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Abstract—We present the results of U–Pb dating of detrital zircon from Lower to Middle Jurassic sedimen-
tary rocks, sampled from natural outcrops during fieldwork on Hooker, Hayes, Ziegler, Jackson, and Graham
Bell islands of the Franz Josef Land archipelago. Considering the geographic distribution of the studied sam-
ples, we characterize the spatial distribution of detrital zircon ages from Early Jurassic (Pliensbachian) and
Middle Jurassic (Bajocian–Bathonian) strata across the archipelago. Based on this, we reconstruct the evo-
lution of sediment source areas in both time and space. The data show that during the Pliensbachian and
Bajocian, the main provenance areas were uplifts composed of metamorphic (Meso- to Neoproterozoic),
magmatic (Cambrian and Late Devonian–Carboniferous), and Cambrian–Triassic sedimentary rocks,
which were exposed during Late Triassic to Early Jurassic uplift in the northeastern Barents Sea region. By
the Bajocian–Bathonian boundary, most of these uplifts had been significantly eroded. A major transgres-
sion, initiated in the Toarcian, culminated at the end of the Bajocian, leading to an expansion of marine sed-
imentation and a substantial reduction in the extent of continental landmasses. The dominant sediment
sources at that time were likely limited to small land areas composed of Permian and/or Lower to Middle Tri-
assic strata.

Keywords: Arctic islands of Russia, isotopic age, Early Jurassic, Middle Jurassic, Toarcian, Bajocian–
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INTRODUCTION
The marginal-shelf arch of the Franz Josef Land

(FJL) Archipelago formed as a structural unit in the
extreme north of the Barents Sea continental margin
at the beginning of the Mesozoic. In the north, the
uplift borders the deep-water Nansen Basin, which is
part of the Eurasian Basin. In the south, the archipel-
ago borders the North and East Barents basins. To the
west and east, it is surrounded by the rift-related Franz
Victoria and St. Anna depressions (Gramberg, 1988).

In the sedimentary history of the Barents Sea con-
tinental margin, two major transgressive–regressive
cycles are distinguished: the Triassic and the Early
Jurassic to Early Cretaceous cycles (Preobrazhenskaya
et al., 1985; Gramberg, 1988; Basov et al., 1997, 2009).
The Triassic cycle began with a marine transgression
in the Induan, included several second-order regres-
sive episodes, and terminated with a general regression
at the end of the Triassic. On FJL, the oldest Triassic
(Induan?) terrigenous sedimentary deposits overlie

Upper Carboniferous limestones transgressively.
These deposits were penetrated by the Nagursky para-
metric borehole on Alexandra Land (Gramberg et al,
1985; Dibner, 1998). In two other boreholes (Hayes
borehole, Hayes Island, and Severnaya borehole, Gra-
ham Bell Island), the Triassic section includes all strati-
graphic subdivisions of middle and upper series except
for the Rhaetian. On the basis of lithological and facies
data, it has been suggested that the detrital material in
the Triassic may have been supplied to the FJL area
from the Severnaya Zemlya and Svalbard archipelagos,
as well as from the Novaya Zemlya–Urals region and
Baltica (Pchelina, 1998; Basov et al., 2009).

The Early Jurassic–Early Cretaceous cycle of sed-
imentation coincides chronologically with a signifi-
cant rearrangement of the geodynamic regime in the
Arctic region—the formation of the heterogenous
structure of the Amerasia Basin. This process began
with rifting in the Canadian Basin in the Early–Mid-
dle Jurassic (for example, Grantz et al., 1998; Mickey
591
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Fig. 1. Schematic geographical map of the Franz Josef Land (FJL) Archipelago, indicating sampling sites for U–Pb dating of
detrital zircons.
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et al., 2002; Grantz, 2006). The onset of the cycle in
the Barents Sea region is characterized by the accumu-
lation of sedimentary deposits of continental origin
(Gramberg, 1988). Within the FJL, these are Early
Jurassic quartz sands and sandstones of the Tegethoff
Formation (Dibner and Sedova, 1959; Dibner, 1998).
The marine transgression that began in the Aalenian,
initially covering only the islands of the western and
central parts of the archipelago, terminated with a
general regression during the Berriasian–Aptian inter-
val (Basov et al., 2009). Clayey and silty-clayey depos-
its rich in marine fauna were accumulated during the
Bajocian and Bathonian stages (Fiuma Formation
after (Kosteva, 2002, 2005)). The transgression
reached its maximum extent in the Callovian. Lithofa-
cies analysis suggests that the main sediment source
areas during the Jurassic were located to the north and
northeast of the archipelago (Kosteva, 2002).

For the Mesozoic deposits of the FJL, U–Pb
(LA-ICP-MS), dating of detrital zircons from Mid-
dle–Upper Triassic terrigenous deposits penetrated by
the Severnaya borehole (Soloviev et al., 2015) and
Upper Triassic–Cretaceous deposits from the south-
eastern islands of the FJL (Ershova et al., 2022) was con-
ducted previously. According to Soloviev et al. (2015),
detrital material was supplied to the Middle–Late Trias-
sic basin from the southeast and east, with the mountain
STRATIGRAPHY AND G
structures of the Ural fold belt and, to a lesser extent, the
East European craton and Timanides serving as the
sources of clastic material. Ershova et al. (2022) pro-
posed that the provenance area for Late Triassic–Early
Jurassic deposits was near FJL and represented an exten-
sion of the Taimyr branch of the Uralian orogen, which
underwent significant uplift at the end of the Triassic.

