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Types of Sedimentary Basins 



1 Basin Classification 
and Depositional Environments (Overview) 

1.1 Introduction 
1.2 Tectonic Basin Classification 
1.3 Tectonics and Basin Filling 
1.4 Basin Morphology and Depositional Environments 

1.4.1 General Aspects 
1.4.2 Different Methods in the Study ofModem 

and Ancient Sediments 
1.4.3 Depositional Environments (Overview) 
1.4.4 Elementary Principles for Basin Filling 
1.4.5 Some General Trends for Sediment 

Accumulation and Facies 
1.4.6 Facies Architecture 
1.4.7 Summary (Basin Classification) 

1.1 Introduction 

Sedimentary basins are, in a very broad sense, all those 
areas in which sediments can accumulate to consider
able thickness and be preserved for long geologie al 
time periods. In addition, there also exist areas of long
persisting denudation, as well as regions where ero
sional and depositional processes more or less neutral
ize each other (creating what is known as non-deposi
tion or omission). 

In plan view sedimentary basins can have numerous 
different shapes; they may be approximately circular 
or, more frequently, elongate depressions, troughs, or 
embayments, but often they have quite irregular bound
aries. As will be shown later, even areas without any 
topographie depression, such as alluvial plains, may act 
as sediment traps. The size of sedimentary basins is 
highly variable, though they are usually at least 100 km 
long and tens of km wide. 

We can distinguish between (1) active sedimentary 
basins still accumulating sediments, (2) inactive, but 
little deformed sedimentary basins showing more or 
less their original shape and sedimentary fill, and (3) 
strongly deformed and incomplete former sedimentary 
basins, where the original fill has been partly lost to 
erosion, for example in a mountain belt. 

As many workers have pointed out, the regional de
position of sediments, non-deposition, or denudation of. 
older rocks are controlled mainly by tectonic move
ments. Hence, most of the recent attempts to c1assify 
sedimentary basins have been based on concepts of 

global and regional tectonics which will be briefly dis
cussed below. In spite of obvious advantages, however, 
this approach has some serious shortcomings if it is not 
supplemented by additional criteria. One ought always 
bear in mind that the characteristics of sediments filling 
a basin of a certain tectonic type are pre-dominantly 
controlled by other factors and can be extremely vari
able. With few exceptions (also discussed later), there 
is hardly such a phenomenon as a "tectonic sedimen
tary facies". For example, the broad concept of "geo
sync1inal sediments", often postulated in the past, was 
more misleading than helpful. 

In addition to tectonic movements in the basinal area 
itself, sedimentary processes and facies are controlled 
by the paleogeography of the regions around the basin 
(peri-basin morphology and c1imate, rock types and 
tectonic activity in the source area) , the depositional 
environment, the evolution of sediment-producing or
ganisms, etc. Many sedimentologists therefore prefer a 
c1assification scheme based mainly on criteria which 
can be recognized in the field, i.e., the facies concept 
and the definition of the depositional environment (flu
vial sediments, shelf deposits etc.). A further approach 
is the subdivision of sediments into important lithologic 
groups, such as silicic1astic sediments of various gra
nulometries and composition, carbonate rocks, eva
porites, etc. Having established the facies, succession, 
and geometries of such lithologic groups, one can pro
ceed to defme the tectonic nature of the basin investi
gated. 

In this book an attempt is made to combine some 
principal points of these different c1assification systems 
and to show the interaction between tectonic and envi
ronmental characteristics of depositional areas. 

1.2 Tectonic Basin Classification 

Basin-generating tectonics is the most irnportant pre
requisite for the accumulation of sediments. Therefore, 
a tectonic basin c1assification system is briefly intro
duced at the beginning of this chapter. Such a c1assifi
cation must be in accordance with the modem concept 
of global plate tectonics and hence will differ from 
older c1assifications and terminology. 
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In reeent years, several authors have summarized our eurrent 
knowledge on the interaction of plate tectonics and sedimen
tation (e.g., Diekinson in Diekinson and Yarborough 1976; 
Kingston et al. 1983; MiaU 1984; MiteheU and Reading 1986; 
Foster and Beaurnont 1987; Klein 1987; Perrodon 1988) and 
proposed basin classifieation systems. Although basieaUy 
identieal, these systems differ somewhat and do not use ex
aetly the same terms. In this text we essentiaUy use the system 
deseribed by MiteheU and Reading, but add some minor mod
ifieatiollS. 

The different types of sedimentary basins can be 
grouped into seven categories, which in turn may be 
subdivided into two to four special basin types (Table 
1.1 and Figs. 1.1 through 104): 

Intracratonic or interior sag basins (Fig. l.la). Bas
ins on continental crust are mainly generated by diver
gent plate motions and resulting extensional structures 
and thermal effects (cf. Sect. 8.1). In the case of large 

Chapter 1 Basin Classification 

interior sag basins, however, major fault systems fonn
ing the boundaries of the depositional area or a central 
rift zone rnay be absent. Subsidenee occurs predomi
nandy in response to moderate crustal thinning or to a 
slightly higher density of the underlying erust in com
parison to neighboring areas. In addition, slow thermal 
decay after a heating event and sedimentary loading 
can promote and maintain further subsidenee for a long 
time (Sect. 8.1). Altematively, it was recently suggested 
that long-tenn subsidenee of intracratonie basins may 
be related to a decrease ofthe mantle heat flow (abnor
mal cooling) above a "cold spot" (Ziegler 1989). In 
general, rates of subsidence are low in this geodynarnie 
setting (cf. Sect. 12.3). 

