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Escarpado de las calizas 
(depósitos marinos) en 
los pueblos de Aguadilla, 
Lares hasta Bayamón.
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Ramey Base, Aguadilla, P.R.



http://pr.water.usgs.gov/public/water_use/groundwater/

Dolomites form Good Reservoirs



Industria farmacéutica en Puerto Rico
• Abbot Barceloneta Box 278- Barceloneta, P.R.-00617 846-3500 
• Bristol Myers Box 657- Barceloneta, P.R.-00617 846-3800 
• Merck Sharp & Dohme Box 601- Barceloneta, P.R.-00617 846-4100 
• Pfizer Pharmaceuticals Box 628- Barceloneta, P.R.-00617 846-4300 
• Searle Ltd. Box11247- Barceloneta, P.R.-00617 846-5000 
• Up-John Caribe Box 11307- Barceloneta, P.R.-00617 846-4900 
• Frito Lay Box 11517- Barceloneta, P.R.-00617 846-6060 
• Playtex Box 188- Barceloneta, P.R.-00617 846-2260 
• PSG (Planta Tratamiento) Box 2087- Barceloneta, P.R.-00617 846-1126 
• Air Master Box 2097- Barceloneta, P.R.-00617 846-1800 
• StarCom Calle Tomás Dávila #9 Barceloneta, P.R.-00617 846-4000

http://www.geocities.com/Heartland/Flats/6766/industrias/farmaceuticas.html

North Coast Confined Aquifer System
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Stratigraphy of the Puerto Rico North Coast Province
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Stop #1:
San Sebastián Formation-Lares Limestone Contact 
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Stop #1:
San Sebastián Formation-Lares Limestone Contact 

PR 10

PR 6612
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Stop #1:
San Sebastián Formation-Lares Limestone Contact 

Lares Lm.

San Sebastián Fm.
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San Sebastián Fm.
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San Sebastián Fm.
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26.51 Ma
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Stop #1:
San Sebastián Formation - Lares Limestone Contact 

• Top of San Sebastián Formation

• poorly consolidated sandstone, siltstone, & 

conglomerate 

• well-rounded pebbles to cobbles

• beds of lignite or carbonaceous clays 

• abundant trace fossils (burrows) filled with the Lares

Limestone material



Stop #1:
San Sebastián Formation - Lares Limestone Contact 

• Contact

• Sharp

• Undulatory



Stop #1:
San Sebastián Formation-Lares Limestone Contact 

• Base of Lares Limestone
• grainstone dominate (some packstone) 
• abundant fine to medium sand composed of quartz & weathered volcanic lithoclasts
• layer of cobbles (weathered/oxidized volcanic rocks) aligned 0.6 m above the contact that follow the apparent 

dip of the unit  
• fossiliferous limestone  with forams (Lepidocyclina undulosa), red algae (rhodolites) and echinoderms (regular & 

irregular urchins)
• Lares Lm is 17.8 m thick in this exposure (310 m in the Bayaney Quadrangle)
• topographic high in the area (basement Cretaceous & San Sebastián Fm rocks) created a thin L Lm unit
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Layer of cobbles (weathered/oxidized volcanic rocks) aligned 
0.6 m above the contact that follow the apparent dip of the unit  



Stop #1:
San Sebastián Formation-Lares Limestone Contact 

• Base of Lares Limestone
• grainstone dominate (some packstone) 
• abundant fine to medium sand composed of quartz & weathered volcanic lithoclasts
• layer of cobbles (weathered/oxidized volcanic rocks) aligned 0.6 m above the contact that follow the apparent 
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• fossiliferous limestone  with forams (Lepidocyclina undulosa), red algae (rhodolites) and echinoderms (regular & 
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• topographic high in the area (basement Cretaceous & San Sebastián Fm rocks) created a thin L Lm unit



Fossiliferous limestone  with forams
(Lepidocyclina undulosa), red algae 
(rhodolites) and echinoderms (regular  
& irregular urchins)



Stop #1:
San Sebastián Formation-Lares Limestone Contact 

• Base of Lares Limestone
• grainstone dominate (some packstone) 
• abundant fine to medium sand composed of quartz & weathered volcanic lithoclasts
• layer of cobbles (weathered/oxidized volcanic rocks) aligned 0.6 m above the contact that follow the apparent 

dip of the unit  
• fossiliferous limestone  with forams (Lepidocyclina undulosa), red algae (rhodolites) and echinoderms (regular & 

irregular urchins)
• Lares Limestone is 17.8 m thick in this exposure (310 m in the Bayaney Quadrangle)
• topographic high in the area (basement Cretaceous & San Sebastián Fm rocks) created a thin L Lm unit

