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Abstract. The feldspar admixture occurring in the clastic sediments of Estonia differs
considerably from that found in the bedrock of the Fennoscandian shield. It contains
only insignificant amounts of plagioclase, and K-feldspar is mostly represented by mono-
clinic orthoclase. The content of K-feldspar is higher in the lower part of the sedimen-
tary complex lying closer to the basement. In sandstones feldspar is mainly concentrated
in the grain size of 0.25—0.5 mm. The parameter Al(T,0-+T,m), showing Al-Si order in
K-feldspars, exceeds in all cases the value 0.8 characterizing the K-feldspars of mag-
matic and metamorphic rocks. It serves as an essential criterion for the determination
of lower-temperature authigenic feldspars in rocks.

Key words: feldspar, sediments, X-ray structural analysis.

INTRODUCTION

The occurrences of authigenic K-feldspar in the Estonian bedrock (in
metabentonites, Lower Ordovician argillites, and the underlying sand-
stones) recorded in the last years brought along the need for a closer study
of the feldspar admixture in the Palaeozoic clastic rocks of the area in
order to establish the conditions of authigenic mineralization using the
data on mineral structures. For this purpose 20 relatively feldspar-rich
samples were taken from different parts (Fig. 1) of the terrigenous
complexes (Vendian—Cambrian, Devonian) of the section; the coarse-
silty fraction (0.05—0.1 mm) was studied previously in immersion liquids.
For the determination of the important structural parameters by the X-ray
method we chose samples with the K-feldspar content of 20—40% (in
some cases also with lower contents) in the studied fraction (Table 1).
The samples were taken with the aim of getting a picture about the whole
terrigenous section, basing mostly on the materials from Central Estonia

(Fig#l).

METHODS AND RESULTS

In all these samples the ratio of K-feldspar 3.24 A reflexion to quartz
3.34 A reflexion was estimated and the plagioclase admixture was de-
termined on the basis of 3.19 A reflexion using the diffractometer
DRON-2.0. It should be noted that plagioclase was recorded only in 509
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of the samples, whereas slight 3.19 A reflexion appeared prevailingly in
finer fractions, remaining also there an order weaker than the K-feldspar
reflexion. Hence we can draw the first important conclusion on the feld-
spar component of our bedrock: the plagioclase admixture in them is very
low and random. As in the overlying Quaternary sediments (till, varved
clay, deposits of the Gulf of Finland) this admixture occurs in consider-
ably larger amounts, we may conclude that during the formation of
Palaeozoic sedimentary rocks the conditions of hypergenesis were notice-
ably more unfavourable for the preservation of plagioclases in the
sediment.

The K-feldspar—quartz ratio in'sand- and siltstones is rather regular:
the amount of K-feldspar increases in coarse fractions reaching its
maximum in the 0.25—0.5 mm fraction (Fig. 2). This regularity is observ-
able also by chemical analyses: the K,O content increases in coarser
fractions from 1.63% to 3.53% (Torva 87-13), from 1.50% to 3.29% (Vaki
67-5), and from 5.87% to 8.61% ' (Essu 208-3). Such a regularity might
be caused by the tendency of feldspars to form complex aggregates com-
posed of solitary grains at the first stages of sediment solidification.
These complexes do not disintegrate during the preparation of samples
(Plate I), being thus enriched with feldspars of coarser fractions
(> 0.25 mm). This, however, does not seem to change the general
tendency. :
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Fig. 1. Areal and stratigraphical positions of the feldspar-rich samples studied.
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The argillaceous sediments in which the feldspar content usually
exceeds that of sand- and siltstones do not exhibit any clear regularity
in the distribution of K-feldspars in different fractions, as here the disturb-
ing effect of secondarily associated aggregates is even stronger.