Continental graben structures and rift zones fonn 
narrow elongate basins bounded by large faults (Fig. 
l.1b and c). Their cross seetions rnay be symmetrie or 
asymmetrie (e.g., halfgrabens, see Sects. 11.4 and 

Table 1.1 Tectonic basin classification. (After Kingston et al. 1983; Mitchell and Reading 1986) 

Basin eategory Special basin Underlying Style <?f Basin 
type or synonymes) erust teetomes eharaeteristies 

Continental or inte- Epieontinental basins, 
rior sag basins intra-eratonie basins 

Continental Divergenee Large areas, slow subsi-
denee 

Continental or inte- Graben struetures, rift Continental Divergenee Relatively narrow basins, 
rior fraeture basins valleys and rift zones, fault-bounded, rapid 

aulaeogens subsidenee during early 
rifting 

Basins on rassive Tensional-rifted bas- Transitional Divergenee Asymmetrie basins 
eontinenta margins, ins, tension-sheared + shear partly outbuilding of 
margin sag basins basins, sunk margin sediment, moderate to 

basins low subsidenee during 
1ater stages 

Oeeanie sag basins Naseent oeean basin Oeeanie Divergenee Large, asymmetrie, slow 
(growing oeeanie ba- subsidenee 
sm) 

Basins re1ated to Deep-sea trenehes Oeeanie Convergenee Partlyasymmetrie, 
subduction greatly varying 

Foreare basins, Transitional, Dominantly degth and 
backare basins, oeeanie divergenee su sidenee 
interare basins 

Basins related to Remnant basins Oeeanie Convergenee Aetivated subsidence 
eollision due to rapid sedimentary 

10ading 

Foreland basins (Pe- Continental Crustal Asymmetrie basins, 
riphera1), retroarc bas- flexuring, loca1 trend to increasing subsi-
ins (intramontane), convergence or dence, up1ift and subsi-
broken foreland bas- transforrn mo- dence 
ins, tions 

Terrane-re1ated basins Oeeanic. Simi1ar to backare basins 

Strike-slip/ wreneh Pull-apart basins Continental andlor Transforrn mo- Relatively smalI, elon-
basins (transtensional) and oeeanic tion, ± diver- gate, rapid subsidenee 

transpressional basins gence or eonver-
gence 
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a INTRACRATONIC SAG BASIN 

LOW RELIEF 

b GRABEN, 
HALFGRABEN 

CONTINENTAL AND 
SHALLOW MARINE SEDIMENTS 

THINNING OR HIGHER DENSITY (MINERAL PHASE TRANSITION) 

C RIFT ZONE, 
AULACOGEN 

ONGOING +-I I--,) SPREAOING 

d MARGIN SAG BASIN SEDIMENT OF 
CONTINENTAL 
RISE 

f 

RIF T VALLEY 
OEPOSITS 

OCEANIC CRUST 

'~~I~ifEj~t:~~~ SEDIMENTS OF INCIPIENT : SPREAOING TROUGH 

CRUST 

e OCEANIC BASIN PLAIN 
AND FAULT -BOUNDED BASIN 

OCEANIC SAG BASIN DEEP 
SEA FAN SEA LEVEL _ __ ____ _______ _ __ ___ _ __ __ ...L _ _ _ ; .... ~ 

r::-:-~'__=~"""- ---------- - ------ ------ - -- - -- ..,... 
I 

1oIL..... ___ _ 1.:.::o:..:::o.::.o..:..:k""m.:..-____ ..... 
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Fig. 1.1a-f. Tectonic 
classification for exten
sional basins on conti
nents, continental mar
gins, and on oceanic 
crust. See text for ex
planation. (After 
Dickinson and 
Yarborough 1976; 
Kingston et al. 1983; 
Mitchell and Reading 
1986) 

12.1). If the underlying rnantle is relatively hot, the 
lithosphere may expand and show updoming prior to or 
during the incipient phase of rifting. Substantial thin
ning of the crnst by attenuation, which is often accom
panied by the upstrearning of basaltic magma, thus 
forrning transitional crnst, causes rapid subsidence in 
the rift zone. Subsequent thermal contraction due to 
cooling and high sedimentary loading enable continu
ing subsidence and therefore the deposition of thick 
sedirnentary infillings. 

Failed rifts and aulacogens (Fig. l.lc). If divergent 
plate motion comes to an end before the moving blocks 
are separated by accretion of new oceanic ernst, the rift 
zone is referred to as "failed". A certain type of such 
failed rifts is an aulacogen. Aulaeogens represent the 
failed arm of a tripie junction of a rift zone, where two 
arrns eontinue their development to form an oceanie 
basin. Aulacogen floors eonsist of transitional ernst, 
whieh may include sorne oceanic ernst, and allow the 
deposition of thick sedimentary sequences over rela
tively long time periods. These sedimentary fills are 
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SUBDUCTION-RELATED BASINS 
a INTRAOCEANIC INTERARG (BAGKARG) BASIN 

VOLGANIG ISLAND ARG REMNANT ARG (INACTIVE) 

FOREARG BASIN 

--k lr:SPREA()ING CENTER 
INTERMEDIATE CRUST 
(ARC STRUCTURE) 

B·SI,IBOUCTION 
ACCRETION 
COMPlEX (M~lANGE) 

b ~ INTRA·ARG BASINS 
100Kl1' VOLGANIG ARG 

AT CONTINENTAL MARGIN 

OCEANIC 
CRUST 

BATHOLITH BELT 

Fig. 1.2a,b. Tectonic 
classifieation of sub
duetion related basins 
(Fig. 1.1 eontinued). 
See text for explana
tion 

often affeeted by subsequent convergenee along fault 
zones. Basins similar to aulaeogens mayaiso be initi
ated during the closure of an oeean and during 
orogenies. 

