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ORDOVICIAN ERRATIC TRILOBITES (ARTHROPODA, TRILOBITA)
FROM PLEISTOCENE DEPOSITS OF BELARUS (PRELIMINARY DATA)

Analysis of geographic distribution and determination of geological age of erratic pre-Quaternary sedimentary
megaclasts (blocks, boulders and pebbles) enclosed in Quaternary deposits is especially important for localizing their
possible sources and native areas. Except for some varieties of rocks that can be identified by their unique petrographic
features, definite stratigraphic systematization of the majority of sedimentary megaclasts can be carried out only by
means of paleontological study. However, petrographic features have been used solely in almost all previous
publications dealing with sedimentary erratics from the territory of Belarus, so it is questionable whether the results can
be considered reliable without paleontological confirmation.

Identification of trilobites (7rilobita Walch, 1771) is applied here for the purpose of ascertaining the geological
age of Ordovician sedimentary blocks, boulders and pebbles redeposited in Pleistocene strata of Belarus. At this time,
trilobites belonging to 15 genera and subgenera have been identified in the studied area. They represent the major part of
the Ordovician carbonate bedrock succession typical for the East-European Platform. Strata of this succession are
subjacent to various younger deposits in north- and southwestern parts of Belarus and in the Baltic States and crop out in
northern Estonia and the St. Petersburg Region of Russia.

We propose that the studied Ordovician erratic material is not necessarily the result of long-distance transport,
which is usually presumed according to the theory of Pleistocene continental glaciations, but might have been
redeposited from nearby buried Ordovician bedrock sources as well. Taxonomic composition of the “Ordovician erratic
trilobite complex™ of Belarus denotes its similarity to the “erratic trilobite association” from northern Germany, northern
Poland and Kaliningrad Region of Russia (formerly East Prussia). At the same time it also shows clear affinity to
trilobite assemblages from Middle and Upper Ordovician bedrock outcrops in northern Estonia and the St. Petersburg
Region (East Baltics), although it is not entirely typical for them. It is also notable that several of the collected trilobite
specimens show morphological dissimilarity with typical trilobite material described in paleontological literature.
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APJOBIKCKIA TPBIJTABITBI (ARTHROPODA, TRILOBITA), NEPAAJIKJIAIBEHBIS
Y IVIEUCTAIIDHABBIX YTBAPOHHAX BEJAPYCI (ITATTIAP3/IHIA 3BECTKI)

Amnani3 rearpagiyHara NamibIpIHHS 1 BhI3HAUYSHHE reajariyHara y3pocTy JadauBsplEBBIX MerakiacTay (Kamiibiri,
BaJIYHBI, TaJIbKi) aca/IKaBbIX F'OPHBIX Mapoj, MepaaKiIai3eHbIX Y YalBsIpLUEBBIX YTBAPIHHAX, Mae acabiiBae 3HAYIHHE ISt
ycraHayIeHHs iX BeparoJHbIX KPBIHIL 1 paéHay Mmaxo/pKaHHS. 32 BHIKJIIOYIHHEM HEKaTOPBIX pa3sHABIIHACLSY MapoJ, SIKis
MOXKHa 1IPHTHI(IKaBalb Ia aJMETHHIX IeTparpadiyHbIX acabiiBacisiX 1 SKaclsiX, BBICHOBBI ab crpaTeirpadivnaii
npbeIMepKaBaHacili OOJbIIACII Bilay acaJKaBBIX METaKjIacTay MOTyLlb ITPyHTaBalllla TOJIbKI Ha BBIHIKAX MajieaHTanariyHara
BBIBYUPHHS 3aKNFOYAaHBIX y IX AapraHiyHbIXx pdomTKay. ThIM HE MEHII, MeHaBiTa meTparpadidnbls acabmiBacti
BBIKAPBICTOYBAOIIIA SIK ACHOYHBIA aMallb Ba YCIX MAIMApIAHIX MyONiKamplax, y SKiX 3aKpaHarolla NBITaHHI abmacieit
MaxoJ/pKaHHsA (parMeHTay acaIkaBBIX IMApOJ, IepaaJKIan3eHbIX y IUIeHcTalPHe Ha TIpBITOpel bemapyci. BemHiki,
aTpBIMaHBIA 0€3 BBIKAPbICTAHHS MAJICAHTANIATIYHBIX JOKa3ay, HeJIbra JIUbIb HAA3eHHBIMI.
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VY raraii mpaipl BbI3HAUDHHE BBIKANMHEBBIX patuTkay tpeuiaditay (Trilobita Walch, 1771) ynepubiHio yKbiBaelia
3 MITall yAaKIagHEHHS TeajiariyHara Y3poCTy METakiiacTay acaJKaBbIX Mapof, IIepa3axaBaHbIX Ba YTBAPIHHAX
wiekicraipHa benapyci. Ha mamseHsl MOMaHT y Mekax JaciefaBaHara pari€Hy aj3Ha4daHbl TphUIAOITBI 3 15 pomay
1 magpoaay, siKis XapakTapbl3yroLb OOJIBIIYI0 YacTKy cTparhirpadiuHail nacisioyHacii kapbaHaTHara apAoBika, pa3Birara
¥ KapaHHBIM 3ajsraHHi Ha Ycxoane-Eypaneiickaii miatdopme. CtparbirpadiuHblsi Maapa3a3suieHH] TITai macisoyHacui
TNIepaKphIBAIOLA Pa3HACTAHBIMI OOJIBII MaslaIbIMI afKiIajaMi Ha AyHOYHBIM 1 ayMHEBBIM 3axan3e benapyci, a Takcama
Ha TIPBITOPBI baiTeIiickix KpaiH, i BRIXOA3S1L HA TABEPXHIO ¥ NayHo4Hai DcToHii 1 JIeHiHrpaackaii Bobacui Pacii.