It should be noted that higher K-feldspar contents are characteristic of
Vendian rocks as well as Lontova clays. In the above-lying rocks the
K-feldspar content is considerably and permanently lower. This could be
explained by the extensive burial of the exposed bedrock under sediments

Table 1

List of feldspar-rich samples studied by X-ray structural method and the data of the
immersion analysis of the 0.05—0.1 mm fraction

Composition of 0.05—0.1 mm

Locality, fraction, 9%
no. of Rock type Formation
sample Quartz | Feldspar | Mica Varia
Lower Devonian
Torva 87-8 Sandstone Arukiila 77.9 12.5 9.6 —
Torva 87413 Sandstone Arukiila 86.8 9.6 3.6 —
Torva 87-16 Siltstone Arukiila 79.0 6.6 144 —
Katlakalns 26 Sandstone Péarnu 93.4 4.0 2.3 0.3
Katlakalns 24 Sandstone Pérnu 86.0 7| 6.9 —
Middle Cambrian
Téhkvere 726-1 Siltstone Paala 82.0 18.0 — —
Lower Cambrian
Aiamaa KL-5 Siltstone Vaki 75.6 99.9 0.6 1.6
Aiamaa 10 Siltstone Vaki 74.5 249 0.6 —
Vaki 67-5 Siltstone Vaki 68.8 27.0 33 0.9
Ardu 5308 Siltstone Liikati 36.9 31.7 4.6 26.8
Ardu 5325 Clay Liikati 10.5 81.2 6.9 1.4
Polva 423-4 Clay Lontova 32.8 46.3 12.9 8.0
Polva 423-5 Clay Lontova 37.0 43.0 11.8 8.3
Essu 208-33 Clay Lontova 20.8 18.8 58.2 22
Ardu 5387 Sandstone Lontova 89.8 9.0 0.6 0.6
Ardu 5388 Clay Lontova 28.3 31.3 38.1 23
Vendian
Polva 423-11 Clay Kotlin 40.0 41.7 12.5 5.8
Essu 208-14 Siltstone Kotlin 443 23.9 31.8 -
Essu 208-7 Siltstone Gdov 47.1 38.3 11.9 275
Essu 208-3 Sandstone Gdov 40.9 41.4 149 28
PLATE I

1. Clastic feldspar of various roundness. Sample concentrated in heavy liquid. (Vendian,
sandstone, 0.1—0.25 mm; Essu borehole 208-3.) X80.

2. Coarse fractions often contain nondisintegrated aggregates, consisting mainly of
feldspars. Cementing matter is invisible and unknown. It may be found only in the
aggregates core. (Cambrian, siltstone, 0.1—0.25 mm; Aiamaa borehole KL-5.) X 240.

3. Feldspar grains joined into aggregates. (Cambrian, sandstone; Ardu borehole 5387.)
X 420.

4. A feldspar grain, having a sharp-angular shape due to cleavage planes. Nearby a
quartz grain whose surface has been subjected to secondary processes. (Cambrian, silt-
stone; Aiamaa borehole KL-5.) X 1400,
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PLATE II




already during the first transgressions, evidenced also by other pheno-
mena, for example the changing general characteristics of the coarse
clastic admixture of sedimentary rocks (Pirrus & Ratsep, 1977). For this
reason the feldspar-rich component of the weathered basement could have
been transported into this area during the sedimentation period of the
clays of the Baltic Series only from the west. The influence of the basement
on the sediments of the neighbouring areas was totally blocked already in
post-Lontova time.

R
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Fig. 2. Height ratio of K-feldspar and quartz diffraction reflexions in different grain-

size fractions of seven samples showing the content of K-feldspar. Above—summarized

data on six samples with similar feldspar contents; below—solitary sample from the
lower, near-basement part of the sedimentary complex.

A—F — Torva 87-13, Katlakalns 24, Tdahkvere 726-1, Aiamaa 10, Vaki 67-5, Ardu 5387,

Essu 208-3.

