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BASALT WEATHERING IN THE AREA OF THE CEROVA VRCHOVINA
HIGHLANDS — GEOCHEMICAL ASPECTS

(Figs. 17, Tabs. 4)

Abstract: The authors deal with the problem of basalt weather-
ing the Cerova vrchovina highlands (S Slovakia)., On the basis ol
detailed mineralogical, morfological, micromorfological and chemi-
cal studies of basalts and their weathering products they have sug-
gested a geochemical weathering mode] according which all com-
ponents are mobile (were added or extracted). The following order
of decreasing mobility of chemical elements was found: Na > Ca =
= Mg > K > Si> Fe (Mn) > Al, Ti.

The extraction ot trace elements is controlled by the mobility of
the main components and their ability to enter secondary mineral
phases or sorption complex of secondary colloid components,

Peswsme: ABTOPB B CTATHE 3AHUMAWTCA 1IPOOJACMOIN BLIBCTPIBAHI
Da3aJiLTOR B lefIUIIL‘ L[C})UBO(I BO3BBILIEHHOCTH, Ha ocuose JCTANBHOID
MOPPOAOTHUECKOTro,  MUKPOMOP(POJIOTrHUCCKOro,  MUHEPAJSOTrHUCCKOro
I XHMHUYECKOTO HCCnenoBaHms DasansToB M HPOAYKTOB HX BLIBCTPHBA-
HILSL OHBL HPCIUIOHAIT FEOXHIMUMECKYIO MOJIENbL BRBETPHBAHIA DA3AIL-
TOBR H3yvacmoro |)aFE(JIILl_ 1o I(O'E‘()}'}Ol'i BCC KOMITOHEHTH MODIJIBHBIMIT
(OHIT DB NPHHCCCHBL WL OTHECEHBL), TEHACHIMA OTHOCA DNCMEHTOR
Kak cnepyver: Na = Ca =~ Mg >~ K =~ Si > Fe (Mn) ~ Al, Ti, Oruoc peji-
KIIX  2JEMCHTOB  KOHTPOJMPYET MOOIUIBHOCTE TJHABHBLIX  KOMIIOHCHTOR
1 CHocoDHOCTE BXOJA 2THX 2IEMCHTOB BO BTOPHUHLIC MITHCPaJbHbIE (ha-
ALl W B C()|)ﬂl[II()}1I!]-II'I KOMIUICKC BTOPHYMHBIX KOJUJIOHJHBIX KOMITOHCH-
TOBR,

In literature there are many ways of the evaluation of geochemical changes
during weathering. By their comparison one can ascertain that in spite of si-
milar trend. the succesion an intensity of the extraction of individual elements
is different. These differences are controlled mainly by the character of parent
rocks. degree and character of weathering, solubility and mobility of elements
bind in different phases and to an important extent by the ability of elements
to form secondary mineral phases in weathering systems.

The weathering systems are open, i. e. there are substance exchanges between
them and surrounding systems. No element of this system can be regarded as
immobile. Relative accumulation of elements in relation to the original parent
rock is controlled by complex changes associated with the history of the wea-
thering crust formation in which vertical structural and chemical differentia-
tion is conected not only with the extraction of elements but also with vertical
and/or lateral translocation of secondary weathering produets.
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Research, Slovak Academy of Sciences, Dubravska cesta 9, 814 73 Bratislava.
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Any comparison of the chemical composition of individual weathering pro-
ducts and their parent rocks results in overlooking numerous particularities ol
development changes. As is stated by Chesworth et al., (1981) this approach
results in the integration of all changes over time (since the beginning of wea-
thering till the moment of the weathering product study). Complications occur
especially if the weathering takes place in different weathering regimes (cli-
matic changes).

In order to intercept some development changes the authors. based on micro-
morphological and mineralogical studies. try to put new light into the inside
of the processes an think on the possibility of a geochemical model application
in real weathering conditions. Thev give the results of the study of chemical
composition changes during weathering and their geochemical evaluation. Be-
cause of the relatively young age of the basalts (Pliocene — Pleistocene) their
kaolinic character is surprising and probably reflects fading out of intensive
weathering in the regime existing at the time when the Poltar Formation ori-
ginated in the end of the Neogene (Kraus. 1968: Vass—Kraus. 1983).
These considerations depends. of course, on validity data about the basalt age.
The alkaline character of the basalts probably contributed to the final result.
too. Because of high mobility of basic cations. the basalts were more quickly
dealkalized and gradually desilicified.

Geology of the area and rock character

The study of the basalt weathering products covers the Cerova vrchovina
highlands (southern Slovakia). The basalts build top parts of the ranges and
form several separate lava flows or sheets (Karolus et al.. 1959, 1965). Their
distribution is schematically shown in a map (Fig. 1).