[TaBome Hamara MepkaBaHHsI, JaciieaBaHbl IEepaalkiaJ3eHbl MaTIpbIUl He abaBsi3koBa 3 SyIsela BBIHIKAM
MIepaHOCY BBIKIIFOYHA Ha BSUTIKISA aJJIeTIIacIli, ajie MOKa OBIIb Iepa3axaBaHbl Takcama i 3 OJMDKIUIIBIX KapIHHBIX aIKianay
apIoBiKa, TEPaKPHITBIX MaJaa3eHIbIMi YTBapIHHAMI. TakcaHaMIUHBI CKJIQJ BBEISYIIEHara KOMIDIEKCY apIOBIKCKiX
TpeUTabiTay mpasyisie nagabeHcTBa Ja aHAJAri9HBIX KOMIUIEKCay 3 BAIYHHBIX aIkiIagay mayHouHbIX | epmadii, ITombrrast
1 Kaminiarpanckait BoOmacmi. ¥V Toi caMmbl yac €H IPMaHCTpye BbIpa3sHae MagaOeHCTBAa Ja TPHUIAOITaBBIX acallbIAIIbIA
3 BBIXaJay CSApAIHATA 1 BepXHsATa apJoBika ¥ mayHouHai DctoHii 1 JIeninrpaackait Boomacti (Y cxonue-banTeiicki parién).
AnMeTHa Takcama i Toe, IITO HEKaTOpbIsA 3 caOpaHbIX y30pay Marolb Mpar MapgaiariaHblX aJpO3HEHHSIY aj ThIIoBara
MaT3pbIsLy, allicaHara paHeil y najeanTajariqHai JlitapaTypsl.

KarouaBpisi cJ10BBI: TPbUIAOITHI; apAOBIK; NepaaaKiiaJ3eHblsl Jaq4anBsIpUEBbIs MapoIbl; KPBIHILI aX0KaHHS;
acarpIAIbl TTIepaakia[3eHbIX TPEUIA0iTay.

Mau. 28. Ta6un. 1. bi6misrp.: 41 na3sa.

Introduction. In spite of their wide distribution in Paleozoic bedrock strata as well as in
Paleozoic carbonate megaclasts enclosed in Pleistocene deposits, trilobites belong to the least
studied fossil groups in Belarus. Taxonomic composition and stratigraphic distribution of trilobites
have never been targets for a purposeful study. Certain restricted data on their occurrence are
confined to quotations in several lists of fossil fauna. The first to mention trilobites in the studied
area was A. P. Karpinsky in 1892 [1], who reported occurrence of Megalaspis planilimbata Angelin, 1851
and Ampyx nasutus Dalman, 1827, in the Middle Ordovician “Glauconite Limestone” (probably
Volkhov Regional Stage) in a group of isolated Ordovician “erratic detached massifs” occurring
near the village of RawaniCy (outskirts of the town of Bierazino in the Minsk Region). Later
A. P. Karpinsky’s finds were cited by Fr. Schmidt [2; 3] in his revision of East Baltic trilobites. Some
specific names of trilobites were listed in a few subsequent publications in descriptions of paleontological
characteristics of borehole cores recovered from buried Ordovician bedrock strata [4—6].

Recent field studies (2013—2016) as well as some data provided by private collectors suggest
that erratic trilobites are widespread in Pleistocene sandy and clayey deposits, being particularly
frequent on Belarusian Ridge and in the area to the north of it (Figure 1). The present paper
considers preliminary results of investigation of the taxonomic composition and the geological age
of redeposited Ordovician trilobites and suggests tentative conclusions about possible native areas of
their enclosing sedimentary erratic megaclasts.

Geological Setting and Material. The studied material consisting of sedimentary megaclasts
enclosing trilobites comes from flat- and cross-bedded sands, gravelly sands, gravels and sandy
loams of the Middle Pleistocene Soz and probably the Upper Pleistocene Paazer’e Formations [7]
enriched with pebbles and boulders. In terms of the Glacial Theory these deposits are interpreted as
“morainic” and “fluvial-glacial”, whereas an alternative Non-Glacial Hypothesis [8; 9] explains their
origin by sedimentation in a cold-water sea under active flow dynamics, in combination with clastic
material delivery by shore-fast ice and also with redeposition of residual material originating from
Ordovician bedrock strata occurring nearby, including fractured and rounded rock fragments and
debris produced in faults.

