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ABSTRACT

The Hard Bargain area of San Salva-
dor Island, Bahamas offers a rich source of
petrologic data, yet due to its rugged terrain
and dense vegetation, accessibility into this
region has been limited. Only now, with trail
development, has this region been traversed
and sampled. Prior to this study, surficial ge-
ology has been largely interpreted from sam-
ples collected from the perimeter of the island
or from stratigraphic relationships observed at
rock quarries, road-cuts, or other more readily
accessible locations.

The geological models previously sug-
gested for the geology of San Salvador Island
by Titus (1980, 1987), Carew and Mylroie
(1985, 1995, 1997), and Hearty and Kindler
(1991, 1992, 1993) show an evident lack of
agreement about some aspects of the geologi-
cal history of the island. None of these models
adequately addressed the large interior area
called the Hard Bargain region.

Petrologic analyses of the rocks from
the Hard Bargain region show a definite pat-
tern of allochem distribution. The down-wind
sides (or lee sides) of the ridges are
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composed predominantly of bioclasts, whereas
the up-wind sides are predominantly oolitic.
These observations suggest that older
peloidal/bioclastic dunes (Owl’s Hole Forma-
tion) appear to be partially mantled by a
younger oolitic unit, the Grotto Beach Forma-
tion. The Grotto Beach Formation was depos-
ited during oxygen-isotope substage Se (~125
ka) and the Owl’s Hole Formation was depos-
ited during oxygen-isotope stage 7 and/or 9
(220 ka and/or 320 ka). The direction from
which the younger oolitic deposits mantle the
older peloidal/bioclastic deposits implies that
wind asymmetry was a dominant factor in the
depositional patterns observed.

These findings are consistent with
Carew and Mylroie (1995, 1997), who sug-
gested that these eolianite ridges represent two
stratigraphic units, not one, as proposed by
Hearty and Kindler (1993). Therefore, detailed
sampling of the Hard Bargain region of San
Salvador Island has provided a better under-
standing of the surficial geology of the island,
and the stratigraphy and Quaternary history of
the Bahamas.



INTRODUCTION

The geology of San Salvador Island,
Bahamas has been studied extensively along
coastal cliffs, road-cuts, and quarries, as these
areas are convenient for investigation. How-
ever, the deep interior of the island, especially
the interior of the Hard Bargain landmass
(Figure 1), located between Long Lake (the
name given to the northerly arm of
Great Lake) on the west and Storr’s Lake on
the east, was almost entirely unknown from a
geological perspective. This interior region is
one of the largest on the island, and being
covered by dense vegetation, is extremely in-
accessible. The region consists of eolianite
ridges and intervening swales with superim-
posed karst features such as banana holes and
pit caves.

Figure 1. Map of San Salvador Island, with
the Hard Bargain Trail labeled. 0.05 in. =
2750 m/1.7 mi.

68

The geological models suggested for
the geology of San Salvador include those of
Titus (1980, 1987), Carew and Mylroie (1985,
1995, 1997), and Hearty and Kindler (1991,
1992, 1993). These models offer slightly dif-
ferent interpretations of the geology of San
Salvador, but none of them adequately ad-
dresses this interior region. The purpose of
this investigation is to conduct a petrologic
analysis of the Hard Bargain landmass in or-
der to determine how it fits into current strati-
graphic models.

METHODS

Samples were collected from outcrops
on the flanks of the ridges and in karst features
that are on, or adjacent to, a 5.4 km trail that
was cut east-west through the Hard Bargain
region. Samples were obtained by rock ham-
mer or by taking cores using a rock drill. The
resulting petrologic analysis provides a more
accurate interpretation of the surficial geology
of this region of San Salvador Island.

Sixty thin sections were prepared, and
then examined using a petrographic micro-
scope. Macroscopic observation with a hand
lens was conducted on those samples that
were too friable to survive thin section prepa-
ration. The thin sections were point counted
and described by grain constituents and their
relative percentages, grain-sizes, cement types
and fabrics, porosity types, and the presence
of other constituents such as root structures.

OBSERVATIONS

The Hard Bargain Trail starts just west
of Storr’s Lake on the eastern perimeter of the
island, runs generally westward through the
interior, and ends just east of Long Lake. The



trail traverses two main types of topographic
features, linear to arcuate ridges and interven-
ing swales. The main features observed from
east to west are: 1) an 18 m ridge located ap-
proximately 658 m from the trail head (herein
termed the 18 m Ridge); 2) a lowland swale
approximately 900 m wide (between 18 m
Ridge and a 12 m high ridge to the west); 3) a
12 m ridge located approximately 2.1 km from
the trail head (herein termed the 12 m Ridge);
4) another lowland swale approximately 1.3
km wide between 12 m Ridge and Six-Pack
Pond to the west; 5) Six-Pack Pond located in
the lowland area between 12 m Ridge and
Long Lake Ridge, approximately 4 km from
the trail head; and 6) Long Lake Ridge, lo-
cated approximately 4.6 km from the trail
head, which has two crests, and is approxi-
mately 700 m wide. Numerous banana holes
occur in the swale regions along the trail and
several pit caves occur near the crest of 12 m
Ridge. The profile described above is depicted
in Figure 2.

