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Turbidites provide a unique opportunity to study diagenetic processes1 
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Abstract 

The sedimentary record has always been affected by both diagenesis and changes through time in the input 
flux. It will be shown that distal turbidites, which are extremely uniform throughout upon emplacement, can 
be used to constrain diagenetic processes. Emplacement of turbidites causes the exposure of various labile 
and reduced components to oxic pelagic conditions. This initiates various diagenetic processes such as organic 
matter decomposition, element redistribution and carbonate dissolution. The influence of these processes on 
the sedimentary record can be obtained directly from depth profiles within initially homogeneous turbidites. 
The sedimentary record can provide strongly biased information when diagenetic alterations are not consid­
ered. 

Introduction 

In recent sediments, profiles showing concentra­
tion or abundancy versus depth are usually inter­
preted in terms of changes through time at the site 
of deposition or in terms of diagenesis. In this pa­
per, diagenesis refers to all physical, biological and 
chemical processes that occur during and after dep­
osition of sediments. If diagenesis is absent, then 
variations in components with depth are connected 
directly with fluctuations in the composition of the 
depositional flux. The assumption of very limited or 
no diagenesis is implicit in the use of concentration 
(and also abundance, activity and intensity) versus 
depth profiles in studies of paleoceanography, 
provenance and stratigraphy. If fluctuations 
through time in the depositional flux are absent, 
then all changes in the composition or characteris­
tics with depth are due to diagenesis. This is the hy-

pothesis underlying the concept of steady-state di­
agenesis which has provided a good description of 
most early-diagenetic conditions (e.g. Berner 1980). 

In nature, most sedimentary components are in­
fluenced both by diagenesis and by the variability in 
the depositional flux. Some components, such as 
the dissolved oxygen content are largely deter­
mined by diagenesis, whereas others, such as the 
minerals zircon and ilmenite, mainly reflect varia­
tions in the depositional flux. For most components, 
however, there is no a priori information regarding 
the importance of historical input and diagenetic 
variability. Nevertheless such information is of the 
utmost importance for the use of the sedimentary 
record in paleoceanographic, stratigraphic and di­
agenetic studies. 

In this context, interbedded pelagic and turbiditic 
sediments as found in the Madeira Abyssal Plain 
(MAP) are very interesting. In the MAP, pelagic 
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sediments (accumulating at a rate of 0.5 to l.Ocm/ 
ka) are interrupted sporadically by turbidite units 
(Weaver & Thomson 1987, Schi.ittelhelm et al.1989, 
Middelburg & Nakashima 1992). A remarkable fea­
ture of these distal turbidites is their homogeneity 
upon emplacement. Concentration versus depth 
profiles within these turbidites can therefore be in­
terpreted in terms of post-depositional changes 
only. In this paper, I will present a short, necessarily 
incomplete, overview of the diagenetic processes 
occurring in turbidites of the MAP, with the pur­
pose to show the potential that diagenetic processes 
have to modify the sedimentary record. 

Madeira Abyssal Plain turbidites 

Late Quaternary sediments in the MAP consist of 
alternatin!l" thick (up to 6m) distal turbidites and 
thin (centimetre to decimetre) pelagic units. Indi­
vidual turbidites are easily recognized by their dis­
tinctive colours and lithology and have been let­
tered from the top downward (Weaver & Kuijpers 
1983). The basal layers are generally graded and 
vary from several centimetres to tens of centimetres 
in thickness. They are overl<:iin by thick (up to 6m) 
ungraded muds. The transition from graded silt to 
uniform mud is fairly abrupt, occurring over 5 cm. It 
has been proposed that these ungraded muds have 
been deposited from high-density non-turbulent 
turbidity currents (McCave & Jones 1988). 

The uniformity of these muds is shown by several 
parameters: modal sizes, median and percentage 
silt (Weaver & Rothwell 1987, McCave & Jones 
1988), coccolith floras (Weaver & Kuijpers 1983), 
mineralogy (Pearce & Jarvis 1992) and geochemical 
composition (Jarvis & Higgs 1987, De Lange et al. 
1987, Middelburg & De Lange 1988, Thomson et al. 
1988). Important for the present discussion is that 
these ungraded muds have a constant chemical 
composition throughout upon emplacement. 

