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UNUSUAL FEATURESOF THE MIDDLE DEVONIAN
NARVA FORMATION COVERING THE OIL SHALE
BEARING ROCKSIN ESTONIA
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Tallinn University of Technology
5 Ehitajate Rd, 19086 Tallinn, Estonia

Mineral composition and properties of the Devonian carbonate rocks of
Narva Regional Stage of NE Estonia, unconformably overlying the oil-shale
bearing rocks of the Ordovician Kukruse Regional Stage, are discussed.
Kerogen particles disintegrated from the kukersite-bearing Ordovician
Viivikonna Formation due to erosion during the Late Slurian — Middle
Devonian break in sedimentation and redeposited in lowermost layers of the
Middle Devonian Vadja Formation. This allothigenic organic component
specifically influenced the further diagenetic processes in the sediments.
Sar-like dolomite splays and needle-like crystals, chalcedony nodules,
siderite and sulphide minerals of authigenic dolomite were formed. The
presence of organic material and sulphur favoured for accumulation of total
iron including FeO. When compared with coeval rocks from South Estonia,
these rocks differ also by decrease in grain and bulk density.

I ntroduction

In the course of mineralogical anqktrophysical studies of the Devonian
rocks, extraordinary signatures oftlaigenic mineralization were observed

in the lowermost layers of Narva Regional Stage (RS) in the North East
Estonia. The changes in the diagenetic mineralogies are probably caused by
the Middle Devonian redeposition of kukersite oil shale kerogen from the
Middle Ordovician layers under erosion into the basal Devonian layers.
Regional uplift caused erosion during Sikurian-Devonian transition in the
entire Baltic basin area, including that in the NE Estonia [1].
In the studied area west of the Narva River, in a local depression of the
erosional surface of the Middle Ordovician rocks, the kukersite-bearing
Viivikonna layers cropped out northerly and below the deposition area
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of the Vadja Formation (Fm; Figé. and 2). Therefore, the probable
source area of kerogen is located in the neighbourhood of the redeposition
area [1].
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Fig. 1. Location of studied outcrops and drill cores in stratotype region (left) and in
South Estonia.

In regional scale, the rocks of the Middle Devonian Narva Regional Stage
are widespread in the East Europédatform. Considering the palaeonto-
logical, lithological and mineralogical characteristics, the Narva RS has been
subdivided into three substages/formations (Vadja, Leivu and Kernave),
traceable from NE Estonia in the north up to eastern Belarus in the south
[2, 3 and North-West Russia in the e§4}. These substages correspond
to the acanthodian zones established by Valigkevi[5]. The rocks of
the Narva RS are exposed in severatcrops in NE Estonia (Fig. 1). The
region on the left bank of the Narva River between Kuningakila settlement
and the Mustjogi River is considered as a stratotype area of the Narva RS
[2]. Natural outcrops of rocks occur #te Narva River and its tributes
(Poruni River, Gorodenka Brook), aithrva and Sirgala oil shale quarries.

All the three substages/formations thfe Narva RS are exposed in the
stratotype area. Rocks of the VadjarRation (Fm) are visible in the outcrop

on the left bank of the Narva River and in the sections of the Narva and
Sirgala quarries, representing thieole section of the formatid] (Fig. 2).

Only the basal part of the Leivu Fm is exposed in the Narva River outcrop,
and a small part of its upper halfesposed downstream on the Poruni River.
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The rocks, corresponding to the upper, Kernave Fm, crop out on the banks
of the Gorodenka Brook and PoruRiver, where there occur the sand-
stones and siltstones, characterizthgs formation in Estonia and North
Latvia[7, §.
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Fig. 2. Composed section with the stratigraphic colymd, 12] of the stratotype
region and mineral composition of 0.05-0.1 fraction (95 samples). Correlative layers
1-16. Kerogen-rich material occurs in the layer 13. Legend for minerals is given in
sequence from right to left.

In the course of oil shale expldion numerous boreholes were drilled
through the section of the Narva RS, eight of which were used for the
present study together with rocdamples from four outcrops (Fig. 1).
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Samples from eight South Estonian drill corfés-11 were used for
comparison. The Narva RS crops oulNiB Estonia and the northern part of
the Leningrad Region, while elsewhere it is mainly covered by younger
rocks[7]. The studied rock succession of the Vadja Fm of the Narva RS,
which is especially complete in NE Estonia, often lies on the Ordovician oil
shale-bearing Viivikonna Formation (Fm) of the Kukruse R with a
sedimentation break of more than 60 millions years. Our study is focused
mainly on the Vadja Fm, because the impact of the redeposited oil shale
kerogen was determined only in these rocks.