Identified Ordovician trilobites collected as Pleistocene erratics in the studied territory are
listed below in the table 1 in stratigraphic order. Some more material represented by solitary parts
could not have been identified with confidence and therefore have not been taken into consideration.

A vast majority of identified trilobite specimens are Upper Ordovician and fewer are Middle
Ordovician, whereas Lower Ordovician trilobites have not been collected so far (Figures 2—28).
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— areas of occurrence of buried Ordovician bedrock strata (I — South-Western and I — North-Western Structural-Facial Zones);
— areas where Ordovician bedrock strata are subjacent directly to Quaternary deposits;
— findings of Ordovician erratic megaclasts with unidentifiable fragments of trilobites;

— 1—14 — localities: 1 — “erratic detached massifs” near the village of Rawanicy (after A. P. Karpinskij [1]); sand and gravel pits: 2 —
Ledniki-1, 3 — Zosina, 4 — Carkasy, 5 — Biareza, 6 — Mazury, 8 — Yeramejewily; 9 — Stajki, 11 — Puscielniki, 14 —
Radaskawily; 7 — Aliokhalika River near the village of DzieS¢anka, 10 — outskirts of the town of Slonim; 12 — the town of
Hrodna; 13 — outskirts of the town of Mahiliot

— paéHbl NalbIpaHHA agknagay apaosika, nNepakpbiTbix napogami iHwara y3pocty (I — MayaHésa-3axogHsas i Il — MayHouHa-
3axoaHss CTpYKTypHa-thaLlbIfNbHbIS 30HbI);
— NOLWYbI, Ha SIKiX Kap3HHbI Napoabl apLoBika NepakpbIBaroLLia HenacpaaHa YauBspLEBbIMI agknagami;

— 3HaxoAki nepaaknaA3eHbIX Meraknactay apLoBika 3 HeBbI3HauYaHbIMi (hparMeHTami Tpbinabirtay;

— 1—14 — mecuasHaxomkaHHi: 1 — «agopBeHi» kans H.n. PasaHiubl (naBogne A.l. KapniHckara [1]); kap’epbl: 2 — JleaHiki-1, 3 —
3ociHa, 4 — Yapkackl, 5 — bspaxa, 6 — Masypsl, 8 — Epameesiubl, 9 — Craitki, 11 — lycranbHiki, 14 — Papalukosivbl; 7 —
Bepar p. Anéxayki kans B. [13ewwyanka; 10 — paéH r. Cnoxima; 12 —r. MpogHa; 13 — paéH r. Marinésa

204 39

Figure 1. — Localities of Ordovician erratic trilobites in Belarus (as of 2016)

MantoHak 1. — Mecua3sHaxoaxaHHi nepaaaknaa3eHbIx Tpbinabitay apaosika ¥ Benapyci (Bagombis Ha 2016 rop)
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Table 1.— Taxon names and stratigraphic position of Ordovician trilobites from Pleistocene erratics of Belarus

Tabniuya 1.—Ha3sbl TakcoHay i cTpaThirpadiyHae pacnaycromxeaHHe Tpbinabitay 3 BanyHoy i ranek apaoBikckix napog

y afknagax nnencrayaHa benapyci

Presumed stratigraphic
position (Baltoscandian
Regional Stages)

Taxon name

Locality

02, Dapingian, Volkhov Stage
(Bu) (“Glauconite Limestone”)

Megistaspis (Rhinoferus)
cf. hyorrhina (Leuchtenberg, 1843)

Sand pit of Liedniki-1 near Fanipal (Dziarzynsk
District)

02, Darriwilian, Kunda Stage
(Bm)

Pliomera fisheri fisheri (Eichwald, 1825)

Outskirts of the town of Mahiliol

Oy, Darriwilian, Aseri—Uhaku
Stages (Cia—Cic)

llaenus ex. gr. excellens Holm, 1886

Sand pit of Liedniki-1 near Fanipal (Dziarzynsk
District)

0223, Darriwilian—Sandbian,
Uhaku—Kukruse Stages
(Cia—Cu)

Chasmops odini (Eichwald, 1840)

Asaphus (Postasaphus) nieszkowskii
nieszkowskii (Schmidt, 1898)

Sand pit of Zosina near Fanipal (Dziarzynsk
District)

0s, Sandbian, Kukruse Stage
(Cn)

Chasmops ex. gr. odini (Eichwald, 1840)

Estoniops cf. exilis (Eichwald, 1840)

Asaphus (Postasaphus) nieszkowskii
nieszkowskii (Schmidt, 1898)

Sand pit of Liedniki-1 near Fanipal (Dziarzynsk
District)

? O3, Sandbian, Kukruse
Stage (Cn)

Asaphus (Neoasaphus) sp.

