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ABSTRACT

The Pliocene Pedro Castle Formation on the southwest corner of Grand Cayman
is composed of the 1) rhodolith Amphistegina Trachyphyllia facies, 2) Amphistegina
rhodolith facies, 3) foram Halimeda rhodolith facies, 4) rhodolith, free living and
branching coral Amphistegina facies, 5) Stylophora Halimeda Amphistegina facies, 6)
Halimeda Amphistegina facies, and 7) rhodolith coralline red algae facies. The vertical
succession of these facies are indicative of a transgressive succession. The development
of this succession was influenced by antecedent topography, substrate type, water energy,
and water depth. [t appears that influences on sedimentation evolved as sea level
gradually rose during the Pliocene. The timing of sedimentation for the Pedro Castle
Formation is inconclusive due to the problematic correlation of this transgressive event to
established sea level curves. A Pliocene Sea level of 30-35 m asl is similar to that seen in

the Caribbean and globally.



Do not go where the path may lead,
go instead where there is no path and leave a trail
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

This study of the Pliocene Pedro Castle Formation on the southwestern corner of
Grand Cayman is part of continuing research in understanding the development and
evolution of the Cayman Islands. The Pedro Castle Formation is rarely exposed in
outcrop. A drilling program initiated in 1991 has recovered numerous subsurface examples
of the Pedro Castle Formation. This subsurface information in conjuction with outcrop
data has enabled a stratigraphic and sedimentologic analysis of the Pliocene on the

southwestern part of Grand Cayman.

1.2 HISTORY OF PEDRO CASTLE

The Pedro Castle Formation, the focus of this thesis, derived its name from the
proximal location of its type section to the historic Pedro Castle (Jones and Hunter 1989;
Jones 1994). This castle has roots deeply seated in the history of the Cayman Islands. A
narration of this history reveals a tumultuous past that provides a historical perspective to
the name Pedro Castle.

Pedro Castle (Figure 1.1), built in 1780, is the oldest surviving building on the
Cayman Islands. It is situated on the south coast of Grand Cayman, southeast of
Savannah, on Pedro Bluff. The location of the castle adds to its mystery and allure. It is
perched on a bluff fringed with rugged cliffs and the only seaward approach is from a small
landing 2 km away. The upper story of the house commands a view of most of the island
and the southern coast. For these reasons, the history of this building has been the subject
of both stories and speculation for many generations. Its colourful yet curious history
began with William Eden, the castle’s owner. Eden, born in 1737, left Devizes, Wiltshire

and came to Grand Cayman via Jamaica in 1765. This man is a mystery. His occupation



Figure 1.1. Pedro (St. James) Castle (A) Before restoration, February 1995. (B) After
restoration, April 1997.



is unknown, his death is unexplained and his reason for building this great stone house on
an isolated island is without answer. Eden’s arrival on Grand Cayman came after his
marriage, in Jamaica, to Dorothy Bodden, daughter of Governor Bodden. Dorothy died
soon afterwards and Eden remarried Elizabeth Clark, sister of Robert Knowles Clark, in
1767. It was during his marriage to Elizabeth that Eden built the stone house he named St.
James Castle. The castle was constructed by slaves using local materials and is modeled
after English homes of that era. The castle itself is not what one would expect. It is not the
grand structure commonly imagined when referring to a castle. But at its time of
construction there were only 400 people on Grand Cayman and the typical house was
simple, plaster walls and a thatch roof. By modern standards this building would not be
worthy of the title but in comparison to the homes on the island in the late 1700’s this
building was truly a castle.

Through the years the castle has been a home, a meeting place, a gaol, a restaurant,
and a bar. Today this building stands as a repository of much of the islands history. One
of the most important events ever held in the castle was a public meeting on December 5th,
I831. At that meeting, it was decided to form the first elected parliament. For this reason
the castle is often considered the birthplace of democracy in the Cayman Islands. Overall,
the buildings scant history and strategic location have resulted in colourful stories linking it
to the days of pirates and buried treasures. The most colourful of these stories belonged to
a subsequent owner Thomas Hubbel in the 1950’s. His stories of the castle included
pirates, doubloons, cannons and antiquities from under the sea. To substantiate his claims
he restored the structure, adding a crenellated tower and fabricated a new original owner, a
Spaniard by the name of Pedro Gomez. He also carved a new date of construction, 1631,
above one of the buildings arches. Historical fact refutes these claims but it is these stories,
that have led to the development of local legends with tales of blood, doom and buried

treasures in and around the great castle.



Pedro Castle survived two centuries of hurricanes, fires, robbery and neglect before
the Cayman Government bought the historical building atop Pedro Bluff in 1992. The
building has been restored to is original splendor (circa 1900) and has become the focus of
a 7 acre heritage park. The Pedro St. James Castle, a name accrediting history and legend,
contains information and history on the castles colourful past. This restoration project was
undertaken by the islands’ tourism ministry and will commemorate this building as the
birthplace of Democracy in the Caymans. Restoration commenced in May 1996 with the
relaying of the cornerstone. Under this stone is a time capsule containing a $1 Canadian
coin, a May 1995 set of Cayman Islands stamps commemorating VE Day, a 1994 silver
commemorative Cayman [slands Coin honouring the 200th anniversary of the wreck of the
Ten Sails, and a microfiche copy of the May 11th, 1997 Caymanian Compass newspaper.
To date, this is the most ambitious restoration project ever undertaken in the Cayman
[slands. [n the years to come, the Pedro St. James Castle will fittingly become a museum,
housing all the historical and legendary truths of the Cayman Islands (Hirst 1910; Williams

1970; Shah 1996).

1.3 GEOGRAPHIC AND GEOLOGIC FRAMEWORK

1.3.1 Location

The Cayman [slands are situated between Jamaica and Cuba in the northwestern
part of the Caribbean Sea (Figure 1.2). Grand Cayman (81°15°W, 19°20°N), the largest of
the three islands (Figure [.3), is approximately 480 km north-northwest of Jamaica and
240 km south of Cuba. The two smaller islands, Cayman Brac and Little Cayman, are
located approximately 95 km north-northeast of Grand Cayman.

Grand Cayman is 30 - 35 km long (east to west) and 5 - 15 km wide (north to
south) and encompasses an area of 197 km? (Spencer 1985). The island has a subdued

topography, as most of it is less than 3 m above sea level.
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1.3.2 Tectonic Setting

The Cayman [slands are the only projecting peaks of the asymmetrical Cayman
Ridge which extends from the Sierra Maestra of Cuba south to the Gulf of Honduras,
where it disappears beneath sediment cover in the Yucatan Basin (Perfit and Heezen 1978).
The north side of the Cayman Ridge, slopes gently into the Yucatan Abyssal Plain whereas
the southern slope quickly drops more than 5000 m forming the northern margin of the
Cayman Trench (Rosencrantz and Sclater 1986).

The Cayman Trench is 100 - 150 km wide, 1200 km long and reaches depths in
excess of 6000 m (Perfit and Heezen 1978). This trench marks the present day location of
the strike slip boundary between the northern Caribbean Plate and the North American
Plate. The Oriente Transform Fault defines this boundary along the northern and eastern
edge, whereas the Swan [sland Transform Fault delineates the southern and western edge.
Movement of the North American Plate is sinistral relative to the Caribbean Plate. These
faults are separated by the Mid-Cayman Rise; a north south spreading center located
southwest of Grand Cayman (Figure 1.4). Since the opening of the Mid-Cayman Rise,
30-40 Ma ago, the Cayman Trench has been displaced 190 km relative to the North

American Plate (Leroy et al. 1996).

The Cayman Ridge was predominantly a shallow carbonate bank until it began to
subside during the Miocene (Perfit and Heezen 1978; Hallam 1984). Each of the Cayman
[slands are situated on independent fault blocks that are elevated above the general level of
the Cayman Ridge. Perfit and Heezen (1978) have estimated the rates of subsidence for
this ridge at 6 cm/Ka along the northern Caribbean margin. Localized uplift during the late
middle Miocene elevated the Cayman Islands, Swan [slands, Jamaica, and most of

southern Cuba above sea level, whereas the surrounding areas continued to fault and

subside.
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1.4 STRATIGRAPHIC OVERVIEW

On the Cayman Islands strata at the surface and in the shallow subsurface belong to
the Brac, Cayman, Pedro Castle, and Ironshore formations. The Cayman Unconformity
delineates the contact between the Cayman and Pedro Castle formations (Jones and Hunter
1994). The Pedro Castle Unconformity defines the boundary between the Pedro Castle
and Ironshore formations. The Brac, Cayman, and Pedro Castle formations, which
constitute the Bluff Group, are Tertiary in age (Jones er al. 1994a) whereas, the [ronshore
Formation is Pleistocene in age (Woodroffe et al. 1983; Vézina 1997). On Grand Cayman
the Cayman, Pedro Castle, and Ironshore formations are found in subsurface and surface

exposures. Each formation has variable lateral and vertical distribution (Figure 1.3). The

Pedro Castle Formation is the focus of this study.

1.5 STUDY AREA

The study area is located in the southwest corner of Grand Cayman (Figure 1.3). It
extends east to west, from Bodden Town to the sunny beaches of the western coastline. [t
is bounded to the north by the south shore of North Sound and to the south by the
coastline.

This area is unique in that it contains the only natural exposures of the Pedro Castle
Formation on Grand Cayman. Although most of the area is covered in vegetation, the
Pedro Castle Formation outcrops along the coast (Figure 1.5) as rugged cliffs attaining
heights of 12°- 21.5" (3.7 m - 6.6 m). Along the coast, the Cayman Unconformity is
visible (Jones and Hunter 1994) and accentuated by a change in the morphology of the
karsted surface (Figure 1.6). Man made exposures of the Pedro Castle Formation are
found at Pedro Castle Quarry (Figure 1.7).

Of the 8 m exposed in Pedro Castle Quarry, the upper 2.5 m is composed of the

Pedro Castle Formation. This locality is the type section for the Cayman and Pedro Castle
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Figure 1.6. Karst on the Pedro Castle Formation at Great Pedro Point (Pedro Bluff).
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formations. The contact between these formations is clearly exposed (Jones and Hunter

1989).

1.6 OBJECTIVES
The objectives of this study are as follows:
l. to describe the sedimentological characteristics and facies architecture of the
Pedro Castle Formation in the study area,
2. to describe the physical characteristics of the Cayman Unconformity and to
characterize the effects that the topography of that surface had on the depositional
regime of the Pedro Castle Formation, and

3. to establish a Pliocene sea level that resuited in the deposition of the Pedro Castle

Formation

1.7 METHODS

A drilling program initiated in 1991 has to date drilled 57 wells on Grand Cayman,
I5 within the study area. Of these 15 wells, 10 contain the Pedro Castle Formation
(Appendix A). Core recovery was facilitated by the use of a continuous coring Winke
Exploration Diamond Drill, manufactured by JKS BOYLES. Under ideal conditions this
drilling system is capable of penetrating depths up to 120 m. The recovered core is
approximately 3.5 cm in diameter and has been split for logging. Unfavorable subsurface

conditions in the study area prevented coring past depths of 35 m.

1.7.1 Core Logging and Thin Section Petrography

Slabbed core and accessible outcrops were logged by identifying the biota present
and the textural relationships found in the rock. The textures are described using
Dunham’s (1962) Classification scheme as modified by Embry and Klovan (1971). A

more detailed study of the core was made possible using thin section microscopy. The 50

13



x 75 mm thin sections were ground to approximately 30 um and stained for calcite, using
Alizarin Red S. The staining procedures followed those of Dickson (1965). The thin

sections were examined using transmitted light.
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CHAPTER 2
STRATIGRAPHY

2.1 STRATIGRAPHIC FRAMEWORK OF THE CAYMAN ISLANDS

The geology of the Cayman Islands has undergone considerable revision since its
original description by Matley in 1924. Matley’s work was based on information gathered
on an eleven day reconnaissance survey, five of which were spent on Grand Cayman. He
assigned exposed strata to the Bluff Limestone and the Ironshore Formation. The Bluff
Limestone forms the core of each island and received its name from its resistant nature, as it
characteristically crops out as bluffs or cliffs. The Ironshore Formation forms a low
coastal terrace on the periphery of each island. The name Ironshore was derived from a
local term used for the low rocky type of shore that these rocks produced. The Bluff
Limestone described as a white, massive, and commonly semi-crystalline limestone with
poorly preserved fossils, was assigned a Tertiary age on the basis of its coral and
foraminifera fauna. The Ironshore Formation was defined as a white and cream colored
consolidated coral sand and marl, containing abundant well preserved coral heads which
were used to date this formation to the Pleistocene epoch (Matley 1924a; 1924b; 1925;
1926).

Unfortunately, inherent lithologic inferences associated with the term Bluff
Limestone caused considerable confusion regarding the composition of this unit. Later
work by Jones et al. (1984), Pleydell (1987), and Pleydell and Jones (1988), showed that
this unit was composed predominantly of dolostone, not limestone as originally proposed
by Matley (1924a; 1924b; 1925; 1926). Consequently, Jones and Hunter (1989)
advocated changing the term Bluff Limestone to Bluff Formation, so that all lithologic
connotations would be removed from the name. The Bluff Formation was subsequently
elevated to group status (Jones et al. 1994b) and divided into the disconformity bounded

Brac, Cayman, and Pedro Castle formations (Figure 2.1).
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The outcrop distribution of the Tertiary and Pleistocene strata on the Cayman
Islands is variable (Figure 2.2). The Ironshore and Cayman formations crop out on all
three islands, whereas exposures of the Pedro Castle Formation are limited to Grand
Cayman and Cayman Brac. The Brac Formation, at the base of the Bluff Group, is limited

to vertical exposures on Cayman Brac.