The influence of organic matter and/or sulphides on authigenic
mineralization resulting in the formatiaf unusual features similar to those
recorded by the present study have been discussed by many researchers
[13-14. It has been shown that decomposition of organic matter and
sulphate-reducing bacteria can alter pH and mediate authigenic mineraliza-
tion [17-2]. Organic substrates may also serve as nucleation sites for
mineralization13—273. However, the complicatagkological conditions and
resultant authigenic mineral struatsr described in these publications
resemble, but do not equal those determined and described in the present
study.

Material and methods

All the natural outcrops of the stratpg area, Narva and Sirgala oil shale
quarries, basement split for the Estoniactric power station and eight
drill cores were studied. The grain size and mineral composition of the
0.05-0.1 mm fraction of 95 samples were investigated. The mineral
composition was determined in immersion liquids under a microscope using
plane-and cross-polarized, transsion light (PM). Muddy particles
(<0.01 mm) of 31 samples were studied by X-ray diffraction (XRD) using
HZG4 diffractometer (Fe filtered Co-radiation). For these analysis sample
powders were mixed with alcohol and spread on glass slides. A range from
5 to 40 20 was step-scanned (step (.@B, counting rate 3 s). Additionally
sulphide minerals of 5 samples were analysed by XRD. The composition
and structure of the rocks were studie®5 thin sections under the PM with
the magnification of up to 200 times. The needle-like and spherical features
in thin sections were investigated under the scanning electron microscope
and optical microscope Nixon MicrophBk, and the elemental composition
of these forms was determined usthg energy dispersive spectrum (EDS)
analyser Link analyticaAN-10000. Later investigations were carried out at
the laboratory of the Centre of Mat&#s Technology at Tallinn University of
Technology (TUT).

The chemical compositionf 15 samples from the Narva region and
69 samples of dolostones and dolomitiarlstones from South Estonian
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boreholes was measured by X-ray-fluorescence analysis in the All-Russian
Geological Institute, St. Petersburg. Wsbiemical analyses of the insoluble
residue (IR) and FeO contents of thensassamples (15 and 69) were made in
the Institute of Geology (IG) at Tallinn University of Technology (TUT).
Density and porosity of the 15 samples from NE Estonia were measured on
cubes of 24 mm side using the water saturation method in the I T2)T
Porosity and density of the 69 Southtdfsan rocks were measured at room
temperature and pressure in the lalmies of the Geological Survey of
Finland on samples of 50—200 tsize[23], in the Petrophysical Laboratory
of the Research Institute of Earth’s Crust of St. Petersburg University on
cubes of 24 mm sidg4, 23 and in the University of Helsinki on cubes of
24 mm side by the water saturation methb#.

Chemical and physical parameters were interpreted using correlation
analysis.

Results
Lithology and petrography

The thickness of the Narva RS rockstlire studied stratotype area is up to
28 m. The composite section of the Narva RS was created taking into
account all available data from both drill cores and outcrops (Fig. 2). The
average thickness of the siliciclastic sediments of the Kernave Fm is 7-10 m
and of the Leivu Fm 4.7-7 m. The latter formation is represented by a thin-
laminated complex of dolomitic martsies, siltstones, claystones and dolo-
stones. The lower, Vadja Fm is represented by a thin-bedded 16—20 m
thick complex of alternating light grey and yellowish dolostone, grey
dolomitic marlstone and dark grejaystone (Kuningakila 6950 drill core,
12.7-28.9 m; Gorodenka 6951 drill core, 10.7-28.1 m). In outcrops the
Vadja Fm occurs in a nearly compldtéckness. In the Narva quarry the
lower 8.7 m and in the basement split floe Estonian electric power station
the lower 7 m are exposed. The upper 5.2 m of the Vadja Fm and the
boundary with the unconformably overlying Leivu Fm are exposed in the
Narva River outcrop (Fig. 1).