Analysis of the sixty thin sections from

gain Trail are composed largely of ooids, but
in some regions they are composed of peloidal
and bioclastic grains. Large amounts of sparite
and micrite are found in some samples. These
materials are believed to be recrystallization
products . In the case of the sparite, some is
cement, but much was produced by recrystal-
lization in phreatic fresh water. Abundant
micrite found in some samples is surface mic-
ritization and does not reflect a primary mud
origin. Point count data for the sixty Hard
Bargain Trail thin sections is summarized in
Table 1. The pattern of ooid-dominated
rocks observed along the trail is as follows: 1)
high percentages of ooids occur at the top of
18 m Ridge and in the swale between 18 m
Ridge and 12 m Ridge, 2) substantial amounts
(>50%) of ooids from the crest and the east-
facing side of 12 m Ridge, 3) high percentages
of ooids in the swale region between 12 m
Ridge and Long Lake Ridge, and 4) at the top
and upper portions of both the east- and west-
facing sides of Long Lake Ridge. Figure 3
shows the distribution of oolitic rocks ob-

the Hard Bargain area reveals a distinctive served along the Hard Bargain Trail.
pattern. Most of the rocks along the Hard Bar-
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Figure 2. Geographic profile of the Hard Bargain Trail.
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Table 1. Hard Bargain sample data.
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Figure 3. Ooid percentage along the length of the Hard Bargain Trail.

The greatest peloidal content is ob-
served in rocks from the swale between 18 m
Ridge and 12 m Ridge, particularly within 600
m of the east-facing side of 12 m Ridge.
Peloids occur in varying percentages, but in
those rocks, the ooid content is generally

greater than that of the peloids. Significant
peloidal content is also observed in rocks from
the west-facing side of 12 m Ridge. Figure 4
shows the distribution of peloidal rocks ob-
served along the Hard Bargain Trail.
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Figure 4. Peloid percentage along the length of the Hard Bargain Trail.
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Figure 5. A) Qoid. (magnification = 70x) B) Peloids typical of the Hard Bargain Trail samples.
(magnification = 28x)

Figures 5A and 5B are photomicro-
graphs of ooid and peloid allochems observed
in samples from the trail. Rocks with a signifi-
cant bioclastic component consisting of algae,
foraminifera, molluscs, and other skeletal
fragments, are also observed, but they are

much less common. These rocks occur: 1)
along the west-facing side of 18 m Ridge, 2)
on the west-facing side of 12 m Ridge, and 3)
at the eastward base of Long Lake Ridge. Fig-
ure 6 shows the bioclastic rock distribution
and Figures 7A and 7B show examples.
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Figure 6. Bioclast percentage along the Hard Bargain Trail.
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Figure 7. A) Foraminifera and coralline algae fragments. (magnification = 28x) B) Mollusc
[fragments. (magnification = 28x)

Several samples that have markedly
low percentages of ooids are characterized by
abundant sparry calcite and/or micrite, which
obscures the ooids and other allochems. In
some of the thin sections that are highly micri-
tized, the outlines of ooids could still be dis-
tinguished, thus enabling their identification.
Rocks with high percentages of micrite occur
randomly along the trail in the swales, but
they rarely occur on the ridges.

Samples with very high percentages of
sparite most likely indicate significant recrys-
tallization has occurred. As a result, these
samples are difficult to characterize because
the allochems are obscured. Spar also occurs
as the dominant cement observed in nearly all
samples. The spar observed is a meniscus ce-
ment that is concentrated at the grain contacts,
indicating vadose cementation, and an equant
pore filling cement more commonly observed
in samples from the water-logged swales.
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The primary porosity observed in the
Hard Bargain thin sections consists largely of
inter- and intraparticle porosity. Intraparticle
porosity consists of naturally occurring spaces
within allochems, such as the chambers of fo-
raminifera tests. Interparticle porosity is
formed at the time of sediment deposition, and
consists of the spaces between grains.

The secondary porosity observed con-
sists of moldic and vuggy porosity. These
samples exhibit mostly moldic secondary po-
rosity indicating dissolution of allochems.
Vuggy porosity, which cuts across all fabrics,
is observed in only a few samples in which the
allochems are readily identifiable. Vugs are
more common in thin sections with high mic-
rite content in which specific allochems are
not readily identifiable, indicating a high de-
gree of diagenetic alteration.

