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Biogenic and inorganic cherts

P. Buurman

ABSTRACT
Association of cherts with aulhigenic minerals at the continental

margins, and the deminishing quantity of chert formed since the

Eocene, suggest a link of chert genesis with terrestric weathering and

tectonic rest. Sedimentation of hydroxide-bound silica in periods of
tectonic rest might lead to quartzous cherts in chalk rocks, while

cristobalitic cherts (porcelaniles) are biogenic and occur in silica

oozes and in detrilic sediments.

Introduction

Chert in the marine environment and in the geological record

There are several features that should be explained by any

theory on chert formation. It was observed that chert and

chert-like substances (porcelanite) abound in sediments of

Cretaceous till Eocene age, while they are much rarer in

younger sediments, where chert is almost invariably res-

tricted to the equatorial zone.

Cherts are frequently associated with deposits with a rela-

tively high amount of silica-rich authigenic minerals (cli-

noptilolite, palygorskite, K- feldspar) (29). It was observed

that in deposits of authigenic minerals, that occur at the

continental margins, high silica minerals (clinoptilolite)

were dominant in pre-Oligocene sediments, while authi-

genic minerals with lower silica contents (philippsite) are

more frequent in younger deposits (3). In the atlantic

Ocean, pre-Oligocene deposits with palygorskite and se-

piolite are overlain by younger layers in which detritic

minerals such as kaolinite and chlorite are common.

Another aspect is, that quartzous cherts, which are fre-

quently of nodular habit, are generally found in nanno-

fossil chalk, while bedded cherts (porcelaniles) are gene-

rally linked with biogenic silica sediments and detritic

sediments (15).
A theory on the genesis of cherts should therefore explain;
1. the occurrence of cherts in the stratigraphic record, 2.

the structural differences and mineralogical differences

between quartz- and porcelanite (lussatite) cherts, and

their occurrence in different environments and 3. the

association of cherts with authigenic minerals. To deve-

lop a hypothesis, we will have to regard the three most

important aspects in the genesis of cherts; a) the scource

of the silica, b) the sedimentation process and c) the post-

sedimentary recrystallization and accretion.

The source of silica

Several authors have published balances of the silica bud-

get in the oceans. These budgets are calculated for actual

circumstances and not for fossil environments. A compila-

tion of four silica budgets is given in table I. It appears

that there are several major and minor sources of dis-

solved silica in the oceanic waters;

- silica resulting from superficial weathering of terrestric

rocks, that is transported by rivers (32).
-

submarine weathering of sedimentary alumino-silicates,
and redissolution of sedimented siliceous tests. These

sources are sometimes taken together as the contribution

of diffusion processes from the interstitial waters of sea

bottomsediments (11,22,25,39).
-

alteration of fresh volcanic material at the ocean floor

(at sites of sea floor spreading) (16, 23).
- antarctic weathering (the dissolution of ‘rock flour' set

free by melting glaciers) (4, 30).
- redissolution of siliceous tests of organisms before sedi-

mentation (this is not a real source, since the silica was

not removed from the oceanic budget. It is left out in the

balance).
Although the balances are highly contradictory with re-

spect to the importance of the various processes (riverine

input excepted), we will make a few speculations on the

importance of these sources of silica in the past. These

speculations are made in order to check the possibility
that silica levels in pre-Oligocene Oceans would have been

higher.
-

The composition of interstitialwaters, and theirattribu-

tion to the oceanic budget will vary with the amount of

amorphous silica in the sediment, unless equilibrium with

amorphous silica exists. This attribution will have been

All amounts in 10
14

gram

Refs:

1. Calvert, 1968; 2. Burton & Liss, 1973;

3. Leclaire, 1974; 4. Heath, 1974.

Table 1 Balances of oceanic silica

Results of the Deep Sea Drilling Project (DSDP) have led

to an enormous increase in our knowledge of oceanic

chert formation (1, 7, 8, 24, 26). Before the DSDP, cherts

were almost exclusively studied on the terrestric parts of

the continents, and many of the older papers on chert for-

mation suggest inorganic genesis for quartzous cherts,
while organic genesis was excluded in many theories.

The results of the DSDP. that are mainly based on the

study of biogenic cherts (porcelaniles) turned the scales

the other way, and many authors now defend an exclu-

sively organic genesis for most cherts. Some authors (43)

even allow themselves fulminations against those investi-

gators who still believe in the possibility of inorganic chert

formation. The dinial of the possibility of inorganic chert

formation is mainly due to the fact that till now no reason-

able mechanism was proposed. The present paper intends

to point out that, although cherts are indeed frequently of

organic origin, inorganic formation should not be ruled

out beforehand.
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higher in times when siliceous sediments were more wide-

spread than they are now, but it cannot be the cause of

high silica concentrations in the oceans, it is the result of

it.