Radiometric dating of the basalts provided ages 2.75 to 1.35 m. y. (Balogh
et al., 1981: Kantor—Wiegrova., 1981) corresponding with the Late
Pliocene to Pleistocene. The basalts are designated as the Cerovo Basalt For-
mation and according to earlier works (Karolus et al. 1959, 19635) the ba-
salt flows filled former valleys. Later erosional processes led to relief inversion
and consequently they form elevations in the present relief. Their fairly high
altitude relative to present valleys (100—200 m) and the young age of the ba-
salts gives the idea about erosion rate in this area. The erosion and gradual
emergence of the basalts with better drainage might have accelerated the
weathering process. Some basalt flows are desintegrated ("Sonnenbrand™) to
considerable depths (up to 20 m).

Petrographic study of the basalts of the area concerned has been performed
by Fiala (1936). Simova (1965) and mainly Mihalikova (1966) and
geochemieal study has been carried out by Forgac¢ (1970). Despite some va-
riability in chemical composition they belong among alkali basalts. of which
fhree groups are present: basanitoids, amygdaloidal limburgitoid rocks and
most abundant nephelinic basanites (Mihalikowva. 1966).

On the latter rocks we have studied relict weathering crusts in localities Vel-
ke Dravee. Trebelovee and Siatorosska Bukovinka with a type profile shown in
Fig. 2. Relict and fossil weathering crusts of conspicuous rusty-brown colour
are of a larger regional distribution. The nephelinic basanites have holocrystal-
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line-porphyric texture with doleritic development of the groundmass. The
groundmass consists of plagioclase microliths, isometric olivine grains, pyroxe-
nes and Ti-magnetite (Fig. 3). Very fine apatite needles are abundant (Fig. 4).
Olivine (partly or completely altered to iddingsite). pyroxenes (augite) and ta-
bular plagioclases (labradorite) form porphyric phenocrysts. Besides the basalts
of the Cerova vrchovina highlands, also those of the Podre¢any Basalt Forma-
tion occur in the vicinity (SW and NW parts of the Lucenecka kotlina basin).
The latter are older (6—7 m. y.) of Pontian age. Kaolinic weathering crusts
have been found on them. too (Wass—Kraus. 1985).
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Fig. 1. Generalised geology and basalt occurrences in the Cerova vrchovina high-
lands,

Explanations: 1 —location of sampling, 2 — individual lava flows, 3 — surrounding

Neogene sedimentary rocks,

Morphological characteristics of the representative profile

Dasalt weathering crusts of the Cerova vrchovina highlands are of conspi-
cuous red-brown colour and various thickness., Accumulated redeposited wea-
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depth bm_

Fig. 2. Weathered profile at Siatorosska Bukovinka.
Explanations: 1 — humus horizon — recent soil, 2 — fractured blocks of Fe-crust.
3 — clayv residue. 4 — entirely disintegrated basalt, 5 — slightly weathered to un-
weathered basalt.
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Fig. 3. Texture of unweathered nephelinic  Fig. 4. Tiny apatite needles in matrix.
basalt (doleritic matrix), Magn, 17x, +N, Magn, 430x, N.
Photographed by L. Oswald. Photographed by L. Oswald.

thering products or weathering crusts affected by erosion are often present.
In places they are of fossil character. covered with variable thicknesses ol
Quaternary deposits.

The most completely preserved profile without any signs of redeposition has
been found in a quarry. about 1 km SE of the village Siatorosska Bukovinka.
in close vicinity of the Czechoslovak/Hungarian border.

Its morphological characteristics are following (Fig. 2).:

0—20 em A — humus-nowadyas soil horizon of the fine-cloded texture, loamy
with abundant iron nodules.

20—32 em B — sesquioxidic horizon of relict character represented by an
iron (limonitized) crust. fractured and partly leached by recent pedogenetic
Processes,

32—98 em Bt — horizon of rusty-brown colour with an iron nodule content.
of prismatic texture. loamy-clayey. Mn-coatings, only slightly affected by recent
pedogenetic processes, with rare roots.

98—162 cm But markedly illuviated relict subhorizon with abundant illuviated
clay in fissures and locally preserved lotally disintegrated basalt rolls of tulfo-
genous appearance. The clayey substance is brown to red-brown and gradually
passes into the underlying horizon. The disintegrated basalt is gray.
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162—330 em C; — horizon — disintegrated basalt of tuffogenous character.
gray. locally with less weathered basalt blocks (regoliths). with illuviated clay
in fissures.

330—520 em disintegrated basalt ("Sonnenbrand™) with irregularly distri-
buted macroscopically unweathered but highly fractured blocks. Less clay coat-
ings along fissures,

below 520 em disintegrating basalt with abundant fissures of block jointing.
with illuviated colloid coatings along fissures.

The basalt desintegration (in earlier works referred to as “Sonnenbrand”)
can be observed at depths of up to 10—20 m and minor clay coatings of gel
character along fissures at depths of up 30—40 m in the quarry faces.

The iron crust is discontinuous. In other places there occur small iron nodules
and concretions or even fairly thick zones (80—100 em at Trebelovee) with
disintegrating concretions. They are of relict character and their origin evi-
dently is not related to recent pedogenesis. The illuviated gel coatings are of
double character: brown-red (originally Fe-Al gels?) and white (Si gels?). Cal-
cite is locally present in deeper fissures bul we have not studied especially its
relation to the process of weathering and material translocation. Field studies
indicate that the white gel colloids are translocated deeper (Si gels?).

