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ABSTRACT

Reconnaissance paleomagnetic data are
reported for three paleosols on north Eleuthera
Island, Bahamas. Although one set of transitional
field directions is observed, the paleosols give
well-defined mean directions. The paleosol direc-
tions are similar despite being obtained from three
separate stratigraphic horizons. It is possible that
directional similarity is the result of penecontem-
poraneous redeposition of paleosol sediment from
higher topography; however, the depositional im-
plications of the paleosols are poorly understood.

INTRODUCTION

Deposition in the Bahamian Archipelago
is intimately linked to sea level position (e.g.,
Carew and Mylroie, 1995). During highstands,
platforms are flooded and allow for marine car-
bonate production. During sea-level lowstands,
shallow-water carbonate production is replaced by
subaerial accumulation of terra rossa paleosols on
the abandoned platforms. The similarity of sedi-
mentary packages deposited during various sea
level highstands tends to obscure the stratigraphic
record. Where complete stratigraphic sections oc-
cur, the assignment of units to the proper sea-level
highstand event is relatively straightforward.
However, the patchy nature of the deposits and
the lack of unique mineralogical compositions in
the paleosols make correlation fairly difficult in
practice (Carew and Mylroie, 1995; Boardman et
al., 1995).

On San Salvador Island, recognition of
stratigraphic units has been aided by paleomag-
netic signatures of paleosols (Panuska et al., 1995,
1997). The two paleosols occurring above and be-
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low the late Pleistocene Grotto Beach Formation
offer a useful tool for correlation. Unfortunately,
their utility for inter-island correlation has not
been established. Moreover, studies on San Salva-
dor appear to indicate the presence of a third pa-
leosol (Panuska et al., 1999), suggesting the pos-
sibility that the Owl's Hole Formation (occurring
below the Grotto Beach Formation) may need to
be subdivided into two members. If so, there are
no current stratigraphic clues as to the order of the
two pre-Grotto-Beach magnetotype directions.
However, studies on Eleuthera Island may provide
evidence regarding the stratigraphic order of mag-
netotype directions.

Eleuthera Island contains fossil coral-
bearing units that are thought to correlate with the
oxygen isotope stage Se highstand, equivalent to
the Grotto Beach rocks on San Salvador (Hearty,
1998). At least three stratigraphically distinct pa-
leosols have been recognized on Eleuthera (Kin-
dler and Hearty, 1995; Hearty, 1998). This sug-
gests that it may be possible to establish the strati-
graphic order of paleosol magnetotypes identified
on San Salvador (Panuska et al., 1999). Therefore,
as part of an examination of Eleuthera localities
for a field trip guide (Panuska et al., 2002), a re-
connaissance paleomagnetic study was conducted
on 3 paleosols exposed at the Glass Window
Bridge, which connects north and central
Eleuthera Island.

SAMPLING AND DATA ACQUISITION

Eleuthera Island is located on the north-
eastern margin of the Great Bahama Bank, ap-
proximately 370 km east of Miami. Much of the
work on Eleuthera to date has been conducted by
Hearty and co-workers (Kindler and Hearty, 1995;



Hearty, 1997, 1998; Hearty et al., 1998, 1999;
Kindler and Hearty, 2000). The stratigraphy of the
island consists predominantly of eolianites with
lesser subtidal and beach deposits. Some deposits
contain significant corals, and perhaps as many as
4 paleosols can be observed (Hearty, 1998).

Three separate paleosols were sampled
along the northeast coastline, approximately 100
meters north of the Glass Window Bridge (Figure
1). All paleosols occur within or on top of
eolianite units. The lowermost paleosol occurs 15-
20 meters above sea level; 12 samples were
drilled at this site. The second paleosol lies ap-
proximately 6 meters above the lower paleosol
(13 samples). The uppermost paleosol occurs in
discontinuous epikarst pits along the currently ex-
posed surface, about 2 meters stratigraphically
above the middle paleosol. Two epikarst pits
(about 3 meters apart) were drilled near the cliff
edge, yielding 10 and 13 samples each.

Glass Window

North Eleuthera

Kilometers

Figure 1. Map showing location of the Glass
Window Bridge. Paleomagnetic samples were col-
lected approximately 100m north of the bridge.

