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GEOCHEMISTRY OF ANDESITES WEATHERING

Abstract: The mostly wide spread alteration in arcas Tormed by neoval-
canie rocks in Slovakia is weathering. I performed the study of this process on
the example of two profiles of gradual transition [rom [resh andesite 1o com-
pletely leached and weathered one and on one profile of mining works below
the surface, where I traced the process of weathering of chloritized andesite.
In the work T present the suceession of weathering of these rocks amd geoehe-
mical dependences between macroelements and  microelements in weathering
process.

Introduetion

The proeess of weathering of andesites is one of the mostly wide spread processes
in the region of Slovakian neovoleanites. in the course of which gradually complete
decomposition of rocks is reached and in this wayv also greal geochemic
the composition of original rock take place, T studied this proe
profiles in the succession from fresh andesite to completely weathered one at the

al changes

w5 oon threee continuous

localities of Ficherg and Breziny on the surface, where Tresh andesites nnderwent
weathering and in Banska Stiavniea below the surface in the cross it of the Miax-
milian Pit. where weathering of ehloritized andesite with slight impregnation of sporadic
clusters of pyrite was taking place. T studied changes in representation of prineipal
rock-fTorming clements and teace elements and their mntual eelations in wenthering
process with inereasing intensity of vock alteration. Tn this study the overburden of
cluvial loams at the first two loealities was not ineluded. Geochemical changes are
direetly conneeted with alteration of orviginal minerals in the roek. In the charneleriza-
tion of individual profiles | therelore also mention the changes in mineralogieal com-
position of rock with the sueeession of weathering,

Course of Weathering at the Locality of Ficberg

A distinet profile of weathering is exposed in the quarey of Fichere, about | km
northwest ol Krupina in pyroxenic andesite with distinel. prismatic jointing, igh
alteration of andesite was taking place in northern and  north-western part of  the
v where andesite is altered from the surface 1o the depth of 6 10 11 m below
On the wall of the
quarry there is o gradoal transition from completely altered andesite 1o Tresh andesite
in the Tower part of the quares (g, 1),

fu;

hmie grevishbrown loan. resting on andesite 40 em to 1 thick

Fresh andesite is ol dark eolour. porphyrie texture, The eromndmass is vitronhyeie-
porpin = N

crvplocevstalline with Tinely dispersed ore pigment. From the minerals are mostly
represented in the rock plagioklases in the Torm of tables and Tahs, which correspond
mn ||;I-‘fr'il}' to andesine-labradorile ',\ln;u.\II;I., Loy ,\]V,-_l.\rl;,_-,-'-. IFrom dark-coloured minerals
the rock contains augite amd hypersthene, Bepresentation of ehemieal elements s in

table 2o nos 1 Towards the surface geadually precipitation of Fe oxides takes place on

Joints and the rock is getting gees and later grevishbrown o light-grevishbrown colour.,

CRNDe D o CSen Dionyz Stiar Institute of Geology, Bratislava, Mlynska dol. 1.
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IFig. 1. Prolile of weathering of pyroxenie andesite in the quarry of Ficherg, | — Dark
coloured pyroxenic andesite, 2 — (5 to lightgrey, slightly coherent, partly disintegrating
pyroxenic andesite. 3 — Completely weathered and disintegrated pyroxenic andesite. 4 —

Gretshbrown homons Toam.

A the edees it is peeling off o the Torm ol concave crusts 1 to G m thick from almost
fresh rock. Tn higher parts of the wall of the quarey the rocl is of light erevishbrownish
colour. the alteration pervades all the rock. which becomes little coherent and starts 1o
break up into small shreedss mainly ot the edges of prismatic jointing, Oviginal prismatie
Jointing hecomes less distinet than in the lower part of the quarry, With alteration
of the rock plagioclases loose their cluster and break from the periphery along
fisswres into o light coloured gelous mass with slight indications of polarization, Gra-
dually complete disintegration of plagioclases proceeds, A subimicroscopic aggregate ol
prevailingly light colour gradually cevstallizes Trom the mass, Inoplaces alter the pla-
gioklases sometimes colloform stenetures are Torming or the spaces alter plagioklases are
pencteated with Feooxides.