In the other localities the weathering phenomena in regoliths are similar bul
higher horizons are different. The fossil crusts are covered with Quaternary (7
sediments with a variable amount of foreign and mixed-character material.

Micromorphology

The micromorphological study makes it possible to observe reflections of
weathering phenomena throughout a weathered profile (by means of thin-sec-
tions of solid samples vacuum-impregnated by resins). i. e. from unweathered
rock to humus horizon. This study provided us with a more complete infor-
mation on the weathering crust development and we could have generalized
some observations. The micromorphological studies of weathered basalts com-
piled by Kubiena (1970) had been taken as a background. too. Thus we
have obtained information on mineral stability during initial phases of altera-
tion. on clay translocation, formation of eluvia and their covering with foreign
material, The konwledge of the micromorphological features has made it possible
to interpret much better the geochemical study results. too. The principal
micromorphological phenomena are portrayd in Figs. 3—15.

The least resistant mineral is olivine and voleanic glass. Augite and plagio-
clases are more resistant. while magnetite (ilmenite) is most resistant. Olivine
is often altered to iddingsite already in a rock with no weathering manifesta-
tions. This alteration is accompanied by oxidation of iron in the olivine. Later
partial oxidation of iron takes place also in augite. Goethite oxidation rims are
formed relatively often around mafic minerals. In some places, oxidation-re-
duction processes are associated with a reduction microenvironment and the-
refore iron is removed and mafic minerals are bleached. In the first stage.
weathering solutions penetrate into interstitials and fissures to form a network
of microfissures. The solutions flow along all planes of weakness. mainly clea-
vage joints, around which material is selectively removed (Figs. 5—6).
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Fig. 5. Selective removal of componenls Fig. 6. Infillings — an illuviated clay com-
from malic minerals along microfissures  ponents and Fe-oxides fill some empty
and cleavage plains, Olivine (left above). spaces alter porphyrie phenocrysts, Magn.
altered to iddingsite. Magn. 80x, ' N, 44x, N.
Photographed by L., Oswald. Photographed by L. Oswald.

All components are gradually mobilized and migrate into fissures. It has
turned out that voleanic glass weathers at the same time as mafic minerals,
releasing abundant Si and Al gels (Figs. 8—10) that are colloidaly translocated.
Amorphous character of the gels is proved by their isotropic character (Fig.
11). Basic cations released in the outer margin of the weathering front form
a highly alkaline environment probably facilitating removal of the main com-
ponents — Al and Si. In the next stage. all components are locally removed
and there remain empty spaces alter numerous minerals (Figs. 5—6). If mi-
croflissures are associated with them. they are secondarily filled with eolloid
gels. The first indications of these phenomena can be seen in Fig. 9.

These observations suggest following facts: 1) all components migrate. 2)
basic cations migrate in the form of ions, whereas Si and Al migrate as polymer
clusters formin gels. 3) gels of various character originate in dependence on
the degree of basic cation extraction (dealkalization) and desilification, 4) alter
their recrystallization. minerals 2:1 (minor dealkalization and desilification) or
1:1 (kaolinite) are formed by complete dealkalization and more intensive desili-
ication (Pedro—Siefermann, 1979).

Later. when fissures become wider. gels and colloids are translocated also in
suspended and aggregated states. Gravitational movement of colloidal papules
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plagioclases
in places [il-
led with gels (left above). Magn. 48X, N.
Photographed by L. Oswal d.

Fig. 8. Similarly as in Fig. 7. More inten-
sive removal. Magn, 48x. N.
Photographed by L. Oswal d.

Fig. 9. Mobilized colloids are translocated
into tissures where they form metakine-
matic textures (clay infillings). Magn.
88x. N.
Photographed by L. Oswa 1d.
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Fig. 10. In the advanced weathering stage Fig. 11. Some gel-like papules partly
only magnetite (black points) is preserved displaced by gravitation preserve their

and metakinematic textures become more isotropic character.
abundant as a result of clay illuviation. Explanations: White places — isotropic
Magn, 178x, N. gels. Magn. 88x, +N.
Photographed by L. Oswald. Photographed by L. Oswald.

was facilitated by gel dehydration, by which a network of microjoints is formed.
Due to following illuviation or only by gravitation, individual papules move
into larger fissures. “Pseudobrecciated™ fabric of the matrix is formed in this
manner as can be seen in Figs. 11—13.

Weathering does not proceed linearly but colluviation of primary components
and at the same time gravipedoturbation of secondary ones takes place in the
depresions predisposed by weakness of the rock. Even deeper-seated fissures
are occasionally filled with illuviated material from the surface.

The eluvium formation is therefore a complex sequence of processes in the
course of which ions. molecules. colloids to suspensions, aggregated components
and papules migrate. Because relatively highly weathered layers also contain
less weathered blocks of the original rock capable of releasing some mobile
components. these may enrich weathering solutions. Therefore physico-chemi-
cal conditions in individual parts of the weathering crusts and mineral zoning
are fairly anisotropic.

