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Abstract 

 

 Sedimentological and petrographic analyses were performed on more than 200 

stratigraphic meters measured for Cenozoic rocks outcropping in Palo Seco and Torio 

beaches contributing to the tectonic and stratigraphic development of the Central American 

arc during this time. The sedimentological analysis suggests a deep-marine environment for 

the 192 m-thick sequence exposed at Palo Seco beach which correspond to part of the 

upper member of the Tonosí Formation. A 47 m-thick shallow-marine sequence, with 

contributions from nearby land environments, is exposed at Torio beach, and does not 

correspond to any sedimentary sequences already described. Unit outcropping in Palo Seco 

beach is older than the sequences expose in Torio beach. Petrographic analysis (counts of 

300 points for each sample) performed to 8 samples from both Palo Seco and Torio beaches 

shows a predominantly composition of litharenites and feldsphatic litharenites. The 

dominant framework components are: unaltered volcanic lithic and feldspar (plagioclase) 

grains. Mudstone samples are identified as silty claystones. Provenance analysis for both 

sequences (Palo Seco and Torio stratigraphic sections) indicate sediments were derived 

from an undissected arc source, implying no change in the provenance in the infill of the 

Tonosí basin and the still unnamed sequence exposed at Torio beach. 
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1. Introduction  

The sequences outcropping in Palo Seco and Torio beaches are part of the Cenozoic 

cover of the Azuero Peninsula. These sequences include the Tonosí, Covachon and the 

Santiago Formations. The Covachón Formation is resting on Azuero Accretionary Complex, 

while the Tonosí and Santiago Formation are resting on Azuero Marginal Complex and 

Azuero Accretionary Complex. Kolarsky et al. (1995) proposed different stages of 

Cretaceous-Cenozoic stratigraphic development for this part of Panama. The first 

corresponds to Upper Cretaceous pelagic sedimentation recorded in the Ocú Formation. 

The second corresponds to an erosional event. The third stage corresponds to the start of 

clastic sedimentation, not only for this part of Panama but for much of southern Central 

America. This stage involves rocks of lower to middle Eocene consistent with the oldest 

overlapping sequences and in agreement with the proposal of Buchs et al., (2011) of taking 

the detrital components of this formations as a consequence of the emergence of the 

Azuero Arc Group and the Azuero Accretionary Complex during 32 – 28 Ma (Ramirez et al., 

in press). 

Del Giudice and Recchi (1969) presented one of the firsts descriptions of the 

sedimentary sequences of the Azuero Peninsula including a stratigraphic, petrographic and 

sedimentological characterization. Then Recchi and Miranda (1977) described for the first 

time the Tonosí Formation, focusing on limestones from the Planes-Guaniquito. Kolarsky et 

al. (1995) presented a stratigraphic column from Ocú Formation in Coiba Island, and 3 

stratigraphic columns from Tonosi Formation in different locations concluding a middle 

Eocene to early Miocene age based in nanofossils analysis and a marginal marine 

environment with debris flow deposits (lower Tonosi) and a deep marine environment with 

turbidity currents (upper Tonosi). For Santiago Formation there is not a stratigraphic column 

presented but ages estimated by forams, palynology and nanofossils range from late 

Oligocene to Miocene. Krawinkel et al., (1999) developed a provenance study over the 

Tonosí Formation indicating that it´s sediments were derived from a tectonic arrangement 
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out of continental boundary. Buchs et al., (2011) defined the Covachón Formation, and 

more recently Ramirez et al. (in press) provided a low-temperature thermochronology of 

detrital units in the Azuero Peninsula. 

I present a sedimentological analysis and a sedimentary petrography for the 

volcano-sedimentary sequences outcropping in Palo Seco and Torio beaches. In this study 

will be found the lithofacies established for the studied sequences, and their accumulation 

mechanism, as well as an analysis of them in order to present a depositional environment. 

The classification of the rocks and the composition of the provenance areas are presented 

for the sedimentary petrography stage. This study contributes to the tectonic and 

stratigraphic development of the Central American arc during the Cenozoic. 

 

2. Geological Setting 

 

 The study area is located in the southeastern part of Central America, Panama. It is 

located at the complex boundaries between Caribbean, Nazca, Cocos, South American 

plates and Panama microplate (Figure 1). Previous studies divided the southern Central 

American region into two principal geological blocks: Chorotega and Panama-Choco 

(Molnar and Sykes, 1969; Montes et al., 2012), which are part of the South Central American 

Orogen region (Schuchert, 1935). These blocks are composed by plateau-related volcanic 

rocks, subduction products of Cenozoic and Mesozoic times, accreted ocean island and 

sedimentary basins (Montes et al., 2012). Plateau volcanism starts with the sill event that 

creates the Caribbean Large Igneous Providence (CLIP). This is a very thick oceanic crust (20 

km, Burke, 1978) created as a consequence of repeated intrusions and volcanism events 

between 95 to 75 Ma, when it became an oceanic plateau (Hoernle, 2002). The Panama 

microplate can be considered part of the Caribbean plate, although GPS data show relative 

convergence between Panama and Caribbean plate (Trenkamp et al., 2002; Corral et al., 

2011). The western boundary of this microplate is the diffuse thrust belt of the Cordillera 
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Central of Costa Rica (Corral et al., 2011). The northern boundary comprises the North 

Panama Deformed Belt, which is a system of north-verging thrust faults, the eastern 

boundary is defined by the Uramita suture in the Atrato Valley (Duque-Caro, 1990). The 

southern side is marked by the subduction of the Nazca and Cocos oceanic plate under the 

Panama microplate (Buchs et al., 2010). 

 

Figure 1: Regional Map of the Isthmus of Panama, modified from Buchs et al., (2011) and from 
Montes et al., (2012). 
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 Cocos and Nazca plates were initially only one plate, Farallon plate, but between 30 

to 20 Ma this plate was divided into the Cocos and Nazca. This event creates the Galapagos 

rift zone, and the Cocos-Nazca spreading began between 23.0 to 22.6 Ma, as constrained 

by the presence of magnetic anomalies (Lonsdale., 2005). Nazca and Cocos plates contain 

products of the combination of the Galápagos Hot spot and oceanic transforms, some 

aseismic ridges and seamounts (Werner et al., 1999; Buchs et al., 2010). Uplift of the outer 

margin of the overriding plate is caused by the subduction of these seamounts, and is 

located at 20 km from the trench (Buchs et al., 2010). 

