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Figure I. Vegetations of tidal marshes of arctic, temperate and tropic 

zones in relation to salinity and levels of tides 

Adaption of the vegetation to lower topographic levels with longer 

inundations (and thus more reduced conditions) is greater in the tropics 

than in temperate and arctic zones and also greater in brackish than in 

saline conditions . In arid and semi-arid tropical coastal areas the 

growth of mangrove vegetations is hampered completely , perhaps due to 

very high salini ties (Marius 1972). 

Figure I illustrates that abundant supply of organic matter, favorable 

for pyrite accumulation can be expected in the ' low' brackish zone be

tween mean sea level (MSL) and mean high water (MHW) in temperate areas 

with reeds (Phragmites) and rushes (Scirpus) and in the ' low ' saline and 

brackish zone between mean low water (MLW) and mean high water (MHW) in 

tropical areas with . Rhizophora and other mangrove trees. 

5 Neutralizing compounds 1n tidal environments 

Br oadly speaking , the contents of neutralizing compounds of tidal 
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sediments at the time of deposition, viz. exchangeable bases, easily 

weatherable silicate minerals and carbonates , vary with climates . 

In the humid tropics, and especially in the smaller estuaries, kaolinite 

is often the dominant clay mineral in tidal sediments. These sediments 

are not only low in exchangeable bases but are also ineffective in 

neutralizing acid by weathering (Vieillefon 1973) . Rivers from arid and 

semi-arid catchment areas supply mainly smectites to their estuaries, 

and, even though clay contents are often lower than in the humid tropics 

(Allen 1964), may neutralize an important fraction of the acidity formed 

upon oxidation. Those of the temperate areas have a mixed clay mineral

ogy with an appreciable exchangeable base content . Clayey sediments of 

large rivers of the humid tropics, including the Amazone and the Mekong, 

have moderate amounts of adsorbed bases and have ·a fair neutralizing 

capacity upon weathering. 

Most volcanic catchment areas provide sediments rich in weatherable min

erals. E.g. in tidal flats of the volcanic. island of Java, in contrast 

to those of Sumatra and Kalimantan, the presence of such minerals lowers 

or prevents potential acidity (Driessen 1974). 

Carbonates are practically absent in most coastal sediments in the humid 

tropics. Most rivers transport acidic water and non-calcareous sediments 

because their catchment areas include old, strongly weathered soils. 

Moreover coastal sea water in the tropics is often deluted with acid 

river water so any carbonate present runs the risk to be dissolved 

(Brinkman and Pons 1968). By contrast marine sediments in arid and semi

arid and in temperate zones frequently contain much more primary car

bonates. 

Summarizing (see also Table 2).: the very fine textured clays of the 

large humid tropical estuaries show a moderately high neutralizing ca

pacity. Sediments of arid, semi-arid and temperate areas and of volcanic 

regions have generally lower clay contents, but both because of a richer 

mineralogy and higher carbonate content, t hese sediments are highest in 

acid neutralizing capacity . Only the small estuaries in the humid 

tropics are generally very low. in neutralizing materials and hence are 

often strongly acid or potentially acid. 

43 



Table 2. Occurrence of neutralizing ingredients in tidal deposits in environments 

favo~rable for pyrite accumulation (xxx abundant, xx fair , x rare, - none) 

Exchangeable 

bases 

Weather able 

silicate 

minerals 

Primary 

carbonates 

6 

Humid tropics Humid temperate Arid and semi- arid 

zone zone 
Regions 

with 

recent Small Large Clayey Sandy Clayey Sandy 
volcanism estuaries estuaries de2osits de2osits de12osits de12osits 

XXX X XX XXX x/xx XXX XX 

XXX X X XX XX XXX XXX 

x/- xl- xxx/- xxx/- xxx/-

Dynamics of tidal environments and the formation 

of potential acidity 

The time required fo r the formation of appreciable amounts of potential 

acidity (i . e . of pyrite) is probably in the order of decades to cen

turies. So, the tidal marsh vegetation has to persist at a given loca

tion for at leas t such a ·period of time in order to build up sufficient 

quantities of pyrite. This implies that sedimentation must be slow 

(Moormann and Pons 1974). Tidal environments with low sedimentation 

rates often have many well-developed creeks. Estuarine areas generally 

show numerous creeks in contrast to rapidly accreting coastal systems as 

in Malaysia (Diemont and Van Wijngaarden 1974) and along the Guyana 

coast (Brinkman and Pons 1968). 

According to Diemont and Van Wijngaarden (1974) reduced substrata of 

large coastal swamps behind a closed accreting shore line in Malaysia 

have less than 0.5% pyrite-sulfur, are low in organic matter and show a 

field pH between 8 and 8.4, reflecting high concentrations of Hco; 
(10-26 mol/m3

) in the soil solution. Those of the estuarine swamps , dis

sected by tidal creeks, have 1-2.5% pyrite sulfur, are high in undecom

posed organic matter and show field pH's between 6.2 and 6.8 in the 

upper meter, with interstitial water low in dissolved HCO~ 
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(2-10 mol/m3 ) . Black FeS was locally found in sediments of the accreting 

coast, but not in estuarine sediments . During spring tides the concen

trations of dissolved sulfide in the estuarine sediments dropped to 

undetectable levels whereas they remained almost constant along the 

accreting coast. These observations can be explained by much more effec

tive tidal flushing in tidal marshes with a well-developed creek system. 

Tidal flushing would favour temporary limited aeration, necessary for 

the complete pyritization of ferric iron and leaching of interstitial 

water and evacuation of Hco; so that a relatively low pH (6.5-7) is 

maintained. 