PLATE II
1. Highly decomposed K-feldspar grain, occurs as cleavage forms; rhombic plates and
isometric-colloform formations separate. Small amount of clay minerals. The grain shows
no rounding. (Cambrian, sandstone; Ardu borehole 5387.) X 600.
2. The same, X 2400.
3. Slightly rounded decomposing feldspar grain: the outer surface is still determined
by sharp-angled cleavage forms. Clay particles are formed in small numbers. (Vendian,
sandstone; Essu borehole 208-3.) X 650.
4. The same, X 2400.
5. Plate-shaped feldspar grain with slight traces of rounding at the angles: the rounded
surface is determined by the stepped nature of cleavage. (Devonian, siltsione; Torva
borehole 87-16.) X 350.
6. The same, X 2000.
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Fig. 3. X-ray diffraction patterns of K-feldspar from terrigenous sediments showing
low and high microcline—orthoclase ratios. CoKa-radiation. Upscaling 10 times at _
34—35.5 deg.

A — Vendian sandstones from the Gdov Formation, sample Essu 208-3; B — Devonian

siltstone from the Arukiila Formation, sample Torva 87-16.

To establish the mineralogical characteristics of K-feldspar, the parts
with its higher content were separated from the sample, using a heavy
liquid consisting of bromoform and xylol. The proper density of the liquid
was chosen by means of quartz and microcline control crystals. Unfortu-
nately, this method did not suit for fine fractions as in this case the
grains coagulated into undivisible complexes. Therefore mostly the 0.1—
0.25 mm fractions were processed, although several Devonian samples
did not give satisfactory results in this case either.

Still, in most samples the concentration of K-feldspars was sufficient
for quite accurate measurements. The analysis performed on the DRON-2.0
diffractometer showed convincingly the predominance of orthoclase in all
samples. The microcline admixture is expressed only as satellites of the
orthoclase 131 reflexion. Nevertheless, it exists in all samples being more
abundant in the rocks of the Vendian and the Baltic series, which represent
the lower part of the section (Fig. 3). 43

The exact positions of the K-feldspar 060 and 204 reflexions were
established by means of a HZG diffractometer using the quartz occurring
in the sample as a standard (Table 2). The fitting method was applied
with the Ka, peak described by a symmetrical bell-shaped function and
a corresponding Ka;—Ka; doublet fitted to the reflexion measured. The
parameter Al(T,0+Tm), characterizing the ordering of the feldspar
structure, was calculated by the distances between this reflexion assuming
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Table 2

Precise structural parameters of K-feldspar in the terrigenous rocks of the
Estonian bedrock
(measured with a HZG-4 diffractometer)

Locality ' Sample ’ . ‘ d(204) ‘ Al(T\0+Tm)
A A
Torva 87-13 2.163(2) 1.799(5) 0.80
Torva 87-16 2.163 (4) 1.799(9) 0.81
Aiamaa 10 2,162 (4) 1.800(2) 0.83
Vaki e7n 2.162 (4) 1.800(2) 0.83
P5lva 493-4 2.161(9) 1.800(7) 0.85
Ardu 5388 2.161(5) 1.800 (6) 0.85
Essu 208-7 2.161(1) 1.801(9) 0.89
Essu 208-3 2.160(8) 1.801(5) 0.89
Haljala 270-1% 2.162(7) 1.800(1) 0.82
Haljala 970-2* 2.161(8) 1.800(9) 0.85

* Single feldspar grain from coarse gritstone, additional samples from the Gdov
Formation.

linear dependence from microcline to sanidine. When estimating the values
obtained it should be considered that they characterize the orthoclase—
microcline mixture. The Vendian sandstone samples have yielded the
result 0.89 (Fig. 34) while for the Devonian samples with the minimum
microcline admixture (Fig. 3B) the corresponding value was 0.80. There-
fore, we may conclude that for clastic orthoclase, born in magmatic and
metamorphic rocks, the Al(T,04-T,m) value varies within a short range
close to 0.8.