 

2.1 Azuero Peninsula 

 The coastline of the western part of Panama shows a pronounced prominence that 

corresponds to the Azuero Peninsula (Figure 2). The Azuero-Sóna Fault Zone (ASFZ), 

separates Azuero Marginal Complex to the north from the Azuero Accretionary Complex to 

the south. Cenozoic sedimentary cover is present in all the peninsula (Buchs et al., 2011). 

Recent studies focused in the ASFZ presented that normal slip through the foliation plane 

of the ductile rocks involved in the fault are dipping southwest in mean at an angle of 60° 

(Pérez-Angel, 2015). A gravimetric survey performed by Ayala (2015) suggest 3 principal 

faults for the Peninsula, not only the ASFZ. 

The Azuero Marginal Complex is divided into five lithostratigraphic units (Figure 3): 

1) The Azuero Plateau, mainly composed of massive, columnar and pillow basalts, with small 

volumes of red siliceous pelagic sediment, radiolarians, of an age of 89-85 Ma (Kolarsky et 

al., 1995; Buchs et al., 2010, 2011). 2) The Ocú Formation, composed by a grayish-white 

limestone and calcareous siltstone, and a light brown, calcareous siltstone and sandstone 

(Kolarsky et al., 1995) with a late Campanian-Maastrichtian age (planktonic foraminifera, 

Del Giudice and Recchi., 1969; Corral et al., 2011). 3) The Azuero Proto-Arc Group, 

integrated by massive and pillow basalts, and some dykes that intrude the Azuero Plateau 

and the Ocú Formation (Buchs et al., 2010, 2011). 4) The Azuero Arc Group, includes 

volcano-sedimentary rocks, tuffs and volcanic rocks (Buchs et al., 2011; Corral et al., 2013), 
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ranging from upper Cretaceous to Eocene (71 – 40 Ma), defined by stratigraphic relations 

and 40Ar/39Ar ages of igneous rocks (Lissinna., 2005; Wegner et al., 2011; Buchs et al., 2011). 

5) Undifferentiated Metamorphic Rocks that include metasediments, metabasalts and 

ultramafic rocks in greenschist to amphibolite facies (Tournon et al., 1989; Buchs et al., 

2011).  

The Azuero Accretionary Complex is divided into five different lithologic assembles 

(Buchs et al., 2011): 1) Pillowed and Massive submarine lava flows with occurrence of 

hemipelagic and pelagic calcareous sediments; 2) Interbedds of shallow marine limestones 

with scarce pillow lava and sheeted submarine lava flows; 3) Basaltic dykes crosscutting 

basaltic breccias; 4) Subaerial massive lava flows; and 5) Gabbroic intrusions and dykes 

crosscutting subaerial and submarine sequences. 

The overlapping sequences of the Azuero Peninsula include sediments from three 

different formations, Covachón, Tonosí and Santiago. Kolarsky et al. (1995) presented an 

analysis of some seismic lines acquired from the Gulf of Chiriquí. In this analysis Cebaco 

basin was classified as a northeast-striking en echelon half grabens system bounded by left-

lateral strike-slip fault zones. The Cebaco basin is located between Azuero-Soná and Coiba 

island, and it has a maximum thickness of 2600 m of sedimentary fill (Kolarsky et al., 1995). 

In the analyzed lines two seismic units were identified, GC1 and GC2, and an acoustic 

basement (Kolarsky et al., 1995). GC1 is correlated with the Tonosí Formation, where the 

lower member corresponds to the high amplitude reflections of the GC1 unit and the upper 

member corresponds to some variable amplitudes semi-continuous reflections (Kolarsky et 

al., 1999). GC2 seismic unit is correlated to a formation not exposed in the Azuero peninsula 

(Charco Azul Formation) (Kolarsky et al., 1995).  

The Covachón Formation was originally thought to be part of the lower Tonosí 

Formation. This formation comprises a package of more than 300 m of sediments overlaying 

the Azuero Accretionary Complex and separated from the younger Tonosi Formation by an 

unconformity (Buchs et al., 2011). Covachón Formation is composed by three lithofacies. 

Lithofacies 1 includes volcaniclastic calcareous mudstone interbedded with siltstone and 
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 Figure 2: Regional Map of the Azuero Peninsula of Panama, green square corresponds to 
the work area of this study, modified from Buchs et al., (2011). 

 

sandstone (beds are typically 3 to 50 cm thick), occasionally graded or parallel laminated 

that Buchs et al. (2011) interpreted as turbiditic deposits. Feldspar (mostly plagioclase) is 

the mainly composition of detrital components, as well as basaltic, sedimentary and 

biogenic fragments; the latter include shallow marine faunal reworked fragments (Buchs et 

al., 2011). Lithofacies 2 consists of 50 cm to ~ 50 m of chaotic matrix supported deposits 

that are interbedded with lithofacies 1 and 3; these deposits incorporate fragments of 

basalts, shallow-marine limestone and soft-deformed sediments (Buchs et al., 2011). 

Lithofacies 3 consists of sandstones with abundant pebbles and marine limestones; these 

sediments are commonly matrix-supported with thin interbeds (Buchs et al., 2011). The age 

for the Covachon Formation is early to middle Eocene proposed by Buchs et al. (2011) based 
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Figure 3: Chronostratigraphic chart of units and formations of the Azuero area, modified from 

Buchs et al., (2011) 
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on reworked larger benthic Foraminifera. A near-littoral depositional environment is 

suggested for this Formation representing a shallowing-upward sequence. Ramirez et al. (in 

press) obtained U-Pb results from detrital zircons of this formation that indicates 

provenance source sediments from the Valle Rico and Mamoní batholiths; or plutons of the 

same age. Detrital AHe ages suggest this formation was buried to the AHe PRZ, 60°-75°C (or 

deeper), in order to reset the AHe system (Ramirez et al., in press). The cooling and 

exhumation of this formation was a gradually event between ~17 – 9 Ma (Ramirez et al., in 

press). 

The Tonosí Formation was described by Recchi and Miranda (1977), although these 

lithologies were documented by Del Guidice and Recchi (1969) as the Lutitico-Arenáceo 

Formation. This formation occurs over most of the Azuero area. Tonosí Formation was 

described in 1977 as conglomerates, reef limestones and calcareous sandstones, which are 

overlapping the basaltic basement of the peninsula (Recchi and Miranda, 1977). Their age 

ranges from middle Eocene to early Oligocene. Kolarsky et al. (1995) suggest that the Tonosí 

Formation has a lower and an upper lithological units. The lower unit, deposited during late 

Eocene (Lepodocyclinas and nanofossils, Kolarsky et al., 1995), consists of ~40 to 400 m 

thick of a sequence that includes conglomerates interbedded with minor poorly-sorted, 

fine- to coarse-grained sandstones, coal seams and reef limestones (Kolarsky et al., 1995). 