On the basis of geochemical and mineralogical 
characteristics which reflect their source area, three 
major turbidite types can be recognized in the 
MAP: organic-rich, volcanic and calcareous turbi­
dites (De Lange et al. 1987, Middelburg & De 
Lange 1988). The organic-rich turbidites are de-

rived from the NW African margin and contain 
more than 0.3% corg' about 50% carbonate, and 
sometimes large amounts of biogenic silica. The 
original sediments on the NW African margin 
which give rise to organic-rich turbidites have accu­
mulated more rapidly than the pelagic sediments in 
the MAP. As a consequence, the former sediments 
have preserved relatively high concentrations of la­
bile components such as reactive organic carbon 
and biogenic silica, and have experienced sulphidic 
conditions which resulted in the formation of iron 
sulphides. The emplacement of such a turbidite 
causes the exposure of various labile and reduced 
components to oxic pelagic conditions. Most of 
these components will then react to accommodate 
to their new environment. In such circumstances 
oxidation/reaction fronts may develop and progress 
downward (Colley et al. 1984, Wilson et al. 1985, 
1986). 

Diagenetic processes following emplacement of 
turbidites 

The emplacement of a turbidite is followed by dep­
osition and rapid consumption of oxygen and ni­
trate originally present in pore water, owing to the 
presence of appreciable labile organic matter and 
other reduced components. Oxygen and nitrate 
from bottom water then diffuse into the turbidite 
creating a reaction front at which redox reactions 
are localized (Fig. 1). The reaction front deepens 
the upper oxidized layer by propagating downward 
at a rate determined by the reducing capacity of the 
sediment and the balance between diffusive fluxes 
of oxidants (oxygen and nitrate) and reductants 
(manganese(II) and iron(II) ). In sediments the pro­
gress of this reaction front is marked by a sharp col­
our contrast from brown to olive-green (Fig. l). This 
burning-down phenomenon results in the forma­
tion of a partially oxidized turbidite, with oxic sedi­
ment overlying suboxic (neither oxygen nor sul­
phide) sediments. The deposition of the next turbi­
dite causes the diffusive flux of oxidants to cease 
and as a result the downward penetration of the ox­
idation front will cease as well (Colley & Thomson 
1985, Colley et al. 1989). Relict fronts are generally 



marked by colour changes from brown to olive­
green or from pale-green to dark-green depending 
on the calcium carbonate content and age of the tur­
bidite. 

The extent and depth to which this oxidation 
front has affected the initally homogeneous turbi­
dite depend on the time period it has been active, 
the permeability and composition of the sediment 
and the oxygen content of the bottom water (Thom­
son et al. 1987, Buckly & Cranston 1988). For in­
stance, the difference in organic carbon contents 
between the oxidized and the unoxidized sections 
of turbidites is related to the time period during 
which the oxidation front has been active. For the 
most recent turbidite a, where the reaction front has 
been active for 500 years, about 30% of the organic 
matter has been oxidized (Colley et al. 1989), 
whereas for older turbidites (e.g. turbidites e and f), 
where fronts have been active for tens of thousands 
of years, up to 80% can be degraded and lost (Col­
ley et al. 1989, Prahl et al. 1989). 

Diagenetic effects on organic matter 

Organic matter is usually considered to be a com­
posite of residual materials derived from marine 
and terrestrial sources. Differentiation of marine 
and terrestrial organic matter input is usually based 
on microscopic, elemental, isotopic, and molecular 
biomarker parameters. For instance, marine orga­
nisms have C/N ratios ranging from 6 to 8, while 
land plants generally have ratios higher than 12. 
Similarly, marine organic carbon is isotopically 
heavier (813C0,g - 18 to - 23%0) than most terrigenous 
organic carbon (813Corg - 24 to - 29%0 ). The organic 
compounds (with different C/N ratios and isotopic 
values) that make up organic matter vary in their 
susceptibility to decomposition (Middelburg 1992). 
It has been shown that the microbial community 
tends to utilize substrates sequentially, the more re­
active substrates being consumed first (Tegelaar et 
al. 1989). As a consequence of the preferential uti­
lization of specific compounds, the composition of 
organic matter, as revealed by C/N ratios, isotopic 
values or molecular biomarkers, changes consider­
ably during decomposition. Nevertheless, most re-