We have studied Lower–Middle Jurassic terrige-
nous deposits, samples of which were collected in the
north (Ziegler Island, Jackson Island), central (Hooker
Island, Hayes Island), and east (Graham Bell Island)
parts of the FJL archipelago (Fig. 1). For all Jurassic
outcrops studied—except for Graham Bell Island—
U–Pb dating of detrital zircons is conducted here for
the first time. The first provenance reconstruction
based on detrital zircons from Jurassic strata of Franz
Josef Land (Ershova et al., 2022) was based solely on
samples collected from the southeastern part of the
archipelago. The aim of our study is to provide a more
comprehensive understanding of sediment source areas
and the paleogeography of the region during the Early
and Middle Jurassic.

OBJECTS OF INVESTIGATION
Jurassic sedimentary deposits in the FJL area are

undisturbed and gently dipping. The fragmentary
EOLOGICAL CORRELATION  Vol. 33  No. 5  2025



U–Th–Pb (LA-ICP-MS) DATING OF DETRITAL ZIRCONS 593
nature of the outcrops, combined with the large litho-
logical variability at each stratigraphic level and varia-
tion in thickness, greatly complicates their correlation
across the archipelago. This accounts for the absence
of a universally accepted stratigraphic framework for
the Jurassic deposits of the Franz Josef Land Archipel-
ago. As a result, these deposits are typically subdivided
using biostratigraphic methods, with different research-
ers proposing regionally significant units—such as
series, formations, and members—that vary in extent
and composition (Dibner and Sedova, 1959; Dibner,
1998; Kosteva, 2002, 2005; Repin et al., 2007). Accord-
ingly, the age of the studied samples is determined
based both on published data regarding the  age of the
Jurassic sedimentary rocks of the archipelago, and on
our own palynological analyses where such data are
lacking. In our research, we used the stratigraphic
scheme (Fig. 2) proposed by Kosteva (2002), which
was supplemented with recent data from other studies
(Stolbov et al., 2010; Khudoley et al., 2019; Karyakin
et al., 2021; Ershova et al., 2022; Karyakin and Alek-
sandrova, 2023). According to these data, the Fiume
Formation is composed not only of clays and mud-
stones (the stratotype is located at Cape Fiume, Champ
Island) but also of coeval sands and sandstones. The
facies transition to the latter is recorded, in particular, in
the eastern part of Hooker Island, between Solnechnaya
Rock and the outcrop at an elevation of 371 m. These
sands continue further to the south, to outcrop 339
(Fig. 1), and even further south to the Makarov Bay
area. According to available data, the Fiume Formation
is composed not only of claystones and argillites, as
observed in its type section at Cape Fiume on Champ
Island, but also of coeval sands and sandstones. A direct
facies transition between these lithotypes is observed, in
particular, in the eastern part of Hooker Island, between
Solnechnaya Rock and the outcrop at an elevation of
371 m. These sands can be traced further south to out-
crop 339 (Fig. 1), and even farther into the Makarov
Bay area. In the western part of Franz Josef Land, the
Fiume Formation is stratigraphically equivalent to
Bajocian–Bathonian sands exposed at Cape Stephens
on George Land Island (Stolbov et al., 2004). In the
central and northern parts of the archipelago, the same
stratigraphic interval is represented by Bathonian sands,
sandstones, and argillites on Hayes and Jackson islands
(outcrops 132 and 161, Fig. 1).

The Lower Jurassic deposits belong to the Tegeth-
off Formation, which was identified as a stratigraphic
unit by V.D. Dibner (Dibner, 1957; Dibner and
Sedova, 1959). These sedimentary rocks, which con-
tain Early Jurassic (Pliensbachian) palynocomplexes
and are among the most common in the FJL, were
identified on many islands of the archipelago, from
Bell Island in the southwest to Graham Bell Island in
the northeast (Kosteva, 2002, 2005; Repin et al.,
2007). On Leigh-Smith Island, the stratigraphic inter-
val of the Tegethoff Formation has been extended to
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Pliensbachian–Toarcian on the basis of new data
(Karyakin and Aleksandrova, 2023).

In our collection, these deposits are represented by
sands and sandstones of Hooker, Ziegler, and Graham
Bell islands (Figs. 1, 2).

On Hooker Island (80°10′33.9′′ N, 52°32′56.7′′ E), in
the Lunacharsky Rock area (outcrop 403, Sample 403-1;
Figs. 3a, 3b), samples were collected from a unit of
massive, fine- and medium-grained arkosic sands.
These sands consist of plagioclase, quartz, mica, horn-
blende, and lithic fragments, as well as an insignificant
amount of ore minerals. The sandstones contain inter-
beds enriched in coaly material, lenses of siliceous–
quartz gravelstones, marcasite concretions, and frag-
ments of mineralized and coalified wood. The unit
underlies the basalt nappe that is believed to be of Early
Jurassic age. The sands contain a Pliensbachian palyno-
logical assemblage, as well as dinocysts (Karyakin and
Aleksandrova, 2023). It should be noted that these
sands also contain redeposited Triassic pollen and
spores (Aratrisporites sp., Lunatisporites spp., Riccispo-
rites sp., etc.) (Karyakin and Aleksandrova, 2023).