Kolarsky et al. (1995) proposed a high-energy, marginal to shallow-marine environment that 

coexisted laterally with a reef. The upper unit consists of interbeds of sandstones, siltstones, 

calcarenite and shales interpreted as turbidities in deep-marine environments. Basaltic 

fragments, larger benthic foraminifera, plagioclase and organic debris are the major detrital 

components of the Tonosí Formation. An age that ranges from late Oligocene to early 

Miocene is proposed by Kolarsky et al. (1995) based on nanofossils from shale samples. 

Krawinkel et al. (1999) performed a provenance study in the Tonosí Formation, involving a 

heavy mineral analysis, and clinopyroxene´s geochemistry. The composition of the 

clinopyroxenes and the detrital components support erosion of an evolved island arc, 

metamorphic rocks and uplifted accreted seamounts since middle Eocene to Oligocene 

(Krawinkel et al., 1999), and that the Tonosi Formation is derive from a tectonic 
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arrangement out of continental boundary. U-Pb age populations from detrital zircons of this 

Formation indicate provenance from the Valle Rico and Parita batholiths (Ramirez et al., in 

press). Detrital AHe ages younger than ~9 Ma for this formation indicates a reset in the AHe 

system due to burial at ~75°C (or deeper; Ramirez et al., in press). Cooling by erosional 

exhumation of this formation was experienced between Late Miocene-Pleistocene 

(Ramirez et al., in press). An age of 25.13±0.18 Ma (Figure 4) was obtained by U/Pb zircon 

analysis for an ash bed in the sequence from Palo Seco beach north zone (Foster D., written 

communication), consistent with the early Miocene age proposed by Kolarsky et al. (1995) 

for the upper member of Tonosí Formation. 

Figure 4: U/Pb zircon ages, from ash bed in Palo Seco beach north zone. Foter D. (written 
communication) 

 

The Santiago Formation composed of interbedded sandstones, siltstones, shales and 

coal that outcrops near the city of Santiago (Kolarsky et al., 1995). The lower interval 

corresponds to fossiliferous sandstones and arenaceous conglomerates. In upper levels the 

arenaceous conglomerate is interbedded with tuffs (Del Guidice and Recchi., 1969). The age 
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for this formation is ranging from late Oligocene to Miocene (Fossil assemblage, Recchi and 

Miranda., 1997; Kolarsky et al., 1995). 

Recent micro-paleontological studies carryout in sequences outcropping in Torio 

beach south zone obtained an age of Late early Miocene to Early late Miocene based on 

calcareous nano-plankton (Perez-Consuegra et al., in preparation). 

 

3. Methodology 

3.1 Field work 

More than 200 stratigraphic meters were measured for different localities. This was 

performed as part of the Field Camp course of 2014 and 2015 of the Andes University, in 

the western part of the Azuero peninsula (Panama). Stratigraphic logging sites were chosen 

on the basis of good exposure, simple structure, adequate access, and presence of contacts. 

Most sites were along beaches, where wave-cut platforms expose fresh, nearly 100% 

continuously outcropping stratigraphic sequences. Not all sites contained clear contacts 

due to structural complications related to faults. The quality of the outcrops in the different 

localities was very high (Figure 6).  

After selecting the stratigraphic localities, it was necessary to measure with tape and 

compass to have a structural control and an idea of how many meters we will be measuring, 

in order to define the measurement intervals for the logs. With the scale decision made we 

proceeded to measure the different logs at a scale of 1:150, for the sequence outcropping 

in Palo Seco beach north zone, 1:20 for the sequences of Torio beach, north and south zone.  

Jacob staff of 1,5 meters was used to measure (Figure 5) the stratigraphic thickness of the 

beds. To minimize error, structural data was collected every 3 Jacob measurements, to 

correct the clinometer position and dip-direction. Rock description was performed in the 

following order: first the macroscopic features of the bed; contact types, bed geometry 

involving the thickness of the beds, and internal sedimentary structures. Then, a hand 
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specimens were taken and analyzed with the help of the hand lens (Figure 5) to record 

features like rock color, grain size, composition, selection, roundness and sphericity, matrix 

and fossil content. Sampling was made after the stratigraphic log was measured. Samples 

collected were taken for biostratigraphic, petrographic and geochronological analyses. 

Samples used in this study are those collected for petrography, normally sand-size rocks;  

 

Figure 5: Measuring the stratigraphic log, using the Jacob staff (Left), sampling (Below) 

and describing a hand specimen with a hand lens (Right). 
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Figure 6: Beach outcrops, A: Torio beach. B Palo Seco beach. 

 

however, not all the beds with acceptable grain size were sampled, only when a bed 

represents a lithology not seen before or with new sedimentary structures it was sampled 
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to carry out such analysis. Two samples of mudstone were selected in order to give the right 

name to the rock and a better characterization of the mudstone lithofacies.  

3.2 Digitization and analysis of sedimentological data  

The stratigraphic logs were digitizing using Adobe Illustrator. In this software every 

feature was digitized in a different layer in order to make easily modifications if necessary. 

The different layers are: the template, descriptions, samples, sedimentary structures, fossil 

content, and the boxes of lithology of the log.  

After digitizing the data, a sedimentological analysis was performed. The first step 

corresponds to lithofacies identification; for detrital rocks, the lithology and the 

sedimentary structure were the main features taken into account; for carbonate rocks 

Dunham (1962) textural classification and the dominant allochem component was used to 

define lithofacies. For each lithofacies was assigned an accumulation mechanism. A 

different lithology with the same sedimentary structure do not always correspond to a new 

lithofacies, if the accumulation mechanism is a different one it also will be a different 

lithofacies. With the lithofacies already established the next step in this analysis was to 

make a lithofacies association analysis in order to propose a depositional environment. 

