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Abstract—We have studied pebbles of igneous rocks from the Lower Jurassic sedimentary succession of Hall
Island, Franz Josef Land. Pebbles are represented by felsic intrusive and extrusive rocks, often cataclased and
greisenized. The U–Pb age of crystallization for zircons of the studied samples yielded the Latest Devonian–
Early Carboniferous and Early–Middle Permian ages. In addition, the studied zircons demonstrate a broad
scatter of ages, from Middle Paleozoic to Mesozoic, suggesting repeated thermal reworking and metamor-
phism of granites. It is shown that coeval Late Paleozoic magmatism indicates the similarity of the geological
evolution of the northern Barents Sea and the Severnaya Zemlya archipelago.
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INTRODUCTION
Franz Josef Land (FJL) is located in the Arctic

Ocean and is one of the key regions for understanding
the geology of the northern margin of the sedimentary
basin of the Barents Sea and the entire western Arctic.
Within the limits of this archipelago, sedimentary
complexes referring to the Triassic, Jurassic, and Cre-
taceous are exposed and almost universally overlapped
by Early Cretaceous f lood basalts [1–3]. The base-
ment of the northern Barents Sea basin has only been
studied by seismic surveys, whereas its composition,
structure, and age remain disputable. Within the limits
of FJL, Paleozoic and more ancient rocks have been
recovered at the Nagurskaya borehole on the island of
Alexandra Land [1–3]. Here, Lower Triassic argillites
are underlain with a considerable angular unconfor-
mity by Upper Carboniferous bioclastic limestones
83 m thick and by Lower Carboniferous mostly quartz
coal-bearing sandstones and siltstones 160 m thick [5].
Gently occurring Carboniferous deposits overlap
intensively deformed metamorphic rocks of the base-
ment (Nagurskaya Series), occurring at angles of 20°–
75°, with a sharp angular unconformity. The meta-
morphic complex can be subdivided into two units
separated by a mafic intrusion 400 m thick: the upper
unit (depth interval 1895–2910 m) is represented by
quartzites; the lower unit (depth interval 2910–
3204 m) is composed of phyllites and quartz-sericite

schists [1]. The thickness of the recovered part of the
Nagurskaya Series is 1309 m. These metamorphic
rocks were referred as Late Proterozoic [5]. Isotope
datings obtained from phyllites and sandstones of the
metamorphic complex [7, 10, 18] confine the age of
these rocks as Middle–Late Neoproterozoic. The
40Ar-39Ar dating of detrital micas has yielded the broad
scatter of ages (360–665 Ma), indicating that repeated
thermal events took place during Late Caledonian
time [18]. In the absence of other boreholes penetrat-
ing the basement in both FJL itself and in the sur-
rounding offshore area, we can consider pebbles of
different composition from the several levels of Meso-
zoic succession [1–3], to be an indirect data source for
deciphering the age of the basement in the sedimen-
tary basin of the northern Barents Sea.

We attempted to infer age of the northern Barents
Sea basement based on U–Pb dating of zircons from
pebbles of igneous rocks collected from Lower Jurassic
deposits of Hall Island, southeastern FJL.

COMPOSITION OF THE LOWER JURASSIC 
SECTION OF HALL ISLAND 

AND SAMPLING POINTS
Lower Jurassic deposits were studied in the Cape

Tegethoff (Hall Island). There, the Tegethoff Forma-
tion is represented by predominantly sands with a vis-
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Fig. 1. Location of study area and stratigraphic location of studied samples. Panels (a) and (b) show location of study area;
(c) stratigraphic column of Lower Jurassic deposits (Tegethoff Formation) of Cape Tegethoff, Hall Island, FJL; (d) general view of
exposure; (e) polymictic pebbles in sandy matrix in lower Tegethoff Formation. (1) Medium-grained sands and sandstones; (2) fine-
grained sands and sandstones; (3) clays and argillites; (4) sands with pebbles; (5) scattered pebbles; (6) coals; (7) carbonate concre-
tions; (8) thin interbedding of clays and sands; (9) basalts; (10) locations and numbers of dated samples. 
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ible thickness of ~370 m (Fig. 1). On the basis of scarce
fossil findings and palynological data, the age of this
formation spans from the Pliensbachian to the Early
Toarcian [3]. The lower part of this section is repre-
sented by thick (about 120 m) units of pebbles with
sandy matrix. Composition of pebbles is quite varied:
granites, felsic extrusive rocks, limestones, quartzites,
and argillites. Upsection, sands and weakly cemented
sandstones occur (total thickness ~200 m): fine- to
medium-grained, gray and yellowish (rarely, dark red-
dish brown) in color, with multidirectional cross bed-
ding. In the lower part of the unit, sands contain f loat-
ing pebbles of mainly carbonate composition. Inter-
beds of dark gray and gray thinly bedded siltstones and
clays appear in the upper part of the section (their
thickness is no more than 1.5–2 m). The uppermost
part of the formation is a mostly clayey unit about
23 m thick. Sedimentary rocks are overlapped by Cre-
taceous tuff sandstones 10–12 m thick and columnar
basalts. The rocks gently (at up to 10°) dip WNW.