On the fiest stage ol alteration Trom pyroxenes e ostarts 1o exercle i the form ol
contings e clusters Tormed by e oxides and in Tuether stage serpentinization is
nanilesting o them by Tormation ol chevsotile and antigorite. which break up into
a gelous mass of prevailingly brownish colowe in higher stage ol alteration and sub-
microscopic ageregale eevstallizes Trome i Too this alteration selective  alteration of
minerals was manilested. oo which plagioklases started 1o break up earclior and more
mtensely than pyroxenes,

The groundmass o the rocks is eetting slight brownish colour. which is formed by
submicroscopic aggregate, nearer undeterminable, Inoorock alteration montmorillonite
andd Kaolinite originated according to DTA and Neray analvses, In this stage of alteration
ariginal porphyeitic texture is stll evident in the rock.
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Table I Weight Per Cent of Chemical Analyses

! Iichery Breziny | Banski Stiavnica ‘
| |
|
I 2 | 3 La 2a 3 A i 1h 2h I ab an
SRS L E - = S . '
Si0, 57,73 38.07| 37.80 57.79| 56,66 | 53,76 | 53.82| 55.80| 57,56 | 53,12 | 5445
Ti0y 0.4 |50 040 093 0,93 0,93 1232 057 0,65 0,58 0,77
AlOy 15,84 | 2005 ] 20,50 17.85 | 1740 17,09 16,06 18,63 ] 2000 10,52 16,49
Feal)s 275 | 1018] 447] 290| 479| 7.82| 851 1.15] 1.88] 1.68| 7.3
Fe() 5.61 LA 0,280 5,030 2871 080 038, 410 2341 601 0,42
MnO 0020 007 08 0,13 015 024 005 0,08 0,00 023 1,04
MgO) 4,55 LO31 297 340 255 2,42 201 3,09 166 208 1,09
Cal) 6,54 1,26 1.200 7.00| 5,25| 238 238| 4.29 | 357 1,35
Na,O) LO2| 020] 0040 192 186 1,12 104 1.25] 120 045
.00 220 0221 0060 1,52 D20 LA0| A4 65| 235|200
a4 003 006 04 0,06 0,24 0.21 0.1t 0,12 0,13 0,12
Sy = = = s . — | = 046] vau| 109
HLO (nm 007 12,82 2338 057 307 7.020 7.200 068 1.48 1,80
H,0 (900) 094 1LAS 821 237 2.59 3,09 3950 691 7.3 D34 6,74
| ]
| | i ;
The sum 99,68 9840 [100.44 101,47 | 99,98 100,54 100,37 | 99,78 [100,54 100.27 [100,89
1 | | |

Analysed by J. Dvoné Diontz Star Institute of Geology. Bratislava.

Distinet petrographic changes were also refleeted in chemical composition of the rock
(tab, 2, no. 2). Ca, Mg, Na. K. Si. Ph, Co, Sr. B. V were intensely leached from the
rock. In this stage of alteration AL Be. Sn. Ga. Y. Zr. Ba and Fe were manilested as
little mobile to immobile elements. At Fe intense oxidation of Fe' to Fe'™ was taking
place, the latter element was not carried away from the rock. As a consequence of
small mobility of the mentioned elements o relative increase in their representation in
altered rock compared o fresh rock takes place or their relative representation in the
rock almost does not change,

In upper parts of the wall of the quarry under a thin humous cover andesite s
completely weathered or disintegrated (in moist state it is rubbing between the lingers).
indications of original prismatic and porphyritic texture of the rock are disappearing.
In the uppermost parts the rock is completely decomposed and incoherent. formed by
soft parts of altered andesite rounded by weathering. To the depth the amount of
completely altered but shightly coherent andesite gradually inereases and slight indi-
cations ol the original prismatic joinling starlt to appear. In the upper parts of the
quarry with alteration of andesite Taeger amount of montmorillonite and less of kaolinite
originated. Chemical composition of the rock shows continuing carrving away of Na and
K from the rock. however. with diminishing intensity ol leaching (tab. 2. no. 3).
Intensely leached Trom the rock are e Sn. Nio Cro Bao which in deeper parts are
e omuobility show Ga. Zr. Ca, Si; AL which do
alive representation in rock compared 1o Toregoing
degree of alteeation with intensive rock alterntion. As immobile were manilested Mg,
\-. I%l'. \." 51 l}"' conlent “II \\'Ili('ll |'['I:l|i\'{‘|_\’ il|lfi'l':|5’<l'

manilesting as immobile elements, Litl
not show essential changes in their re

s in completely altered rock.
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Table 2. Representation of Elements in ", in the Proflile of Weathering of Pyroxenie
Andesite at the Locality of Ficherg

