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Location: Latitude 59.23337°N, longitude 24.33032°E; Harju County, NW Estonia.

Stratigraphy: Early Katian, Keila to Rakvere regional stages,

Kahula and Vasalemma formations.

Status: Active quarry; please follow safety instructions. Sampling and fossil collecting are welcome!
More information: https://geoloogia.info/en/locality/12431

The Vasalemma quarry is an active quarry located c. 28 km
south-west of Tallinn, near Keila, Harju County. The large
quarry exposes in its northern part, mainly the Kahula For-
mation, and in its southern part, the Vasalemma Formation,
Keila Regional Stage (Sandbian, Ordovician). Locally, the
overlying strata of the Oandu and Rakvere regional stages
(Katian, Ordovician) are exposed.

History

The echinoderm limestone of the Vasalemma Formation
has been quarried for centuries and is known in the region
as the “Vasalemma Marble”. The limestone was described
and named in a stratigraphical context by Eichwald (1854)
and Schmidt (1881). The names “Hemicosmitenkalk”
(Eichwald 1854) and “cystoid limestone” (Ménnil 1960)
refer to the rock-building abundance of echinoderm intra-
clasts (mainly of the genus Hemicosmites, Rhombifera).
Within the massive echinoderm limestone beds, echino-
derm-bryozoan-receptaculitid reefs are abundant (Fig. 6.1).
Together, the echinoderm grainstone and the reefs form
the “Wasalemm’sche Schicht” of Schmidt (1881), which is
synonymous with the Vasalemma Formation of subsequent
authors (e.g., Ménnil and R6omusoks 1984; Hints and Mi-
idel 2008).

In Schmidt’s system, the Vasalemma Formation was des-
ignated as D3, the topmost layer of sequence D, and thus
formed the stage above the “Kegel’sche Schicht” (Keila
Regional Stage, D2). In a series of field guides, Linda Hints
and colleagues (Hints 1990, 1996; Hints et al. 2004; Kroger
et al. 2014b) published several drill core sections and out-
crop details. A comprehensive review and reappraisal of
the stratigraphy and sedimentology of the formation was
published by Kroger et al. (Krdger et al. 2014b, 2014c). To-
day, the Vasalemma Formation is stratigraphically placed
within the Keila Regional Stage, being of late Sandbian age
(Meidla et al. 2023).

Stratigraphy

The Vasalemma Formation is a partly discontinui-
ty-bounded unit. The lower and the upper boundaries
are diachronous. From the combined drill core and out-
crop data, it is known that in the southern part of the
Vasalemma quarry, the base is marked by a prominent
hardground on top of the Pédskiila Member, Kahula For-
mation (Kroger et al. 2014b, 2014c). In other places, the
base is less than a few meters above this hardground,
within the overlying Saue Member of the Kahula For-
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Fig. 6.1. Vasalemma quarry with mapped reef positions (blue
dots) (westernmost corner of the quarry is unmapped). Red
line indicates the maximum northward extension of the
Vasalemma Formation, late Sandbian. Coordinate system:
Web Mercator.
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Fig. 6.2. Stratigraphic scheme of early Late Ordovician

in northern Estonia compared with selected units from
Scandinavia. Lithostratigraphic units are formations if

not otherwise marked. Subdivisions in Stage column are
Ordovician time slices (after Bergstrém et al. 2009). Compiled
from Calner et al. (2010), Meidla et al. (2023), Nielsen et al.
(2023). Lst, Limestone. Regio., Regional. Numbers give Million
years ago. Grey fields are sedimentary hiati.
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Fig. 6.3. A latest Sandbian reef body in the southern wall of the Vasalemma quarry, North Estonia. Photo: Olle Hints, 2023.

mation (Kroger et al. 2014a). Laterally the echinoderm
limestone of the Vasalemma Formation grades into the
skeletal wacke- to packstone lithologies of the Saue and
Lehtmetsa members of the Kahula Formation. This grad-
ual lateral change is exposed along the kilometre-long
quarry wall of the Vasalemma quarry.