The topmost part of the underlying Viivikonna Fm is represented by grey
and mottled aphano- to finely crystalline dolostone or dolomitic marlstone
containing abundant recrystallized carbonate fossils (30-60%) with tiny
pyrite crystals along their structlrelements. Detrital grains (0.03—0.1 mm),
predominantly quartz, are found in matidx are concentrated in pockets
and patches. Rock is thin- and wavy-bedded. Small vugs and pyrite con-
centrations occur in some places along bedding surfaces. Some interbeds are
enriched with kerogen. The fossil-ritimestone prevailing in the Kukruse
RS appears 1-12 m below the Origdtan-Devonian contact.

The section of the Vadja Fm begins usually with a thin layer of dark-grey
clay up to 10 cm thick in separate pockets. This layer is overlain by
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0.1-0.2 m of slightly silty dolostone or breccia-like dolomitic marl, followed

by two 0.1-0.2 m thick layers of peculiar dark brown to black dolostone or
claystone which consist of redeposited kerogen and are separated from each
other by a 0.2-1,0 m layer of thin-beddelaty dolostone. This complex is
overlain by a 1.2-1.8 m thick layer of thin-bedded dolostones. Upsection
follows a clayey complex includin@ 9-1.2 m thick interlayers of dolostone,
covered by a 5-6 m thick alternating complex of dolostone and dolomitic
marlstone with abundant fine layesEdark grey clay. The topmost 8-10 m

of the section is represented by netdating dolomitic marlstone (dominat-

ing) and dolostone containing somistone interbeds (Fig. 2).

The dolostone and dolomitic marlstone are mainly aphanocrystalline,
rarely very finely crystalline. Medium-crystalline, often cavernous dolomitic
rocks occur only in the basal part of the Devonian section. The micro-
structure is often wavy laminated (F&j.a, b, €) and sometimes brecciated.
The matrix includes scattered crystals of pyrite and hematite and the rock is
penetrated by complicated branchifrgctures and vugs. Detrital grains,
mainly 0.01-0.06 mm, sometimes up to 0.2 mm in size, are often con-
centrated along bedding surfaces; somesirdetrital-rich pockets occur in
cloudy dolomitic matrix.

The dolomitic rocks are often brownish, penetrated by thin wavy
kerogen-rich layers (Fig. 3a—c, €). Two peculiar dark brown to black
interlayers of dolomitic claystone ordquigranular silty dolostone are found
in the lower part of all sections in which cloudy very finely crystalline dark
brown and transparent light browmavy laminae (0.1-0.8 mm) alternate.
Transparent medium- to coarse-crystalline dolomite rhombs with well-
developed faces and cleavage surfaces occur in transparent laminae of
semitransparent fine-crystalline matriln addition to coarse-crystalline
dolomite rhombs (0.1-0.8 mm), kerogech interbeds contain abundant
needle-like dolomite crystals (Fig. 3a). Commonly the needle-like crystals
are 0.01-0.02 mm wide and 0.1-0.3 mm long, often forming ray-crystal
splays (shrubs) with a diametef 0.15-0.25 mm between dark brown
kerogen-rich thin laminae (Fig.3e, e—f), sometimes on authigenic
dolomite crystals (Fig. 3a). Chemically the needles in ray-crystal shrubs are
composed of pure dolomite, while the dolrock matrix contains also Si,

Al, K and Fe (Fig. 4).
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Fig. 3. Thin sections of rocks of Vadja Formation (a-f), plane polarized light.
a) Inequigranular lenticular-wavy bedded dolostone. Alternating semitransparent matrix
of fine crystalline and transparent medium to coarse crystalline laminae. Transparent
dolomite rhomb has mainly well developed faces and cleavage surfaces. Abundant
needle-like dolomite crystals are often placed on the rhombic dolomite crystals. In
addition ray-crystal splays (shrubs) of fibrious dolomite crystals occur (R, arrow). Dark
laminae are penetrated by kerogen-rich material, Narva quarry, sample 403; b) Kerogen-
rich inequigranular lenticular-wavy bedded dolostone containing dolomitic ray-crystal
splays (shrubs) (R) in coarse grained laminae surrounded by kerogen-rich wavy surfaces,
drill core 4325, depth 28.8 m; c) Coarsgstalline dolomite interbed surrounded by
kerogen-rich wavy surfaces. Ray-crystal splays (shrubs) on the dolomite crystal (R).
Drill core 4325, depth 28.8 m; d) Chalcedomgule in kerogen-rich dolostone showing
concentric growth bands. Drill core 4207, 12.3 m.