| [ 2 ! 3
| |

Sith 26.97 17.78 17.66

Tis 0.55 0.8 0.23

Al 208 12,11 12,55

[Fetd 1.92 7.12 3.12

Fet? 4,27 111 0,21

Munt? 0,09 0,05 | 0,13

Mgt? 294 0.63 1.79

Ca'? 488 1.90 1,85

Nat 1.37 .14 .02

I* 1,82 018 0.04

P 0,03 0.07 0.01

Gat3 0,0010 00020 0.0020

Bet? 0.0006 00,0020 0.0050

Vi3 0.0070 0.0060 0.0046

Y3 0.0039 0.0195 (.0777

Setd 00007 0,0032 00048

yAR 00200 00078 0.0871

Bat? 0,0589 03810 0.0479

St 0,0347 — —_

B (0.0050 = —

Snit 00005 0.0020 = |

Ph*? 0.0006 — = i

Ni* 0.0010 0.0026 — ,

(o*? 00015 — - |

Crt3 00024 00031 - |
|

The largest migration of elements was generally taking place with disintegration of
the rock in the stage of breaking up of primary silicates. when the prevailing part of
rock-forming clements and Ph. Co. Sr. V from trace elements passed over inlo solutions.
whereby pll inereased in percolating solutions, This stage ol alteration is characterized
by high leaching coefficient — 2.22 (ealeulated according o L L Ginzburg 1963
high oxidation of Fe 210 Fedwas taking place. wherein Fe™. AL T Y. Zr, Ba. Sn, Be.
Se. Nio Ga. Creoare Bittle mobile 1o immobile as a consequence of what their ralion in
the rock relatively inereases. On the basis of the mobility of elements in dependence on
pll of solutions that of pereolating solutions may be supposed 1o vary in the limits
between D oand 6. AL this value of pIl FelOIDy and ANOF; as well as a series of
other elements are little mobile and Siin the sense of L 1L Ginzburg (1960) shows
relatively small tendeney 1o precipitation from the solutions in the form of colloids. il
was intensely leached out from the roek together with other elements.

Mier leaehing o lrger amount of Nao Ko My Cac SV oand carrving away ol Pb. Co.
1. Se their passing into solutions essentially diminished as Tormation of elay minerals.
mainly of montmorillonite and less of kaolinite took place. wherein o part of the
elements remmained bound o theie struetueal Tattiee or they were enteapped in products
ol disintegration of andesite as sorbents so that they did nol pass into the solutions. As
a consequence of that no greater change of pll ol solutions was evident. which perco-
Fated Teom the suefaee theough the hmmous overburden into the rock and pll value

probably varied hetween 4 and 5. The elements which appeared as immobile at the
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beginning of the process ol alteration were intensely cieried away from the roek. they
are mainly Fe™ Sne Nic Cre Bas the elements Y, Ze, See Beo Vo Gae Mg, AL aee entrapped
in the rock. by what their vatio relatively inereased. As o consequence ol that also the
coclficient of Teaching decreased Trom 222 to 142 and the coelTicient ol hydratation
from (LO4 10 (.03, Tn the course of time the zone of increased leaching ol elements [rom
the roek is shifting 1o deeper parts of the andesite body after breaking up ol primary
silieates.

The Course of Weathering at the Locality of Bresiny

Another profile of weathering | have studied in the quarry on the eastern side of the
Neresnicka Valley, 3.5 ki noretheast of the community of Breziny, The quarey is opened
in pyroxenic andesite. altered and decomposed in the upper part and covered by o thin
laver of humous forest loame 10 to 40 em thick, The thickness of weathered andesite
is changineg, In the southern part of the quarey it is 40 em 1o L mowhile inits north-
western parl il attains 3 to 6 metees. T this part of the quarry D ostudied continuous
transition From completely altered andesite under the humous loam 1o Tresh andesite in
the lower part of the quarey (Mg, 20,

Fresh andesite s ol dark 1o« 'k—;:'r'v_\' colonr. with p::r]:l]_\'ri!i:' texture. Among the

inerals plagioclase of hypidiomorphic to allotriomorphic delimitation with the basicity

of andesine-labeadorite (Abgp A o AbgAnss) is mosthy eepresented. From  dark-
colonred minerals hvpersthene is mostly  represented. sporadieally augite and brown

anphibole with opacite vim is present. The groundmass is of hyalopilitic character with

stall microlites of the mentioned minerals and small elusters o magnetite. Representa-
tion ol elements is given in tab, 20 no. la.

[ the fiest stages of weathering the roek is getting grey colour with vellowishbrown
facets irvegnlarly distributed, As a0 consequence of the colour change of the groundmass
phenoerysts are stressed. Plagioclases are prevailingly freshe tooa small degree they

—— % af elements

=% of elements
) %0 0002 000 000 0008 00

I Peofile of andesite weathering in the quarry northwest of the community of Breziny.
I — Dark-eolonred pyroxenic andesite with amphibole, 2 Grevishbrownish andesite, 3 —
Grevishbrownish slightly coherent andesite feetting solt in maoist state). 4 — Light-brownish

completely altered andesite, frinble inodey state. 5 — Grevishbrown stony humons loam.
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start to change to an almost sheer isotropic mass. In dark-coloured minerals exeretion
of I'e oxides is procecding and the minerals are altering Trom the periphery and along
the fissures into vellowishbrown ones ol scaled and Tibrous chuaracter with slight
pleochroism. straight extinclion. index ol relraction lower than that of Canada balsam.
According to optieal qualities they belong to chreysotile and antigorite. Small clusters
of magnetite as well as opacite rims on amphibole begin gradually o change into Ie
oxides. In chemical composition of the roek (tab. 3, no. 2a) changes took place as
a consequence of lTeaching of Ca. Mg, Nioand partly Cr. Av iron Fe'™ oxidized 10 Fe'
and the latter appears to be an immobile element together with Be. Co. Y and their
content in the rock consequently has inercased. Representation of the prevailing part
of elements remains almost without changes, With higher alteration the rock is gelling
areyishbrownish colour. is little coherent.