2.1.1 Brac Formation

The Brac Formation, named after its type locality on the northeast end of Cayman
Brac, is at least 33 meters thick. This late Lower Oligocene formation (Jones et al. 1994a)
is predominately formed of limestones (wackestones to grainstones). On the south coast of
Cayman Brac, the formation is composed of sucrosic dolostone that contains isolated pods
of limestone. Biotas characteristically found in the Brac Formation include numerous
Lepidocyclina, with lesser numbers of red algae, echinoid plates, and other foraminifera.
Corals are absent apart from rare Porites fragments in the 2 meters below the Brac-
Cayman unconformity. Bivalves and gastropods are also found in the Brac Formation but

are restricted to one bed near the upper boundary. This formation has yet to be found on

Grand Cayman or Little Cayman (Jones 1994).

2.1.2 Cayman Formation

The Cayman Formation disconformably overlies the Brac Formation. It is
questionably lower - middle Miocene in age (Jones et al. 1994a). This unit, which is at
least 170 meters thick. is composed of fabric-retentive microcrystalline dolostones. The
biota of the Cayman Formation is more diverse than that in the Brac Formation.
Lepidocyclina is not found above the Brac - Cayman unconformity. Instead,
Amphistegina is the dominant foraminifera in the Cayman Formation. Other biota found

in this formation include corals (massive domal, branching, free living), bivalves,
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Figure 2.2, A) Location map showing the Cayman Islands, Grand Cayman (GC), Little
Cayman (LC), and Cayman Brac (CB). B) Geological map of Grand Cayman showing

study area. C) Geological Map of Little Cayman. D) Geological map of Cayman Brac
(modified after Hunter and Jones 1989).
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gastropods, foraminifera, Halimeda, red algae (free living and rhodoliths), and echinoids

(Jones 1994).

2.1.3 Pedro Castle Formation

The uppermost stratigraphic unit in the Bluff Group is the Pedro Castle Formation.
This unit, which disconformably overlies the Cayman Formation, is up to 28 m thick in
wells SH#3 (Jones er al. 1994b) and OWP#2. The Pedro Castle Formation, which is
Pliocene in age (Jones er al. 1994a), is composed of an off - white to cream colored,
rubbly weathering dolostone, limestone, or dolomitic limestone. This unit, which is
relatively sott compared to the dolostones of the underlying Cayman Formation, contains
free - living and branching corals, foraminifera (dominantly Amphistegina), bivalves,

gastropods, red algae (free living and rhodoliths), and echinoids (Jones 1994).

2.1.4 Ironshore Formation

The Ironshore Formation rests unconformably on the Tertiary Bluff Group. This
unit is generally less than 9 m thick (Jones 1994) and commonly forms a thin veneer over
the Bluff Group. This Pleistocene unit (Woodroffe ez al. 1983; Vézina 1997; Vézina et
al.1999) is typically formed of friable, poorly consolidated reefal limestones, calcarenites,
and oolitic limestones that are cemented by calcite (Jones 1994). This formation is divided
into four unconformity bound units that represent highstands from the last four interglacial
periods (Vézina 1997; Vézina et al. 1999). The depositional architecture of the Ironshore
Formation on Grand Cayman was described by Shourie (1993). To date, dolomite has not
been found in this unit. The Ironshore Formation is characterized by a well preserved
diverse fauna of corals (Hunter and Jones 1988; Jones and Hunter 1990), bivalves,

gastropods (Cerridwen 1989; Cerridwen and Jones 1991), and tunicate spicules (Jones

1990).
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2.2 STRATIGRAPHY OF THE STUDY AREA

The Cayman, Pedro Castle, and Ironshore formations are found in natural
exposures and core recovered from the study area (Figure 2.3).

The Cayman Formation underlies the entire study area and is known to be at least
170 m thick from well LV#3 recently drilled at the Lower Valley Reservoir site. This unit
is also found in outcrop as a ridge that parallels the southern coastline.

The ridge, developed on the Cayman Formation, is a prominent discontinuous
peripheral feature on Grand Cayman (Figure 2.4). It parallels the north, south and east
coasts and attains heights > 6 m. This ridge is a subtle but important topographic feature
on the otherwise low-lying island. The formation of this peripheral ridge has been
attributed to erosional processes during the terminal Miocene (Jones and Hunter 1994).

Messinian (terminal Miocene) erosion resulted in the uneven removal of the upper
portion of the Cayman Formation, creating the Cayman Unconformity. The topography on
this Unconformity is of variable relief (Figure 2.5A). It generally rises inland from the
coast and then drops to depths of up to 25 m bsl in the study area.

The Pedro Castle Formation was found in 10 of the 15 wells drilled in the study
area (Figure 2.3). This unit generally fills topographic lows on the top of the Cayman
Formation (Figure 2.6, 2.7) and assuming deposition was uniform across the island, the
original thickness may have been greater than 44 m. This thickness estimate is based on
the base of the formation at 28 m bsl in OWP#2 to exposures that are 16 m asl near Pedro
Castle (Figure 2.5A, B). Today, the variable thickness of the formation (Figure 2.5B)
reflects late Pliocene - early Pleistocene erosion that removed most of this formation from
much of the island.

The Pedro Castle Unconformity delineates the boundary between the Pedro Castle
and Ironshore formations. This unconformity represents an erosive event that took place in

post-Pliocene times. This drop in sea level initiated the partial to complete removal of the
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Figure 2.3. Location map showing localities discussed including the location of the

Lower Valley Transect, Newlands Transect, Patrick Island Lagoon Transect, and Western
Transect (modified after Jones and Hunter 1994).
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- Cayman Formation
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I Surface outcrop

Figure 2.6. Stratigraphic relationships of the Cayman, Pedro Castle and Ironshore
formations. (A) Map of the western part of Grand Cayman showing the location of the
Western, Patrick Island Lagoon,Newlands and Lower Valley transects. (B) Western
Transect (C) Lower Valley Transect (D) Newlands Transect (E) Patrick Island Lagoon
Transect. Note in each transect the irregular topography of the Cayman Unconformity
and the nearly horizontal nature of the Pedro Castle Unconformity (modified from Jones
and Hunter 1994).
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Pedro Castle Formation from most of Grand Cayman. This erosive event planed the top of
the Pedro Castle Formation (Figure 2.6, 2.7) and in some localities (most of the eastern
end of the island) removed it entirely. In areas where the Pedro Castle Formation is absent,
the Pedro Castle Unconformity tmncateé or merges with the Cayman Unconformity. This
situation is found at many localities on Grand Cayman (Figures 2.6, 2.7). At Paul
Bodden's Quarry (PBQ), on the west end of the island, the Pedro Castle Unconformity
merges with the Cayman Unconformity (Jones and Hunter 1994). There, the Ironshore
Formation directly overlies the Cayman Formation. Nevertheless, dolostones of the Pedro
Castle Formation fill worm and sponge borings developed on the top of the Cayman
Formation. The presence of the Pedro Castie Formation at PBQ (at 0.5-1 m asl) suggests
that the formation was removed by erosional processes before deposition of the limestones
that now form the Ironshore Formation.

In the study area, the [ronshore Formation generally forms a thin veneer, ~Im thick
over most of the Tertiary strata. The formation increases in thickness towards the western
arm of the island where it attains thicknesses up to 17 m (Shourie 1993). Recovery of this
formation in wells is generally poor. Outcrop distribution is also minimal due to the low

relief of the land in the area.

2.3 CAYMAN UNCONFORMITY

The Cayman Unconformity, between the Cayman and Pedro Castle formations,
developed during the Messinian (terminal Miocene), 5 - 6.7 Ma ago (Jones and Hunter
1994). Sea Level during this time reached a temporary lowstand that caused the 'Messinian
Salinity Crisis' (MSC) leading to the deposition of thick evaporite successions in the
Mediterranean (Hsti et al. 1977). As a result of this eustatic drop in sea level many isolated
oceanic islands, such as Grand Cayman, became subaerially exposed and subsequently

karsted. Aharon et al. (1993) stated that the drop in sea level was sudden and the resulting

26



lowstand lasted for a period of 1.5 million years. The Cayman Unconformity therefore
must have developed during this time (Jones and Hunter 1994).

The position of the Cayman Unconformity has been difficult to delineate because it
is not exposed in most areas of Grand Cayman. This subtle feature (Figure 2.8A,B) is
only identified in 4 outcrops on the island and is conspicuously absent from massive
exposures on the east end. The absence of the unconformity in outcrops can be attributed
to removal by later erosion or burial beneath the Pedro Castle and Ironshore Formations.
The implementation of the drilling and coring program in 1991, provided new information
regarding the position of this unconformity. Consequently, Jones and Hunter (1994)
constructed a conceptual model showing the topography that developed on the Cayman
Unconformity by the end of the Miocene (Figure 2.9). The topography on the
unconformity is the result of progressive bedrock dissolution by meteoric and groundwater
activity during the Messinian. Preferential dissolution of the carbonates on the interior of
the island resulted in the formation of a prominent peripheral rim that surrounded a deep
depression. This rim contained many breaches, the most significant being Pedro Gap on
the south coast (Figure 2.9). This gap, located between Spotts and Pedro Castle, is
approximately | km wide and 50 m deep. The resultant topography from the dissolution
process resembled an atoll-like structure with two distinct geographical areas, the western
and eastern zones. The western zone is a bowl-shaped depression that has its base at least
50m below the top of the southern peripheral rim. The more subdued eastern zone was not
subject to the same degree of dissolution and lies 20-30 m above the base of this western
depression (Jones et al. 1994b). A comparison of the model and location map shows that

North Sound is located over a remnant of the depression designated as the western zone.

2.4 SYNOPSIS
The current stratigraphic framework of Grand Cayman consists of three

unconformity bounded units, the Cayman, Pedro Castle, and Ironshore formations. In the
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Figure 2.8. The Cayman Unconformity (A) Pedro Castle Quarry: Exposure of the
Cayman Unconformity (CU) between the Cayman Formation (CF) and the Pedro
Castle Formation (PCF). Quarry wall is approximately 8.5 m high. (B) Close up of
the Cayman Unconformity (CU). Cliona (sponge) borings (Cb) are commonly found
extending below the contact of the Cayman Formation (CF) and the Pedro Castle
Formation (PCF). Penis 14 cm long.
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Figure 2.9. A) Conceptual model showing the topography on the Cayman unconformity.
B) More detailed version of (A) showing the topography on the Cayman unconformity
(modified after Jones and Hunter 1994).
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study area, all three units are found in surface and subsurface exposures. During the
terminal Miocene, the top of the Cayman Formation underwent extensive karsting that led
to the development of the Cayman Unconformity. The resultant topography resembled an
atoll-like structure with a peripheral rim enclosing a low-lying interior. The Pedro Castle
Formation filled in the erosional lows that had developed on the top of the Cayman
Formation. The original thickness of the Pedro Castle Formation is unknown, because
later erosion planed ott the top of this unit and removed much of this original thickness.

The Ironshore Formation caps these units as a thin veneer over much of the area.
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CHAPTER 3
SEDIMENTOLOGY AND FACIES ARCHITECTURE
OF THE PEDRO CASTLE FORMATION

3.1 SEDIMENTOLOGY

3.1.1 Definitions

Facies in the Pedro Castle Formation have been described using a two-fold method.
Megafossils (> 2 cm) and the surrounding matrix (including fossils < 2 cm) are described
separately. Both are classified by Embry and Klovan’s (1971) modifications to Dunhams’s
(1962) classification scheme. This method is used because the study incorporates large
exposures (meters — 10 meters) and drill core (3.5 cm diameter). When combining and
interpretating data of different scales there are many inherent problems. First, facies
classification will vary depending upon the scale of observation. Outcrops permit meter
scale observations whereas drill core restricts observations to the 3.5 cm core diameter. As
a result, what may be considered a mudstone in core may be classified as a floatstone in
outcrop. This is mainly because megafossils are under-represented in core (Figure 3.1).

In Pedro Castle Quarry, there are many large (>10 cm) well preserved free-living corals.
In core recovered from the study area, these large corals are generally absent. This is a
function of the distribution of the corals and the fact that the core will commonly not
intersect them. Consequently, the interpretation of core data alone can produce a skewed
view of the environment. The two fold method of classification is utilized to overcome the
problems associated with incorporating outcrop and core data. Similar procedures were

used by Jones and Hunter (1994b), Wignall (1995), and Montpetit (1998).