Interparticle and intraparticle porosity
is observed throughout the study area; but
moldic and/or vuggy porosity is concentrated



in the lowland swale regions. This difference
in diagenesis is most likely the result of
greater exposure to meteoric water that fre-
quently collects in the lows between the
ridges.

DISCUSSION

Oolitic deposits on San Salvador Is-
land have consistently yielded ages of ap-
proximately 125 ka, indicating deposition dur-
ing the sea-level high stand associated with
oxygen-isotope substage S5e (Grotto Beach
Formation)(Carew and Mylroie, 1995). The
transgressive-phase units deposited during that
time have been shown to be especially high in
ooid content, although there are appreciable
percentages of peloids in some samples. A
greater abundance of peloids is observed in
some samples from the swale regions along
the Hard Bargain Trail. Although this may
possibly reflect original sediment composi-
tion, more likely the lower ooid content in
these regions results from diagenetic alteration
that destroyed the ooid structure and left a
peloidal appearance. This greater diagenesis
probably resulted from exposure to meteoric
water that was observed to be ponded in these
regions after storms.

Sample SS94HBOS, located at the crest
of 18 m Ridge, contains 38% ooids, with no
observable  bioclasts, whereas sample
SS94HB06, located approximately S0 m from
the crest on the west-facing side of the same
ridge, contains 16% bioclasts, 6% peloids, and
1% ooids. The greater peloidal and bioclastic
composition of sample SS94HBO6 on the
west-facing side of 18 m Ridge could repre-
sent a peloidal/bioclastic deposit that underlies
an oolitic deposit represented by sample
SS94HBOS. In the field, no unconformity (pa-
leosol) was observed between those units.
This scenario might be explained by one of
the following: 1) a paleosol on the lower bio-
clastic unit was eroded before deposition of
the upper oolitic unit; 2) a paleosol is present
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between the two units, but it was not recog-
nizable in the outcrops that were examined; or
3) no paleosol developed before deposition of
the upper oolitic deposits, thus indicating only
a change in sediment source during the same
sea-level high stand.

Similar explanations might be offered
for the presence of the bioclastic material ob-
served on the west-facing side of 12 m Ridge.
Sample SS94HB29 from the crest, and
SS94HB28 at the base of the east-facing side
of this ridge contain greater than 50% ooids
(as observed in hand sample, not thin section).
In contrast, samples SS94HB30 and
SS94HB31, both collected approximately 100
m from the crest on the west-facing side of 12
m Ridge, contain no ooids, 42-49% peloids,
and 5-6% bioclastic allochems, respectively.
Further evidence that 12 m Ridge consists of
two units is provided by investigation of sam-
ples obtained in a pit cave located near the
crest of that ridge. At that location, a paleosol
horizon can be observed in the outcrop, and all
thin sections from below the paleosol contain
abundant peloids (36-51%) and bioclasts (11-
15%), but no ooids (0%).

These findings and interpretations are
consistent with the work of Schwabe and oth-
ers (1993) in which a petrologic study of
ridges and caves at several localities, includ-
ing Dixon Hill on San Salvador Island, was
conducted. Those results consistently yielded
data suggesting that the eolianite ridges con-
sisted of an older, lower peloidal/bioclastic
unit juxtaposed to and largely mantled by a
younger oolitic unit deposited from the domi-
nant wind direction, which varies according to
position on the island. Schwabe and others
(1993) also did not observe an unconformity
(paleosol) between the two units at those loca-
tions. It should be noted that a paleosol be-
tween two eolianite units has only been recog-
nized in quarries, road-cuts, cave walls, and
cliffs, where there is near-vertical exposure.

The bioclastic rocks observed at the
eastern base of Long Lake Ridge might also



document a younger oolitic unit that mantles
an older eolianite. However, in this case, ooid-
dominated deposits mantled the pre-existing
peloidal/bioclastic eolianites from a north-
westerly direction. The shapes of 18 m Ridge
and 12 m Ridge indicate that they were
formed by winds from the east. These
eolianites have a transverse dune morphology,
are curvilinear and convex to the west, and
trend north-south with a steeper west-facing
side. The observed distribution of rock types
is consistent with a younger oolitic unit accret-
ing onto the windward side of an older
peloidal/bioclastic dune.

Long Lake Ridge has a morphology
similar to that of 18 m Ridge and 12 m Ridge;
however, Long Lake Ridge trends generally
northeast-southwest with the steeper down-
wind side on the east. The occurrence of bio-
clastic rocks on the eastern side of this ridge is
consistent with deposition of a younger oolitic
unit that accreted onto the up-wind (north-
west) side of an earlier dune. Interestingly,
Clark and others (1989) showed that prevail-
ing northwesterly winds from storms moving
eastward off North America influenced sedi-
mentation on the beaches on the west side of
San Salvador, whereas prevailing easterly
trade winds affected deposition on the east
side of the island.

