
of Gmni+Sh association is interpreted as debris flow with a cohesive to viscous behavior; 
calcareous material present as interstitial material. Association of conglomerate facies 
(Gcm+Gmm) is interpreted as a plastic debris flow of high strength with a clast-rich flow 
representing the clast-supported portion of the sequence; this sequence is characterized 
by a high fossil content (e.g Bivalves, corals, gastropods and wood).Repetitive sequences 
of matrix supported massive fossiliferous conglomerate and fine laminated mudstone 
(Gmm+Fl) are interpreted as deposits of plastic debris flow of high strength intercalated 
with pelagic mud deposits; presence of lenticular layers of calcareous sandstone can be 
explain as deposits of plastic laminar flows (Shanmugam, 2006). Crossbedded 
conglomerate (Gt) is interpreted as a high-energy traction transport process in a medium 
with a low particles/fluid ratio; major components of the particles includes shells and 
volcanic clasts. Massive sandstone (Sm) transport process interpreted as a sandy debris 
flow following the experimental results of Shanmugam (2006); however an alternative 
interpretation as a high-density turbidity current with lost of traction structures by 
liquefaction is plausible. Normal to inverse graded conglomerate (Gmni) is interpreted as a 
pseudo-plastic debris flow less cohesive and with least strength than the Gmm; 
calcareous material present as interstitial material. Gmm+Sh+Fl association is interpreted 
as plastic debris flows of variable strength intercalated by deposition of gravity-driven mud 
material. Finally, characteristic horizontal bedding association of Gh+Sh facies suggests a 
stream flow mechanism of transport and deposition.

Facies association of Playa Palo Seco (south) suggests a complex near-littoral marine 
system of mainly gravity-driven deposits of debris flow and turbidites. The lack of paleosols 
on top of the basal conglomerate and fossil material suggest that this sequence was 
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deposited under subaqueous process. Gravity-driven deposits as debris flow and 
turbidites make up most of the sequence suggesting an unstable shelf-slope that supply of 
terrigenous, calcareous and fossil fragments to deeper water conditions. This 
interpretation is supported by the occurrence of high-energy deposits as crossbedded and 
horizontal-bedded conglomerates in marginal marine environments under the influence of 
tides and stream flow in canyon channels. Deeper marine environments are represented 
by laminated mudstone with intercalation of fossiliferous conglomeratic material 
transported by high-density debris flow. In summary, Playa Palo Seco (south) represents 
marine deposits associated with gravity-driven deposits with a high supply of terrigenous 
and calcareous material from an uplifted land-mass.

Fig 10. Illustration of Playa Palo Seco (south) location. [A] Playa Palo Seco (south) turbiditic sequence, this 
portion the sequence is highly faulted. [B,C] Common conglomeratic lithology with fossil fragments, well-
rounded volcanic clast and sandy carbonaceous matrix. Photos: Felipe Lamus.
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Facies association of Quebrada Bejuco de Sangre: 

Fig 10. Facies association of Quebrada Bejuco de Sangre, modified after Boggs (2009). For details see 
appendix 4.

Facies association and environmental interpretation of Quebrada Bejuco de Sangre:

Conglomeratic association of matrix supported graded and non-graded material (Gmni 
+Gmm) is interpreted as plastic to pseudo-plastic high density debris flow; this sequence 
is characterized by chaotic deposits of basaltic clast and chert (probably from Ocú Fm.). 
Isolated intraclast packstone (Ip) represents well sorted packstones composed of 
intraclasts, skeletal grain debris and a volcanic-related clay-sized matrix; the transport of 
the fragments was in a diluted fluid. Association of clast supported massive conglomerate 
and fossiliferous grainstone (Gcm+Fg) is characterized by high content of allochems and 
lack of matrix indicate a high energy environment that inhibit the deposition of mud-size 
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material. Carbonate association of fossiliferous packstone and wackestone (Fp+Fw) was 
deposited in an environment of less energy than the Gcm+Fg association that allow the 
deposition of mud-size material. Lastly, laminated sandstone at top of the sequence (Sh) 
as a deposits under the influence of a diluted fluid in a high energy environment.

