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SEDIMENTARY ENVIRONMENTS AND FACIES 

A sedimentary environment is a part of the earth's 

surface which is physically, chemically, and biologically 

distinct from adjacent terrains (e,g.  deserts, rivers, and 

deltas. 

A sedimentary facies is a mass of sedimentary rock 

which can be defined and  distinguished from others by its 

geometry, lithology, sedimentary structures, palaeocurrent 

pattern, and fossils. 

 

 

 

A classification of depositional environments. 

 

METHODS OF ENVIRONMENTAL DIAGNOSIS 

 There are many different parameters which can be 

used to determine the depositional environment of a 
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sedimentary rock.These are: geometry, lithology, 

sedimentary structures, palaeocurrent patterns, and fossils. 

1-Geometry 

 The geometry of a sedimentary facies may be 

relatively easy to determine where it crops out at the 

surface and where exposure is good. The over-all shape of 

a sedimentary facies is a function of predepositional 

topography, the geomorphology of the depositional 

environment and its post-depositional history. For example 

the geometry of blanket sands burying old  land surfaces 

will largely be controlled by the geomorphic stage and 

process  which previously operated on that terrain. This 

may give little indication of the origin of the overlying sand 

 
 

 
 

2-Lithology 

The lithology of a sedimentary facies is one of the 

easiest of parameters to observe and one of considerable 

environmental significance. The lithology of limestones is  

of more diagnostic importance than that of sandstones. This 

is because studies of Recent carbonates show that they 
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occur in a number of microfacies whose distribution is  

closely related to their  depositional environment. 

 The lithology of a clastic sediment on the other hand 

is a function not only of the environment in which it was 

deposited but also of its transportational history and of the 

type of rock from which it was derived. On the other hand 

sandstones are less susceptible to diagenesis than 

carbonates, so their depositional fabric is generally easier to 

define. 

 Also, the grain size, sorting , shape and texture  of a 

sediment is an important indicator of the energy level of a 

depositional environment. The coarser the grain size the 

higher the energy level of the depositing current and. the 

better the sorting the more prolonged its action. Also, 

depositional processes may affect the shape of sand grains. 

Recent glacial sands tend to be more angular and of lower 

sphericity than water-borne grains, while dune sands are 

often very well rounded 

Also, there has been considerable discussion on the 

use of clay minerals as indicators of sedimentary 

environments,  however, the chemistry of a clay reflects not 

just its depositional environment but also the parent rock, 

the climate which weathered it, and its diagenetic history. 

Illite and montmorillonite are more characteristic of ancient 

marine rocks,  

while kaolinite is more. typical of continental, especially 

fluviatile deposits. 

On the other hand, glauconite is a useful indicator of 

marine environments. The Boron content of clays was first 

discussed as a palaeosalinity indicator.  Analysis of 82 

Recent muds has shown that, for a given clay content, 

marine muds contain 30-45 ppm more Boron than 

freshwater muds (Shimp et aI., 1969). This technique for 

distinguishing non-marine and marine deposits. 
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Sedimentary structures 

 Sedimentary structures  are  very  important  

indicators  of depositional environment. Sedimentary 

structures are easy to study at outcrop where exposure is 

good. They give some indication of the depth and energy 

level of the environment and of the velocity, hydraulics, 

and direction of the currents which flowed  across it. 

Most sedimentary structures are genetically 

classified into : pre-, syn-and post-depositional categories. 

Pre-depositional sedimentary structures 

Pre-depositional sedimentary structures are those 

observed on bed interfaces which formed before deposition 

of the younger bed. Pre-depositional structures include 

channels, scour marks, flutes, grooves, tool markings, and a 

host of other erosional phenomena. They give valuable 

indications of the flow directions of the current which 

generated them. 

Syn-depositional sedimentary structures 

Structures formed  during deposition include  flat-

bedding,  cross bedding, lamination, and micro-

crosslamination (ripple-marking). 

Post-depositional sedimentary structures 

Structures which develop in sediments after their 

deposition. Two main genetic groups of these  structures. 

One group shows an essentially vertical reorientation of  

bedding, while the second shows lateral rearrangement of 

the fabric. The first  

type includes loadcasts and pseudo nodules where beds of 

sand collapse into  

underlying mud, as well as convolute lamination and 

quicksand structures which  

are contortions within beds of inter laminated fine muddy 

sand and clean sand  

respectively. The second group of post-depositional 

sedimentary structures are those due to lateral movement of 

sediment. These structures include slumps and slides which 
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are penecontemporaneous recumbent folds and faults. Such 

phenomena occur where rapid sedimentation or erosion 

forms steep slopes 

Palaeocurrent patterns 

The palaeocurrent analysis of a facies involves the 

following steps: 

(i) Measurement of the orientation of significant 

sedimentary structures in the field (e.g. cross-bedding dip 

direction, channel axes, etc.).  

(ii) Deduction of palaeocurrent direction at each sample 

point.  

(iii) Preparation of regional palaeocurrent map.  

(iv) Integration of palaeocurrent map with other lines of 

facies analysis  to determine environment and 

palaeogeography. In some environments  palaeocurrents 

may indicate palaeoslope (e.g. in rivers), in others they do 

not (e.g. eolian deposits). 

 
A classification of some palaeocurrent patterns. 

 

Fossils 

There are two of the most important types are micro-

fossils and trace fossils. Micro-fossils have the great 

advantage over mega-fossils that they are recoverable from 
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well cuttings. There are many different groups of 

microfossils that  may be used  in  environmental 

interpretation. These include the foraminifera, ostracods, 

microplankton and palynomorphs. One of the most useful 

groups of fossils for environmental diagnosis is burrows, 

tracks, and trails, collectively called trace fossils. 

Trace fossils are useful in environmental 

interpretation for two reasons. First, they occur in situ, and 

cannot therefore be reworked like other fossils. Second, it 

has been noted that certain types of trace characterize 

particular environments.Using this fact workers have 

defined a series of 'ichnofacies'. Each ichnofacies consists 

of a suite of trace fossils which occur in characteristic 

sedimentary facies whose environment may be determined 

independently. 

Trace fossils are very useful in sub-surface facies 

analysis when they are found in cores. Also, other fossil 

groups indicate many environmental parameters including 

depth, temperature,  salinity, current turbulence,  and 

climate. 

 
Characteristic ichnofacies for various environments 
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Concepts of Geomorphology 

The word geomorphology derives from three Greek 

words: Geo (the earth ), morpho (forms), logy (science). It 

is the study of Earth’s physical land-surface features  

Geomorphology is the   scientific study of landscapesand 

the processes that shape   them 

Relation between Geomorphology  and other scientific 

Sciences 

 1- Geodesy refers to determination of elevations of points 

on landscapes 

2- Geophysics indicates to Geomorphologist to the internal 

movements and general tectonics which organize the 

landscapes 

3- Petrology indicates to types and characteristics of rocks 

4- Climatology indicates to paleoclimatic fluctuations 

during Quaternary time  

5- Geology (mother Science) is the earth science 

 

Relationship between Geomorphology and Geology 

 
 

Goals of Geomorphology 
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1- Description of landscapes and  Classifications • 2- 

Analysis of the  Geomorphologic features and their 

Geographic distributions, its  formations and evolutions 

and paleoclimatic  conditions • and discuss the Erosional 

cycle. 3- Age of the geomorphologic features and stages of 

developments  during times  (Quaternary time). 

Historical geomorphology 

 William Morris Davis, was the first 

modern theory of landscape evolution” the geomorphic 

cycle). The reduction process creates a time sequence of 

landforms that progresses through the stages of youth, 

maturity,  and old age. William Morris 

Davis’s‘geographical cycle’–in which  Landscapes are seen 

to evolve through stages of youth,  maturity ,and old age 
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kinds of geomorphology 

      There are many kinds of geomorphology, includIng 

tectonic geomorphology, submarine geomorphology, 

Climatic geomorphology, and planetary geomorphology: 

Tectonic geomorphology is the study of the interplay 

between tectonic and geomorphic processes in regions 

where the Earth’s crust actively deforms  

Structural geomorphologists, who were once a very 

influential group, argued that underlying 

geologicalStructures are the key to understanding many 

landforms  

Submarine geomorphology deals with the form, origin, 

and development of features of the seafloor.Submarine 

landforms cover about 71 percent of the  

Earth’s surface, but are mostly less well studied than their 

terrestrial counterparts. In shallow marine environments, 

landforms include ripples, dunes, sand waves, sand 

ridges,shorelines, and subsurface channels. In  

the  continental slope transition zone are submarine 

canyons and gullies,inter-canyon areas, intraslope basins, 

and slump. The deep marine environment contains varied 

landforms, including trench and basin plains,  trench fans, 

sediment wedges, a byssal plains, distributary channels, and 

submarine canyons.  

Planetary geomorphology is the study of landforms  in 

planets and large moons. Observed processes include 

weathering, aeolian activity, fluvial activity, glacial 

activity, and mass wasting. 

Climatic geomorphology  Climate does strongly influence 

geomorphic  

processes, and creates characteristic landforms. (tropical 

,arid, temperate for example) exhibits a distinctive suite of 

landforms. Climatic geomorphologists, believe that climate 

exerts a Profound influence on landforms, each climatic  

region Creating a distinguishing suite of landforms 
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Geomorphic processes 

Chemical, physical, and biological processes weather 

rocks. The chief physical or (mechanical) weathering  

processes are unloading (the removal of surface cover), 

frost action, alternate heating and cooling, repeated wetting 

and drying, and the growth of salt crystals. The chief 

chemical weathering processes are solution or dissolution, 

hydration, oxidation, carbonation,  

hydrolysis, The chemical and mechanical action of  animals 

and plants bring about  biological weathering. Weathered 

debris may move downslope under its own weight, a 

process called mass wasting.Gravity-driven mass. 

Streams are particularly effective landform-makers.They 

conduct material along their beds, keep finer particles in 

suspension, and carry a burden of dissolved substances. 

They wear away their channels and beds by corrosion,  

corrasion, and cavitation, and they erode downwards and 

sideways. They lay down sediments as channel deposits, 

channel margin deposits, overbank floodplain deposits, and 

valley margin deposits..Glaciers  carry rock debris at  

the glacier base (subglacial debris), in the ice (englacial 

debris), and on the glacier surface (sediments.  Wind erodes 

dry, bare, fine-grained soils and sediments.  Wind erodes 

by deflating sediments and sand blasting  rocks. Wind 

deposits particles by dropping them or ceasing to propel 

them along the ground. Weathering and wave erosion 

destroy coastlines, while sediment deposition, reef-building 

corals, and the mangal and marsh builders create them. 

 

LANDFORMS RELATED TO TECTONIC PLATES 

Geomorphologists classify large-scale landforms 

into: plate interiors, passive plate margins, and active plate 

margins. 
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Large-SCALE TECTONIC AND STRUCTURAL 

LANDFORMS 

Plate-interior landforms 

 Cratons are the broad, central parts of continents. 

They are stable continental shield areas with a basement of 

Precambrian rocks that are largely unaffected by orogenic 

forces but are subject to epeirogeny. The landforms 

associated with these areas are basins, plateaux (upwarps 

and swells), rift valleys, and intracontinental volcanoes. 

Intra-cratonic basins, may be 1,000 km or more 

across. Some, such as the Lake Eyre basin of Australia and 

the Chad and Kalahari basins of Africa, are enclosed and 

internally drained. 

Plateau is the  heighst sitting  of continental 

platforms. The Ahaggar Plateau and Tibesti Plateau in 

North Africa are examples. These plateaux appear to have 

been uplifted without rifting occurring but with some 

volcanic activity. 

Continental rifting occurs at sites where the 

continental crust is stretched and faulted. The rift valley 

running north to southalongmuchof EastAfrica, and its 

formation is linked with domal uplift. Volcanic activity is 

often associated with continental rifting. It is also 

associated with hot-spots 

Passive-margin landforms 

Plateaux  are  Inland the palaeoplain survives. Some 

plateaux may be depositional but most are erosion surfaces 

formed of uplifted palaeoplains. 

Marginal swells are widespread asym-metrical bulges 

along continental edges that fall directly into the sea with 

steepe) slopes towards the coast.They develop after the 

formation of plateaux and major valleys 

Great escarpments are highly distinctive land-forms of 

many passive margins. They are extraordinary topographic 

features formed in a variety of rocks (folded sedimentary 

rocks, granites, basalts, and metamorphic rocks) and 
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separate the high plateaux fromcoastal plains. The great 

escarpment in southern Africa in places stands more than 

1,000 m high. 

