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Beachrocks are a common feature in tropical coastlands. In Brazil, beachrock outcrops play an important role in the
sedimentation and erosion of sandy beaches. We have investigated fracturing and erosion on an approximately 7 km
long by 40 m wide beachrock body in northeastern Brazil. The study comprised two main phases: (1) a remote-
sensing study using small-format (35mm) aerial photographs (SFAP) and examination of these in the laboratory, and
(2) field mapping using photomosaics derived from SFAPs. The photographs were obtained at low spring tide from
an ultralight aircraft 300 m to 1,000 m above the ground. The mean spacial resolution obtained after digitalization of
the photographs was 0.2 m. Three main longitudinal beachrock zones were identified: an outer or seaward-facing
zone, where beachrock blocks detach from the main body and collapse into the sea; an inner or landward-facing
zone, where blocks detach and collapse toward the beach; and a central zone, which preserves its original position.
The detachment of blocks is a gravity-sliding process related to two main joint sets that are parallel and orthogonal to
the length of beachrock. These joint sets are triggered by undermining at the beachrock toe. Using the features
observed we show three main stages of the beachrock development, from a continuous body to transversal breaks.
We concluded that this study would not be possible using conventional aerial photos or satellite images, even those
in the range of 1 m of spatial resolution.
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ABSTRACT

Mapping Beachrock Fracturing and Erosion Using Small Format Aerial
Photography in Northeastern Brazil

R. F.Amaral and F. H. R. Bezerra

INTRODUCTION

Beachrock is one of the most striking features of tropical
coasts. It protects the shoreline from high waves and influences
coastal sedimentation and erosion. The importance of
beachrock to the Brazilian coast was first pointed out by
D (1841) and B (1904). More recent studies
include the works by M (1964), B (1975),
V . (1989), O (1990), B ,
(1998),A (2000), and D (20023) among others.

Understanding how beachrock influences beach
morphology is a key step in modeling erosion in tropical areas.
But studies that describe the interplay between beachrock
morphology and coastal erosion have concentrated on two
major approaches: direct field studies, usually for
investigations of petrographic, geochronological, and
sedimentary features; and aerophotogrammetric photos or
satellite images, which concentrate on morphological features.
However, the study of coastal areas using inexpensive, non-
photogrammetric equipment and small aircraft is increasingly
common and has been discussed in such studies as W

(1996), H and R (2000), and A ande
M (1996).
This study tries to fill this gap by investigating beachrock
fracturing and collapse with the use of the inexpensive and
easy-to-use method of small-format aerial photography. The
work provided maps at a scale of 1:500 and ground resolution
high enough to see outcrop features and integrate them with
coastal morphology. The study area is located in the state of Rio
Grande do Norte in northeastern Brazil, roughly 40 km to the
south of the city of Natal city (Figures 1 and 2).

eachrock, which is
the major intertidal deposit formed during the Holocene
highstand (B , 2003) exposed in the current

intertidal zone. It occurs approximately between -6 03' and -6
10' of latitude, trends roughly N-S, and lies parallel to the
shoreline. The beachrock body is partially submerged at high
tide and measures approximately 7 km long by 40 m wide. It lies
on an unconsolidated sand basement. The Camurupim
beachrock yielded radiocarbon ages from 5,310 to 4,380 cal. yr
BP (B et al., 1998). The beachrock is made up of coarse-
grained stones, and its dominant detrital component is quartz
that is cemented by carbonate. Solution and biologic erosional
features are common on the beachrock surface.

The most common biologic activities are incrustation of
barnacles, oysters, vermetids, and some algaes. In the vast
majority of cases, these organisms form a thin cover that
protects beachrock from mechanic erosion while at the same
time accelerating or inducing biochemical erosional processes.
In addition, one striking feature of beachrock erosion are the
etchings, produced by tides, that form on the beachrock body
surface. The base of these etchings indicates the lowest tide
level.
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BEACHROCK MAIN CHARACTERISTICS

METHODS

We have investigated the Camurupim b

The tide data obtained in Natal city, about 40 km to the north
of the study area, between from 1977 and to 1979 and after that
betweenfrom 2000 and to 2001, showed that the waves occur in
three main trends: SE, E and NE ( , 2002). The more usual
and strong wave trend of wave is the SE, with in 45% of the
observations, followed by the an E trend with in 42% of the
observations. It This is analogous with the dynamic of the
regional trade wind. The tidal range obtained in Natal harbor,
were of about 2,5 and to 3,0 m point out to a mesotidal regime
( , 1972).