3.1.2 Skeletal Allochems and Preservation
The Pedro Castle Formation is composed of a variety of skeletal allochems. Free-

living corals (e.g. Trachyphyllia) and branching corals (e.g. Stylophora, Porites) are
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Figure 3.1. Exposure of the Pedro Castle Formation in Pedro Castle Quarry (PCQ).
Note abundance of large fossils: Trachyphyllia molds (TR), bivalve shell mold (Bm)
and bivalve shell cast (Bc). Head of Hammer is 17 cm long.
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common whereas colonial corals (e.g. Montastrea, Leptoseris) are rare. Other large
allochems (>2cm) include rhodoliths. The matrix includes numerous benthic forams
(Amphistegina, Sphareogypsina, miliolinids, fusilinids). Amphistegina is the dominant
benthic species throughout the formation. Halimeda, bivalves, gastropods, encrusting and
branching Homotrematidae, echinoderms, rhodoliths (< 2 cm), encrusting and coralline red
algae, and planktonic forams (globorotalids) are found in varying numbers in the matrix.
The preservation of these allochems is variable. Stylophora, Trachyphyllia, and
Montastrea are invariably leached and are identified by morphology and corallite molds.
This leaching commonly reveals mud filled sponge borings in the coral (Entobia - cf.
Pleydell, 1987). Porites are preserved as recognizable fragments, either as hollow or
external mud molds. Foraminifera tests (Amphistegina, Sphaerogypsina, miliolids,
fusilinids, Homotrema, Sporadotrema, globorotalids) are replaced by fabric retentive
dolomite or are leached (to varying degrees) and are therefore evident only as molds.
Coralline red algae are most commonly preserved by fabric retentive dolomites.
Echinoderms are replaced by dolomite and are evident in thin section as uniaxial crystals
that are commonly surrounded by syntaxial overgrowths. Bivalves and gastropods are
commonly leached and preserved as molds that are filled with calcite cement. Halimeda

are preserved as mud casts or hollow molds.

3.2 FACIES OF THE PEDRO CASTLE FORMATION
The Pedro Castle Formation in the study area can be divided into seven facies, all

composed of dolostone (Table 3.1). Facies delineation is on the basis of biota content and

texture.
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Rhodolith-Amphistegina-Trachyphyllia facies

This facies is best described as a Trachyphyllia, rhodolith floatstone with an
Amphistegina wackestone matrix (Figure 3.2). Rhodoliths greater than 2 cm in diameter
dominate this facies. The shape of these rhodoliths is dependent upon the composition of
the nuclei, which varies locally and includes Halimeda, shell fragments, lithoclasts, and/or
coral fragments. Smaller rhodoliths (1-2 cm) tend to be spherical to prolate whereas larger
rhodoliths (> 2 cm) are discoidal to bladed. The white red algal layers of the rhodoliths
contrast sharply with the light to medium brown mud matrix. These algal layers commonly
alternate with layers of an encrusting homotremidae. There is a notable vertical decrease in
the size of the rhodoliths in this facies. The coral biota is dominated by the free-living coral
Trachyphyllia, with Montastrea and Stylophora being scattered throughout. These corals
are leached and preserved as external molds. The matrix locally varies from a wackestone
to a packstone. Amongst the randomly oriented smaller allochems, Amphistegina

dominates with Halimeda being locally common.

Amphistegina-Rhodolith facies

Numerous Amphistegina and spherical rhodoliths, less than | cm in diameter, are
the most abundant allochems in this facies (Figure 3.3). Amphistegina, the dominant
allochem, has variable preservation (intact, partial - completely leached). Allochems are
randomly distributed in the packstones of this facies. Grainstones are found locally. Biota
found in smaller concentrations include external molds of Halimeda, partially leached -
replaced Sphaerogypsina, and leached mollusc fragments. Encrusting and branching
(Sporadotrema) varieties of Homotrematidae are present in even lesser numbers. This
facies can be distinguished from other rhodolith-bearing facies by the notable absence of

larger (>2 cm in diameter) rhodoliths and coral megafossils in conjunction with an overall

low abundance and diversity of biota.
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Figure 3.2. Core photo of the Rhodolith Amphistegina Trachyphyllia Facies from
OWP#1A. Rhodoliths (Rh) and Trachyphyllia mold (Tr) have been highlighted.
Note rhodolith with colonial coral nucleus (Rcc) at top of core. Core is 3.5 cm in
diameter.
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Figure 3.3. Core photo of the Amphistegina Rhodolith Facies from OWP#2.
Amphistegina (A) and rhodoliths (Rh) have been highlighted. Core is 3.5 cm in
diameter.
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Rhodolith-Free Living and Branching Coral-Amphistegina facies

The floatstones of this facies are characterized by a diverse faunal assemblage that
includes high concentrations of corals and rhodoliths (Figure 3.4). This unit contains the
free-living coral Trachyphyllia along with numerous branching corals (including
Stylophora and Porites). Rhodoliths, greater than 2 cm in diameter, are the dominant
larger allochem (> 2 cm) whereas small rhodoliths, 1-2 cm in diameter, are found in lesser
numbers. All rhodoliths are spherical to prolate in shape. Their shape is a function of the
nucleus morphology, which is commonly composed of coral fragments or branches. All
corals in this facies are leached and preserved as external molds. The wackestone matrix
contains numerous Amphistegina, lesser numbers of molluscs, Homotrema,
Sporadotrema, Sphaerogypsina, and coralline red algae. Although Halimeda is generally
rare, it is locally abundant. The bimodal size distribution of rhodoliths and the presence of
branching corals distinguish this facies from the Rhodolith - Amphistegina -

Trachyphyllia Facies.

Rhodolith-Coralline Red Algae facies

The mudstones of this facies contain minor concentrations of coralline red algae and
scattered spherical rhodoliths that are less than | cm in diameter (Figure 3.5). Other
allochems, including Porites, Sphaerogypsina, molluscs and encrusting Homotrema, are
generally rare and small (less than 5 mm long). The bioclasts commonly have a thin,
circumgranular algal coating. The coralline red algae generally has a crudely planar

orientation. This facies is easily identified by its predominance-of coralline red algae and

general lack of other biota.
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Figure 3.4. Core photo of the Rhodolith Free Living and Branching Coral
Amphistegina Facies from OWP#1A. Trachyphyilia (Tr), Stylophora molds (St)
and Sphaerogypsina (S) have been highlighted. Core is 3.5 cm in diameter.
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Figure 3.5. Core photo of the Rhodolith Coralline Red Algae Facies from
OWP#1. Rhodoliths (Rh) and Coralline Red Algae (CA) have been highlighted.
Core is 3.5 cm in diameter.
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Stylophora-Amphistegina-Halimeda facies

Numerous Stylophora dominates this facies (Figure 3.6). This branching coral has
a diameter of 5-10 mm and is commonly fragmented. It is invariably leached and the molds
are commonly partially filled with calcite cement. Other corals found in this facies include
Porites fragments and scattered Trachyphyllia. These corals have a random orientation.
The matrix of this floatstone facies is a wackestone to packstone but does include local
patches of grainstone. The matrix is dominated by amphistegid forams and Halimeda
fragments. Other skeletal allochems include Sphaerogypsina, coralline red algae, mollusc
fragments, rhodoliths (< 2 cm in diameter), encrusting and branching Homotrematidae, all

in lesser numbers. Allochems in the matrix are randomly orientated.

Bivalve-Foram-Halimeda-Rhodolith facies

This facies is distinct because it contains large disarticulated bivalve shells and a
diverse biota (Figure 3.7). Amphistegina and Sphaerogypsina, which are the dominant
forams, are found with Halimeda plates and rhodoliths. The matrix varies from a
wackestones to packstones, and locally grainstones. Molluscs, encrusting and branching
varieties of Homotrematidae, free-living (Trachyphyllia) and branching corals (Porites,
Stylophora) are scattered throughout the facies. Rhodoliths, less than | ¢m in diameter, are
most commonly prolate in shape. This shape can be attributed to Halimeda being the most

common nuclei. Skeletal material in the matrix is commonly leached and the matrix is light

beige in color.

Halimeda-Amphistegina Facies
The wackestones to mudstones of this facies contain a sparse biota (Figure 3.8).
Amphistegina, Halimeda, and rhodoliths are the only identifiable allochems. Rhodoliths

with unidentifiable nuclei are less than | cm diameter. Amphistegina are partially to
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Figure 3.6. Core photo of the Stylophora Halimeda Amphistegina Facies from
OWP#1. Stylophora molds (St), Halimeda molds (H) and Amphistegina (A) are
highlighted. Core is 3.5 cm in diameter.
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Figure 3.7. Core photo of the Bivalve Foram Halimeda Rhodolith Facies from
LVR#1. Bivalve mold (Bm), Halimeda (H) and rhodoliths (Rh) are highlighted.
Core is 3.5 cm in diameter.
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Figure 3.8. Core photo of the Halimeda Amphistegina Facies from OWP#1A.
Halimeda (H) and Amphistegina (A) have been highlighted. Core is 3.5 cm in
diameter.



completely leached and Halimeda are invariably dissolved. Most bioclasts in this facies

are less than 5 mm long. These mudstones and wackestones tend to interfinger vertically

and laterally with each other.

3.3 FACIES ARCHITECTURE

Three stratigraphic cross sections, the Lower Valley, Patrick [sland Lagoon, and
Western transects show the variable vertical and lateral facies distribution in the Pedro
Castle Formation on the western half of Grand Cayman (Figure 3.9). The Lower Valley
and Patrick Island Lagoon transects embody the facies distribution in wells and outcrops
examined during this study. The Western Transect integrates one core examined in this
study (SHT#1) with previous work by Wignall (1995). Many of the facies defined during
this study can be correlated with those defined by Wignall (1995) (Table 3.2).

The Lower Valley Transect provides the most extensive view of the vertical and
lateral facies variation in the Pedro Castle Formation. This transect was examined in the

most detail and therefore serves as the key in understanding the facies in this formation

3.3.1 Lower Valley Transect

The Lower Valley Transect reveals distinct north-south facies variations (Figure
3.10). The basal Rhodolith Amphistegina Trachyphyllia facies, which is 4.5-6 m thick,
directly overlies the Cayman Unconformity (Figure 3.10). Although this unit occupies a
consistent stratigraphic position above the Cayman Unconformity, it lies at varying
elevations relative to sea level. This indicates that this facies is related, in some manner, to
the Cayman Unconformity.

In wells LVR#1 and OWP#2, the basal Rhodolith Amphistegina Trachyphyllia
facies is overlain by the Amphistegina Rhodolith facies (Figure 3.10). To the north in

well OWP#IA. this facies (< 1.5 m thick) is located 3 m above the upper contact of the
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Figure 3.9. Location map showing positions of the Lower Valley,
Patrick Island Lagoon and Western Transects.
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Rhodolith-Amphistegina- Trachyphyilia

Rhodolith-Foraminifera-Halimeda

Amphistegina-Rhodolith

Rhodolith-Free Living &
Branching Coral-Amphistegina

Rhodolith-Coralline Red Algae

Stylophora-Halimeda-Amphistegina

Stylophora-Mollusc-Foraminifera

Stylophora-Halimeda-Amphistegina

Mollusc-Halimeda-Foraminfera

Bivalve-Foram-Halimeda-Rhodolith

Foraminfera-Mollusc

Halimeda-Amphistegina

Solitary Coral-Foraminfera-Halimeda

oy

Halimeda-Mollusc

R T = e e R e L e FS P e

Table 3.2. Comparison of facies identified in this study of the Pedro Castle Formation
with those delineated by Wignall (1995) in the Safe Haven area.
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Rhodolith Amphistegina Trachvphyllia facies (Figure 3.10). This facies has not been
found in the northern wells (Figure 3.9).

In LVR#I, the Bivalve Foram Halimeda Rhodolith facies directly overlies the
Amphistegina Rhodolith facies (Figure 3.10). In the OWP#1A well, the Bivalve Foram
Halimeda Rhodolith facies, which is over 7.6 m thick, contains a 0.6 m thick interval of
the Amphistegina Rhodolith facies 3 m above the top of the Rhodolith Amphistegina
Trachyphyllia tacies. The Bivalve Foram Halimedua Rhodolith facies is, however, absent
from well OWP#2 (Figure 3.10). This facies has not been found north of well OWP#1A.

The Rhodolith Free Living and Branching Coral Amphistegina facies directly
overlies the Bivalve Foram Halimeda Rhodolith tacies in well LVR#1 where it is ~4.5 m
thick (Figure 3.10). This facies is also found locally in wells OWP#! A and OWP#1
(Figure 3.10).

Most of the upper part of the Pedro Castle Formation in the Lower Valley Transect
is formed of the Stvlophora Halimeda Amphistegina tacies (Figure 3.10). This facies,
however, overlies different units in each well (Figure 3.10). Locally, thin layers of the
Rhodolith Free Living and Branching Coral Amphistegina facies, the Halimeda
Amphistegina facies, and the Rhodolith Coralline Red Algae facies are intercalated with the
Stylophora Halimeda Amphistegina facies. The Halimeda Amphistegina facies is 0.6-
0.9 m thick and restricted to wells OWP#1 und OWP#1A. The Rhodolith Coralline Red
Algae facies is near horizontal and restricted to wells north of OWP#2. It is less than 1.5 m

thick and is found at two stratigraphic levels 1.2 m apart in well OWP#1.

3.3.2 Patrick Island Lagoon Transect
[n the Patrick Island Lagoon Transect. which is 5 km west of the Lower Valley
Transect, the Pedro Castle Formation is formed entirely of the Rhodolith Amphistegina

Trachyphyllia facies (Figure 3.11). As in the Lower Valley Transect, this facies directly
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Trachyphyliia
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Figure 3.11. Facies distribution in the Pedro Castle Formation, Patrick Island

Lagoon Transect.
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overlies the Cayman Unconformity. In this transect the formation increases to ~ 3 m thick

at its northern end (PIL#2).