10 

'E 20 
~ 
.s:::. 
0.. 
Ql 

0 
30 

40 

50 

Organic carbon(%) 

0 0.2 0.4 0.6 

17 

Oxygen Nitrate, Mn 

100 200 300 10 20 30 

------ ---- --------------- ~---------- -- -

• Brown/Oxic 

' ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' 

II Green/Suboxic 

Fig. I. Idealized distribution of solid-phase organic carbon and 
pore-water oxygen, nitrate (solid line) and manganese (dashed 
line) in a recently em placed turbidite based on boxcore data pre­
sented by Wilson et al. (1985, 1986) and Thomson et al. (1987). 
All dissolved concentrations are given in micromole per dm3• 

Notice that the maximum depth of the reaction front (indicated 
by the horizontal dashed line) corresponds with a colour change 
in the sediment from brown to green. 

searchers distinguish between organic matter of 
marine origin and organic matter of terrestrial ori­
gin in order to obtain paleoceanographic informa­
tion. How reliable is this approach? 

A comparison between the organic matter char­
acteristics of the oxidized upper and unoxidized 
lower parts of initially homogeneous turbidites may 
be useful, because any difference must be related to 
diagenetic changes. The relevant data have been 
published by De Lange (1988, 1992), Scholten (1991) 
and Prahl et al. (1989) and a selection is presented in 
Table 1. Oxidation of the sediment caused a de­
crease in both organic carbon and nitrogen of about 
80 and 70% respectively. It also caused a shift in 
C/N ratios from 9.2- 11.3 to 7.0 and in 813C0,g values 
from - 20.2 to -23.0. Interpretation of these results 
without consideration of early diagenetic modifica­
tion would lead to erroneous conclusions. The 
change in 813C0 ,g values could be interpreted as 
change toward a higher terrestrial organic matter 
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input, since terrestrial organic matter usually has 
more negative 813C0 rg values than marine organic 
matter. In contrast, the shift in C/N ratios would in­
dicate a change toward marine organic matter, be­
cause marine organic matter normally has lower 
qN ratios than terrestrial organic matter. 

These significant changes in the composition of 
organic matter during decomposition may seem to 
be an extreme example, because about 80% of the 
original organic matter has been destroyed. How­
ever, one should realize that in pelagic environ­
ments normally more than 90% of the organic mat­
ter supplied to sediments is readily degraded and 
only a few percent becomes permanently buried 
and is thus available for paleoceanographic studies 
(e.g. Emerson & Hedges 1988). Therefore, any dis­
tinction between organic matter sources based on 
the modified organic matter remaining after de­
composition will be biased. Future studies on the 
organic matter characteristics of oxidized and un­
oxidized parts of turbiditic sediments may perhaps 
shed light on this important problem. 

Post-depositional mobility of trace elements 

Many trace elements are redistributed in response 
to oxidation-reduction cycles in sediments. For 
multivalent elements, the oxidized and reduced 
forms may show different solubilities or affinities 
for solid phases. Some other elements may be ad­
sorbed by or co-precipitated with phases that are 
involved in redox transformation such as Fe and Mn 
oxyhydroxides (Salomons & FOrstner 1984 ). Hence, 
various trace elements may show post-depositional 
mobility in response to redox changes. In principle 
one could study redox cycles in sediments that accu-

mulate continuously, but one always has to be 
aware of historical input fluctuations of the element 
being studied. This uncertainty in the interpretation 
of post-depositional mobility can be excluded by 
studying redistribution of elements within a turbi­
dite unit. 

Figure 2 shows the distribution of Ti, Y, U and V 
surrounding the relict redox boundary in turbidite f 
of the Madeira Abyssal Plain. Titanium and yttrium 
are elements that are not involved in redox trans­
formations, and their geochemistry is consequently 
uniform within the turbidite. Uranium and vanadi­
um both peak below the redox boundary. These 
characteristic depth profiles of U and V have been 
identified in various turbidites (Colley et al. 1984, 
1989). The U profile is the result of uranium (VI) 
mobilization in the top as a result of bottom-water 
oxidation. This oxidized uranium fraction then dif­
fuses from the top of the unit and becomes immo­
bile by reduction to U(IV) in the immediately un­
derlying suboxic sediment. For vanadium a similar 
mechanism may be operating since the lower valen­
cies of vanadium are less soluble than pentavalent 
vanadium. These enrichments of U and V must be 
related to post-depositional mobility since initial 
concentrations were uniform. 