Facies association of Quebrada Bejuco de Sangre suggest a rimmed carbonate platform 
system with a high influence of terrigenous material as the main sedimentary environment 
of deposition. In this sense, bassal Gmni+Gmm association is interpreted as a deposits of 
fore slope seaward with breccia and exotic material and with an input of calcareous 
material acting as the matrix (Boggs, 2009). Intraclast packstone (Ip) and laminated 
sandstone (Sh) are interpreted as a shallow-water deposit under the influence of wind 
currents and tides. Mixed terrigenous and calcareous association Gcm+Fg is interpreted 
as the transition from a fore slope seaward to a near-organic buildups. Finally, Carbonate 
association of fossiliferous packstone and wackestone (Fp+Fw) is interpreted as open 
marine mixed carbonate and platform interior deposits in which water circulation is normal 
to restricted. In summary, Quebrada Bejuco de Sangre represents shallow marine deposits 
with a high input of terrigenous material and associated with a carbonate platform under 
the influence of tides and wind.

Fig 11. Illustration of Quebrada Bejuco de Sangre location. [A,B] Quebrada Bejuco de Sangre unconformity 
between Ocú Fm. and Tonosí Fm. Basal conglomerate with well rounded and high sphericity clast. Photos: 
Aldo Rincón.
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Discussion

Described overlap sequences Playa Palo Seco (south) and Quebrada Bejuco de Sangre 
suggest both shallow and near-littoral deposits during the deposition of the Tonosí 
Formation characterized by a high supply of arc-related fragments. Despite the lack of 
absolute dating of both units, characteristic basal conglomerate of the Lower Tonosí Fm., 
stratigraphic relationships, fossil content and provenance analysis allow the classification 
as part of the Tonosí Fm. On the one hand, Playa Palo Seco (South) unit is interpreted as 
near-littoral marine system deposits characterized by turbidites and debris flow; cross 
stratification and horizontal bedded conglomerates on top of the sequence also suggest 
high-energy environments under the influence of tides and canyon channels. On the other 
hand, Quebrada Bejuco de Sangre outcrops suggest a shallow marine system as the 
sedimentary environment in which this sequence was deposited. These proposed 
sedimentary environments imply that the Lower Tonosí Formation is not only associated 
with shallow marine deposits but also with deeper marine systems.

In this sense, the multiple sedimentary environments proposed for the overlap sequences 
and the structural relationships between Covachón Fm. and LTF, including Playa Palo 
Seco (south) and Quebrada Bejuco de Sangre sequences, suggest a complex topography 
of the forearc. Additionally, the gravity-driven deposits imply a trigger process for the failure 
that allow the mass-movement of previously deposited sediments in a marginal marine 
shelf to deeper marine systems. Plausible explanations of the trigger mechanisms includes 
eustatic changes in sea level, earthquakes, tsunamis, oversteepening of submarine slope 
and submarine volcanic activity (Shanmugam, 2006).

The provenance analysis suggests an undissected arc as the provenance of sedimentary 
material in the basal sequence of Playa Palo Seco (south) unit. On the provenance 
diagram Qt-F-L proposed by Dickinson (1983) all the samples plot within the undissected 
arc field (see Fig 12.a). This result is consistent with provenance results of Qm-F-Lt 
diagram (see Fig 12.b) that shows the same trend in which all the samples plot on the F-L 
tie line due the lack of mono-crystalline quartz. Additionally, field observations as 
conglomerates with high percentage of basalt clasts, lithic arenites composed by feldspar 
grains and volcanic rock fragments and minor volcanic quartz support this result.
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Fig 12. Triangular diagrams of provenance Qt-F-L (a) and Qm-F-Lt (b) (Dickinson, 1985).

The provenance results are consistent with previous analysis by Krawinkel et al. (1999) in 
Punta Reina, Ensenada de los Buzos and Ensenada del Búcaro that comprise samples of 
the LTF and the UTF. In this sense, the detrital modes of samples analyzed by Krawinkel 
et al., (1999) and in this study show that the Tonosí Fm. cannot be divided based on this 
analysis; however the UTF is only represented by one sample (BS 2A-Ensenada de los 
Buzos). Based on detrital modes and heavy mineral suits analysis Krawinkel et al. (1999) 
proposed the magmatic arc and an accretionary wedge structure as the source rocks for 
the LTF; the last one composed by remnants of seamounts and obducted metamorphic 
basement. This interpretation is based on the occurrence of actinolite and diaspore in 3 
samples of the LTF (out of 19 LTF samples) at Ensenada del Búcaro that represent 
detritus of the lowermost part of the accretionary complex (Krawinkel et al., 1999). These 
samples are only located at the base and top of the Ensenada del Búcaro unit that implies 
a non-continuous period of metamorphic minerals supply for the basin (Krawinkel et al., 
1999). In this sense, petrographic observations of Playa Palo Seco south (this study) and 
available data from Ensenada del Búcaro, Ensenada de los Buzos and Punta Reina units 
(Krawinkel et al., 1999) lack of metamorphic minerals or metamorphic lithic fragments in 
most of the analyzed samples. This observation should represent non-continuous periods 
of emerging of the accretionary wedge and implies subsidence periods or major sea level 
fluctuations with a predominance of the volcanic source material over the mixed volcanic/
metamorphic supply. 
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Fig 13. Compilation of provenance analysis of Overlap sequences in the Azuero peninsula. Data taken from Kolarsky et 
al. (1999). Map modified after Buchs et al. (2011a) for details see Fig 2.

