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Abstract—The paper presents new data on a comparative analysis of sedimentary rocks from the Mendeleev
Rise (Shamshura Seamount), presumably, of the Triassic age with the Aptian sandstones obtained by the
underwater sampling of the Alpha–Mendeleev Rise during expeditions in 2012, 2014, and 2016. The geo-
chemical characteristics of rocks are very similar, and the data from different-age samples form common
fields on various diagrams. Petrographic studies revealed that the sandstones of presumably Late Triassic age,
as well as the sandstones of Chukotka and Wrangel Island, are dominated by fragments of shale and felsic
effusives. The Aptian samples are dominated by mafic rock fragments. In addition, sharp differences are
observed in the age spectra of detrital zircon populations, indicating fundamentally different provenances for
the Triassic and Cretaceous sandstones on the Alpha–Mendeleev Rise. Samples from the Shamshura Sea-
mount are characterized by populations similar to those from Triassic rocks of Chukotka and Wrangel Island,
suggesting the presence of Triassic rocks in this part of the Mendeleev Rise.

Keywords: Alpha–Mendeleev Rise, underwater sampling, sedimentary rocks, sandstones, petrography, geo-
chemistry, U–Pb dating
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INTRODUCTION

The underwater sampling of the Alpha–Mende-
leev Rise was carried out in 2012, 2014, and 2016,
using manipulators of a research submarine and sam-
pling from an icebreaker using the grab sampler,
dredger, and drilling device (Morozov et al., 2013;
Skolotnev et al., 2017). The sample collection
obtained during these expeditions revealed the pres-
ence of sedimentary and igneous rocks. Sedimentary
rocks are represented by dolomites, limestones,
quartzite-type sandstones, and sandstones. Faunal
remains were found in some carbonate rock samples,
making it possible to determine the age of host rocks.
According to different authors, sedimentary rocks
were formed at the Upper Silurian–Permian strati-
graphic interval (Kossovaya et al., 2018) or at the
Upper Ordovician–Lower Cretaceous interval with
several hiatuses (Skolotnev et al., 2019, 2022).

Detrital zircon grains were separated from some
clastic rock samples from the 2012 collection and their
U/Pb isotopic age was determined with the SHRIMP
mass spectrometer at the Isotope Analytical Center,
Karpinsky All-Russia Research Geological Institute,
St. Petersburg. Based on the data stored at this insti-

tute, the fine-grained sandstones (samples USO-4,
SS-63, and SS-65) taken from the Shamshura Sea-
mount (Fig. 1) contain numerous (and youngest) zir-
con population with the age range of 206–246 Ma. By
analogy with the regional data, the above fact suggests
that such zircons can be assigned to the Late Triassic
stratigraphic interval. The detailed petrographic and
geochemical analysis of these samples revealed their
great similarity to the coeval sandstones of Wrangel
Island and Chukotka (Tuchkova et al., 2020). More-
over, researchers could trace the regular shallowing of
the Late Triassic sedimentary basin from the south to
north, and assume the proximity of the continental
land to the northeast of the Mendeleev Rise.

During expeditions in 2014 and 2016, S.G. Skolot-
nev recovered Paleozoic and Cretaceous rock samples
at three different polygons of the Alpha–Mendeleev
Rise using the research submarine (Skolotnev et al.,
2022). During 2014 and 2016, Cretaceous sandstones
were recovered from the southwestern (samples 14-09
and 14-24, polygon 1) and central (samples 1601/1
and 1601/10, polygon 3) parts of the Mendeleev Rise,
as well as from the Trukshin Seamount (sample
1602/14, polygon 2) in the polar part of the Alpha
Ridge (Skolotnev et al., 2017, 2022). Sample 1602/14
330
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Table 1. Mineral composition of sandstones on the Alpha–Mendeleev Rise

Major components
Sample no.

USO-4 SS-65 1602-14 1601-10 14-09

Quartz 56 (55.8%) 52 (41.3%) 148 (53.6%) 186 (79.8%) 92 (39.5%)
Feldspars 14 (10.9%) 35 (27.8%) 68 (24.6%) 22 (9.44%) 11 (4.7%)
Micaceous and chlorite schists 20 6 2 21
Clasts with chlorite in the matrix 0
Felsic effusives 11 2 5 10
Mafic effusives 8 29 2 58
Granitoids 11 20 15 1 24
Cherts 3 2 3
Mica 5 (3.9%) 1 (0.8%) 7 (2.5%) 5 (2.14%) 12 (5%)
Accessory minerals 3 4
Fragments of silty mudstone 
(synsedimentary)