Passive margin basins (Fig. l.1d). The initial stage of 
a true oeeanie basin setting (or a proto-oeeanie rift sys
tem) is established when two divergent eontinents sepa
rate and new oeeanie ernst forms in the intervening 
spaee. This does not neeessarily mean that such a basin 
type fills with oeeanie sediments, but it does imply that 
the eentral basin floor lies at least 2 to 3 km below sea 
level. When such a basin widens due to eontinued di
vergent plate motions and aeeretion of oeeanie ernst 
(drifting stage), its infilling with sediment tends to 
more or less lag behind oeean spreading. Terrigenous 
sediments are deposited predominantly along the two 
eontinental margins of the growing oeean basin. The 
marginal "basins" are eommonly not bordered by mor
phologieal highs. They develop on top of seaward thin
ning eontinental ernst with seaward inereasing (differ
ential) subsidenee (Seet. 8.4). They therefore represent 
asymmetrie depositional systems in whieh sediments. 
eomrnonly build up in the form of a prism (Fig. 1.ld 
and Seet. 12.2). Some ofthese marginal basins may be 
affeeted and bordered by transform motions (tension
sheared basins). In a sediment-starved environment, 

subsided transitional erust ean ereate deep plateaus 
(sunk basins). In general, subsidenee of these marginal 
basins tends to deerease with passing time, unless it is 
reaetivated by heavy sediment loads. 

Oceanic sag basins or nascent ocean basins oeeupy 
the area between a mid-oeeanie ridge, including its rise, 
and the outer edge of the transitional erust along a pas
sive eontinental margin (Fig. 1.11). They eommonly 
aeeumulate deep-sea fan or basin plain sediments. Due 
to the advaneed eooling of the aging oeeanie erust, sub
sidenee is usually low, unless it is aetivated by thiek 
sedimentary loading near the eontinental margin. Fault
bounded basins of limited extent are eommon in eon
junetion with the growth of mid-oeeanie ridges 
(Fig.l.1 e). 

Basins related to subduction. Another group of bas
ins is dominated by eonvergent plate motions and 
orogenie deformation. Basins related to the develop
ment of subduetion eomplexes along island ares or ae
tive eontinental margins include deep-sea trenehes, 
foreare basins, backare basins (Fig. l.2a and b), and 
smaller slope basins and intra-are basins. 

Deep-sea trench j/oors are eomposed of deseending 
oeeanie erust. Therefore, some of them represent the 
deepest elongate basins present on the globe. In areas 
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COLLISION-RELATED BASINS 

REMNANT BASIN INTRA MONTANE BASIN' 

COLLISION-RELATED BASINS 

FORELAND PANNONIAN-TYPE FOLD-THRUST ZONE 
BASIN BASIN (INTRAMONTANE B.) l FOLD-THRUST + ........ 

ZONE 
MARINE _-----

--- ~~~~ --- C-::~ 

b 

of very high sediment influx from the neighboring con
tinent, however, they are for the most part filled up and 
morphologically resemble a eontinental rise. Deep-sea 
trenehes eommonly do not subside as do many other 
basin types. In fact, they tend to maintain their depth 
whieh is eontrolled mainly by the subduction meeha
nism, as weil as by the volurne and geometry of the 
aeeretionary sediment wedge on their landward side 
(Seet. 12.5.2). 

Foreare basins oeeur between the treneh slope 
break of the aeeretionary wedge and the magmatie front 
of the are. The sub stratum beneath the center of such 
basins usually eonsists of transitional or trapped oee
anie ernst older than the magmatie are and the 
aeeretionary subduetion eomplex (Seet. 12.5.3). Rates 
of subsidenee and sedimentation tend to vary, but may 
frequently be high. Subsequent deformation of the sed
imentary fill is not as intensive as in the aeeretionary 
wedge. 

Fig. 1.3a,b. Tectonic 
classification of 
eolliss ion-re lated 
basins (Fig. 1.2 eon
tinued). See text for 
explanation 

Backarc and interare basins form by rifting and 
oeean spreading either landward of an island are, or 
between two island ares wh ich originate from the split
ting apart of an older are system (Fig. l.2a). The evolu
tion of these basins resembles that of normal oeean 
basins between divergent plate motions. Their sedimen
tary fill frequently refleets magmatie aetivity in the are 
regIOn. 

Terrane-related basins are situated between miero
continents consisting at least in part of eontinental erust 
(Nur and Ben-A vraham 1983) and larger continental 
blocks. The substratum of these basins is usually oee
anie erust. They may be bordered by a subduetion zone 
and thus be assoeiated with basins related either to 
subduetion or eollision. 

Basins related to collision. Partial collision of eonti
nents with irregular shapes and boundaries wh ich do 
not fit eaeh other leads to zones of crustal over- or 
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a STRIKE -SLIP /WRENCH BASINS 

b 
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DEXTRAL (RIGHT -LATERAL) 
MOVEMENT 

/\.. 

CONTINENTAL 
OR OCEANIC 
CRUST 

Fig. 1.4a,b. Strike
slip/wrench basins 
(Fig. 1.3 continued). 
See text for explana
tion 

PULL-APART BASIN 

underthrusting. Along strike, however, one or more During crustal collision, some foreland and retroarc 
oceanic basins of reduced size rnay still persist (Fig. basins are broken up into srnaller blocks, whereby 
1.3a). strike-slip motions mayaiso playa role (Fig. l.3a). 