Plagioclases break up completely into a light-coloured submicroscopic aggregate with
the content of slightly polarizing fine light-coloured seales with straight exelinetion.
which crystallize from isotropic gelous mass in spaces alter the plagioclases. Chrysoltile
and anligorite in spaces alter pyroxenes and amphibole gradually break up into an
almost isotropic mass of brownish colour with the content of slightly polarizing sub-
microscopic aggregate. In this breaking Fe-oxides get released in the form of fine
coatings. In alteration of the rock montmorillonite formed (according to DTA and Neray
analysis).

Table 3. Representation of Elements in 2 in the Profile of Weathering of Pyroxenie
I ] -] .

Andesite at the Loeality of Breziny

| | [ |

| I 2a Sa | At

| | ‘ | |

| S _ _ S I |
Sith 26,99 | 25,11 25,14
Tich 0,55 | 0.55 0,78

[ Al 9,44 [ 0.03 8.48

: et 202 AT 2.95

[ e ' 300 0.68 (.20

| Mn* | 0,10 0,18 [ 0,11

[ Mg | 205 1,27 1,21
Ca*? 5.00 f 1.70 1,70

| Na* 1L.37 .83 0.6

i It 1,26 i 1.6 1,19
skl 0.0 | 0,09 0,04

¢ Ga*? 00010 | 00010 0.0010 0.0010

I Bet? 0.0004 i 00006 00012 00012
Vo | 00020 | 00020 00020 10,0030
YA 00046 0.0051 00126 0.0056
St [ 00053 0,006 00182 00139
YA 0.0010 00017 00026 00016
32 0.0174 00187 0.0408 0.0589
Si'? | 0,098 00646 10,0034 0,0617
13+ | (L2806 (1.03949 — _
snth [ 00007 00008 00010 —
Ph* | 00003 10,0003 00005 =
Nit 00009 = S e
o' 0.0008 00011 00026 —
('

| 0.0005 00004 | —_ =
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In chemical composition of the vock (tab. 3. no. 3a) intense leaching of Ca. Sr, e
and to a smaller extent also of Na. Mg, Si. Al is proceeding. Fe™, Be, V. Y. Zr. Ba. Co.
Sn. Ph. Koappear to be immobile and their velative representation in the rock relatively
increases regarding to the foregoing stage of alteration. The voek is most intensely
altered in the uppermost part ol the wall of the quarey under the humouns cover,
where is of light-brownish - colour. friable v dev state and  eubbing 0 the
lingers in moist state. Inocrumbled Tragments of the rock there are still indications
of original porphyric texture. The spaces alter dark-coloured minerals are prevailingly
emply and only al places relies ol Fe-oxides are in them. In plagioclases their original
delimitation is partly preserved buat they are completely altered into light-coloured 1o
light-brownish gelous mass with slightly  polarizing  submicroscopic agoregate. The
groundmass is of light-brownish colour and in the proximity of fine joints it sometines
acquires even dark-brownish eolour. Tt is altered similarly as the phenoervsts, Aecording
to DTA and Neray analyvsis montmorillonite and to o smaller degree also kaolinite
formed in the rock. C

wominerals formed 1o o larger extent than in the Toregoing stage
of alteration, Migration of some principal rock-Torming clements is getling slower andd
mainly of AL K (ab. 30 no, 4o Fe'?
hound in relies of magnetite resting Trom the Toregoing staee is oxidized 10 Fe' thal

only slight indications of leaching are manifesting

sturts Lo show .\']i,‘.{hl. indications ol :ao|:|]li]i|}' but its content in the rock Tnercases
regarding Lo oxidation of 17e™, H!'|l|'{‘.~'{‘lll.'tljur| ol Si ,\I;{. Naw Be and Ga almost does
not change and they probably enter the structural lattice of elay minerals together
with AL Ph. Sn. Co, V oand Ba become mobile elements and are Teached oul Trom the
rock compared to Toregoing stage of alteration,