Coastal plains lie seawards of great escarpments. They are 

largely the products of erosion. Offshore from the coastal 

plain is a wedge of sediments, at the base of which is an 

unconformity, sloping seawards 

 
The common morphotectonic features of a passive 

continent margin with mountains 

 

Active-margin landforms 

Where tectonic plates converge or slide past each 

other, the continental margins are said to be active. They 

may be called Pacific-type margins as they are common 

around the Pacific Ocean’s rim. 

Collision margins 

Four types of ollision are possible: 

1-Continent–continent collisions create interconti-nental 

collision orogens (Himalaya) 

2- Island arc–continent collisions occur where an island arc 

moves towards a subduction zone adjacent to 
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a continent. The result is amodified continental-margin 

orogen. 

3- Continent–island arc collisions occur when conti-nents 

drift towards subduction zones connectedwith intra-oceanic 

island arcs.The continent resists signif-icant subduction and 

amodified passive continental margin results.  

4- Island arc–island arc collisions are poorly understood 

because there are no present examples from which to work 

out the processes involved. However, the outcome would 

probably be acompound intra-oceanic island arc. 

 

 
Four kinds of collisional margins. (a) Intercontinental collision orogen 

formed where two continental plates collide. An example is the Himalaya. 

(b) Modified continental-margin orogen formed where an intra-oceanic 

island arc moves into a subduction zone bounded by continental crust. (c) 

Modified passive continental margin formed where a continent moves 

towards a subduction zone associated with an intra-oceanic island arc. (d) 

Compound intra-oceani island arc formed by the collision of two intra-

oceanic island arc 
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SMALL-SCALE TECTONIC AND STRUCTURAL 

LANDFORMS 

The folding, faulting, and jointing of rocks creates many 

small landforms 

 

LANDFORMS ASSOCIATED WITH  VOLCANIC 

AND PLUTONIC  

 
Minor intrusions. (a) Laccoliths and associated features (dykes, 

sills, and bysmaliths 

 

LANDFORMS ASSOCIATED WITH flat beds and 

FOLDS 

Flat beds 
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Folded beds 

 
Landforms associated with dipping and horizontal 

strata – cuesta, homoclinal or strike ridge, hogback, butte, 

mesa, and plateau. The chief streams found in landscapes 

with dipping strata – strike streams, anti-dip streams, and 

dip streams – are shown. Notice that a cuesta consists of a 

dip slope and steeper escarpment of scarp slope. The black 

band represents a hard rock formation that caps the butte, 

mesa, and plateau. 

 

LANDFORMS ASSOCIATED WITH FAULTS AND 

JOINTS 

Many tectonic forms result directly from faulting. It 

Is classified according to the type of fault involved – dip-

slip or normal faults and strike-slip faults. Dip-slip faults 

produce fault scarps, grabens, half-grabens, horsts, and 

tilted blocks.Strike-slip faults sometimes produce shutter 

ridges and fault scarps. 

 

Faulted structures. (a) Normal fault. (b) Strike-slip fault. (c) 

High-angle reverse or thrust fault. (d) Low-angle thrust 

fault. 
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Fault scarps 

The fault scarp is the commonest form to arise from 

faulting. Many fault scarps associated with faulting dur-ing 

earthquakes have been observed. The scarp is formed on 

the face of the upthrown block and overlooking the 

downthrown block. Erosion may remove all trace of a fault 

scarp but, providing that the rocks on either side of the fault 

line differ in hardness, the position of the fault is likely to 

be preserved by differential erosion. The ero-sion may 

produce a new scarp. Rather than being a fault scarp, this 

new landform is more correctly called a fault-line scarp.. 

Some fault scarps occur singly, butmanyoccur inclusters. 

Individualmem-bers of fault-scarp clusters may run side by 

side for long distances. 

Rift valleys, horsts, and tilt blocks 

Crustal blocks are sometimes raised or lowered 

between roughly parallel faults without being subjected to 

tilting. The resulting features are called rift valleys and 

horsts. 

Arift valley or graben  is a long and narrow valley formed 

by subsidence between two parallel faults. Many rift 

valleys lie in zones of tension in the Earth’s crust, as in the 

Great Rift Valley of East Africa, the Red Sea. 

Rift valleys are commonly associated with volcanic activity 

and earthquakes. They form where the Earth’s crust is 

being extended or stretched horizontally, caus-ing steep 

faults to develop. 

A half-graben is bounded by amajor fault only on one.This 

is called a listric (spoon-shaped) fault. The secondary or 

antithetic fault on the other side is normally a product of 

local strain on the hanging wall block 

A horst is a long and fairly narrow upland raised by 

upthrust  between two faults 

Tilted or monoclinal blocks are formed where a section of 

crust between two faults is tilted). The tilting may produce 

mountains and intervening basins 
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Down-faulted structures. (a) Graben. (b) Half-graben 

 

Types of paleoenvironments 

Fluvial Environment 

Rivers are the main agents that transport the sedi-

ments from land to the coastal regions of seas and lakes. 

The river  system  can  be distinguished into three  stages-

young, mature, and old. The young stage of a river occurs 

in mountainous regions. This is the beginning of the river 

system, where it tends to grow by meeting of various 

tributaries. Streams of a young stage are mainly erosional 

agents. The mature stage of a river system is characterized 

by the formation  of a flood  plain and lateral accretion 

deposits-point bars. The old stage of a river system occurs 

in the coastal region. 

 
Schematic representation of young, mature, and old 

 stages of a river 
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Channel Pattern 

Three channel patterns are rcognized: Straight, 

braided, and meandering 

1-Straight Channels 

 Straight channels possess a negligible sinuosity 

over a distance many times  the  channel width.Generally, 

straight channels are rare. Flow and depositional patterns 

are  similar  to  those  in  meandering channels. Straight 

channels can shift their position by lateral accretion. 

 
2-Braided Channels 

The main channel is divided into several channels by 

submerged bars. . Braiding is most well developed in 

mountainous reaches of rivers, in streams of alluvial fans,  

and in  streams of glacial outwash plains. Braided rivers are 

characterized by wide channels, and rapid and continuous 

shifting of the sediment and the position of channels 

 
3-Meandering Channels 

river reaches meandering if sinuosity of the river is 

more than 1.5. Meandering channels possess well-defined 

pools and sediment bars joined by riffles. Sediment bars of 



19 
 

meandering channels are better known as point bars, 

Meandering channels  show  slower  rates  of lateral 

shifting than the braided channels 

 
The geomorphological zones in alluvial and fluvial systems: in general 

braided rivers tend to occur in more proximal areas and meandering rivers 

occur further downstream.. 

 

Fluvial Environments and Their Deposits 

fluvial deposits can be grouped into three major groups:  

1. Channel deposits. 

 They are sediment deposits formed mainly from the 

activity of river channels. They include channel lag 

deposits, point bar deposit, channel bar deposit, and 

channel fill deposit.  

Channel Lag Deposits 

They occupy the lowest part of a channel or point bar 

sequence.  they indicate the base of the channel. It 

represents residual concentration and accumulates as 

discontinuous lenticular patches in the  deeper parts of the  

channel. Such coarse-grained lenticular accumulat-ion 

quickly becomes covered by finer-grained sediments, 

Point Bar Deposits 

Point bars are the most conspicuous geomorphic 

features of a meandering stream. In large rivers point bars 
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are composed of scroll-shaped ridges  (scroll  bars) 

alternating with depressions (swales). Scroll bars can be 

several meters higher than the adjoining swales. Swales are 

filled with fine-grained  muddy sediments,  or marshes may 

develop in  them.  Each scroll bar of a point bar represents 

the results of channel migration during a flood. Repeated 

migration during floods produces 'scroll bars.Deposition on 

point bars results from lateral migration of a meandering 

riverduringflooding. 

 
 

 

Lithology and grain size of point bar deposits depend 

upon the grain size available, If rivers are carrying gravel-

sand material, the change is from gravel, coarse sand to fine 

sand, and silt on the top. On the top of the point bar 

sequence silty and clayey layers are present. In rivers 

carrying fine-grained material the change is from fine sand 

layers near the bottom to muddy and clayey sediments near 

the top. According to primary structures, the  point bar 

deposits show large-scale cross-bedding (megaripple 

bedding)  in  the  lower  part. Above the zone of megaripple 

bedding there follows a zone of small-ripple cross-bedding 

and climbing-ripple laminations. This small-ripple bedded 

zone is  followed by units of horizontal bedding. Point bar 
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deposits may show accumulation of drifted plant material, 

freshwater molluscs, mud pebbles. Swales within a point 

bar are filled with fine-grained suspended sediment. Swale 

deposits are generally well-bedded silt and clayey 

sediments. In ancient sediments they would occur as 

elongated, rather narrow muddy beds within a point bar 

sequence. The bottom of such muddy layers  is concave-

upward in shape. 

The grain size and sorting plots show an overall 

upward decrease in grain size. Sorting in general improves 

upward, but in  some cases decrease in sorting is apparent. 

In general, sand is moderately to well sorted. 

 
Idealized fining upward sequence of a point bar deposit. The grain 

size becomes finer upward. The topmost layer is covered by a mud drape 

 

 

2.  Bank deposits.  

They are sediment deposits formed on the river 

banks and are produced during flood  periods. They include  

levee  deposits and crevasse splay deposits.  

 

Natural Levee Deposits 
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Natural levees are wedge-shaped ridges of sediment . 

bordering stream channels. The levees gently slope from 

the river bank into flood basins away from the channel. 

Levees are better developed on the concave sides of the 

river channel; on convex sides levees grade into upper 

point bars. Natural levees are formed by deposition of sedi-

ment when flood waters of a stream overtop its banks. The 

velocity is reduced, causing deposition of much of the 

suspended sediment near the channel. Coarsest sediment is  

deposited near the channel. and grain size decreases away 

from the channel.  

Crevasse-Splay Deposits 

During high floods large quantities of flood water 

and sediment is diverted into an adjacent flood basin. The 

water cuts channels called crevasses. The excess water 

leaves the main channel through such crevasses. Sometimes 

crevasse channels may be several hundred meters broad. 

Crevasses extend across the levees  into the flood. Crevasse 

splay deposits are narrow to broad tongues of sediment, 

tapering in one direction (in the direction of flood basin). 

 

Channel-fill Deposits 

Channel-fill deposits represent  sedimentation in 

stream channels that have been abandoned due to  cut-off 

processes or avulsions. The abandoned channels are slowly 

alluvia ted and sealed at both ends, isolating the old 

channel loop in the form of a cut-off lake, or ox –bow lake. 

The channel fill deposits are represented by a sequence of 

thick clayey sedi-ments in the form of clay plugs, whose 

thickness is controlled by the depth of the abandoned 

channel. 

 

3- Flood basin deposits.  

They are· essentially fine-grained sediment deposits 

formed during heavy floods when river water flows over 
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the levees into the flood basin. They include flood basin 

deposits and marsh deposits. 

 

 

 

 

 

Flood Plain Deposits 

 

Flood plain deposits-is proposed to  denote the  

sediment deposited during overbank flow. Generally, fine 

sand, silt, and clay layers  are deposited, and the sequence 

resembles very much the sequence in natural levee 

deposits. Sedimentation begins with a sand layer, becoming 

silty upward. Climbing-ripple lamination is abundantly 

develop-ed. Small-scale cross bedding and horizontal 

bedding are other important bedding types.  Sand and silt 

units grade upward into finely  laminated clayey sediments. 

 Plant debris is abundant. The clay layer generally 

shows mud cracks, etc. Near the surface carbonate con-

cretions and iron concretions may be formed in areas with 

high rates of evaporation. Soil horizons are well developed. 
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Braided River Deposits 

Braid bars and channel bars (also known as channel 

islands) are characteristic features of braided rivers. 

Generally, rivers with steep slopes and coarser bed material 

show braiding, 

Channel (braid) bars can be distinguished into two types: 
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1. Braid bars of coarse material, pebbles, etc. Well 

developed in mountainous streams.  

2. Braid bars of fine-grained material developed in rivers 

with large seasonal discharge and sediment 

The lower part of the sequence ofa channel bar is 

composed of large-scale cross-bedding formed as a result 

of the lateral and downstream advance of the channel bar 

into an adjacent anabranch channel. These sediments are 

coarsest, composed of cobbles, pebbles arranged in inclined 

layers, grading into finer-grained sediments deposited in 

low-water conditions, which are again followed by pebbly 

sediments. 