The city of Hrodna

O3, Sandbian, Johvi

Asaphus (Postasaphus) nieszkowskii

Aliokhatka River near the village of Dzie$Canka

Substage (D1) Jjewensis (Schmidt, 1898) (Uzdziensky District)
? Os, Sandbian, Johvi Asaohus s Sand pit of Zosina near Fanipal (Dziarzynsk
Substage (D) pAUS SP- District)

03, Sandbian, Keila Stage
(Dn)

Asaphus (Postasaphus) nieszkowskii
kegelensis (Schmidt, 1898)

The city of Hrodna; ballast quarry of
RadaskaviCy (Maladzie¢na District)

? Os, Sandbian, Keila Stage
(Du)

Conolichas deflexa (Angelin, 1854)

Sand pit of Carkasy near Fanipal (Dzierzynsk
District)

03, Sandbian, Haljala—Keila
Stages (Cn/Di—Du)

Keilapyge laevigata (Schmidt, 1881)
Chasmops sp.

Sand pit near the village of BiareZa near Fanipal
(Dziarzynsk District)

? O3, Katian, Oandu Stage
(Dm)

Toxochasmops sp.

Sand pit of Zosina near Fanipal (Dziarzynsk
District)

03, Katian, Oandu—Rakvere
Stages (Du—E)

Isotelus (Isotella) remigium (Eichwald, 1858)

Ballast quarry of Radaskawicy (Maladzie¢na
District); sand pit of Mazury near Fanipal
(Dziarzynsk District)

? O3, Katian, Oandu—
Rakvere Stages (Du—E)

Stenopareia ex. gr. linnarssoni Holm, 1886

Sand pit of Zosina near Fanipal (Dziarzynsk

Chasmops sp. District)

5 .
('E())a’ Katian, Rakvere Stage | 7, ochasmaps sp. Sand pit of Stajki (Minsk District

. . Sand pit near abandoned village of Puscielniki,
? —
étgsélga(\gaan,_l;le;)b)ala Vormsi Valdariops sp. outskirts of Sarja (Verkhnyadzvinsk District);

g e outskirts of the town of Slonim

2 Os0r S Sphasroxochus sp. Sand pit near the village of Yeramejevicy (Lida

District)
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Figures 2—16. — Middle and Upper Ordovician erratic Trilobites of Belarus. 2 — Chasmops odini (Eichwald), cephalon and its mould,
03Cia—Ci, sand pit of Zosina; 3 — Chasmops ex. gr. odini (Eichwald), pygidium, OsCu, sand pit of Liedniki-1; 4 — Megistaspis (Rhinoferus)
cf. hyorrhina (Leuchtenberg), pygidium, O2Bu, sand pit of Liedniki-1; 5 — Asaphus sp., pygidium and its mould, OsD, sand pit of Zosina; 6—7 —
Asaphus (Postasaphus) nieszkowskii nieszkowskii (Schmidt): 6 — pygidium, 7 — pygidium (inner surface), OsCu, sand pit of Liedniki-1; 8 —
Asaphus (Postasaphus) nieszkowskii jewensis (Schmidt), pygidium (mould), OsD;, Aliokhaiika River near the village of DzieS¢anka; 9—11 —
llaenus ex. gr. excellens Holm, head shield: 9 — upper view, 10 — side view, 11 — front view, 03Cia—Cic, sand pit of Liedniki-1; 12 —
Stenopareia ex. gr. linnarssoni Holm, pygidium, OsDu—E, sand pit of Liedniki-1. All scale bars are 5 mm; 13—16 — Pliomera fisheri fisheri
(Eichwald), Bm, outskirts of the town of Mahiliod: 13 — front view, 14 — upper view, 15 — side view, 16 — back part of thorax and pygidium.
All scale bars are 5 mm

MantoHki 2—16. — lNepaaaknap3eHbia TpbabdiTbl Benapyci: capaaHi i BepxHi apaosik. 2 — Chasmops odini (Eichwald), LadanoH i sro
Aapo, 0sCia—Cu, kap'ep 3ociHa; 3 — Chasmaps ex. gr. odini (Eichwald), nirigbia, OsCi, kap'ep Jleawiki-1; 4 — Megistaspis (Rhinoferus) cf.
hyorrhina (Leuchtenberg), nirigeii, O2Bu, kap'ep Jleatiki-1; 5 — Asaphus sp., nirigsiit i siro sgpo, 03D, kap'ep 3ociHa; 6—7 — Asaphus
(Postasaphus) nieszkowskii nieszkowskii (Schmidt): 6 — nirigbiit, 7 — nirigsiit (yHyTpaHas nasepxHs), OsCu, kap’ep Jleaiki-1; 8 — Asaphus
(Postasaphus) nieszkowskii jewensis (Schmidt), nirigbii1 (aapo), OsDy, p. Anéxayka, paéH B. [I3ewwvanka; 9—11 — lllaenus ex. gr. excellens
Holm, ranayHbl WwybiT: 9 — BbIrnsy 38epxy, 10 — 6akaebl Bbirnsg, 11 — eoirnsz cnepagy, 0sCia—Cic, kap'ep Jleatiki-1; 12 — Stenopareia
ex. gr. linnarssoni Holm, nirigbin, OsDu—E, kap'ep JlegHiki-1; 13—16 — Pliomera fisheri fisheri (Eichwald), Bm, paéH r. Marinésa: 13 —
BbIrNsg cnepagy, 14 — Bbims 38epxy, 15 — Gakasb! BbIMSA, 16 — 3aaHss YacTka Topakca i niriabIi. Yce MaluTabHbI nanocki poyHbsIs 5 MM
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Figures 17—28. — Upper Ordovician erratic Trilobites of Belarus. 17 — Conolichas deflexa (Angelin), cranidium, ?03Du, sand pit
of Carkasy; 18—19 — Toxochasmops sp., pygidium, ?0s(E), sand pit of Stajki (18 — upper view, 19 — side view); 20 — Asaphus
(Neoasaphus) sp. (inner surface of cephalon and thorax), ?0sCu, the town of Hrodna; 21—22 — Asaphus (Postasaphus) nieszkowskii
kegelensis (Schmidt): 21 — pygidium, 203D, ballast quarry of Radaskaviy; 22 — pygidium with a reminder of thorax, 203D, the town of
Hrodna; 23—24 — Isotelus (Isotella) remigium (Eichwald): 23 — mould of glabella, OsDu—E, sand pit of Mazury, 24 — hypostome,
03Du—E, ballast quarry of RadaskaviCy; 25 — Keilapyge laevigata (Schmidt), pygidia, OsD—Du, sand pit near the village of Biareza; 26 —
Valdariops sp., pygidium, ?03Fia—Fib, outskirts of the town of Slonim; 27 — Valdariops sp., ?0sFia—Fb, librigena, eye, sand pit near
the village of Puscielniki; 28 — Sphaeroxochus sp., cranidium, Oz or S+, sand pit near the village of Yeramejewicy. All scale bars are 5 mm