Magnetic remanence was measured using
a Schonstedt SSM-1A spinner magnetometer.
After each measurement, specimens were sub-
jected to alternating field demagnetization, in 25
oersted increments, in order to define and remove
secondary components of magnetization. Demag-
netization experiments were run using a Molespin,
2-axis tumbling demagnetizer. The demagnetizer
was used in both tumbling and static modes. Sam-

ples were demagnetized in two different orienta-
tions in order to monitor for the potentially ob-
scuring effects of rotation remanent magnetization
(RRM) or anhysteretic remanent magnetization
(ARM). When RRM or ARM was suspected, both
demagnetization orientations were measured and
averaged together to remove spurious magnetic
components. Characteristic directions of magneti-
zation were determined as a decrease of intensity
with little or no change in direction over succes-
sive demagnetization steps. Characteristic rema-
nence directions were averaged, and standard sta-
tistical values were computed (Tables 1-3).

RESULTS AND DISCUSSION

All three paleosols gave similar mean di-
rections, with circles of 95% confidence ranging
from 2°-5% lower paleosol, 359° declination, 42°
inclination; middle paleosol, 3° declination, 45°
inclination; pocket A upper paleosol, 355° decli-
nation, 42° inclination. Pocket A had one outlying
datum (sample 38A), which was eliminated from
the mean on the basis of the theta statistic
(McFadden, 1980). However, pocket B from the
upper paleosol yielded directions ranging from
south and negative to north and nearly vertical.
The distribution of these data is markedly elon-
gate and precludes the use of simple averaging in
the analysis (Figure 2).

The paleomagnetic directions of pocket B
trend from a declination of 173°, -8° inclination to
declination 15°, 85° inclination, forming a promi-
nent pattern slightly eastward of a north-south
vertical plane (Figure 2). The virtual geomagnetic
poles (VGPs: the geographic location of the north
magnetic pole that would produce a given paleo-
magnetic direction, in an axial geocentric dipolar
field) likewise form a north-south trend from the
Antarctic Circle to the North Carolina coast, along
a South American longitude (Figure 3).

The trend of pocket B resembles a transi-
tional field, which is sometimes observed during a
geomagnetic reversal or during an aborted rever-
sal (e.g., Herrero-Bervera et al., 1989; Tric et al.,
1991a, 1991b). These directions are also similar to
directions seen in paleosols on San Salvador Is-
land (Panuska et al., 1991) and on Isla de Mona,
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Figure 2. Stereographic plot showing characteris-
tic paleomagnetic directions(triangles) measured
JSfrom pocket B samples, upper paleosol. Note that
the directions form an elongate distribution from
south and negative to north and nearly vertical.
Small dots represent directions from pocket A,
with circle of 95% confidence. Large dot in the
southeast quadrant is the anomalous direction
from pocket A (omitted from the mean calcula-
tion). Notice the similarity of the pocket A anoma-
lous direction and the pocket B trend. Open sym-
bol indicates negative inclination.

Puerto Rico (Panuska et al., 1993). Although simi-
lar directions have been observed in other paleo-
sols, they can not be used to correlate them. Sev-
eral short-lived reversals or aborted reversals have
occurred during the last several hundred thousand
years (Champion et al., 1988). Any one of these
events could have produced anomalous directions,
and the anomalous directions observed need not
have been produced by a specific event.

Pocket A of the upper paleosol displays a
well-defined set of directions, with the exception
of one anomalous datum, sample 38A. This sam-
ple contains a southeast, positive characteristic
direction. The direction yields a VGP located on
the east coast of South America, very much along
the trend of the samples from pocket B (Figures 2
and 3). Thus, the striking agreement of the anoma-
lous datum and the directional trend

Figure 3. Virtual geomagnetic pole positions
(VGPs) for pocket B, upper paleosol. VGPs form
a great circle trend from the Antarctic Circle to
the east coast of North America. Similar trends
are observed during geomagnetic reversals and
aborted reversals.

observed in pocket B provides sound justification
for the rejection of sample 38A.