Ray-crystal splays (shrubs) in optical microscope Nixon Microphot-Fx (OM, e)
and SEM (f). In OM surrounding dark kerogen-rich wavy laminae could be seen.
Narva quarry, sample 403.
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Fig. 4. Comparative distribution of some chemical elements in fibrous crystal of a
ray-crystal splay (shrub) and in matrix determined by EDS analyser along the
marked line. Narva quarry, sample 403, argillaceous dolostone (20,5% IR by wet
chemical analysis).

Mineralogy

The basal part of the Devonian seanti(thickness 2—5 m) contains siderite,
authigenic chalcedony and sulphide minerals (major pyrite and minor
sphalerite, galenite, chalcopyrite and marcasite). Chalcedony is present also
in the topmost part of the Viivikonna Fm (Fig. 2). The black or dark brown
dolostone described above is especialth in authigenic chalcedony, but
contains also abundant sulphide mitgrancluding galenite, which was not
found in the other levels of the Devani Chalcedony occurs as flattened or
spherical nodules (0.1-0.6 mm in diaereand up to 1 mm long) with
irregular outlines and embayments and concentric structure (Fig. 3d).

The detrital component of the rocks of the Vadja Fm is mainly arenite,
containing quartz 50-65%, feldspas-25% and micas 5-30% (Fig. 2). The
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rock of the upper part of the formati@often micaceous, but rich in quartz
(75-80%) in uppermost part of the Ordovician and basal part of the
Devonian. Heavy fraction in this boundary level contains considerable
amounts of transparent heavy minerals, mainly zircon, magnetite is not
found. Usually iron hydroxides or pyrite dominate among heavy minerals
and high quantities of magnetite are found in the upper half of the section
(Fig. 2). Transparent heavy minerals (1-5% of heavy fraction) are
commonly dominated by garnet (209%)) but considerable amounts of
unstable amphiboles and pyroxenes (upG®o) are present in the upper part

of the section. Zircon accounts for 10—-4@8toughout the section, whereas
tourmaline and apatite are of secondary importance. The muddy fraction
(<0.01 mm) is mainly represented by illite and chlorite, sometimes as mixed
layers of montmorillonite-chlorite, illite-smectite, illite-chlorite and illite-
montmorillonite.

Chemical composition

The bulk chemical composition of the 11 Devonian samples from the Narva
region is in the same range as that of Devonian carbonate rocks of South
Estonia[8, 9 (Fig. 5a). Samples of the Ordovician dolostone and dolomitic
marlstone from the Kukruse RS have the bulk chemical composition in the
same range as of Devonian dolomitized rocks.

The main difference in the chemical compaosition was observed in the
percentage of BE®stotal and FeO (Figs. 5b, ¢) and in FeO-MnO correlation
(Fig. 5d). One Devonian dolostone sample from the Narva region showed
relatively high contents of F@®; (2.05%) and FeO (0.61%); in some other
dolostones either FeO or J& content was higher than in the Devonian
dolostones of South Estia. On average the ftotal/Al,O; ratio (0.89)
and FeO content (0.3%) are higher and thg®gEeO ratio (6.6) is lower in
the dolostones and dolomitic marlstones of the Narva area. The lowest
Fe,04s/FeO ratio (2.48) was determined time limestone of the Viivikonna
Fm of the Kukruse RS. The highest,B¢FeO ratio (2.98-55, on average
17,5) was determined in the Devonianaftbnes of South Emia. In South
Estonian rocks the average,Bgtotal/Al,O; ratio (0.68) and FeO content
(0.13%) were lower; total iron content had high positive correlation with
Al,Os, significant correlation with othasomponents entering the insoluble
residue (Si@ TiO,, K,0) and high negative correlation with MgO and CaO.
Such correlations were not detected in samples from the NE Estonia.

