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ABSTRACT. The geomorphological and petrographical characteristics of
the beachrock in South Jeddah along the Red Sea Coast of Saudi Arabia,
were investigated. On the basis of the mode of occurrence and genesis, the
beachrock is divided into three types, (1) supratidal beachrock, (2} interti-
dal beachrock, and (3} subtidal beachrock.

The field occurrences and petrography of the beachrock vary from one
place to another. However two types were recognized: quartzose beac-
hrock, and conglomeratic beachrock. Aragonite and high Mg-calcite are
the main carbonate cements in these rocks.

Introduction

Beachrock, generally understood to be sand and coarser grained sediments lithified
in situ within or slightly above the intertidal zone. It has been described from numer-
ous tropical and subtropical localities. Although most modern examples occur in re-
gions of coral growth along the Mediterranean, Indian, African, Red Sea, Brazilian
and Central Pacific coasts, beachrock also has been reported in more temporate re-
gion such as northern Italy (Stefanon, 1969) and New Zealand (Kear and Brown,
1970). Beachrock can form from sand and gravel of almost any composition, includ-
ing quartz and even volcanic fragments (Emery and Cox, 1956), but carbonate sands
provide the most common framework for beachrock.

Most studies of modern beachrock have emphasized origin of the cement (e.g.
Ginsburg, 1953; Revelle & Fairbridge, 1957; Friedman and Gavish, 1971; Alexan-
dersson, 1972, Durgaprasada Roa and Behairy, 1982 and El-Sayed, 1988}, who
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studied the erosion and the sedimentation along the Jeddah coast of Saudi Arabian
Red Sea, no data were reported on the petrological and sedimentological charac-
teristics of the beachrock along the southern and central part of the Red Sea. There-
fore the present study deals with these characteristics of these beachrock.

Material and Methods

Beachrock samples were collected from the intertidal and supratidal zones of
south Jeddah (Fig. 1). The tidal range of the Red Sea near Jeddah is low (30 ¢m)
(Ahmed and Sultan, 1993). The constituents of cement of the beachbrock were

N—

200N

9IS E

FiG. 1. Map of the study area and locations of beachrock sites.



Beachrock in South Jeddah. ..

h
[#

studied in polished rock slabs surfaces after staining according to Friedman’s (1959)
technique for a quick examination of the carbonate petrography. Samples were also
petrographically studied in thin sections. The precise identification of the mineral
constituents of cements for four samples (only one sample from every beachrock
site) were carried out by x-ray powder diffractometry using Ni filtered, Cu/Ka radia-
tion.

The various components in the sand and gravel fractions of all samples were
examined under binocular microscope after removing the carbonate cement with di-
luted HCI acid. The relative frequency of each grain type was determined.

Occurrence and Genesis of Beachrock

On the basis of the mode of occurrence and genesis, the Quaternary beachrocks in
the coastal area south Jeddah are divided into three types :

1. Supratidal beachrocks.
2. Intertidal beachrocks.
3. Submerged beachrocks.

I — Supratidal beachrocks

These beachrocks are carbonate-cemented types of varying composition. They
occur in the form of slabs inclined towards the sea with a slope roughly equal to that
of the foreshore (Fig. 2). Vertical variation in degree of cementation, grain size, and
sorting cause layering structure (Fig. 3). The present position of these beachrocks

Fic. 2. Beachrocks pavement exposed in the supratidal zone.
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FiG. 3. Vertical variation in degree of cementation, grain-size, and sorting in supratidal beachrokks.

may be related to the Red Sea transgression (Behairy, 1983) or may indicate-that.
their formation were in the intertidal zone and were later tectonically uplifted.

2 - Intertidal beachrocks

Few parts of the intertidal zone of south Jeddah area are paved with calcareous
beachrocks. They are usually bounded towards the land by beach sediments, and to-
wards the sea by subtidal muddy sand sediments, and are partially covered by Recent
sands and mud.

These beachrocks form a hard, thick pavement that is essentially limited to the in-
tertidal zone. The surface of beachrock generally dips gently seawards (Fig. 4). This
general slope is being broken by small steep slopes formed by the landward edge of
the beachrocks strata. Most of these beachrocks rest on base sand beach and Pre-
Quaternary deposits (Jado and Zotl, 1984).

The beachrock is sporadically distributed, commonly outcropping over distances
ranging between few and hundred of meters. In many instances the pavement disap-
pears beneath a cover of loose sands. In some places, short stretches of beachrocks
are clearly relics of former lengthy pavement that have been destroyed by erosion.

Beachrocks are well developed where the intertidal flat is paved with a sequence of
flat-bedded beachrock having appearance of step-like terraces. The exposed thick-
ness of these rocks is about 0.8 m and the individual layers range between 0.2 m and
are characterized by flat tops and uneven bottoms.
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F1G. 4. Eroded beachrocks by the action of waves.

Besides the typical step-like forms of the beachrock pavement, the surface is sever-
ally pitted and shows signs of abrasion by the action of waves that continuously wash
back and forth across the surface (Fig. 5). This intensive pitting forms a highly
characteristic jagged surface. The pavement is also destroyed as a result of its col-
lapse caused by the removal of the underlying loose sand by the sapping action of the
turbulent surf.