These remnant basins tend to collect large volurnes 
of sediment from nearby rising areas and to undergo 
substantial synsedimentary deformation (convergence, 
also often accompanied by strike-slip motions). 

Foreland basins and peripheral basins in front of a 
fold-thrust belt are generated by depressing and 
flexuring the continental crust ("A-subduction", after 
Ampferer, Alpine-type) under the load ofthe overthrust 
mountain belt (Fig. 1.3a and Fig. 1.3b). The length of 
these asymmetric basins tends to increase with time, 
but influx of c1astic material from the rising mountain 
range often keeps pace with or eJiceeds subsidence and 
thus causes basin filling (Sect. 12.6). Collision of two 
continental blocks rnay lead to "continental escape" of 
parts of the overriding plate as weH as produce 
extensional graben structures or rifts perpendicular to 
the strike ofthe fold-thrust belt (Fig. 1.3a). 

Retroarc or intramontane basins (Figs. 1.2b and 
1.3a) occur in the hinterland of an arc orogen ("B
subduction" zone). They rnay affect relatively large 
areas on continental crust. Limited subsidence appears 
to be caused rnainly by tectonic loading in a backarc 
fold-thrust belt. 

Pannonian-type basins originate from post-orogenic 
divergence between two fold-thrust zones (Fig. l.3b). 
They are usuaHy associated with an A-subduetion zone 
and are floored by thinning continental or transitional 
erust. 

Some of the blocks are affected by uplift, others by 
subsidence, forrning basinal depressions. The mechan
ics of such tilted block basins were studied, for exam
pIe, in the Wyoming Province of the Rocky Mountain 
fore land (McQueen and Beaumont 1989). So-called 
Chinese-type basins (Bally and Snelson 1980) result 
from block faulting in the hinterland of a continent
eontinent collision. They are not directly associated 
with an A-subduction margin, but it appears unneces
sary to c1assify them as a special new basin type (Hsü 
1989). 

Strike-slip and wrench basins (Fig. 1.4a and b). 
Transform motions may be associated either with a ten
sional eomponent (transtensional) or with a com
pressional component (transpressional). Transtensional 
fault systems locally cause crustal thinning and there
fore create narrow, elongate pull-apart basins (Sect. 
12.8). If they evolve on continental crust, continuing 
transform motion rnay lead to crustal separation per
pendicular to the transform faults and initiate accretion 
of new oceanic crust in limited spreading centers. Until 
this development occurs, the rate of subsidence is usu
ally high. Transpressional systems generate wrench 
basins of lirnited size and endurance. Their com
pressional component can be inferred from wrench 
faults and fold belts oflirnited extent (Fig. lAb). 
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c POST -DEPOSITIONAL BASIN 

---... ...... 
' .... , 

- --..... " FLUVIAL 

ERODED 

LAKE ...-~-
SEDIMENT ..... ...-"'--- _ 

...- ...-

( 
UTTLE LATEAAL CHANGE 
IN FACIES AND THICKNESS 

PALEO·CUAAENT 
DIRECTION 

b SYN-DEPOSITIONAL BASIN 
PALEO·CUAAENT 
DIAECTION 

. : .... ~ .. ~ ... ;~:- .. -"' .. ' -... 0: ~_ ...... :: .. ~ .... . 
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, •• _a .fII·OOG"". · · .. 

( SIGNIFICANT LATEAAL CHANGE ) 
IN THICKNESS, SOME CHANGE IN FACIES 

UTTLE VEATICAL 
FACIES CHANGE 

Fig. 1.5. a Rapid, pre-depositional 
tectonies creates a deep morphologi
cal basin which is later filled up with 
post-teetonic sediments. The geome
try of former basin can be derived 
from transport directions and facies 
distribution. b Syn- depositional tec
tonic movements control varying 
thickness of fluviatil and shallow
marine sediments an generate a 
basin-fill strueture, although a mor
phological basin barely existed. 
c Post-depositional basin-like struc
ture ereated by teetonic movements 
after the deposition of sheet-like 
fluvial and lake sediments; part of 
the syntectonic basin fill is removed 
by subsequent erosion 

a 

SHALLOWING 
UPWARD 

< 

PRE-DEPOSITIONAL BASIN 

In order to identify these various basin eategories, one 
must know the nature of the underlying erust as weil as 
the type of former plate movement involved during ba
sin formation, i.e., divergence or eonvergence. Even in 
the ease of transform movement, either some diver
gence or convergence must take place. Small angles of 
convergence show up as wrenching or fold belts, and 
small angles of divergence appear as normal faulting or 
sagging. 

One should bear in mind that all these basin types rep
resent proto-types of tectonically controlled basins. 

AEEF 

DISTINCT 
PALEO· 
SLOPE 

They offer a starting point for the study and evaluation 
of basins, but there are no type basins which can be 
used as a complete model for any other basin 
(Burchfiel and Royden 1988). Even within a single 
broad tectonic setting, the development of smaller indi
vidual basins may display great variation. As soon as 
basins are analyzed in greater detail, the broad tectonic 
basin classification listed above becomes less useful. In 
addition, over long time periods, a sedimentary basin 
may evolve from one basin type into another 
(polyhist'Jry basins) and thus exhibit a complex tec
tonic and depositional history (Sect. 12.9). 
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1.3 Tectonics and Basin-Filling 

Although basin-generating tectonic movements and 
basin-fllling depositional processes generally interact, 
one can distinguish three different modes (partially 
end members) of this relationship (Fig. 1.5, based on 
Selley 1985a): 

Pre-depositional basins. Rapid tectonic movements 
predate significant sediment accumulation and create a 
morphological basin, which is filled later by post-tec
tonic sediments (Fig. 1.5a). The water depth in the 
basin decreases with time, although some syn
depositional subsidence due to sediment loading is 
likely (Sect. 8.1). Sediment transport as well as vertical 
and lateral facies associations are substantially influ
enced by the basin morphology. 

