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A PRELIMINARY GEOLOGICAL RECONNAISSANCE OF ABACO ISLAND, BAHAMAS

Lindsay N. Walker, John E. Mylroie, Adam D. Walker, and Joan R. Mylroie
Department of Geosciences
Mississippi State University
Mississippi State, MS 39762

ABSTRACT

Abaco Island is located on Little Bahama
Bank at the northeastern extent of the Bahamian
Archipelago. Examples from each of the three
major field stratigraphic units—Owl’s Hole,
Grotto Beach, and Rice Bay formations can be
identified on Abaco based on observable field re-
lationships. The Owl’s Hole Formation is recog-
nized as a vegemorph-rich eolianite, with foresets
truncated by wave energy from a subsequent
highstand, covered by a ferra rossa paleosol.
Outcrops of the Grotto Beach Formation show
fossil coral rubble (Cockburn Town Member)
resting directly on an underlying eolianite with no
separation by a terra rossa paleosol (French Bay
Member). Widespread outcrops containing her-
ringbone cross-bedding also belong to the subtidal
Cockburn Town Member. Eolianites lacking a
terra rossa paleosol are Rice Bay Formation
rocks, assigned to the North Point Member as
shown by foresets dipping below modern sea
level. The Pleistocene/Holocene contact can be
seen in outcrop as a ferra rossa paleosol separat-
ing Rice Bay Formation eolianites assigned to the
Hanna Bay Member from underlying Pleistocene
eolianites.

Karst features on Abaco include large and
abundant flank margin caves, pit caves, blue
holes, karren, and banana holes--all of which are
common features of Bahamian islands. The large
positive water budget of Abaco has produced
landforms resembling tropical cone karst on Pleis-
tocene eolianites. The first documented tafoni
caves in the Bahamas, pseudokarst features
formed by wind and salt erosion, demonstrate the
need for caution when using caves as sea level
indicators.
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INTRODUCTION

The Bahamas have long been the focus of
much geologic work on modern carbonates
(Carew and Mylroie, 1997 and references therein;
Tucker and Wright, 1990; Multer, 1977; and
Illing, 1954). The Bahama Platform (Figure 1)
has particular interest to geologists as it provides a
modern analog to the dynamics of ancient carbon-
ate depositional platforms, many of which are ma-
jor petroleum reservoirs.
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Figure 1. Map of the Bahamian Archipelago
(Modified from Carew and Mylroie, 1995a).

The Bahama Platform is composed of a se-
ries of thick, shallow-water, carbonate banks
along the subsiding margin of North America
(Mullins and Lynts, 1977). The current landscape
of the Bahamas is largely constructional and is
greatly influenced by glacioeustatic sea level fluc-
tuations (Carew and Mylroie, 1997). During sea
level lowstands, sea level dropped below the bank
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margins. Carbonate sedimentation ceased and
karst processes dominated on the exposed bank
tops. Lowstands are recorded in the sedimentary
record by the development of ferra rossa paleo-
sols. These fossil soil horizons are the result of
the concentration of insoluble materials such as
atmospheric dust due to pedogenic processes.

During sea level highstands, the banktops
are flooded, allowing for the creation and mobili-
zation of carbonate sediments. The glacioeustatic
sea level oscillations that have occurred through-
out the Quaternary have allowed for the em-
placement of several carbonate depositional se-
quences capped by ferra rossa paleosols (Carew
and Mylroie, 1997). Due to the known subsi-
dence of the Bahamian archipelago of 1-2 m per
100,000 years, sediments that were originally de-
posited above current sea level may now be inun-
dated (Carew and Mylroie, 1995a). The only sea
level highstand above present to occur recently
enough to still be exposed today was the +6 m
Oxygen Isotope Substage (OIS) 5e highstand, that
occurred approximately 125,000 years ago
(Carew and Mylroie, 1995a). Consequently, the
only subtidal deposits currently exposed in the
Bahamas are the result of that highstand.

Eolianite deposits, however, have been
preserved from several past highstands.
Eolianites can be deposited at any stage of a sea
level highstand, and can thus be described as
transgressive-phase, stillstand-phase, or regres-
sive-phase (Carew and Mylroie, 1997). In the
field, these eolianites can be differentiated on the
basis of known characteristics. Transgressive-
phase eolianites, for example, are especially sub-
ject to cliffing by wave action because sea level
continues to rise during their deposition. They are
also characterized by a relative lack of
vegemorphs, as the coastal vegetative community
has not yet had time to develop at the onset of a
sea level rise (Carew and Mylroie, 1997). Re-
gressive dunes, on the other hand, contain abun-
dant vegemorphs, as the coastal vegetative com-
munity has fully developed by the time of their
deposition (Carew and Mylroie, 1997).