The average MnO content was lower in the Devonian rocks of the Narva
region than in South Estonia, but in general the corresponding values were in
the same range. Ordovician limestcared one Ordovician dolostone were
low in MnO (Fig. 5d). The E©s/FeO ratio was lower in the Ordovician
samples than in the Devonian rocks (Fig. 5c). Strong positive correlations of
Mn content with FeO contéiR = 0.86) and with the E®stotal/Al,O; ratio
(R = 0.87) were determined for the Devonian rocks of the Narva region, but
not for the South Estonian rocks.
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Fig. 5. a) MgO versus insoluble residue. Correlation coefficient R = —-0.97 for South
Estonian rocks, R =-0.98 for Devonian rocks from Narva region, (J)s;Fetal
versus AJO; content, R =0.85 for South Estonian rocks, no correlation was
determined for rocks from NE Estonia, c) FeO versy®©feontent, d) FeO versus
MnO content, R = 0.86 for NE Estonian rocks.

Density and por osity

The rocks from the Narva region had a higher porosity and lower grain
and bulk density than the Devoniarcke of South Estonia. The average
grain density of South Estian dolostone was 2.83 lky/nt) and of
marlstone 2,8 (Ikg/nT). The respective values were 2.79%k@/nt) and

2.73 (16 kg/n?) for the dolostone and marlstoaENE Estonia. The average
grain density of Ordovician dolostonegss lower than that of Devonian
rocks (Fig. 6a). The average porosidy South Estorin dolostones was
10.5% and of marlstones 14.9%, whileNE Estonian rocks it was 13.5% in
both rock groups (Fig. 6b). The aveeagulk density of the dolostones and
marlstones of SouttEstonia was 2.64 (2&g/nt) and 2.54 (1bkg/nt),
while in the Narva region these values were 2.58kg0) and

2.52 (16 kg/nt) respectively. It should be mentioned that one dolostone
sample from the Narva region (Sirgala quarry) contained open vugs and
caverns (1-3mm and more) and thus its porosity (15.9%) could be
underestimated by the water saturation method.
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Devonian carbonate rocks. R =-0.93 for South Estonian and R =-0.89 for NE
Estonian rocks.

Discussion

The dolomitic and muddy rocks of the Vadja Fm were formed in a shallow
sea basin with brackish water conditigi&6]. The influx of muddy and
siliciclastic component took place ass the Ordovician outcrop as verified
by finds of redeposited Ordoviciammodonts and crinoidal stem fragments
at 8 m above the Ordovician-Devoniaontact. Two dark brown to black
dolostone-claystone interbeds occur in all similar redeposited kerogen-
bearing layers in the lower part tiie section, however, the content of
organic component in the rocks is low (about 3%). The dark lenticular-wavy
laminated dolostone with alternatitfige-crystalline and coarse-crystalline
laminae (Fig 3a—c) has some special features. Abundant needle-like and
fibrous crystals, often forming ray-crystal splays (shrubs) are found in coarse-
crystalline laminae related to kerogen-rich material (Fig. 3a—c, ). Such
macro- and microstructures in carbonate sections have been described as
uncommon (unique) features connecteth sedimentation in complicated
environmental conditions in a supatgrated shallow tropical basin of
bacterially induced and ridh biota precipitation areg43-16, 18, 2Por in
hot-water travertine depositgl7]. They are commonly related to the
replacement of calcite or dolomite by aragonite or, on the contrary, with the
replacement of aragonite by calcite or dolomite. More rarely such structures
have been explained by diagenesisstHhe fibrous and concentric calcite
(or dolomite) crystals that formed ding diagenesis by the replacement of
aragonite in carbonate rocks were described only around fossil centres of
carbonate fossil§13, 23. Further they were found also in other environ-
ments. However, organic-rich matri in some cases also sulphur are
necessary for the formation of carbonate neddl@s27-29.

Needle-like crystals and ray-crystal splays (shrubs) occur in the Vadja
rocks only in coarse-crystalline lamasie recrystallised during diagenesis
(Fig. 3a—c; e, f). They are composed of relatively pure dolomite, while the
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surrounding matrix contains various adtares (Fig. 4). Sulphide minerals
are also abundant in this level (F&). Morphologically the formations in

the Vadja rocks resemble most of all the structures described in the
petroleum-bearing deposits of the Zechstein limesf@ie29 and macro-
structures (2-10 cm) of antraconite in Ordovician graptolitic argillite
(Dictyonema Shale) of Estoniafi3(]. Spherical and filamentous features in
oil shales have briefly been describedhe Green River section in the USA
[20]. Such features are not found in thell studied rocks of the underlying
Kukruse RS.