The study comprised two main phases: (1) a remote-sensing
study using small-format aerial photographs and examination
of these in the laboratory, and (2) field mapping using
photomosaics derived from SFAPs.
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The small-format aerial-photography technique was
employed. Vertical- and low-angle (oblique) small-format
aerial photographs of the Camurupim beachrock were
commissioned. We used a 35 mm professional SLR camera
equipped with 28, 50, and 80 mm lenses, and 35 mm ISO100
film. Photos were taken at 300 m to 1,000 m above the ground
from an ultralight aircraft.

The procedures used to obtain photomosaics and enhance
the quality of photos were based on the combination of
analogical and digital methods.Analogical color photos 15 x 20
cm provided scales from 1:5,000 to 1:500, and after
digitalization a ground resolution of approximately 0.20 m was
obtained. The resulting aerial photos showed a longitudinal
overlap of 60% and a lateral overlap of 25%. These were
scanned, and a photomosaic of the beachrock was developed
using the ERDAS software. The resulting photomosaic was
then analyzed using the ARCGIS 8.1 software. The
manipulation of brightness;, contrast and color correction;, and
rectification, register, and stitch was accomplished on the
digital images. The photomosaic was registered using maps
from the Secretaria do Patrimônio da União (1997), at a scale of
1:2,000, which was derived from 1:8,000-scale aerial photos.

The field work mapping was carried onut using
photomosaics derived from SFAPs, The photomosaics helped
to in understanding the geometry of the beachrocks. In this field
work we compared the interpreted features using SFAF with the
“in loco” observations, and we did made corrections of them.
We collected ground control points to locate the main features
and to optimize the rectification of the SFAPs and took
terrestrial photographs (Figure 3) to for laboratory analysis.

No observable offset was identified along fractures in the
beachrock body, which indicates that these cracks may be
classified as joints. The term is used here for parallel or

subparallel joints. Two main joint sets were identified on the
basis of joint orientation and frequency: a longitudinal joint set
that is parallel to the sedimentary bedding and trends N-S; and
an orthogonal joint set that trends E-W.

Field data clearly indicate that the most important process in
beachrock fracturing is associated with gravity-related
mechanisms. We propose a conceptual model of beachrock
fracturing and erosion that is represented schematically in
Figures 4 and 5. First, beachrock fracturing starts with
undermining at the beachrock base, where waves and shore
currents erode its sandy basement. Second, undermining at the
beachrock toe and accommodation by gravity on the
unconsolidated basement induces joint development.

Thus, beachrock fracturing and erosional evolution lead to
the formation of three main zones: a central face characterized
by an apparently unmoved beachrock body is sandwiched
between two lateral faces composed of blocks that separated
from the former. These lateral faces are the outer face, located
on the sea side, and the inner face, located on the beach side
(Figures 3, 4, and 5). The outer face is generally covered by
algae, mollusks, and vermetids. Most fracturing and erosion
occur oin the outer face, where the wave action is intense and
the undermining process is more developed. (1904)
described this feature of inner and outer faces in other

ANALYSIS OF BEACHROCK
FRACTURING AND EROSION
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Mapping Beachrock in Northeast of Brazil

Figure 1. Location of the study area.

Figure 2. Oblique small-format aerial photography of the
Camurupim beachrock where the breaks and the three
longitudinal faces are highlighted. The lens is pointed north.
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beachrock bodies along the coast of northeastern Brazil.
Three main stages of a beachrock body development were

identified and are depicted in Figure 4. In stage 1, the central
face is preserved but block collapse is visible in the outer and
inner faces. The next fracturing and erosional stage is observed
in stage 2, where part of the central face has collapsed toward
the sea. Both the central face and blocks that separated from it
partially protect the beach from direct wave action. Finally, a
break was formed in stage 3, where the central beachrock face is
ruptured and the beachrock body is segmented. This break
allows direct incoming waves, which induces erosion and
retreat of the sandy beach area. A thin and comparatively most
clear layer (at the SFAP mapping), called the is
present at the first and second stages and almost disappears at

the last stage. This layer lies over the lower layers with an
unconformity.

