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Correlation of red beds by magnetic susceptibility is a new and cheap research method
in Lithuania. Lower Triassic samples were collected from three boreholes of Lithuania and
one well of Kaliningrad Region (Russia). Magnetic susceptibility of 687 samples was measur-
ed with a KLY-2 kapabridge. Having magnetic susceptibility data from the borehole Vladimi-
rovo-1 (stratotype of lower Triassic sediments in the Baltic region) we can compare them to
magnetic susceptibility data from the boreholes Galzdonai-1, Zvelsénai-8 and Kernai-1. The
result of the study is a new stratigraphical correlation of lower Triassic in the Baltic basin.
Earlier it was supposed that all Triassic sediments in the boreholes Kernai-1 and Zvelsénai-
8 correspond to the Nemunas Formation, but the new data indicate presence of both the
Nemunas and Palanga Formations.
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INTRODUCTION

The Triassic variegated rock mass, as in the adjacent
regions of its distribution (in Poland, Germany), reflects
specific conditions of its formation, i.e. a wide submerging
continent with periodically repeating sedimentation and
accumulation of deposits and breaks in sedimentation,
with activity of lakes and rivers in former desert plains
of aridic climate, where representatives of organic world,
which are important for correlation of deposits, almost
did not develop or were absent. Because of such a com-
plex nature, the paleontologic, lithologic and geochemical
studies of the accumulated deposits are not fully reliable
for the stratigraphic subdivision.

So it was very important to find the methods that
could relate the previous stratigraphic subdivision with
the global schemes or schemes of large regions which
are significant for the correlation. The methods should
also help to compile unified stratigraphic legends, local
detailed legends applicable for mapping (including the
legends for the Baltic region).

To obtain more effective results for the subdivision
of variegated Triassic rocks, it is necessary to apply the
most complete complex of old and new methods. At
present, the paleomagnetic stratigraphy has gained great
significance in rock stratification. However, it is a very
expensive method. In this study we used a new and
cheap research method — a correlation of the Lower
Triassic red beds according to their magnetic suscepti-
bility.

STRATIGRAPHY AND CORRELATION

Stratigraphy of the Triassic deposits in this region is
based mainly on lithological data, because the palento-
logical data (gastropods, ostracods, phyllopods and plant
remains) are rather scarce and insufficiently studied
(Kucueproc, CaiimaxoBckuii, 1972; Cyseiizauc, 1986).
In Lithuania, the Triassic deposits are subdivided in-
to the Purmaliai and Nadruva Groups, and correspond
to the Induan and the Olenekian, respectively. In turn,
the Purmaliai group is subdivided into the Nemunas,
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Fig. 1. Correlation of Triassic rocks in the Baltic basin (stratigraphical scheme)
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Fig. 2. Distribution of Lower Triassic formations in Lithuania and Kaliningrad Region (Russia): / —
boreholes; 2 — facies: I — N-Lithuanian, SW-Latvian, I — SW-SE-Lithuanian and III — Kaliningrad
Region; 3 — Nemunas Fm., 4 — Palanga Fm., 5 — Tauragé Fm., 6 — Sarkuva Fm., 7 — Deimé Fm.
2 pav. Apatinio triaso uolieny paplitimas Lietuvoje ir Kaliningrado srityje (Rusija): / — greziniai, 2 —
facijos: I — S-Lietuva ir PV-Latvija, I — PV-PR Lietuva ir Ill — Kaliningrado sritis, 3 — Nemuno sv.,
4 — Palangos sv., 5 — Tauragés sv., 6 — Sarkuvos sv., 7 — Deimés sv.
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Palanga and Tauragé Formations, and the Nadruva Group
include the Sarkuva and Deimé Formations (Fig. 1) (Su-
veizdis, 1994).