On Ziegler Island (outcrop 169, Sample 169-3;
Figs. 3c, 3d), in the Cape Brice area (81°05′23.5′′ N,
56°06′23.0′′ E), samples were collected from massive
and platy arkosic sandstones, locally enriched in carbo-
naceous matter. The sandstones with an apparent thick-
ness of 3.5–4 m are overlain by a volcani-clastic unit,
consisting of several Early Cretaceous basaltic lava
flows that are intruded by Early Cretaceous dikes of
subalkaline basalts (Karyakin and Sokolov, 2018;
Karyakin et al., 2021). On Cape Kohlsaat on Graham
Bell Island (81°00′55.8′′ N, 65°21′49.5′′ E), a light
gray essentially siliceous-quartz sands of Pliensba-
chian age was sampled (outcrop 320, Sample 320;
Figs. 3e, 3f), which crop out on the northeastern slope
of Mount Kohlsaat (Kosteva, 2002).

Middle Jurassic deposits are represented by sam-
ples collected from sand and sandstone units that are
exposed only fragmentarily on Hooker, Hayes, and
Jackson islands (Figs. 1, 2).

On Hooker Island, in the outcrop, located 5 km to
the northwest from Cape Al’banova (80°14′55.8′′ N,
53°42′44.3′′ E), the fine-grained light gray quartz and
feldspar-quartz sands enclosing thin interbeds of carbo-
naceous matter (outcrop 339, Sample 339) was sam-
pled (Figs. 4a, 4b). The apparent thickness is 17–18 m.
Sands underlie a series of f lows of Early Cretaceous
tholeiitic basalts with a well-pronounced (25–30 cm)
contact zone (Fig. 4b).

Sample 339 contains a diverse palynological complex,
with a predominance of spores of different systematics.
Cyathidites minor, С. spp., and С. australis dominate.
Stereisporites kemtchygiensis, S. psilatus, S. insertus,
Marattisporites scabratus, Neoraistrickia truncata, N. rotu-
ndiformis, N. longibaculata, Osmundacidites spp., and
Dictyophyllidites harrissii are common. There are also
single Todisporites sp., Biretisporites sp., Cibotiumspora
 Vol. 33  No. 5  2025



594 KARYAKIN et al.

Fig. 2. Lithological-stratigraphic column of the Franz Josef Land (FJL) Archipelago. (1) Continental sands, sandstones, silt-
stones, gravelstones, conglomerates; (2) marine clays, siltstones, sands; (3) basalts, tuffs, tuff breccias, tuff conglomerates:
(a) Late Jurassic–Early Cretaceous; (b) Early Jurassic; (4) hiatus; (5) detrital zircons samples: (a) outcrops described in this paper
(with numbers), (b) outcrops after (Ershova et al., 2022), (c) after (Khudoley et al., 2019).
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jurensis, Verrucosisporites sp., Lophotriletes cf. bauchin-
iae, Granulatisporites sp., Foveosprorites sp., Cadar-
gasporites sp., Pilasporites marcidus, Lycopodiumspo-
rites sp., etc. According to G.N. Aleksandrova, the
STRATIGRAPHY AND G
pollen of gymnosperms is represented by Inaperturpol-
lenites spp., Alisporites sp., Piceapollenites spp., Pinus-
pollenites sp., Cicadopites orbicularis, C. percarinatus,

single Exesipollenites tumulus, Quadraeculina annelae-
EOLOGICAL CORRELATION  Vol. 33  No. 5  2025
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Fig. 3. Outcrops and sampling sites of Early Jurassic sedimentary rocks in the Franz Josef Land (FJL) Archipelago. (a, b) Hooker
Island, Lunacharsky Rock; (c, d) Ziegler Island, Cape Brice; (e, f) Graham Bell Island, Mount Kohlsaat. Photo by Yu.V. Karyakin.
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formis, and Chasmatosporites hians. The palynocom-

plexes similar in the composition were identified in

Bajocian deposits of Northern Siberia (Ilyina, 1985).

On the southeastern coast of Hayes Island, at the

elevation of 125 m (80°32′24.5′′ N, 57°53′31.9′′ E), a
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
unit of gray, fine-, medium-, and coarse-grained sub-
arkose was sampled, sometimes alternating with dark
gray to black siltstones and mudstones (outcrop 132,
Sample 132-3; Fig. 4c). The thickness of single sand-
stone beds ranges from the first tens of centimeters to
1.5–2 m, with an overall apparent thickness of 75–
 Vol. 33  No. 5  2025



596 KARYAKIN et al.

Fig. 4. Outcrops and sampling sites of Middle Jurassic sedimentary rocks in the Franz Josef Land (FJL) Archipelago. (a, b) Hooker
Island, the outcrop 5 km to the northwest of Cape Al’banova; (c) Hayes Island, the 125 m elevation area, 6 km to the east-northeast
of Cape Ostantsovy; (d) Jackson Island, Cape Kremsmunster. Image by Yu.V. Karyakin.
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80 m. This unit extends along the strike of the entire
southwestern coast of Hayes Island, with hiatuses, to
the Krenkel meteorological station, where it is facially
replaced by a black, thin-plated mudstones intruded
by several basalt sills. Palynospectra similar to late
Bajocian–Bathonian palynocomplexes were identi-
fied in mudstones and sandstones of this unit (Ilyina,
1985; Unifitsirovannaya…, 1993, 2012). This palyno-
logical assemblage is characterized by the predomi-
nance of gymnosperm spores over pollen, among which
the following species are the most common: Stereispo-
rites species (S. bujargiensis, S. psilatus, S. incertus,
S. congregatus), Cyathidites spp., Matonisporites spp.,
Lycopodiumsporites spp. (including L. intortivallus),
Klukisporites variegatus. According to T.F. Tregub,
there is also Lophotriletes torosus.