-
Antartic weathering will hardly have contributed to the

oceanic silica in the oceans during pre-Oligocene times,
because there were no glaciers at that time. Moreoever,

Antarctic weatehring is said not to contribute now (25).
-

The alteration of suboceanic basalts as a source of dis-

solved silica depends on the rate of sea floor spreading,
which has varied (23). Recent increases in the rate of sea

floor spreading, however, are not associated with an in-

crease in chert formation, while periods of slower sprea-

ding, that occurred in the past, did not result in sediments

without chert (30).
- The last major source, the supply of silica by rivers may
have varied considerably. The amount of silica in rivers

depends on the type of weathering in the source area.

In regions with lateritic (ferrallitic) weathering, silica dis-

charges of rivers can-be very high, while they are lower in

regions with other types of soil formation. Ferrallitic

weathering (hydrolysis of silicates) is nowadays restricted

to a more or less equatorial zone (about 10-15%) of the

terrestric surface) while, from Jurassic till Oligocene
times the tropical zone extended over V

4
of this surface.

Moreover, the regions that are now subject to lateritic

weathering, are already considerably weathered and hard-

ly supply any silica at all. During the beginning of later-

ization, however, silica discharges of tropical rivers must

have been much higher.

Nowadays, the two largest tropical rivers, the Amazone

and the Congo River, account for 30% of the yearly sup

ply of silica in the oceans. This large amount is mainly
due to the very high water discharges and not to their

silica concentrations.

In tropical areas there is a considerably higher circula-

tion of atmospheric water, and therefore, total water dis-

charges will have been higher when the tropical climate

was more widespread, in pre-Oligocene times. So thereare

two factors that suggest higher discharges of dissolved

silica of pre-Oligocene rivers: a) a wider extension of the

tropical zone and b) the onset of laterization. The onset of

climatic zonation resulted in a smaller zone of tropical

weathering and therefore in smaller silica discharges.
A second very important factor is that the amount of ter-

rigenic debris, deposited in the oceans, that was low in

Late Cretaceous and Early Tertiary times, increased con-

siderably with the onset of tectonic activity in the Late

Tertiary.
Terrestric weathering as a main source for silica in the

oceans of the past corroborates well with the occurrence

of silica-rich authigenic minerals at the continental mar-

gins. Furthermore, if terrestric silica is the main source

of silica for chert and authigenic minerals, theirabundan-

ce in pre-Oligocene sediments is explained.

The deposition ofsilica

The organic deposition of silica, by way of siliceous tests

of micro-organisms is very well known. Such organic silica

sediments seem to occur at sites where upwelling deep-
ocean waters provide sufficient food for a plentiful growth
of these organisms. Organic removal of silica from the

seawater is virtually unaffected by the silica concentra-

ties. Till now, it was thought, that inorganic deposition of

silica, and inorganic chert formation, should be linked

with supersaturated seawater. Recently, it was pointed
out, that such precipition is very unlikely (25).
However, a mechanism that removes silica inorganically
from undersaturatedsilica, does exist.

Experiments on the removal of silica from natural waters

by means of amorphous hydroxides of ferric iron, man-

ganese and aluminum have shown that silica is nearly quan-

titatively removed by freshly prepared amorphous hydro-
xide (17, 19, 20, 34). Silica concentrations in such adsor-

bing hydroxide flakes may be as high as 80%. Adsorption

on wellcrystalline hydroxides is lower, but still important.

Adsorption was found to increase with pH, between pH 5

and 9, and it is higher at lower temperatures.
It is to be expected, that most of the silica, in natural river

waters will be bound to hydroxides in the sediment load.

Adsorption of silica on the hydroxides will increase upon

mixing of riverwater with sea water, (pH rises).

Recently, many scientists have concentrated on the inor-

ganic removal of silica during estuarine mixing, but there
is still some discussion on the amount of removal (4, 5, 11,
31,44, 2). It should be noted, that tropical rivers were not

investigated, and that the most remarkable results were

fourid in rivers where the sediment load is fairly rich in

iron oxides (4).
It is quite possible, that the amount of ferric, manganese
and alumina- hydroxides, free or as coating on suspended
matter, is responsible for the removal of silica during
estuarine mixing and for deposition of silica in the open
sea.