As regards the development of the above-mentioned profile in the area ol
the Siatoro$ska Bukovinka, it is interesting that the iron crust formed as part
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Figs. 12, and 13. Clay papules recdeposited
by turbation processes show “pseudobrec-
tions” fabric. They have extinction pat-
tern of former coatings. Magn. Fig. 12, —
44x, Fig. 13 — 88x, N.
Photographed by L. Oswald.

Fig. 14. Iron crust fabric.
Explanations: White spots — clastogene
vartz grains. Magn. 88x. N.
Photographed by L. Oswald.
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Fig, 15. Fabric of the humus horizon in
top soil.

Explanations: Small papules of clayey

character from the underlving clay resi-

due as well as dusty skeleton-shaped par-

ticles ol eolic (deluvial?) character are

present.

Magn. 44x, N.

Photographed by L. Oswalcd.

Fig. 16, X-ray dillractiograms of weathe-
red clay (fraction 0.002 mm) on basalts.
Explanations: 1, 2 — locality Trebelovce
(1 — 30—40 cm, 2 — 90—110 cm): 3, 4. 5§ —
locality Velke Dravee (3 — 30—40 em, 4 —
80—=90 em, 5 — 110—120 em): 6. 7. 8, 9. 10
— loeality Siatorosska Bukovinka 6 — 10—
20 em, 7 — 30—40 em, 8 — 90—110 cm. 9 —
140—150 em, 10 — 200—-220 em): 11 — iilu-
viated clayv of red colour along [issures in
basalts (420 em), locality Siatorosska Bu-
kovinka: 12 — red illuviated gel-like clay y
along [issures in basalts (500 em), locality {2 === e . ¥
Trebelovee: 13 — white illuviated gel-like (i LV
clay (420 em). locality Siatorosska Buko- o !
vinka. §a ol

K — kaolinite, T — illite. M — montmaoril- W ! A
lonite, Q — quartz, Cr — cristobalite, ¥ — ‘AJ
feldspars. Conditions of X-ray dillrac- 13 &% ) .
tion: 1—=10 — Cu K (Ni-fil, 35 kV, 15 mA). 5 ol

11 — 13 — Co K (Fe-fil, 30 kV, 10 mA). 30 20 10 64 26
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of former subsurficial horizons (probably illuvial) was created gradually from
individual nodules to continuous crust (by accretion), which results from its
fabric. In this crust and mainly above it the matrix contains fairly abundant
clastogene quartz (Fig. 14), unweathered feldspars as well as clay papules of
underlying clayey components with extinction patern of former coatings (Fig.
15). It is evidently a mixed material with an unrelated admixture re-worked
by present pedogenesis. Therefore changes of chemical composition on the
surface, formation of recent illuviated coatings and oxidation changes also in
relict weathered material may reflect two different pedochemical regimes (re-
lict and nowadays).

Mineralogy of clay

Mineralogical composition of the clay from the three above-mentioned locali-
ties (Siatorodska Bukovinka. Trebelovce, Velké Dravee) has been studied by
X-ray. DTA and electron microscopy. Some earlier results (Curlik et al.
1977) based only on X-ray mineral study are thus made more complete and
exact. The results are summarized in Tab. 1 and Fig. 16.

The study confirmed kaolinic character of the weathered material. The pre-
sence of kaolinite with peaks around 0.713 nm has been confirmed in all locali-
ties especially in upper zones of clay residuum which are rather unaffected
by pedogenesis. In humus horizons of recent soils. clay micas (illite) highly pre-
vail over kaolinite predominantly as part of an unrelated admixture or resulting
from mixing and overlapping of relict erusts with younger weathered material,
which results from the micromorphological study. Poorly crystallized kaolinites
or metahalloysites (0.736 nm) occur in lower zones. Electron microscopy has not
confirmed presence of particles with tube habitus. Kaolinite occurs in associa-
tion with montmorillonite and illite. Montmorillonite gradually prevails down-
ward. Red gel coatings are partly of amorphous character (allophanes). but also
typical montmorillonite coatings have been found in fissures (Fig. 16). White
silica coatings are opaline but partly recrystallized to opal-CT and cristobalite
(Fig. 16). Clay fraction of the red-brown weathered material contains also
soethite and perhaps gibbsite (faint reflex near 4.83 nm in clay filling of the
iron crusts).

The presence of halloysite (metahalloysite) or kaolinite-halloysite mixture is
still unresolved.

Geochemical balance of weathering changes

In literature there are many methods of evaluation of chemical changes
accompanying weathering processes. These methods include:

a) immediate comparison of chemical composition of weathered and parent
rocks or their logarithms (Forgaeé. 1969, Schwaighofer. 1976 and
others):

b) construction of diagrams of components comings — goings (Garrels —
Mackenzie. 1971);

¢) graphic illustration of chemical composition changes. during individual
weathering stages, based on the supposition that given element is not removed
(Reiche, 1950 and others):
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Table 1

Mineralogy of clay (fraction <= 0.002 mm)

mont- other |

Locality 3 il i i PR O . 10
(depth 1n cm) Iixaolmue illite m(:iltlelo- acc;r;;};isi\smg remarks
Trebelovee 30—40 ++4+ ++ | -4 Q,1—-M? deluvial
weathering crust
. 90—-110 ++4+ ++ ++ Q
Velke Dravee 30—40 + -+ -+ +4++ QG deluvial

weathering crust
T0—-80 “+ + -+ +4++ |Q, G, F, I —-M?