At Cape Kremsmünster on Jackson Island
(81°17′38.3′′ N, 57°55′55.2′′ E), a succession of gray,
massive, fine-grained arkosic sandstones with an
apparent thickness of 18–20 m was sampled. This unit
overlies two f lows of Early Cretaceous subalkaline
STRATIGRAPHY AND G
basalts with no visible contact. In addition to quartz
and feldspar, the sandstones contain (up to 25–30%)
fragments of mesostasis of felsic volcanic rocks with
devitrification structures, tuffaceous mudstones, detri-
tal micas, and altered titanomagnetite. In these rocks
(outcrop 161, Sample 161-4; Fig. 4d), a palynospec-
trum has been determined with frequent Stereisporites
bujargeiensis, S. congregatus, Sciadopityspollenites macro-
verrucosus, Lophotriletes torosus, and Klukisporites var-
iegatus and less common Gleicheniidites, Sestrosporites
pseudoalveolatus, and Marattisporites scabratus. This
palynocomplex corresponds to the regional palyno-
complex with Sestrosporites pseudoalveolatus and Sci-
adopityspollenites macroverrucosus from the upper part
of the Sysola Horizon–lower part of the Kurdyum
Horizon (Ilyina, 1991; Unifitsirovannye…, 1993, 2012),
which indicates the Bathonian age of the host rocks
(conclusion by T.F. Tregub).

Thus, for U–Pb dating of detrital zircon grains
from the Lower and Middle Jurassic sedimentary
deposits of the FJL, we used six samples of sands and
EOLOGICAL CORRELATION  Vol. 33  No. 5  2025
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Table 1. Operational parameters of equipment settings for U–Th–Pb (LA-ICP-MS) isotope dating of zircons

Equipment Parameter Value

Element 2 high-resolution 

(SF-ICP-MS) mass spectrometer

RF power generator 1200 W

Argon, purity 99,998%:
cooling f low 16 L/min

auxiliary f low 0.9–1.5 L/min

sample-presentation flow 0.85–0.925 L/min

Tube length from MS to LA 150 cm

Cone material Ni

Resolution Low

Scan type E-scan

Detector dead time 20 ns

Measurement method:
Measured masses 206, 207, 208, 232, 238

Detection mode Analogous/countable

Mass scan window 4%

Magnet delay time (ms) 12 (206), 16 (207), 8 (208; 232; 238)

Measurement time (ms) 3 (206), 4 (207), 2 (208; 232; 238)

Number of runs per pass 800

Signal integration type Arithmetic mean

Number of signals at peak 100

Laser ablation system

NWR-213 (LA)

Laser Nd-YAG

Ablation chamber 2Vol Cell

Positioning accuracy ±1.5 μm

Wave length 213 nm

Pulse frequency 5–10 Hz

Beam diameter 25 μm

Energy density 5–10 J/cm2

Ablation time 25 s

Helium, purity 99,9995%:
sample-presentation flow 0.9 L/min

Background measurement time 15 s

Average purge time 60 s

Measurement mode Ablation at point

Setting Linear scanning, 5 μm/s
sandstones from five islands in different parts of the
archipelago. These samples were collected during
fieldwork over many years (Fig. 1). The dates obtained
allow us to reconstruct the evolution of the prove-
nance areas during the Pliensbachian and Bajocian–
Bathonian.

RESEARCH METHODOLOGY

Detrital zircons were extracted using a standard
technique at the Laboratory of Fission-Track and
Mineral Analysis at the Geological Institute of the
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Russian Academy of Sciences (GIN RAS, Moscow).

The zircon grains were mounted in epoxy resin and

polished until they were approximately half their orig-

inal thickness. Cathodoluminescence images (CL

images) of detrital zircons were taken at the Labora-

tory for Investigation of Rock-Forming Minerals by

Physical Methods at GIN RAS using a TESCAN

VEGA scanning electron microscope equipped with a

CL detector.

The U–Pb (LA-ICP-MS) isotope dating of zir-

cons from rocks was conducted at the Laboratory of
 Vol. 33  No. 5  2025
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Table 2. Weighted average age values of the 91500 and Plesovice zircon standards obtained during five measurement sessions

n—number of measurements.

Sample no.

91500 Plesoviče

n Age 206Pb/238U Ma, 

±2σ
n Age 206Pb/238U Ma, 

±2σ

403-1 14 1066.9 ± 6.0 14 337.0 ± 2.0

132-3 8 1066.5 ± 7.8 8 335.5 ± 2.7

320 7 1062.6 ± 7.8 9 336.8 ± 2.2

169-3 9 1068.4 ± 7.1 9 339.9 ± 2.4

161-4 9 1064.5 ± 7.1 9 334.8 ± 4.6

339 11 1061.1 ± 6.4 11 338.1 ± 4.6
Analytical Chemistry at GIN RAS using an NWR-213
nanosecond laser ablation system (Electro Scientific
Ind.), combined with an Element2 high-resolution sec-
tor field ICP mass spectrometer (Thermo Scientific
Inc.). The operating parameters are given in Table 1.
The technique of dating is described in (Sheshukov
et al., 2018).

Calibration was performed using an external zircon
GJ-1 standard (Jackson et al., 2004; Horstwood et al.,
2016). To assess the quality of the analysis during the
measurement of unknown zircon grains, control zir-
con 91500 (Wiedenbeck et al., 1995) and Plešoviсe
(Sláma et al., 2008) standards were measured (Table 2).