Syn-depositional basins. Sediment accumulation is 
affected by syn-depositional tectonic movements, e.g., 
differential subsidence (Fig. 1.5b). If the sedimenta
tion rate is always high enough to compensate for 
subsidence, the direction of transport and the sedimen
tary facies largely remain unchanged, but the thick
nesses of certain time slices varies. In Figure l.5b they 
increase toward the center of the basin. In this case, 
the basin structure is syn-depositional, but there was 
hardly a syn-depositional morphological basin control
ling the sedimentary facies of the basin. If sedimenta
tion is too slow to fill up the subsiding area, a morpho
logical basin will develop. Then, the distribution and 
facies of the succeeding sediments will be affected by 
the morphology of the deepening basin (transition to 
the situation shown in Fig. 1.5a). 

Post-depositional basins. The deposition of sedi
ments largely predates tectonic movements forming a 
distinct basin structure. Hence, there is no or little 
relationship between the transport, distribution, and 
facies of these sediments and the later evolved basin 
structure (Fig. 1.5c). In most cases, however, some 
relationship between a syn-depositional subsidence 
phase and the subsequent tectonic overprint cannot be 
excluded. 

Of course, there are transitions between these simpli
fied models of the interaction between basin-generat
ing tectonics and basin-filling processes (see Chap. 
12). Certain basins may show a complex history and 
therefore contain sediments affected by both pre- and 
syn-tectonic movements. 

Chapter 1 Basin Classification 

1.4 Basin Morphology and Depositional 
Environments 

1.4.1 General Aspects 

The geometry of an ultimate basin fill is controlled 
mainly by basin-forming tectonic processes, but the 
morphology of a basin defmed by the sediment surface 
is the product of the interplay between tectonic move
ments and sedimentation. Therefore, as already men
tioned, a purely tectonic classification of sedimentary 
basins is not sufficient for characterizing depositional 
areas. It is true that a sedimentary basin in a particular 
tectonic setting often experiences a specific develop
ment and subsidence history (Chaps. 8 and 12), but its 
morphology, including water depth, may be controlled 
largely by other factors, such as varying influx and dis
tribution of sediment from terrigenous sources (Chap. 
11 ). 

For example, a fluvial depositional system ean develop and 
persist for eonsiderable time on top of subsiding ernst in vari
ous tectonic settings (Miall 1981). Fluvial deposits are known 
from eontinental graben struetures, passive continental mar
gins, foreland basins, foreare and baekarc basins, pull-apart 
basins, ete. Fluvial sediments aeeumulate as long as rivers 
reaeh the depositional area and supply enough material to 
keep the subsiding basin filled. Although the basin-forming 
processes and subsidenee histories of these examples differ 
fundarnentally from each other, the sedimentary faeies of their 
basin fills display no or only minor differences. In order to 
distinguish between these varying tectonic settings, one has to 
take into aceount the geometry of the entire basin fill, as well 
as vertieal and lateral facies ehanges over long distances, in
cluding paleoeurrent direetions and other eriteria. 
Syndepositional tectonic movements manifested by variations 
in thiekness, small diseonformities, or faults dying out upward 
(cf. Fig. 1.5b) may indicate the nature of the tectonic pro
ces ses involved. 

The erosional base level and hydrographie regime 
within a basin are additional important factors control
ling sediment dispersal and modifying basin morphol
ogy. They largely determine the development of special 
sedimentary facies as demonstrated in the elementary 
model of Fig. 1.6. In a fluvial environment, sediments 
cannot accumulate higher than the base level of erosion 
and the elevation added by the gradient of the stream. If 
there is more influx of material into the depositional 
system than necessary for compensation of subsidence, 
the sediment surplus will be carried farther downstream 
into lakes or the sea. 

This signifies that the level up to whieh a basin ean be filled 
with sediments may depend on the geographie position ofthe 
basin in relation to the erosionaI base. In Tibet, for example, 
the floors of present-day fluviaI basins (intramontane basins 
and graben structures) are eIevated higher than 3000 m in 
eomparison to the coastal fluvial plains elsewhere. 
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SEDIMENT UMIT FOR THE BUILDUP OF SEDIMENT 
INFLUX 

FLUVIAL 11 
SEDIMENTS {} 

SUBSIDENCE 

0, 1,2 . ISOCHRONES 

LOCAL 
OUTBUlLDING 

Fig. 1.6. Base level <?f erosion, hydrodynamic ~egi~e 
in the sea, and gravIty mas~ movements a~ h.mItmg 
factors controlling upbuildmg and outbUlldmg of 

The morphology of water-filled basins may signifi
cantly change as a result of depositional processes. 
Lakes and low-energy marine basins frequently show 
prograding deltaic facies, causing pronounced 
basinward outbuilding of sediment (Sects. 2.1.1, 2.2.2, 
2.5.l, 3.4.l). Consequently, the area occupied by the 
deeper basin, where finer-grained sediment is depos
ited, decreases with time, although the initial, tectoni
cally controlled basin configuration persists. By co~
trast, high-energy basins are less influenced by sedI
ment outbuilding (Fig. 1.6). 