3.3 Sample preparation  

Only the samples with grain size above very fine sand were selected to prepare thin 

sections for petrographic analysis with the exception of two mudstone samples. The first 

step for making the thin sections was to cut the sample in a rectangular cube of the size of 

the glass that will fit in the microscope. These cuts were done with the help of two different 

machines, the first one was the 24 Slab Saw, of highland precision (Lapidary equipment) 

from the brand, Barranca Diamond, this one was used for cutting big samples into handle 

able samples for then cut them in the second machine, a Dayton belt drive fan and blower 

motor model no. 6K030K, until the size required. After this procedure the cube was glued 

to the glass and again cut in the second machine, so the cube is reduced to the thinner 

section possible, already glued to the glass. In order to achieved the required thickness (30 
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µm) it is necessary to pass the thin section by a polisher machine, in this case it was used 

the Crystal Master PRO 12 from Crystalite corporation. This process was done until the thin 

section was almost ready for then finish it manually with the help of three different silicon 

carbide powder size (320, 600 y 1000). 

3.4 Laboratory analysis  

To perform petrographic analyses, the first step was to differentiate the principal 

minerals and major rock-type families that would be counted in the petrographic analysis. 

After these parameters were established 300 points of frame were counted for each 

section, using the Gazzy-Dickinson method (Gazzi, 1966; Dickinson, 1970; Ingersoll et al., 

1984). The advantages of the Gazzy-Dickinson method include counting all sand-sized 

components as separated grains, to maximize source-rock data, to minimizes variations in 

composition with grain size and to eliminate the variation in modal composition due to the 

  

breakage of fragments into constituent grains (Ingersoll et al., 1984). The principal 

difference between the classical point-counting method and the Gazzy-Dickinson one lies 

in the value that is assign to a point that is within a large rock fragment, if it is just above a 

crystal bigger than 0.0625 mm it will count as the category of the mineral, rather than the 

category of the larger rock fragment. Gazzy-Dickinson method was used because is an 

excellent tool for counting points, it doesn’t depend on the grain size of the rock neither in 

the sorting of it. For a poorly sorted sample it won’t be necessary the establishment of a 

counting grid based on the largest grain, how the traditional method is done, but it will be 

established thinking of the numbers of points needed. 

 
This procedure was done with the help of Free-software Rock.AR. 

(http://cs.uns.edu.ar/~mll/web/index.php?id=rockar). This software allows for recording of 

point-counting data on thin-section photos and generation of corresponding tables at user-

defined grid intersections. As a result, every point inside the section will have a qualitative 

value assigned. An example of how each point can have an assigned value and how the 

software show it can be seen in the Figure 7 and Figure 8 respectively.  
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Figure 7: Example view of a window from the software Rock.AR. in which we can see how each 
point in the thin section can have an assign value 

 

Figure 8: Example view of a window from the software Rock.AR. in which we can see how it is 

presented the points counted 



 
19 

 

To plot the point-counting values in standard compositional diagrams, the values 

obtained were recalculated to only the three component of the diagrams. In the case of the 

sands compositional classification the diagram proposed by Folk R. L. (1968) based in 

mineralogy percentages Figure 9 is used. For the provenance analysis different diagrams 

proposed by Dickinson et al. (1983) and Dickinson et al. (1985) based in mineralogy 

percentages Figures 10 and 11 are used. For the two mudstone samples the diagram for 

fine-grained sediments proposed by Shepard, (1954) based on grain size percentages Figure 

12 was used. The ternary diagrams for classification of sands and the provenance ones use 

percentages of categories related with quartz, feldspar and lithics, so only the points 

counted related to these categories are the ones that will be used to plot the sample in 

those diagrams, in 

 

Figure 9: Sands classification diagram proposed by Folk R. L. (1968) 

order to do this, it is necessary to normalize these counts at 100% and then divide them as 

needed. For the sands compositional classification, the three values used were Q, F and L, 

and the same for the first diagram of the provenance analysis. For the second diagram of 
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the provenance analysis the values were Qm, F and Lt. The differences between Q and Qm, 

is that Q involves all the categories representing quartz and Qm is only monocrystalline 

quartz. The difference between L and Lt is that L includes volcanic, sedimentary and 

metamorphic lithic fragments and Lt those ones and the categories of quartz different to 

the monocrystalline one. In the Table 4 could be find a better explication including formulas 

for this divisions. 

 

 

 Figure 10: Classification of provenance areas proposed by Dickinson, (1983) 
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 Figure 11: Classification of provenance areas proposed by Dickinson, (1983) 

 

Figure 12: Classification of fine-grained sediments, proposed by Shepard, (1954) 
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4. Results 

4.1 Geologic maps around stratigraphic sections 

4.1.1 Torio beach 

Figure 13 shows the location and structural data of the sequences outcropping in 

Torio Beach. These outcrops are deformed by some folds and strike-slip. The south 

sequence has 2 fold axes and 2 principal strike-slip, one with a dextral movement and the 

other one with a sinestral movement. The block between the strike-slip was the area 

selected for the log measurement. There is a cover area between the outcropping base of 

this sequence and some basaltic lavas and highly disorted red cherts, because of the 

parallelism of this two sequences and the small covered area separating them, and 

unconformity contact is inferred. The base of the stratigraphic log from Torio beach in the 

south zone rest unconformably upon a sequence of basaltic lavas and highly disorted red 

cherts. The top is a fault contact with the sequence of the peninsula zone of the same beach.  

The north sequence is dominated by strike-slip. The Figure 13 shows the area were the log 

was measured. The area selected corresponds to two blocks without faults crossing them 

and with a marker layer used to correlate both sequences. The base of the stratigraphic log 

from the Torio beach in the north zone is a fault contact with the sequence outcropping in 

the south zone of the same beach. The top contact of this log is covered, thus unknown. 

 

4.1.2 Palo Seco beach 

 Figure 14 shows the structural data for the sequence outcropping in Palo Seco 

beach. This sequence does not present a high structural complexity, rocks are dipping north-

west and there are not faults or major folds present. The area selected for measuring the 

log is shown in the Figure 14. The base of the stratigraphic log from Palo Seco Beach in the 

north zone is a fault contact with a sequence of limestones. And the Top of this log is 

covered, hence unknown. 
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Figure 14: Geological map of the western part of the Azuero peninsula, with zoom in Palo Seco 

beach. Modified from Ortiz-Guerrero. (2016) 
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4.2 Sedimentological data   

The sedimentological data record in the field and digitized for this study could be 

found in the appendices with all its details. The first result of the sedimentological analysis 

consists in the identification of the lithofacies present in the stratigraphic logs measured. 

Eleven lithofacies were identified in the sequences studied, including detrital and carbonate 

ones. These lithofacies are presented in the Table 1. 