In contrast with the proposed undissected arc provenance for the Tonosí Fm., recent 
detrital zircons analysis with clusters of ages at ca. 38 and 51 Ma of Bucaro Beach in a 
fossiliferous litharenite from the Upper Tonosí Fm. suggest a unroofing of pluton rocks 
(Ramirez et al., 2016). However,  sample 300342 reported as a medium-coarse grained 
volcanic litharenite of the Lower Tonosí Unit in the same locality was barren of zircons 
(Ramirez et al., 2016) suggesting that the erosion of the exposed upper part of the 
intrusion was a source rock only for the Upper Tonosí Formation unit. Analysis of ZHe and 
AHe closure temperatures for Valle Rico and Parita batholiths suggest these plutonic 
bodies as the most likely source rock (Ramirez et al., 2016). The lack of zircons and 
monocrystalline quartz at Playa Palo Seco and Quebrada Bejuco de Sangre, classified in 
this study as part of the Lower Tonosí Formation is consistent with the Ramirez et al. 
(2016) observations.

�32



Conclusions

- Playa Palo Seco (south) sequence represents complex near-littoral marine system of 
mainly gravity-driven deposits of debris flow and turbidites. Basal conglomerate suggest 
that this sequence belongs to the Lower Tonosí Formation.

- Quebrada Bejuco de Sangre sequence represents mixed calcareous and terrigenous 
shallow marine depostis. Basal conglomerate suggest that this sequence belongs to the 
Lower Tonosí Formation, further paleontological analysis of widely present foraminifera 
Lepidocyclina will allow the relative dating of this sequence.

- Lower Tonosí Formation is not only associated with shallow marine deposits but also 
with deeper marine systems. The facies diversity suggest a complex topography of the 
forearc.

- Tonosí and Covachón Formations are geographically separated by the Azuero-Soná 
Fault Zone. A formal lithostratigraphic description for the Covachón Formation will allow 
the interpretation of this structural relationship.

- Field observations and petrographic analysis suggest an undissected arc as the 
provenance for the Lower Tonosí Formation. Lack of mono-crystalline quartz and zircon, 
presence of volcanic clast and common occurrence of litharenites suggest a volcanic 
source rock. Non-presence of Zircon, reported in other sequences of the Tonosí Fm. 
(Ramirez, et al. 2016) suggest that Playa Palo Seco (south) and Quebrada Bejuco de 
Sangre sequences were deposited previous to the exhumation of plutonic bodies to 
surface-level.
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Appendix 1 



Sample number: 40680

Location: Playa Palo Seco (South)

Rock classification: 

Litharenite (Folk, 1974). 

Particles size: Clasts up to 1cm (Very fine sand to Pebbles) Sorting: Poorly Sorted
Sphericity: Medium Sphericity    Roundness: Well rounded

Gazzi-Dickinson point counting:

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 63

Lv Volcanic rock fragments 81

Lvv Vitric volcanic rock fragments 140

Ls Sedimentary rock fragments 0

Lu Undifferentiated rock fragments 5

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 56

Bio Biogenic debris (organic matter or skeletal grains) 7

O Opaque minerals 4

C Cherts 0

Qp Polycrystalline quartz 0

Phi Porosity 0

Ce Cement 21

M Matrix 78

Total Total points counted 
(Including interstitial material and porosity) 455

Recalculated

Qt Total Quartoze grains (=C) 0

F Total feldspar grains
 (=F) 63

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 226
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Sample number: 40683

Location: Playa Palo Seco (South)

Rock classification:

Litharenite (Folk, 1974).

