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DISTRIBUTION AND MINERALOGY OF SILT-SIZED TERRIGENOUS MATERIAL
IN THE NORTH BALTIC UPPER SILURIAN DEPOSITS

E. JlUrgenson

The Upper Silurian section in the North Baltic area consists primarily of biogenic
calcarenites and calcilutites interbedded with thin lithocalcirudites and interlayers
of marl. Reef-limestones are not uncommon. The content of terrigenous material varies
between 3-5 % in reef-limestones and 70-90 % in marls and clays. Most of the terrigenous
material is represented by clay fraction with clay minerals, such as illite and
chlorite. Grains in silt- and sand-size are commonly minor increasing upwards in the
section.

In the course of a general study of the Baltic Silurian carbonate rocks a special
study of its terrigenous material (insoluble residue) was carried out (Kprescos, 1970,
1977). The present study is based on the granulometric and mineralogical investigation
of Upper Silurian silt fraction. Samples were collected from 9 boreholes of Western
Estonia (Saaremaa, Ruhnu) and South-Western Latvia (Fig. ). In order to compare the
material with neighbouring areas a series of determinations was made in samples from
Lithuania and Gotland. At the author's disposal were some samples from the Silurian
sequence of Gotland, kindly given her by Dr. Einar Klaamann and Dr. Sven Laufeld.

250 samples were acidized in the standard manner with 3.5 $ HCl. Granulometric
analyses were performed by pipetting and sieving. For the mineralogical analyses the
clay fraction was washed out and the rest of residues separated into two classes: sand
(grains with diameter over 0.1 mm) and silt (0.01-0.1 mm). The presence of sand grains
is commonly rare, their content does not exceed 10 %, even in the deposits known as
Ohesaare Sandstones from Saaremaa and the Burgsvik Sandstone from Ronehamn, samples
analysed by the author of the present paper.

The silt fraction of the insoluble residue varies between 5 % and 90 %. We can
calculate the real content of silt fraction of terrigenous material after the identifi-
cation and exclusion of authigenic minerals (pyrite, chalcedony). The maximum silt
fraction in the North Baltic occurs in the‘'Ohesaare Stage as 88-93 % (Fig.). Taking
into account the carbonate component the silt content in the whole rock does not exceed
60 %. Calcareous siltstones are known in the Ohesaare Stage from boreholes Ohesaare-2
(4.6-5.2 m) and Kaavi (7.8-8.9 and 17.5-18.0 m) in the thickness of about 0.5-1 m. The
carbonate component consists mainly of sparry calcite with skeletal detritus in Ohesaa-
re-2 and dolomite crystals in Kaavi. The calcareous siltstones of Gotland are ‘older and
occur mainly 3in Burgsvik Beds (the stratigraphic nomenclature and correlation used in
this paper is that proposed in PeweHus..., 1978). A. Hadding gives the thickness of
Burgsvik Sandstones about 40 m (Hadding, 1941). The content of sand-silt fraction in
the total rocks reaches 80 % (after Stel, 1978). In the sample from Ronehamn analysed
by author the content of sandsilt fraction in the sandstone was 46.2 %. The silt con-
tent in the deposits of the same age in the East Baltic area does not exceed 10-15 % of
the total rock.

Local maxima of the silt content occurred in the Kaugatuma Stage in the bor»eholes
of Ohesaare, Kolka and Ventspils (26-37 % of total rock) (Fig.). In Lithuania the maxi-
mum of silt content in terrigenous material of Upper Silurian deposits was established,
in most cases, in the beds analogous to the Kaugatuma Stage. Further to the south (bore-

25



*Spaq SUO3S3TTIS SNO8IBOTRD - J {3 (G IDdA0 - 3 {3 0G-0€ - P ‘% 0€-0¢2
- 0 {3 0Z-0T - 9 ‘% 0T ueyyl SSO] - B :TETIS3RW SNOUSHTIIS] UT UOTJORIAT pez1IS-3TTS-pues JO 3ua3juod YL
*STTAds3usA - O1 ‘ey1oy
- 6 ‘nuyny - g ‘adInL - [ ‘SI5ATEA - 9 ‘eumnjebne)y - g ‘TarERY - § ‘Z-9IrES9YQ - £ ‘DaeesayQ - gz :sbutaog -spunt
- @ ‘uweysuoy - D ‘SAIeSTIPH - g ‘°9AIeS}O0 - Y "puellon Jo sdoxdjno ur patpnis sarduwes syz Jo UOTISSIDONS - 1
‘pueTloo pue OT3Ted Y3ION JO SOOI ajeu