Table 1: Codes, lithology, sedimentary structure and accumulation mechanism of the lithofacies 

Cod. Lithology Sedimentary 
structure 

Accumulation Mechanism 

Bm Breccia Massive, clast 
supported, angular 

clasts 

Very viscous flow of a mass 
movement, given by a gravitational 

component 

Cms Conglomerate Massive, matrix 
supported 

Viscous flow of a mass movement, 
given by a gravitational component 

Ccs Conglomerate Massive, clast 
supported 

High-energy diluted flow of individual 
particles movement by entrainment 

Sm Fine to coarse 
sandstone 

Massive Viscous flow of a mass movement, 
given by a gravitational component 

Spl Fine to coarse 
sandstone 

Horizontal 
lamination 

Concentrated flow, individual 
particles with bed load transported  

Sng Sandstone Normal gradation Diluted flow with a decreasing 
flowrate/ Mass movement in 

hyperconcentrated fluids, variable 
viscosity in the fluid column 

Sig Sandstone Inverse gradation Viscous flow, of different pulses with 
increasing energy, entrainment 

movement 

Mm Mudstone Massive Viscous flow of a mass movement, 
given by a gravitational component 

Mpl Mudstone Horizontal 
lamination 

Diluted flow of individual particle 
movement by suspension 

Bst Boundstone Algal plain Algal plain with in situ sedimentation 

Pcs Packstone N/A Reworked biogenic fragments at 
adjacent algal plain environment  
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4.2.1 Torio Beach 

The structural relations (Figure 13) of sequences outcropping in Torio Beach, suggest 

that these two zones represent a continuous sedimentation separated in different 

sequences by minor strike-slip.  

 

4.2.1.1 North zone 

 For this locality 38 m of stratigraphic log were measured (Figure 15). The 

predominantly grain size for this sequence is a fine- to medium-grained sandstone. This 

lithology is interbedded with mudstones at a lower interval. The intermediate interval 

presents a massive conglomerate bed with a downward trend, and fine- to medium-grained 

sandstone interbedded with coarse- to very coarse-grained sandstone and minor 

mudstones beds. The higher interval present interbedded fine- to medium-grained 

sandstone, mudstone and conglomerates. This log present six of the eleven lithofacies 

identified, and it was divided in four lithofacies association in order to analyze it. 

The first lithofacies association for this stratigraphic log includes Spl, Sng, Mm and 

Mpl (Figure 15); the presence of parallel laminated and normal grading sandstone with the 

minor occurrence of parallel laminated and massive mudstone, suggest a marginal-deep 

marine environment with turbiditic currents, from mud-rich submarine fan systems, driven 

by gravity deposition along the sloping surface. The second lithofacies association consists 

of Cms and Sng; the coarse grain size and the normal grading trend of these deposits, as 

well as the poor sorting and the angularity of clasts, allows to propose debris flow deposits. 

The third lithofacies association includes Spl and Sm; the absence of mudstones and the 

dominance of parallel laminated sandstones for this association suggests a deposition 

driven by traction currents in a shallow-water high-energy environment. The last 

association for this stratigraphic log includes Spl, Sm, Mm and Cms; this association is similar 

to the first one from this log, with the difference of one coarser grained facies (Cms), but in 
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general it suggests turbiditic currents with contributions of some debris flow deposits and 

mud-rich submarine fan systems.     

 

4.2.1.2 South zone 

 For this locality 9 m of stratigraphic log were measured (Figure 16). This sequence is 

characterized by conglomerate beds interbedded with medium- and very coarse-grained 

sandstone for the lower interval. The upper level present predominantly limestones. This 

log exhibit 6 from the eleven lithofacies identified, and was analyzed as a single lithofacies 

association. 

This sequence includes lithofacies Bm, Sm, Cms, Spl, Bst and Pcs, and they are 

analyzed as a single lithofacies association (Figure 16). The presences of shell, coral and 

algal material, and the overlaying limestone suggests a shallow-marine environment. Poor 

sorting, angularity of clast are some features that suggests debris flow deposits. Correlating 

these two depositional environment indicates that the debris flow deposits may be 

associated with continental fluvial environment.  

 

4.2.2 Palo Seco Beach north zone 

For this locality 195 m of stratigraphic log were measured (Figure 17). The lower 

interval of this sequence present predominantly mudstones interbedded with minor fine-

grained sandstone beds. The medium interval present interbedded of equal occurrences of 

mudstones and sandstones. The higher interval of this sequence has a predominantly 

presence of medium- to coarse-grained sandstone interbedded with some mudstones. This 

sequences exhibits a grain size upward trend, with mostly mudstones at the bottom and 

medium-grained sandstones at the top. This log exhibit 4 from the eleven lithofacies 

identified, and was divided into 3 lithofacies associations. 
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The stratigraphic log for this zone is divided into 3 lithofacies association (Figure 17). 

The first includes lithofacies Mpl, Spl, Sng and Sm. The presence of normal grading and 

massive features of sandstones interbedded with the predominantly mudstones 

horizontally laminated suggest a deep marine environment with minor contributions of 

sand-rich submarine fan systems. The second lithofacies association includes lithofacies 

Mpl, Spl and Sm. This association is similar to the first one but with equal occurrences of 

mudstones and sandstones, representing a deep-marine environment with contributions of 

sand-rich submarine fan systems. The absence of normally graded sandstones may suggest 

that the turbiditic flow from the submarine fan has a constant viscosity in the fluid column. 

The third lithofacies association include Mpl, Spl, Sng and Sm. This association is similar to 

the previous ones, but with predominance of sandstone facies, suggesting a deep-marine 

environment with major contributions of sand-rich submarine fan systems. So in general 

terms this sequence is suggested to be a deep marine environment, with different 

contributions of sub environments. 
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Figure 15: Stratigraphic log from Torio beach peninsula zone, with lithofacies codes and 

depositional environments 
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Figure 16: Stratigraphic log from Torio beach south zone, with lithofacies codes and depositional 

environments 
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Figure 17: Stratigraphic log from Palo Seco beach north zone, with lithofacies codes and 

depositional environments (the red point in the sample number symbolizes a sample from this 

study, and the green one is the sample used by Foster D. (written communication), see section 2.1)  
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4.3 Petrographic analysis 

 

From all the thin sections made (Table 2) for this stage of the study, there were different 

families of minerals and rock fragments identified. These families are presented in the Table 

3. Classification and equations of grain types used to normalize the data obtained from the 

counts is presented in the Table 4. Photomicrographs of some samples, showing 

compositional characteristics are presented in the Figure 18. 