Particles size: Very fine sand to Medium sand Sorting: Well sorted 
Sphericity: Medium sphericity Roundness: Sub rounded

Gazzi-Dickinson point counting:

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 93

Lv Volcanic rock fragments 276

Lvv Vitric volcanic rock fragments 10

Ls Sedimentary rock fragments 1

Lu Undifferentiated rock fragments 1

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 10

Bio Biogenic debris (organic matter or skeletal grains) 0

O Opaque minerals 7

C Cherts 1

Qp Polycrystalline quartz 0

Phi Porosity 1

Ce Cement 0

M Matrix 0

Total Total points counted 
(Including interstitial material and porosity) 400

Recalculated

Qt Total Quartoze grains (=C) 1

F Total feldspar grains
 (=F) 93

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 288
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Sample number: 40687

Location: Playa Palo Seco (South)

Rock classification:

Litharenite (Folk,1974)

Particles size: Up to 4mm (Fine pebbles) Sorting: Poorly sorted
Sphericity: Medium sphericity Roundness: Rounded

Gazzi-Dickinson point counting:

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 36

Lv Volcanic rock fragments 178

Lvv Vitric volcanic rock fragments 16

Ls Sedimentary rock fragments 2

Lu Undifferentiated rock fragments 3

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 19

Bio Biogenic debris (organic matter or skeletal grains) 22

O Opaque minerals 8

C Cherts 7

Qp Polycrystalline quartz 11

Phi Porosity 0

Ce Cement 11

M Matrix 122

Total Total points counted 
(Including interstitial material and porosity) 435

Recalculated

Qt Total Quartoze grains (=C) 18

F Total feldspar grains
 (=F) 36

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 199
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Sample number: 40701

Location: Playa Palo Seco (South)

Rock classification:

Feldspathic litharenite (Folk, 1974)

Particles size: Up to 1cm (Medium pebbles) Sorting: Poorly sorted
Sphericity: Medium sphericity Roundness: Rounded

Gazzi-Dickinson point counting:

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 104

Lv Volcanic rock fragments 242

Lvv Vitric volcanic rock fragments 9

Ls Sedimentary rock fragments 1

Lu Undifferentiated rock fragments 1

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 13

Bio Biogenic debris (organic matter or skeletal grains) 9

O Opaque minerals 1

C Cherts 5

Qp Polycrystalline quartz 19

Phi Porosity 0

Ce Cement 21

M Matrix 84

Total Total points counted 
(Including interstitial material and porosity) 509

Recalculated

Qt Total Quartoze grains (=C) 24

F Total feldspar grains
 (=F) 104

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 253

Appendix 1.�4



Sample number: 40710

Location: Playa Palo Seco (South)

Rock classification : 

Feldspathic litharenite (Folk,1974)

Particles size: Up to 4mm (Fine pebbles) Sorting: Moderately sorted
Sphericity: High sphericity Roundness: Rounded

Gazzi-Dickinson point counting:

Appendix 1.�5

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 71

Lv Volcanic rock fragments 179

Lvv Vitric volcanic rock fragments 18

Ls Sedimentary rock fragments 1

Lu Undifferentiated rock fragments 9

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 38

Bio Biogenic debris (organic matter or skeletal grains) 0

O Opaque minerals 0

C Cherts 1

Qp Polycrystalline quartz 4

Phi Porosity 0

Ce Cement 67

M Matrix 31

Total Total points counted 
(Including interstitial material and porosity) 419

Recalculated

Qt Total Quartoze grains (=C) 5

F Total feldspar grains
 (=F) 71

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 207



Sample number: 40713

Location: Playa Palo Seco (South)

Rock classification : 

Litharenite (Folk, 1974)

Particles size: Up to 3mm (Very fin Pebbles) Sorting: Moderately sorted
Sphericity: High sphericity Roundness: Rounded

Gazzi-Dickinson point counting:

Symbol Definition Number of counts 

F Plagioclase or Potassium feldspar 96

Lv Volcanic rock fragments 284

Lvv Vitric volcanic rock fragments 77

Ls Sedimentary rock fragments 7

Lu Undifferentiated rock fragments 6

D Non-opaque heavy-minerals (clinopyroxene, 
hornblende) 47

Bio Biogenic debris (organic matter or skeletal grains) 1

O Opaque minerals 2

C Cherts 30

Qp Polycrystalline quartz 11

Phi Porosity 0

Ce Cement 36

M Matrix 104

Total Total points counted 
(Including interstitial material and porosity) 701

Recalculated

Qt Total Quartoze grains (=C) 5

F Total feldspar grains
 (=F) 71

L Total lithic grains
(=Lv+Lvv+Ls+Lu) 207
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Sample number: 38737

Location: Quebrada Bejuco de Sangre

Rock classification :

Intraclast packstone (Dunham, 1962)
Calcareous and terrigenous matrix.