CONCLUSIONS

The data obtained allow us to draw the following main conclusions,
which should be considered in the future discussion of the role of feldspars
in Estonian bedrock.

1. The bedrock sediments differ in the amount and composition of
feldspars considerably and regularly from magmatic and metamorphic
rocks of the basement. The amount of feldspars in the granites of the
Estonian basement exceeds threefold that of quartz, whereas plagioclases
make up about 1/3 of feldspars (Ilyypa et al., 1983; Kupc, 1986). Thus, in
the processes of pre-sedimentation hypergenesis this ratio changes notice-
ably. A part of feldspars disintegrates and turns into clay minerals (Plate
IT). The first to disappear is plagioclase, in a number of samples even no
traces of it were observed. Plagioclase disappears already in the sand-
stones of the Gdov Formation, lying immediately on the basement and
containing the highest amounts of feldspars compared to other sediments.
Naturally, in case of smaller quantities of feldspars, this decomposition
process is sufficient for a total disappearance of the plagioclase admixture.

In several cases, however, the plagioclase admixture is still recorded.
This could be an evidence of the growing significance of magmatic and
metamorphic rocks in the inflow area of the basin, that are less affected
by hypergenesis. Therefore, this area deserves attention from the geological
aspect.

In most Quaternary sediments of Estonia, for example, the bottom
sediments of the Gulf of Finland, the plagioclase 3.19 A peak is even
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stronger than the K-feldspar reflexion. This means that in these conditions
the hypergenetic disintegration of the mineral has been minimal or that
the inflow from the Finnish Precambrian outcrop areas has takg:n place
over very short distances. During the accumulation of old sed1mentary
rocks climatic hypergenesis was obviously a notably more effective factor
in the disintegration of clastic plagioclase. ; 5

2. As in the granites of Estonian basement K-feldspar is predomi-
nantly represented by microcline, often by varieties close to maximum

microcline (triclinicity index by the distance of reflexions 131 and 131
Ap=0.75—0.85; Kupc, 1986), we may presume a great change also in the
nature of K-feldspars by the transition into the sedimentary rocks.

The predominance of orthoclase in sedimentary rocks may have differ-
ent reasons. First, it may have been caused by the low resistance of
microcline to weathering resulting in its selective disintegration into
weathering products. Still, there may be another reason as well. Micro-
cline crystals contain almost always albite and so a perthitic mixture is
formed where the K-feldspar structure is strained (Stewart & Wright, 1974;
Bambauer, 1988; Kpusokonesa, 1977). By the disintegration of the less
stable albite components the strain disappears and triclinic microcline
is arranged, at least partly, into monoclinic orthoclase; this causes the
lowering of the parameter Al(T,04+T,m) to 0.8. This value could be the
limit showing the presence of the feldspar component originating only from
the magmatic and metamorphic rocks in the samples studied. Smaller
values are rare and suggest a different genesis of feldspars: possible low-
temperature authigenic formation in a sedimentary rock itself.

3. The above discussions are necessary basis for the further study of
the feldspar component, particularly if the X-ray structural method is
used. All deviations from the above-said are worthy of special attention
and their geological causes should be found out. They have also proved
the usefulness of a wider application of the X-ray structural method-for
the study of the distribution of feldspars in sedimentary rocks. As an
expressive method, it enables to unveil several regularities which could
yield important information on the changes in the inflow of the material
from source areas.
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EESTI ALUSPOHJA PURDKIVIMITE PAEVAKIVIDEST
RONTGENUURINGU ALUSEL

Toivo KALLASTE, Enn PIRRUS

On uuritud 20 pédevakivirikast kivimiproovi Eesti aluspohja erinevatest
osadest. Selgus, et purdkivimite pdevakivilisand erineb oluliselt peamise
toiteala Fennoskandia kilbi magma- ja moondekivimite pédevakivikompo-
nendist. Peaaegu tervikuna on hidvinud plagioklassid, kaaliumpéevakivi-
dest on ainuvaldavaks monokliinne ortoklass. See asjaolu viitab tugevatele
hiipergeneesimuutustele materjali sissekandel vanaaegkonna veekogudesse
vorreldes néditeks hilisemate kulutusprotsessidega kvaternaariajastul, mil
settes sdilisid ka ebapiisivad pdevakivierimid.