The star-like dolomite splays and authigenic dolomite needle-like crystals
in the Vadja rocks have a unique do@er and indicate specific conditions
during diagenetic alteration processBsssibly they were formed in early
diagenesis by recrystallization of aragonite. The high salinity and high
temperature conditions favouring the precipitation of aragonite existed
during sedimentation of Vadja rockspwever, the basin was very poor in
biota. The needed organic compohewvas possibly provided by the
redeposition of oil shale bearing material.

The studied dolomitic rocks of the Vadja Fm of NE Estonia differ from
the similar rocks of South Estonia irhigher content of immature minerals
(amphiboles, pyroxenes) and, in sornases, in a notable content of
magnetite[8—1]]. Siderite is a more common accessory mineral in NE
Estonian rocks. HigheFeO contents and Kastotal/Al,O; ratios in some
samples show the increase in siderite, pyrite and magnetite as a result of
diagenetic mineralization in the dolomitized rocks of the NE Estonia.
Correlation of FeO with MnO also supp®the occurrence of siderite, which
commonly contains manganese. Concentric crystals of authigenic silica and
chalcedony having some similar features with the above described
chalcedony nodules with concentric structure and irregular outlines and
embayments (Fig. 3d), have been found in bitumen-bearing dolomitic shales
alternating with siliciclastic depositsi@ have been considered to form in a
very early diagenetic phase, possiblydmated by sulphate-reducing bacteria
[31].

Enrichment of the Devonian rocks with quartz, heavy fraction and
transparent heavy minerals could lexplained by weathering during
transport and redeposition. The alteration process in the uppermost part of
the Kukruse RS is more complicated. Recrystallization of carbonate matrix
and carbonate fauna with pyrite took place in the upper part of the
Ordovician in hard rock. The mineral composition of the detrital minerals
in the upper 10 cm was a typical result of the weathering processes leading
to high maturity of rocks with owl very persistant minerals (zircon,
tourmaline, ilmenite) preserved.

All rocks of the section have untergone diagenetic changes. During
diagenesis the rocks were altered under the influence of several processes
from mechanical compaction to chemicaimentation. It could be supposed
that the diagenetic process had sqgmeuliar character in the dark brown
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(black) kerogen-bearing dolostone. Déagtic influence and redeposition of
kerogen in Devonian rocks changed their grain density, porosity and bulk
density. The grain-density is usually in the range of 2.53—2.6%L0r) in
kerogen-bearing limestones of the Kukruse RS and in the range of 2.67—
2.78 (16 kg/nt) in the dolostones, being lower than the grain density of the
other carbonate rocks. The bulk density of the kerogen-bearing carbonate
rocks is anomalously low as wdlll2, 29. The admixture of oil-shale
reduced the grain density of Devonidolostones and dolomitic marlstones.
Other diagenetic processes, includthg leaching of rocks associated with
dolomitization, influence of weatheringn exposed rocks, chemical reac-
tions connected with the dissolution mfnerals and chemical cementation,
increased the porosity also in some South Estonian i@k Owing to
lower grain density and higher porositige bulk density of the studied rocks

of NE Estonia decreased.

Conclusions

1) Ordovician material had signifiat influence on the accumulation of
the Devonian Vadja Formation rocks of NE Estonia.

2) Kerogen-rich admixture influencetle diagenetic processes, causing
unusual mineralogical features andperties of the Devonian rocks.

3) Star-like dolomite splays, needle-like crystals of authigenic dolomite
and chalcedony nodules were formeadomplicated geological condi-
tions in the presence of orgamich material and sulphur with
possible mediation by sulphate-reducing bacteria.

4) Chemical weathering of detiitgrains and dolomitization took place
also in hard rocks.

5) The mineral composition of NE Esitian Devonian rocks close to the
Ordovician-Devonian border differs frothat of South Estonian rocks
in the enrichment in siderite, magjite, sulphides (typical pyrite and
rarer sphalerite, galenite, chalcopyrite and marcasite) and chalcedony.

6) Mineralogical differences are supported by increase in total iron and
FeO and by the FeO - MnO correlation not recorded for South
Estonian Devonian rocks.

7) Decrease in grain density was caused by kerogen admixture. Increase
in porosity resulted from diagenetic leaching, dissolution and
recrystalization processes, which reduced the bulk density of NE
Estonian rocks.

8) The obtained data provide valuable geological support for testing
diagenetic models and redepositiopadcesses of oil-shale containing
rocks.
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