-0qaed uetanTTs xaddn ay3z uT uoT3lORII PIBZTS-3TTS-puBS 3Y3} JO UOTINGIIISTP pue pPOTPNIS SUOTIODSS BY3l JO uoT3led0T *bT1Jg

or
§
JER PR s | /\ %
- IIII\.-\\ ¥ o
s alen) e[ 5 _
a3 Lon
: T
™
. 9 — ® z V{ee® m
L | D glso.
Nt g .
_.lﬂral : -[o¢ m
e . il B
eotss ety o fOf pEy S
oo’s] ! 9%y ay ]
o e [085 roR 0% =
>
2.0, tats a4z ar W
oMoMo >
oo |ggp o6v a
ooooo Qh.u\
2220 1055 L
I”.”. ﬂ 00000
eee % b.h%. - - TR QN
e PO R
AGT - 5 7z ar
(-1 ) 00
= aw 3
oo o o o

26



hole Virbalis 875.5 m} the maximum occurs. in calcareous marls corresponding to the
Paadla Stage.

There is no definite relationship between grain size and amount of terrigenous ma-
terial. We can preliminarilv distinguish two main types of the accumulation of sand-
silt-sized material. The first type is connected with an intensive accumulation of ter-
rigenous material (20-80 %) . These are the argillaceous limestones and marls of trans-
gressive character distributed mainly in the lower part of the Paadla Stage, in the Ku-
ressaare Stage and in the lower part of the Ohesaare Stage. The second type of accumu-
lation exists in limestones containing terrigenous material moderately (15-30 %); these
are the coarse crystalline limestones, particularly some lithocalcarenites of regres-
sive character occurring in the upper part of the Paadla Stage, in the Kaugatumahstage
and some uppermost beds in the Chesaare Stage (Ventspils 271.0 m).

According to the granulometric analysis carried out by pipetting and direct mea-
surements made under the microscope, the most frequent diameter of the silt grains is
0.03-0.08 mm. The material is coarser in the calcareous siltstones, with median grain
size of Ohesaare siltstone 0.05-1.0 mm and Burgsvik Sandstone 0.08-0.115 mm (after
Stel, 1978). The silty ooidal limestones from the upper part of the Burgsvik Beds con-
tain quartz grains with diameter about 0.05 mm (Hadding, 1941). Biocalcarenitic 1lime-
stone with ooids at the boundary of Burgsvik and Hamra Beds, analysed by the author, in
a sample from Lunde contained quartz grains with diameter about 0.8-1.2 mm.

The mineralogical identification of the sand-silt-sized fraction was carried out
under a microscope; the grains were mounted in immersion-liquids. The light and heavy
minerals were not separated with bromoform (Bpreuscon, 1976). More than 500 light and
100 heavy mineral grains were counted in each sample. The relative frequencies (per-
cent) of different minerals were computed separately for the light and heavy fractions.
It must be noted that heavy minerals are concentrated mostly in the smaller size frac-
tions (< 0.05 mm). '

The light mineral fraction of the terrigenous material accounts for about 98-99 %
of the total number of silt grains in most of the samples studied. Of this total, the
light fraction 1less than 1-2 percent is composed of mica (muscovite, chlorite). The con
tent of quartz and feldspar varies between 30-40 % and 60-70 %. In most cases the quartz
prevails. In the sandclass the content of quartz is higher, reaching 99 %. The index of
maturity (guartz: feldspar) varies in the Upper Silurian terrigenous material from
1.5 to 4.7, increasing in younger deposits. More remarkable concentrations of silt are
often characterized by a high index of maturity (over 3), only in samples with a
notable content of mica (biotite, muscovite) the values of indexes are moderate (1-3).

Quartz grains are mostly subangular cr angular. Rounded grains occur as a rule in
the sand class. Inclusions of gas and rutile, and traces of solution and overgrowths of
chlorite are typical of quartz grains. The wavy extinction is not rare. Grains with
microcrystalline texture were found in the Kuressaare and Kaugatuma Stages.

Feldspars are represented mainly by orthoclase. Grains of plagioclase occur spora-
dically. In general the grains of feldspar are subangular and moderately or strongly
weathered. Grains with traces of solution and secondary overgrowths are known from
the terrigenous material of the Paadla Stage.

Muscovite is common in many of the samples as well rounded colourless flakes.
Chlorite is represented by greenish flakes, partly allothigenous, partly occurring as a
weathering product of biotite. Fragments of extremely fine-granular siltstone are pre-
sent in many samples of the Upper Silurian terrigenous material (boreholes of Kaugatuma,
Tulpe, Ventspils). The diameter of the siltgrains does not exceed 0.02 mm and they
are cemented mostly by silicious material, which is sometimes weakly phosphatic. The

diameter of the siltstone particles varies between 0.03-0.06 mm. In the Burgsvik Sand-
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stone of Ronehamn siltstone fragments were noticed in the sand class (diam. 1.0-1.7 mm)
composed of guartzouse grains with diameter 0.05-0.08 mm (~-15 % of the light frac-
tion). The first-mentioned siltstone fragments are well rounded and most likely of all-
ochthonous origin. The siltstone fragments in Burgsvik Sandstone seem to be more com-
pactly cemented particles of autochthonous origin.