The boundary between coarse-grained sediments and 

the underlying finer-grained sediments of an older cycle is 

very irregular and marked with scour and fill structures. 

Vertically these pebbly sediments are overlain by more 

sandy and muddy sediments. he topmost layers of muddy 

sediments show convolute bedding 

 

 
Schematic vertical sequence of a braided river deposit. Unit l-large-scale 

cross-bedding with pebbles; unit 2 –megaripple bedding, medium sand; unit 

3-small ripple bedding, fine sand; unit 4-fine sand and mud, horizontal 

bedding, occasional convolute bedding 

 

General characteristics of braided stream in a 

mountainous region. 

Individual units Mostly coarse-grained units begin 

with an erosional contact, followed by fine-grained units 
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with gradational contacts. Such fining upward sequences 

are most well developed in channel fill sediments. The 

grain size gradually decreases upward, and the degree of 

sorting improves upward. Sometimes coarse- and fine-

grained units are complexly interbedded. 

Main bedding types are large-scale cross-bedding in 

coarse sand and pebbles, and small-scale crossbedding in 

medium to fine sand and silt, and welldeveloped lamination 

in silty and clayey sediments. 

Cross-bedding data is unidirectional and in good agreement 

with channel orientation data. 

 
 

Fining upward sequence of a channel-fill in a braided river. 

 

Penecontemporaneous deformation structures are 

rather abundant in channel bar sediments. They include 
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distortion and overturning of foreset laminae, flow rolls, 

load structures, and convolute bedding. 

 

Alluvial Fan Deposits 

An alluvial fan is a fan-shaped body of rather coarse 

detrital sediments, poorly sorted, built up by a mountain 

stream at the base of a mountain front where a steeper slope 

passes abruptly into a more gentle slope. Piedmont 

deposits, fanglomerates, and alluvial cone deposits are all 

included under alluvial fan deposits. Alluvial fan deposits 

may be found with various environmental associations, 

depending upon the topographical and climatic conditions, 

are associated with braided river deposits of mountainous 

regions, also occur in desert climates, associated with sand 

dune and playa sediments. 

An alluvial fan is of the shape of a segment of a cone 

that radiates downslope from the point where the stream 

channel emerges from a mountainous area. Three zones on 

the alluvial fans are distinguished: 

 1. Fan head (upper fan segment) : the area on the 

alluvial fan close to the apex.  

2. Midfan (middle fan segment) : the area between 

the fanhead and the other lower margins of the fan.  

3. Base (lower fan  segment): the  outermost area, or 

lower zone of the fan. This zone usually grades into the 

zone of coalescence with other fans. 
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Schematic representation of different types of fluvial associations 

 

The main condition for the formation of alluvial fans 

is  a sudden change in  the slope, leading to deposition and 

intermittent stream action.Alluvial fan  deposits are poorly 

sorted, im-mature, coarse-grained sediments. Usually 

gravel, cobblestones,  and  boulders predominate,  with 

subordinate amounts of sand, silt, and some clay. The 

coarsest and thickest  deposits occur near the fanhead area. 

Maximum grain size and thickness of sediments decrease 

rapidly toward the base of an alluvial fan deposit. The 

roundness of coarse grains also increases with increasing 

distance from  the  apex. 

Three modes of deposition on alluvial fans:  

1. Flash floods. Flash flood deposits accumulate 

when a large amount of water charged with detrital 

sediments emerges from the mountains. It tends to spread 

out in sheets covering part of alluvial fan deposits. Flash 

floods run for only a small distance and are of short 

duration.  

2. Streams. Streams are  formed  if  a large enough 

water supply is maintained. Streams may cut deeply and 

show  braiding. Their action causes deposition of 

sediments.  

3. Stream flood.  Streams of alluvial fans are often 

flooded, making extensive flood plain deposits. 

 

Sediments of alluvial fans are deposited in ex-

tremely oxidizing conditions, and organic matter and fossil 
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remains are rather rare. Locally, plant remains may be 

present, especially in more humid climates, but animal 

remains are extremely rare. Locally, slumping may be 

common in alluvial fan sediment 

 
 

Alluvial fan deposits should not be confused with 

talus cones formed by gravitational sliding of rock debris 

along the mountain slopes. Talus cones are much steeper 

than alluvial fan deposits, and their sediments possess other 

characteristics. Talus sediments move only under the 
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influence of gravity. Sediment is  thickest near the base. 

Fine-grained clayey  sediments  are  almost  absent.  

Sediment particles are extremely angular. Talus deposits 

are unimportant in the geological record and possess very 

little potential of preservation. 

Fluvial Landforms 

FLUVIAL EROSIONAL LANDFORMS 

The action of flowing water cuts rills, gullies, and river 

channels into the land surface. 

Rills and gullies 

Rills are tiny hillside channels a few centimetres wideand 

deep that are cut by ephemeral rivulets. They grade into 

gullies 

Gullies are intermediate between rills and arroyos, which 

are larger incised stream beds. They tend to be deep and 

long and narrow, and continuous or discontinu-ous. 

Arroyos,which are also called wadis,  are ephemeral stream 

channels in arid and semi-arid regions. They often have 

steep or vertical walls and flat, sandy floors. 

Bedrock channels 

Bedrock channels are eroded into rock. They are resistant 

to erosion and tend to persist for long periods. They may 

move laterally in rock that is less resistant 

to erosion. Most rivers cut into bedrock in their upper 

reaches, where gradients are steep and their loads coarser. 

Alluvial channels 

Alluvial channelsform in sediment that has been, and is 

being, transported byflowing water. In plan view, alluvial 

channels display four basic forms that represent a graded 

series – straight, meandering, braided, and anastomosing 

Valleys 

Valleys are simply linear depressions on the land surface 

that are almost invariably longer than they are wide with 

floors that slope downwards. valleys are created by fluvial 

erosion, but often in conjunction with tectonic processes. 
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Valleys becoming deeper, wider, and longer through the 

action of running water. 

FLUVIAL DEPOSITIONAL LANDFORMS 

1- Alluvial plains are coalescence of flood plain 

deposits 

2- Alluvial fans, Analluvial fanis a cone-shaped body 

that forms where a stream flowing out of mountains 

debouches on to a plain 

 
3- Playas are the flattest and the smoothest landforms 

on the earth. Playas are known as Salinas in 

SouthAmerica and sabkhas or sebkhas in Africa. 

They occur in closed basins of continental interiors. 

The coarser sediment is deposited to formalluvial fans, 

which may coalesce to form complex sloping plains known 

a bajadas. 

 
Playa deposits . A bajada can be seen rising towards the 

mountains in the background 

Alluvial terraces 

 Alluvial terraces are relicts of alluvial valley floors . 

Once a valley is formed by vertical erosion, it may fill with 
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alluvium to create a flood-plain. Due to  vertical erosion 

then cuts through the alluvium, sometimes leaving 

accumulation terraces stranded on the valley sides. 

 

 
Four groups of processes promote river terrace formation: (1) crustal 

movement, especially tectonic and isostatic movements; (2) eustatic sea-

level changes; (3) climatic changes; and (4) stream capture 

 

LAKES AND LACUSTRINE ENVIRONMENTS 

Lakes are standing-water bodies, filled mostly with  

of non-marine water. However, many lakes are highly 

saline in  character. They may be permanent bodies of 

water or only of short duration. Lakes occur in 

mountainous regions. Lakes are typically fed by one or 

more streams that supply water and sediment from the 

surrounding hinterland. Their waters range from fresh in 

temperate and periglacial climates  to hypersaline in arid 

regions. Lakes may be caused by tectonic subsidence and 

faulting, by glacial erosion, and by damming due to ice, 

lava, and, recently, man. 

Lacustrine sediments can easily be identified by the 

combination of low energy aqueous deposits and the 

absence of a marine fauna. Marginal sediments of lakes 
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may be very coarse and conglomeratic. cyclicity.is 

common, and the presence of evaporates. 

Plants and animals living in a lake may be preserved 

as fossils in lacus-trine deposits, and concentrations of 

organic material can form beds of coal or oil and gas 

source.rocks 

 

Lake hydrology 

The supply of water to a lake is through streams, 

groundwater and by direct rainfall on the lake surface. A 

lake is considered to be hydrologically open if it is filled 

to the spill point and there is a balance of water supply into 

and out of the basin. 

If the rate of evaporation exceeds or balances the rate 

of water supply there is no outflow from the lake and it is 

considered to be hydrologically closed. Soluble ions 

chemically weathered from bedrock are carried in solution 

in rivers to the lake. 

 
Hydrological regimes of lakes. 
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Lake classification varies depending on geological,  

chemical, hydrological 

Clastic Lake Deposits  

The distribution of sediment in clastic lake  deposits: 

An  outer belt of beach pebbles, followed by a zone of  

sand, an inner zone of sandy marly mud, and mud in  the 

central part (Fig. 320). This zoning corresponds  to the 

zone-like distribution of hydraulic energy,  namely the 

breaker zone, followed by a zone above  wave base, and a 

zone below wave base. In nature  there are many variants of 

this idealized picture.  Thus, because of prevailing wind 

from one direction,  the belt of beach pebbles may be 

developed on only  one side of the lake. In the case of a 

steep slope of the  coast, the sandy zone may be completely 

absent. 

 
 

 

carbonate Lake Deposits  

 

 The chemistry  of  lake  waters varies  from  lake  to  

lake  but is  dominated by calcium, magnesium,  sodium,  

potassium, carbonate,  sulfate,  and  chloride  ions.  Thus,  
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the most  common  chemical sediments in  the  lakes  of 

humid  regions  are  carbonates, although  phosphates, 

sulfides,  cherts,  and  iron and  manganese oxides are 

present  in some lakes. In arid regions, where rates of 

evaporation are high, chemical lake  sediments  are 

dominated by carbonates,  sulfates,  and  chlorides.  The  

evaporite  deposits of lakes  include  many common marine 

evaporite minerals such  as  gypsum,  anhydrite, halite, and  

sylvite, but they  also include  several minerals such as  

trona, borax,  epsomite, and bloedite  that  are  not common 

in marine evaporites .  The pH of  lake  waters commonly  

falls between  6 and 9;  however,  it can  range  from  less 

than  2  (highly  acidic)  in  some  volcanic lakes  to  as  

much  as  12  (highly  alkaline)  in some  closed  desert  

lakes.  Although  chemical sedimentation processes are  

most important in  closed  lakes,  they  may predominate 

also in some  open  lakes  where the clastic  sediment  

supply  is  low. 

 

Freshwater lakes have low salinity waters and are 

either hydrologically open, or are hydrologically closed 

with a low supply of dissolved ions allowing the water to 

remain fresh. Saline lakes are hydrologically closed and 

are pe-rennial water bodies in which dissolved ions have 

become concentrated by evaporation. Ephemeral lakes 

mainly occur in arid climatic settings and are temporary 

bodies of water that exist for a few months or years after 

large rainstorms in the catchment area, but are otherwise 

dry. 

Distribuion of facies in fresh water lakes 

Lake margin clastic deposits 

Where a sediment-laden river enters a lake the water 

velocity drops abruptly and a delta forms as coarse material 

is deposited at the river mouth, as fan deltas. Away from 

the river mouth, fine-grained sediments prevailed. 
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 In situations where the slope into the lake is very gentle 

the edge of the water body is poorly defined as the 

environment merges from wet alluvial plain into a lake 

margin setting. This lake margin marshy envi-ronment is 

sometimes referred to as a palustrine environment. Plants 

and animals living in this setting live in and on the 

sediment in a wet soil environment where sediments will be 

modified by soil (pedogenic) processes , resulting in a 

nodular texture 

 
 

Facies distribution in a freshwater lake with dominantly clastic 

deposition. 

 

 Lacustrine carbonates 

Carbonates can form a significant proportion of the 

succession in any lake setting only if the terrigenous clastic 

input is reduced.. In freshwater lakes the for-mation of 

calcium carbonates is predominantly asso-ciated with 

biological activity 

The breakdown of calcareous algal filaments is an 

important source of lime mud, which may be deposited in 

shallow lake waters or redeposited by 

density currents into deeper parts of the lake. Cyano-

bacteria and green algae form stromatolite bioherms and 

biostromes in shallow (less than 10m) 
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lake waters: these carbonate build-ups may form mats 

centimetres to metres thick or form thick coatings of 

bedrock near lake margins. 

A common feature of lakes with areas of active 

carbonate deposition is coated grains. Green algae and 

cyanobacteria formoncoids, irregularly shaped, con-

centrically layered bodies of calcium carbonate sev-eral 

millimetres or more across, formed around a nucleus. 