Similarly as at the foregoing loeality also here most intense leaching of elements wis

tuking place in the stage of breaking up of primary silicates. First Ca. Mg were leached

aned Fe™ intensely oxidized 1o Fe' Leaching of nateinm Tollowed  intense carrving
away ol Cao Pho Ceoand Seowere also intensely leached, Al and K show only slight
indications of carrying away., The predominant part of teace elements shows relatively

increased content. mainly Yo Vo Bae Sec Beo which are probably sorbed 1o eelous

products of rock disintegration. T the apper part of the outerop. below humous Lo,
Loeoin ]IIFII'{‘H of mtense Tormation of 1'|.'|_\' minerals a part of the clements enters their
structure Tattice as consequence of what theie leaching out of the roek diminishes, From
the principal rock-forming elements the content of A and IS diminishes and 1762 s
almost entively oxidized 1o Fe™ From the tree clements Phe Sn. Coare intensely
carvicd awav, To o smaller extent Vo Baoand Seoare enrvied  awav. T the rock
representation of Fe™ T B Ze relatively inercases,

In the whole profile diminishing of hydratation coelficient from 051 10 .22 and
increase in leaching cocellicient from 2,04 10 341 may be observed towards the upper
parts ol the outerop. Tn the whole profile o™ Y. Zr. B Ba are almost immobile
clements. Relatively small mobility display also Si. AL K. Mo, Ga As i may he
concluded Trom that, pll ol solution has only linde chanoed with percalation through
the vock and its alteration. In the uppermost parts of the outeronp pll of pereolating
solutions: was probably 4 10 5 and inereased 10 5 in the lower parts. al which value
the mentioned clements appear 1o be immobile aceording 1o L1 Ginzbur o OG0,

The Course of Weathering at the Deposit in Banslai Stiavnica

The third profile of andesite weathering | have studied in Banska Stiavniea in the
Vih horizon of the Maviilian Pit in the principal cross it S0 ahove the Terdzin
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Fiz. 3. Profile of weathering in Banskd Stiavnica in the Vth hovizon of the Maxmilian Pit

in the principal cross adit, 80 m above the Terézia Vein. 1 — Chloritized pyroxenic andesite

of dark-grevishgreenish colour. 2 — Greyishbrownish andesite penetrated with dense network

of nerve-like diverging joints. 3 — Light-grey, slightly coherent andesite with slight brownish

shade, starting to get soft in moist state. 4 — Completely weathered and disintegrated
andesite of light-brownish colour,

Vein. The eross adit is in this place situated in chloritized pyroxenic andesite com-
pletely altered on a steeply dipping joint, along which water percolated and gradual
transition o solid andesite of dark-grevishgreenish colour may be studied at a distance
of 30 1o 60 contimetres (lig.3).

Andesite near the altered zone is solid. of dark-grevishgreenish colour. with compacl
aroundmass. porphyritic texture, In the rock in small amounts pyrite is finely dispersed.
The original dark-coloured minerals (pyroxenes) arve altered into chlorite and sporadical
clusters of carbonate. Plagioclases are only 1o an insignificant extent substituted by
sericite and carbonate, The mentioned alteration corresponds 1o the stage of post=volenic
alterations that !ll'l‘l'l:‘ll['(l weathering (0. Forgac 19661 Chemieal composition ol the
rock is shown in tab. 4. no. b,

[n the first stages of weathering the rock is gelling geeybrownish colour. penetrated
with a dense network of nerve-like diverging joints, along which the rocks breaks up
alter o slight hit of the hammer. On the joints thin coatings of Fe-oxides are precipi-
tated. Chlorites arve geadually getting brown colour in the direction from the periphery

as a0 consequence of oxidation of Fe™ o e and decomposition ol carbonates s
proceeding, Plagioclases do not show any essential change. Finely dispersed pyrite as
well as sporadic small clusters of magnetite are changing into Fe-oxides.

In chemical composition of the roek (tah. 4. no, 2b) Fe'? changes to Fe™ and e
Me. Caoand K are leached out from the vock. Tmmobile elements appear to be Al and
Sic the content of which in the rock s relatively slightly inereasing. Trace clements
didd not show any essential changes in theie representation. With higher alteration the




GEOCHENMISTRY OF WEATHERING 245

Table 4. Representation of Elements in %, in the Profile of Weathering of Chloritized
Pyroxenic Andesite at the Locality of Banska Stiavnica
| |
In b | 3h Aly
. B S SUUSIES YR
Si* 26,06 26.89 . 24 81
Ti4 .35 038 0,35
Al .85 | 10,68 ‘ 10,32 i
Fo's 0.80 ; 13 ; 1,17 |
3.8 1.81 | 4066 |
| 006 0,00 | 0,14
1 1,86 1,25
[ 3.06 ‘ 0,96
[ : 0,92 . 0,33
- AN ' 240 .
- 0,05 | 0,05 | 0.05
| s 0,18 | 0,43 | 1,93
0.0014 0.0018 | 0.0025 0.0019
0.0105 0.0118 oo | 00115
' 0.0145 0.0174 | 00251 | 0.0148
0,028 00288 | 0,0330 | 00251
0.0010 00010 | 00010 | 00010
| 00083 0,0079 0,008 0.0052 '
| 0.0030 0,0040 0,0050 | 0.0007
| 0.0010 0,0020 0.0010 0.0007
' 0.0010 0,0010 0.0015 0,0010
0,0010 0.0010 00003 | 0.0010
1.0010 0.0020) 0.,0022 '