Renken et al., 2002



Stop #1:
San Sebastián Formation-Lares Limestone Contact 

Interpretations:
• Top of San Sebastián Formation 

• fluvial influences and shallow water
• fossils of marine or estuarine                                                                                           

environments not present 
• beds of lignite or carbonaceous clays 

• 5 beds of lignite (21m bellow contact) in Highway 111 (southwest of the 
PR10) reported pollen from Rhizophora sp. (Graham & Jarzen, 1969) 

• other lignites from the same area showed dicotyledons (flowering 
angiosperms) of tropical environments that live near lagoons or estuaries 
with brackish water (Hollick, 1928)

• Base of Lares Limestone
• grainstones dominance suggest deposition in shallow water 
• lignite beds suggest deposition close to the shore
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San Sebastián Formation-Lares Limestone Contact 

Interpretations:

• Top of San Sebastián Formation 
• fluvial influences and shallow water
• fossils of marine or estuarine                                                                                           

environments not present 
• beds of lignite or carbonaceous clays 

• 5 beds of lignite (21m bellow contact) in Highway 111 (southwest of the PR10) 
reported pollen from mangrove (Rhizophora sp.) (Graham & Jarzen, 1969) 

• other lignites from the same area showed dicotyledons (flowering angiosperms) of 
tropical environments that live near lagoons or estuaries with brackish water 
(Hollick, 1928)

• Base of Lares Limestone
• grainstones dominance suggest deposition in shallow water 

• lignite beds suggest deposition close to the shore
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Lares Lm.

San Sebastián Fm.

In Place Reef
Boundstone
Framestone
Porites porites
Caulastrea sp. }

Kuphus incrasatus layer

}

Kuphus incrasatus

• Lares Limestone
• Lares Lmst is 17.8 m thick in this exposure (310 m in the Bayaney Quadrangle)
• Topographic high in the area (basement Cretaceous & San Sebastián Fm rocks) 

created a thin Lares Limestone unit at this location
• A change in lithologic character between the Lares Limestone and Montebello 

Member units is visible at the contact 

Stop #1:
Lares Limestone - Montebello Member Contact 



The Lares Limestone
• Composed predominantly of thickly bedded, fine-to medium-grained 

calcarenite.
• Gradational or sharp contact with the underlying San Sebastián. 
• In some areas the formation rests directly on the basement (transgression).
• Crops out in a continuos belt of limestone in the northern coast of the island.
• Outcrop thickness ranges from 270-301 m (Bayaney Quadrangle). Subsurface 

thickness ranges from 0 to 500 m.
• Pinches out in the western and eastern edges of the outcrop belt.
• Deposited on a broad 25-km-wide shelf rich in marine organisms similar to 

those living in modern reef environments.
• Main mass developed as tongues of limestone projecting laterally into clastic 

beds (not massive). Western and eastern boundaries dominated by fluvial 
deposits.

• Interpretations suggest several cycles of reef growth (P.R. 129) composed of 
framestones (massive corals) and fringing-reef growth terminated by erosion 
(exposure), all developed under tectonically stable conditions. Progradation 
with backreef material and skeletal-sand shoals capping the sequence.



Lares Lm.

San Sebastián Fm.

In Place Reef
Boundstone
Framestone
Porites porites
Caulastrea sp. }

Kuphus incrasatus layer

}

Kuphus incrasatus

• Contact
• The division between strata's was defined by the presence of a bed 1 to 3 m thick 

with abundant Ostrea haitensis (oysters of 5 to 10 cm).  

• This oyster layer, at the basal Montebello Member, is present in the unit through the 
PR north coast and therefore is used to define the Lares Limestone-Montebello 
Member contact.

Stop #1:
Lares Limestone - Montebello Member Contact 

Montebello Mem.
Ostrea haitiensis layer}



Ostrea haitiensis layer is present at the basal Montebello Member at many locations 
through the PR north coast and therefore is used to define the Lares Limestone-

Montebello Member of the Cibao Formation contact

PR10

PR129

PR111
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Ostrea haitiensis layer is present at the basal Montebello Member at many locations 
through the PR north coast and therefore is used to define the Lares Limestone-

Montebello Member of the Cibao Formation contact
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Ostrea haitiensis layer at PR10



Ostrea haitiensis layer at PR10



Ostrea haitiensis layer at PR10



Ostrea haitiensis layer at PR129



Montebello Mem.

Lares Lm.

San Sebastián Fm.

Ostrea haitiensis layer]

Framestone
Head corals (Causlastrea sp. dominated)]

Framestone
Porites porites
Caulastrea sp. ]

]

Stop #2:
Montebello Member of the Cibao Formation 

Exposure at the TOP of the outcrop of PR10 / PR6612 Intersection 
(N18o18’52”, W66o41’05”)

Framestone
Porites porites
Caulastrea sp.

