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HEAVY METAL ACCUMULATION IN RIVER SEDIMENTS— 
RESPONSE TO ENVIRONMENTAL POLLUTION 
As evidenced by catastrophic cadmium and mercury 

poisonings in Japan, heavy metals belong to the most 
toxic environmental pollutants. Through the investiga
tion of sediments, the extent, distribution, and prove
nance of heavy-metal contamination in rivers and lakes 
can be determined and traced. 

Eight heavy metals (Cd, Hg, Pb, Zn, Cu, Cr, Ni, 
Co) in the clay fraction of sediments from major riv
ers within the Federal Republic of Germany (Rhine, 
Danube, Ems, Weser, Elbe) were determined by means 
of atomic adsorption spectrometry. The addition of the 
eight metals results in average values higher than 1,000 
ppm for each river; in the Elberand Weser over 2,000 
ppm are found. The zinc concentration in each river is 
higher than the other seven heavy metals together. 

Heavy metals known for their high toxicity are most 
enriched—mercury, lead, and zinc by a factor of 10; 
cadmium by a factor of 50—compared with the natu
ral background of these elements. 

A geochemical reconnaissance survey on extreme 
cadmium concentrations in the sediments of the Nec-
kar river (tributary of the Rhine) led to (a) the detec
tion of extreme cadmium concentrations in the river 
water, (b) the detection of fish highly polluted with 
cadmium, and (c) the discovery of the source of the 
cadmium: a factory producing cadmium pigments. 

The potential danger of the heavy-metal accumula
tion in river sediments lies in the possibility that, under 
certain circumstances (changes in eH-pH within the 
sediment), a dissolution or desorption might lead to a 
release of metals into the river water. 

The mobilization of heavy metals from the sus
pended load and from the sediments—as is observed in 
rivers approaching the marine environment—could en
danger marine organisms, thus negatively influencing 
the aquatic food chain. 
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RECENT INORGANIC NONMARINE CARBONATE ENVI
RONMENTS 

Compared with modern carbonate environments as
sociated with or derived from the marine miUeu, the 
study of nonmarine carbonate depositional environ
ments has been neglected, although these offer a much 
wider range of conditions under which carbonate for
mation and diagenesis can occur. 

During the past years I have studied the following 
environments: (1) lakes and ponds, (2) springs and 
rivers, (3) caves (speleothems), (4) soils (especially 
caliche, and (5) technical incrustations (scale). My 
investigations clearly reveal that the formation of pri
mary carbonate minerals (calcite, high-magnesium cal
cite, aragonite, hydrous magnesium carbonates) and of 
secondary carbonates (dolomite, huntite, and magnesite) 
in these various environments having different hydro-
chemistry, salinity, cUmatic conditions, etc., is mainly 
dependent on the Mg/Ca ratio of the solution in which 
the formation or transformation occurs. 

By loss or extraction of carbon dioxide, evaporation 
concentration or mixing of different water bodies, 
calcite, high-magnesium calcite, aragonite, and hydrous 
magnesium carbonates precipitate in an order of in
creasing Mg/Ca ratios. 

Dolomite formation takes place only at elevated 

Mg/Ca ratios ( > 7) if high-magnesium calcite is 
available. The reactions leading to the formation of 
huntite and magnesite at very high ( > 30) Mg/Ca 
ratios are not fully understood; from observations in 
Turkish lakes, it seems evident that dolomite is the 
precursor of huntite and huntite is the precursor of 
magnesite. 

A comparison between inorganic carbonate minerals 
deposited in the marine and nonmarine environments 
shows that the only significant difference in carbonate 
mineralogy is that (low-magnesium) calcite does not 
form under marine (or marine-derived) conditions. 
The explanation is that the high Mg/Ca ratio of the 
sea water (about 5) does not allow the formation of 
(low-magnesium) calcite. 
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STAGES OF TRANSFORMATION OF CARBONATE SANDS 
INTO LIMESTONE AND DOLOSTONE: FUERTEVEN-
TURA, CANARY ISLANDS 

The island of Fuerteventura offers a unique possibil
ity for studying mineralogical, chemical, and textural 
changes in Holocene and Pleistocene skeletal carbonate 
sands which, due to eustatic sea level changes, have 
been exposed to one or more diagenetic environments. 
An example is the diagenetic development of a 30,000-
year old dolomitized calcarenite from the Jandia Pen
insula. 

Stage 1 (intertidal or beachrock stage)—Precipita
tion of magnesian calcite leads to the formation of 
beachrock in the intertidal zone. 

Stage 2 (supratidal marine evaporitic stage)—Lower
ing of the sea level (about 2-3 m compared with stage 
1) has exposed the beachrock to the supratidal zone 
which, however, still remains under the influence of 
the sea and of the evaporating seawater. After the re
treat of heavy seas, seawater accumulated on the 
surface or within the pores of the beachrock evapo
rates and percolates through the calcarenite. The high 
Mg/Ca ratio ( > 15) of the percolating brines causes 
dolomitization of the magnesian calcite cement as well 
as of allochems consisting of the same mineral (red 
algae, echinoderms). 

Stage 3 (supratidal meteoric stage)—When, by 
further lowering of the sea level, the partly dolomitized 
beachrock is exposed to meteoric (freshwater) condi
tions, the supratidal meteoric stage is achieved. Arago
nite of the allochems is converted to calcite by wet 
transformation and calcite is precipitated in the in
terstitial spaces of the calcarenite as second-generation 
cement (cement B). 

Other interesting examples are calcarenites (eolian-
ites) which originally were exposed to the meteoric 
diagenetic environment and are now in the intertidal 
zone; a first-generation cement consisting of calcite is 
followed by a second-generation cement consisting of 
magnesian calcite! 

Calcarenites overlain by basaltic lavas permit the 
study of hydrothermal alteration of carbonate rocks. 
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APPLICATION OF PLATE TECTONICS TO PETROLEUM 
EXPLORATION AT CONTINENTAL MARGINS 
Approximately 90% of known reserves of oil and gas 

has accumulated within the past 250 million years, con
current with formation of the present ocean basins, is
land ridges, and linear mountain chains of Andean and 
Alpine types. Concepts of crustal rifting, sea-floor 