Oncoids form in shallow, gently wave-agitated zones: in 

these settings ooids may also form 

and build up oolite shoals in shallow water. 

 
 

Facies distributions 

in a freshwater lake with carbonate 

deposition. 

 

 

CONTROLS ON LACUSTRINE DEPOSITION 

The characteristics of the deposits of lacustrine 

environments are controlled by factors that control the 

depth and size of the basin (which are largely determined 

by the tectonic setting), the sediment supply to the lake 

(which is a function of a combination of tectonics and 

climatic controls on relief and weathering and rock type of 

the hinterland) and the balance between water supply and 

loss through evaporation (which is principally related to the 

climate). If the climate is humid a lake will be 
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hydrologically open, with water flowing both in and out of 

it. Such lakes can be considered to be overfilled (Bohacs et 

al. 2000, 2003), 

 

. Where there is no influx of terrigenous detritus 

swamps may deposit peat Sedimentation in ephemeral 

desert lakes, in arid mountainous terrain are often referred 

to as playas. Red clays and silts in the centre of the lake 

basin generally pass  via alluvial outwash plains into 

fanglomerates adjacent to mountains. Many  playa lakes are 

only flooded for a few months every twenty years or so as a  

result of torrential storms and flash floods. Some lakes in 

arid regions are areas of evaporite sedimentation. 

 
Various types of lake classified according to rate of 

 sediment supply and the degree of aridity 
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Depending on ion concentrations, lakes can be fresh 

water or saline lakes. Fresh water lakes have low 

concentrations of salts and occur in areas of moderate to 

high water input, exceeding evaporation rates. Saline lakes 

have high concentration of dissolved ions  (greater than 

5gr1 of . The bedrock geology of underlying and catchment 

areas  influences lake sedimentology and chemistry.solutes. 

Considering the balance of water input versus evaporation, 

lakes may  
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be hydrologically open or closed. open lake systems with 

permanent outlets tend to have relatively stable shorelines, 

and  a  limited residence time for solutes. These lakes may 

also be linked to cascading chains. Closed lake systems, 

with no surficial outlet, have unstable shorelines and 

complex deposits in littoral zones, controlled  by annual 

flooding, microbial mats, and receding waters with rapid 

salinity changes.  

Bohacs et al. (2000) recognized  three types of lake 

basins: Overfilled, Balancefilled and Underfilled 

If the climate is humid a lake will be hydrologically 

open, with water flowing both in and out of it. Such lakes 

can be considered to be overfilled (Bohacs et al. 2000, 

2003), and their deposits are characterised by accumulation 

both at the margins, where sediment is supplied to deltas 

and beaches, and in the deep water from suspension and 

turbidity currents. 

Overfilled basins  are characterized by the rate of 

sediment / water supply exceeding potential 

accommodation (generally when 

precipitation/evaporation is relatively high or rate of 

tectonic subsidence is low). Fluvio -Lacustrine 

siliciclastic deposits that accumulate in hydrologically 

open lakes are the most common facies associat ion, and 

parasequence development is driven mainly by shoreline 

progradation and delta channel avulsion. 

Balance filled lake  basins occur when the rates of 

sediment/water supply are in balance  with potential 

accommodation. Carbonate and siliciclastic facies can 

accumulate in lakes that are alternatively hydrologically 

open or closed. Carbonates are generally abundant in  

these lakes. Successions record not only progradational 

parasequences but also aggradation of chemical 

sediments due to desiccation. Generally this type of lake 

basin accumulates a fluctuating profundal facies 

association  
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A balanced fill lake is one where the fluvial input is 

approximately balanced by the loss through evaporation. 

These lakes are sensitive to variations in the climate 

because a reduction in water input and/or an increase in 

evaporation (drier and/or warmer conditions) will result in 

a fall in the water level below the sill  

Underfilled lake basins  are characterized by rates 

of accommodation  that  exceed  the  rate of supply of  

sediment and  water. In hydrologically  closed lakes,  

deposition of  evaporites dominates, andparasequences 

record vertical aggradation due to desiccation, which is the 

evaporative facies association. Changes in climate or 

tectonic subsidence influence the lacustrine system 

evolution and may change from one stage (type) to   

another. Saline and ephemeral lakes are underfilled 

 

 
(A)  Schematic lake-basin type model as a function of both sediment + 

water  supply, and potential accommodation (from Bohacs et al., 2000 a  

after Carroll and Bohacs,  1999). (B) High of the sill relative to lake level 

changes (Bohacs et al., 2003). 
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Diagnostic features of ancient lake sediments 

• . The varves have been interpreted as annual events, 

the lower  

clastic part indicating an influx of land-derived material 

during the winter rainy period. The sapropelic layers 

suggest that organic matter from the surface waters rained 

down on the lake bed during dry summers when there was 

low runoff and negligible sediment influx from the land. 

The preservation of this organic matter, together with 

perfectly preserved fish skeletons and an absence of 

benthos, suggest that the deeper parts of the lake were 

anaerobic and stagnant.lake filling  is commonly regarded 

as  a regressive process. That is,  coarser , nearshore 

sediments are  believed  to  gradually encroach on  finer 

lake  basin sediments  and  to be  covered in  turn with  

fluvial sediments.  This postulated process of filling 

theoretically  generates  shallowing  and  coarsening  

upward  successions  of  lake  facies . Numerous  kinds of  

sedimentary  structures  occur  in  lake  sediments,  

including  laminated  bedding, varves, stromatolites,  cross-

bedding,  ripple  marks, parting  lineations,  graded 

bedding,  groove  casts,  load  casts,  soft-sediment  

deformation  structures, burrows and worm trails, raindrop 

and,  mudcracks, and  vertebrate  footprints.  Varves  are  

one  of  the  more diagnostic  characteristic of  lake  

sediments,  but  light  and  dark laminae. Another 

distinguishing characteristic of lake sediments is  that 

individual lake  beds tend  to be thin and  laterally 

continuous compared to associated  fluvial  deposits.  

Characteristics of lake deposits:Summary 

 

. lithologies – sandstone, mudstone, fine-grained 

limestones and evaporites 

. mineralogy – variable 

. texture – sands moderately well sorted 

. bed geometry – often very thin-bedded 
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. sedimentary structures – wave ripples and very fine 

parallel lamination 

. palaeocurrents – few with palaeoenvironmental 

significance 

. fossils – algal and microbial plus uncommon shells 

. colour – variable, but may be dark grey in deep lake 

deposits 

. facies associations – commonly occur with fluvial 

deposits, evaporites and associated with Aeolian facies 

  

Model of paleoenvironments in Egypt 

 

Mixed fluvial-lacustrine environment: A case study 

(Syn-rift Nakheil Formation) 

 

The non-marine Oligocene Nakheil Formation was 

deposited in a half-graben basin formed during the early 

rifting stage of the Red Sea basin. 

 
 

 Based on the vertical and lateral lithological 

variations of the sediments of Nakheil Formation, four 

main facies associations can be recognized: Talusand scree 
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breccias, Alluvial fan facies, laccustrine carbonate facies, 

and fluvial facies. 

 

 
 

Talus and scree breccias facies: 

, Composed of angular blocks, cobbles and boulders 

of carbonates and cherts.. It rests on erosion surface that 

truncates the Thebes Formation. The absence of of internal 

structures, coarse grain size and poor sorting as well as 

angular clasts. Synsedimentary deformational features in 
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the form of slumping, truncation and sedimentary dykes are 

frequent. This evidence the continued activation of the 

hangingwall dip slope margin 

 

Alluvial fan facies 

 The alluvial fans occupies the basin margins, and is 

made up of boulders, cobbles amd pebbles conglomerates. 

Three subfacies are recognized: debris flow, sheet flood 

and incised channels 

1- Debris flow subfacies: They occur as clast-supported 

, poorly sorted and polymodal conglomerates. They 

are embedded in coarse grained sands. Clast 

constituents are Eocene carbonates and chert.The 

conglomerates are immature and lack of any form 

ically oriented long axis of clasts are common. 

2- Sheet flood subfacies: the beds have planar 

geometries with sharp  stratification (sheet-like 

geometry). Laterally they pinch out and onlapped by 

adjacent fluvial and lacustrine carbonates. The 

conglomerates are clast supported, moderate sorted. 

The clasts display well pronounced imbrications, and 

show NE trending dispersal.It is suggested that  they 

were deposited as sheet flood, by unconfined 

water flow. 

3- Incised channel subfacies: are crudely stratified, clast 

supported.  Scour-based surface and limited lateral 

extent, suggests deposition within large confined 

channel..  
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Fluvial facies: is subdivided into two subfacies 

1- Proximal fluvial subfacies (braided channels) . These 

sediments display large trough cross bedding and 

lenticular bedding. Shales and mudstones are absent.. 

the sediments erosive base and erosional surfaces. 

2- Distal fluvial facies( meandering channels): 

composed f parallel, laminated sandstones , followed 

upwards by siltstone and claystone with red mottling 

and calcrete nodules.Desiccation cracksare 

frequent.These sediments are interpreted as low 

energy fluvial channel and flood plain deposits 

 

Lacustrine carbonate facies: is dominatedby algal 

stromatolites and oncolites and algal laminated 

dolomites.The stromatolites grew on conglomerates, and 

are of domal-like type. The microstructu of the 

stromatolites consists of algal filaments. The associated 

oncolites are rounded to subrounded . It is believed that the 

stromatolites were formed in shallow nearshore lacustrine 
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environment. The associated oncolites possibly supported 

shallow nearshore environment.The predominance of algal 

laminated dolomites indicate restriction of lacustrine 

conditions (underfilled  

phase).  

 
 

Basin architecture and Depositional model 

This basin is asymmetric, exhibiting great subsidence 

in its eastward side. This differential subsidence is marked 

by thickening of the infilling in the eastern part relative to 

the western side. Firstly the basin occur as hangingwall 

syncline, and later evolved into half-graben basin with 

active fault in the eastern margin. 
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This formation shows cyclic organization composed 

of alluvial fans, fluvial and lacustrine deposits.. 

Paleocurrent data and lateral lithological variations indicate 

that the talus and alluvial fans were built outwards that 

flowed transverse to he basin axis. The  fluvial deposits 
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were deposited parallel to the basin axis. Lacustrine 

carbonates were accumulated in atopographic low adjacent 

to the eastern margin and extends westward with shallower 

carbonate facies.  

 The presence of alluvial fans, fluvial and lacustrine 

deposits in a vertically cyclic sequences indicate the 

periodic changes of active fault margi and quiescence. 

Three tectonic cycles are demonstrated in the Nakheil 

Formation. Each cycle contains sedimentsthat occurred 

during aperiod of tectonic subsidence followed by a period 

of relative tectonic quiescence. 

Lacustrine carbonate environment: A case study 

(Sn-rift Sodmin Formation) 

The late Oligocene continental carbonate deposits of the 

sodmin formation that fill the abu hammad basin 

weredeposited in a lacustrine setting .   Two main 

lithostratigraphic units are recognized.  
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1-The lower unit is dominated at the base by massive 

lime-mudstone, marl and micritic limestones, the 

limestone of this facies are rich in gastropods, 

pelecypods and carophytes. These were deposited in 

slightly deeper water conditions, however the 

appearance of carophytes and their increase upwards in 

the limestone beds indicates  the shallowing-upward 

character of the lake. The upper part of the lower unit 

comprises typical palustrine carbonates  deposited in 

low –energy lake margins with widespread fluctuating 

shorelines.They are represented by  ialternating cycles 

of brecciated and root-bioturbated limestonesn this lake, 

including a wide variety of pedogenic features in the 

limestones, such as brecciation, desiccation and 

microkarst and red mottling. 

1- The upper unit consists of dolomites and cherts 

which  are characteristic of sedimentation in an 

evaporitic, low-stand lake environment. The 

dolomites display fine lamination. The dolomite 

crystals are subhedral to euhedral with planar faces. 
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The common texture of this dolomite is unzoned 

crystals. The laminated dolstones are believed to 

represent cryptalgal mats, deposited in shallow playa 

lake environment 

 

 
The geochemical, petrographical and mineralogical 

analyses of the lacustrine facies clearly reflect vertical 

changes in the chemistry of the lake waters, as well as in 
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paleoenvironments. They show a gradual shift from 

hydrologically  open, fresh water lake conditions 

(overfilled phase), to closed,underfilled saline-alkaline 

waters (upper unit) 

Paleoclimate plays an important role through evolution 

of the basin and infill, dominant humid conditions 

prevailed during deposition of the basal part of the lower 

unit, wheras deposition of the upper part reflects 

aalternating humid and arid conditions. Subsequently, 

greater aridity redominated during formation of the upper 

unit, leading to deposition of dolomite facies. 