] foraminifer-, mollusks-, red algae-
and rhodolite-dominated packstones

] foraminifer-, mollusks-, red algae- and rhodolite-dominated packstones

Framestone
Posites porites]

] foraminifer-, mollusks-, red algae- and rhodolite-dominated packstones

]foraminifer-, mollusks-, red algae- and rhodolite-dominated packstones



Stop #2:
Montebello Member 

• 305 m thick along PR10 (Ramírez-Martínez, 2000)

• mostly of repetitions of coral-dominated boundstones
(framestones) and foraminifer-, mollusks-, red algae- and 
rhodolite-dominated packstones (Ramírez-Martínez, 2000).

• lithofacies indicate deposition in shallow-marine 
environment  (middle shelf or ramp)

• variations in fossil assemblages (and lithology) produced by 
either progradation or changes in water depth





Montebello Mem.

Lares Lm.

San Sebastián Fm.

Ostrea haitiensis layer}

Kuphus incrasatus layer Kuphus incrasatus
in growth position

Stop #2:
Montebello Member of the Cibao Formation 

Exposure at the TOP of the outcrop of PR10 / PR6612 Intersection 
(N18o18’52”, W66o41’05”)



2015

27.30 Ma
(average)



Kuphus incrassatus• Bivalves 
• Elongated calcareous tubes - Low Magnesium Calcite



Kuphus incrassatus• Bivalves 
• Elongated tubes composed of Low Magnesium 
Calcite
• Abundant in PR North Coast Neogene Limestones

photo/classification  by Emily Vokes, Tulane University



PR10





Dating (Strontium Isotopes from Kuphus incrasatus)

CaCO3

Sr

…and Ostrea sp.



Four naturally ocurrring 
Strontium Isotopes

88Sr (82.53%)
87Sr (7.04%)
86Sr (9.87%)
84Sr (0.56%)



Four naturally ocurrring 
Strontium Isotopes

88Sr (82.53%)
87Sr (7.04%) - radiogenic
86Sr (9.87%) - non radiogenic
84Sr (0.56%)



Four naturally ocurrring 
Strontium Isotopes

88Sr (82.53%)
87Sr (7.04%) - radiogenic
86Sr (9.87%) - non radiogenic
84Sr (0.56%)

87 Sr 
86 Sr Always the same amount.

Produced Radiogenically (= increase)



Strontium in Seawater

Tucker & Wright, 1980



Strontium in Seawater

Tucker & Wright, 1980

Geologic Age:
T=Tertiary

M=Mesozoic
P=Paleozoic



Strontium in Seawater

Tucker & Wright, 1980

McArthur et al., 2001





Montebello Mem.

Lares Lm.

San Sebastián Fm.

Ostrea haitiensis layer}

Kuphus incrasatus layer

27.2 – 26.5 Ma

Kuphus incrasatus
in growth position

Stop #2:
Montebello Member of the Cibao Formation 

Exposure at the TOP of the outcrop of PR10 / PR6612 Intersection 
(N18o18’52”, W66o41’05”)



Stop #1 and #2:
San Sebastián Formation - Lares Limestone Contact

Lares Limestone – Montebello Member Contact 

Montebello Mem.

Lares Lm.

San Sebastián Fm.

Ostrea haitiensis layer}

In Place Reef
Boundstone
Framestone }

In Place Reef
Boundstone
Framestone }

Kuphus incrasatus layer

27.2 – 26.5 Ma



Parasequences: PR-10 Stop #1
Ortega-Ariza, 2009 



General Characteristics of the 
Montebello Member of the Cibao Formation 

• Composed largely of foraminifers & fragments of molluskan shells 

• The most laterally and stratigraphically extensive member unit of the Cibao
Formation 

• Grades to the west and east into the marly limestones of the undifferentiated 
Cibao Formation

• Type locality is in the Florida quadrangle where it is composed of pure calcium 
carbonate 

• Subsurface - composed of shoaling-upward sequences with basal units 
dominantly shallow middle-to-inner shelf deposits and upper units showing high-
energy near-shore environments 

• The oyster layer marker probably pinches out downdip because it has not been 
found in the subsurface



Stop #3:
Montebello Member- Jobos Formation Contact 

Intersection of the Highway PR10 and road PR621 
(N18o19’58”; W66o40’42”)



Stop #3:
Montebello Member – Jobos Formation Contact
• Jobos Formation (Tj)

• Upper Paleocene (59 Ma) to Middle Eocene (41 Ma)
• mostly volcanic breccia
• some conglomerate, volcanic sandstone, and lava 
• 1,700m thick (cores) 

• Contact
• undulatory with multiple truncations 

• Montebello Member
• 26 – 24 Ma (Kuphus incrasatus)
• Packstone/ grainstone with scarce forams