In the study region of Lower Triassic sediments, the
following three structural-facies zones are defined: I —
the northern zone including Western Lithuania and the
southwestern part of Latvia; II — the southeastern zone
comprising the southwestern and southestern parts of
Lithuania; and III — a zone including Kaliningrad Re-
gion (Fig. 2) (I'pursumuc, KucHeproc, 1982; Paskevicius,
1994).

The Nemunas Formation consists of dolomitic clays
and marls, reddish-brown in colour with bluish-grey ir-
regular spots, and interbeds of greenish and bluish-grey
sandstones and marls, and locally brown dolomites in
the lower part of the section. White and light-grey sands,
sandstones, gritstones, limestones, reddish-brown clays,
silts and marls compose the eastern and southeastern
margins of the Nemunas Formation. The stratotype of
the Nemunas Formation is in the Vladimirovo-1 bore-
hole at a depth of 878993 m (Fig. 3).
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The Palanga Formation is composed of highly cal-
careous dolomitic clays, marls and silts, reddish-brown
in colour with greenish and bluish-light grey round and
irregular spots, with interbeds of bluish-grey and light
grey sandstones, silstones, marls and oolitic limestones,
occasionally with veinlets and small inclusions of gyp-
sum and selenite. In the same sections, sulfates were
found in the Nemunas Formation. The lithological boun-
dary between the Palanga Formation and the overlying
Tauragé Formation rocks is distinct. The stratotype of
the Palanga Formation is in Vladimirovo-1 borehole at
a depth of 785-878 m.

The Tauragé Formation is represented by variega-
ted calcareous deposits. Accoring to its lithological com-
position, this formation is sudivided into the lower, mid-
dle and upper subformations. The lower subformation
consists of violet, lilac and reddish-violet marls with
interbeds of red-brown, bluish and greenish-grey calca-
reous clays, argillaceous sandstones and oolitic limesto-
nes. The middle subformation is composed of greenish-
grey and grey marls with interbeds of oolitic limestones.
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Fig. 3. Lower Triassic correlation profile, boreholes Vladimirovo-1, Galzdonai-1, Zvelsénai-8
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The upper subformation is represented by violet, violet-
lilac marls, red-rown calcareous sandy silts and clays
with bluish-grey spots and interbeds. The stratotype of
the Tauragé Formation is in Vladimirovo-1 borehole at
a depth of 725-785 m.

The Sarkva Formation consists of dolomitic clays,
marls, silt sands, sandstones and conglomerates, red-
brown in colour, with greenish-grey interbeds and irre-
gular spots. In the middle part of the sequence carbo-
nate concretios appear, forming a conglomerate-like tex-
ture of the rock. The major part of Sarkuva Formation
is composed of calcareous clays and marls. Brown silts
occur as thin interbeds. In the western part of the Bal-
tic region the Sarkuva Formation is represented by grey
sands, highly calcareous argillaceous conglomerates, and
also by variegated marls and clay. The sequence starts
with characteristic brown calcareous sands and silts, in-
dicating the beginning of new sedimentary cycles, and
ends with red-coloured calcareous clays. The stratotype
of the Sarkuva Formation is in the Vladimirovo-1 bore-
hole at a depth of 608725 m.

The Deimé Formation is represented by clays, sands,
sandstones and conglomerates. The clays are noncalca-
reous or slightly calcareous, red-brown, brown, bluish-
grey, grey in colour. They form beds in the lower part
and interbeds in the upper part. Intercalations of white
and light grey sands were found in the middle part of
the formation, and the bluish-grey an pale-brown sand-
stones occur in the upper part. Conglomerates can be
observed in the middle part of the Deimé Formation. In
the west and east, the Deimé Formation is represented
by more argillaceous deposits, red-brown and brown in
colour (Kucueptoc, CaiinakoBckuii, 1972). The stratoty-
pe of the Deimé Formation is in Vladimirovo-1 boreho-
le at a depth of 567—608 m.