Table 2: Samples selected for petrographic analysis in thin section 

Sample ID Locality Coordinates 

38721 Torio Beach Peninsula Lat. 7.5482 / Lon. -80.9494 

38723 Torio Beach Peninsula Lat. 7.5478 / Lon. -809493 

38726 Palo Seco North Beach Lat. 7.6006 / Lon. -80.9749 

38727 Palo Seco North Beach Lat. 7.6043 / Lon. -80.9757 

40521 Palo Seco North Beach Lat. 7.5968 / Lon. -80.9752 

40745 Palo Seco North Beach Lat. 7.5952 / Lon. -80.9761 

40738 Palo Seco North Beach Lat. 7.5952 / Lon. -80.9756 

40403 Palo Seco North Beach Lat. 7.5932 / Lon. -80.9766 

 

Table 3: Description and photos of the different minerals and rock-types families identified for the 
counts done in thin section 

Family Photo Description 

 

 

Polycrystalline quartz 

 

 
 

Angular grains of quartz with 
multiple extinction patterns, 
like they were many grains 
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Feldspar 

 

 
 
 
 

Tabular grains could be all 
kinds of feldspar, many times 
with the presence of maclas 

 

 

Vitric volcanic lithic 

 

 
 

Rock fragments with volcanic 
texture visible (sometimes 

minor occurrence of tabular 
crystals), with vitric part as the 

majority 

 

 

Crystalline volcanic 

lithic 

 

 
 
 

Rock fragments with volcanic 
texture visible, most of the 

times a spiniflex texture 

 

 

Sedimentary lithic 

 

 

 

Green angular and rounded 

rock fragments of glauconite 
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Opaque mineral 

 

 

 

 

Angular opaque minerals 

fragments 

 

 

 

Calcareous fragment 

 

 

 

Calcite fragment without 

being part of the matrix or 

cement 

 

Table 4: Classification and symbols of grain types 

A. Quartzone Grains (Q = Qm + Qp + C) 

                                            Q = Total quartzone grains 

                                            Qm = Monocrystalline quartz 

                                            Qp = Polycrystalline quartz 

                                            C = Chert o cryptocrystalline quartz 

B. Feldspar Grains (F) 

            F = Total feldspar grains including plagioclase grains and Kspar grains 

C. Unestables Lithic Fragments (L = Lvv + Lvc + Ls) 

                                          L = Total unstable lithic fragments 

                                          Lvv = Vitric volcanic lithic fragments 
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                                          Lvc = Crystalline volcanic lithic fragments 

                                          Ls = Sedimentary lithic fragments 

D. Total Lithic Fragments (Lt = L + Qp + C) 

                                              Lt = Total lithic fragments 

 

Compositional and provenance classification plots for samples of both Torio and 

Palo Seco beach are shown in the Figures 19, 20, 21 and 22. Details of the petrographic 

results for the Torio and Palo Seco beach samples (38721, 38723, 38727, 38726, 40521, 

40745, 40738 and 40403) could be found in appendices. 

 

4.3.1 Torio beach north zone 

 Samples from this locality are predominantly composed of volcanic lithic fragments, 

with a considerable amount of feldspars a minor quantity of quartz. Sample 38721 is 

classified as feldspathic litharenite and its composition is mostly vitric volcanic lithics 

fragments, and it has minor presence of opaque minerals. Sample 38723 classified as 

litharenite is composed mainly by crystalline volcanic lithic fragments, and it has a 

considerable amount of intraclasts. 

 Plots in provenance areas diagrams classify both samples (38721 and 38723) as 

undissected arc source. 

 

4.3.2 Palo Seco beach north zone 

Samples from Palo Seco beach are predominantly composed of sedimentary lithic 

fragments, with a considerable amount of volcanic lithic fragments and feldspar, and a 

minor presence of quartz. The sedimentary lithic fragments mostly correspond to angular 

and rounded but spherical grains of glauconite (pellets). Sample 38727 is classified as 

feldspathic litharenite, with predominantly composition of sedimentary lithic fragments  
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  Figure 18: Selected photomicrographs (all are crossed Nichols) showing the compositional 

characteristics of the sequences from Torio and Palo Seco beaches. A) (38726) Medium- to 

coarse-grained, feldspathic litharenite with Lvc, Ls and F. B) (38727) Medium-grained 

feldspathic litharenite with LS and F. C) (38721) Fine- to Medium-grained feldspathic 

litharenite with cement and F. D) (40403) Very fine- to fine-grained feldspathic litharenite 

with Ls and F. 

 

 

 

 

Ls 

F 

cement 

Ls 

1 mm 
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and minor occurrence of opaque minerals. Sample 38726 is classified as feldspathic 

litharenite, with predominantly composition sedimentary lithic fragments and minor 

occurrence of opaque minerals. Sample 40521 is classified as litharenite, with 

predominantly composition of vitric volcanic lithic fragments and a minor occurrence of 

opaque minerals and calcareous fragments. Sample 40745 is classified as silty claystone. 

Sample 40738 is classified also as a silty claystone. Sample 40403 is classified as feldspathic 

litharenite, with a predominantly composition of sedimentary fragments and a minor 

occurrence of calcareous fragments. 

 Plots in provenance areas diagrams classify all the samples from this locality (38727, 

38726, 40521 and 40403) as an undissected arc. 

 

 

Figure 19: Sandstone classification diagram, with Torio and Palo Seco beach samples plotted, Folk 

R. L. (1968) 
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Figure 20: Fine grained sediments classification diagram, with Palo Seco beach samples plotted, 

Shepard (1954) 

 

Figure 21: Classification of provenance areas with Torío and Palo Seco beach samples plotted, 

Dickinson (1983) 
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Figure 22: Classification of provenance areas with Torío and Palo Seco beach samples plotted, 

Dickinson (1983) 

 

 

5. Discussion 

5.1 Sedimentological data 

5.1.1 Torio Beach 

Data from Perez-Consuegra et al. (in preparation) (see section 5.1.1.2), 

sedimentological and petrographic data from this study, suggest that this sequence has not 

been described in the literature so far. 