K-pédevakivide iildhulk paleosoikumi kivimites on suurim alumistes,
aluskorrale ldhedasemates vendi ja alamkambriumi kihtides, iilespoole
nende hulk seaduspéraselt vdaheneb. Peamiseks pdevakivide kandjaks lii-
vakivides on fraktsioon 0,25—0,5 mm. Koikjal on K-pdevakivi esindatud
korge korrastusastmega erimitega — Al(T,0+4T,m)>0,8. See on iihtlasi
tahtis taustkriteerium madalatemperatuuriliste pdevakiviilmingute edasi-
sel registreerimisel settekivimites.

O NOJIEBbIX HIMATAX B TEPPUTEHHbBIX OTJIO)KEHHSAX
MAJIEO3051 3CTOHUU NO NJAHHBIM PEHTTEHOCTPYKTYPHOTIO
AHAJIU3A

Toiiso KAJIJIACTE, 3un ITHPPYC

Ha ocHoBe anasnusa 20 oboralieHHbIX MOJNEBBIMH INaTaMu npob U3 pas-
JIHYHBIX yYPOBHEH OCaJOYHOH TOJIIH NaJe0305 yCTAHOBJEHBl HX XapaKTep-
Hble 0COOEHHOCTH H OTJIHYHE HX COCTaBa OT COCTaBa MOJIEBBIX ILIIATOB B
MaTepHHCKHX nopoaax baaruiickoro mura. IloseBble mmaTel oCamOYHBIX
NOPOJ Oo4YeHb OelHBI MJIATHOK/Ia30M — MHHEpaJbl 3TOH IPYIIBl BCTpeyaloTcs
JHUIIb B CJAeNOBHIX KoJHuecTBaX. KaJsHeBBHIE MOJIEBOH INMAT IpPeACTaBJEH
rJlaBHBIM 00pa30M MOHOKJHMHHBIM OPTOK/a30M. MHKPOKJIHH He COXpaHHJCSH
HJIF TIPHCYTCTBYeT B OCAafKaX B HE3HAUHTEJbHBIX KOJHYeCTBax. DTH 3aKo-
HOMEDHOCTH OJHO3HAYHO YyKa3bIBAIOT HA HHTEHCHBHBIE MpPOLECCH THIep-
PeHHOr0 H3MEHEeHHsl COCTaBa MOJIeBBIX INNATOB B Iajeo3oe, MO KpalHel
Mepe 1O CPaBHEHHIO C NPOLECCaMH JeHyJalHH IOpOJ IIMTA B YETBEPTHU-
HOe BpeMsl.

IToneBpie wmaThl B MOpojAax majeo3os Gosee 60raTto MpeiCTaBJEHH B
OTJIOXKEHHAX BeHIa H pPaHHero KeM6pus, C TeHIeHLHeH yMeHbIIEHHsS BBepX
o paspesy. B necuaHbIX OT/I0XKEHHSX OHH KOHLEHTPHPYIOTCS BO (ppakuuu.
0,25—0,5 mM. ITo mokasatenio ynopsimouennoctd Al(T0+Tim) OHH OTHO-
CATCA K BBICOKOTEMIepaTypHeiM ¢pasam (> 0,8), uto mo3BoJiseT HA HX (oHe
JIETKO YCTaHOBHUThL 6oJiee HH3KOTeMNepaTypHbBIE Pa3HOBHUAHOCTH, ayTHIEHHO
00pa3oBaBLIMeCH Ha HEKOTOPBIX YPOBHSX pa3pe3a Masieo3od.
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