EXPERIMENTAL AND ANALYTICAL METHODS

The correlation of the Lower Triassic red beds using
magnetic susceptibility is a research method used in Li-
thuania. Investigation of variegated Triassic beds and
their magnetic susceptibility was first applied in the Uni-
ted Kingdom. Red and green clay interbeds were inves-
tigated, which were similar to the lower Triassic sedi-
ments from the Baltic basin (Hountslow et al, 1995).
The correlation of the Pleistocene sediments by magne-
tic susceptibility was also applied in Poland and West
Ukraine (Nawrocki et al, 1996). Lake sediments were
investigated in New Zealand (Turner, 1997). The mag-
netic susceptibility of sediments and volcanic rocks from
oceanic boreholes was investigated in Japan (Fukuma,
1998). Devonian sediments were investigated in Czeck
Republic and Morocco (Crick et al., 2001).

Lower Triassic samples for magnetic susceptibility
investigation were collected from three boreholes in Li-
thuania and one well in Kaliningrad Region (Russia).
The borehole Vladimirovo-1 a is stratotype of the lower
Triassic sediments of the Baltic region. 304 samples

from the borehole Vladimirovo-1, 217 from Galzdo-
nai-1, 86 from Zvelsénai-8 and 80 from Kernai-1 were
taken. The magnetic susceptibility was measured with a
KLY-2 kapabridge (AGICO, Czech Republic) in the Pa-
leaomagnetic Laboratory of the Polish Geological Insti-
tute. All the data were recalculated for 10 g. In each
borehole, a diagram of magnetic susceptibility versus
depth was constructed.

RESULTS OF THE EXPERIMENTAL
INVESTIGATIONS

The magnetic susceptibility in the borehole Vladimiro-
vo-1 (993-878 m) ranges from 130-150x10¢ SI in the
lower part of the Nemunas Formation to 110x10° SI in
the upper part of the formation (Fig. 3). At the boundary
between the Nemunas and Palanga Formations the mag-
netic susceptibility decreases to 50x107¢ SI. The magne-
tic susceptibility of the Palanga Formation (878-785 m)
increases to 150x10°¢ SI in the upper part of the forma-
tion. In the layer of the Tauragé Formation (785-725 m),
the magnetic susceptibility ranges from 50 to 100x
10SI. The magnetic susceptibility in the lower part of
the Sarkuva Formation (725-608 m) changes from 50x
106 SI to 100-150x10° SI in the middle part of the
Formation, whereas in the upper part it is less than 50x
106 SI.

Having the magnetic susceptibility data from the bo-
rehole Vladimirovo-1 (stratotype of the lower Triassic
sediments in the Baltic region), we can compare these
data to data from the boreholes Galzdonai-1, Zvelsénai-
8 and Kernai-1.

According to magnetic susceptibility data from the
borehole Galzdonai-1, the Nemunas Formation was re-
vealed in the interval from 444 to 365 m. The magnetic
susceptibility (similarly to the borehole Vladimirovo-1)
decreases from 150x10°¢ SI (and more) in the lower
part of the formation to 100-150x10-¢ SI in its upper
part (Fig. 3). The Palanga Formation was distinguished
in the borehole Galzdonai-1 from 369 to 255 m. At the
contact between the Nemunas and Palanga Formations
the magnetic susceptibility decreases in the same way
as in the borehole Vladimirovo-1. The Tauragé Forma-
tion in the borehole Galzdonai-1 was identified from
255 to 231 m. In the beds of the Tauragé Formation
the magnetic susceptility was about 50-100x107¢ SI.

The Nemunas Formation in the borehole Zvelsé-
nai-8 was detected from 265 to 188 m. The magnetic su-
sceptibility (as in the borehole Vladimirovo-1) decreased
from 150x10-¢ SI to 100x10°¢ SI (Fig. 3). At the boundary
between the Nemunas and Palanga Formations the magnetic
susceptibility suddenly drops and increases to 150x10°¢ SI.

By comparing the magnetic susceptibility data from
the boreholes Vladimirovo-1 and Kernai-1 we cannot
distinguish the Nemunas Formation, possibly because the
borehole is located at the margin of the Triassic basin.