 Generally speaking, the conspicuous variations of 

calcite and dolomite in the lacustrine units reflect the 

vertical variation in water composition and palaeosalinity. 

Changes in subsidence due to faulting, led to 

fluctuations of thelake level and formation of palustrine 

carbonates, as well as controlling the degree of subaerial 

exposure. In general, the palustrine sequences show an 

upward increase in the degree of pedogenic modification, 

and points to short-term events of subaerial exposure, 

where run-off was sporadic. During deposition of the upper 

unit, the lake margins were topographically high, and 

flodedwaters were few, led to formation of laminated 

dolomites. 

 



53 
 

 

History of the lake 

It is believed that the lacustrine-palusrine sequences 

were deposited through three main stages of lake evolution. 

In the initial stage, open and slightly deeper lacustrine 

limestones enriched with fresh water fauna were deposited, 

during lake transgression.in the second stage, the lake was 

shallower. Leading to deposition of paustrine limestones. 

During the latest stage the water in the lake become 

alkaline and saline, due to enriched by by the discharged 

bicarbonate groundwater. This favoured the deposition of 

evaporitc facies including dolomites and cherts    

 
 

Aeolian (Desert) environment 

 (Wind-blown sediments) 

Lithologically these deposits are exclusively sand-

grade sediment. Petrographically they are proto quartzites 
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with minor amounts of  feldspar, mica, chert, and red 

ferruginous clay. Cementation is by quartz andcalcite. 

The grade of the sandstones range from very fine to coarse, 

but it is mainly fine. Sorting is moderate to good,  

occasionally bimodal, with coarse grains in a fine sand. 

Rounding of grains is moderate to good. 

Cross-bedding is the characteristic sedimentary 

structure of these rocks. Both tabular planar and trough sets 

are present. Individual foresets dip at between 20-30° and 

are generally curved at the base. These sandstones are 

devoid of fossils.The absence of pebbles, which are 

generally too heavy to be wind-blown, and of clay, which is 

generally too light to come to rest on a windy earth. There 

is no sign of an aqueous biota either marine or non-marine. 

The dominance of sand-grade sediment which is generally 

well sorted, matrix free, and well-rounded. An angle of 

about 30° is often quoted as critical for distinguishing 

water-laid from wind-blown foresets eolian origin of these 

sands, It has been pointed out that the large scale cross-

bedding, the well-rounded, well-sorted texture and frosted 

grain surfaces. most eolian sands are texturally mature, 

well-sorted orthoquartzites 

Many geologists have proposed textural criteria to 

distinguish wind-blown from water-laid sand. It is widely 

accepted that eolian sands are better sorted than aqueous 

ones. It is widely accepted that eolian sands are positively 

skewed, with a tail of fines. Eolian sands are widely 

believed to  be very well-rounded and certainly 

experiments show that wind is much more efficient at 

rounding quartz sand than is running water.Eolian sand 

grains show a frosted, pitted surface under the optical 

microscope and, under the higher powers of the electron 

microscope, show a variety of characters which can be used 

to distinguish them from sands subjected to aqueous and 

glacial action.The presence of wind-faceted pebbles 

(ventifacts).Sedimentary structures have often been used to 
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distinguish wind-blown from water-laid sediment. long,  

low  ripples have been recorded from wind-blown 

sediments . R.I. of > 15  can be used to distinguish wind 

ripples  from  those  due to  water. 

Wadi deposits 
Wadis are the streams in the desert environment. Wadis are 

characterized by sporadic and abrupt fluvial activity. The 

deposition is very rapid. Channels of wadis are not of a 

permanent nature: These channels may be filled by their 

own sediment or by wind-blown sediment, and in the next 

season a new channel system is cut into older sediments. 

Most of the wadis fan out downslope and deposit most of 

their sediments in fan-shaped bodies. Usually many fan-

shaped bodies join together. 

Such sediment fans are known as wadi fans or flood fans 

Stream channels of Wadis are braided in nature, thus 

sediments developed in wadi channels are similar to 

deposits of braided streams 

 
 

AEOLIAN LANDSCAPES 

 

AEOLIAN PROCESSES: 

Wind erosion,  means comprises  two processes – 

deflation and abrasion. Deflation is the removal of loose 



56 
 

particles by the wind. Abrasion is the cannon - ading of 

rock and other surfaces by particles carried in the wind.. 

Abrasion rates appear to be highest where strong winds. 

Wind transport 

Wind transport encompasses four processes – saltation, 

reptation, suspension, and creep. 

Wind deposition. Wind deposition may take place in three 

ways :(1) sedimentation, (2) accretion, and (3) 

encroachment. 

AEOLIAN EROSIONAL FORMS 

The chief erosional forms in drylands caused by wind 

erosion are lag deposits, desert pavements, ventifacts, 

yardangs, and basins 

 

Lag deposits and stone pavements 
lag deposits mean thin veneers of gravel, or coarser 

material, that overlie predominantly finer materials, formed  

when Deflation winnows silt and fine sand, lowering the 

level of the ground surface and leaving a concentrated layer 

of rock and coarse sand that acts as a protective blanket . 

  

stone pavements, means the the desert is covered on the 

surface  by a continuous lag deposits  

 

Hammada is rocky desert, in which the lag consists of 

coarse, mechanically weathered regolith. 

Serir is pebbly desert with a lag of rounded gravel and 

coarse sand produced by deflation of alluvialdeposits. 

 

Deflation hollows and pans 

deflation hollows: are  large or small depressionse. the 

commonest landforms produced by wind. They are most 

common in weak, unconsolidated sediments. In size, they 

range from less than a metre deep and a few metres 

across,through enclosed basins a few metres deep and 



57 
 

hundreds of metres across (pans), to very large features 

more than 100 m deep and over 100 km across.  

 

Pans are closed depressions that are common in many 

dryland areas and that seem to be at least partly formed by 

deflation. In size, they range from a few metres wide and 

only centimetres deep, to kilometres across and tens of 

metres deep. 

 

Deflation appears to have played a starring role in scooping 

out great erosional basins, such as the large oasis 

depressions in the Libyan Desert. The deepest of such 

basins is the Qattara Depression in northern Egypt, which is 

cut into Pliocene sediments. At its lowest point, the Qattara 

Depression lies 134 m below sea level 

 

 

Yardangs and Zeugen 
Yardangs streamlined, sharp and sinuous ridges that 

extend parallel to the wind, and are separated by parallel 

depressions. Two size classes are distinguished – 

megayardangs and yardangs. Mega-yardangs, which are 

over 100 m long and up to 1,000 m wide, are reported only 

from the central Sahara and Egypt, some good examples 

occurring in the Boukou area near the Tibesti Mountains of 

Chad Yardangs are fashioned from sediments by abrasion 

and deflation. First, suitable sediments (e.g. lake beds and 

swamp deposits) form under humid conditions. These 

sediments then dry out and are initially eaten into by the 

wind or by fluvial gullying. The resulting landscape 

consists of high ridges and mesas separated by narrow 

corridors that cut down towards the base of the sediments. 

Abrasion then widens the corridors and causes the ridge 

noses to retreat. At this stage, slopes become very steep and 

mass failures occur, particularly along desiccation and 
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contraction cracks. The ridges are slowly converted into 

cones, pyramids, sawtooth forms, hogbacks 

Zeugen (singular Zeuge), also called perched or 

mushroom rocks, are related to yardangs. They are 

produced by the wind eating away strata, and especially 

soft strata close to the ground. 

 
 

 

 

Ventifacts 

Cobbles and pebbles on stony desert surfaces often 

bear facets called ventifacts. The vtifacts are formed  by 

abrasion by dust and silt, rather than by blasting by sand, 

and taking (one-sided, two-sided ,  three-sided, and  four-

sided). The abrasion of more than one side of a pebble or 

cobble does not necessarily mean more than one prevailing 

wind direction. Experimental studies have shown that 

ventifacts may form even when the wind has no preferred 

direction. 
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inland depressions 

• 1- Due to Tectonic origin 

• 2- It occupies a major syncline 

• 3- Erosion of crest of a major anticline 

• 4- In contact with soft formations 
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• 5- Due to karastification and erosional processes 
 

 
 

AEOLIAN DEPOSITIONAL FORMS 
Deposition may occur as sheets of sand (dune fields and 

sand seas) or loess or as characteristic dunes. 

Ripples 

Wind ripples are the smallest aeolian bedform. They are 

regular, wave-like undulations lying at right-angles to the 

prevailing wind direction. The size of ripples increases with 

increasing particle size, but they typically range from about 

10 to 300 mm high and are typically spaced a few 

centimetres to tens of metres. 

 

Dunes are collections of loose sand built piecemeal by the 

wind. They usually range from a few metres across and a 

few centimetres high to 2 km across and 400mhigh. Dunes 

may occur singly or in dune fields. They may be active or 

else fixed by vegetation. The form of free dunes is 

determined largely by wind characteristics, while the form 
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of anchored dunes is strongly influenced by vegetation, 

topography, or highly local sediment sources. 

Classification of dunes 

According to morphology or orientation:  free and anchored 

Free dunes may be classed according to orientation 

(transverse) or form (linear, star, and sheet) (Figure 12.6). 

All types of transverse dune cover about 40 per cent of 

active and stabilized sand seas. The transverse variety is 

produced by unidirectional winds and forms asymmetric 

ridges 

Barchans are isolated forms that are some 0.5–100 m high 

and 30–300 m wide . They form under conditions of 

limited sand supply and unidirectional winds. 

 

 
Types of free dunes. 

 
A barchan dune in the United Arab Emirates 
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Types of anchored dunes. 

 

Plants play an important role  for dune formation, 

and three types of dune are associated with vegetation. The 

commonest type of plant-anchored dune is vegetated sand 

mounds, also known as nabkha. These form around a 

grass, which acts as an obstacle for sand entrapment 

Parabolic dunes, or ‘hairpin’ dunes, are U-shaped or V-

shaped in plan with their arms opening upwind. They are 

common in vegetated desert margins. 

 

Lunettes are crescent-shaped dunes that open upwind and 

are associated with pans. 

 

Dunefields and sand seas 
Dunefields are accumulations of sand, occupying areas of 

less than 30,000 km2 

Sand seas differ from dunefields in covering areas 

exceeding 30,000 km2 and in bearing more complex and 

bigger dunes. About 60 per cent of sand seas are dune-

covered, while others may be dune-free and comprise low 

sand sheets, often with some vegetation cover. They are 

regional accumulations of windblown sand with complex 

ancestry that are typically dominated by very large dunes. 

They also include accumulations of playa and lake deposits 
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between the dunes and areas of fluvial, lake, and marine 

sediments.  

Dunefields and sand seas occur largely in regions 

lying downwind of plentiful sources of dry, loose sand, 

such as dry river beds and deltas, floodplains, glacial 

outwash plains, dry lakes, and beaches. Most of the Sahara 

sand supply, for instance, probably comes from alluvial, 

fluvial, and lacustrine systems fed by sediments originating 

from the Central African uplands, which are built of 

Neogene beds. 

 

Loess 
Loess is a terrestrial sediment composed largely of 

windblown silt particles made of quartz. It covers some 5–

10 per cent of the Earth’s land surface, much of it forming 

a blanket over pre-existing topography. Loess is easily 

eroded by running water and possesses underground pipe 

systems, pseudo-karst features, and gullies. In areas of high 

relief, landslides are a hazard. 

 

To form, loess requires three things: (1) a source of 

silt; (2) wind to transport the silt; and (3) a suitable site for 

deposition and accumulation 

 

Shoreline environments 

Zonation of the shoreline profile 
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Generalized shoreline profile showing subenvironments, 

processes and facies 

 

 
A classification of shoreline deposits. 

 

(deltaic) shorelines 

Lyell (1854) re-defined a delta as 'alluvial land 

formed by a river at its mouth'. Deltas form where a river 

brings more sediment into the sea. 
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The Structure of a Delta 

According to classical concept, a delta is made up of 

topset, fore set and bottomset deposits. 