3.3.3 Western Transect
The Western Transect, which lies ~ 5 km to the west of the Patrick Island Lagoon
transect, shows distinct north south facies variations (Figure 3.12). Along this transect,

the Pedro Castle Formation encompasses five facies (Figure 3.12). Three of these facies

were also found in the Lower Valley.
As in other transects the Rhodolith Amphistegina Trachyphyllia facies forms the

basal facies in this transect (Figure 3.12). It is 4.6-6.1 m thick and directly overlies the

Cayman Unconformity.

In well SH#3, the Bivalve Foram Halimeda Rhodolith facies directly overlies the
Rhodolith Amphistegina Trachyphyllia facies in well SH#3 (Figure 3.12). The Bivalve
Foram Halimeda Rhodolith facies is 6.1-7.6 m thick and approximately 3 m above the
base of this facies is a 0.3-0.6 m interval of the Solitary Coral Foram Halimeda facies.

The Bivalve Foram Halimeda Rhodolith facies is overlain, in well SH#3, by the
Halimeda Mollusc and Coral Foraminifera Halimeda facies. These intervals do not have
equivalents in the Lower Valley and appear to be restricted to the Safe Haven area. Further
information regarding their distribution can be found in Wignall (1995).

The uppermost facies in well SH#3 is the Stylophora Halimeda Amphistegina
facies which directly overlies the Halimeda Mollusc facies (Wignall 1995). This facies is
also found at two other depths in the well with a total thickness < 3 m. Itis found ~ 3 m
below the top of the formation and is vertically bound on either side by the Halimeda
Mollusc facies. It is also found as an approximately 0.6 m lens at the base of the
formation, where it is bound on the upper and lower contacts by the Rhodolith

Amphistegina Trachyphyllia facies.
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Comparison of the Lower Valley (Figure 3.10), Patrick I[sland Lagoon (Figure
3.11) and Western (Figure 3.12) transects show east-west variations in tacies. West of the
Lower Valley Transect, the Pedro Castle Formation thins and is composed strictly of the
Rhodolith Amphistegina Trachyphyllia facies. In the Western Transect (Figure 3.12),
north of well SHT#!, the formation thickens and facies diversity increases (Wignall 1995).

Generally, facies within the Pedro Castle Formation in the Lower Valley Transect,
Patrick Island Lagoon Transect and Western transect are easily recognizable, uniform in

thickness, laterally restricted and vertically confined.

3.4 SYNoOPSIS

The dolostones of the Pedro Castle Formation are divided into seven facies. These
facies are delineated on the basis of biota and texture. These units are laterally restricted,
vertically confined and of uniform thickness and each contain characteristics that make them

distinct and easily recognizable.
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CHAPTER 4

F ACIES INTERPRETATION

4.1 INTRODUCTION

Facies analysis provides insight to the paleoenvironment of a given horizon and
can be a useful way of comparing local sea level history to established eustatic sea level
curves. There are inherent problems when utilizing plants and animals such as
rhodoliths, trachyphyllid and stylophorid corals, foraminifera, red and green algae,
echinoids, gastropods and bivalves to determine paleoenvironments and paleo-sea levels.
Identifying biota indicative of any one environment is difficult due to the adaptive nature
of these marine plants and animals. Thus, when examining outcrop or core, the fossil
assemblage and abundance, rather than presence of a particular organism are the more

important indicators of paleoenvironment.

4.2 ENVIRONMENTAL IMPLICATIONS OF ALLOCHEMS
The ecology of dominant flora and fauna in a sequence can provide significant
insight into the paleoenvironment of deposition. Once an understanding of the diverse

habitats these organisms thrive in is achieved, an interpretation on the environment of

deposition can be made.

4.2.1 Foraminifera

Foraminifera are unicellular or acellular organisms, I-10 mm in size, that may
secrete a minerallized chambered test. Water depth and temperature dictate the
distribution of foraminifera. Water depth governs the amount of light that reaches the
symbiotic algae known to be associated with many foraminiferal species as well as
regulating the hydrostatic pressure on the animal. Benthonic forams live on the sea floor

and are abundant constituents of lagoonal, back reef and shallow neritic settings.
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Encrusting forams commonly coat sea grasses in the back reef/ lagoonal setting and are
characterized by a flat ventral side. Planktonic forams typically live in surface waters
down to [000m and upon death rain down to the sea floor. The tests of planktonic

forams are extremely delicate and cannot withstand significant abrasion (Scoffin 1987).

Amphistegina
Ampbhistegina, a common Caribbean reefal taxon, is the most abundant foram

found in the Pedro Castle Formation. This benthonic genus principally inhabits reef, near
reef and carbonate bank environments in water depths not much greater than 100 m
(Cushman 1954; Crouch and Poag 1979). Amphistegina has a widespread distribution
and cannot be characterized as diagnostic of any one environment (Cushman 1954).
These forams live primarily as epibionts on sea grasses and hard substrates, but may also
live in or on soft sediments (Crouch and Poag 1979; Hottinger 1975). The presence of
thinner walled tests and a generally flatter, more lenticular test shape has been attributed

to lower light levels and quieter waters (Hallock 1981: Hallock et al. 1986).

Homotrema

Homotrema is a cranberry-red to pink sessile foraminifera that commonly
encrusts the lower surfaces of shells, corals, and shoal or reef detritus (MacKenzie et al.
1965). This sciaphilic foram is found most abundantly in lagoons and is rarely found in
deeper waters (Cushman 1954). The presence of encrusting forams, such as Homotrema

*

implies the presence of a stabilized substrate (Gill and Hubbard 1986).

Globigerinids

Globigerinids are planktonic forams that are commonly incorporated into outer

shelf and slope sediments. These delicate forams are most abundant in deep-water oozes
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(Cushman 1954). The presence of globigerinids in lagoonal deposits argues for a bank

margin open to the sea with no reef restriction (Gill and Hubbard 1986)

4.2.2 Calcareous Algae

Algae are aquatic plants that manufacture their own food using photosynthetic

energy and lack the vascular tissue of the higher plants (Scoffin 1987).

Green Algae (Codiaceae)

Codiaceae algae are abundant constituents of lagoonal/back reef environments.
Green algae, utilizing a hardy rootsystem, colonize reefs, flat bottom plains of sand,
rubble and hard substrates.

Halimeda, a common form of green algae, is a major contributor to carbonate
sediments. These plants are common throughout the carbonate factory and may live
down to depths of 70 m but are most productive in depths < 15 m (Hine et al. 1988,
Liddell er al. 1988). Most species of Halimeda prefer hard substrates but may live in

sandy environments (Goreau 1963).

Red Algae (Corallinaceae)

Articulate corallines (Corallinoideae) and crustose corallines (Melobesioidae) are
common constituents in the sediments of the Pliocene on Grand Cayman. Articulated
coralline red algae are randomly branched plants that typically grow in small tangled
clumps. These free living algae are more delicate than the crustose varieties and
generally live in shaded sheltered settings (Humann 1993). These plants prefer stabilized
substrates and disintegrate into sand shaped sedimentary particles upon death (Gill and
Hubbard 1986).

Crustose varieties of Corallinaceae algae are commonly preserved in rhodoliths.

Factors which limit rhodolith distribution include light, salinity, turbidity, hydraulic
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energy and nuclei supply. Hydraulic energy and nuclei supply are the two most
important variables dictating rhodolith development in tropical lagoons (Hills 1998). To
develop rhodoliths, the level of hydraulic energy must be within a specific ‘window’.
Too much energy cause the brittle algal thallus to be abraded and destroyed whereas, too
little energy may suffocate the alga in fine sediment (Hills 1998). Rhodoliths will
typically develop in areas that are protected from open water. Coralline algal growth
form has been used as an indicator of environment. A laminar growth form implies the
nodules were overturned frequently by waves or currents whereas, a columnar or
branched form implies nodules were immobile in quiet water (Bosellini and Ginsberg
1971). The true value of growth form as indicators of environment has come under some
scrutiny (Reid and McIntyre 1988). Algal nodules have been found actively growing in a

variety of non muddy environments to depths of up to 90 m (Adey et al. 1982; Bosence

1983; Reid and McIntyre 1988; Minnery 1990; Littler et al. 1991).

4.2.3 Corals

Hermatypic scleratinian corals flourish in the photic zone at depths less than
100m (Wells 1967). These corals are limited by the requirements of their symbiotic
zoozanthellae to warm, normally marine waters of the tropics. The clearer the water the
greater the depth of vigorous coral development. The principle limiting factor being the
amount of light. These corals grow most successfully and most abundantly within the

zone of wave action at depths < 20 m. These filter feeding corals generally prefer a firm

non muddy substrate

Stylophora

Stylophora is a zooxanthellate coral that became extinct in the Caribbean at the

end of the Pliocene (Wineberg 1994). At that time, approximately 80% of coral species

living in the Caribbean became extinct and more than 60% of the species now living in
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the Caribbean originated (Budd er al. 1998). Stylophora is similar in appearance and
habitat to Acropora cervicornis (Gill and Hubbard 1985). Like Acropora cervicornis,
Stylophora preferred deeper, clear, calm waters out of the range of surf action and has a

similar bathymetric range of 0-50 m (Hunter 1994). This highly photophyllic genus was

most successful in competing for light by out growing competitors.

Trachyphyllia

Trachyphyllia, is a solitary coral that became extinct in the Caribbean at the end
of the Tertiary. Recent varieties of this genus flourish today in the Indo-Pacific. This
genus preferes silty to sandy substrates and has a bathymetric range of 5-40 m. Its cup

shape implies it grew upward in rapid response to sedimentation (Hunter 1994).

4.2.4 Bivalves and Gastropds

Bivalves, epifaunal and infaunal varieties, are found in abundance at all latitudes.
The shells of these creatures are relatively resistant to fragmentation due to their dense
structure. Generally, thicker shelled varieties live in areas of higher water turbulence.
The disarticulated, fragmented and encrusted nature of the shells implies that the animals
were epifaunal or semi -infaunal

Gastropods have a widespread distribution in fresh and salt waters of all latitudes.
Marine gastropods tend to be smaller in size than their fresh water counterparts and
thinner shelled varieties more common in colder deeper waters. The dense skeletal
structure of gastropods generaily inhibits fragmentation, though excessive wear may

leave only the thicker centre of the spiral (columella).
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4.2.5 Echinoids

Echinoids are exclusively marine and a common element of the benthic fauna in
tropical and temperate seas. Upon death the organic material of the echinoderm decays
and individual plates, ossicles and spines disarticulate. During burial, calcite cement

precipitates as syntaxial rims in optical continuity with the single calcite crystals of the

enchinoid plate.

4.3 FACIES INTERPRETATION

Seven facies have been identified in the Lower Valley, Patrick Island Lagoon and
Western transects. These facies can be divided into depositional packages I, II and III.
Depositional package I contains the Rhodolith Amphistegina Trachyphyllia, Bivalve
Foram Halimeda Rhodolith, and Amphistegina Rhodolith facies. Depositional package II
is composed of the Rhodolith Free Living and Branching Coral Amphistegina facies. The
Halimeda Amphistegina, Rhodolith Coralline Red Algae and Stylophora Halimeda
Amphistegina facies comprise depositional package III. Each of these packages contain
facies that have similar environments of deposition.

Some generalizations can be made regarding water depth, energy and circulation

before a full discussion on the interpretation of the palecenvironment is presented.

4.3.1 Water Depth

The presence of Halimeda and photophyllic corals (Stylophora, Trachyphyllia,
Porites) throughout the Pedro Castle Formation support that deposition occurred in the
photic zone. The photic zone may reach depths down to 100 m in clear waters (Tucker
and Wright 1990). The carbonate factory is most prolific at depths less than 20 m and

framework corals are most prolific in depths less than [5 m (Tucker and Wright 1990).
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The absence of framework corals and general scarcity of biota (sequence is
predominantly wackestone and floatstone) indicates that sedimentation of the Pedro
Castle Formation took place in depths greater than 5 m. The dominance of muddier

matrices (general lack of grainstones and rudstones) may further support deeper water

conditions.

4.3.2 Water Energy

The sediments of the Pedro Castle Formation indicate that water energy
conditions varied throughout deposition. Higher energy conditions are suggested by the
presence of large rhodoliths and fragmented branching and free living corals. The
associated high energy matrices are dominated by packstones, with local grainstones.
Wackestone matrices associated with baffling corals may also indicate higher energy.
Quieter energy conditions are associated with a low diversity and abundance of biota.
Matrices attributed to lower energy conditions are composed of wackestones and
mudstones. Generally, the three packages in the study area exhibit higher energy

conditions at the base of the Pedro Castle Formation followed by sequentially quieter

conditions towards the top.

4.3.3 Water Circulation

Water circulation in a lagoon is typically restricted due to the presence of a
barrier, commonly a reef. The ridge present on the erosional Cayman Unconformity
would have provided a substantial barrier during the early phases of deposition of the
Pedro Castle Formation. The ridge would have restricted water circulation over much of
the island and created a quiet interior atoll-like lagoon. As deposition continued and
water depths increased the effect of the ridge would have been lessened as later

deposition was controlled by water depth. The presence of breaches in the ridge, such as

60



the Pedro Gap in the study area, would have increased cirulation and allowed for the

development of a more open marine biotic assemblage.

4.3.4 Depositional Packages
Depositional Package I

Depositional Package [ (Figure 4.1) is composed of the basal Rhodolith
Amphistegina Trachyphyllia facies which is found throughout the study area. Also
included in this package are the Bivalve Foram Halimeda Rhodolith, and Amphistegina
Rhodolith facies.