For example, terrigenous sediments transported into high
energy shelf seas tend to be reworked and swept into deeper 
water by wave action and bottom eurrents, exeept for some 
loeal seaward migration of the shoreline. Even on deep sub
marine slopes and in the deep sea, there is no general out
building or upbuilding of sediments, because gravlty mass 
movements and deep bottom currents redistribute large quan
tities of material. 

OUT· 
BUILDING 

MASS 
MOVEMENTS DEEP 

. BOHOM 

" . ; .. . . _~~ ~C~~~~~,T.S . .... ..... . < .... 
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sediments. Note that the model may be modified by sea 
level changes 

1.4.2 Different Methods in the Study of 
Modern and Ancient Sediments 

Many workers distinguish between recent and anciel~.t 
examples of depositional environme~ts (e.g., pavIs 
1983' Reading 1986a), because the mterpretatIOn of 
spale~environments from the fossil record is subject. to 
greater uncertainties. Furthermore, the met~ods of IJ?-
vestigation and the possibilities of observmg ce~am 
physical and biological sedimentary structures dlffer 
between soft sediments and lithified rocks. Soft mate
rial, for example, is suitable for the determination of 
primary grain size distribution, whic~ in the case of 
lithified rocks is frequently problematIc. On the other 
hand, any kind of structure is commonly much better 
visible in ancient rocks than in soft sands and muds. 
The surface of recent sediments on land and under wa
ter can be well observed, but in many cases, for exam
pie in fluvial environments, such temporary surfaces 
are rarely preserved in the sedimen~ry record. In co.n-
trast, indurated beds altemating Wlth weaker matenal 

These few examples demonstrate that the most appro- frequently show exceUently preserved lower and upper 
priate c1assification scheme for sedimentary basins bedding planes with trace fossils, various marks, and 
depends primarily on the objectives of the study. If imbrication phenomena which are difficult to observe 
tectonic structure and evolution of a region are the in soft sediments. Diagenesis may, however, also ob
main topics, then basin fiU geometry and subsidence scure primary bedding features. In. addition, there a:e 
history derived from the thickness of stratigraphic special sediments in the past, partIcularly far back. m 
units (Sect. 8.4) are of primary importance. If, on the the Earth's his tory, for which no present-day analogles 
-{)ther hand, the depositional environment, sedimentary are known. Such environments are mentioned in Sec
facies, and paleogeographic reconstructions are ofma- tion 6.5. 
jor interest, then the basin c1assification used should In spite of such various problems between recent and 
not be strictly tectonic. Such a c1assification should ancient sediments, the depositional environments of 
also take into ac count changes in basin morphology both groups are treated jointly in this book, except for 
caused by depositional processes, the chemical and some special deposits. After a brief overvi~~ in this 
hydrodynmnic regimes of the basin, and peri-ba~in c~apter, the most im~orta~t ~oup~ of de~OSItIonal e~
characteristics such as the size and nature of the dram- vIronments are descnbed In sImphfied facles models m 
age areas on land delivering terrigenous and dissolved . Chapters 2 through 6. 
materials into the basin. 
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a CONTINENTAL, LACUSTRINE 
OF DIFFERENT TECTONIC SETTINGS 

b VARYING SUBSIDENCE BASE LEVEL 
OF EROSION 

SEDIMENT SOURC~ 
(PLAN VIEW).---- j ---, 

ONE, TWO-OR MULTI- ONE, 
NEARBY SOURCE SYSTEM DISTANT 

NEARBY 

, 
,I 

" -,' 

Fig, 1.7 a-d. Overview of various depositional environ
ments, based primarily on basin morphology (a and c) 
and peri-basin characteristics (b and d)_ All these 

1.4.3 Depositional Environments (Overview) 

On the surface of our present-day globe, on land and 
below the sea, hundreds of depositional areas are 
known which meet the defmition of sedimentary bas
ins as described in Seetion 1.1. If we add to this list 
medium to large ancient sedimentary basins whose fill 
is stilliargely preserved, we have some thousand sedi
mentary basins. Taking into account this large number 
and the many factors controlling a sedimentary envi
ronment, it appears at first glance that an enormous 
number of differing depositional environments should 
exist. This is in fact the case, but nevertheless it is pos
sible to subdivide this great quantity into a limited 
number of distinct groups which have many character
istics in common. 

Chapter 1 Basin Classification 

C ADJACENT SEA BASINS 
OF DIFFERENT TECTONIC SETTING AND 
SUBSIDENCE 

SHALLOW DEEP 
SHALLOW
DEEP 
ASYMMETRie SYMMETRie SYMMETRie 

,~-er ·<~t~ 

OPENING~ d 
NARROW, 
SHALLOW 

WIDE, 
DEEP 

VARYING 

SHALLOW SEGMENTED BASIN 
BA ~ -

OR DEEP 

OPEN DEEP 
SEA 

UNDER VARIOUS CLiMATES AND 
WITH DIFFERING INPUT OF 
TERRIGENOUS SEDIMENTS 

basins are strongly affected by variations in terrigenous 
input under differing conditions of relief and climate. 
For further explanation see text 

their depositional environment and basin morphology. 
However, peri-basin geomorphology and climate also 
playa role. One can distinguish between several princi
pal groups, for example: 

- Continental (fluvial, glacial, eolian), lacustrine, and 
deltaic environments. 

- Adjacent sea basins and epicontinental seas of vary
ing salinity. 