The weighted average 207Pb/206Pb and 206Pb/238U ages
of zircon 91500 determined during the measurement
of unknown zircons were 1064 ± 3 Ma (2σ, MSWD =
0.24, probability = 1.0, n = 57) and 1065 ± 3 Ma (2σ,
MSWD = 0.34, probability = 1.0, n = 57), respec-
tively, which is consistent with CA-ID-TIMS data
(Horstwood et al., 2016). The weighted average
206Pb/238U age of the Plesoviče zircon was 337 ± 1 Ma
(2σ, MSWD = 1.2, probability = 0.12, n = 52), which
is consistent with the published CA-ID-TIMS data
(Horstwood et al., 2016).

The isotope analysis data were processed and cor-
rected using the Glitter software program (Van Ach-
terbergh et al., 2001). Correction for common Pb was
processed following the method developed by Ander-
sen (2002) with use of the ComPbCorr software pro-
gram (Andersen, 2008).

When constructing histograms and probability
density curves, only zircon age estimates for which the
discordance (D) was not greater than ±10% were taken
into account. For zircon grains younger than 1000 Ma,

the age was calculated on the basis of the 206Pb/238U iso-

tope ratio; for older grains, it was based on 206Pb/207Pb.
Histograms and probability density curves of detrital
zircon ages were constructed using the detzrcr soft-
ware program (Andersen et al., 2018). The cumulative
probability diagram of detrital zircon ages was con-
structed in a macro in MS EXCEL (Gehrels, 2006).
STRATIGRAPHY AND G
RESULTS OF RESEARCH

Sample 403-1, Hooker Island, Lunacharsky Rock
(Tegethoff Formation, Pliensbachian). Zircon grains
are semitransparent, yellow to pale yellow (60–65%),
colorless (5–10%), and dark brown (30–35%) short
prismatic and ellipsoidal. Slightly rounded and well-
rounded grains with an elongation coefficient (EC) of
1–3 predominate (90%). The internal structure of the
zircon grains in the CL image is simple, with oscilla-
tory and less frequently sectoral zoning (Fig. 5a).
Occasionally, there are grains with a homogeneous
core surrounded by a rim with oscillatory zoning.

The U–Pb isotope system in 135 zircon grains was
analyzed, and the results obtained from 131 analyses
meet the selected discordance criterion (ESM). The
age estimates obtained range from 2930 to 246 Ma
(Fig. 6a). There are single zircon grains of Archean
age, which do not form significant peaks on the rela-
tive probability density curve of zircon age distribu-
tion. In total, 18% of zircon grains yielded Paleopro-
terozoic ages and formed distinct peaks at ~1780 and
1670 Ma. Mesoproterozoic ages were obtained for 15%
of zircon grains studied, with two age peaks of ~1180
and ~1100 Ma. Zircons with Neoproterozoic U–Pb
ages account for 6% of the sample studied, with an age
peak of ~640 Ma (Fig. 6b). Paleozoic dates are char-
acteristic of 60% of the studied zircons. Among them,
two main groups can be identified: Early Paleozoic,
with peaks of 482, 442, and 410 Ma, and Late Devo-
nian–Permian, with peaks of 385, 360, 342, and 310 Ma
(Fig. 7f).

Sample 169-3, Ziegler Island, Cape Brice (Tegeth-
off Formation, Pliensbachian). Zircons are repre-
sented by transparent, colorless, pale yellow to pale
pink (85%) crystals, less frequently by pale pink
rounded grains (15%). Ellipsoidal and short prismatic
well-rounded zircon grains with EC of 2–3 and their
fragments (~70–80%) predominate. There are single
weakly rounded crystals with EC > 3. As seen in the
CL image, most grains have an oscillatory, less fre-
quently homogeneous internal structure (Fig. 5b).
EOLOGICAL CORRELATION  Vol. 33  No. 5  2025
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Fig. 5. CL images of detrital zircons from Early–Middle Jurassic sedimentary rocks of the Franz Josef Land (FJL) Archipelago.
(a) Sample 403-1; (b) Sample 169-3; (c) Sample 320; (d) Sample 339; (e) Sample 132-3; (f) Sample 161-4.
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U–Pb ages of zircon (n = 81) range from 2725 to
237 Ma (Fig. 6a). The Archean and Paleoproterozoic
dates account for 21% of the total population and do
not form significant age peaks on the probability den-
sity curve. Approximately 65% of zircon grains from
the sample date to the Paleozoic. The Early–Middle
Paleozoic ages yield peaks of 505, 455, 430, 410, and
368 Ma, while the Late Paleozoic ages yield peaks of
332, 300, and 282 Ma. The Triassic U–Pb age was
obtained for 14% grains with an age peak of approxi-
mately 240 Ma (Fig. 7e).

Sample 320, Graham Bell Island, Cape Kohlsaat,
Mount Kohlsaat (Tegethoff Formation, Pliensbachian).
Zircons are represented by semitransparent, colorless,
pale yellow to pale pink short-prismatic and, less fre-
quently, long-prismatic grains with EC of 2 and 3,
respectively. The weakly rounded crystals (65%) and
isometric grains (20%) predominate. The rounded
crystal fragments account for approximately 15% of
the total number of zircon grains studied. The grains
have a simple internal structure with oscillatory zon-
ing; less frequently they are homogeneous (Fig. 5c).