Point counting:

Symbol Definition Number of counts 

BioC Bioclasts, fossil material. 5

Pe Peloid 2

Int Intraclast 163

O Opaque minerals 0

Terr Terrigenous 20

Mc Matrix 84

Ce Cement 29

Oo Ooids 0

Pi Pisoids 0

Phi Porosity 0

Total
Total points counted 

(including interstitial material, porosity and 
framework material)

303

Recalculated

M Total matrix (=Mc) 84

Fm Total grains
 (=BioC+Oo+Pi+Pe+Int) 170
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Sample number: 40478

Location: Quebrada Bejuco de Sangre

Rock classification :

Fossiliferous packstone (Dunham, 1962)
Calcareous and terrigenous matrix.

Point counting:

Symbol Definition Number of counts 

BioC Bioclasts, fossil material. 187

Pe Peloid 0

Int Intraclast 0

O Opaque minerals 3

Terr Terrigenous 46

Mc Matrix 65

Ce Cement 0

Oo Ooids 0

Pi Pisoids 0

Phi Porosity 9

Total
Total points counted 

(including interstitial material, porosity and 
framework material)

310

Recalculated

M Total matrix (=Mc) 65

Fm Total grains
 (=BioC+Oo+Pi+Pe+Int) 187
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Sample number: 40836

Location: Quebrada Bejuco de Sangre

Rock classification :

Fossiliferous packstone (Dunham, 1962)
Calcareous matrix.

Point counting

Symbol Definition Number of counts 

BioC Bioclasts, fossil material. 185

Pe Peloid 60

Int Intraclast 0

O Opaque minerals 2

Terr Terrigenous 2

Mc Matrix 54

Ce Cement 0

Oo Ooids 0

Pi Pisoids 0

Phi Porosity 6

Total
Total points counted 

(including interstitial material, porosity and 
framework material)

309

Recalculated

M Total matrix (=Mc) 54

Fm Total grains
 (=BioC+Oo+Pi+Pe+Int) 245
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Sample number: 41973

Location: Quebrada Bejuco de Sangre

Rock classification :

Fossiliferous packstone (Dunham, 1962)
Calcareous and terrigenous matrix.

Point counting

Symbol Definition Number of counts 

BioC Bioclasts, fossil material. 191

Pe Peloid 0

Int Intraclast 0

O Opaque minerals 0

Terr Terrigenous 20

Mc Matrix 95

Ce Cement 0

Oo Ooids 0

Pi Pisoids 0

Phi Porosity 0

Total
Total points counted 

(including interstitial material, porosity and 
framework material)

306

Recalculated

M Total matrix (=Mc) 95

Fm Total grains
 (=BioC+Oo+Pi+Pe+Int) 191
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Playa Palo Seco (South)   1 of 5

LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID

Eo
ce

ne

 40701,40689 

40692

40713,40706

40710,40717

Matrix supported, clasts in the range of 2mm 
to 8cm, low sphericity and subrounded to 
roundend clasts. Matrix of medium sand grain 
with calcareous content. At the top the content
of > 6cm-clasts decreases.

To
no

sí 
Fo

rm
at

io
n Well sorted sand, calcareous matrix, medium 

sphericity and subangular grains.

Grey mudstone with siliceous matrix. Beds of 1 
to 2 cm.

Conglomeratic sandstone, poorly sorted, 
siliceous matrix.

Matrix supported. Clasts in the range of 2mm to
6cm, medium sphericity and rounded grains. 
Siliceous matrix of medium to fine grain. 

40683

M

M

1-2cm

1-2cm

7.59230 N 80.97820 WBase:
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Playa Palo Seco (South)   2 of 5

LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID

To
no

sí 
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rm
at
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n

Eo
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ne

Well sorted sandstone, medium sphericity and
subangular grains. Beds of <1 cm.

10-30cm

40688

40684,40677

40680,40689

40687,40678

Matrix supported, clasts in the range of 2mm to
4cm, calcareous matrix. 

Conglomeratic sandstone, moderately sorted,
siliceous matrix.

Matrix supported, clast in the range of 1mm to
4 cm, medium sphericity and rounded clasts. 
Matrix of fine grain size.

Matrix supported, clast in the range of 1mm to
2cm, medium sphericity and rounded clasts, 
poorly sorted.

Clasts supported, clast in the range of 1mm to 
6cm, high sphericity and rounded clasts, poorly
sorted. Matrix with calcareous material.