- Marine depositional areas of normal salinity_ 

As an alternative, a group of "transitional" environ
ments may be defined between continental and marine 
environments (e.g., Davis 1983). This group includes 
marine deltas, intertidal environments, coastal lagoons, 
estuaries, and barrier island systems (cf. Chap. 3). In 
Part 11 of this book, a more diversified classification is 
used with the following main groups: 

Such depositional environment models have been exten
sively described in several textbooks (e.g., Reineck and 
Singh 1980; Blatt et al. 1980; Walker 1984a; Walker and 
James 1992; Selley 1985a and b; Reading 1986a, 1996; 
Boggs 1987), and single groups of environments have been 
dealt with repeatedly in special publications, memoirs, short . -

- Continental sediments. 
Coastal and shallow sea sediments (including car
bonates). course notes, etc. (cf. Chaps. 2 and 3). 

In Figures 1.7 and 1.8 the various types of sedimen
tary basins are predorninantly classified according to 

- Sediments of adjacent seas and estuaries. 
- Oceanic sediments. 
- Special sediments and environments. 
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a MARINE DELTAS 
SEA LEVEL 
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Fig. 1.8a-g. Marine delta (a) and overview of other marine basins (b through g). For further explanation see 
text 

In addition, Chapter 7 deals with depositional rhythms 
and cyclic sequences which may occur in all groups of 
depositional environments. 

1.4.4 Elementary Principles for Basin Filling 

The jluvial environment is controlled by its erosional 
base level and sediment supply from more elevated 
regions. As long as sediment supply is sufficient to 
compensate for subsidence, regardless of the type of 
tectonic setting, the river gradient and thus a more or 
less constant average net transport direction through 
the fluvial basin can be maintained (Fig. I.7a), and the 
sedimentary facies does not change significantly. A 
topographie depression, i.e., a syn-depositional mor
phological basin (Fig. I .5b) can only develop when 
fluvial transport lags behind basin subsidence. 

This clear relationship between gradient and trans
port direction is modified in the glacial and eolian 
environments. Subglacial abrasion often leads to ero
sional depressions, over-deepened valleys, and ice-

filled troughs, which are later filled with water creating 
short-lived lakes. Similarly, eolian deflation can gener
ate local depressions in the land surface which, if the 
groundwater table rises, may be transformed into salt 
pans. However, such erosional features are normally 
filled up again with sediments within a short time span. 
On the other hand, eolian sand can accumulate large 
"sand seas" reaching elevations well above the sur
rounding landscape. In addition, wind-blown sand and 
dust can migrate into different directions, partially up
slope. 

The influence of peri-basin morphology on fluvial
lacustrine sedimentation is described in Figure 1.7b. 
Terrigenous material entering the basin may come from 
nearby or distant sourees. Consequently, the sediment 
will be texturally immature or markedly mature. Simi
larly, its mineralogical composition may be either fairly 
uniform or mixed. In addition, the climate in the source 
area(s) exerts a strong influence (Sect. 2.2.4). Where 
sediment accumulation cannot compensate for subsi
dence, long persisting, deepening lakes or shallow seas 
evolve (see below). 
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Marine deltas represent a transitional, highly vari
able depositional environment between continental 
and marine conditions (Fig. 1.8a). The subaerial part 
of such a delta is controlled by fluvial and possibly 
lacustrine processes, whereas its coastal and subaque
ous regions are dominated by the hydrodynamic and 
chemical properties of the sea. Large terrigenous sedi
ment supply causes prograding of the deltaic complex 
toward the sea; high sedimentation rates and subsi
dence enhanced by the sediment load enable the for
mation of thick, widely extended deltaic sequences. 
Marine delta complexes provide a particularly good 
example of depositional environments which are con
trolled predominantly by various exogenic factors 
(Sect. 3.4). 

Acijacent sea basins and epicontinental seas are 
connected with the open sea and therefore exchange 
water with the ocean (Fig. l.7c and d). The extent of 
this water exchange and thus the salinity of the basin 
water strongly depend on the width and depth of the 
opening to the ocean. In humid regions, adjacent bas
ins with a limited opening tend to develop brackish 
conditions, while arid basins frequently become more 
saline than normal sea water (Sect. 4.2). Adjacent bas
ins and epicontinental seas on continental crust are 
commonly shallow, but basins on oceanic or mixed 
crust mayaiso be deep. The shapes of these basins 
largely vary; some of them show symmetric or asym
metric cross sections; some represent basins subdi
vided by shallow swells into several subbasins (seg
mented basins). In the latter case, markedly differing 
depositional subenvironments have to be taken into 
account. Most of these adjacent basins are strongly 
influenced by the climate and relief of the peri-basin 
land regions (cf. Fig. 1. 7b), which control the influx of 
terrigenous material from local andlor distal sources. 
In summary, adjacent basins may exhibit a particularly 
great variety of sedimentary facies (Sect. 4.3). 

The sediments of shallow seas and continental 
shelves (Fig. 1.8b) are also considerably affected by 
processes operating in neighboring land regions. These 
generally provide sufficient material to keep these bas
ins shallow. Strong waves, surface and bottom cur
rents usually tend to distribute the local influx of 
terrigenous sediment over large areas. Especially in 
shallow water, high-energy conditions prevent the de
position of fine-grained materials, partially including 
sands. Therefore, such environments often pers ist over 
long time periods without being filled up to sea level 
(Fig. l.6). This is also true for widely extended 
shallow-marine basins, as long as excess sediment vol
urne (in relation to space provided by subsidence) can 
be stored in special depressions (Fig. 1.8b and d) or be 
swept into a neighboring deeper ocean basin. The mar
gin of such basins is commonly characterized by a 
kind of ramp morphology. 