100—110  —+ + + +++ | QG

Siatorosska  10—20 ++ ++ + Q eluvial crust
Bukovinka  30—40 +++ 4+ 4+ + Q.G

100—110 -+ + + + G, Q?

140—130 4+ + b B G, F

200—220 + + + -+ - F, allophane
Trebelovee 220 - - + -+ - allophane red gel fillings

along fissures

Siatorosska 420 - — + 4+ 4+ <+ allophane  red gel fillings
along fissures

Bukovinka 420 — — — cristobalite white gel flillings
-+ allophane along fissures

Explanations: Q — quartz, I — illite, M — montmorillonite, G — gibbsite, F — feldspars.

d) calculation of the losses and additions of components in relation to an
immobile component (Krauskopf, 1967 and others).

Some methods of mineralogical character are based on comparison and
quantification of mineral composition changes in individual weathering stages
or on calculation of normative minerals according to the results of chemical
analyses of rocks and weathered products (Mohr—Van Baren. 1954).

Besides the above-mentioned methods, also various weathering indices or
oxidation indices are used. characterizing partial changes in a weathered ma-
terial profile (Minatik—Houdkova, 1986, Romashkevich, 1974).

All mentioned methods (some of them fairly complex) represent considerable
simplification, being better or worse aproximation toward the reality.

Al, Ti and Fe are usually considered little mobile and are chosen for the
so-called internal standards. in relation to which addition or extraction of
other elements is calculated. Aluminium is used most often (Goldich. 1938.
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Krauskop!f. 1967 and others). Chesworth et al (1981) applied the sum
of these elements in his investigation of basall weathering trends. Degree of
alterations and activity of other elements have been compared in relation to
this sum.

If we again compare these methods with the results of our micromorpholo-
gical study. we have to state that neither coherent samples, i. e. that have
notable eoherency some characteristics of the rock. make it possible to acecept
these conceptions without objections. In some sampled zones olivine and all
mafic minerals and gradually even plagioclases are absent. Empty spaces in
the rock or merely insignificant relics remained after them (Figs. 5—8). This
means that the main components — Al, Si are translocated. too. In the last
stage also magnetites, which besides iron contain also titanium. are absent.
These elements are likely to have been translocated. too.

Weathering systems. designated also as eluvial systems (processes within them
lead to the formation of eluvia), are characteristic for movement of ions, mole-
cules. colloids and suspensions, which has alredy been mentioned above, Me-
takinematic textures of colloids. that occur in places of original primary mine-
rals., prove that these spaces were filled as a result of illuviation (Figs. 9—13).
All components move in the gravitational field in vertical as well as lateral di-
rections (e. g. down-slope direction).

These observations indicate that small microfissures, ultramicropores and
micropores act as conductive systems in coherent samples, too (Figs. 5—9).

Weathering systems are open-imbalanced. They are characteristic by mate-
rial (energy) exchange between the system and surrounding environment. For
their evaluation, a geochemical model of Chesworth et al. (1981) is valid.
according to which:

all components 5 all components are
are mobile - added or subtracted
weathering system surrounding svstem

In the concrete case of basalt weathering. the mobility of all components is
proved by micromorphological observations. i. e. we cannot state that from
a certain volume of a rock a different (smaller) volume of weathered material
originated.

In fact. most evaluations of weathering changes are based on the supposition
that very little soluble components are not considerably mobilized also due to
a relatively short duration of these processes in geological history. By their ba-
lance. the second model (Chesworth et al. 1981) is used most frequently:

one or more components == e one or more components

are immobile % added and/or subtractec

weathering system surrounding system
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Minaitik and Houdkova (1985) pointed out that these conceptions may
result from the fact that slowly removed components increase their relatnve
share in analyses re-calculated to the basis of 100". In other instances, the
removal of some elements may be compensated by their illuviation from over-
lying zones. In this case. analyses do not make it possible to evaluate correctly
the real state of alterations and all changes have to be regarded as relative.

Eluvial products is not a simple transformation of primary minerals and
rocks but complicated products of illuviation from overlving or lateral parls
of eluvium. The question of the mobility of individual elements in this system
is not a simple one. Mobility of individual elements depends on minerals re-
sistance to weathering (crystallochemical aspects), forms of chemical elements
migration amount of energy supplied to the system etc. E. g. iron is released
sooner from olivine than from magnetite, calcium is depleted sooner [rom py-
roxenes than from plagioclases. Elements migrating as single ions (alkalies. al-
kali earths) are removed more rapidly than those forming complexes (Si. Al).
After spatial anisotropy was formed in weathering crusts. the character ol
weathering solutions (pH. concentration) is changed. E. g. by decreasing pH
value after removal of basic cations gradually reduces mobility of Si and mainly
Al that form insoluble components (hydroxides) within the pH range of 5—9.