5.1.1.1 North zone 

 The lithological assemblage of this sequence includes interbeds of conglomerates, 

sandstones and mudstones and even though it is similar to the lithological description 

proposed by Buchs et al. (2011) for the Covachon formation the lack of the Lithofacies 3 

(sandstones with abundant pebbles and marine limestones), and the thickness differences 
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indicates that these sequences are not consistent. Relation with sequences from the south 

zone of Torio beach an it´s age suggests no relation with any of the descriptions found for 

the Cenozoic formations.  

 

5.1.1.2 South zone  

 

 Even though the lithological assemblage of this sequence (Conglomerates, 

sandstones and limestones) is similar to the description of the lower member of the Tonosí 

Formation  proposed by Kolarsky et al. (Conglomerates interbedded with minor poorly-

sorted, fine- to coarse-grained sandstones, coal seams and reef limestones; 1995), as well 

as the shallow-marine environment proposed in this study, the short thickness and the age 

(Late early Miocene to Early late Miocene) obtained by Perez-Consuegra et al. (in 

preparation), suggests not only a different formation, but a sequence younger than any of 

the proposed ages for the formations so far described in the literature.  

 

5.1.2 Palo Seco Beach north zone 

 

 The lithology assemblage for this sequence dominated by mudstone lithofacies, with 

a grain-size upward trend along the log and the depositional deep-marine environment 

interpreted in this study are consistent with the description from the upper member of the 

Tonosí formation (interbeds of sandstones, siltstones, calcarenite and shales interpreted as 

turbidities in deep-marine environments) proposed by Kolarsky et al. (1995). The 25.13 

±0.18 Ma age obtained by Foster D. (written communication), indicates that this sequence 

corresponds to the Upper member of the Tonosí Formation, accordingly to the late 

Oligocene to early Miocene ages suggests by Recchi and Miranda (1977) and Kolarsky et al. 

(1995).  
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5.2 Provenance analysis  

  

 Analyzed samples from both localities, Torio Beach peninsula zone and Palo Seco 

Beach north zone, were classified as undissected Arc, for both the classification diagram 

with emphasis on maturity (QFL) and the classification diagram with emphasis on source 

rock (QmFLt). This classification is consistent with the petrography of the samples, that 

shows a composition of mostly volcanic lithic fragments without plutonic lithic fragments. 

If the provenance is the same for both sequences, means that the sediments that filled the 

Tonosí basin didn´t change in terms of tectonic environment for the subsequent 

sedimentation event that filled the basin of the unnamed formation outcropping in Torio 

Beach. 

  The provenance data from this study is consistent with the information presented 

by Krawinkel et al. (1999), where the samples plotted in the composition of provenance 

area diagram classify them as an undissected arc source. On the other hand, Ramirez et al. 

(in press), presented U-Pb ages of detrital zircons suggesting a sediment source from the 

Valle Rico batholith or other pluton of the same age, for the Tonosí formation. If Valle Rico 

batholith is the source of sediments for the Tonosí formation this would imply a dissected 

arc source but, since neither the data from this study nor the one from Krawinkel et al. 

(1999) work show it, the zircons dated by Ramirez et al. (in press) may be associated to a 

volcanism event of the same age of the Valle Rico batholith more than to this pluton. 

   

6. Conclusions 

 Sequence outcropping in Palo Seco Beach north zone corresponds to the Upper 

member of the Tonosí Formation. 

 

 In general terms the sequence outcropping in Palo Seco Beach north zone, 

indicates a deep-marine depositional environment. 
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 Sequences measured in Torio Beach does not correspond with any of the 

descriptions found for the Cenozoic formations.  

 

 Sequences outcropping in Torio Beach could be sequences younger than any of the 

proposed ages for the formations so far described in the literature. 

 

 Torio Beach Rocks indicates mostly a shallow-marine depositional environment, 

with contributions of adjacent environments. 

 

 Rocks from both Palo Seco Beach and Torio Beach, share the same composition for 

the provenance source, these are classified as undissected arc.  

 

 Provenance analysis from rocks of Palo Seco and Torio beaches, indicates no change 

in the provenance from Late Oligocene to Early Late Miocene. 

 

 Dated zircons from Ramirez et al. (in press) work, may be related to a volcanism 

event of the same age of the Valle Rico batholith more than to this pluton. 
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Appendices 

Sample number: 38721 

 
Location: Torio Beach 

Rock classification: Feldspathic litharenite                             Color: Gray 

 

Particles size:     Minimun: fine Sand                          Maximun: medium sand     

                             Predominantly: both         

Sorting: Medium                   Sphericity: low       Roundness: medium 
 

 

Gazzi-Dickinson point counting: 

 

Symbol Definition Counts 

F Feldspar 99 

Qm Monocrystalline Quartz 14 

Qp Polycrystalline Quartz 2 

Lvc Volcanic crystalline rock fragments 29 

Lvv Vitric volcanic rock fragments 75 

Ls Sedimentary lithic fragment 28 

Op Opaque minerals 31 

C Cherts 5 

Cf Calcareous fragments 16 

Bio Organic matter or skeletal grains 0 

Om Other minerals 5 

M Interstitial Material 54 

Recalculations 
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Q 
Total Quartoze grains           

(= Qm + Qp + C) 7,36 Qm Monocrystalline Quartz 4,09 

F Total Feldspar grains          
(F) 33,12 F Total Feldspar grains                       

(F) 33,12 

L Unestable Lithic Fragments 
(L = Lvv + Lvc + Ls) 59,5 Lt Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 61,96 

 

Sample number: 38723 

 
Location: Torio Beach 

Rock classification: Litharenite                                          Color: Light Gray 

 

Particles size:     Minimun: Medium Sand                          Maximun: very coarse sand    

                             Predominantly: Medium size sand         

Sorting: Low                   Sphericity: Low       Roundness: Low 
 

 

Gazzi-Dickinson point counting: 

 

Symbol Definition Counts 

F Feldspar 19 

Qm Monocrystalline Quartz 
6 

Qp Polycrystalline Quartz 
17 

Lvc Volcanic crystalline rock fragments 
56 

Lvv Vitric volcanic rock fragments 
16 

Ls Sedimentary lithic fragment 
9 

Op Intraclasts 
44 

C Cherts 
0 

Cf Calcareous fragments 
0 

Bio Organic matter or skeletal grains 
0 

Om Other minerals 
4 

M Interstitial Material 
143 

Recalculations 
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Q 
Total Quartoze grains           

(= Qm + Qp + C) 20,35 Qm Monocrystalline Quartz 7,87 

F 
Total Feldspar grains          

(F) 7,96 F 
Total Feldspar grains                     

(F) 15,44 

L 
Unestable Lithic Fragments 

(L = Lvv + Lvc + Ls) 71,68 Lt 
Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 79,67 