The non-opaque heavy mineral suite observed in samrles taken from the Upper Si-
lurian silt-sized terrigenous material 1is characterized by a biotite-zircon-garnet-
tourmaline association (Table). The content of biotite prevails in most samples taken
from the central part of the Paadla Stage (excluding boreholes of Kaugatuma, Kolka,
Ruhnu). In the Kuressaare Stage it prevails only in samples taken from boreholes more
closely situated to the probable shore line (Vaivere, Tulpe). The amount of biotite is
higher in the Kaugatuma Stage and in the Ohesaare Stage (Kaavi and Ventspils) not in-
cluding the uppermost beds of the sequence. There is much biotite in samples taken from
the Burgsvik Beds. Brown-coloured biotite is more common in the deposits of the Paadla
Stage, the greencoloured variety is more frequent in younger deposits. Many of the
flakes of biotite are attacked by weathering. Abundant bleached biotite has been no-
ticed in the deposits of the Kuressaare Stage which has entirely lost colour.

The highest precentages of zircon in the Upper Silurian are found in the Paadla
Stage (Table) where the maximum values reach 60-70 8. 60 % of zircon was also noticed
in the samples from the upper part of the Hemse Beds of Gotland. The zircons studied
were of two types: slightly rounded colourless fragments and idiomorphic crystals.
Fragmental rounded zircons are more common and distributed throughout all the size
classes whereas the idiomorphic crystals are rere and confined to the upper limits of
the silt size grains.

As a rule the garnet is less abundantly distributed in the Upper Silurian than
zircon. Most frequently it varies between 10-20 %. Only in the boreholes of Vaivere and
Ruhnu does garnet prevail over zircon in some samples from the Paadla and Kuressaare
Stages. The highest content of garnet in the analysed samples of Gotland occurred in
the Hemse Beds from Ocksarve. The grains of garnet are very often subangular with
traces of solution; the colourless or yellowish grossular is most widely distributed.
Rare grains of brown andradite have been also found.

Tourmaline is a minor component of the heavy mineral association, the average con-
tent usuallv does not exceed 10 %. The amount of tourmaline is higher in the Paadla
Stage in boreholes of Ruhnu, Kolka and Kaugatuma. Most tourmalines occur as subangular
prismatic grains with a pleochroism from green to brown. Blue-coloured varieties are
rare and they are known only from the Ohesaare Stage.

Titaniferous minerals are represented by rutile, brukite, anatas, titanite and
leucoxene. Most common of them are rutile, titanite and leucoxene, the latter as a
weathering product of ilmenite and rutile. The average amount of titaniferous minerals
varies from 4.2 to 22.4 %, it seems to have local concentrations in the boreholes of
Ruhnu and Ohesaare. The rutile and brukite are represented mainly by reddish brown
little prismatic grains (0.01-0.05 mm).

The occurrence of amphiboles and pyroxenes is in most cases sporadic. Average con-
tent does not exceed 2 %. Of the amphibole group the green hornblende is most common.
The pyroxenes are represented mainly by augite and hypersthene; diopside was identified
in the deposits of the Ohesaare Stage.

The average content of corundum may reach 19.0 % among the non-opaque heavy mine-
rals of Upper Silurian deposits. 1In the former investigations it was noted (Kprencos,
1977) that corundum is concentrated in the Upper Wenlock deposits in the north-western
part of the Silurian sedimentation basin (Ohesaare, Kipi) where the maximum content
reaches up to 80 % of the heavy mineral fraction. The average abundance of corundum is
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considerably high in the section of Ohesaare, even in the Paadla and Kuressaare Stages,
and decreases at the lower boundary of the Kaugatuma Stage. The analyses from samples
of Gotland do not indicate corundum in Ludlow. However, it is present in the terrigen-
ous material of the Slite and H&gklint limestones. Corundum occurs as colourless an-
gular grains with relatively high diameters compared with zircon, garnet and other
heavies.

The rest of the non-opaque heavy fraction is represented by staurolite, disthene,
epidote, sillimanite, apatite and monacite. Staurolite and disthene are commonly pre-
sent in transgressive deposits at the lower boundary of the Kuressaare Stage and the
Ohesaare Stage. The appearance of these minerals is mainly connected with the beginning
of megacycles of sedimentation. Disthene occurs in slablike little grains, colourless
or pale bluish. Staurolite was found as prismatic grains, slightly rounded, pleochroic
from dark brown to yellowish-grey.