 The top of the delta consists of a radiating network 

of distributary channel sands flanked by levee silts. Finer 

silts  and clays  are laid  down in  the  flood  basins and 

lagoons  of the interdistributary areas. Swamps often form 

and are the site of peat-deposition. Seaward of the 

distributary channel mouth, sediment is deposited on the 

sub-aqueous delta platform. Rippled interlaminated sand 

and mud are formed, often with bioturbation. The sub-

aqueous delta platform is separated from the prodelta by 

the delta slope. 

Topset deposits of a delta are mainly made up of marsh 

deposits and delta-front silts and sands. Muddy sediments 

with shell layers are deposited in the bays between the 

distributaries and the tidal channels. 

Foreset Deposits are made up of pro-delta silty clays and 

rather coarse sand, silt, and clay deposits formed off the 

major deltaic distributaries. In the delta fore-sets (also 

known as delta front slopes) are also in-corporated delta 

front gullies. 

 
Wave-influenced Gilbert-type fan delta with wave-

reworked sheet-like topset sands and gravels lying With a 

transitional.contact on the foreset beds to give a sigmoidal 

geometry  

 

Bottomset Deposits are made up of offshore clays. 
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Delta deposition can be divided into two 

subenvironments, the delta top and the delta front 

Two different phases in a delta cycle, namely the 

constructional phase and the  destructional phase. During 

the constructional phase the river extends farther into the 

sea; during destruc;tional phase the sea en-chroaches on the 

built-up delta deposits. The des-tructional phase begins as 

soon as forward growth of a delta is retarded or stopped 

due to shifting of the river  course. 

On deltas where the channels build out elongate 

lobes of sediment, sheltered areas of shallow water may be 

protected from strong waves and currents. These sheltered 

areas along the edge of the delta top are 

calledinterdistributary bays and they are regions of low-

energy sedimentation between the lobes 
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 Figure Illustrative of the geomorphology and sedimentary 

 facies of a Recent delta. Note the complexity of the 

 vertical sections  which may result. 

 

Thus a vertical section of a delta reveals a fine-

grained marine facies, which passes up transitionally into 

coarser freshwater sediments; these facies boundaries will 

be diachronous seaward as the delta builds out. Vertical 

repetition of this sequence may be expected, due to 

repeated crevassing and delta switching. 
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Sketch maps to illustrate the basic types of delta. For examples see text.  

Note how process controls the distribution and trend of sand bodies 

which may  

be potential hydrocarbon reservoirs. 

 
The forms of modern deltas 

 

Deltas are thick clastic sequences showing repeated 

cycles of upward-coarsening grain size. Each cycle should 
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begin, at the base, with a marine shale which passed up 

through silts into coarser freshwater channel sands at the 

top. In plan the channels should show a radiating shoestring 

pattern and be cut into freshwater shales and coals. 

 Two major types of delta may be differentiated: 

fluvially dominated deltas, and those dominated by marine 

process. The Mississippi is the classic example of the first 

type. Deltas of this fluvially dominated 'birdfoot' pattern are 

uncommon. 

Two types of marine-dominated –deltas ; deltas 

dominated by wave or tidal action. The Nile and the Niger 

are examples of the first type. In these deltas sand is no 

sooner deposited at the mouth of a distributary than it is 

reworked by wave action and redeposited in an arc of 

barrier islands around the delta periphery.Deltas in  areas  

of high tidal  range  are characterized by  tidal flat fine 

sands and muds, often colonized by mangrove swamps. 

These are crosscut by braided distributary channels scoured 

by tidal currents. These channels tend to be subparallel. 

Tidally dominated deltas of this type are widespread in 

South-East Asia. 

Prograding mouth bar facies 

Well-sorted sand, planar & ripple x-lam., tangential -

bedding (bar crest); poorly sorted sand/silt, cut & fill, 

small-scale trough x-bedding (bar back); large channel fills 

near top (distributary channel). 

Interbedded mud/sand, wave & current ripple x-lam., 

parallel/lenticular lam., bioturbation, contorted bedding, 

possible cut & fill. 

Finely laminated mud, bioturbation, marine fauna, 

contorted bedding…  

Silty/sandy slump sheet… representing redeposited (distal) 

mouth bar sediment. 

Homogenous mud, finely laminated or bioturbated, marine 

fauna 

Distributary channel fill facies 
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Ripple-laminated, fine-grained sand-  & siltstone, plant-rich 

& with palaeosol-coal units 

Trough & planar x-bedded sandstonewith unidirectional 

palaeocurrents 

Massive, locally x-stratified sandstone with internal erosion 

surfaces & some soft-sediment deformation 

 
Controls on delta environments and facies. 

 

The relationships between the controls, the form of 

the delta and the facies are summarised in Figure. The 

supply of the sediment is determined by the nature of the 

hin-terland, with the climate influencing the weathering 

and erosion processes and the discharge, the amount of 

water in the rivers, while there are tectonic controls on the 

topography, especially the gradient of the river and the 

effect this has on the grain size of the material carried. The 

relative importance of processes that rework the sediment 

in the basin is controlled by climatic and geomorphological 

factors: tidal range is determined by the local shape of the 

basin, while the wave activity is influenced by climate and 

the size of the water body. 
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linear terrigenous shorelines 

Deltas only form where rivers bring more sediment 

into the sea than can be  reworked by marine current. By 

their very nature, therefore, deltaic sequen.:es  indicate a 

regression of the shoreline. Where marine currents are 

strong enough to redistribute land-derived sediment, linear 

shorelines are formed with bars  and beaches running 

parallel to the coast.Both deltas and linear  shorelines 

deposit sediment in  a wide range of sedimentary 

environments ranging from continental to marine. linear 

and lobate shorelines can form upward-coarsening 

regressive sequences. 

 Studies of Recent terrigenous linear shorelines 

suggest that four major  sedimentary environments can be 

recognized. These consist of two high-energy zones which 

alternate seawards with two low-energy zones. Basically 

from land to sea these are: fluviatile coastal plain, lagoonal 

and tidal flat complex, barrier island, and offshore marine 

shelf. Each of these four environments deposit facies  

which can be distinguished from one another by their 

lithology, sedimentary  structures, and biota. 

 The fluviatile coastal plain will deposit alluvium 

similar to that described in Fluvial environment. Where the 

coastal plain has a gentle gradient the alluvium will be of 

the meandering river type. Where it is steep, then a braided 

outwash plain is generally developed. In the more normal 

former case fine-grained flood-plain sediments will 

dominate over upward-fining channel sand sequences. The 

biota is  continental, with bones, wood, and other plant 

debris and freshwater invertebrates. The alluvial coastal 

plain passes transitionally seawards into swamps, tidal 

flats, and lagoons. Peat forms in. the swamps. Tidal flats 

deposit delicately interlaminated muds, silts, and very fine 

sands, often rippled and burrowed. They are cut by 

meandering gullies in which channel floor lag 
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conglomerates are overlain obliquely by interlaminated fine 

sediment deposited on prograding point-bars. 

 The deposits of lagoons are generally fine-grained 

too, but depending on their size and depth, may deposit 

sediment ranging from sand to mud. In regions of low 

sediment influx carbonate mud can be deposited. 

Evaporites may form in hypersaline lagoons. The fauna of 

lagoons is similarly variable depending on the salinity. It 

may range from freshwater, through brackish (with shell 

banks) to normal marine. Sedimentary structures of lagoons 

are similar to those of tidal flats with delicately laminated 

muds and interlaminated and rippled sand silt and mud. 

Bioturbation is common. 

 The lagoon is separated from the open sea by a 

barrier island complex. This is composed dominantly of 

well-sorted sand with a fragmented derived marine fauna. 

The barrier may be no more than an offshore bar exposed 

only at low tide, or it can form an island with eolian dunes 

on the crest. Intermittently along its length the barrier may 

be cut by tidal channels in which cross-bedded sands are 

deposited. To landward the barrier may pass abruptly into 

the lagoon with the development of wash over fans. 

Barriers typically pass seawards with decreasing grain size 

into an offshore zone where mud is deposited below wave 

base. This will be laminated and contain a marine fauna. 

Between this and the barrier is a transitional zone of 

interlaminated sand, silt, and clay with ripples and burrows. 

Thus as a barrier beach progrades seawards it deposits an 

upward-coarsening grain-size profile with a characteristic 

suite of sedimentary structures. 

 In summary, therefore, a recent linear shoreline 

consists of two high-energy zones and two low-energy 

zones alternating with one another parallel to the coast. In 

some instances the barrier sand is forced land wards against 

the alluvial plain. A lagoonal tidal flat complex is then 
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absent. This situation generally occurs on stormy coasts 

with low input of sediment from the land. 

 All four facies described above will only be 

preserved where there is  an  abundant supply of land-

derived sediment. When this happens and the shoreline  is 

stationary all four environments deposit sequences of the 

four facies side by  side. Such static shorelines as these are 

rare in the geological column because  they need a very 

delicate balance between sedimentation and rising sea level 

Where a high influx of sediment is accompanied by a 

regression of the shorelineall four facies build out one 

above the other seaward. Such regressive sequences are 

similar to deltas; essentially coarsening upwards from 

marine shales at the base into continental sands at the top. 

 High sediment influx accompanied by a relative  rise  

in  sea  level  results  in  a fining-upwards transgressive 

sequence which is a mirror image of the former type. 

 
Sedimentary section and cartoons to show the differences 

between regressive and transgressive shoreline sequences. 

Note that the transgressive sands, though they may have a 

sheet geometry, are made up of a series of laterally stacked 

regressive increments. Each individual unit is an upward-
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coarsening prograding sand, though of limited duration and 

extent. 

 

Transgressions are  more complicated  than  

regressions.  Where the  transgression is rapid, and 

sediment in short supply, deep marine shales may  

unconformably overly the old land surface. When the 

advance of the sea is  slower, and where there is sufficient 

input of sediment, then the four facies belts  may be 

preserved in a mirror image  of the  regressive sequence. 

 

 

 
Cartoons to show how the geometry 

of linear  shoreline facies  are controlled by the rate 

of sediment input and the rate of rise or fall of sea level. 
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Mixed Terrigenous: carbonate shorelines 

 

Mixed carbonate:terrigenous shorelines are defined 

as those in which carbonate deposition occurs so  close to  

the  land  that  it  contributesto  the  shoreline deposits 

themselves.  

These conditions can be brought about by three 

factor~ acting singly or in concert. Low input of 

terrigenous sediment to the shoreline may be due to low 

runoff or, if the hinterland is low-lying, low sediment 

availability. Thirdly, if the shoreline itself has a very gentle 

seaward gradient it will have an extremely broad tidal  zone 

and an extremely wide development of the facies  belts 

paralleling the shore 

 

Mixed-siliciclastic-Carbonate 

Shorelines: A case study Mixed-siliciclastic-Carbonate 

platforms in the Um Gerifat area 

 

Rift margin coastal areas in the Red Sea have mixed 

carbonate–siliciclastic deposits in the Pliocene and 

Quaternary. The Pliocene sediments are represented by 

mixed siliciclastics and carbonates deposited under cyclical 

depositional conditions. Six different types of cycles are 

recognized: Fining-upward cycles, coarsening-upward 

cycles, mixed fluvial-lacustrine carbonate cycles, mixedc 

fluvial- restricrted marine carbonate cycles,  mixed 

siliciclastic-open marine carbonate cycles and dominantly 

open marine carbonate cycles. Controls on the development 

of these cycles and of the facies distribution may have 

resulted from relative sea level changes, tectonic events and 

paleoclimatic fluctuations 
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Reef environment 

The term reef to lenses  made of the calcareous skeletons 

of sedentary organisms. Coral reefs are a particular form of 

this reef type found today in tropical waters. 

Reef: A carbonate build-up of skeletal organisms which at 

the time of formation was a wave resistant topographic 

feature which rose above the general level of the sea floor. 

The reef deposits classified into:  

Bioherm 'A reef, bank, or mound; for reef like, mound 

like, or lens-like 

, embedded in rocks of different lithology'  

Biostrome 'Purely bedded structures such as shell beds, 

crinoid beds, coral  

beds,  consisting of and built mainly by sedentary 

organisms, and not swelling into moundlike or lens-like 

forms ... which means a layer or bed'  

 

Bank: A carbonate build-up which was a syn-depositional 

topographic high  

of non-wave resistant material, e.g. an oolite shoal, a 

coquina bank, or a mound of crinoid debris. 
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Cartoon through a reef to show the distribution of sediment types, and 

the relationship between ecology and environment.In  cross-section a . reef 

complex can be broadly sub-divided into  four geomorphological units: 

 

      A reef generally shelters a shallow water lagoon from 

the open sea. The floor of the lagoon is  covered by 

carbonate mud in its  deeper parts and sands in shallower 

turbulent regions. Lagoonal sediments are composed of  

faecal pellets, foraminiferal sands, coralgal sands of 

comminuted corals and calcareous algae, together with 

other skeletal sands and finely divided carbonate mud. 