A general stratigraphy of the Bahamas was
developed by Carew and Mylroie based on their
work on San Salvador Island, Bahamas (Carew
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and Mylroie, 1995b; 1995¢; and 1997). It consists
of three major depositional packages separated by
terra rossa paleosols (Figure 2). The Mid-
Pleistocene Owl’s Hole Formation, which consists
of eolianites from several sea level highstands,
comprises the oldest rocks in the Bahamas (Figure
2). The Upper Pleistocene Grotto Beach Forma-
tion consists of eolianites, beach deposits, and
subtidal carbonates deposited during the OIS Se
highstand (Figure 2). The Holocene Rice Bay
Formation contains all deposits, primarily
eolianites, associated with the current sea level
highstand (Figure 1).
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Figure 2. General Stratigraphy of the Bahamas
(Modified from Carew and Mylroie, 1997).

Abaco Island is located on Little Bahama
Bank and is the most northeastern island in the
Bahamian archipelago (Figures 1 and 3). It is
bordered on the east by the deep waters of the At-
lantic Ocean, on the south by the deep waters of
N.W. Providence and N.E. Providence Channels,
and on the west by the shallow waters of the Little
Bahama Bank (Figure 1). The landmass of Abaco
consists of two main islands, Great Abaco Island
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and Little Abaco Island, as well as numerous out-
lying cays (Figure 3).
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Figure 3. Map of Abaco Island, Bahamas.

Previous geologic work on Abaco has fo-
cused largely on offshore sedimentary processes
(Mullins et al., 1984; Mullins, 1983; Mullins and
Neumann, 1979; and Neumann and Land, 1975)
and coastal geomorphology (Raphael, 1975).
Very little work has been conducted on the eolian,
beach, and subtidal deposits currently exposed on
Abaco. The purpose of this study was to conduct
a preliminary reconnaissance of the subaerial ge-
ology of Abaco Island in order to determine if the
Bahamian field stratigraphy of Carew and Myl-
roie (1997) is also applicable to Abaco.

METHODS

Preliminary fieldwork, focused mainly on
locating important geologic outcrops, was con-
ducted March 11-20, 2005. Initial investigation of
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the karst and pseudokarst features of Abaco, in-
cluding flank margin caves, cone karst, karren,
blue holes, pit caves, banana holes, and tafoni was
also conducted. The remainder of the fieldwork
was completed from May 15-June 15, 2005 and
consisted of mapping all known flank margin
caves, documenting the other karst and pseu-
dokarst features, and classifying the geologic out-
crops based on the stratigraphy of Carew and
Mylroie (1995b; 1995c¢; and 1997).

The stratigraphy of Abaco was discerned
using parameters that could be identified using
field observations. The presence of a terra rossa
paleosol overlying an eolianite, for example,
would demonstrate that deposition of the eolianite
was followed by at least one sea level lowstand.
Consequently, any eolianite overlain by a ferra
rossa paleosol must be Pleistocene in age. The
absence of a ferra rossa paleosol, however, would
indicate a Holocene age. Because the only sub-
tidal deposits currently exposed above modern sea
level in the Bahamas must have been deposited
during the OIS 5e highstand, any exposed subtidal
units must belong to the Grotto Beach Formation.

Internal characteristics of eolianites, such
as vegemorph development, are also useful be-
cause regressive eolianites have an abundance of
vegemorphs while transgressive eolianites do not.
The abundance of vegemorphs in regressive
eolianites also tends to disrupt fine scale eolianite
bedding that is often preserved in transgressive
eolianites. Other field observations, such as the
presence of wave-cut benches and the relationship
of deposits to modern sea level can also be used to
help discern the stratigraphic position of an out-
crop.

Complex interactions of eolianite deposits,
such as onlap of a younger deposit onto an older,
can take place and possibly obscure the deposi-
tional history (Schwabe et al., 1993; Sparkman-
Johnson et al., 2001). In many cases, the exact
age and history of a deposit could not be deter-
mined with the limited geologic data collected
during this study. No interpretation presented
here should be considered absolute, as further
geologic work on Abaco may result in a better
understanding of many of the deposits examined
in this study. However, as the interpretations pre-
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sented here are based on direct field observations
and not subsequent laboratory analyses, they have
practical utility for the casual observer. This work
should provide a general picture of the geologic
history of the island that will aid later, more de-
tailed investigations.