Manionki 17—28. — MNepaaaknaaseHbia Tpbinabitbl Benapyci: BepxHi apaosik. 17 — Conolichas deflexa (Angelin), kpaHigbli, 203D,
kap'ep Yapkacel; 18—19 — Toxochasmops sp., nirigbi, ?03(E), kap'ep Ctaitki (18 — Bbirnsg 3sepxy; 19 — bakasbl Bbirnsg); 20 —
Asaphus (Neoasaphus) sp. (yHyTpaHasi naBepxHs uacbanoHa i Topakca), ?03Cu, I. [pogHa; 21—22 — Asaphus (Postasaphus)
nieszkowskii kegelensis (Schmidt): 21 — nirigbiit, 703Dy, kap’ep Pagalukosiubl, 22 — nirigbIi 3 palwTkami Topakca, ?03D, r. I'poaHa;
23—24 — Isotelus (Isotella) remigium (Eichwald): 23 — sgpo rnabenbl, OsDn—E, kap'ep Ma3ypbl, 24 — rinactoma, OsDu—E, kap'ep
Papawkosiubl; 25 — Keilapyge laevigata (Schmidt), nirigbli, OsD—Du, kap'ep kans B. bspaxa; 26 — Valdariops sp., nirigbii,
?0sFia—Fib, paéH r. Crionima; 27 — Valdariops sp., 70sFia—Fib, pyxomas Luyaka, Boka, kap'ep kans B. [ycranbHiki; 28 — Sphaeroxochus
Sp., kpaHigbiii, O3 i S1, kap'ep kans B. EpameeBiybl. Yce MaluTabHbIs nanocki poyHbIs 5 MM
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Presumably the oldest representative in the studied material is Megistaspis (Rhinoferus) cf.
hyorrhina (Leuchtenberg) (Figure 4) from erratic boulders and pebbles of the “Glauconite
Limestone” of the Volkhov Regional Stage (Bn). Megistaspis (Rhinoferus) hyorrhina
(Leuchtenberg) is known in Ordovician bedrock outcrops of northern Estonia, St. Petersburg Region
of Russia, Norway and Sweden [10—12]. It was also reported from erratic boulders in Sweden [13]
as well as from “Ordovician detached erratic massifs” in Novgorod and Tver’ Regions of Russia
[14—17].

An almost complete loose enrolled specimen of Pliomera fisheri fisheri (Eichwald) (Figures
13—16) most probably represents erratics of the Kunda Regional Stage (By) and is typical of the
“Lower Oolite Limestone” of St. Petersburg Region and northern Estonia. Also the same subspecies
was collected by A.V.Krylov from the “Orthoceratite Limestone” (Kunda Regional Stage) in
“Ordovician detached massifs” of the Tver’ Region of Russia. Pliomera fisheri (Eichwald) is
uncommon in Ordovician bedrock strata outside of the above-listed East Baltic areas, although it
was reported from erratic boulders in Western Europe (e.g. in “Miinsterldnder Kiessandzug”,
northwestern Westphalia, Germany) [18].

Erratic megaclasts of strong yellow-brown dolomitic limestone with //laenus ex. gr. excellens
Holm (Figures 9—11) are related by the authors to the stratigraphic interval of the Aseri to Uhaku
Regional Stages (Cia—Cic). lllaenus excellens Holm is widespread in Aseri to Uhaku strata of
Estonia and the St. Petersburg Region [19; 20] and was collected by A. V. Krylov (unpublished
data) from “Ordovician detached erratic massifs” in Novgorod and Tver’ Regions of Russia.