Scattered through the lagoon may be irregular patch reefs. 

Grain size increases across the lagoon towards the reef and 

locally becomes conglomeratic due to organic debris 

broken off the reef and carried into the lagoon by storms. 

 

        The seaward edge of the reef, the reef front, is a 

submarine cliff with a talus slope at its base. This slope is 

made up of organic debris broken off from the reef front; 

grain size decreases down slope into deeper water. 

Immediately at the foot of the reef front boulders of reef 

rock may be present, grading into sand and then mud in 

deeper water. The talus slope supports a fauna similar to 

that of the reef but the quieter conditions allow more 

delicate branching corals and calcareous algae to form. The 

reef talus has poorly developed seaward dipping bedding. 

Slumps and turbidites have been described from ancient 

reef flanks 
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  On the basis oftheir geometry recent reefs are classified 

into three main kinds. Inevitably there are transitions 

between the three types. 

 Fringing reefs are linear in  plan and stretch parallel 

to coasts with no  

intervening lagoons (Fig. 9.2). Fringing reefs can form 

where low rainfall means that little freshwater and mud is 

brought into the sea to inhibit the growth of reef colonial 

organisms. Good examples occur along the desert shores of 

the Gulf of Akaba on the Red Sea. 

Linear reef complexes are common but either are of 

the barrier type separating open marine deposits from 

lagoonal facies or lie on structural highs between basinal 

troughs. 

Barrier reefs are linear too, but a lagoon separates 

them from the land  

. This may be narrow or, in  the  case of the  Great Barrier 

Reef of Australia 

Atolls are sub-circular reefs enclosing a lagoon from 

the open sea .This kind of reef is abundant in the Pacific. 

 
Figure Illustrative of the three main types of present day reefs. 
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The second major type of ancient reef, in addition to 

barriers, is essentially a circular reef core rimmed by reef 

slope talus. The core may provide shelter for a lagoon on its 

leeward side. This type of structure is termed a patch reef, 

or if markedly conical in vertical profile, a pinnacle reef 

 

 

 
 

Factors controlling reef geometries and facies 

The shape of a reef and the distribution of associated facies 

are controlled by the interplay of sea-level changes, 

tectonic setting, biota, and oceanography 

 

Sea level 

The ancient reefs grew in shallow water their growth must 

have been closely controlled by fluctuations of sea level. 
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They cannot grow at great depths because algae, being 

plants, only thrive within the photic zone. 

 

When the sea level remains static the reef will prograde 

seaward over its own talus slope, If sea level rises slowly 

the reef will build essentially upwards with no lateral facies 

migration,or it will transgress landward over the back reef 

lagoonal facies. A rapid rise in sea level will kill a reef due 

to great depth. A slow drop in sea level will cause the reef 

to migrate seaward and downward. A rapid drop in sea 

level will kill a reef instantaneously due to prolonged 

exposure 

 It can be seen therefore that fluctuating sea level 

exerts an important effect on the geometry of a reef and its 

associated facies. 

 

Tectonic setting 

Basically reefs are typical of tectonic shelves where 

sedimentation is shallow, marine, and free from land-

derived clastics. Within this broad realm four main sub-

types can be recognized. First reefs very commonly form at 

the edge of a shelf where it passes into a deeper basin. 

Sometimes the edge of the shelf may be a fault with reefs 

built along the crest of the fault scarp 

 

Sometimes, local syn-sedimentary movement along 

anticlinal crests bring the sea bed within a depth 

sufficiently shallow for reefs to develop.  

 

Similarly volcanic eruptions on the sea floor can 

build piles of lava up into shallower depths where their 

crests may be colonized by reef organisms 

 

biota 

It can be seen therefore that, since a reef is composed 

almost entirely of fossils, palaeontology and palaeoecology 
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are vital to an understanding of their depositional 

environment. the calcareous algae have been important reef 

organisms. Generally th~ir role has been to bind together 

reef frameworks composed of various other organisms. 

Sometimes, though, they form the framework of reefs 

 

 

Coastal Landforms 

 

 
Coastal terminology 

 

 

 

A coast or the coastal zone is a 

dynamic region where land is sculpted and shaped by wave 

action and currents. Barring the effects of tectonic uplift 

and sea level change, erosion is the dominate geomorphic 

process acting on coasts. Coastal sediments are subject to 

multiple episodes of erosion, transportation and deposition, 

though a net seaward transport takes place on a global 

scale. The deep ocean floor becomes the resting place for 

terrestrial sediment eroded from the land.  
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The combined effect of waves, currents and tides result in a 

variety of gradational processes acting in the coastal zone. 

Most important is abrasion, caused by the scraping or 

impact of sediment carried by water thrown against shore 

materials. Breakers are particularly effective at lifting 

larger rocks and hurling them against the shore.  

Hydraulic action caused by the direct impact of waves on 

the coast can be an effective geomorphic agent. Enormous 

pressures can build as water and air are compressed into 

rock fractures. Solution is locally important especially 

where soluble rock is exposed along the shore. 

Figure : Longshore current in the surf zone.  
The water level in the surf zone increases as waves 

approach shore at an angle. The rising water moves parallel 

to the shore as a longshore current. Beach drifting 

transports sand grains along the beach as waves strike the 

shore at an oblique angle. Sediment is carried landward 

when water rushes across the beach as swash. Sediment is 

carried back toward the ocean as backwash. The continual 

up rush and backwash carries sand in a zig-zag like 

movement along the shore. 

 

Depositional Coastal Landforms 

Beaches 

A beach is a deposit of loose sediment adjacent to a body 

of  water. Though sand is common to most beaches, a 

remarkable diversity of sediment size, from boulders to fine 

silt is found on beaches around the world. Larger particles 

and steeper slopes are found where wave action is high. 

Fine particles and gentle slopes are characteristic of 

beaches exposed to low wave action. 
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Spits and bars 

A sand spit is one of the most common coastal landforms. 

A sand spit is a linear accumulation of sediment that is 

attached to land at one end. Sand carried parallel to shore 

by longshore drift may eventually extend across a bay or 

between headlands especially where water is relatively 

calm. Spits are typically elongate, narrow features built to 

several dozen feet by wind and waves.  

Spits can extend across the mouth of a bay, but wave action 

is usually strong enough to wash sand out to sea or be 

deposited in the embayment. They may curve into the bay 

or stretch across connecting to the other side as a baymouth 

bar. When the bay is closed off by a bar it becomes a 

lagoon. 

Wave energy also dissipates in the lee of large sea stacks or 

islets. Wave refraction sweeps sediment behind the 

obstruction from two directions, depositing it as a slender 

finger called a tombolo 
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Barrier Islands 

Coastlines paralleled by offshore narrow strips of sand 

dunes, salt marshes and beaches are known as barrier 

islands. Barrier island complexes stretch along the 

southeastern coast of North America  from Long Island, 

New York to the Gulf coast of Texas. Many believe barrier 

islands originated as offshore bars built by waves breaking 

on a shallow shore. When waves begin to feel the tug of the 

ocean floor, they push sand toward shore as they break. The 

return undertow sweeps sand back to settle on the 

developing 

bar. These 

offshore bars 

were later 

exposed 

when the 

continent 

rebounded 

after ice age 

glaciers melted.  

barrier island.)  

 

 

Erosional Coastal Landforms 

Some of the most spectacular scenery is found along 

coastlines and produced by the effects of wave erosion. 

Wave erosion undercuts steep shorelines creating coastal 

cliffs. A sea cliff is a vertical precipice created by waves 

crashing directly on a steeply inclined slope. Hydraulic 

action, abrasion, and chemical solution all work to cut a 

notch at the high water level near the base of the cliff. 

Constant undercutting and erosion causes the cliffs to 

retreat landward.  
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Figure : Sea cliffs with rocky 

headlands, sea caves, stacks and a 

pocket beach San Mateo County, 

California.  
 

Sea caves form along lines of 

weakness in cohesive but well-

jointed bedrock. Sea caves are 

prominent headlands where wave 

refraction attacks the shore.  

  

  

  

Figure : Sea 

arch and 

stacks along 

California 

coast.  

A sea arch 

forms when sea caves merge from opposite sides of a 

headland. If the arch collapses, a pillar of rock remains 

behind as a sea stack. 
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Figure : Development of a wave cut notch.  

Seaward of the retreating cliffs, wave erosion forms a broad 

erosional platform called a wave-cut bench or wave-cut 

platform. After the constant grinding and battering, eroded 

material is transported to adjacent bays to become beaches 

or seaward coming to rest as a wave-built terrace.  If 

tectonic forces raise the bench above the water level a 

marine terrace forms. Some shorelines have several  marine 

terraces creating during various episodes of uplift. 

 

 

 
 

Coasts 

The characteristics of a coast depend on its geologic 

structure, initial topographic configuration, and shoreline 

process that shape it. There are several ways and varying 

scales one can classify these complex systems. Submerged 



87 
 

coasts form when river mouths are flooded due to rising sea 

level or subsidence of land. A drop in sea level or rise in 

the land surface creates an emergent coast. Depositional 

coasts have abundant depositional features like deltas, bars, 

spits and reefs where new land has been built. Coral coasts 

are formed by biological rather than physical processes. 

Submerged Coasts 

Ria coasts are formed by the submergence of river valleys 

emptying into the ocean. "Ria" is a Spanish term for coasts 

with prominent headlands and embayments typical of these 

coasts. Wave action turns the smooth valley sides into 

receding cliffs with sand 

spits and tombolos 

common. Examples of ria 

coasts are found in New 

England and the Atlantic 

coast of Europe, 

especially France.  

Figure : Kenai Fjord 

National Park, Alaska 
Fjord (fiord ) coasts are form when glacial troughs are 

flooded due to a rise in sea level. Fiord coasts are deeply 

indented, with steep-walled valleys. Sandy beaches are rare 

as sediment eroded from valley walls collects on the floor. 

Fjords are common in Scandinavia, British Columbia, 

Alaska, and Patagonia. 

Emergent Coasts 

Emergent coasts are a result of forces acting to raise the 

land surface or drop sea level. The incredible weight of 

massive ice sheets during the the Pleistocene depressed the 

continental surfaces beneath them. The continents began to 

rebound as the ice melted and released the overlying 

pressure. The rising surface lifted the shoreline above sea 

level forming glacial uplift coasts along continental 

margins.  

http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/coastal_systems/coastal_processes_landforms_depositional.html#sand spit
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/coastal_systems/coastal_processes_landforms_depositional.html#sand spit
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/coastal_systems/coastal_processes_landforms_depositional.html#tombolo
http://daac.gsfc.nasa.gov/geomorphology/GEO_6/GEO_PLATE_C-5.HTML
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/images/lithosphere/coastal/Kenai_fjord_Natl_Prk_DDS21_mbf00014.jpg
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Figure : 

Wave-cut 

terraces on 

San Clemente 

Island, 

California.   

Raised 

shorelines and 

erosional 

features like wave cut terraces are also found along 

tectonic coasts where endogenic forces have uplifted the 

surface. Such coasts are common along the mountain and 

island arcs of the Pacific Ocean. 

 

Depositional Coasts 

Barrier island coasts are those paralleled by deposits of 

sand separated from land by a lagoon. There is some 

controversy over how barrier island coasts form. They 

begin as offshore bars of submerged sediment that  migrate 

landward unless stabilized. Barrier islands are often cut by 

tidal inlets, openings that allow water to move landward 

and seaward with the tides. Barrier islands border 

the Atlantic coastal plain of 

North America.  

Figure : Birdfoot or Balize 

delta of the Mississippi 

River 
 

Delta coasts are those formed 

by the deposition of sediment 

at the mouth of a river that 

enters the ocean. Deposition 

is caused by the rapid 

decrease in water velocity as 

it enters the ocean. Sand and silt are the first to deposit 
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while the mixing of fresh and salt water cause clay particles 

to bind together forming larger particles that settle to the 

bottom.   

Reefs 

Coral is a simple marine animal having a small cylindrical 

sac-like body called a polyp and an exoskeleton of calcium 

carbonate. As old colonies die new form on top, ultimately 

forming limestone. There are an estimated 9 million species 

making it one of the most diverse marine ecosystems. 

Corals are on the decline in many regions due to human 

activity. 