00022 |

rock is gradually getting light-gray 1o light colour with brownish shade. s slightly
coherent and starls 1o gel sofl in moist state. Chlorvites and plagioclases hreak up into
light-coloured to brownish. slightly polavizing submicroscopie agercgale, clusters of car-
bonates are preserved sporadically onlyv, DTA and N-ray analyses found oul kaolinite
and-montmorillonite 1o have formed in the rock. Changes in mineralogical composition
of the rock were evident by intense leaching out of Ca. Na and relatively small decrease
in the content of Si (tab. 4. no. 3b). Slight indications of leaching are also evidenl at
Co. Tmmobile elements in this stage of alteration are AL K. Mg. Ga, Zr. Ni. Cr. DBa.
Zn. ol which o part is sorbed 1o the products of disintegeation of rock or enters the
structure lattice of secondary minerals and a1 part probably forms insoluble sols.

[n the terminal stage of alteration the roek s disintegrating. looses the porphyritie
texture, is ol light-hrown colour, greasy in moist state and lumpy in dry state. In the
rock Tormation of montmorillonite. kaolinite an jarosite look place (according 10 DTA
and Neray analyses), Tntense leaching out of Me. AL Cu. Zn. Ph also proceeded in the
rock (tab. 4 no. AblL Lesser mobility was evident al Na. Ga. Zr. Ba. V. Ni Co, Cr, Sn.
their representation decrenses 1o a small extent only or does not change, Immobile
elements are o' Cal Sic K Se and their content inereases with changing ratio compared
1o the Toregoing stage ol alterntion.

At the preceding localities with percolation of the solutions through the rocks
inercase in theie pll took place. At this locality o reverse process may be supposed.
The solutions which percolated into the rock evoked disintegration of rock-lTorming
minerals asowell as of pyreite that had heen seattered inosmall elusters in them. With
disintegeation of pyrite SO; Tormed and by the influenee of inner tension Jointing of

roek proceeded according 1o 0 nerve-like network of small dense joints (), Forgar



296 FORG AL

1968). Percolating solutions were enviched in SOz getting more acid in this way, This
process is indicated by leaching of iron in the first stage of alteration. With intense
alteration of the rock jons of S04 entered the structure lattice of jarosite. whereby pll
of the solutions increased and eonsequently Fe' @ beeame immobile and its representation
in roc
trace elements, mainly of Cu. Ph. Zn. In the process of weathering in Banska Stinvnica
migration of elements was the highest with intense stage ol alteration as the cocllicient
of leaching indicates. the value of which gradually inereases from 131 1o 2.60 while
the coefficient of hydration attains the highest values o the fiest stages of rock
alteration.

gol higher. In this stage ol alteration there was also the greatest mobility of

Relative Representation of 1lements

Weathering of andesites is characterized by breaking up of primary minerals and
formation of sccondary ones. accompanied by change of mutual ratio of chemical
clements in the rock. From the principal rock-Torming elements nni- and bivaient as
well as three- and fourvalent ones are more intensely leached out Trom the roek with
weathering and their ratio increases from 24 1o 125 with higher alteration (e, 40
Great differences are evident also in mutnal ratio of the individual elements, Alwmininm
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Fig. A, Delative representation of oni- iz, 5. Relative representation ol silicon
vilent and bivalent to three- and four- and alumininm.

valent elements,

generally  nimifests as rvelatively litde mobile clement, its ralio 1o some clements
increnses in direet proportion or remains almost unchanged. The mutual ratio of Si: Al
continuously deereases Trom 321 1o L33 with inerease in representation of AL (Mg, 5).
With iner
No—K changes. their relative representation deercases indivect proportion (lig. G. 7.
81, The satio of potassium and aluminiom is also different. remaining almosl unchanged
with the deerense in the  content of aluminium and varving prevailingly in the limits
of 0130 10 0.29 (fig, 9). Polassinm is prevailingly sorbed 1o gelous constituents with

wsing representation of Al also relative representation of Ca. Mg oand alkalii

andesite weathering or is partly bound 1o strneture lattices of secondary minerals and
its mobility almost equals to that of aluminiom while natrium s carvied away [rom
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the vock. The ratio of titanium and aluminium shows only slight indications of relative
merease with diminishing of representation of Al (Tig. 10). Gallivm and aluminium did
nol show mutual relation in representation but their ratio is changing with weathering
(tab. 51, Relation of aluminium to other elements was not manifested distinetly.
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Fig. 9. Relative re-

presentation of po-

tassium  and  alumi-
niun.