Turbiditic sediments from the North Atlantic 
Ocean have also been used to identify the post-dep­
ositional mobility of platinum, iridium and rhenium 
in marine sediments (Colodner et al.1992). Figure 3 
shows measurements of Pt, Ir and Re in a partially 
oxidized turbidite. The oxidized and unoxidized 
sections of this turbidite are separated by a transi­
tion zone. Platinum is enriched in a broad peak to­
ward the base of the transition zone. Rhenium is, 
like U and V, enriched below the redox boundary in 
the unoxidized section. The behaviour of iridium is 

Table I. Comparison between oxidized and unoxidized sections of the f-turbidite from the Madeira Abyssal Plain; approximate age 
73- 127ka (data from Scholten 1991) 

Interval Depth Organic C Organic N C/Nmolar 31Jc o,g 
(cm) (wt%) (wt%) ratio %0 

Oxidized 704-714 0.22 0.036 7.0 -23.0 
Unoxidized 751- 761 1.04 0.107 11.3 -20.2 
Unoxidized 772- 782 1.00 0.127 9.2 -20.1 
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Fig. 2. Geochemical profiles of Ti, Y, U and V over the relict 
redox boundary (colour change) in the upper part of the f-turbi­
dite (approximate age: 73-127ka). All concentrations are shown 
on a carbonate-free-base (Jarvis & Higgs 1987). 

less clear, but the peaks are indicative of significant 
post-depositional mobility (for details see Colodn­
er et al. 1992). Mobility of iridium and other plati­
num-group elements has important implications for 
the interpretation of enrichments reported at ex­
tinction horizons such as the Cretaceous-Tertiary 
boundary. 

Summary and outlook 

Using examples from the Madeira Abyssal Plain, I 
have illustrated how concentration versus depth 
profiles in turbidites can be used to determine une­
quivocally if and how diagenetic processes affect 
the distribution of certain components. Using the 
instantaneous nature ofturbidite emplacement and 
the extreme uniformity of the mud, it was illustrat­
ed that differentiation between organic matter of 
marine origin and organic matter of terrestrial ori­
gin can be heavily biased because of preferential 
preservation of non-reactive components. It be­
came also apparent that various elements show sig-

100 

120 

I 
a 
Q) 

Cl 

140 

160 

19 

Pt (ppb) Ir (ppb) Re (ppb) 
2 4 6 0.1 0.2 10 30 

• Oxic • Transition zone • Suboxic 

Fig. 3. Geochemical profiles of Pt, Ir and Re in a 330 ka old turbi­
dite (data on a carbonate-free-base from Colodner et al.1992). 
The oxic and sub-oxic sections of this turbidite are separated by a 
transition zone of intermediate colour from 113 to 120cm. 

nificant post-depositional mobility; some of these 
(e.g. Ir, Pt) are frequently assumed to be immobile. 

So far the emphasis was on organic carbon and 
redox-related diagenetic processes. The turbidite 
approach can, however, also be used to study other 
diagenetic processes. For instance, turbidite cur­
rents may transport carbonate-rich material in con­
tact with undersaturated bottom water. On the ba­
sis of the time of emplacement and the degree of 
carbonate dissolution, it is then possible to deter­
mine the in-situ dissolution rate at a known degree 
of undersaturation (Wilson & Wallace 1990). The 
vertical homogeneity of the turbidite unit can also 
be used for the identification of post-emplacement 
signals of near-surface bioturbation. Although the 
mixed layer depths deduced from 210Pb, 23°Th and 
foraminifera profiles were similar, the bioturbation 
intensities in terms of biodiffusion coefficients (D8 ) 

were found to be different for each of the three trac­
ers (Thomson et al.1988). Tracer-dependent biotur­
bation intensities illustrate the complexity one may 
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encounter when studying bioturbated sedimentary 
sequences. 

Finally, there are many more scientific problems 
which can be approached by using the unique char­
acteristics of these turbidites. One could consider 
the oxidation of sulphide minerals or the formation 
of magnetic minerals by the downward propagating 
oxidation front, the dissolution of biogenic silica, 
and the determination of relative reactivities of 
molecular biomarkers, to mention a few. 
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