 

Sample number: 38726 

 
Location: Palo Seco Beach 

Rock classification: Feldspathic litharenite                        Color: Gray 

 

Particles size:     Minimun: very fine        Maximun: very coarse      

                             Predominantly: Medium size sand         

Sorting: Medium                   Sphericity: Medium       Roundness: High 
 

 

Gazzi-Dickinson point counting: 
 

Symbol Definition Counts 

F Feldspar 79 

Qm Monocrystalline Quartz 1 

Qp Polycrystalline Quartz 0 

Lvc Volcanic crystalline rock fragments 27 

Lvv Vitric volcanic rock fragments 44 

Ls Sedimentary lithic fragment 157 

Op Opaque minerals 8 

C Cherts 4 

Cf Calcareous fragments 0 

Bio Organic matter or skeletal grains 0 

Om Other minerals 0 

M Interstitial Material 113 

Recalculations 

Q Total Quartoze grains           
(= Qm + Qp + C) 1,6 Qm Monocrystalline Quartz 0,32 
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F 
Total Feldspar grains          

(F) 25,32 F 
Total Feldspar grains                     

(F) 25,32 

L Unestable Lithic Fragments 
(L = Lvv + Lvc + Ls) 73,07 Lt Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 74,35 

 

 

 

 

 

Sample number: 38727 

 
Location: Palo Seco Beach 

Rock classification: Feldspathic litharenite                         Color: Gray 

 

Particles size:     Minimun: very fine Sand        Maximun: very coarse sand     

                             Predominantly: Medium size sand         

Sorting: Medium                   Sphericity: Medium       Roundness: Low 
 

 

Gazzi-Dickinson point counting: 
 

Symbol Definition Counts 

F Feldspar 81 

Qm Monocrystalline Quartz 2 

Qp Polycrystalline Quartz 2 

Lvc Volcanic crystalline rock fragments 57 

Lvv Vitric volcanic rock fragments 27 

Ls Sedimentary lithic fragment 96 

Op Opaque minerals 9 

C Cherts 2 

Cf Calcareous fragments 0 

Bio Organic matter or skeletal grains 0 

Om Other minerals 1 

M Interstitial Material 30 

Recalculations 
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Q 
Total Quartoze grains           

(= Qm + Qp + C) 2,24 Qm Monocrystalline Quartz 0,74 

F Total Feldspar grains          (F) 30,33 F 
Total Feldspar grains                        

(F) 30,33 

L 
Unestable Lithic Fragments (L 

= Lvv + Lvc + Ls) 67,41 Lt 
Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 68,91 

 

 

 

Sample number: 40403 

 
Location: Palo Seco Beach 

Rock classification: Feldspathic litharenite                         Color: Yellowish Gray 

 

Particles size:     Minimun: very fine Sand        Maximun: fine sand     

                             Predominantly: both         

Sorting: High                  Sphericity: Low       Roundness: Low 
 

 

Gazzi-Dickinson point counting: 

 

Symbol Definition Counts 

F Feldspar 134 

Qm Monocrystalline Quartz 
0 

Qp Polycrystalline Quartz 
0 

Lvc Volcanic crystalline rock fragments 
4 

Lvv Vitric volcanic rock fragments 
51 

Ls Sedimentary lithic fragment 
96 

Op Opaque minerals 
21 

C Cherts 
0 

Cf Calcareous fragments 
2 
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Bio Organic matter or skeletal grains 
0 

Om Other minerals 
21 

M Interstitial Material 
100 

Recalculations 

Q Total Quartoze grains           
(= Qm + Qp + C) 0 Qm Monocrystalline Quartz 0 

F Total Feldspar grains          
(F) 47,01 F Total Feldspar grains                      

(F) 47,01 

L 
Unestable Lithic Fragments 

(L = Lvv + Lvc + Ls) 52,99 Lt 
Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 52,99 

Sample number: 404521 

 
Location: Palo Seco Beach 

Rock classification: Litharenite                                      Color: Gray 

 

Particles size:     Minimun: Medium Sand                  Maximun: coarse sand     

                             Predominantly: Medium sand         

Sorting: Medium                  Sphericity: Medium       Roundness: high 
 

 

Gazzi-Dickinson point counting: 

 

Symbol Definition Counts 

F Feldspar 62 

Qm Monocrystalline Quartz 
0 

Qp Polycrystalline Quartz 
1 

Lvc Volcanic crystalline rock fragments 
35 

Lvv Vitric volcanic rock fragments 
100 

Ls Sedimentary lithic fragment 
83 

Op Opaque minerals 
20 

C Cherts 
2 

Cf Calcareous fragments 
10 
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Bio Organic matter or skeletal grains 
0 

Om Other minerals 
6 

M Interstitial Material 
110 

Recalculations 

Q Total Quartoze grains           
(= Qm + Qp + C) 1,06 Qm Monocrystalline Quartz 0 

F Total Feldspar grains          
(F) 21,9 F Total Feldspar grains                    

(F) 21,9 

L Unestable Lithic Fragments 
(L = Lvv + Lvc + Ls) 77,03 Lt Total lithic grains 

(=Lvc+Lvv+Ls+Qp+C) 78,0,9 

Sample number: 40745 
Location: Palo Seco Beach 

Rock classification: Silty claystone                                      Color: Blackish gray 

 

Particles size:     Minimun: clay                  Maximun: very fine sand     

                             Predominantly:   clay     

Sorting: High                 Sphericity: N/A       Roundness: N/A 
 

 

Gazzi-Dickinson point counting: 

 

Symbol Definition Counts 

S Silt 37 

Sn Sand 20 

Cl Clay 110 

Cem Cemento 135 

Recalculations 

S Silt 22,15 

Sn Sand 11,97 

Cl Clay 65,86 

 

Sample number: 40738 
Location: Palo Seco Beach 

Rock classification: Silty claystone                                      Color: Blackish brown 

 

Particles size:     Minimun: clay                  Maximun: very fine sand     

                             Predominantly:   clay     
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Sorting: High                 Sphericity: N/A       Roundness: N/A 
 

Gazzi-Dickinson point counting: 

Symbol Definition Counts 

S Silt 112 

Sn Sand 53 

Cl Clay 157 

Recalculations 

S Silt 37,78 

Sn Sand 16,45 

Cl Clay 48,75 
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