. 10, Relative re-
sentation of tita-
nium and  alumi-
nium.

1. Relative re-
entation of na-
trium  and  ealeinm.

Natrium and ealcium are almost equably leached outl from the rock as also indicated
by their mutnal relation. With decreasing caleium  their mutual ratio remains almost
constant (fig. 11, Alkalii generally (Na—K) behave differently in dependence on the
content of caletnm, In the Tivst stages of leaching of ealeium their mutual ratio almost
continuously increases and alter carryving away of a larger part of caleium from the
rock the ratio of calcium and alkalii rapidly inereases as a consequence ol the sorplion
of potassium in the products ol disintegration. whereby ist mobility  considerably
diminishes compared to natrium and ealeium (Tig. 12). The mobility of Mg and Ca
is from the beginning of weathering almost equal and alter carrying away ol prevailing
part ol Ca [rom the rock their vatio rapidly increases sinee Mg remains bound 1o the
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Table 5 Mutual Batio of Elements

i | T
! | Fichery | Sreziny Banski Stinvnica
| . ) R |
‘ .' I | . ' - |
L] o2 3 la | 2a | e | b 2 A T
| | | | | | | . |
—— w [ i ! - il
V. 1000/Fe® | 506 | oshl 140 2 153 ] 139] 066 13a2| 900] 057 | 225
V. 1000/Mg | 2,55 | 9,52| 256| 2,24 | 3.33 | 991 | 462 56hl 1180l 86 | 1767 |
Se. 1000/Fe*™ 0,16 2881 22850 025 | 076 2820 5,51 — — — —
Y. 1000/Fe* | 091 | 370,00 135 | 270 | 2676 ] 47.03 — - —
Ha 100/IX 3,23 (221,66 (L1975 3.16 | 5,12 8621 o131 1.28 I vi | LAl 0498
L LO0/Ca I 1,20 | 42,33 ? 0,63 079 ‘ 1,72 '}_":9'! 3,621 052 1,12 i ] 162
; 3,19 L.AS ' LLAD D 285 | 287 2781 209G, 264 254 ’ A0 2.00
0,02 1 0050 001 0,02 ‘ 0,02 1 0.02[ 003 001 001 L0 001
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Mg/ Ca L6 070 2410 041 040 L 0740 071 060 1.30 042
Na/Ca P 028 0,15 | 0,02 i 0481 044 0230 0,34 012

Na+IK/AL | 038 | 0,02

| 027 | 038
| 0,27 0.29 0,27 0,22 0.4

0.26 051

| Na—+I/Ca | 0,65 0350 0,071 052 072 LAGH 14 101 A7 284 178
| Fet et | 0,44 6,41 || 14,851 051 1,50 204 2051 025 i I 0,22 | 1.'1.Elijl
| \ 1 L — ik i
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4 )
-
c 7 i
f Sl La
f - r
T T T 1 | . y T
‘ | 4 ‘ J » o 1 2 3
- Na+K[Ca e
iz, 12, Relative representation of alkalii Fig. 13, Relative representation of mag-
and calcium. nesium and ealeium.

stracture lattice of montmorillonite and consequently becomes immobile (fig. 13). The
ratio ol ealeium and bartum is also similar. almost constant at the beginning of
alteration by weathering and after carrving away ol larger part of Ca from the rock it
slarls 1o inereasse rapidly, probably as a consequence of formation of little soluble biear-
bonates of harinm in weathered andesite (lig. 141, Relation of barium and potassium
is o linde different as their mutual ratio increases in direcl proportion with the
decrease in the content of polassium as o consequence ol lesser mobility of barium
(M, 15, Direet dependence is manifested at two- and three-valent iron in the [rst
stages ol rock alteration only. when as a consequence ol oxidation Fe™ 1o Fe @ their
ealio increases nearly in diveet proportion and with intense stage of alteration this ratio
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Fig. 16, Relative representation  of Fig. 17. Relative representation of bi-
bivalent and three-valent iron. valent iron and magnesium.