The relative Al enrichment against Si has to be evaluated very cautiously. The
process ol hydrolysis (pH 5—9.6) leads to partial or complete desilicification.
Silica migrates in the form of complexes (polymers) and in places silica gels
accumulate alone. Aluminium is translocated shortly afterwards in the form
of colloids into fissures, leached hollows after primary minerals etc.

Its primary depletion is thus compensated for or even surpassed at the
expense of the removal of other components. Consequently the relative increase
of its content against silica is not due to real depletion of Si.

By weathering processes, all primary and secondary discontinuities (fissures.
pores and other planes of weakness) are used. Along these planes, weathering
proceeds more rapidly than in the solid rock mass. That is why rock reliets in
some layers remain only slightly alfected by weathering. They may later release
part of their mobile constituents that may enter secondary products. This fact
also influences the vertical mineral zoning of weathering crusts.

Neither the least mobile components remain in their original place. Percolat-
ing meteoric waters (+gravitation) transport them in the form of colloids so-
lutions or suspensions (by colluviation) to depressed sites. If foreign material
is supplied they mix with it and their overall chemical composition changes.
All vertical changes in a weathering profile thus results from a very complex
succession of changes, especially if they developed during different weathering
regimes. If this history is not recognized on the basis of a complex study, the
evaluation of chemical composition changes do not bring adequate results.

During evaluation of basalt weathering processes we compared individuai
models and methods and found out following Tacts:

1. In their study the geochemical model. according to which all constituents
are added or extracted. is valid.

2. The profile has a complicated history corresponding to at least two diffe-
rent weathering regimes.

3. Chemical composition of individual zones reflects complicated development
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of weathering crust formation and not only groups of chemical changes in re-
lation to the primary parent rock.

4. Mobility trends of individual components in relation to aluminium cannot
ba regarded as decisive because the balance of changes follows the first model.
Aluminium, iron or titanium are not universal internal standards and their
application gives only approximate results.

5. Very valuable information on the development of any weathering crust
is obtained by micromorphological study. which enable us to penetrate into
the microworld and consequently also to the development of weathering crusts.

6. Diagrams of component comings and goings (Garrels—Mackenzie,
1971) seem to be convenient for a comparison of chemical composition chan-
ges in vertical zone. because they register individual changes against the pa-
rent rock regardless of the genesis of the observed zone (Fig. 17).

Diagrams of the components comings — goings and weathered profile
(at Siatorosskd Bukovinka) history.

Diagrams of components comings—goings can be elaborated of values cal-
culated in the following way: the weight percent of the oxide in the rock di-
vide by its weight percent in the weathered products and multiply by 100
(Garrels—Mackenzie, 1971). The values thus calculated are plotted
in a semilogarithmic scale whose axis x represents oxides in normal scale and
axis y shows calculated ratio of the oxides in logarithmic scale (Fig. 17).

Graphic values result from the data of chemical analyses given in Tab. 2.
These have been gained by X-ray fluorescent analysis (analysed by Vondr o-
vie, Geological Institute of the Centre of Geoscience Research, Slovak Aca-
demy of Sciences, Bratislava). The Tables slow average values of analyses of
basalts (n = 3), individual weathering zones and solid iron crust. In the graph.
ignition and drying losses are designated as H.O.

Silica (Si0.) was slightly removed, which is evident mainly in a depth 150 em.
In a depth 450 ¢m, probably as a result of the presence of silica gels. its content
is almost compensated. On the other hand. present day soil (10—20 cm) con-
taining quartz of clastogene character is enriched. In fact, this enrichment re-
[lects the foreign admixture. The clastogene quartz occurs in the iron crust, too
(Fig. 14). As other SiO. forms are absent, the presence of the clastogene quartz
compensates for the relative depletion. Titanium (TiO.) shows enrichment in all
weathered materials and is therefore little mobile. The relatively highest en-
richment in a depth 150 em, however, means weathering and removal of other
constituents except for part of magnetite (ilmenite?) which is still locally pre-
served (contains Ti).

Aluminium is enriched. with the exception of present day soil and iron crust.
suggesting that it is little mobile. We must take into account. however, the com-
pensation of its contents as a result of illuviation of Al gels and removal of
other elements.

Iron and manganese accumulate in the oxidic type of these weathered mate-
rials, Indications of weak Fe and Mn removal in the first weathering stage
well corresponds with the decreasing of oxidation capacity of penetrating so-
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Table 2

Compostion of unaltered basalts and their weathered products (in weight ")