Matrix supported ,calcareous conglomerate,
1mm to 7cm clasts including fossil material,
low sphericity and angular clasts. Fossil material 
increase at the top of the sequence.

Calcareous conglomerate, 1mm to 7cm clasts.

Calcareous conglomerate, 1mm to 7cm clasts.
Decrease of fossil material in comparison with
lower beds.

Grey mudstone with beds of 1 to 5cm, lack of
calcareous material.
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LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID

To
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rm
at

io
n
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ne

Matrix supported, clasts in the range of 1m 
to 10cm. medium sphericity and sub-rounded 
clasts.

40646,40647

40530

Conglomeratic sandstone, calcareous matrix.
Clastic well-rounded fragments of basalts and 
chert.

Grey mudstone, very thick laminae with 
calcareous material.

Calcareous sandstone, dispersed clasts of up 
to 1cm basalts.

Matrix supported, clast in the range of 1mm to 
6cm, high sphericity and well rounded clasts.
Presence of organic material.  

Matrix supported, clasts in the range of 1mm to
6cm, sub-rounded and low sphericity.

Grey mudstone, lamination of < 1cm. Lack of 
calcareous material.

Matrix supported, clasts in the range of 1mm 
to 6cm, sub-rounded and low sphericity clasts. 
Clastic fragments of basalts and chert.
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LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID

To
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sí 
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Eo
ce

ne

3-30cm

3-10cm

40405

40437

40503
Grey mudstone, very thick laminae with 
calcareous material.

Matrix supported, clasts in the range of 1mm
to 3cm.  sub-rounded and medium sphericity.
Clastic material of limestones and basalts.

Lithic sandstone, calcareous matrix,
very thin beds.

Lithic sandstone, calcareous matrix,
very thin beds.

Grey mudstone, thin beds and lack of 
calcareous material.

Clast supported, clast in the range of 1mm
to 3cm, well rounded and high sphericity.
Clastic material of basalts.

Matrix supported, clasts in the range of 1mm
to 4cm, sub-rounded and medium sphericity.
Medium bed and calcareous matrix,

Matrix supported, clasts in the range of 1mm
to 30 cm. Medium sphricity and sub-rounded
clasts.
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LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID
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ne

Grey mudstone, thin beds and lack of 
calcareous material.

Clast supported, clasts in the range of 1mm to
3 cm, well rounded and high sphericity.

Clast supported, clasts in the range of 1mm to
10 cm, well rounded and high sphericity. 
Poorly sorted.

Lithic sandstone, calcareous matrix,
very thin beds.

Clast supported, clast in the range of 1mm to
5 cm, well rounded and high sphericity. Matrix
of fine grain,  basaltic and calcareous clastic 
material80

82

84

86

88

90 Top: 7.58950 N 80.97980 W 

40505

Conglomerate Bedded sandstoneCrossbedded conglomerate Mudstone

Massive sandstone
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REFERENCE: Quebrada Bejuco de Sangre  1 of 2

LIMESTONES

MUD  SAND  GRAVEL

Fossil contentSedimentary
structures

Description

Grain size and other notes
(roundness, sphericity, color, 
maturity, etc)

Sample
STRI’s 
Geological
Samples 
Database ID
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re
ta

ce
ou

s
Eo

ce
ne

Matrix supported, clasts in range of 1mm to
20 m. High sphericity, medium sphericity and
poorly sorted. Matrix of fine to medium grain.
Clastic material of calcareous chert. 

38737,40718

40836

40478

41973

?

Matrix supported, clasts in range of 1mm to
5cm. Low sphericity, well rounded and poorly
sorted. 

Clast supported, clasts in range of 1mm to
8 cm. Low sphericity, well rounded and poorly
sorted. Clastic material of mostly basalts.

Fossiliferous packstone, grain supported and
presence of mudstone. Fossil material includes
foraminifera Ledipocyclina (?).

Intraclast packstone, grain supported and
presence of mudstone. Terrigenous matrix.

Fossiliferous mudstone, mud supported
Fossil material includes foraminifera 
Ledipocyclina (?).
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Bedded or laminated

M Massive

Corals

Legend:
Conglomerate

Bedded sandstone

Mudstone

U Unconformity

Lithic sandstone, calcareous matrix and 
very thick beds. Lithic fragments of 1 to
2 mm. 

Fossiliferous mudstone, mud supported
Fossil material includes foraminifera 
Ledipocyclina (?).

Foraminifera
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