3 — Submerged beachrocks

Diving in the nearshore zone of the studied area revealed the presence of calcare-
ous hard layers at various depths. They are mostly covered by a blanket of loose re-
cent bottom sediments, but in some areas they are exposed. These submerged hard
layers are generally porous, and are composed of a well-cemented mixture of shells,
shell fragments, pellets and ooids.

Petrography of Beachrock

In general beachrocks in concern are composed of well-cemented framework
grains vary in texture and composition. They show poorly sorted mixtures of gravely
and sandy gravel to well-sorted grains. Results of x-ray diffraction analysis and pet-
rography show that carbonate cement in the beachrock is mainly composed of arago-
nite of, high-Mg-calcite, and calcite. This indicates deposition in the marine phreatic
zone (Longman, 1980) calcite (Fig. 6). These beachrocks show significant variation
in the degree of cementation and therefore in their porosites.
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F1G. 5. A photomicrograph showing quartzose beachrock.

On the basis of the composition of framework grains, the beachrocks of south Jed-
dah are grouped into two main types (1) quartzose beachrocks, and (2) conglomera-
tic beachrocks. Table 1 summarizes the textual and petrographical characteristics of
the various lithotypes and Fig. (7) shows the distribution of these types along the
coast.

1 — Quartzose Beachrocks

Quartz, feldspars, rock fragments and skeletal fragments, mainly of algal and mol-
luscan fragments, are the main constituents of these rocks (Table 1). These con-
stituents are cemented by micrite and/or aragonite. Quartz grains form more than
50% of the framework grains (Fig. 8). The grain-size distribution of the framework
grains shows Uni-modal distribution falls in very coarse-grained size fraction (Fig.
9). The sand-size fractions mostly composed of quartz grains vary in roundness from
well-rounded to angular.

The granule fraction is composed of quartz, rock fragments and feldspars. The
quartz granules are commonly rounded, the feldspar granules are mostly plagioc-
lase, and the rock fragments are represented by granules of basalt and granite.

2 - Conglomeratic Beachrocks

Conglomeratic beachrocks are mainly composéd of gravel- and granule-sized
grains cemented by calcarcous mud matrix. Gravel grains form more than 50% of the
framework grains (Fig. 10). The grain-size distribution of the framework grains show
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FiG. 6. X-ray diffraction patterns of the carbonate cement in the studied beach rocks.
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TasLe. 1. Textural and compositional characteristics of various beachkrock.

Texture Composition %
Location | Sample no. po ’
Size-class Sorting  Quartz Rock Skeletal Feldspar ~ Cement Beachrock
. fragments  fragments type
Site ] 1 Granule/sand  JPoorlysorted | 47 29 14 10 Micrite  {Conglomeratic
2 Verycoarse  |Poorlysorted | 63 12 9 16 Micrite  [Quartzose
sand
3 Coarsesand  |Moderately 7 7 § 17 Aragonite |Quartzose
sorted
4 Coarsesand  {Moderately 66 4 1 19 Aragonite |Quartzose
sorted
Site It 1 Gravelysand  |Poorlysorted | 52 3 9 6 Aragonite |Quarizose
Site [11 1 Granule Poorlysorted 52 k1 - i1 Mictite  {Quartzose
" 2 Verycoarse  {Moderately It} 4 4 - Aragonite |Quartzose
sand sorted
N 3 Granule Moderately 48 41 3 8§ Aragonite |Quartzose
sorted
4 Mediunmsand | Well sorted 8 3 - 10 Aragonite (Quartzose
Site 1V 1 Gravel Poorlysorted | 29 69 2 - Micrite  |Conglomeratic
N 2 Gravel Poorlysorted | 24 76 - - Micrite  {Conglomeratic
" 3 Sandygravel  [Poorlysorted | 31 68 - 1 Micrite  |Conglomeratic
4 Gravely Poorly sorted 26 66 5 3 Micrite  |Conglomeratic
granule

Bi-modal classes (Fig. 11). The gravel-size fraction shows a wide range of size and
composition. The roundness of these grains varies from angular to well-rounded.

The granule- and sand-size fractions are similar in their character and composition
to those of quartzose beachrocks.

Cenclusions

Beachrock is found in the intertidal and supratidal zones along the Red Sea coast
of Jeddah, Saudi Arabia. It occurs as beds or patches showing different degrees of
hardness. The seaward dip of the beachrock is similar to that of the slop of the
foreshore. Petrographically, these beachrocks were grouped into two main types: (1)
quartzose beachrocks, and (2) conglomeratic beachrocks. Aragonite and Mg-calcite
are the main carbonate cements in these beachrocks.
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Fic. 7. Distribution of the various lithotypes of beachrocks along the coastal area of south Jeddah.
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FiG. 8. A photomicrograph showing quartzose beachrock with moderately sorted quartz grains embed-
ded in a micritic matrix from intertidal flat of Jeddah, Saudi Arabia, illustrating texture and com-
position of the framework grains.
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Fii. 9. Grain-size distributions of quartzose beachrocks.
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Fic. 10. A photomicrograph showing conglomeratic beachrock.

Wt%
100

90}
80
79

50t
40
30
Lo
10

) I—— -—L""T i 1
48 8 4 22 -1 001 2 o
Size

L

Fic. 11. Grain-size distributions of conglomeratic beachrocks.
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