Samples for U–Pb geochronology (15-v15-25 and
15-v15-28) were collected from the middle and lower
parts of the unit composed of pebbles with sandy
matrix in the lower part of the Tegethoff Formation.

U–PB DATING RESULTS

The zircon monofraction was extracted at the
Institute of Precambrian Geology and Geochronol-
ogy, Russian Academy of Sciences (St. Petersburg), by
the standard scheme: shattering, sieving, the <0.25 mm
fraction f lowed through a centrifugal concentrator,
and the obtained heavy fraction was treated by an elec-
tromagnet. The concentrate was ultimately treated in a
heavy liquid. U–Pb dating of zircons was performed
on a SHRIMP-II ion microprobe, at the Center for
Isotope Research, Karpinsky All-Russia Geological
Research Institute (St. Petersburg). The collected zir-
con grains were planted into an epoxy resin with grains
of TEMORA and a 91500 zircon standard and then
ground off and polished to approximately half their
thicknesses. To select the sampling points for dating
on the surfaces of grains, we used optical (in transmit-
ted and reflected light) and cathodoluminescence
images showing the inner structure and zonality of zir-
con grains (Fig. 2).

U–Pb ratios were determined with SHRIMP-II by
the technique described in [19]. The intensity of the
initial beam of molecular negatively charged oxygen
ions was ~2.5 to 4 nA; spot size, ~15 × 10 μm.

The data were processed by SQUID software [16].
U–Pb ratios were normalized to the value 0.0668
assigned to the TEMORA standard zircon, which cor-
responds to the age of the respective zircon (416.75 Ma)
[11]. Errors in single analyses (ratios and ages) are
given at one sigma level; errors of calculated concor-
dant ages, at two sigma levels. When constructing the

concordia plots, the ISOPLOT software was used [17].
The results are given in the table.

Sample 15-v15-28/1

Pebble consist of coarse-grained, leucocratic, cata-
clased plagiogranite (Fig. 3a). Quartz grains are occa-
sionally fractured; plagioclases demonstrate bended
twins. Zircon crystals and their fragments are light
brown and brown, transparent and semitransparent,
idiomorphic and subidiomorphic prismatic. Based on
the dating results eight zircon grains yielded a concor-
dant age of 363 ± 1.1 Ma (Fig. 4a). The two oldest grains
(2.1 and 3.1) were excluded from the following interpre-
tation (see table).

Sample 15-v15-28/2

Pebble of medium to coarse-grained, cataclased,
two-mica and two-feldspar granite (Fig. 3b). Feld-
spars are represented by microcline and oligoclase.
Quartz grains are cataclased and fractured. Zircons are
yellow and brown in color and transparent. Crystal
shapes vary from idiomorphic and subidiomorphic
prismatic to oval and rounded; nevertheless, there is
no correlation between grain shape and its age. Dated
zircons do not form age groups, but are distributed
irregularly along the concordia, with small 206Pb/238U
age clusters ranging from Middle Devonian (399.6 ±
2.6 Ma) to Early Permian (273.7 ± 2.0 Ma) and Early
Mesozoic (206.2 ± 2.9 to 153.9 ± 1.4 Ma). The
absence of more significant clusters prevents determi-
nation of the age of rocks (Fig. 4b; table).

Sample 15-v15-28/4

Pebble of rhyolite porphyry. Matrix is composed of
felsite; porphyry impregnations are represented by
quartz, oligoclase, and orthoclase (Fig. 3c), with
occasional chloritized biotite. Zircons are colorless
and transparent, represented by idiomorphic pris-
matic crystals and their fragments. Based on the dating
results for nine zircon grains, we obtained a concor-
dant age of 328.4 ± 1.1 Ma (Fig. 4c). There was the
single grain (4.1, see table) with 206Pb/238U age of
943.4 ± 6.2 Ma; however, since this is the only Neo-
proterozoic in age grain out of 51 dated zircons, that
could not be used to reconstruct provenance area.

Sample 15-v15-28/5

Pebbles of medium- to coarse-grained, mostly pla-
gioclase leucogranite with micropegmatite texture.
Micropegmateite aggregates are represented by quartz
and plagioclase (Fig. 3d). Yellowish zircons are trans-
parent and semitransparent, represented by idiomor-
phic and subidiomorphic prismatic crystals and their
fragments. Based on the U–Pb dating results for all
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Fig. 2. Microimages of zircons from the studied samples in cathodoluminescence. 
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Fig. 3. Microphotographs of thin sections of dated igneous rocks in polarized light: (a) coarse-grained plagiogranite (sample
no. 15-v15-28/1); (b) cataclased medium-grained granite (15-v15-28/2); (c) rhyolite porphyry (15-v15-28/4); (d) fine- to
medium-grained leucogranite (15-v15-28/5); (e) porphyraceous medium- to coarse-grained cataclased granite (15-v15-25/2). 
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Fig. 4. Concordia diagrams for zircons from pebbles of igneous rocks of studied samples: (a) 15-v15-28/1, (b) 15-v15-28/2,
(c) 15-v15-28/4, (d) 15-v15-28/5, (e) 15-v15-25/2. 
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zircon grains from this sample, the obtained concor-
dant age was 345.3 ± 0.81 Ma (Fig. 4d, table).