rapidly increases as a consequence of predominaling change of Fe'2 to Fe'™ (in the
foregoing stage ol alteration) and of partial carrying away of Fe'3 from the rock ([ig.
16). Relation of Fe™ and Fe'® in the [first stage of alteration is different in the rock
overlying the Terézia Vein in Banskd Stiavnica, where carrying away of Fe'# is laking
place at the same lime with oxidation of iron. Very different is relative representation
of Fe™ and Mg in the commencing and terminal stage of alteration. Fe'2 and Mg
participale in the structure of dark-coloured minerals in original rock, With breaking
up of dark-coloured minerals representation of Fe'? and Mg in the rock gradually
decreases in almost equal ratio (fig. 17). In the terminal stages of alteration Mg enlers
the structure lattice of clay ming

srals, whereby it becomes an immobile element and
oxidation of Fe™ continues although to a smaller extent than in the first stage of
alteration and in this way their mutual ratio inereases (lig. 17). A dependence of
indircel proportion is also evident between Fe'? and rare carths, of which viteium and
seandium were studied at the loealities of Ficherg and Brezina. Representation of Y and
Se relatively inereases with the process of andesite weathering while Fe'? decreases there.
This fact causes an inerease in their mutual ratio with the intensity of rock weathering
due 1o high sorption qualities of Se and Y. On the basis of relative inerease in the
content of both the elements one may conelude that in weathering produets of andesite
virinm has better sorption qualities than seandivm as also indieated by their relative
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representation and  Fe'™ (fig. 18, 19). Indirect relaion was also evident belween
vanadium and magnesium, their mutual ratio increases with diminishing of Mg content
in the rock as a consequence of more intense leaching out of Mg than of V' (fig. 20).
The ratio between Voand o™ is also similar as a consequence ol a large increase in
the content of Fe'3. mainly by oxidation of Fe'? 1o Fe' (fig. 210 their mutual ratio
decreases with the inerease in Fe®™,

Strontinm and barium which are predominantly bound to plagioelases with Ca and
K get apart with weathering. After breaking up of plagioclases Sroist almost completely
carvied away from the rock while Ba is almost immobile in the first stages of alteration,
whereby its content relatively inereases as a consequence of the origin of little soluble
bicarbonates of Ba and it shows indications of leaching out in the terminal stages of
roek alteration only. The content of Ba and Sr is almost unchanged in the profile in
Bansk# Stiavnica, where except bicarbonates probably also insoluble sulphates of Sr and
Ba are formed. Pbh, Ni. Co. Cr. Sn are very little mobile at the localities of Ficberg
and Breziny and after breaking up of primary silicates. in the structure latlice of
which they were bound. they are carried away from the rock and in completely altered
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IFig. 18, Relative representation of scan-
dinm and bivalent iron.

Fig. 19, Relative representation of yttri-
um and bivalent iron.
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andesites under the humus cover their presence has not been proved, This Tact hinders
tracing of their relation to other clements in whole profiles of andesite weathering, Al
the locality of Banskd Stiavnica the content of Ni. Co and Sn does not change, they
probably remain seattered in weathering products and are sorbed into secondary mine-
rals. Crois immobile and its content increases twice. Ph and Cu are leached out from
the rock with intense alteration. In weathering ol rocks at the mentioned localities
solutions with predominating content ol ions of HCO; were acting and in Banska
Stiavnica they were also carrying SO; as it is evident on the basis of the intensity of
leaching out of elements and of their relative representation in the process of weathering.
Translated by J. Pevn ¥

REFERENCES

Ahrens Lo 1963 Lognormal-type distribution in igneous rocks Geochim, et Cosmochim.
Acta 27, — A hrens L. H., 1963a: Element distribution in igneous rocks. IV. Negative
skewness of 510, and K. Geochim. et Cosmochim. Aecta 27, — Butler . R, 1953: The
geochemistry and mineralogy of rock weathering, The Lizard area, Cornwall, Geochim. et
Cosmochim. Aeta 4. — Forgae J. 1966: l’Ltmgmfm a geochémia |IILII1L!1I‘I1\L’|] hornin
nicko-hodruiskom rodnom obvode. Zborn. geol. vied, Zipadné l\nl]’l.ll\ 5, Bratislava.
— Forgdace J., 1967: Die Entfirbung dl.‘l' G["bl{'!l'l.l' und deren Zerfall in FErzrevier von
Banska Stiavnica. Geol. price, Zpravy 42, Bratislava., — Forgaé J, Dvone V., Gert-
hollerova I, 1968: Vybiclovanie a rozpad andezitov v 1.’11)0{':|t(‘1rn}'ch podmienkach,

Geol. priace. Zpravy 46, Bratislava. — Ginzburg IL I, Kabanova E E, 1960: Soder-
zenie kremnezema v prirodnyeh vodach i formy ego prisulstvija. Kora vyvetrivanija 3,
Moskva, — Ginzburg L I, 1963: Tipy drevnich kor vyvetrivania, formy ich projavlenia

1 klassifikaci
Migracionnije rjady elementov v kore v vvelrivanija, Kora vyvel
gradov AP, 1957 Geochimija redkyeh i rassejannyeh chimid
Moskwva.

a. Kora vyvelrive "I{Ilj-l 6, Moskva. — Perelman A. I, Batulin 5. G., 1962:
anija 4, Moskva. — Vino-
eskich elementov v poévach.

Beview by B Cambel,