Each of the facies in this initial sequence imply higher energy conditions than
seen elsewhere in the formation. The matrices found in the three facies of this sequence
are wackestones to packstones with local grainstones. The wackestones are still higher
energy deposits as they are associated with baffling corals. These grain supported
matrices suggest a turbid, higher energy environment that did not permit fines to settle
out. The biotas present in the 3 facies further support a higher energy depositional
regime. The dominance of rhodoliths throughout this initial sequence places deposition
within the range of waves and currents. Wave and current action would have frequently
overturned the rhodoliths, giving the algae the laminar growth form that evenly coated
the nodules. The basal Rhodolith Amphistegina Trachyphyllia facies is representative of
the initial transgression. The ubiquitous nature of this facies can be attributed to the
initial colonization of the Cayman Unconformity as Pliocene waters flooded the area.
Rhodoliths, Amphistegina and Trachyphyllia prefer non muddy environments and the
solidified Cayman Unconformity would have provided an ideal substrate for their
development. Water depth increased throughout deposition of this sequence. This is
evidenced by the absence of the coral Trachyphyllia in the upper 2 facies of this

sequence. Sea level was rising too rapidly to maintain continued growth of this coral.
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Figure 4.1. Depositional Package I



The fellowing Amphistegina Rhodolith and Bivalve Foram Halimeda Rhodolith facies
represent the initial stages of the quiescent Pliocene lagoon. Forams and Halimeda
become the dominant organisms and by the end of this package Halimeda thickets
dominated the floor of the lagoon with benthic forams and bivalves being other dominant
fauna.

The lack of major reef development, the changes in biotic assemblages throughout
deposition and the dominance of packstone to grainstone matrices suggests these rocks
were deposited in a rapidly deepening lagoon. The peripheral ridge would have been an
active barrier during deposition of this initial sequence. This barrier created an interior

lagoon that achieved a maximum water depth of 15-20 m.

Depositional Package II

Depositional Packages II and III were deposited penecontemporaneously. The
relationship between these two packages is best described after the environmental

interpretation is presented.

Depositional Package II (Figure 4.2) is composed of the Rhodolith Free Living
and Branching Coral Amphistegina facies. The transition from Depositional Package [ to
[1 is marked by the stabilization of sea level. Free living (Trachyphyllia) and branching
corals (Stylophora) flourished in high numbers indicating sea level was no longer rising
at a fast pace. Rhodoliths were still dominant and are of similar morphology to those
present in Depositional Package [. The overall high diversity and abundance of biota in
this sequence indicate the Pliocene lagoon had unrestricted circulation. The matrix in this
sequence is a wackestone. The association of this matrix with baffling corals implies it is

a relatively higher energy deposit. [n general the Pedro Castle lagoon had a firm non-
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muddy sea floor, was turbulent, rich with nutrients and stable enough to support the

active development of corals.

This sequence is a collection of healthy, diverse patch reefs growing behind the

barrier ridge. The presence of the Pedro gap may have kept conditions open km’s behind

the ridge as sea level slowly rose.

Depositional Package III

Depositional Package III (Figure 4.3) is composed of the Stylophora Halimeda
Amphistegina, Halimeda Amphistegina and Rhodolith Coralline Red Algae facies. This
sequence is characterized by an increase in water depth with localized restriction as sea
level rose.

The Stylophora Halimeda Amphistegina facies was deposited throughout the
duration of Depositional Sequence III and is coeval with the other two facies. The
transition from Depositional Sequences [ and II is marked by the disappearance of
rhodoliths and Trachyphyllia. Stylophora, a branching coral most prolific in deeper
waters, becomes the dominant animal in the study area. The abundance of this coral
indicates the Pedro Castle lagoon was deep, calm and out of the range of surf action. At
the end of Depositional Sequence [II this facies was deposited over most of the study
area.

The Halimeda Amphistegina and Rhodolith Coralline Red Algae facies develop in
the central parts of the lagoon as water levels continue to rise. As circulation restriction
develops, there is a decrease in the diversity, abundance and size of allochems. The
matrix reflects these deepening conditions as it is composed of wackestones to
mudstones. Megafossils are conspicuously absent as these two facies are completely

composed of matrix allochems. These two facies represent localized restriction in water

circultion in an ever deepening lagoon.
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By the end of the Pliocene the Pedro Castle lagoon had a healthy diverse deeper
water assemblage of corals, forams and green algae. Bathymetry was the most important
factor controlling faunal distribution as the Cayman Ridge was submerged and no longer
acting as an energy baffle. This sequence represents the deepest waters seen in the study
area. Water depth for this final sequence was on the order of 25-35m but possibly
deeper.

Depositional Sequences II and III represent changing conditions within the Pedro
Castle lagoon. The patch reefs of Depositional Sequence Il thrive when lagoonal
conditions are at a moderate depth and unrestricted. Once sea level started to rise a
deeper water assemblage became dominant. During the deposition of the final sequence

parts of the lagoon became restricted and a more stressed assemblage is present.

4.4 SyYNoOPSIS

The 7 facies identified in the Pedro Castle Formation can be divided into 3
depositional packages. These packages were deposited in waters deeper than 15 m in an
atoll-like lagoon. The assemblages present record a transgressive event during the
Pliocene. During early deposition the peripheral ridge was an important energy baffle

whereas in later deposition bathymetry was the most important control.
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CHAPTER 5

SEA LEVELS

5.1 INTRODUCTION
The depositional and diagenetic history of Grand Cayman has been dictated by
global changes in sea level. Understanding the cause of changes in eustatic sea level is

critical to understanding the geologic history of Grand Cayman.

5.2 SEA LEVEL HISTORY

Changes in eustatic sea level are well documented for the Phanerozoic (Vail et al.
1977, Hallam 1984; Haq et al. 1987). ‘Vail Curves’ show global changes of sea level on
different orders of cyclicity. First order cycles are global changes that occur on a 200-
400 Ma timescale whereas; second order cycles occur every 10-100 Ma. Third order
cycles occur every 1-10 Ma and have the best resolution for eustatic sea level changes
during the Tertiary (Figure 5.1)

Due to variation in the dating of events, the Tertiary timescale of Hayes and
Frakes (1973) is utilized here. It should be noted that variation in dating by different

authors is a controversy over time scale definitions rather than the exact timing of events.
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Figure 5.1. Third order sea level curves for the Tertiary (Vail et al. 1977)
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5.2.1 Paleocene to Oligocene Sea Levels (65 - 25 Ma)

Plate tectonic activity in the Paleocene changed ocean circulation patterns
permitting antarctic glaciation in the Late Oligiocene. The initial rifting of the
Australian-Antarctic continent in the Paleocene sent Australia drifting northward at
approximately 5 cm/yr. (Kennett et al. 1975). This continental divergence was the first
step in developing circumpolar circulation around Antarctica. Once established it would
change the climate to one that would be conducive to continent wide glaciation.

By the Eocene, glaciation had commenced on Antarctica (Margolis and Kennett
1971; Geitzenauer ez al. 1968) but was limited by the temperate climate that still
persisted on the continent (Hayes and Frakes 1973). Australia was imposing a shallow
water barrier to circumpolar circulation preventing the full development of a cool
Antarctic climate. Australia’s continual northward drift finally resulted in the
configuration of circumpolar circulation and the initiation of major Antarctic glaciation in
the Early Oligocene (Kennett et al. 1972; Hayes and Frakes 1973). As ice built up on
Antarctica, a gradual drop in sea level was felt globally. The magnitude of this Middle
Oligocene drop in sea level has been estimated at up to 100 m (Hayes and Frakes 1973).
As sea level continued to drop, many isolated oceanic islands, including Grand Cayman,

became subaerially exposed. The unconformity on the top of the Brac Formation would

have developed at this time.
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5.2.2 Miocene Sea Levels (25 -5 Ma)

Slowly advancing Antarctic ice continued to lower sea level during the Early and
Middle Miocene (Kemp and Hayes 1975). The culmination of this cooling episode in the
Late Miocene resulted in the abrupt, dramatic expansion of continental ice on Antarctica
(Hodell and Kennett 1986). Mercer and Sutter (1982) stated that Antarctic glaciation
alone was insufficient to appreciably lower sea level. They proposed that Northern
Hemisphere glaciation, chiefly in North America away from the Atlantic coast, played an
instrumental role in the eustatic lowering of sea level during the terminal Miocene
(Messinian). The uplift of the Himalayan-Tibetan Plateau may have been the driving
force behind this dramatic increase in glaciation (Fort 1996; Filippelli 1997). The uplift
of the Himalayan Range and adjacent Tibetan Plateau (~7 Ma) would have changed
atmospheric circulation and increased the drawdown of atmospheric CO, resulting in
global cooling and increased continental ice buildup.

The magnitude of the Messinian eustatic drop in sea level has been the subject of
much debate with estimates ranging from 30 m (Aharon et al. 1993), 40 m (Berggren and
Haq 1976; McKenzie et al. 1984), 40-60 m (Hodell and Kennett 1986), 40-70 m (Kennett
1967), 50-70 m (Adams et al. 1977), 80 m (Cita and Ryan 1979), 70-100 m (Loutit and
Keigwin 1982), 75-125 m (Lincoln and Schlanger 1987) to 180 m (Pigram et al. 1992)
below present sea level. These lowstand positions were derived from areas outside of the

Caribbean. Jones and Hunter (1994) estimated that the Messinian drop in sea level to be
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at least 41 m below present sea level, based on evidence from Grand Cayman. This
Messinian lowstand was a contributing factor in the well documented desiccation of the
Mediterranean, which resulted in the deposition of a thick evaporite succession (Hsii et
al. 1973; Adams et al. 1977 Hsii et al. 1977). This lowstand is recorded on the eustatic
sea level curve (Figure 4.1) of Vail et al. (1977) and is thought to have lasted for
approximately | Ma (Hayes and Frakes 1973; Berggren and Haq 1976; McKenzie et al.
1984; Aharon et al. 1993). The Cayman Unconformity developed during this time (Jones

and Hunter 1994).

5.2.3 Pliocene Sea Levels (5 - 3.0 Ma)

The Miocene-Pliocene boundary, approximately 5.0 Ma, marked the end of
glacial advancement in the Antarctic and the commencement of an interglacial period.
Melting of the Antarctic ice sheet and the associated rise in sea level flooded the
Mediterranean basin and ended the Messinian Salinity Crisis (Hsti et al. 1973). The onset
of these events marked the beginning of a period of global warming.

Pliocene warming is characterized by increased ocean temperatures, in higher
latitudes, by 3-5°C above present conditions (Hecht 1990; Dowsett et al. 1992; Cronin
and Dowsett 1993). The cause of the warmer climates and the extent of Antarctic ice
retreat in the Early Pliocene (5.0-3.5 Ma) has been the subject of much debate (Pickard et

al. 1988; Dowsett et al. 1992; Harwood and Webb 1998; Stroeven et al. 1998). Many
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mechanisms have been discussed as possible causes of Pliocene warming. Hecht (1990)
proposed that ‘Greenhouse’ gases (e.g. CO») were at high levels in the atmosphere and
were the culprit of the elevated global temperatures. The causes of those elevated CO,
levels, however, is still in question. McKenzie et al. (1984) suggested that the cessation
of the salinity crisis in the Mediterranean may also have triggered climatic changes but
the reason behind that is also in question. Cronin and Dowsett (1993) suggested that
changes in oceanic circulation patterns associated with the emergence of the Isthmus of
Panama was the cause of ice retreat in Antarctica. The emergence of this land barrier
would have first restricted deep circulation during the latest Miocene earliest Pliocene
and its final emergence ~3 Ma would have created the final barrier to surface circulation
(Dowsett etr al. 1992). This land barrier would have blocked the free flow of water
between the equatorial Pacific and Atlantic oceans, thus intensifying the gulf stream and
diverting warm waters into higher northern latitudes (Hecht 1990; Coates 1992; Dowsett
et al. 1992; Cronin and Dowsett 1993). Similarly, warm water could also be transmitted
to high southern latitudes where they would upwell around Antarctica (Broeker and
Denton 1989). Warmer temperatures at higher latitudes would have altered climatic
conditions and initiated the retreat of ice in the Antarctic (McKenzie er al. 1984) and
Northern Hemisphere (Mercer and Sutter 1982). This glacial retreat elevated sea level to

three maximum highstands in the Pliocene at approximately 4.6, 4.0 and 3.5 Ma.
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Pliocene sea level fluctuations (Figure 5.2) were documented by Haq et al.
(1987). The Pliocene commenced with an initial highstand (H1). followed by a small
drop in sea level at approximately 4.2 Ma (H2). This first highstand (H1), peaking at 4.6
Ma, has estimated magnitudes of 29-36 m (Wardlaw and Quinn 1991), 50 m (Hayes and
Frakes 1973), 70 m (McKenzie et al. 1984), to 75 m (Pickard et al. 1988) above present
sea level. Following this highstand (H1), sea level quickly rebounded reaching a second
maximum at approximately 4.0 Ma (H2) and then dramatically fell approximately 3.8
Ma. Whether or not H1 and H2 are separate highstands or one single event is open to
conjecture. The scale of observation will dictate if one or two highstands would be
identifiable. Continued glacial retreat in the Antarctic elevated sea level to a third
Pliocene highstand (H3) at approximately 3.5 Ma. This rise in sea level has varying
estimates regarding its magnitude ranging from 25-35 m (Cronin and Dowse 1993), 30-
35 m (Hecht 1990), 20-25 m (Wardlaw and Quinn 1991), to 40 m (Shackleton and
Opdyke 1977) above present sea level. This third highstand (H3) is of shorter duration

and lower magnitude than the first highstand (H1).