Deeper marine basins are usually bordered by a 
shelf zone of varying width followed by a wide and 
normally gentle slope (continental slope, Fig. l.8c). 

Chapter 1 Basin Classification 

The foot of the slope in deep water (continental rise) is 
still gently inclined basinward; it is built up to a large 
extent by redeposited material derived directly from the 
slope (slope apron) or by sediments funnelled by sub
marine valleys and canyons into the deep sea (deep-sea 
fans). The terms continental slope and continental rise 
are commonly used to describe corresponding features 
of the present-day passive, Atlantic-type continental 
margins. These terms, however, imply a plate-tectonic 
interpretation. Deep-sea basins or basin plains are the 
deepest parts of marine environments except deep-sea 
trenches and some other special features associated 
with the behavior of oceanic crust (see below). 

Large volumes of terrigenous material can be co l
lected by the troughs in a submarine horst and graben 
topography bordering the continent (Fig. l.8e). Simi
lady, deep-sea trenches at the foot of relatively steep 
slopes and slope basins are sites of preferential sedi
ment accumulation (Fig. l.8g). Thick, ancient flysch 
sequences are mostly interpreted as depositions in such 
basins. Less important sediment accumulation systems 
are small basins ("ponds"), which occur along oceanic 
ridges, and infillings of narrow troughs due to fractur
ing ofthe oceanic crust (Fig. l.8f). 

The thin, frequently incomplete sedimentary records 
on the tops of submarine ridges, platforms, and 
seamounts (Fig. J.8j) strongly contrast with all other 
marine sediments. These deposits are mostly biogenic, 
chemically or biochemically precipitated and usually 
contain only very small proportions of terrigenous or 
volcanoclastic materials. Although such lirnited sedi
ment accumulations can hardly be referred to as basin 
fills, they do constitute an important and diagnostically 
significant part of larger marine depositional environ
ments. 

The direct influence of tectonic basin evolution on 
sedimentary facies is only evident in areas, where tec
tonic movements are rapid and nonuniform, such as at 
the basin margins, or where sediment accumulation 
lags far behind subsidence faulting, or thrusting. This 
situation is common in continental riß and pull-apart 
basins during their early stages of evolution, in 
subduction-related settings, in renmant and foreland 
basins, and in deep marine environments along oceanic 
ridges or trans form faults far away from large land 
masses. These problems are further discussed in Chap
ter 12. 

1.4.5 Some General Trends for Sediment 
Accumulation and Facies 

From the previous discussion one can draw some gen
eral, straightforward rules for the sediment accumula
tion and facies in various depositional environments: 

- The influence of terrigenous sediment sources on 
basin fillings decreases in the following order: high-



1.4 Basin Morphology 

relief continental environments - lowlands - shallow 
seas - deep sea. 
Similarly, the sedimentation rate tends to decrease 
from highland continental basins to the central parts 
of large oceanic basins. 
Basins with low sedimentation rates tend to accu
mulate sediments relatively rich in biogenic compo
nents. Such basins may persist for long time periods 
and are therefore often markedly affected by 
synsedimentary tectonic movements. 
Chemical sediments (evaporites) of some extent 
commonly form in lowlands (lakes) and special 
portions of adjacent shallow seas, but rarely in the 
other depositional environments. 

- The sedimentary facies of rnany basin fills do not 
reflect tectonic basin evolution and specific struc
tural elements. Only in some basin types and/or 
during the most rapid phase of basin evolution do 
tectonic movements direetly control sedimentary 
faeies. However, the geometry of basin fills, sedi
mentation rates, and syn- and post-depositional de
formations eharaeterize the tectonic style and evolu
tion of the basin eonsidered. 

1.4.7 Summary (Basin Classification) 

Sedimentary basins originate from various 
endogenie processes and can be classified on the 
basis ofplate tectonie models. The basin-generat
ing forces also determine the overall geometry of 
the entire basin fill. 

However, the depositional environments and 
sedimentary facies of the basins are to a large 
extent eontrolled by exogenic processes (e.g. 
terrigenous sediment influx, autoehthonous sedi
ment produetion, hydrographie regime of the 
basin, sediment distribution, ete.). 
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1.4.6 Facies Architecture 

The prineipal sediment eharaeteristies of the various 
depositional environments include features on different 
scales. These range from large-seale phenomena, 
relevant to the facies distribution in the total basin, to 
micro-seale properties which are studied in a single 
rock speeimen. As Allen (1983) and Miall (1985) have 
pointed out, the sedimentary basin fill often displays a 
certain type of stratigraphic architeeture, i.e., larger 
units are built up by a number of srnaller, basic units. 
In single outerops, generally only the smaller seale 
units can be observed, whieh are often not suffieiently 
diagnostie for the reeognition of the true nature of the 
total basin fill or a large part of it. 

The brief surnmaries for the eommon depositional 
environments presented in Chapters 2 through 6 are 
largely based on these principles. They preferentially 
show field and outcrop phenomena and how these fit 
into a larger scale faeies model. Micro-seale features 
and processes are only described in special eases. 

This means that (I) similar sediment types ean 
oeeur in basins of eompletely different tectonic 
origin, and (2) an additional basin classifieation 
is needed whieh is based on the various 
depositional environments. 

Certain basin fills refleet pre- and syndepositional 
tectonies. To understand both basin-forming 
tectonics and depositional environments, basin 
fills should be studied at different seales (out
erops, drillholes, geometry ofthe total basin fill). 