Again, the process would be most pronounced in tropical
regions, and would have been more important in pre-

Oligocene times. Hydroxide-bound silica is easily spread
homogeneously over large areas (the influence of dissol-

ved silica in the Amazon water is still measurable over

distances up to 1000 km from the Brasilian shore (38).
In case detritic sedimentation is very slow, and hydro-
xide-bound silica supply is high, silica might form vast

concentrations at the ocean floor.

Next to biogenic oozes and te accumulation of hydroxide-
bound silica, the devitrification of submarine volcanic

glass, and diagenetic processes such as the chlorizization

of smectites (28) may be sources of silicifications, but

these are of local importance only. They will not be dis-

cussed in the following.

Recrystallization and accretion

Now that we have outlined two possible major sources of

siliceous sediments; organic and hydroxide-bound preci-
pitation, we shall discuss recrystallization and further ac-

cumulation.

Precipitation of silica from highly concentrated solutions,

as will occur in siliceous oozes, do not result in quartz
(17, 19, 20), but in products as opal-A, opal-C or opal-CT

(lussatite) (12, 27). Therefore, ‘cristobalitic’ cherts or por-
celanites can be expected to form from organic silicase-

diments. Actually, all biogenous oozes do form porcela-
nite cherts (9, 10, 15,40-42).
Cristobalitic cherts will recrystallize to quartz (35, 36, 43),
This reaction being of zero order, only requires energy

(higher temperature) (9). Actually, a relation exists

between amount of recrystallization and the thermal his-

tory of the sediment (26). No relation was found between

the age of the sediment and the amount of recrystalliza-
tion. It is believed that about 70 to 90 million years are

necessary for complete quartzification of porcelanites

(36). Crystobalitic cherts in siliceous oozes are generally

platy. Hydroxidebound silica does not crystallize to opa-
line forms but to quartz, in a matter of days (18, 21,33).
It was noticed before, that quartzous cherts occur mainly
in chalk rocks, irrespective of their age. This might point
to hydroxide-bound silica as a source for silica in these

rocks. When this holds true, the process of chert genesis
in chalk rocks can be discribed as follows;

-
Variations in the accumulation of organic chalk debris

and hydroxide-bound silica result in layers with different

amounts of silica. Silica in layers with high amounts will

tend to crystallize quartz. This creates a concentration

gradient, that results in diffusion of silica towards the

layers where crystallization takes place. Both siliceous

tests and inorganic silica can be dissolved and tranported
this way.

The diffusion of silica depends on the porosity of the sedi-

ment; a high porosity, as may occur around animal bur-

rows, will give a rapid growth, while transport rates are

lower at other sites. This accounts for the irregular forms

of quartzous cherts in chalk rocks.
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Diffusion of silica towards a layer of crystallization results

in silicification of the host rock in the zone of accumula-

tion. Because crystallization is rapid, silicification and

lithification of cherts will start immediatly after deposi-
tion. This rapid formation of quartz cherts is more in ac-

cordance with observations in the field, because it ex-

plains the occurrence of rolled chert pebbles within chalk

sediments. This would not have been possible if quart-
zification were much slower.

Thus, the inorganic accumulationof hydroxide-bound sili-

ca explains quite a few things that otherwise remain unex-

plained:
-

the occurrence of quartz cherts without any traces of

siliceous organisms, especially in nannofossil chalk

- the association of chert with authigenic minerals at the

continental margins (alumina can be readily available in

the hydroxides)
- the noduler habit of quartz cherts.

- the rapid quartzification of some cherts

- the abundance of cherts in pre-Oligocene times.

Summarizing, we can say that chert formation is proba-
bly not exclusivel y the result of high silica-levels in the

ocean. It may depend on the nature of the silica-supply
and on the relative amounts of silica and detritic material

in river discharges (dilution effect).
There are probably two geneticaly different types of chert:

1. cherts that are result of recrystallization of biogenic
silicaoozes. These chertsf show a recrystallization to opals
and finally to quartz
2. cherts that are formed by quartz precipitation from hy-
droxide-adsorbedsilica.

The abundance of both types of chert is controlledby the

supply of detritic material by rivers. Chert formation is

favouredin periods of tectonic rest.

Thus, we may look back 20 years, and cite that quarzous
cherts are formed in ‘very wideshallow, well aerated seas,

bordered by a base-levelled continent from which no sedi-

ment was derived’ (37).
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