5.3. SEA LEVEL INTERPRETATION
The geological record on Grand Cayman is inconclusive with respect to which
Pliocene highstand was responsible for deposition of sediments that now form the Pedro

Castle Formation. Strontium dates for the limestones of the Pedro Castle Formation give
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ages of 3-5 Ma (Jones et al., 1994b). Over these 2 Ma only one transgressive cycle is
recognized in the Pedro Castle Formation by this study and that of Wignall (1995). Itis
difficult to determine which Pliocene transgressive event the Pedro Castle Formation
represents (Figure 5.2). In attempts to further delineate the timing of deposition,
sedimentation rates of 0.1 - 0.5 cm/ka for back lagoon settings are used (Tucker and
Wright 1990). For the 44 metres of Pedro Castle Formation found in the Lower Valley,
lengths for deposition vary from 88,000 — 440,000 years. The first, second and third
highstands developed over 900,000, 200,000 and 400,000 years respectively. The
calculated time frames for sedimentation all fall within the margins of each transgressive
event. Since the Pedro Castle Formation is unconformity bounded and part of the
formation may be missing, it is difficult to resolve which highstand this sequence is
related to. This sequence is, however, most likely a result of the first highstand in the
Pliocene. It is more likely to remove sediment from the top of a sequence rather than the
base. [t is safe to say that sedimentation of the Pedro Castle Formation was terminated
by a drop in sealevel associated with the onset of Pleistocene glaciation in the Northern
Hemisphere (Shackleton and Cita 1976). The Pedro Castle Unconformity represents this
drop in sea level. Unfortunately, until another transgressive cycle is found in the Pedro
Castle Formation in the Caymans, the exact timing of the transgressive cycle seen by

Wignall (1995) and this study will remain inconclusive.
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Estimates for the magnitude of Pliocene sea level of the Pedro Castle Formation
in the Lower Valley is 30-35 m above present day sea level. This is based on a minimum
sea level of 16 m above present, as the Pedro Castle Formation outcrops at this height at
Pedro (Great) Bluff near Pedro Castle. The facies at that locality is unknown due to
karsting on the tormation. In close proximity to that locality, at Pedro Castle Quarry, the
Rhodolith Amphistegina Trachyphyllia facies of the Pedro Castle Formation is exposed at
11.5 masl. This facies is presumably present at Pedro Bluff as it ubiquitously overlies
the Cayman Unconformity. This facies represents a water depth of 15-20 m based on the

faunal assemblage and similarities to modern settings.

5.4. SYNopsIs

Pliocene sea level variations are due to a complex series of tectonic events that
have their origins in the Paleocene. The Pedro Castle Formation is estimated to have been
deposited in a maximum water depth of 30-40 m based on the current position and
depositional water depth of the uppermost facies. Since only one cycle of sea level
change is seen to date in the Pedro Castle Formation the exact timing of the related

highstand may be at 4.6, 4.0 or 3.5 Ma.
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CHAPTER 6

CONCLUSIONS

The examination of accessible outcrop and 10 cores from the Pliocene Pedro

Castle Formation on the southwest corner of Grand Cayman has led to the following

conclusions:

1) The Pliocene highstand during the deposition of the Pedro Castle Formation was
probably 30 — 35 m above present day sea level.

2) The Pedro Castle Formation is composed of 7 facies that can be separated into
depositional packages I, [I and III. Each of these packages contain facies that have
accumulated in similar depositional environments.

3) Sediments of the Pedro Castle Formation were deposited in waters deeper than 15m
in an atoll-like lagoon. The facies succession in the Pedro Castle Formation records a
transgressive event.

4) Earliest deposition of the Pedro Castle Formation (Depositional Package I) was
deposited in a rapidly deepening lagoon. The lagoon was surrounded by the
peripheral ridge, which influenced sedimentation. The maximum water depth during
that period was 15-20 m.

5) Later deposition of the Pedro Castle Formation (Depositional Package II, III) was

primarily controlled by bathymetry because the peripheral ridge was no longer an
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6)

active barrier. The facies in these packages indicate that sea level was rising slowly
until water depths of 25-35m were present.

One transgressive cycle is recognized in the Pedro Castle Formation on Grand
Cayman. The exact timing of this transgressive cycle is unknown because of the
problems associated with the correlation of it to any one of the three transgressive

events currently recognized in eustatic sea level curves for the Pliocene.
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APPENDIX
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Helen Harquall's Swamp #1 (HHS#1)
17Q, MM 471340, 2133780

Date logged: August 13, 1997

Logged by: Astrid Arts

Remarks: Spudded 14/06/33, Abandoned 16/06/93, KB: 20", TD: 98'4".
Location: End of southeastern most canal road, accessed through North Sound Estates.
Reason for termination: sand in the hole. Poor prospects for deepening.
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2 - Trachyphyls W - Echinoid Fragments @® - SickHomotrema
© - Moluscs (uncdiferendated) 8 - Gmtopods Y - Styophoracoml
Y - Portss coral - - Halmeda @ .  Eencrusting homotrema
€5 - FreeLving Rec Aiges & - Colonia corsl
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. 10- below.
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Simitar 0 beiow but fauna have a yellowish stain. Caicite cement in
piaces and grey stain.
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b 18-

cemented with a caiclte cement. Rhodoliihe are wae (<1cm) with the
N odd larger one. Dark/mec bn grey (looks ke overlying lronshore)
M_m cavity il (calcits) in patches, voids are ireguisr and fll hes &

structureiess appearance. Most of the corals are frags and do not
v sppesr insitu. Grey staining scattered throughout in small quantitios
]

—— Gradationsl change from wacke-paciatn. Overatt change from
11 below, marksd by decrease in size and sbundance of fauna. Some
1t hartzons of foram peciatn. Many voids in interval flled with non
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Helen Harquail's Swamp #1 (HHS#1)
17Q, MM 471340, 2133780

RS
.

R e
=

b as

o

et O

S

T o
? & =
torron
Lol
LM
ol H ™
TO*Y-‘H
M3

— TSH3

- TS

— Gradational chenge from wacke-packstn. Oversk change from
balow, marked by decrease In size and sbundancs of fauna. Some
horzons of foram packstn. Many voids in interval flled with non
cesment Fauna same as below but smaler and include mollusc

shells.
-\-wmmmumnmm

(decreases n wackestn), packsin same as Delow.

Rhodolith fiostatn in 8 packsin matrie. Caicita cement fils meany

voids but oversil st quite porous. Matrix is dolomdstn. Larger

rhodalithe near basa grade up into wee ones (mm's).

——e 1om thick flowstone at 20°, 1° section of weathered core approx 11"
below flowstn. Interval is solid yet porous, except top 2° - mare
pebbly; less matrix. Weathered cora has helectites (caicite)
covenng it Middie section - Amphistegina more benthic than
eplbiont 1, abundant smal forams (amphisteginasphasrogypsine)
with some mega (>1.5mm). Fauna for the most pert is identifiable.
Care is quite dense, quits wel cementad (dogtooth type sper).
Middie saction has weak (faint) grey staining in some arees located
in fossils.

— Trachyphylia Ctsth N & pack-grainstn matrte. Amphisteging more
concentrated in grainstns and more scattered; mainly epibionts, with
benhic varieties in grainstn petches. Other fauna inciude biserial
forams. Trachyphyls found below TS stub but not above, not insitu.
in pervasive Amphistegina section, there is an incresse n
norvepibiont species. cemented secion 18t appears to be caicits,
but weak run with acid and has dogtooth spar appearance.

—~~— Paia beige, no westhering.Stylophora at base grades up into
Trachyphwiia / colonial coral, rhodolths throughout. Amphistegine
sre mosty epibionts. Oversll has 8 high diversity/densly of fauns.
Secton is extremely porous/high intergranular . Has 8 pebbly
appesrance, itte cement. Colonial corals include Montastrea.

— Cavity 436" - 45

—— Cavity 48 - 50°.

—— Cavity 50 - 5010°.

= Rhodoliith floetstn in packstn matrix. Same as below, chunks <3cm.
SUE rubbly, pale beige In color (no weathering) no varistion. Simiiar
fauna amphisteging, sphaerogypsins, halmeds, bivaives,
Trachyphylia, rhodolths (>1cm). Oversl dificutt
to discern anything as no contrast, dolomudatn matrix, e caicite
cement

— Rhodoith st in AMphisiegng pack-wackestn matrx. Firstof
Padko Castie, rubbly, small chunis < 3cm. Fauns include Halimeda,
Amphistagina (B), Sphasrogypeina, echinoids, a few Stylophora
and modoliths (1-2cm). Overad pale beige In color but is weathered
an orangey color. Leaching is common but many fauna are sl
diacemable. Dolomdatn matrix, with ittie caicite cement.

e HMHS#1 in Coyman Formation untl TD: 98°4™.
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Lower Valley Reservoir#1 (LVR#1)
17Q, MM 489760, 2131560

Date logged: August 13, 1997

Logged by: Astrid Arts

Remarks: Spudded 17/06/93, Abandoned 18/06/93, KB: 8'0", TD 68'6".
Location: Lower Valley Reservair, north side on grass strip besides chlorinating
shed. Reason for termination: poor recoveries, sand in the hole. Prospects for
deeping are poor, used by Water Authority for testing.

LEGEND
.DOLOSTONE
LITHOLOGIC ACCESSORIES
Sy - Grey Staining Terra - TerraRossa
FOSSILS
® - Sphaerogypsina © - Rnodolth & - Amphstegna
2 - Tmachyphysie €@ - StickHomotrema © - Moluscs (undifferentiatad)
Y - Stylophora coral Y - Portes coral o - Halimeds
@ - Encrusting homotrema 88 . FreeLvingRed Aigae
TEXTURE
framestn
boundstn
bafflestn ]
rudstn W
grainsin § a 2
packsn 2 2 2 z
E i ‘_—mudm ] § g &
I 2 i 2] v4
T 5* T [ TS#I | ~— Base s the same a8 beiow which grades up into a
[ vy " Stylophora floatstn in an Amphistagina, Halmeda
Ty packsin matrix. Stil black specs, Calcte cement
? ¥ -g common and core shows orange weathering and
L * Jerrs ° some tarra roesa.
L 4 4 3 llerra } i Lowermost 27, rubble. Otherwise a wacke-mudstn.
Tough call because fauna are difficut
I to differentiate and matrix is very soft except for a 3°
L 6 4 section near the top which is well comented.
Discernable fauna include Amphistegina, few
[ ] QG ¢ s Sphaerogypsina, few Halimeda and Stylophora. Also
L g . i [B] possibly some rhodoiiths, hard to see anything.
! Caicite cement is common. Matrix contains biack
9 h specs? Some terra rossa.
104 1l 1 Coral, rhodolth flostetn in packstn matrix. Simiar to
] v sT below. Matrix has more diverse fauna, but these
critters are commonly lesched making {D difficult.
b 12 Rhodoliths are 1-2cm but decrease in abundance as
you move up core. Tap 1°8” of interval shows some
i orange weathexing and a Trachyphylia molkd is filed
144 with terra rossa.
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Lower Valley Reservoir #1 (LVR#)
17Q, MM 489760, 2131560

v
D
4

——— Grades up into a packstn mabrix which includes
more diverse fauna but otherwise it is still the same
as below.

"\ Same ae below, corsl, thodolth floatsth in 8n
Amphistegina wackestn matrix. Most matrix fauna
sre leached and thus anything beyond Amphistegina
i8 not discernable. Rhodoliths are 1-2cm. Matrix is
quite muddy but does nat contain caicite cement.
Grey stain is moderate and more common in red
aiget laminae of rhodolths.

— Grades up into a coral thodoith floatstn in an
Amphiategina wackestn matrix. Caicite cementis
common throughout. Rhodo's are larger than below

L TS5 typically 1-2cm and some >2cm. Matrix is muddier

from 27°-29° grading up into @ more porous, less

densaly packed matrix (not grainy).
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N <_-3'@"“"r<:“'°"q;

,;._._0_-

———- Grades up into a coral floatstn in an Amphistegina,
Halimeda packstn matrix. Caicite cement
common.
Trachyphyfia and Stylophora. Mdstn? at base (small
rubbly chunks) up into a packstn. Somewhat grainy
at base and then becomes wel cemented therefore
poss. peck-grnetn. Rhodoiithe not averty abundant
and <1cm. Calcite cement common throughout but
incraases in abundance ss you maove up core. Some
-— Y -\muddy layers (inches in thickness).

4 . - w Core is quite rubbly. Have a mudstn at base (with no
38 visible critters) then a Trachyphylia, Stylophora

[ floststn, then another mudstn and ancther

L Stylophora floatstn. Floatsins are in an

40 Amphiategina, Halimeda packatn (grainy in places)

i matre. No real contacls between float and mudstins.
ittle to no calcite cement.

£ O

@b & fmmm

4
«
&

¥

LA
B

— TS#7

§

— Qveral a wacke-packstn modure, some places more
wacke than pack and vios versa. Many aress are
quite grainy. Faunai [D is difficult in many places, as
critters are either very smal or are leached away. No

% evdencs of caicite cement. Rhodolithe are very very

9

i

b 484

— TSH#S wee (<1cm) except between 48'-49° where geta
handful of >2cm. Top of interval (upper 3°) is rubbly.
Also have quite a few planospiral forams, possibly a
few porites.