RESULTS

The Owl’s Hole Formation

In several locations on Great Abaco Is-
land, including Cherokee, Little Bay, and Little
Harbour (Figure 3), an eolianite containing abun-
dant vegemorphs makes up a large portion of the
coastline. This eolianite displays truncated foreset
beds with a ferra rossa paleosol draped over the
truncations (Figure 4). A similar situation can be
observed on several outlying cays including
Guana Cay, Elbow Cay, and Man-O-War Cay
(Figure 4).

The abundance of vegemorphs preserved
in this eolianite show that it was deposited during
a sea level regression. The truncated foreset beds
show that wave action from a subsequent sea level
highstand planed the top surface of the eolianite.
The presence of the ferra rossa paleosol draped
over the truncations not only demonstrates that the
eolianite is Pleistocene in age, but also that an-
other sea level lowstand followed truncation of
the foreset beds.

The sum of these observations allows the
stratigraphic position of the eolianite to be deter-
mined. The eolianite must be Pleistocene in age,
as evidenced by the terra rossa paleosol; how-
ever, at least two sea level lowstands must have
occurred since its deposition. The first lowstand
occurred immediately following deposition of the
eolianite. Sea level then rose again, causing trun-
cation of the foreset beds by wave energy. During
the following lowstand, a ferra rossa paleosol was
developed over the truncations. The eolianite
cannot belong to the Grotto Beach Formation, as
there has been only one sea level lowstand since
its deposition. Thus, the eolianite must belong to
the Upper Pleistocene Owl’s Hole Formation.
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Figure 4. A terra rossa paleosol (dark grey) de-
posited over truncated foreset beds on Abaco.
Rock hammer for scale.

The Grotto Beach Formation

At the most southeastern extent of Great
Abaco Island there is a long-narrow headland con-
taining a sea arch known as Hole-in-the-Wall.
The Hole-in-the-Wall headland is composed of a
consolidated eolianite that is covered by a patchy
terra rossa paleosol. The only vegemorphs pre-
sent in the eolianite are locally associated with
this paleosol. The western side of the headland
has a wave-cut bench located a few meters above
modern sea level. A boulder coral-rubble outcrop,
capped by a ferra rossa paleosol, is located on
this bench (Figure 5). The paleosol on both the
eolianite and the coral outcrop indicate both to be
Pleistocene in age. However, no paleosol sepa-
rates the boulder coral outcrop from the underly-
ing eolianite, which implies that they were formed
on the same sea level highstand event.

The coral reef rubble outcrop present on
the wave-cut bench in these eolianites must be-
long to the Cockburn Town Member of the Grotto
Beach Formation as no other exposed Pleistocene
subtidal units are known from the Bahamas. The
Cockburn Town corals directly overlie the
eolianites making up the headland with no separa-
tion by a terra rossa paleosol. This is very strong
evidence that the eolianites comprising the head-
land belong to the French Bay Member of the
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Grotto Beach Formation. The French Bay Mem-
ber eolianites were deposited on the initial trans-
gression onto Little Bahama Bank, and were
cliffed and notched as sea level continued to rise
to the OIS 5e highstand. The coral deposit was
then emplaced on this notch during the OIS Se
highstand.

Figure 5. The boulder coral-rubble outcrop.
Flashlight for scale.

Exposed subtidal units belonging to the
Cockburn Town Member of the Grotto Beach
Formation can also be observed along the coast,
west of the town of Cedar Harbour (Figure 3).
Here, deposits containing oscillation ripples and
herringbone crossbedding demonstrate that they
were deposited in a subtidal environment. Her-
ringbone crossbedding is also observed in coastal
outcrops north and west of Marsh Harbour (Figure
3)

The Rice Bay Formation

One of the most interesting outcrops ob-
served during this study is located on the eastern
coast of Great Abaco Island approximately one
kilometer north of Lantern Head (Figure 3). It
shows a well-consolidated eolianite capped by a
thin ferra rossa paleosol that is overlain by a
poorly consolidated eolianite that grades into a
modern unconsolidated eolian dune (Figure 6).
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The upper eolianite is not overlain by a fterra
rossa paleosol.

The lower eolianite is Pleistocene in age as
shown by the presence of the ferra rossa paleosol.
However, it is not possible to accurately deter-
mine which formation it belongs to (Grotto Beach
or Owl’s Hole) based on the information available
at the outcrop. The upper eoliante must be Holo-
cene in age since it is not capped by a terra rossa
paleosol. The upper eolianite most likely belongs
to the Hanna Bay Member of the Rice Bay For-
mation because it grades into modern unconsoli-
dated dunes. It also contains vertical structures,
possibly related to past vegetation such as pal-
metto stumps that have been previously described
from other outcrops of the Hanna Bay Member
(Curran and White, 2001). However, as the out-
crop is located several meters above sea level, the
definitive evidence for Hanna Bay Member, that
of eolian beds grading downward to beach facies
at current sea level, cannot be seen. This outcrop
is an excellent example of the Pleisto-

cene/Holocene contact on Abaco (Figure 6).