The presence of epidote and sillimanite is of occasional character. Grains of
epidote are well rounded pale green, and weakly pleochroic. Sillimanite was mainly
identified in the Ohesaare Stage as little prismatic grains.

The presence of apatite and monacite in the insoluble residue of carbonate rocks
depends on the activity of the solution process. Dissolvable in dilute hydrochloric
acid the preservation of phosphatic minerals depends mostly on the duration of solution
and lithologic character of the rocks analysed. It is certain that we cannot account
for the absolute amounts of these minerals in such cases.

Based on the accumulated evidence reported in this paper some general conclusions
may be derived. The Upper Silurian rocks in the North Baltic and Gotland are consider-
ably rich in silt-sized terrigenous material, which concentrations occur on several le-
vels as lenses and 1layers of calcareous siltstones. The distribution of the latter is
limited and strictly depends on local hydrodynamic conditions. Owing to that fact they
cannot be~-taken as a very reliable correlation criteria.

The mineralogical composition of silt concentrations may be of two kinds: 1. high
value of maturity index accompanied with much micas (muscovite, biotite, chlorite) and
a mocderate suite of non-opaque heavy minerals and 2. lower value of maturity indexes,
moderate content of micas and a more numerous suite of heavies. The total content of
terrigenous material is higher in the first case.

Comparison of heavy mineral suites might afford a basis for correlation when there
has been a major change in conditions of sedimentation (transgression, regression).

The non-opaque heavy minerals have long been used as valuable indices to provenance
or source areas. Their usefulness is greatly reduced in our case, because many of them
are most likely to be derived from olde:r sedimentary rocks. The heavy mineral suites
observed in samples taken from the deposits in the North Baltic and Gotland contained
nearly the same minerals but in varying frequencies. It seems very likely thdt a great
part of the silt fraction was derived almost entirely from one and the same source
area, though the guantity and coarseness of the silt fraction is greater in the depo-
sits of Gotland.
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PACNPELEJIEHUE U MUHEPAJIBHHHA CCCTOB 'AJJEBPUTOBOWl ®PAKIMM TEPPUTEHHOI'O MATEPHAIJIA
B BEPXHECUJIYPUACKUX OTJIOXEHUAX CEBEPHOM NTPUBANTUKHU

2. A. IOPTEHCOH

liccnegoBaH rpaHyJIOMETPHUYECKHNM H MHUHEepaJiIbHHII COCTaBH AJIEBPUTOBOM (paKUHUH BepXHeCcH-
NTYPHACKHX KapbOHATHHX OTJIOKEeHHY 3ananson 3CcTOHHMM M CeBepo-3ananHon JlaTBuu. Ui cpaBHe-
HUA NpuUBedeH pfAn JaHHHX HW3 COOTBEETCTBYWUWHUX OTJIOXKEHHUM JINTBHW M OocTpoBa I'ornaHna. Makcu-
MasibHasi KOHLUEHTpaUusa aJIeBpUTOBOW (QpakKLHM ycTaHOBJIeHa B CeBepHoON I[IpubaZITuke B OayHTOHe,
B OXecaapeCKOM TroOpU30HTe /puc./, Ha ocTpoBe T'OTJlaHO - B H3BECTKOBOM aJIeBpPOJIUTE CJIOEB
ByprcBUK /AyIOJIOBCKHM Apyc/.

MuHepanbHHN COCTaB TeppUIeHHOro Marepuasnia CeBepHO® I[IpubanTtuku M I'oTiaHOa Masjo OT-
JIMYyaeTca Mexnay co60oF. B OCHOBHOM B&PBUPYKWTCHA KOJIMYECTBO M YacyoTa BCTpedYaeMOCTH OTHellb-—
HHX MHHepasioB. [I[po3padyHHEe ajiJIOTUIeHHHEe MHHepashn TaAxenol JGpakKuuHu npencTaBJ/IeHH GHOTHT-—
LHUPKOH-TpaHaT-TYpPMaJMHOBON accouuauuen /rtaén. 1/. MOxXHO mnpennonaraTh, 4YTO 6GOJIBWHHCTBO
TEeppPUTeHHOI'O MaTepHaljla NMPOMCXOOUT M3 OOHOI'O ¥ TOI'O Xe HMCTOUYUHHKA, pacrnojorasuerocs, BU-
IouMo, 6rauxe k T'ornadny, 4deMm IllpubarsiTHke, TakKk KaK ero KOJIMYeCTBO U pa3Mep 3epeH B I[1epBOM
palioHe 6GoJblie.
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