Figure: Pillar coral 

 

Corals thrive in warm tropical 

water at depths of 10 - 55 m (30 - 

18 ft) from about 30o N to 30o S.  

Warm, east coasts encourage their 

development while few are found 

in cooler, western coastal 

environments. Water temperatures 

range from 18o to 29o C (64o - 85o 

F)  27% to 40% salinity. Bleaching 

and death result when water 

temperatures rise to high. There are cool water corals found 

deep, dark ocean water at temperatures as low as 4o C (39o 

F).  Corals also require sediment-free water thus few are 

found near the mouths of rivers discharging in the ocean. 

There are three kinds of coral reefs. Fringing reefs are 

platforms of coral attached to land. They tend to be wider 

where wave action is prominent and the water well 

aerated.  Barrier reefs form offshore with lagoon in 

between. Many form along slowing subsiding islands, 

growing at a rate that keeps them near sea level. Others 

form on continental shelves. The largest and one of the 

most well known is the Great Barrier Reef of Australia at 

over 2025 km long ( 1260 m) and 16 - 145 km (10-90 mi) 
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wide . Atolls are circular reefs enclosing a lagoon formed 

from the subsidence and disappearance  of a volcanic island 

cone.  

 

 

Triangular atoll in the  

western Pacific 
 

 

 

Great Barrier Reef of 

Australia 
 

 

 

Carbonate-dominated 

Shorelines: A case study carbonate platforms in the Red 

Sea rift 

Within marine, carbonate-dominated rifts, there are certain 

sites that favour carbonate platform development after the 

rift basin has been flooded by marine waters. During 

marine flooding, clastic systems will be pushed landwards 

so that deposition is focussed in the coastal zone and in 

structural lows. Examination of carbonate shorelines in rift 

basin fills indicates three main sites where carbonate 

platforms develop: 

1- Offshore sites such as the highs on footwall blocks 

are isolated from clastic supply, and in low-latitude 

settings, photozoan carbonates will be produced and 

will accumulate. Carbonate platforms developed 

over rotating fault blocks during the syn-rift phase 

are common in rift basins, labelled fault-block 

carbonate platforms 
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The platforms are often fault bounded. Within the 

platforms, rimmed-shelf margins or fault-truncated margins 

characterise the footwalls of fault blocks while hanging-

wall dip-slopes are ramps and generally pass down-dip into 

hang-ing-wall basin clastics. Platform margins are 

commonly rimmed by coralgal reefs and these occur 

preferentially on faulted margins and shallow (inner) ramp 

sites. Shallow slope sediments are commonly cemented, 

fractured and slumped, and Miocene erosion may remove 

100m to kilometre-sized blocks leaving lunate scars. 

Platform-top facies are bedded bioclastic and peloidal 

wackestones, packstones and rudstones with scattered patch 

reefs. These are arranged in unconformity-bound 

depositional sequences, some of which can be 

demonstrated to be of tectonic origin (Cross et al., 1998). 

Such sequences thicken down hanging-wall dip-slopes and 

thin onto footwall sites where sequence boundaries 

converge 

 

 
Facies model for the Abu Shaar fault-block carbonate platform 

as viewed from the footwall 

 

2- During the marine flooding phase and in arid climate 

settings, deltas and fan deltas that protrude out into 

more open water sites are also sites of reef and 
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carbonate platform growth. Such platforms (labelled 

delta-top platforms 
 

 At Sharm el Behari (northwest Red Sea), a long 

lived (late Oligocene to Recent) fluvial system deposited 

continental and then marine fluvio-deltaic sediments which 

formed the substrate for later platform growth. A mid-

Miocene fan delta, with 30 m foresets, progrades 

southeastwards through a half-graben towards the NW Red 

Sea. These foresets comprise coarse conglomerates passing 

down-slope to marls. Coralgal patch reefs (<10 m thick) 

colonise the upper part of the delta cone which 

subsequently forms the substrate for a larger (8 km3 km) 

onlapping carbonate platform with up to 40 m of shallow 

peritidal marine facies. These are overlain by up to 30 m of 

microbialites and subaqueous clas-tics (Purser et al., 1998).  

 

 In  modern n reefs developing around fluvial sources 

in the Red Sea anGulf of Aqaba,Dullo and Montaggioni (1 

998)describe how the morphology of a delta and its 

distributary channels control the pattern of reef growth as 

corals preferentially colonise channel and delta margins. 

However, active channels pre-vent reef growth and instead 

provide down-slope pathways for the export of reef and 

clastic debris to deeper-water sites. They consider that 

because of the inter-mittent nature of clastic supply, reefs, 

temporarily destroyed by flash floods, are able to 

recolonise or continue to grow elsewhere. In addition, these 

authors con-sider that periods of turbid flood-waters are too 

brief to influence reef growth (Dullo and Montaggioni, 

1998). 

 

 

 

3- Offshore, shallow-marine areas that are isolated from 

clastic supply are also formed in low-latitude rift 
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basins over salt diapirs. Such platforms are labelled 

salt-diapir platforms (Bosence, 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Salt diapirism can result in shallow-water sites that may be 

isolated from high rates of clastic supply, thus providing 

suitable substrate for platform growth. 

The rise of diapirs relative to base level results in sea-floor 

highs that develop into domes, islands and intervening 

minibasins. If the domes enter into the photo-zoan 

carbonate factory (i.e., the photic zone) they develop 

carbonate platforms that are circular or ring-shaped 

reflecting the morphology of the top salt surface. Where 

salt movement is related to extensional faults in the Red 

Sea, salt walls and more elongate platforms are developed 

with associated horst and graben. 

 

 

E

20m

Limestone

Basinward
Landward SWNE
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Within the syn- to post-rift fills of the Gulf of Suez–Red 

Sea–Gulf of Aden rift basins, carbonate platforms develop 

in three main situations where shallow marine areas occur 

that can be isolated, either spatially or temporally (or both) 

from clastic sup-ply: on top of rotated fault blocks, on top 

of deltas and on top of salt-diapirs. 

 

 

 

 

Karst landscape 

What is karst? 

The karst landscape takes its name from a region comprised 

between NE Italy and Slovenia dominated by outcrops of 

carbonate rocks. Karst refers to groups of morphological 

and hydrological features and the dominant process 

responsible for them: dissolution of soluble rocks (mostly 

carbonates and evaporites).. karstis terrain in which soluble 

rocks are altered above and below ground by the dissolving 

action of water and that bears distinc-tive characteristics of 

relief and drainage. 

Karst landform development is closely associated 

with the hydrological cycle as water passes into, flows 

through, and emerges from karst terrains. The resulting 

landforms can therefore be assigned to input, throughputor 

output roles. Input landforms that discharge water into the 

underground  

predominate and their morphology differs distinctly from 

landforms created by fluvial or glacial processes because of 

this function. For example, blind valleysare a characteristic 

feature of the input boundary of karst. Some large enclosed 

valleys with flat-floors termed poljesconvey water  

across a belt of karst (and sometimes other rocks) at the 

surface and so serve in a throughput role. Varieties of 
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erosional gorges at spring heads and constructional 

landforms, such as tufa dams,  

may be created where karst groundwater is discharged at 

springs, i.e. they are output landforms. Residual karstic 

hills, sometimes of considerable height and abruptness and 

known as tower karst, may survive on the alluvial plains 

below receding spring lines and beside rivers. If found in a 

coastal context, these towers may be partly or wholly 

drowned by the sea. 

 
The comprehensive karst system schematically presents a full 

range of karst phenomena from input to output margins (from Ford & 

Williams 2007 

 

In most cases, carbonate rocks are dissolved by 

slightly acidic waters 

infiltrating into the rock in tropical environments. Acidity 

primarily derives from CO2 present in the air and in the 

soil, which slowly dissolves into the meteoric waters 

reducing their pH and increasing their corrosion capability. 

Other sources of acidity can be organic acids or oxidation 

processes occurring in aerate conditions. These aggressive 

waters percolate downwards and flow down-gradient in the 

phreatic (saturated) zone towards the discharge points (i.e. 

springs). In carbonate karst areas, most of the dissolution 

occurs in the epikarst, close to the surface (Williams, 
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2008), and rapidly decreases downwards as the saturation 

degree increases. 

 
The acidity of dissolving waters not always derives 

from surface sources; it can also be produced locally (e.g. 

oxidation of sulfides such as pyrite;) or derived from CO2 

or H2S-rich rising fluids. These highly aggressive rising 

waters sometimes lead to the for-mation of the so-called 

hypogenic cave systems. 

Karst also applies to other soluble rocks such as 

gypsum, halite,  Gypsum is around 100 times more soluble 

than carbonate rocks. Consequently, karst in gypsum rocks 

evolves at a much faster rate and often causes severe 

problems to the built environment,  

Dissolution processes, together with mechanical 

erosion along underground path-ways, may give rise to the 

formation of three-dimensional systems of conduits, and 

solutionally enlarged discontinuity planes (fractures, bed-

ding planes), forming extremely complex three component 

permeabil-ity aquifer systems . 

 key karst-forming factors 

Karstification requires a soluble rock, favorable climatic 

factors  and a hydraulic gradient that facilitates water 

mobility  

 

Fluviokarst is karst in which solution and stream action 

operate together on at least equal terms, and is common 

inWestern andCentral Europe and in themid-western 

United States, where the dissection of limestone blocks by 
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rivers favours the formation of caves and true karst in 

interfluves 

Epikarst comprises the surface and soil (cutaneous zone), 

and the regolith and enlarged fissures (subcutaneous zone) 

Endokarstis similarly divided into two parts: the vadose 

zone of unsaturated water flow and the phreatic zone of 

saturated water flow. 

Karst landforms 

SURFACE KARST FORMS 

 

Schematic diagram of some karst features 

Karren is an umbrella term, which comes from Germany, 

to cover an elaborately diverse group of small-scale 

solutional features and sculpturing found on limestone and 

dolomite surfaces. Widespread, exposed tracts of karren on 

pavements and other extensive surfaces of calcareous rocks 

are 

termed Karrenfield 

Bare forms 

They are small landforms. Bare forms produced by surface 

wetting comprisepits, ripples, flutes, bevels, and runnels, all 

of which are etched into bare limestone by rain hitting and 

flowing over the naked rock surface. 

Solution pipes(or shafts ) are up to 1 m across and 2–5 m 

deep, usually becom-ing narrower with depth, but many are 

smaller. They are cylindrical or conical holes. Solution 

pipesusually form along joint planes, 

 

 



98 
 

Closed depressions 

Dolines 

The word dolineis derived from the Slovene word 

dolina, meaning a depression in the landscape. It is applied 

to the simpler forms of closed depressions in karst 

landscapes 

Dolines are formed by several processes: surface 

solu-tion, cave collapse, piping, subsidence, and stream 

removal of superficial covers. Although these processes 

frequently occur in combination and most dolines are 

polygenetic 

1= Solution dolines start where solution is concen-trated 

around a favourable point such as joint inter-sections. The 

solution lowers the bedrock surface, so 

eating out a small depression. The depression traps water, 

encouraging more 

solution and depression enlargement 

2-Collapse dolines: are produced suddenly when the roof 

of a cave formed by underground solu-tion gives way and 

fractures or ruptures rock and soil (Figure 8.7b; Plate 8.10). 

Initially, they have steep walls, but, without further 

collapse, they become cone-shaped or bowl-shaped as the 

sides are worn down and the bottom is filled with debris. 

Suffossion dolines: form in an analogous manner to 

subjacent karst-collapse dolines, with a blanket of 

superficial deposits or thick soil being washed or falling 

into widened joints and solution pipes in the limestone 

beneath 

Subsidence dolines: form gradually by the sagging or 

settling of the ground surface without any manifes breakage 

of soil or rock.t  

Buried dolines: are karst depression wholly or partly 

filled, and buried by the unconsolidated cover. This type 

originates from solution dolines, modified with collapse 

and are subsequently buried or filled by sedimentation. 

They include filled caves, often known as pipes or pocket 
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deposits.Buried sinkholes  constitute a geohazard for 

engineers where their soft fills create areas of unstable 

ground over very uneven rockhead.They can also lose their 

fill material by suffusion into underlying voids, so that they 

become the sites of new subsidence dolines. 

 

 

 
The most wideaspread hazards in karst terrains occur 

where soil is washed into underlying bedrock openings 

so that the voids migrate upwards by progressive 

collapse to form a subsidence or dropout sinkholes, 
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thogh these sinkholes occur entirely  within the soil 

cover .  

 