A

upper layer,

DISCUSSION

dditional discussion on the useful remote-sensing tools for
coastal studies is described in L (1983), who
established comparisons between shoreline mapping
techniques, and M (2000), who described some coastal
zone mapping techniques and GIS methodologies. We
concluded that the use of SFAPis an inexpensive and viable way
to study mesoscopic features, i.e., field attributes that are too
large for ground-surface photos and too small to be identified in
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Figure 3. Panoramic terrestrial photography on a second stage section (see figure 4) of the beachrock showing some Mapped Features
mapped. The Man ManAt the center of the photography is 1.8m high.

Figure 4. Photo interpretation of the beachrock using vertical small-format aerial photography where we can see three stages of the body
evolution, from the development of undermining areas (stage 1) to breaks formation (stage 3). The aerial photography at the left side of the
figure was obtained in 1997 with an original scale of 1:8,000 and is georeferenced. Schematic sections of these stages (aa', bb' and cc') are
showed in figure 5.
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conventional aerial photos or satellite images.
A few problems occurred with the use of this technique. A

slight dislocation of objects on the image due to tilt or relief
displacement was observed. If these displacements are slight,
the image can be rectified using a simple linear model to fit
some map projections to satellite imagery. However, this is not
possible with SFAP. We minimized this problem by making a
good flight plan, hiring an experienced pilot and stable
ultralight aircraft, and choosing adequate atmospheric and tide
conditions, which includes slow wind, low tide, and the absence
of clouds.

Our fracturing and erosional model of beachrock body
development is essentially empirical because of the
uncertainties associated with the time of fracturing initiation
and erosion below mean sea level at the beachrock toe.
Consequently, the comparison of our findings and
interpretations with available field data from other studies of
beachrock in Brazil and from the literature is essential.

One important feature that induces beachrock failure is the
nature of its basement. In Brazil, a few beachrock bodies lie
directly over a hard basement, such as Barreiras Formation
sandstones of the Pliocene age or the crystalline basement of
precambrian age (B , 1904). In the vast majority of
cases, however, beachrock overlie unconsolidated sand layers
(B , 1904; B 1998). This also seems to be
the case in other coastal areas. For example, unconsolidated
beach sand under beachrock bodies is also found in South
Africa, where beachrock in the intertidal zone also presents a
“paved” fracture appearance (M and M , 1994) and
thickness, indicated by coring at several localities, of
approximately 2 m (C , 1991).

Sea level is another important feature that induces beachrock
fracturing and erosion. Fracturing and erosion have been
observed to occur when sea level is below that at which the
beachrock was formed. Northeastern Brazil has been the object
of recent investigations aimed at improving our understanding
of late Quaternary sea-level changes and coastal erosion. On the
assumption that the envelope curve presented by B

(2003) is valid for the study area, the beachrock investigated in
detail would have been undermined by waves after the
maximum local highstand since ~ 5,000 cal. yr BP. This is in
agreement with the pioneering hypothesis of B (1904),
who suggested that an elevation of three or four meters on this
Brazilian coast would induce waves to undermine beachrocks,
which would break into blocks and strew the newly
madeformed, modified beach with their remains. Our findings
and interpretations also are in substantial agreement with that of
C (1991), who pointed out that an additional change in
coastal morphology due to beachrock formation is produced
when a sea-level stillstand closely coincides with an existing
one where beachrock has already formed. He proposed that the
facies produced on what is then a rocky shore are coarse grained
and may include boulders of the earlier beachrock.
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Figure 5. Schematic sections across Camurupim beachrock
showing its suggested evolution model, from the development
of undermining areas (aa') to blocks detachment from the main
body and collapse into the sea and toward the beach (bb') and
finally, the formation of the breaks (cc'). See figure 4.
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