Sample 15-v15-25/2
Pebbles of porphyraceous medium- to coarse-

grained, two-feldspar biotite, cataclased granite
(Fig. 3e). The sample contains yellow and brown,
transparent and semitransparent, idiomorphic and
subidiomorphic prismatic crystals and their frag-
ments. Based on the dating results, several age groups
of zircons were obtained. For grains 8.1, 9.1, and 5.1,
the concordant age was 265 ± 2 Ma. Crystal 10.1 was
277.6 ± 2.9 Ma in age (206Pb/238U). The remaining
six zircons yielded a concordant age of 282 ± 2 Ma
(Fig. 4e). The age of granites is likely Early to Middle
Permian, but the available data are insufficient for
preference of any concordant ages above the others.

DISCUSSION
The studied pebbles from the Lower Jurassic sedi-

mentary strata of Hall Island are represented by intru-
sive and extrusive rocks, often cataclased. Pebble sizes
vary from 5 to 12 cm, indicating a short distance of their
transport and a close location of the provenance area.
Based on the occurence catcalstic structures of granit-
oids, we assume that dynamic metamorphism was
widespread in the provenance area. The ages of zircons
from three out of five studied samples correspond to
the end of the Late Devonian–Early Carboniferous. In
sample 15-v15-25/2, concordant age clusters show the
Early and Middle Permian ages. Tectonic structure of
the FJL is represented by a series of horsts and narrow
grabens between them (both are predominantly of
NNE directions); the thickness of the Upper Paleo-
zoic(?)–Mesozoic sedimentary cover varies from 1 to
7 km [1–3]. The possible provenance area of the stud-
ied pebbles in the Early Jurassic could be one of these
horst-shaped rises in the FJL basement.

Late Paleozoic felsic magmatism has not been reli-
ably revealed within the northern Barents Sea. For
example, on Svalbard, located west of FJL, Early
Paleozoic granitoids are related to the Caledonian orog-
eny [13]. On the Novaya Zemlya archipelago, only
Early Frasnian basic magmatism, marking a rifting
event, was described [8]. In the North Svalbard Rise
(north of Victoria Island located between Svalbard and
FJL), dredging recovered a considerable amount of
pebbles of granodiorites, two-mica and muscovite
granites, and microcline gneisses. The 40Ar-39Ar isotope
ages of granodiorite pebbles varied from 344 to 369 Ma.
In the same area, seismoacoustic profiling condition-
ally identified a stock-like intrusive body and three
dike-shaped uplifts [2].

Felsic magmatism is broadly manifested on south-
ern Severnaya Zemlya and the northern Taimyr Pen-
insula (the Kara block). In recent years, dating of
granitoids from the southern margin of the Kara block

has shown the broad distribution of Early Carbonifer-
ous felsic magmatism, with subordinate Early Perm-
ian felsic magmatism [4, 9]. Geological succession of
Bolshevik Island (Severnaya Zemlya) and the north-
ern Taimyr Peninsula is similar to that known from the
borehole on FJL. For example, on Bolshevik Island,
Early Cambrian metasedimentary rocks are intruded
by Late Paleozoic granites and overlapped by a thin
Carboniferous–Permian coal-bearing strata with a
sharp angular unconformity [4, 6, 12]. This may indi-
cate the similarity between Paleozoic geological evo-
lutions of FJL and Kara block areas. It was supposed
earlier that the Kara block was probably of peri-Baltic
origin [14, 15]. Our studies have revealed that Late
Paleozoic felsic magmatism of the northern Barents
Sea and the Severnaya Zemlya archipelago is coeval,
indicating the similar geological evolutions of these
regions during the Late Paleozoic.

CONCLUSIONS
(1) Based on U–Pb dating of zircons from five peb-

ble samples of felsic igneous rocks from Lower Jurassic
succession of Hall Island, it has been revealed that
Late Paleozoic magmatism in the northern Barents
Sea had a broad distribution. Three out of five samples
yielded concordant ages at 328.4 ± 1.1, 345.3 ± 0.81,
and 363 ± 1.1 Ma, corresponding to Late Devonian–
Early Carboniferous. One sample yielded two concor-
dant U–Pb ages 282 ± 2 and 265 ± 2 Ma, correspond-
ing to the Early and Middle Permian. In one pebble,
the data were insufficient to determine the age of the
magmatic event.

(2) The obtained ages of felsic magmatism in the
northern Barents Sea correlate with age of magmatism
on the Severnaya Zemlya archipelago and the northern
Taimyr Peninsula, indicating the similar geological evo-
lution of these regions during the Late Paleozoic.
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