The magnetic susceptibility data were compared with
the previous paleomagnetic data (Fig. 4). According to
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the magnetic susceptibility data, a change from the nor-
mal to reverse magnetic polarity in the boreholes Galz-
donai-1 and Kernai-1 corresponds to the boundary bet-
ween the Nemunas and Palanga Formations. The ob-
tained results allowed to distinguish Triassic sediments
in the borehole Kernai-1, i.e. the interval from 149 to
88 m corresponds to the Nemunas Formation, while the
interval from 88 to 41 m corresponds to the Palanga
Formation.

Earlier (Katinas, Nawrocki, 2003) it was supposed
that all Triassic sediments in the boreholes Kernai-1
and Zvelsénai-8 correspond to the Nemunas Formation,
but the new data indicate the presence of the Nemunas
and Palanga Formations in the boreholes Kernai-1 and
Zvelsénai-8.

DISCUSSION AND CONCLUSIONS

The boundary between the Nemunas and Palanga For-
mations corresponds to the baseof the reversed magne-
tic polarity and the top of the normal magnetic polarity.

The normal magnetic polarity has the maximum thick-
ness not only in the profile of lower Triassic sediments
from Lithuania, but also in Triassic sediments on a global
scale (Katinas, Nawrocki, 2003).

The boundary between the Palanga and Tauragé For-
mations is identified at the upper limit of the second
normal magnetic polarity and the lower limit of the
second reverse magnetic polarity.

The lower Triassic sediments in the boreholes Ker-
nai-1 and Zvelsénai-8 should be subdivided into the Ne-
munas and Palanga Formations (Fig. 4), but this subdi-
vision is not quite good, because magnetostratigraphy,
unlike lithology, cannot be the basis for distinguishing
formations.
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Fig. 4. Paleomagnetic profile of boreholes Galzdonai-1, Zvelsénai-8 and Kernai-1 (after Katinas, Nawrocki, 2003):

1 — silty clay, 2 — silstone, 3 — anhydrite, 4 — limestone, 5 — reverse magnetic polarity, 6 — normal magnetic

polarity, 7 — uncertain magnetic polarity, 8§ — correlation

4 pav. Galzdony-1, Zvelsény-8 ir Kerny-1 greziniy paleomagnetinis profilis (Katinas & Nawrocki, 2003): 1 —
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APATINIO TRIASO RAUDONSPALVIU UOLIENU
KORELIACIJA VAKARU LIETUVOJE
PANAUDOJANT MAGNETINIO IMLUMO DUOMENIS

Santrauka

Apatinio triaso stratigrafija Vakary Lietuvoje iki Siol néra tiksli
ir vienodai traktuojama. Nors §ia tema atlikta ir paskelbta ne-
mazai darby, taCiau néra bendros nuomonés dél margaspalvio
triaso nuoguly stratigrafinio skirstymo. Norédami gauti tiksles-
nius rezultatus, pabandéme pritaikyti nauja, Lietuvoje iki Siol
nenaudota, magnetinio imlumo metoda. I$ Vievio kerno saugyk-
los buvo paimti triaso uolieny pavyzdziai i§ Vladimirovo-1,
Galzdony-1, Zvelsény-8 ir Kerny-1 greziniy. PavyzdZiy émimo
intervalas — vienas metras. I§ Vladimirovo-1 grezinio buvo pa-
imti 304 pavyzdziai, i§ Galzdony-1 — 217, i§ Zvelsény-8 — 86,
i§ Kerny-1 — 80 pavyzdziy ir iSmatuotas ju magnetinis imlu-
mas. Atlikus laboratorinius tyrimus buvo sudarytas Vladimiro-
vo-1, Galzdony-1, Zvelsény-8 ir Kerny-1 greziniy apatinio tria-
so uolieny magnetinio imlumo koreliacinis profilis. Rezultatai
buvo lyginti su paleomagnetiniu profiliu Galzdony-1, Zvelsé-
ny-8 ir Kerny-1 greziniuose. Gauti duomenys rodo, kad:

* Nemuno ir Palangos svity riba reikia laikyti normalaus
magnetinio poliSkumo zonos pada ir atvirkstinio magnetinio po-
liskumo zonos kraiga. Reikia pastebéti, kad normalaus magne-
tinio poliSkumo zona Nemuno svitoje yra pati didziausia tria-
so pjuvyje, tiek Lietuvoje, tiek ir kitur.