The top of the formation is formed by a distinct
hardground surface on top of the reefs, which locally
also represents an erosional surface, which cuts into the
reefs and the echinoderm limestone. This upper surface
is overlain by the argillaceous sediments of the Hirmuse

Formation, Oandu Regional Stage, or locally by yellow-
ish micritic limestone of the Ragavere Formation (Kroger
et al. 2014a, 2014c).

The Vasalemma Formation is within the Amorphog-
nathus tvaerensis conodont zone (Ménnik 2017). §"C_
data from drill cores of the Vasalemma Formation record
the rising limb of the upper Sandbian Guttenberg Isotopic
Carbon Excursion (GICE; see e.g., Meidla et al. 2023)
and a sharp drop of values at its upper discontinuity, indi-
cating that the main interval of the GICE is younger than

the formation (Fig. 6.2; Kroger et al. 2014a, 2014c).
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Fig. 6.4. Histograms of selected features of the reefs of the Vaselemma quarry, Vasalemma Formation, late Sandbian. A — Nearest

neighbour distance; B — Reef diameter; C — Reef thickness.

Geological Setting and Sedimentology

The Vasalemma Formation occurs along c. 20 km E-W
stretched belt with a N—S extension of c. 5 km. Toward
the north, it is partly limited by an erosional front. The
formation has a thickness of up to 15 m and consists
mainly of a massive echinoderm grainstone with, in its
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central areas, concentrations of patch reefs. The echi-
noderm limestone is a massively bedded grainstone,
almost completely composed of Hemicosmites ossicles
held together by syntaxial cement (Fig. 6.5C). Ripple
waves and crossbedding are widespread features within
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Fig. 6.5. Examples of microfacies of Vasalemma Formation, late Sandbian. A — Reef core limestone with encrusting bryozoan
and clotted micrite as matrix; B — Reef core with abundant Hemiscosmites roots and clotted micrite as matrix; C — Hemicosmites
grainstone with syntaxial cements. Note the abundance of sparitic fenestrae in A and B. Scale 10 mm.

Fig. 6.6. Examples of polished slabs of reef core facies from Vasalemma quarry, Vasalemma Formation, late Sandbian; A —
Area with abundant Hemicosmites roots; B — Area with abundant encrusting bryozoan colonies; C — Area with abundant
receptaculitids. Scale 10 mm in A—C.

the echinoderm limestone. The reefs are up to ¢. 10 m
thick and up to 50 m wide, and their cores are formed
by a matrix-rich boundstone (50-80% matrix), with
abundant echinoderms, bryozoans, and receptaculitids as
main skeletal components and abundant fenestral fabric
(Kroger et al. 2014a) (Fig. 6.5A-B, 6.6). Associated with
the reef cores are commonly pockets, preserving locally
restricted siliciclastic (marl, silt) and microbial limestone
facies. In the north-eastern part of the quarry, the base of
the formation forms the top hardground of the Péaiskula

Sea level and paleoclimate

The top Vasalemma discontinuity reflects a major region-
al sea level drop (corresponding to the base of the depo-
sitional sequence VIII of Dronov et al. 2011, the Lower
Wesenberg Sequence of Dronov 2017, and the Frogn-
erkilen Lowstand Event of Nielsen 2011). This discon-
tinuity and its associated facies and faunal change mark
a massive change in the regional sedimentation regime
and faunal composition during the late Keila to Rakvere
time that has been termed Mid-Caradoc Event (Meidla et

Fauna

The Vasalemma Formation contains extraordinarily
rich and abundant fauna. Dozens of species of bryozo-
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Member, which here exposes a ripple surface and which
is partly highly bioeroded with borings of Trypanites.
The ripple-marks have a mean wavelength of c. 0.4 m
and a NE/SW direction (Hints & Miidel 2008). The top
of the Vasalemma Formation is formed by an iron (py-
rite) impregnated and bioeroded hardground and erosion-
al surface, which is locally covered by a conglomerate
with highly rounded, pyrite-impregnated clasts from the
Vasalemma Formation.