In tidal environments, dissolution of CaC03 (secondary decalcification) 

may be much stronger than under terrestrial condi tions (Van der Sluys 

1970, Salomons 1974). This accelerated dissolution is also a result of 

tidal flushing combined with dissolution of CaC03 by C02 produced during 

the decomposition of plant remains . Oxidation of some pyrite during low 

tides would also remove CaC0 3 (Kooistra 1978) . 

Summarizing one may conclude that in saline and brackish marshes, dis

sected by creeks, leaching by tidal action may contribute to potential 

acidity, both by favouring pyrite formation and by removal of carbon

ates. 

If sedimentation is outweighed by accumulation of organic debris, 

pyritic peats may develop . Pyritic mangrove peats are known from the 

Niger delta (ILACO), from Senegal (Vieillefon 1973), in Kenya (unpub

lished observations by Van Wijngaarden and Pons), and in Malaysia and 

Indonesia (Driessen 1974). Thin layers of pyritic reed and rush peats 

are very common e.g. in The Netherlands . In these peats~ iron may become 

the limiting factor for pyrite formation. The same may be true for 

mangrove marshes composed dominantly of quartz sands (Vieillefon 1973). 

During the last 3000 years many deltas , estuaries and coasts in Europe 

have witnessed a strongly accelerated sedimentation due to deforestation 

and land reclamation, especially since Roman times. 

Elsewhere, including in the humid tropics, this process ~s now becoming 

increasingly important. For this reason recent sediments often have a 

lower potential acidity than sub recent sediments. Moormann and Pons 

(1974) described the Mekong delta as an example. 

Summarizing one may say, that from the point of dynamic development of 
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tidal environments many factors cooperate to result in high potential 

acidity in the humid tropics: dense vegetation , low sedimentation rates, 

and low primary and secondary car bonat e contents in recent times in

creased soil erosion and concomitant accelerated sedimentation in tidal 

flats has somewhat decreased the rate of formation of potential acidi t y 

in many tropical areas. 

7 The influence of relative sea level changes 

on tidal environments in relation with 

potential acidity 

Both the formation of coastal land forms and the development of poten

tial acidity in their sediments is strongly influenced by relative sea 

level changes . After the last glaciation the sea level rose by about 3-4 

m per 1000 years (Blackwelder et al . 1979) and levelled off until a 

maximum was reached some 5, 500 years BP and, apart from a slight drop 

some 5000 years ago (Fairbridge 1961) probably remained stabl e ever 

since. Slight differences in local tectonisms, however, resulted in 

different patterns of changes in the relative sea level as illustrated 

by Figure 2. 
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Figure 2. Changes in relative sea levels for the coastal plains of a 

stable coast, of The Netherlands and of Surinam 

Fairbridge's curve applies to stable coasts, e . g . Senegal, Kenya, 

Australia, etc. The curve of Louwe Kooymans ( 1974) is not only charac

teristic for The Netherlands, where land subsidence caused continued 

rise in sea level after 5,500 years BP, but also for many other subsid

ing areas as the Orinoco delta, the Mississippi delta, etc. Along the 

Surinam coast the sea level remained constant during the last 5,500 

years (Brinkman and Pons 1968). This pattern is also characteristic for 

many deltas e.g. th~ Bangkok plain and the Mekong delta . 

Figure 3 illustrates how sea level changes and sediment supply may af

fect the formation of potential acidity in coastal areas. When the rise 

of sea level is high relative to the supply of sediment, transgression 
will take place. 
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Figure 3. Effect of changes in sea level and sediment supply on the 

accumu l ation of po t ential acidity in tidal swamps . Level of potential 

acidity is represented by rel ative dens i ty of dot distribution 

When sediment s uppl y and relative sea level rise are more Ot" less 

balanced a broad zone of stationary relatively low lying mangroves ~~ll 

occur (Brinkman and Pons 1968) . Under these conditions ver tical sedi

menta tion predominates and -potential acidity will be bui lt up over con

siderab l e depths. If the sediment supply is relatively high the land 

area will grow by lateral accretion of the coast. Broad areas of r e l a

tively high- elevated tidal marshes are formed . The belt with mangroves 

and other salt and brackish marsh vegetations will shift rapidly seaward 

with the growing coast and only little potenti al acidity is formed 

(Moormann and Pons 19.74). 

After the last glaciation, in many areas \vith considerable supp l y of 
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sediments the rise in sea level during the early Holocene was approxi

mately balanced by the sediment supply. This resulted in a vertical 

build-up of sediments under stationary t idal marsh conditions. The 

silting-up of creeks was also retarded and tidal f l ushing of the rela

tive low mangrove and salt marshes was 'maintained during long periods 

giving rise to thick sediments with high potential acidity. 

After the stabilisation of the sea level during the late Holocene the 

still considerable supply of sediments caused lateral coastal accretion 

in these areas. A zone with high-lying mangroves rapidly shifted seaward 

with the growing coast. Only limited time was available for the forma

tion of potential acidity. In addition, less favourable chemical condi

tions in these relatively high lying sediments for both pyrite formation 

as well as for decarbonation, contribut ed to their generally low level 

of potential acidity . 

Erosion caused by deforestation in watersheds during the last parts of 

the Late Holocene has further accelerated the already high rates of 

coastal accretion in many of these regions. 

In areas of low sediment supply, where transgressions took place in 

early Holocene times, sea level stabilisation in late Holocene times 

brought about stationary coasts with low lying mangroves. In such areas 

potential acidity is formed at present. Examples are the estuary of the 

Sine-Saloum (Marius 1972), the estuary of the Casamance river where re

cent sedimentation is so slow that locally pyrite peats are formed 

(Vieillefon 1973), and the estuary of the Saigon river (Moormann and 

Pons 1974). 
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