Siatornsska Bukovinka Trebelovee

unwea- 420  140-—150 60—=T0 20—30 10—-20 90—

thered cm cm cm em cm '“m 50—60 30—40

basalts 1st 2nd Jrd iron rec. soil. cm cm

(n=23) stage stage stage crust 4th st. cm
Si0. 46.53 47.45 36.06 42.05 50.55 58.85 54.34 6016 63.46
TiO. 1.84 1.96 2.774 2.21 1.11 213 2.08 2.44 1.94
ALO, 18.9 2080 2472 24,94 7.01 13.02 1794 15.04 13.15
Fe.,O, 8.72 7.88 11.89 10,99 30,27 9.47 9.36 846 8.06
MnO 0.17 0.14 0.18 0.13 0.76 0.12 0.15 0.18 D17
CaO 9,530 8.02 1.28 .66 0,30 2,39 2.89 2.32 2,57
MgO 2.66 217 1,13 0.72 | 0.12 2.41 2.71 2.22 2.60
Na.,O 5.7 1.41 tr. tr, ) 4 231 1.26 1.42 1.74
K.O 1.85 1.74 0.11 .42 0.42 2.43 1.63 2.16 2.1G
H.O* 0.35 3.76 5.89 6.66 277 1.51 1.97 1.56 1.64
H.O" .68 4.43 16.13 11.55 6.16 5.39 5.49 4.21 2.76
Total 99.70 99.76 100.13 100.32 100.35 100.03 100,05 100.17 10027

Analysed by M. Vondroviec, Geol Inst, Centre ol Geoscience Research, Slovak
Academy of Sciences.

lutions. with manifestations of gleyey (reduction) processes leading to Fe*' ex-
traction from mafic minerals, which is evident by micromorphological study.

Calcium. magnesium, but mainly sodium are most mobile and are removed
during all weathering stages. The relativelly least decrease of Na. Ca and Mg
contents during the first stage (420 ¢cm) well corresponds with microscopic
study indicating preservation of plagioclases. as well as part of mafic minerals,
though the latter bear signs of intensive corrosion. The trend of potassium is
reverse. The higher the degree of weathering. the lower the apparent degree
of depletion. Present day soil is even enriched (10—20 em). This enrichment.
however. results from the addition of less weathered components on the sur-
face as well as partial bonding of potassium (sorption. fixation) translocated
from the surface by secondary weathering products (illite) which is related to
present day pedogenesis.

Enrvichment in H.O is associated with hydration of secondary weathering
products.

The diagram illustrates in detail all peculiarities of weathered profile and
agrees with micromorphological studies. Present day soil (10—20 em) is enriched
in a less weathered clastogene admixture (content of clastogene feldspars.
quartz, micas), This has been reflected by a strikingly different course of the
comings-goings curve. The changed Na, Ca. Mg removal in this zone is. in
fact, supply of foreign constituents into the weathered material, probably in
the form of devoluvial and or eolic admixture, The whole profile formed in two
stages. The first was related to intensive basalt weathering, whereas the other



WEATHERING OF BASALT 235

was linked to present day pedogenesis and supply of a less weathered clasto-
gene material. A comparison of the result of chemical analysis from the locali-
ties Siatorosska Bukovinka and Trebelovee indicates an evident increase of
Si0.. drop in ALO, and some increase of alkalies and alkali earth contents.
These mixed weathered materials contain an enriched clastogene admixture
and their character in similar to present day soils. They are deluvial weathzring
crusts, which is proved by micromorphological study. Especially clastogene
quartz can be seen microscopically also in lower deluvial zones (100—120 em).
The trend of individual element removal during weathering of various rocks
including basalts has been discussed by various authors: The well-known sche-
me of Polynov (1837) gives this sequence of element removal in the course
of weathering:
Ca>Na>Mg>K>S8i>Fe > AL
Chesworth et al. (1981) give a different trend for coherent samples of
basalt weathered materials:
Si > K. Na, Mg > Ca > Fe, Al, Ti for coherent spheroid cores of weathered
basalt and
Si > Ca > K, Na. Mg > Fe, Al Ti for spheroid envelopes of completely weathe-
red basalts. We suppose that way of trends evaluation in this work did not
take into account Al translocation in coherent samples and its enrichment (me-
takinematic infillings)., which may bias the silicium-aluminium relation.
Basalts studied by us are highly alkaline. They contain a high percentage of
sodium, which together with Ca are the most mobile elements. The quick dep-
letion of these excellent water migrants resulted in the acceleration of weather-
ing which. in spite of the young age ol the basalts. has a partly kaolinic cha-
racter. According to our study the element mobility trends are as follows:
Na > Ca > Mg > K > Si > Fe (Mn) > Al, Ti.
This confirms the high mobility of alkalies and alkali earths. The highly alka-
line environment formed in the outer margin of the front influences also the
mobility of Si and Al that are thus partly mobile.

Some trends of trace elements mobility

Results of microelement analyses in individual weathering stages obtained by
spectrochemical method (Medved—PIlsko, 1980) are shown in Tab. 3.
These results are compared with the average values of microelement contents
of 50 basalt samples from this area taken over from Forga ¢ s study (1970).

Barium. strontium and lead are probably present in plagioclases. Tha most
depleted element of them is Sr (together with Ca). but Ba and Pb show a con-
siderable decrease, too. Ba is in part trapped in secondary products or new
mineral phases.