U–Pb zircon ages (n = 80) range from 213 to 2635 Ma
(Fig. 6a). Overall, 23% of zircon grains yielded the
Precambrian ages without forming significant popula-
tions. Archean and Mesoproterozoic zircons are rare
and account for only 7% of the entire sample studied.
Among Mesoproterozoic zircons, those with an age of
1000–1200 Ma predominate, while among Neopro-
terozoic grains, those with an age of 560–820 Ma pre-
dominate (Fig. 6b). Paleozoic zircons (~72–73%)
predominate. Among them, Early Paleozoic grains
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
(30%) yield distinct age peaks at 458 and 433 Ma (Late
Ordovician–Early Silurian); Late Paleozoic zircons
(32–33%) have a small maximum at 365 Ma and well-
defined peaks at about 335, 310, and 278 Ma (Fig. 7d).
There are single Triassic grains (250–213 Ma).

Sample 339, Hooker Island, the outcrop 5 km
northwest of Cape Al’banova (Fiume Formation,
Bajocian). Zircons are represented by semitranspar-
ent, pale pink to pale yellow crystals, short prismatic
and ellipsoidal in shape with EC of 1.5–2.5. Long
prismatic zircon grains with EC of ~3 are less com-
mon. As seen in CL image, the zircon grains are
homogeneous in their internal structure and charac-
terized by oscillatory zoning, while grains with sectoral
zoning or homogeneous are less common (Fig. 5d).

The U–Pb zircon ages obtained (n = 112) range
from 202 to 3040 Ma (Fig. 6a). Approximately 23% of
the zircon grains in the sample studied are Precam-
brian in age and do not form significant peaks on the
relative probability curve. Most of the zircons (68%)
are Paleozoic in age. Of these, 30% are Early Paleo-
zoic with peaks at 445 and 418 Ma, and 28% are Late
Paleozoic with age peaks at 355, 323, and 280 Ma.
About 10% of the grains are Triassic in age, with an age
peak of about 250 Ma (Fig. 7c).

Sample 132-3, the southeastern coast of Hayes
Island, elevation of 125 m (Fiume Formation, late
Bajocian–Bathonian). Zircons are represented by
transparent, pale yellow to pale pink semitransparent
grains of ellipsoidal and short prismatic shape, with
EC of 1.5–2. About 55–60% of grains are weakly
 Vol. 33  No. 5  2025
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Fig. 6. Histograms and probability density curves of detrital zircon ages from Early–Middle Jurassic sandstones of the Franz Josef
Land (FJL) Archipelago. (a) 100–3500 Ma; (b) 100–900 Ma. The age is determined for peaks based on at least three zircon grains
in an age range older than 550 Ma.
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slightly rounded. Well-rounded zircon grains account
for 25% of the sample. Most grains have a homoge-
neous internal structure with oscillatory zoning. In
some grains, this zoning has been violated (Fig. 5e).

The U–Pb zircon ages obtained (n = 76) range
from 233 to 2600 Ma (Fig. 6a). Precambrian age values
In total, 42% of the zircons have a Precambrian age,
with groups with age peaks of 580 and 630 Ma (Fig. 6b).
At this, 47% of the zircons yield the Paleozoic–Early
Mesozoic dates, with two age peaks of 295 and 255 Ma
(Early and Late Permian), and the predominant Early
Triassic peak of about 250 Ma (Fig. 7b).

Sample 161-4, Jackson Island, Cape Kremsmun-
ster (Fiume Formation, Bathonian). Zircons are rep-
resented by colorless and pale yellow semitransparent
rounded grains of short prismatic shape (65%) with
EC of 2–3. Weakly rounded crystals (10–15%) and
sharp-angled fragments (15–20%) are less common. As
seen in the CL image, most of the grains have a simple
internal structure with oscillatory zoning (Fig. 5f).
STRATIGRAPHY AND G
The U–Pb ages of zircon (n = 66) range from 247
to 1654 Ma (Fig. 6a). Precambrian dates were
obtained for 40% of the studied zircon grains, with two
peaks at 580 and 630 Ma on the relative probability
curve (Fig. 6b). Of these, 58% of the zircon grains
yielded Paleozoic dates, with the most significant peak
of 298 Ma. The age peaks of 275 and 345 Ma are less
pronounced. An Early Triassic age of 247 ± 3 Ma was
only obtained for one zircon grain.

DISCUSSION

The results of U–Pb dating of detrital zircons from
Lower–Middle Jurassic sedimentary deposits of the
FJL showed that the studied samples can be divided
into two groups on the basis of the distribution of
detrital zircon ages.

The first group (Fig. 8) combines samples from the
Pliensbachian and Bajocian deposits (Samples 403-1,
169-3, 320, and 339). The Paleoproterozoic (approxi-
EOLOGICAL CORRELATION  Vol. 33  No. 5  2025
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Fig. 7. Histograms and probability density curves of detri-
tal zircon ages from Early–Middle Jurassic sands and
sandstones (150–550 Ma) of the Franz Josef Land (FJL)
Archipelago. The age is determined for peaks based on at
least three zircon grains.
mately 1800–1600 Ma) and Mesoproterozoic (1300–
1000 Ma) ages of detrital zircons from these samples
can be correlated with magmatic and metamorphic
events recorded in the terranes of the Baltica basement
and Sveconorwegian–Grenville Orogen (for example,
Andersson et al., 2004; Gorbatschev, 2004; Korja
et al., 2006; Bogdanova et al., 2008). Similar in age,
Mesoproterozoic complexes of the FJL basement were
penetrated by the Nagursky borehole on Alexandra
Land (Knudsen et al., 2019).