Buried bedrock deposits of the Volkhov to Aseri stratigraphic interval occur in southern and
northwestern parts of Belarus, where they are subjacent to younger strata and are represented by the
Prybuhskaya and Miadzelskaya Formations (Volkhov Regional Stage), Pivorskaya and
Tviariacuskaya Formations (Kunda Regional Stage), and the Datibniouskaya and Miorskaya
Formations (Aseri and possibly Lasnamégi Regional Stages) [7]. These strata extend northwardly
and crop out in northern Estonia and St. Petersburg Region.

Pebbles of light grey detrital limestone with Chasmops odini (Eichwald) (Figure 2) and
Asaphus (Postasaphus) nieszkowskii nieszkowskii (Schmidt), which are usual in Uhaku (Cic) and
Kukruse (Cy) Regional Stages, are here considered as being of uppermost Middle to lowermost
Upper Ordovician age. The two above-mentioned trilobite species are widespread in Ordovician
bedrock strata in Latvia, Estonia and St. Petersburg Region [20—27], whereas in erratic boulders
they were reported from the Kaliningrad Region, northern Poland [28], northern Germany [29], as
well as from “Ordovician detached erratic massifs” in Yaroslavl’ Region of Russia [17].

Boulders of very dense light-brown and dark-grey limestone enclosing fragments of Chasmops
ex. gr. odini (Eichwald) (Figure 3), Estoniops cf. exilis (Eichwald), Asaphus (Postasaphus)
nieszkowskii nieszkowskii (Schmidt) together with reticulate Bryozoa, Gastropoda and Brachiopoda
represent the Kukruse Regional Stage (Cyp). Petrographically this limestone is almost identical to
limestone samples collected by A. V. Krylov from outcrops of the Kukruse Regional Stage in
St. Petersburg Region. A boulder of light-grey limestone enclosing several pygidia and other parts
of Asaphus (Postasaphus) nieszkowskii nieszkowskii (Schmidt) (Figures 6—7) is probably also of
Kukruse age.

Trilobite representatives similar or identical to the above listed were reported from buried and
exposed Ordovician bedrock strata in Latvia, Estonia and St. Petersburg Region [20; 21; 23; 26; 27];
many of them are known from erratic boulders in the Kaliningrad Region, northern Poland, northern
Germany, and Sweden [13; 28; 29], and were collected in “Ordovician detached erratic massifs”
of Yaroslavl Region of Russia [17].

Uhaku and Kukruse Regional Stages in Belarus are represented by the Krastajskaya and
Kriatinoskaya Formations in the North-Western Structural-Facial Zone and by the Liasovi¢skaya
Formation in the South-Western Structural-Facial Zone, where they are covered by younger deposits [7].
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Buried Uhaku and Kukruse strata also occur in Lithuania and Latvia and are exposed in northern
Estonia and St. Petersburg Region.

Erratic megaclasts of the Haljala Regional Stage (Johvi Substage, Dy) are represented in the
studied material by a weathered limestone pebble enclosing microgastropods and a pygidium of
Asaphus (Postasaphus) nieszkowskii jewensis (Schmidt) (Figure 8). This trilobite subspecies is
known in Ordovician bedrock strata in northern Estonia [20; 22—25; 30] and in Pleistocene erratic
boulders in northern Germany, northern Poland and Kaliningrad Region [28]. Pebbles of dense grey
limestone with Asaphus sp. (Figure 5) probably should also be attributed to the Johvi Substage.
These erratics are apparently identical to the so-called “Testudinaria-Limestone”, which are
widespread as Pleistocene erratics in northern Germany and in some other areas of Western Europe
(J. Koppka, personal communication). Similar trilobites were earlier reported from Ordovician
bedrock strata of northern Estonia and St. Petersburg Region [20; 23; 31], as well as in erratics of
Kaliningrad Region and northern Poland [28].

The following trilobite species (subspecies) have been revealed in petrographically
inhomogeneous erratic boulders and pebbles of the Keila Regional Stage (Dy):

— Asaphus (Postasaphus) nieszkowskii kegelensis (Schmidt) (Figures 21—22), enclosed in
dense light-grey and yellowish limestone;

— Conolichas deflexa (Angelin) (Figure 17), enclosed in a weathered silicified white pebble of
bioclastic conglomerate consisting of an agglomeration of Brachiopoda and Trepostomid bryozoans;

— Keilapyge laevigata (Schmidt) (Figure 25), enclosed in dense light-grey to greenish
limestone;

— Chasmops sp., enclosed in an angular boulder of yellow-brown secondary dolostone.

The above-listed or similar trilobite representatives are known from exposures of the Keila
Stage in northern Estonia and St. Petersburg Region [20—25; 31; 32; unpublished data by
A. V. Krylov] and in Pleistocene erratics of northern Poland, northern Germany and Kaliningrad
Region [28; 33]. Conolichas deflexa (Angelin) was reported also in erratics in Westphalia in
northwestern Germany [18] and in the erratic “Macrourus limestone” in the Moravian-Silesian area
in the Czech Republic [34].