Prevailing part of Cr, V, Co. Ni, Se, Y and Cu occurs in mafic minerals (py-
roxenes, biotite). Although some of these elements lend to be removed. their
significant part is tfrapped in secondary products. Ni, bound to clay minerals
(smectites), has a marked tendency to enrichment. Increased Y and Sc contents
are also interesting, but their trend cannot be analysed due to the absence of
data on these elements in rocks. Vanadium is very depleted in all horizons.
Only a small part of the original V amount is trapped in clays. Most probably
it is removed as early as in the first stage under the influence of alkaline
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Table

cm | Be B Pb Sn Cu v Ni Co Y Sc Cr Ba &r
Siatorosska Bukovinka
10— 20 5 64 24 15 15 35.3 189 21 180 24 31 168 6
20— 30 3 37 37 15.4 12 LYi a8 106 61 21 79 381 10
30— 40 4.5 27 19 11 15 40 143 18.5 T2 21 99 372 13
90—110 4 114 9 10 19 22 187 177 282 3156 91 298 15
140—150 4.4 10.5 [§ 9 14 253 171 28 215 28.5 37 156 4
200—220 3 10 3.3 9 24 138177 17 126 26 29 488 14
Trebolovce
30— 4C 4.3 604 14.5 9.4 12 38 91 14.5 T2 | 28 100 23 39
Cerova vrchovina
—_ = 6 110 — 15 | 520 103 33 — s 153 705 664

Explanations: 1 — average contents in basalts to Forgad (1970), (n = 50 samples).

solutions (as aniogene element). B contents in basalts are very low, but in the
profile they are of a reverse increasing trend. B is most abundant in present
day soil. It is concentrated al the biogeochemical barrier thus proving the abo-
ve-mentioned facts that an foreign admixture is present and the fact that pre-
sent day pedogenesis has influenced different microelement distribution cha-
racters in the top soil horizons. This is evidenced also by the above-mentioned
analyses of the upper part of deluvial weathered material ‘at Trebelovece whicn
is very similar in its composition.

Weathering model

Based on presented results we are able to advance a schematic geochemical
model documenting the gradual character of weathering and removal of ele-
ments. The activity of weathering solutions affecting alkali basalts first mo-
bilizes alkalies and alkali earths. Their overall removal is controlled not only
by their migration ability but also by the stability of individual mineral phases
that release these components gradually (Tab. 4).

The presence the secondary minerals assemblage depends on the extraction
degree of basic cations and silicium. By less intensive desilification. smectites
originate. whereas complete dealkalization and advanced desilification result
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Table 4

Model of basalt weathering in the Cerova vrchovina highland area

Hy0 + components deluvial or
in sotution eolic admixture
Y ¥
I
BASALT WEATHERING CRUST
. I
olivine I Al A tgoethite A
. Ti
/volcanic glass/ 4g, tgibbsite(2)
1!
§ | “ kaoli nite
£ Si < :
B | Toanes ' g N[ /halloysite / <
$ | /augite/ | l E a =
— o
. @ i 2
B | /+biotite/ | i S| smectite 5
= | i . sz =
= > e & &
= 2 = &
) Ca = © a h s,
8 plagioclases ! Mg a Ea § ¢ monpous gets =)
wn ] g > 5| /allophanes/ =
o 2 .S
c o L = o
= l. | iE o O /secondary ==
. ] c ' o
?,’ magnetite | Na o ‘E o quartz / g ..2
:-:’ I ry @ 2 g o
< l £ s g & 2
| Y =g £ 8
I

extraction
Explanations: 1r. — mobility is controlled by oxidation-reduction conditions.

in the formation of kaolinite. A considerable vertical mineral differentiation
is partly due to rapid removal of basic cations and probably also anisotropy in
pH differences thus formed. Fe-migration and oxidation are controlled by Eh
(pe) values and therefore it cannot be stated that iron is immobile.

Weathering solutions affecting the rock in the outer margin of the front cause
a highly alkaline environment. Under these conditions, Si and Al start mi-
grating in the form of polymer components. They give rise to Si. Al gels, whose
recrystallization results in secondary products (clay minerals) formation., The
isotropic character of the gels is locally observable under the microscope. Over
a period of time, some Si-gels gradually ages to cristobalite.

The kaolinic character of the studied kaolinic crusts is probably controlled
mainly by alkaline character of the basalts (rapid removal of basic cations) and
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geomorphological development. Climatic influences cannot be excluded. but be-
cause of the young age of the basalts they were not a dominant factor. Some
changes took place in the present day pedogenetic regime alter the formation
ol weathering crusts on these basalts which. in accordance with a work of K u-
biena (1970), can be termed braunlehm. Certain soil degradation (brunifi-
cation) and a supply of foreign material onto the surface ete. is characteristic
for this regime.

Our results indicate that the geochemical model. according to which all com-
ponents are mobile. added or extracted, is only valid. The following order ol
decreasing mobility of the elements was found:

Na > Ca > Mg > K > Si > Fe (Mn) > AL Ti.
that is almost identical to that of Polynov's global sequence.

The extraction of trace elements is controlled by the mobility of the main
elements (origin of a migration environment) and ability of these elements 1o
enter secondary mineral phases or sorption complex of the colloids.

Translated by L. Bohmer
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