Neoproterozoic and Cambrian zircon dates (650–
520 Ma) can be correlated with major magmatic and
metamorphic events manifested within the Timanide
Orogen (for example, Gee and Pease, 2004; Kuz-
netsov et al., 2007 and references therein). Moreover,
zircons with Late Neoproterozoic–Early Cambrian
(Timanides) ages are numerous in the Cambrian–
Devonian deposits of the Kara Terrane, the Novaya
Zemlya Archipelago, and the northeastern Baltica
(e.g., Lorenz et al., 2008, 2013; Ershova et al., 2015,
2017b, 2019a, 2019b). On the basis of U–Pb dating of
granite pebbles from Lower Jurassic conglomerates of
Graham Bell Island, Ershova et al. (2022) proposed
the occurrence of Timanide-aged magmatic rocks in
the FJL archipelago.

Zircons with Early Paleozoic crystallization ages
(480–410 Ma) may correspond to a coeval magmatic
event, manifested only on the Severnaya Zemlya
archipelago (Lorenz et al., 2007; Prokopiev et al.,
2019; Kurapov et al., 2020). Moreover, Early Paleo-
zoic detrital zircons are common in Paleozoic terrige-
nous rocks of the Svalbard (Beranek et al., 2020; Anfin-
son et al., 2022), Severnaya Zemlya (Lorenz et al., 2008;
Ershova et al., 2015, 2018, 2019b), and Novaya Zemlya
(Lorenz et al., 2013) archipelagos.

Detrital zircons with Late Paleozoic and Early
Mesozoic crystallization ages, which are the most
numerous among the dated grains, forms two distinct
groups: Carboniferous–Early Permian (360–280 Ma)
and Late Permian–Early Triassic (255–240 Ma). Late
Paleozoic magmatic and tectonic events, associated
with the closure of the Paleo-Ural Ocean, were widely
manifested in the Arctic region (Şengör et al., 1993;
Puchkov, 2009; Scott et al., 2010; Vernikovsky et al.,
2013; Kurapov et al., 2021a). On the basis of U–Pb
dating of zircons from pebbles of igneous rocks col-
lected from Lower Jurassic conglomerates in the FJL
area (Ershova et al., 2017a), it was suggested that Late
Devonian–Carboniferous magmatism occurred in the
northeast of the Barents Sea region. In addition, Late
Paleozoic zircons are abundant in Triassic deposits of
the Barents Sea region (Soloviev et al., 2015, 2023;
 Vol. 33  No. 5  2025
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Fig. 8. Diagram of cumulative age probability of detrital zircon grains from Early–Middle Jurassic sands and sandstones of the
Franz Josef Land (FJL) Archipelago.
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Fleming et al., 2016; Klausen et al., 2017; Khudoley
et al., 2018; Ershova et al., 2022).

The Late Permian–Triassic magmatism was mani-
fested on the Taimyr Peninsula at approximately 255–
225 Ma (Vernikovsky et al., 2003, 2020; Kurapov
et al., 2021b). The Middle–Late Triassic detrital zir-
cons are abundant in deposits that were penetrated by
wells in the eastern and southwestern parts of the Bar-
ents Sea region (Fleming et al., 2016; Khudoley et al.,
2018). Zircon grains with Triassic crystallization ages
have been identified in Upper Triassic deposits of the
Svalbard and Franz Josef Land archipelagos (Røhr
and Andersen, 2009; Pózer Bue and Andresen, 2014).

The Lower Jurassic deposits in the FJL area are
composed of coarse-grained feldspar-quartz sand-
stones, enclosing lenses and interbeds of gravelstone
with well-rounded massive quartz and chalcedony
pebbles. There are also thick units of polymictic con-
glomerates (Dibner, 1998; Ershova et al., 2022).

This indicates the close proximity of the prove-
nance area to the sedimentation basin. Moreover,
according to low-temperature thermochronology
data, the provenance area supplying Lower Jurassic
terrigenous deposits underwent significant uplift (up
to 6 km) in the Late Triassic (Ershova et al., 2022).
STRATIGRAPHY AND G
The Late Triassic–Early Jurassic uplift is generally
characteristic of the northeastern part of the Barents
Sea basin, Taimyr, and possibly the North Kara basin
(Zhang et al., 2018; Drachev and Ershova, 2024). The
uplifts, composed of different-age metamorphic
(Meso-Neoproterozoic), igneous (Cambrian and Late
Devonian–Carboniferous), and Cambrian–Triassic
metasedimentary and sedimentary rocks, were likely
the main sources of clastic material.

The second group (Fig. 8) includes Samples 132-3
and 161-4, collected from Bathonian deposits in the
FJL area. There are two main populations of detrital
zircons—Late Proterozoic and Late Paleozoic
(Figs. 7а, 7b). It should be noted that, in these sam-
ples, unlike earlier deposits, Early Paleozoic zircons
are rare and do not form significant peaks on the rela-
tive probability curves of zircon age distribution. Our
analysis of the potential provenance areas has revealed
that the Permian deposits in the northern part of the
Novaya Zemlya archipelago (Lorenz et al., 2013),
Lower-Middle Triassic deposits in FJL (Soloviev
et al., 2015), and Lower–Middle Triassic deposits in
the eastern part of Barents Sea (Khudoley et al., 2018)
have the most similar distribution of detrital zircon
ages compared to those obtained for the Bathonian
Fig. 9. Histograms and probability density curves of detrital zircon ages from Triassic–Jurassic deposits of the Barents Sea region
(Røhr and Andersen, 2009; Røhr et al., 2010; Pózer and Andresen, 2014; Soloviev et al., 2015; Fleming et al., 2016; Klausen et al.,
2017; Khudoley et al., 2019; Ershova et al., 2022; this work;) and Permian deposits in the northern part of the Novaya Zemlya
Archipelago (Lorenz et al., 2013). The diagrams marked with asterisks are characterized by the absence or insignificant amount
of Early Paleozoic zircons.
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deposits in the FJL area. The latter are characterized
by the absence of Early Paleozoic zircons and the pres-
ence of zircons of two main age groups—Late Neopro-
terozoic and Late Paleozoic (Fig. 9). We suggest that
the sources of detrital zircon grains underwent signifi-
cant changes at the Bajocian–Bathonian boundary, as
reflected in the U–Pb age distributions obtained in
this study. It is likely that by the Middle Jurassic, most
of the uplifts formed during the Late Triassic—which
had served as major sources of clastic material
throughout the Early Jurassic—had been extensively
eroded. In addition, a major transgression beginning
in the late Bajocian led to the expansion of marine
sedimentation across the Barents Sea region (Smelror
et al., 2001). These processes together resulted in a sub-
stantial reduction of continental land areas that could
have supplied detrital input. The remaining source areas
were likely limited to small regions composed of Perm-
ian and/or Lower to Middle Triassic deposits, which
became the main  sources of clastic grains  for the
Bathonian sediments of Franz Josef Land.