Within the North-Western Structural-Facial Zone in Belarus the Johvi to Keila buried
bedrock strata are represented by the VangiSkinskaya Formation and in the South-Western Structural-
Facial Zone the middle part of the buried Navasiolkatiskaya Formation roughly corresponds to the
same stratigraphic interval [7]. Johvi to Keila strata are exposed in northern Estonia and in St.
Petersburg Region.

The following erratic material is ascribed to the Oandu (Dyy) and Rakvere (E) Regional
Stages:

—loose pygidia of Toxochasmops sp. (Figures 18—19) (tentatively), which can be
distinguished by comparatively wide pleural sides;

—pebbles of dense grey crinoid-brachiopod detrital limestone with fragments of Isofelus
(Isotella) remigium (Eichwald) (Figure 23) and also an erratic pebble of greenish-grey clayey
limestone with an isolated hypostome of the same trilobite species (Figure 24).

The above-mentioned or similar trilobite representatives are known from Ordovician bedrock
strata in northern Estonia and St. Petersburg Region [10; 21; 23; 35—37] and were revealed also in
erratic boulders of northern Germany and Sweden [13; 29].

Probably of Rakvere age is a specimen of Stenopareia ex. gr. linnarssoni Holm (Figure 12)
from a dense light-grey limestone erratic boulder, which is petrographically similar to the Rakvere
bedrock limestone exposed in the limestone quarry of “Pechurki” in St. Petersburg Region. The
specimen differs from typical Stenopareia linnarssoni Holm by a comparatively narrower rachis of
the pygidium. This species was reported earlier from Ordovician bedrock strata in Norway, Sweden,
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northern Estonia and from the extreme west of St. Petersburg region near Estonia [19; 36; 38—40];
in erratic boulders it occurs in Kaliningrad Region and northern Poland [28].

In the territory of Belarus the Oandu and Rakvere buried bedrock strata are known only within
the North-Western Structural-Facial Zone and are represented there by the Smarhonskaya Formation
(Oandu Regional Stage), which overlays older Ordovician strata with a regional stratigraphic break,
and by the lower part of the Strustaliskaya Formation (Rakvere Regional Stage) [7]. Both Oandu and
Rakvere bedrock strata extend to the north and are exposed in Estonia and in the western part of St.
Petersburg Region.

A pebble of dense grey limestone with a fragment of Valdariops sp. (Figure 27) is presumably
attributed to the interval of the Nabala (Fra) and Vormsi (Fib) Regional Stages. Also collected
is a loose pygidium of Valdariops sp. (Figure 26). Similar forms of Valdariops were reported
from Ordovician outcrops in northern Estonia [21; 41] and from Pleistocene erratics in northern
Germany [29].

Buried bedrock strata of Nabala and Vormsi Regional Stages in Belarus occur in the North-
Western Structural-Facial Zone and are represented by the upper part of the Strustatiskaya
Formation and the Nara¢anskaya Formation [7]. These strata extend to the north and are exposed in
Estonia.

Erratic trilobite material of younger Ordovician age (Pirgu and Porkuni Regional Stages) have
not been discovered as yet, although boulders and pebbles of these stratigraphic intervals are quite
abundant in Belarus and can usually be identified reliably by enclosed tabulate corals and
brachiopods [unpublished data by Yu. Zaika].

Discussion. Geographic and stratigraphic confinement. As is obvious from the foregoing
data, erratic megaclasts in Pleistocene coarse-grained and clayey accumulations represent a major
part of the regional Middle and Upper Ordovician succession, which occurs buried in the
northwestern and southwestern parts of Belarus and in its bordering areas within the Padliassie-Brest
Depression, and the Valyn’ and Baltic Monoclines. In this context, it should be taken into
consideration that on the basis of previously published regional-geological data Ordovician bedrock
strata in Belarus in several places are subjacent directly to Pleistocene deposits, e.g. in
a comparatively large area to the north of the towns of Smarhon’ and Viliejka as well as in several
restricted sites near the towns of ASmiany, Hlybokaje and Vierchniadzvinsk [5; 7]. In view of this, it
can be presumed that Ordovician megaclasts in Pleistocene gravels, sands and sandy loams in the
studied territory are not necessarily objects of long-distance transport from the Scandinavian-Baltic
region, which is traditionally accepted in most published sources, but might also be a result of
natural physical disintegration of local Ordovician deposits in the past and subsequent transportation
of their derivative megaclasts over a comparatively short distance (up to several tenth of kilometers).
This could be especially likely in those areas where Ordovician bedrock strata are directly covered
by Quaternary accumulations. A comparatively dense system of faults cutting pre-Quaternary
deposits in Belarus [7] should also be taken into account as a probable factor in the formation of
megaclasts and their subsequent delivery to Pleistocene covering strata.