+ Palangos ir Tauragés svity riba reikia laikyti antrosios
normalaus magnetinio poliskumo zonos pabaigg ir atvirkstinio
magnetinio poliskumo zonos pradzia.

« Kerny-1 ir Zvelsény-8 greziniy triaso uolieny pjavyje turi
buti i$skirtos Nemuno ir Palangos svitos.

« Palangos svitos paplitimo riba Pabaltijo triaso uolieny svi-
ty paplitimo zemélapyje reikia vesti gerokai Siauriau, nei iki
Siol buvo rodoma Zemélapiuose.

Banenrac Karunac, Exu Haspoukuii

KOPPEJIALIUA HUKHETPUACOBBIX
KPACHOIBETHBIX CJIOEB B 3AIIAJIHO-
BAJITUACKOM PETHMOHE C MOMOIIbIO
MATHATHOW BOCHPHUMMYMBOCTH

Pesome

Koppensiuust MarHuTHOW BOCHPUUMYHUBOCTBIO KPACHOIIBETHBIX
cioeB B JIuTBe — HOBBIN M CPaBHUTEIBHO JEUIEBBIA METOH HC-
cnenoBanusa. OOpa3ibl HUXKHEro TpHaca il HCCIENOBAHUS
MarHUTHOM BOCHPUUMYHUBOCTH OBLIM OTOOpPAaHbI M3 Tpex
OypoBbIx ckBaxuH JIuTBel W oxpHoi B KamuHuHrpamckoi
obnactu (Poccust). MarnuTHas BOCIPUMMUYUBOCTD ObLIa U3Me-
pena y 687 o0pa3ioB; MOCTPOEHbI JUarpaMMbl MarHUTHas BOC-
MPUMMYUBOCTb—IIyOUHA. [IpM HaMMUMM AaHHBIX MarHUTHOW
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BOCIIPUMMYHMBOCTH B OypoBo#l ckBaxuHe Braaumuposo-1
(cTparoTune OTIOKEHUH HIKHEro Tpuaca B bantuiickom
pEeruoHe) Mbl MOXEM CPAaBHUBATh JAHHBIC 3TOW CKBaXHHBI C
TAaKOBBIMH JIaHHBIMH Ul OypoBbIX ckBaxHH lam3noHaii-1,
XKesuicenait-8 u Ksaphaii-1. Pesynprar ucciaenoBaHus — HoOBast
cTparurpaduyeckas KOppensius HIXKHEro Tpuaca B 3amaaHo-

banruiickom perumone. Panee mnpenmonaraiock, UYTO BCe

TpUACOBbIE OTIOXKEHUS B OypoBBIX CKBaxkuHax JKBsiiceHail-8 u
Kspuaii-1 orHocsTcs k HemaHCKol CBUTE, HO HOBBIE JIaHHBIC
YKa3bIBalOT B TPHACOBBIX OTIOXKEHHAX OYpOBBIX CKBaXXUH
XKesicenaii-8 u Kaphaii-1 (1 Bo Bcell ceBepo-3amaJHON 4acTH
JlutBel) Ha Hemanckyro u Ilamanrckyro cutel. B kaprax
pacnpoctpanenus cBUT oOmactb u IlamaHrckoil CBUTHI B
ceBepHOl uactu JIuTBbl cienyer otHectu Kk Hemanckoil cBute.