The evidence of erosion is supported by the pres-
ence of redeposited Triassic spores and pollen found in
the sands of the Tegethoff Formation on Hooker
Island (Karyakin and Aleksandrova, 2023). Intense
local erosion of both Triassic and Early Jurassic
deposits in the Middle–Late Jurassic is confirmed by
the abundance of clinopyroxenes and black ore miner-
als (up to 85–89%) in the heavy fraction of Aalenian
clays of the Fiume Formation. The light fraction con-
tains mainly plagioclases (Dibner et al., 1962), which
could have originated only from Early Jurassic basalts
(Fig. 2). The f lows of these basalts was discovered on
southern islands of the archipelago—Hooker, Scott
Keltie, May, Newton, and Leigh-Smith islands
(Karyakin and Aleksandrova, 2023). On Leigh-Smith
Island, the basalt f lows overlies early Toarcian sands
and is overlain by late Toarcian ones. The first clino-
pyroxene grains appear in late Toarcian sands, while
they are absent in underlying early Toarcian sands.
During the Kimmeridgian, the intensity of erosion
decreased. The heavy fraction of Kimmeridgian
deposits contains no more than 10–25% clinopy-
roxenes (Kosteva, 2002).

It is noteworthy that in the Oxfordian–Early Cre-
taceous deposits of Franz Josef Land, the detrital zir-
con age distributions once again resemble those
obtained in this study, as well as those previously
reported for the Early Jurassic strata of the archipelago
(Ershova et al., 2022; Fig. 9). This likely reflects a
renewed reorganization of the sedimentary basin and
the re-exposure of source regions characteristic of the
Early Jurassic, and/or the erosion of Late Triassic to
Early Jurassic deposits during the Oxfordian to Early
Cretaceous interval. This interpretation is consistent
with a major regression documented at the Oxfordian
boundary in the Barents Sea region, particularly in its
better-studied Norwegian sector (Smelror et al.,
2001). A significant hiatus in sedimentation during the
STRATIGRAPHY AND G
Middle Oxfordian is also inferred for Franz Josef Land
based on the work of N.N. Kosteva (Kosteva, 2002,
2005). It was likely this event that caused a shift in sed-
iment provenance, an expansion of continental land
areas in the Late Jurassic, and the exposure and ero-
sion of source regions different in composition from
those active during the Bathonian.

CONCLUSIONS

U–Pb dating of detrital zircons from Lower and
Middle Jurassic deposits in the FJL has allowed us to
characterize stratigraphic intervals that were not previ-
ously studied. Data for the northern and central parts of
the archipelago have been obtained for the first time.

On the basis of the distribution of detrital zircon
ages, the samples are divided into two groups.

The first group includes samples 403-1, 169-3, 320,
and 339, which represent predominantly coarse-
grained sandstones and gravelites of Pliensbachian
and Bajocian age. These rocks contain thick beds of
polymictic conglomerates, indicating a proximal posi-
tion of the sediment source relative to the depositional
basin. We suggest that the main sources of detritus
were uplifts composed of metamorphic rocks of vari-
ous ages (Meso- to Neoproterozoic), magmatic rocks
(Cambrian and Late Devonian–Carboniferous), as
well as Cambrian to Triassic sedimentary deposits.

The second group of samples includes those col-
lected from the Bathonian deposits in the FJL area
(132-3 and 161-4). These samples contain two main
populations of detrital zircon—Late Neoproterozoic
and Late Paleozoic. The Permian deposits in the
northern part of the Novaya Zemlya Archipelago,
Lower–Middle Triassic deposits in the FJL, and
Lower–Middle Triassic deposits in the northeastern
part of the Barents Sea region show the most similar
distribution of detrital zircons ages compared to those
obtained by us for the Bathonian deposits in the FJL.
It is likely that during the Bathonian, the detrital
material was delivered to the sedimentary basin
through the recycling of Permian and/or Lower to
Middle Triassic deposits of the Barents Sea region.

The studies conducted allow us to better understand
the paleogeography of the FJL in the Jurassic. By the
Middle Jurassic, most of the uplifted areas that became
sources of detrital material for the Early Jurassic sedi-
mentary basin had already been eroded, and an exten-
sive transgression that began in the late Bajocian led to
the expansion of the marine sedimentation in the Bar-
ents Sea region. This resulted in a significant reduction
of the continental land area, and small areas of land
composed of Permian and/or Lower–Middle Triassic
deposits likely became the main provenance areas.
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