Taxonomic composition of the “trilobite erratic complex”. Trilobites revealed in Ordovician
sedimentary erratics in Pleistocene accumulations of Belarus comprise a composite complex of taxa
that shows quite apparent similarity with erratic trilobite associations from northern Germany,
northern Poland and Kaliningrad Region of Russia. At the same time it is not wholly typical for
bedrock outcrops of northern Estonia and St. Petersburg Region. Some distinct characteristics of the
Belarusian erratic trilobite assemblage are the comparatively frequent occurrence of asaphid and
chasmopid trilobites (among which there are peculiar representatives of Valdariops with short
pygidia) and also the occurrence of megistaspid trilobites possessing an indistinct border of the
pygidium. Some other trilobite representatives are common mostly in Estonia and St. Petersburg
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Region but are not typical in Scandinavia and are comparatively rare in erratics in Western Europe,
for example Pliomera fisheri fisheri (Eichwald). Scarcity of available erratic trilobite material from
Belarus at this time makes any further reliable conclusions difficult. A more detailed comparison
will be possible after more material is studied.

Conclusions. The concept of Quaternary glaciations, which prevails in geological literature,
explains the formation of sandy and clayey deposits enriched with boulders and pebbles by former
activity of hypothetical Pleistocene Scandinavian glaciations. According to this concept, megaclastic
material is mostly a priori interpreted as being allochthonous and is considered to have come from
bedrock exposures occurring in northern Estonia, in St. Petersburg Region, on islands of the Baltic
Sea, from the Baltic Sea bottom and also from some areas in Scandinavia. At the same time an
alternative hypothesis, which denies Pleistocene continental glaciations, considers delivery of
megaclastic erratics by shore-fast ice transportation during the hypothetical Late Cenozoic cold sea
flooding. It could be postulated that formation of megaclastic material along fault zones as well as
by activity of some other non-glacial factors could also take place. The authors of the present paper
don’t absolutely call into question the concept of distant delivery of megaclasts. But in view of the
above-mentioned considerations we are not certain that the assumption that erratic megaclasts are
predominantly allochthonous should be unconditionally accepted. Instead, we think it could be
assumed that buried bedrock strata that are comparatively nearby or local could be likely sources of
pre-Quaternary blocks, boulders and pebbles. We expect that further studies will substantially
supplement our current incomplete knowledge about Ordovician erratic megaclasts and thereby give
us new means of understanding how Pleistocene strata were formed.

In its turn, further detailed investigation of taxonomic composition of the erratic trilobite
association occurring in sandy and clayey Pleistocene deposits of Belarus will allow a wider
comparison with trilobite assemblages from Ordovician bedrock strata as well as from Pleistocene
erratics of nearby areas (e.g. south- and northwestern parts of Belarus, Lithuania and Latvia), as well
as of more distant regions.
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[NaneanranariuHae BBIBYYPHHE METakiacTay IarielCTal[PHABBIX acaJIKaBbIX Mapoj, SKis 3 syJsolia KaMma-
HEHTaM 4YalBApLEBBIX YTBApIHHAY, HeaOXoIHA IS JaKjaJHara BBI3HAUHHA 1X cTpaThirpadidHail mpeIMepKaBaHacli,
IITO § CBaro 4apry 3’syjsenna acHOBal Ui aTphIMAaHHS HAA3CHHBIX BBHICHOY Ipa pa&HBl 3HAXOKAHHS X KapIHHBIX
KpBIHILL. 3 TITHIMI M3TaMi ¥ MerakjiacTax napoj apAoBika (BamHsiKi i JajlamMiThl) 3 TUIEHCTALPHABBIX ISICKOY 1 cyrneckay
YIEPLIBIHIO JJIsl TAPBITOPBII benapyci npaBea3eHa BbI3HAYIHHE TaKCaHaMiuHaH MPBIHAJIE)KHACI BHIKAITHEBBIX PALITKAY
tpbutaditay (Trilobita Walch). Beisynens! npancrayniki 15 popay i manponay, maiiblpaHblX y KapIHHBIX alKiazax
Yy PO3HBIX IHTIpBajlax CApIAHATA 1 BepxXHsra apioBika YcxomHe-Eypareiickaii mnatdopmsl. TpeutabiTel 3 rartail aca-
LBISIBI TPAIUIAIoNIa ¥ KoMIUIeKcax (GayHbl 3 BAIyHHBIX ajnkianay naynouHai ['epmanii, [lonburusr i Kaniniarpazackait
BoOmacti Pacii, a Takcama ¥ arajleHHsIX KapaHHara apjoBika ¥ mayHouHai Ocronii i JleHiHrpaackaii BoOmacui Pacii.
Beika3Baernma MepkaBaHHE, IITO JacieJaBaHbl MAaTIPBIII MOT MENb MOMIpIrissHAIbHAE Maxo/pKaHHE 1 K 3’ syisIma
BEIHIKAM TIEpaHOCY Ha MapayHajdbHA BsUTIKiA aieriacii 3 pa¢Hay BBIXaqy Kapd HHBIX aJKianay, Tak i ObIs mepa-
3axaBaHBIM 3 OonbIn OJi3ka pa3MeIIYaHbIX YTBap HHAY aploBika, IepaBakHAa ¥y NayHOYHa-3axomHal bemapyci
i banTeiiickix kpaiHax, A3€ SHBI IEPAKPHITHI MATAI3EUIIBIMI TTApOIaMi.
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