-~ TS#0

{

i

|

3

T [ ot e, kot i

{l grades up into a Halimeda foram pack-grainstn

H (intarfingered). Rhodoiths are wee (<1cm). No

& caicite coment, faunal preservation at base is poor
—TSIHMQ butimproves as you move up section. Possibly a

few porites. Also many other forams including

plancepiral and biserial forama. Excellent eampie

of a plancspiral foram on the end of one piecs of

core.

- 8%a O el —— Simiar to below, grainstn with some packstn

patches. Rhodoiths are wee (<1cm) and few and far
between. Little to no caicite cement.




Lower Valley Reservoir #1 (LVR#1)
17Q, MM 469760, 2131560

¢

68

— 62 O o

— 82 00

QO ARy, au

— Simiar to below, grainstn with some packstn
patches. Rhodoiiths are wee (<1cm) and few and far
between. Littie 10 no caicite cement.

\Rubble.ueorciswm«otlomge.
grainstn (possibly a packstn in places). May
possibly be a floatstn because of corais, but since
such Rtle recovery it is hard to tell.
Rhodoliths are few and ars <icm. Little caicite
cement.

—— Rhodolith floatstn in an Amphistegina wackestn
matrix. Only 3 amall pieces of core and not much
discernable. Fauna are typically leached and core is
westherd orange Rhodoliths are 1-2cm and aiso
some <1icm.

LVR#t @ TD:68°6".
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Otto Watler's Pasture #1 (OWP#1)
17Q, MM 470540, 2132750

Logged by: Astrid Arts

Date logged: August 13, 1897

Remarks: Spudded 08/06/93, Abandoned 09/06/83, KB: 2'0", TD: 454",
Location: Otto Watler's pasture, just south of where track and fence parallel each other
past third gate. Reasons for termination: poor recoveries, sand in the hole. Poor

prospects for deepening.
LEGEND
il cowosrone Bl eerromnen [ oo
CONTACTS
-—w Uncersin
LITHOLOGIC ACCESSORIES
sosn - Flowstone
FOSSILS
® - Sphaerogypeina © - Rnhodomn & - Amphategna
2 - Trachyphylia @ - stckHomotrema © - Moluscs (undfferentiated)
Y - stiophom conl Y - Portes conal - - Halmeda
6 - Encrusting homotrema @ Free Living Red Algae
TEXTURE
framaestn
boundstn
) 2
ME=IR RN %
[ g ®° &

94

= Contact with Ironshore Formation is sharp but angled.
Stylophora in PCF st UIC.

Very ittie core. Not toa much visible, most Amphistegina are
leached, Stylophora filed with caicite cement, entire section
.\-'mnlumamld.

Fauna are overall hard to 1D, many are leached and filed by
caicite cement Section is well cemented and has a general
maottiad appearance. Matnx 18 8 ight besge dolomudstn. Some
scattered red/orangish staining mora concentratad at top of
saction.

Flowatone contains well defined honey, megacrystaline,
biaded calcile. Base composed of a rhodolth floatstn which
grades into flowstone. Many fragments from below floatin
basal flowstone.

Halimeds, Stylophora rud-floatstn simiar to that seen below
grades up into rhodoiith floatstn. Rhodolths are <icm and are
floating in a ight beige dolomudstn matrix with red aigae and
unidentified critters. Upper 9" of core are the most solid below
that core preces are 1-2Z° in length (more rubbly). Some caicts
cement fillng small voids and grey staining and terra rossa
{ronshore Formation?) filing voids.

\

Cavity 130" - 139",




Otto Watier's Pasture

# (OWPH)

17Q, MM 470540, 2132750

b I O
Mg L TSI

164

184

284

b 304

b 344

b 424

‘-Caviy 130°-139".

Fiowsin coates a thadolth wackeetn. Not much beyond
thodoliths are identifisble except some red aigal fragments.
Gradual change upwards into a Halimeda Stylophora
rudstn-floatstn. Corals are preserved as extemal moids with
some entobia present. Halimeda are commonly subparaliel o
bedding. Matrix is a light beige dolomdstn. Caicite cement fils
most Halimeda snd some corals.

Cavily 167" - 160".

Flowstn composed of megacrystaline, bladed caicite.
Crystals are honey yellow in color and are growing veriicaly
into the cavity.

Fauna below flowstn are sparse and difficult to ID. Overal

fauna are wee <imm forams with increasing mudstn as you

move up interval closer to flowstone (inflling mud? -
-\.mmmmnmy

Cavily 260"-28C".

Section is quite rubbly and not much is visible, fauna are
dfficuk to (D as most are leached. Small thodoltes <0.5 cm,
not very abundant (only a few). Matrix is med brn mudstn,
simiar to that below.

— Cavily 316°34°0".

~—— Rhodolth floatstn in an Amphistegina, Halimeda wackestn
matrix, that is med bm in color. Rhodoliths are >1em.

— Contact?

\wm gome voids ined wih honey yellow calcle cement
dolomdsin matrix

- Caicite cementfowstn over 3", fils fracs/ voids. Below the
cement is @ med bm wekestn. it appears to be a fil as there s
achange in faunal content, but no change above or below
cemented zone. Wackestn contains sparse fauna (ie.
Halimeda, Sphaerogypeina, Amphistegina) but is mostly
amorphous mud. Packstn & it beige and contains abundant
Halimada, Amphistegina, mod Sphaerogypsina. Alta
{aminated mdsth between cement/wackestn fil.

Overal intesval well packed and fauna ID is easy. Carals do
not appear to be insiy (but are larger fragments). Dir mudstn
matrix Top 6° of core is rubbly, caicke cement (honey yellow)
Ines targer voids/fracs.

OWPH @ TD: 454"
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Otto Watler's Pasture #1A (OWP#1A)
170, MM 470540, 2132750

Date logged: August 13, 1937

Logged by: Asirid Arts

Remarks: Spudded 09/06/93, Abandoned 11/06/93, KB: 2'0", TD: 111°6". Location: Otto ‘Watler's
pasture, 4’ WNY of OWP#1. Reason for termination: famming, low recoveries.
Prospects for deepening - possible, Water Authorlty using for testing.

LEGEND
CONTACTS
—Shup
LITHOLOGIC ACCESSORIES
6y - GreySteining A - Flowstone Terrs - TemaRossa
FOSSLS
@ - Spheerogypsina © - Rhodoith & - Amphistegina
D - Trchyphylia @ - Stick Homotreme. @ - Moluscs (undifferentisted)
& - Gastropods Y - Stylophoraconsl ¥ - Porites corl
- Helineda @ - Enowusting homotrema €F - FreeLivingRediigee
TEXTURE

(4]

:

ACCESSORIES

J——_Little prasent -only 1" of core which is feirty distorted
due to unconformity.

T—Seme a5 below but &S you move up intervel critters stet to
dwindie out. Floatstn metrixis peck-weckestn. Celcite

cement common. Some yellowish staining et top.

——Same as below, @ 6’ have a 1" terra rossa horizon with
fb'mmmptbom

—~—Seme as below, Stylophora floststn in sn Amphistegina.
w-mmmmm“m
mmmbw(mnl Flowstn (honey yaliow

110

is common throughout but is concentreted siong fracs. Terra.
Rossahorizon 1om thick with thin flowstn sbove & below.
NMost corsls preserved es ©temnel noulds. 2 species of
Stylophora. Ceicite cament common..

124

-

L 144
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Otto Watler's Pasture #1A (OWP#1A)
17Q, MM 470540, 2132750

18, &

_'
D

P

—TS#2
? "
‘ TS#3
1 i
1 1"
24 §&&
° L) 2 —TS#4
e & ==
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——Section is rubbly - no core recovered >Scm in length. Besel
packstn grades up into vackestn-nudstn. Grey steining is

throughout and masks fauns making ID difficult. 2
of flowstone neer top capped by 2 of terra rosse. Terrarossa.
siso found in small cavities in lower chunks of core. Caicite
cement common throughout.

{—— Grades up into corsl biociestio floststn. Fauna ID nesrbese

is difficult but inproves the further upsection you go. Corsis
ore large (2cm) and ere preserved as ©xtamal nolds. Cejoite
cement is commnon, filks some noids and intergranuler ©.
Pervesive grey staining et 23'8"in Telophylia moid.

—— Difficul to 1D anything.

T\—Rhodolith floatstn st base grades up into & wecke-mudstn.
Feuna.is dificul to 1D in upper section. Go from concentrated
fauna to littie to nil. Celcite cement common in intergranuler

xm. No pieces larger then 2cm. Not nuch

——Cavity 350°36'0".

——Core is in smell{ <2) sections. Overall similar to below.
WTMMTMMMh
Helinede peckstone matrix. Feir bit of
cdohw Core gets more rubbly and sppeers
westhered &5 you nove up section. Rhodoliths ere still >2cm.

—Simndier to that found below the cavity. Rhodolith
floststn-grainstn. Most faune are difficult to ID.

\MW a2y

-\—Abnpt imeguiar contact. Change in color scross boundary.
Above rhodoliths are >2om snd matrix ekhough contsins
some mud is dominantly calcite cement. Get more of &
flowstn between thodoliths nesrtop.

mhonl-ndbdoc Mccdormtobo
associsted with increesed cement (inore greiny metrbg.

\mkmstm,MWmm.

Honey yallow flowstn fills lerger voids.

Grades up into a bioclastic pacistn with grainstn lenses.
Grainstns are well cemented end eppesr to possibly fill void
m[m]snhpbsewﬁbygemm
filing cement (white/ciesr). Some grey staining in proxinity to
these cavities. Oversll rock is quite dense snd does not have
a greinyinbbly sppesrance. Core sections sre quite long (up
to 10%). Bivelve and molkisc shells are robust {>2cm) snd sre
typicellyiesched and fillad with celcite cement.

-\Mwmt wacke-packstn. Lt beige
nudstn natrix (dense], neny fauna filled with celcte cement.

From bese, packstn grades up into rhodolith floststn.
Rhodolths ere 1-2om. Diverse faune held together in nud
mnatrix Litde celcite cament but incresses es nove closerto
fowstns. Lower flowstn is clesr-white in color snd hesis &

Tem gap. Floatstn has agrainy sppesrance snd grades up




Otto Watler's Pasture #1A (OWP#1A)
17Q, MM 470540, 2132750

e==§--->

S %

Grades up into & Amphistegine wecke-packstn. Lt beige
nudstn matrix (dense], neny fsuna filled with celoite cement.

From base, packstn gredes up into rhodolith floststn.
mmtm.mmmmhm
matrix. Litte calcke cemnent but incresses as move closerto
flowstns. Lower flowsin is cleer-white in color and hesis &
1cm gep. Floststn has & grainvy sppesrance snd grades up
into aflost-greinstn. Grainstn conteins more cement but still
hes & feir bit of mud. This finelly grades up into & rhodolith
packstn. mm«mmm-« <lom.

Base similar to thet balow but lacks celoe cement. Yery

-\-mmmammm,mhw.
Xmm,mmudadmm.

Oversll hes & less dense! more grainy metrix. Lower contect

Rhodolith floatstn, samne &s that found below. Seme colour
contrast of rhodoliths to metrix. Forsms sre moderately
preserved. Core in this and below hes sections thet ere
grainyin spesrance, have ejot of vug and intergranuler &.
CMsMsthM\s[ﬂonlhdew
into smeller ones (<icm). MMwmm
ois0 an increase in fauna sbundance/diversity. Calcie

cament common and incresses &S you move up.

Cavity 716" - 71'S". However, no evidence in core to support
location of cavity. ie. no flowstn nor westhered sufaces.

Cavity 760°800" (no absokate depth, 2* btw 76' -80')

—— Shiniler to section beiow but nore contrast between rhodoliths
and metrixe Matrixis a derker light bm color. Also incresse in
the sbundance of Anphistegine snd Hellneda. Feuna sre not
ol leached - most ere discemable. Botton 6" is rubbly end no

-\_Mnfﬂo'mhmowu:lm.

Rhodoikh floatstn in an Amnphistegine, Helimeda.
wack-peckstn matrix. Rhodoliths sre >2cm in dismneter and
ore siightly whiter then the metrix. Malrixis ight beige end
fauna ere commonly lesched snd ID is based on shepe of

void. Thereis littie ceicite cement filling voidsfintergranuler
pore spsce.

Contact with Caymnen Formation is sharp avd merks achange
from the dense dolostn of the Caymnen Formation to the more
porousisolfter (more crunbly] dolostone of the Pedvo Castie
Formation.

OWPH1A in Cayinen Formation until TD: 111°6".
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Otto Watler's Pasture #2 (OWP#2)
17Q, MM 469760, 2131560

Date logged: Auqust 13, 1897
Logged by: Astrid Arts
Remarks: Spudded 11/06/93, Abandoned 14/06/93, KB: 2'6", TD: 94'8".

Location: Otto Watler's pasture, east side of track just before second gate.
Reason for termination: sand in the tle. Prospects for deepening are poor.