The lower and middle paleosols at the
Glass Window locality show tight clustering of
directions and small circles of confidence (Figure
4). Statistical comparison of the Glass Window
directions yields somewhat surprising results. The
lower and middle as well as the lower and upper
paleosols are statistically the same at 95% confi-
dence, using the test of McFadden and Lowes
(1981). However, the middle and upper paleosols
are different, albeit marginally. (These two direc-
tions are the same at 90% confidence but different
at 95% confidence.) The Fisher precision parame-
ters (k) are statistically different, suggesting that
there may be a problem with incomplete sampling
or an incompletely removed secondary compo-
nent. Nevertheless, the data can not be regarded as
being able to demonstrate directional distinctness;
therefore, they do not allow stratigraphic differen-
tiation of the paleosols.

This finding is rather unexpected. On San
Salvador, stratigraphically separate paleosols, at a
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Figure 4. Mean directions and circles of 95%
confidence for all three Eleuthera paleosols.

given locality, invariably yield distinct directions.
There are several possible explanations account-
ing for the similarity of directions on Eleuthera:
(1) the samples have been remagnetized, (2) sec-
ondary magnetic components have not been ade-
quately removed by AF demagnetization, (3) there
are insufficient data points to allow statistical dis-
crimination, (4) the three paleosols were deposited
within a short period of time.

Remagnetized samples tend to show much
better agreement of directions than shown in the
samples collected. Additionally, the dispersions
(k, the Fisher precision parameter) would also be
similar and rather high. Therefore, it is unlikely
that the samples have been remagnetized.

There is no evidence from the demagneti-
zation behavior that there are unresolved secon-
dary components. Most specimens displayed
straight-line demagnetization towards the origin
after removal of modest secondary magnetiza-
tions. The coercivity spectra of these samples are
quite similar to the samples from San Salvador
Island, which are stable and have proved to be
useful correlation criteria.

It is possible that there are insufficient data
from each paleosol to provide reliable statistical
correlation. Obid (2000) has shown that low sam-
ple density from paleomagnetic localities can pro-

duce false positive correlations. However, this
was found to be the case for localities having only
4 or 5 samples. Although Obid (2000) suggested
that 8 samples was the minimum number neces-
sary to make statistical correlations, he found that
a sample number of 6 or 7 did give the “correct”
correlation in numerical simulations. Given that
the Eleuthera paleosol localities have 6 or 7 sam-
ples for each mean direction, it is not likely that
false positive correlations were obtained. Addi-
tional sampling is needed to establish this point.
The most reasonable explanation account-
ing for the similarity of paleomagnetic directions
among the three paleosols is rapid emplacement.
If the three paleosols are penecontemporaneous,
there would be too little time for secular variation
to vary the local magnetic field direction. Rapid
deposition of eolian sand dunes is certainly possi-
ble; however, it is not clear that there would be
sufficient time to accumulate several decimeters
of wind blown suspension load (paleosol), before
secular variation would produce divergent paleo-
magnetic directions. It could be that rapid dune
migration was coupled with rapid soil redeposi-
tion during storm events. Paleosol strata can be
observed to merge and diverge over distances of
tens to hundreds of meters, with considerable
change in elevation (Panuska et al., 2002). This
implies a substantial paleo-topographic relief, al-
lowing for soil wash-in from higher elevations.
Alternatively, the paleosols might be re-
mobilized soil sediment collecting in dissolution
conduits. Panuska et al. (2002) and Boardman et
al. (2002) have described tower karst features on
Eleuthera, where caves are preferentially formed
in dune swales. A well-cemented former surface
horizon diverts groundwater to the buried axes of
swales in older dune deposits. This produces a
sequence of caves occurring at various elevations,
following the now exhumed swale. These swale-
linked caves could be filled with remobilized soil,
as washed-in deposits. This sort of scenario was
invoked to explain a lenticular paleosol breccia
deposit occurring in an apparent swale in the pa-
leo-topography near Whale Point, approximately
4 km northwest of the Glass Window Bridge
(Panuska et al., 2002; Boardman et al., 2002).
Although the Glass Window paleosols do
not display a lenticular pattern, the general proc-
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ess remains valid. It is possible that a more de-
tailed examination of the outcrops will identify
evidence for dissolutional channeling along well-
cemented horizons. However, the paleosol hori-
zons can be traced for considerable distances in
the sea cliff exposures. Cave in-fill sediments
would necessarily produce laterally discontinuous
deposits, suggesting that piping of sediments into
karst conduits is not a likely mechanism.