al. 1999) or Middle Caradoc Facies and Faunal Turnover
(Ainsaar et al. 2004). The interval has been interpreted
as related to climate change and associated changes in
ocean circulation (Ainsaar et al. 2004). Oxygen isotope
data suggest that the Mid-Caradoc Event (late Haljala —
Keila stage) was an interval of global cooling that cli-
maxed during the Frognerkilen Lowstand Event (Méannik
etal. 2021).

ans were described from the Vasalemma Formation by
Bassler (1911), Ménnil (1959), Modzalevskaya (1953),



Fig. 6.7. Selected fossils from the Vasalemma quarry, Vasalemma Formation (Katian). Scale bars: A, D-H,L—-5mm; B, C, I-K—1
cm. A —trilobite Atractopyge kutorgae, TUG 1393-1. B — solutan echinoderm Maennilia estonica, GIT 609-1-1. C, D — crinoids;
C — Virucrinus kegelensis, GIT 290-2; D — Tintinnabulicrinus estoniensis, GIT 653-3. E — blastozoans Hemicosmites, GIT 633-

206. F — edrioasteroid Cyathocystis rhizopora, GIT 643-11-1. G, | — bryozoans; G — Revalopora revalensis, GIT 222-202; H —
Inconobotopora, GIT 222-205; | — Phylloporina, GIT 222-204. J, K, L — tabulate corals; J, K — Eoflecheria orvikui, ) — GIT 180-94, K
— GIT 94-10; L - Saffordophyllum tulaensis, GIT 94-10.

Pushkin (1990) and Gorjunova & Lavrentjeva (1993). A
thorough revision of the bryozoan fauna is still needed.
The echinoderm fauna is strongly dominated by Hemi-
cosmites, but locally edrioasteroids (Cyathocystis, Rozh-
nov 2004), rare solutans (Rozhnov & Jeffries 1996),

40

asteroids (Blake & Rozhnov 2007) and crinoids (Aus-
ich et al. 2015; Rozhnov 1990, 2012; Wright & Toom
2019) are worth mentioning. The reefs of the Vasalem-
ma Formation contain rugose corals, such as Lambelas-
ma carinatum which are among the oldest of the region.



Fig. 6.8. Selected fossils from the Vasalemma quarry, Vasalemma Formation (Katian). Scale bars: A-D, F-J =5 mm, E—1 mm. A—

Solenopora, GIT 339-1043. B,C — retceptaculitid Receptaculites poelmi; B — GIT 413-166, C— GIT 413-163. D, E — Brachiopods; D

— Horderleyella kegelensis, GIT 207-2021; E — Bassetella alata, GIT 595-1. F — rugose coral Lambelasma carinatum, TUG 1393-7. G
— cephalopod Discoceras vasalemmense, TUG 939-76. H — monoplacophorian Pilina, GIT 222-122-1. | — gastropod Brachytomaria
baltica, GIT 222-114.

Receptaculites poelmi from the Vasalemma Formation
has been described by Miagkova (1981). The chaetetid
sponge Solenopora is locally common within the reefs.
Bryozoans, echinoderms, receptaculitids and Solenopo-
ra form complex, partly densely intergrown assemblag-
es (Vinn et al. 2018). Locally, the uppermost sections
of the reefs contain large colonies of tabulate corals
Eofletcheria orvikui, Saffordophyllum tualensis and S.
grande (Klaamann 1975); also crusts of stromatoporoids
such as Cystistroma sakuaense occur. The reefs contain
a rich macrofauna with monoplacophorans (Pilinia sp.)
and gastropods (Brachytomaria baltica and Cyclonema
lineatum). The trilobites of the Vasalemma Formation
are not systematically studied yet but the most common
representatives include Asaphus, Chasmops, Stenopareia
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