LEGEND
. DOLOSTONE - Ironshore Formation - Cavity
CONTACTS
meew Uncertan
LITHOLOGIC ACCESSORIES
Gy - Grey Staining
FOSSILS
® Sphaerogypsina €© - Rnodomn & - Amphmtagna
D - Trachyphylia @ - StickHomotrema © - Moluscs (undifferentiated)
& - Gestropods Y - stywophora coral AR - Montasrea coral
Y - Pontescoral mam - Halmeda @ - Encrusting homotrema
g - FreeLmng Red Algse & - Colontai coral
TEXTURE
framestn
boundstn
baffiestn 3
rudsth z
granstn 2 @ 2
packstn ] 3 w
b e 5 B : 2
s [ g 2 &
"= No core recovered from 0'0* - 20".
b2 4
- "’Y - . & —— Ironshore-Pedro Caste Contact missing.
41 Stylophora floatatn (thodolthe?) in & pack-grainetn
l— TS#1 matrbe BR of grey stain nesrs top.
PETY \ )
L6 } | [ Grey stain throughout and more concentrated in
mudatn layers (but typically faint). Skmitar to below
"1 103 saly ot} with matrix varying from wacke-packstn. Free iving
L 8 4 red sigse more concentrated in Mmudsth areas.
Some small thodolthe. Caicite common and fils
ok leached fossd moids
L 104 .
- i — TS#2 | ™~ Looks simiar to below but without the rhodolths.
Matrix becomes a mud-wacke-packstn. Some grey
[ 124 stan here and there. Sick & encrusting Homotrema
are common. Matrix starts at base as wackesth then
R L && up into a packstn and then into wack-mudstn.
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Otto Watler's Pasture #2 (OWP#2)
17Q, MM 469760, 2131560

+ TP —— QOverall a Stylophors, rhodolith fitstn in a packstn
matrix. Rhodoliths are <2cm and once porites are no
longer a dominant corsl they become a dominent

L TS auciei for rhodoliths. Caicite cement is common.

j, Many fauna are iesched and commanly filed with

cement.

P —— Stylophora, rhodolth floatstn in an Amphistegina

¢ packstn matrix. Fauna in matrix is quite small and
L becomes harder to distinguish as you move up core.

& © [—TSHM Grainy in places.

-\-Base'smeasbelow Free iving aigae, thodolith
wackestn.

— Free Iving red aigee, rhodolith wackestn (floatstn in

mudstn matrix). Core is quite soft/chaulky and
“8Y & thodokthe are <2cm. Some mud neer trensition is
\ S

Baee of recovered core is a Stylophora, rhodolith
floatstn in a wacke-packstn matrix. Same/similar to
that seen beiow.

BB Y o — TS#5 |—— Rubbly core is weethered orange (unweathered
below). Appears to be a Stylophora fioatsth in a
pack-grainstn matrix. No caicite cement. T.S.
states contains aiso; free iving red aigae, stick
Homotrema, encrusting Homotrera, bryozoa
° and rhodoliths.

-\-Rubbh. Little discemnabie besides
rhodoiths and Stylophora. Looks ke 8 mudstn
matrix with no visible biota.

———Cavily 48°0" - 489"

e —~— Stylophora floatstn in 8 wackestn matrix at base

8 2 b | which grades up into & packstn matrix. Upper 1.5,
6 fauna in matix are exdensively leached and difficult
a2 | @ 9}5__; 10 deineste. Core i rubbly at bese and in middie of

recovered core. Caicite cement is imited (mod-rare).
Rhodolths are <icm. Matrix is grainy in many
piaces.

€ — Rhodolth (same as below) float stnin a8
£ Amphistegina Haimeda packstn-grainstn matrix.
g %‘—m Porites st bese grade up in Trachyphylis then
]

—

Stylophora at top of interval. Little caictte cement.




Otto Watler's Pasture #2 (OWP#2)
17Q, MM 489760, 2131580

b 74-
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<
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e Rhodolith (s8me a8 below) floatstnin 8
Amphistegina Halmeda packstn-grainstn matrix.
Porltes at base grade up in Trachyphyilia then
Stylophora at top of interval. Little calcite cement.

——— Cavity 60°C" -61'6".

——— Rhodoiith floatstn in a halimeda packstn to
Amphustegina (epibonts)Sphaerogypeina granstn
matrix. Litte caicite cement Rhodoliths are 1-2cm
and Halmeda a common nucleus.

—~— Grades up into Amphistegina packstone with some
rhodokths (<1cm). Matnx is somewhat grainy In
places. Little caicito coment. Amphistegina are

\ mostly epibionts.

Encrusting Homotrema in horizontal lsyers (cm's
thick) inbetween rare-mod foram Halimeda mudatn
matrix. Not much discernable.

No evidence of core/cavity relationship. Athough
cofe is less rubbly, nottoo much is discemabie.
Mosty a mudstn but in places a Stylophora floatsin
in & mudatn matrix. A few rhodoliths (<icm),
Amphiategina, Halimeda and shell fragments make
up mudstn matrix.

Cavity 730" - 73'6".
- Rubbie. Hard to discem anything.
A couple of leached Amphistegina,

Halimeda, gastropods and sn external mouid of a
Montastrea at the top of interval.

— Rubbie. Recovered core is <2cm in length.
Not much visible, core has rare Halimeda /
Amphistegina and some cakcite cement.
cement.

|—— Rubbie. Not much vigible 28 pieces

are very small. Only fauna discemabile s
Amphistagina, everything else is lsached. Core does
not appear to be overly weathered Some caicile
cement.

———OWP#2 @ TD:94%%".
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Otto Watler's Pasture #3 (OWP#3)
17Q, MM 470140, 2131530

Date logged:
Logged by: Astrid Arts

Remarks: Spudded 18/06/93, Abandoned 18/06/93, KB: 6'0", TD: 16'0".
Location: Noith edge of sinkhole just east of Lower Valtey Resefvoir.
Reason for termination: drilled as a tast hole for Water Autherity, had reached TD. Good

prospects for deapening.
LEGEND
-Dowsroue
LITHOLOGIC ACCESSORIES
v - QrENY
FOSSILS
® - Sphasrogypsine © - Rhodolth & - Amphistegina
@® - Stck Homotrema © - Mokuscs (undfferentiated) Y - Stiophoracoral
Y - Pontes coral - - Halineds € -  Encrusting homatrema
8B - Free Living Red Aigee
TEXTURE
" —— boundetn
— befflestn 0
— rudstn 'é‘
granstn 2 0 g g
E - mudstn 8 é % §
d C § ¢ g

" Rhrodolte floatstn In Amphisteging, Halimeda packstn matrtc. Wel
camentad with caicte. Fauns is easly identifisble.

—= Upparmost section is Amphistegina, free-living red sigae
pack-wacksstn. Matiix is med beige in color as opposed to the iight
beige seen slsewhere in the core. Botiom ik the same as seen belaw:
stylophora porites flogtstn in sn Amphistegine Halimeda packstn
matrbe.

"\= Stylophora, Poritas floatstn in an Amphisiagina, Halmeda peckstn
matroc Rhodoliths are small <1cm. Core is rubbly st bees, fauna is
feached and commonty fled with caicte cement.

e Stylophors SISt in a mudstn matiix at dese (with rhodolths and
fres bving red sigae), grades up nto 8 wecke-packsin matrix with
some grainier petches. Core is quite soft (sspecially with mudetn
matrix). Fsuna is dfficuk to distinguish at bese but improves up
saction. Fauna are commonly iesched and flled with & caicite
cament. Rhadoliths are <2cm.

—— OWP %3 @ TD: 16T".

102



Patrick island Lagoon #2 (PIL#2)
17Q, MM 488080, 2133280

Date logged: August 12, 1997
Logged by: Astrid Arts
Remarks: Spudded 18/10/92, Abandoned 20/10/92, KB: 1'6", TD: 96'8".

Location: Patrick’s Island Deveiopment, south shore of North Sound. Reason for termination:
low recoveries. No prospects for deepening.

LEGEND

- DOLOSTONE - Cayman Formation

LITHOLOGIC ACCESSORIES

Gy - GreyStaining

FOSSILS
® - Sphasrogypsina © - Rhodolith & - Amphistegina
D - Tchyphyla Y - Styiophors cora - - Helmeda

TEXTURE
hm.m

v-—'\lu’l

B lﬂh =

ACCESSORIES

FOSSILS
SAMPLES
REMARKS

== No core recovered from 0°0" - 130"

a ~ Soa A ~ —— Same as below. Core is rubbly near top. Rubbly pieces are
144 6‘—' ?) weathered and the uppermost are couted in terra roesa.

N ™ —— Trachyphyliis, rhodoiith floatstn in an Amphistegina wackestn
1Y F@0N% IO s Afficuk in most places. Core i grakTy, soft and friabie.
: : : Rhodolths are >2cm and oftan the red sigal laminae are grey stsined
and ara better cemented then the matrix. Gray stain is
+ % common-abundant throughout and is usually sssociated with more
! ! cemented aress. Calcite cament is common. Terma Rossa honzon
H {1cm thick) &t 20.
L

B
B s - Statalet

L 4 — Contact with Cayman Formation is marked dy a color changed It the
matrtx. Contact is sharp but reguler.

TN\- PIL#2 in Ceyman Farmation unti TD: 968",
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Sewage House and Treatment #1 (SHT#1)
17Q, MM 480750, 2135295

Date logged: August 12, 1997
Logged by: Astrid Arts
Remarks: Spudded 04/09/32, Abandoned 05/09/92, KB: 40", TD: 127°10".

Location: Northwest comer of sewage lagoon compound at end of Seymour Rd. Reason for
Termination: sand thickar'n 3yr old peanut butter and jamming frequently. No prospects for

deepening.
LEGEND
-DOLOSTONE -CmunFomm -Clm
LITHOLOGIC ACCESSORIES
Sy - Grey Staining
FOSSILS
© - Sphesrogypeina © - Rhodoith & - Amphistegine
D - Trachyphyla f0) - Leptosers © - Moluacs (undiferentiated)
=m - Halmeda
TEXTURE
o
W
a
g 4 3 g
m 4 2 § 2
B 2 2 &
- Na core recavered from 00" - 21°0".
[ ] T T —~— Rhodoith, Trachyphylia floatstn. Metrix is hard to delneate as much
b 22: 1 y) Ia repiaced WIth a POroUS tefTa (084 that has a patchy distrbution.
] ® T
24 AR —— Rhodofn floatsth in an Amphisteging wacke-packstn matrx.
- LI pl It Simisr to below. Faunal I0 s dfficut, reddish grey staining
28] (O] 1 [ is moderste. Cavity type leaching is common and filed
) 11 H !l with terra rossa. Calcite cement inea many of these cavities and
L | ?? Tm% is common through tha rest of the core. Rhodolths are <2cm.
u io] |l
! USROS X
304
i i i 2 —— Faunal IO is difficult as most are leached snd/or obscured
324 § é : Dy grey stain, caiche cement Overs have & Modolth
T floststn in an Amphistegina wacke-packstn with rare grainy
58 matrix. Rhodoiths are 1-2cm snd >2cm.
34 Tp1 1 \mmam-mmumumm.
i % !
= | Y. _g
b 404
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Sewage House and Treatment #1 (SHT#1)

b42-

— Contact with Caymen Formation is not present.
T— SHT#1 in Cayman Formation until TD: 127°10".

17Q, MM 460750, 2135285
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Sewage House and Treatment #2 (SHT#2)
17Q, MM 480925, 2135325

Dats logged: August 12, 1997
Logged by: Astrid Arts

No prospect for deepening.

Remarks: Spudded 03/06/93, Abandoned 07/06/93, KB: 40", TD: 127'0". Location: Northeast comer of
sewage lagoon compound at end of Seymour Rd. Reason for termination: poor recoveries.

LEGEND

- DOLOSTONE - Cayman Formation

L

UTHOLOGIC ACCESSORIES
6y - GreyStaning
FOSSILS
© - Spheerogypsina © - Rhodofth & - Ampuistegina
D - Trchyphys ¥ - Echinoid Fragments Y - Stiophors coral

ACCESSORIES

FOSSILS
SAMPLES

REMARKS

106

—— No core recoverad from 00" - 230",

~—e 3 piaces of rubble. Nothing dscemabie cther than honey yellow
calcite cement.

T \= Moatly lssched and hes extensive cavty ke desciuBon.
Ranges from wacke-packstn snd is pervasively stained

grey. Tetra Rossa and caicite cament ines cavities.

e Difficuit to distinguish anything os masked by 8 pervasive
grey stein, sbundent dissokition and camentation by
(honey yellow caicite). Oifficult to delineate texture as faunal
1D is questionable in places.

Two 6° cavitios at 31°.32.

\-Oui. rthododith floatstn i a wackestin-pekstn matrix with rare
ornetn matric. Caicite cement is abundant throughout. Many cavities
are weched and Bedined with caice Coment and/or 1ma rossa.
The terra rossa is quits bieached ar stained grey and frequently
partislly leached. Rhodoliths are 1-2em.




Sewage House and Treatment #2 (SHT#2)
17Q, MM 480928, 2135325

= Rubbie. Not much visible but Amphistegina (epidiants)
and Halimeda. Caicits cement is sbundant. Borderiine grainetn in
places.

oy @ - Faune is dficul to ID as maskad/destroyed by stain. Amphistaging
{epibionts), Halimeda and odolthe (>2cm) are af thikis evident.
wel cmentsd with caicke.

Contact with Cayman Formation is obscured. Picked as an intensaly
grey stained hortzon with small fragments above k.

SHT#2 in Cayman Formation until TD:127'0".
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