Figure 6. The Pleistocene/Holocene contact on
Great Abaco Island. The person is standing on
the darker Pleistocene unit. The lighter unit is
Holocene in age. A paleosol separates the two
units.

Many other examples of the Rice Bay
Formation can also be found on Abaco. On
Guana Cay, for example, an eolianite is often ob-
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served near sea level that is not overlain by a terra
rossa paleosol. Foreset beds of this eolianite also
dip below modern sea level, demonstrating that it
was deposited before sea level had reached its
current height (Figure 7). This Holocene eolianite
belongs to the North Point Member of the Rice
Bay Formation and represents rocks deposited on
the transgression of the current sea level high-
stand. Other examples of the Hanna Bay Mem-
ber, representing the youngest rocks in the Baha-
mas, include modern beach and eolian dune sands,
as well as beach rock. This modern beach rock
has bedding planes that are congruent with the
present slopes of the beaches on which it is found,
showing it was formed under current sea level
conditions.

Figure 7. The North Point Member of the Rice
Bay Formation, Guana Cay.

Karst and Psuedokarst Features

As a result of this study, 17 flank margin
caves were documented and mapped on Abaco
Island. Other karst features found on Abaco that
are common on other Bahamian islands include
pit caves, banana holes, karren and blue holes.
The high positive water budget of Abaco has also
allowed for intense dissection of Pleistocene
eolianite ridges due to karst, fire, and vegetative
processes. This dissection has produced land-
forms bearing a resemblance to tropical cone karst
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(Figure 8). To date, these eogenetic cone karst
landforms have not been described from other
Bahamian islands or any other locality worldwide.

Figure 8. Eogenetic cone karst landform on
Great Abaco Island.

This study also allowed for the first docu-
mentation of tafoni caves in the Bahamas. Tafoni
are psuedokarst voids that are typically formed by
wind and salt erosion (Huinink et al., 2004). Ta-
foni form in a variety of rock types and are com-
mon on rocky coasts that are exposed to spray,
waves, and wind (Sunamura, 1996). The tafoni
caves on Abaco (Figure 9) are found in Pleisto-
cene eolianite cliffs between 10 and 23 meters
above modern sea level. They form when wave
action on eolianite ridges removes the hard, cal-
crete crust and exposes the soft interior of the
ridge to attack by coastal processes. Similar voids
have been observed on other Bahamian islands
such as San Salvador (Figure 10).

The presence of psuedokarst voids such as
tafoni demonstrates the need for caution when us-
ing caves as sea level indicators. Flank margin
caves currently exposed in the Bahamas are
known to form by mixing dissolution in associa-
tion with sea level highstands (Mylroie and
Carew, 1995a). As a result, flank margin caves are
found in continuous horizons and show evidence
of phreatic dissolution such as large dissolutional
cusps and bellholes. The tafoni caves on Abaco
are not found in a continuous horizon (Figure 9)
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and show surfaces shaped by mechanical rather
than chemical processes. It is important not to
mistake tafoni and other psuedokarst voids as
flank margin caves, especially when using flank
margin caves as sea level indicators. While tafoni
may form in association with wave action, they do
not mark previous sea level positions. Only flank
margin caves have implications for past sea lev-
els.

Figure 9. Tafoni voids on Great Abaco Island.

Figure 10. Tafoni void on San Salvador Island.

CONCLUSIONS

The field stratigraphy of Carew and Myl-
roie (1995b; 1995¢c; and 1997) is applicable to
Abaco Island and each of the three major deposi-
tional packages can be observed. Further work on
Abaco will lead to a better understanding of the
geologic history of the island. Typical karst fea-
tures that are found on other Bahamian islands,
including flank margin caves, blue holes, pit
caves, karren, and banana holes, are also common
on Abaco.

The wet climate of Abaco as compared to
other islands in the Bahamas has allowed for a
higher degree of dissection of Pleistocene
eolianite ridges than is seen elsewhere. This dis-
section takes place by a combination of karst, fire,
and vegetative processes. The resulting landforms
resemble tropical cone karst. Such eogenetic cone
karst landforms have not been previously de-
scribed. Tafoni caves on Abaco are psuedokarst
voids that form by mechanical erosion of exposed
eolianite ridge interiors. The presence of such
features demonstrates the need for caution when
using caves as sea level indicators. Tafoni and
other psuedokarst voids may be mistaken as flank
margin caves by the untrained observer. Only
flank margin caves have implications for past sea
levels.
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