From the preceding discussion, it is clear
that this reconnaissance study raises more ques-
tions than it answers. Additional field work will
be necessary to give a proper characterization of
the paleosols on Eleuthera Island. Specifically, it
will be important to establish whether similarity
of paleosol paleomagnetic directions is the rule or
the exception. If field criteria can not be identified
to ascertain when penecontemporaneous paleosol
formation is likely, then paleomagnetic correlation
of paleosols on Eleuthera would be of question-
able utility.

CONCLUSIONS

A reconnaissance paleomagnetic study of
Eleuthera Island was conducted in order to deter-
mine whether paleomagnetic stratigraphic correla-
tion is feasible. Three separate paleosol horizons
were sampled near the Glass Window Bridge,
north Eleuthera. Most samples responded well to
alternating field demagnetization experiments,
yielding well-defined mean characteristic direc-
tions. One paleosol-filled epikarst pit produced
anomalous (transitional field?) directions.

Unexpectedly, the mean directions are
very similar. This suggests that all three paleosols
were formed penecontemporaneously, by some, as
yet, poorly understood mechanism. Alternatively,
the finding of similarity may indicate severe limi-
tations of the paleomagnetic technique for Eleu-
thera Island.
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PERCENT | NRM GEOGRAPHIC VGP
SAMPLE | DEMAG NRM | INTENSITY | DEC INC LAT LONG
1A 150 44 24E-6 350 44 89 210
2A 125 23 2566 350 36 84 115
4A 150 28 2256 1 4 88 79
9A 175 20 2.9E-6 0 41 88 124
10A 175 23 3.06.6 354 42 85 179
12A 175 32 52E-6 358 49 85 263
MEAN 350 42 88 159
k=3113 k=4272
A5 = 3.8° A95 = 3.2°
R=5984 R = 5.988
N=6 N=6

Table 1. Lower Paleosol; k is the Fisher precision parameter, A95 is the 95% statistical confi-
dence limit, and N is the number of samples.

PERCENT NRM GEOGRAPHIC VGP
SAMPLE DEMAG NRM INTENSITY DEC INC LAT LONG
13A 125 29 2.8E-6 360 48 87 280
15A 175 30 3.1E-6 5 43 85 20
16A 125 48 3.3E-6 3 42 87 43
18A 100 58 4.4E-6 4 42 86 32
19A 125 21 3.1E-6 4 48 85 327
21A 175 21 2.5E-6 3 45 87 356
24A 125 28 2.7E-6 358 45 88 218
MEAN 3 45 88 356
k=675.5 k =676.2
A95=2.3° A95=123°
R =6.991 R =6.991
N=7 N=7

Table 2. Middle Paleosol.
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PERCENT | NRM GEOGRAPHIC VGP
SAMPLE | DEMAG NRM | INTENSITY | DEC INC LAT LONG
26A 100 17 1.7E5 355 37 83 144
27A 150 28 8.1E-6 359 43 89 183
20A 100 2% 7.0E-6 355 39 84 159
30A 150 30 5.0E-6 348 34 77165
36A 200 17 57E-6 353 42 84 181
37A 150 16 89E-6 356 53 82 260
38A* 125 18 2.3E5 147 42* 31 318
39A 150 13 24E.5 2 4 89 350
MEAN 355 42 86 177
k=1339 k= 1824
AD5=52° AD5 = 4.5°
R =6.955 R = 6967
N=7 N=7

Table 3. Upper paleosol, pocket A. * Sample 38A was rejected by theta-95 statisic.

PERCENT | NRM GEOGRAPHIC VGP
SAMPLE | DEMAG NRM | INTENSITY | DEC INC LAT LONG
40A 175 10 5.6E4 173 8 68 301
41A 100 37 22E-4 174 1 64 298
22A 150 19 6.2E.4 167 3 60 310
A 100 2 1.1E4 50 32 38 321
44A 175 3 4.7E-5 86 79 25 307
45A 125 5 1.6E-5 5 85 34 286
46A 125 T 23E.4 35 77 6 301
47A 125 25 5.6E4 163 64 18 29
48A 75 58 6264 71 63 20 290
49A 100 34 3,564 168 6l 22 293

Table 4. Upper paleosol, pocket B.
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