This conclusion was inferred from dif-
ferences in the degree of variability in bio-
clasts, grain-size, and sorting observed in de-
posits from the eastern and western beaches.
Deposits located on the west (lee) side were
coarse-grained and had greater variability in
grain sizes (poorer sorting). Those characteris-
tics were correlated with deposition predomi-
nantly during storms from a northwesterly di-
rection. In contrast, the deposits along the
eastern side were predominantly fine- to me-
dium-grained and well-sorted, indicating more
consistent winds from the east.

Recent results of a paleomagnetic sur-
vey of the paleosol located in the swales of the
Hard Bargain area (Panuska and others, this
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volume) indicate that this paleosol matches
the Gaulin Cay magnetotype, and therefore the
underlying rock is correlative to the Owl’s
Hole Formation. These palemagnetic data
provide an independent means of confirming
the petrographic observations reported here.

If the oolitic eolian deposits in the
Hard Bargain area do indeed mantle a lower,
older peloidal/bioclastic eolian unit, the strati-
graphy there is consistent with the proposed
stratigraphy of Carew and Mylroie (1985,
1995). The lower unit would represent the
Owl’s Hole Formation that was probably de-
posited during one or both of the sea-level
high stands associated with oxygen-isotope
stages 7 and/or 9, that occurred approximately
220 ka and 320 ka respectively. The upper
ooid-dominated deposits are most likely the
transgressive-phase of the Grotto Beach For-
mation that was deposited during oxygen-
isotope substage Se, approximately 125 ka.
The relationship between these two units
packaged within one dune ridge indicates that
the use of morphostratigraphy as a tool for
establishing the stratigraphic relationships of
the inland eolianite ridges would be inaccu-
rate. In addition, sampling only on the perime-
ter of the Hard Bargain region would also
yield incomplete data.

CONCLUSION

This study represents the first detailed
analysis of an interior landmass on San Salva-
dor that is isolated from access by roads or
lakes. Petrologic analyses of sixty samples
collected along the Hard Bargain Trail reveal
that the rocks located throughout the Hard
Bargain region are predominantly oolitic.
However, the presence of rocks with an abun-
dance of other allochems (peloids and bio-
clasts), and their location along the trail
(asymmetrically on ridges and in swale re-
gions), indicates a specific pattern of deposi-
tion and/or diagenesis. It appears that older
peloidal and bioclastic eolianites are mantled



by younger oolitic eolianites. Although no pa-
leosol was visible between the units on the
ridge slopes, a distinct paleosol was evident
between a lower peloidal/bioclastic unit and
an upper oolitic unit exposed in a pit cave near
the top of 12 m Ridge. These findings are con-
sistent with the earlier study of Schwabe and
others (1993) that suggested the presence of
younger (approximately 125 ka) ooid-
dominated transgressive eolianites overlying
older, peloidal/bioclastic units with no paleo-
sol observed in between.

Cement types (sparite vs. micrite) vary
among the samples collected from the trail.
Micrite cement is more abundant in samples
located in the swales, many containing
peloidal allochems. The sparite cement ob-
served in samples from the lowland swales is
an equant pore filling sparite. The majority of
ridge samples have a sparite cement display-
ing a meniscus texture, indicative of vadose
development. Porosity also varies among the
samples collected from the trail. The majority
of secondary porosity is moldic or vuggy in
the swales, which is probably indicative of a
higher degree of dissolution due to greater ex-
posure to meteoric water.

In conclusion, the variable composi-
tions of the rocks observed along the Hard
Bargain Trail indicate that rigorous sampling
throughout the interior is needed to accurately
assess the surficial geology of this region.
Hearty and Kindler (1993) indicated that the
entire Hard Bargain region consisted of rocks
of the Grotto Beach Formation, based on mor-
phostratigraphy and extrapolation of data ob-
tained along the island’s margins. This has
proven to be inaccurate. In contrast, the geo-
logic map of San Salvador drawn by Carew
and Mylroie (1995) indicated only that the
rocks of the Hard Bargain area were undiffer-
entiated Pleistocene. The results of this study
indicate that the rocks of the Hard Bargain
area can now be assigned to two different
stratigraphic units, the Grotto Beach Forma-
tion and the Owl’s Hole Formation. This study
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further shows that detailed sampling of the
interior of San Salvador Island can provide a
better understanding of the surficial geology,
and therefore a better understanding of the
stratigraphy and the Quaternary history of the
Bahamian islands.
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