(Miocerites sp.) and Mollusks (mostly gastropods)

• Lares Limestone absent 
• former presence of a topographic high in the area                                       

composed of basement rocks of Cretaceous age (145 – 66 Ma)



Montebello Member

Jobos Formation



Montebello Member

Jobos Formation



Montebello Member

Jobos Formation
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Montebello Member

Jobos Formation





Stop #4:
Montebello Member – Coral Boundstone

Intersection of the Highway PR10 and road PR621 
(N18o19’58”; W66o40’42”)



Stop #4
Montebello Member / Coral Boundstone

• observation Mogote at PR10 - PR621 road intersection 
(N18o19’58”, W66o40’42”)

• recrystallized corals in growth position with a wackestones
matrix

• part of the repetitions of coral-dominated boundstones
(framestones) and foraminifer-, mollusks-, red algae- and 
rhodolite-dominated packstones discussed at the top of the 
outcrop visited in Stop 1



1 meter



0.5 meter









Stop #5:
Montebello Member – Stylophora sp. Mound

Intersection of the Highway PR10 and road PR621 
(N18o19’58”; W66o40’42”)



Stop #5
Montebello Member / Stlylophora sp.

Mound/Bioherm (Boundstone/Framestone)

• 0.5 km north and across the street from PR10 - PR621 

road intersection (N18o20’15”, W66o40’35”)

• lens-like structure of Stylophora sp. (branching coral) 

• feature surrounded by red algal                                   

packstones and grainstones
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Water Table Effects ?Stop #9

Evidence of SUBAREAL EXPOSURE absent



Evidence of SUBAREAL EXPOSURE absent



Evidence of SUBAREAL EXPOSURE absent



Evidence of SUBAREAL EXPOSURE absent





Briggs, 1968
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Stop #10 position





























Measurement of 
Montebello Member 

at PR10 = 305 m thick 
(Ramírez-Martínez, 2000). 



• N18o22’52”, W66o41’16” - across the highway from the first scenic overlook at 
PR10 (northward direction)  

• Stratigraphic Unit 1 (base) - pedogenetic calcrete profile

• Strat. Unit 2 - carbonaceous clays intercalated with brecciated units, separated 
by undulatory contacts with pinching out beds. These units reach meter-scale 
circular cavities at some places and are filled with fine carbonaceous mud and 
carbonate breccias 
• solution collapse associated with subaerial exposure

• Strat. Unit 3 - elongate structures that suggest rhizoliths  

• Strat. Unit 4 - bed 0.5 m thick composed of carbonate mud with abundant 
Pomacea sp. and Physa sp. gastropods
• both genera are freshwater taxa with no tolerance for salinity and are very common in 

freshwater units of Tertiary age throughout the Caribbean

• Strat. Units 1 to 4 – Tip of the Montebello Member (Sequence Boundary)

• Strat. Unit 5 – Undifferentiated Cibao Formation

Stop #11
Stratigraphic Top of Montebello Member Exposure at PR10
Sequence Boundary evidenced by: paleosoils/roots/paleokarst/freshwater gastropods





Stratigraphic Unit 1 (BASE) 
Pedogenetic Calcrete Profile



Pedogenetic-
Calcrete-
Profiles.



Strat. Unit 2 - carbonaceous clays intercalated with brecciated units, separated by undulatory 
contacts with pinching out beds. These units reach meter-scale circular cavities at some places 
and are filled with fine carbonaceous mud and carbonate breccias. Solution collapse associated 
with subaerial exposure present.
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and are filled with fine carbonaceous mud and carbonate breccias. Solution collapse associated 
with subaerial exposure present.
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with subaerial exposure present.
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Strat. Unit 2 - carbonaceous clays intercalated with brecciated units, separated by undulatory 
contacts with pinching out beds. These units reach meter-scale circular cavities at some places 
and are filled with fine carbonaceous mud and carbonate breccias. Solution collapse associated 
with subaerial exposure present.



Stratigraphic Unit 1 (BASE) 
Pedogenetic Calcrete Profile

Strat. Unit 3 - elongate structures that suggest rhizoliths  



Strat. Unit 3 - elongate structures that suggest rhizoliths  



Strat. Unit 3 - elongate structures that suggest rhizoliths  



Strat. Unit 3 - elongate structures that suggest rhizoliths  



Strat. Unit 4 - bed 0.5 m thick composed of carbonate mud with abundant Pomacea sp. and 
Physa sp. Gastropods. Both genera are freshwater taxa with no tolerance for salinity and are very 
common in freshwater units of Tertiary age throughout the Caribbean.



Physa sp.

Pomacea sp.



Undiferentiated Cibao Formation

Montebello Member 
of the Cibao Formation

Aguada Limestone



Sequence Stratigraphy
Ortega-Ariza, 2009



The End