10 17 2

Total rock fragments 58 (45.3%) 39 (30.9%) 60 (21.7%) 25 (10.7%) 130 (55.8%)
Total calculated grains 131 126 280 233 233
contains the Barremian–Aptian palynomorphs (Sko-
lotnev et al., 2019). For samples 14-24 and 1602/14,
the Cretaceous age was determined based on the U–
Pb dating at the above Isotope Analytical Center
(St. Petersburg), since they contain a young zircon
population of the 100–126 Ma age range. The age of
the young zircon population coincides with the age
based on the palynomorphs. For the remaining four
samples (14-09, 1601/1, 1601/10, and 1602/13), their
belonging to the Cretaceous stratigraphic interval is
established based on their spatial and petrographic
closeness to Cretaceous sandstones.

Since the petrographic characteristics of Creta-
ceous sandstones and sandy limestones are very simi-
lar to sandstones on the Shamshura Seamount, the
Late Triassic age of samples (USO-4, SS-63, and SS-
65) dated earlier (Tuchkova et al., 2020) became
doubtful. Moreover, Aptian sandstones are exposed
with a spacing of 5–20 m slightly above the Paleozoic
rocks, leaving virtually no space for the location of
rocks of the intermediate age. Therefore, during addi-
tional studies aimed at scrutinization of the composi-
tion and age of Mesozoic sandstones on the Alpha–
Mendeleev Rise (the results are presented in this arti-
cle), we attempted to confirm or refute the Triassic age
of samples from the Shamshura Seamount.

PETROGRAPHIC CHARACTERISTICS
OF ROCKS

All analyzed sandstones have the fine-grained tex-
ture with the carbonate cement. The mineral compo-
sition is dominated by quartz grains, some of which are
angular (Fig. 2).

Triassic fine-grained sandstones of the Shamshura
Seamount are characterized by the quartz–feldspar
composition (samples USO-4, SS-63, and SS-65,
Table 1) and the carbonate basal cement of the calcite
LITHOLOGY 
or dolomite composition in some places. The rock-
forming components have the following composition:
quartz (41–56%), feldspar (11–28%), rock fragments
(31–45%), crystalline schists, granites, felsic and
mafic effusives, and mica (1–4%). The volcanic glass
is chloritized in fragments of the mafic effusives. The
clastic quartz grains are crosscut by microfractures
(15–31%) filled with a mixture of clay minerals. The
feldspars therein can be replaced by kaolinite along the
periphery and in the central part of the grain (Tuch-
kova et al., 2020).

Cretaceous sandstones are characterized by the
quartz or quartz–feldspar composition (Table 1).
They are represented by calcareous sandstones (sam-
ples 14-24, 1602/13, and 1602/14), clayey sandstones
(1601/1 and 1601/10), as well as intermediate-type
(calcareous–clayey) sandstones (sample 14-09) (Sko-
lotnev et al., 2022). The studied thin sections show the
basal carbonate cement (up to 20–40 vol % in samples
14-24 and 1602/14). In samples 1601/10 and 14-09,
the amount of cement is significantly less (not more
than 15–20 vol %). In sample 1602/13, the carbonate
dominates (as much as ~90 vol % in some sections),
although, in general, the terrigenous/carbonate com-
ponent ratio in the sample is approximately the same
(Skolotnev et al., 2022). In thin sections, one can see
microbedding and even graded bedding in some places
(sample 1601/10), with lenses and laminas of silty
clays. Fragments of silty clays are represented by irreg-
ular smectite–chlorite aggregates, which fill up the
gaps between grains, creating the effect of cement.
Such fragments also contain a small amount of clastic
grains up 0.05 mm in size.

The sandstones are dominated by quartz, often
angular (Figs. 2a, 2b), with the grain size of 0.05–
0.15 mm. The larger (0.2‒0.22 mm) subrounded
grains with overgrowths are rare. Quartz grains with
microfractures, characteristic of sandstones on the
AND MINERAL RESOURCES  Vol. 59  No. 3  2024
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Fig. 2. Photomicrographs of sandstones from the Alpha–Mendeleev Rise. (a) Well-sorted quartz–feldspar sandstone with the
smectite–chlorite basal cement replaced by calcite, numerous angular quartz grains with sharp edges, sample 1602/14, plane-
polarized light; (b) fine-grained quartz–feldspar silty sandstone cemented with the smectite–chlorite mass replaced by calcite,
quartz grains are predominantly angular, sample 14-24, plane-polarized light; (c) fine-grained quartz–feldspar sandstone
cemented with aggregates of iron hydroxides and ferruginous carbonate, quartz grains are predominantly rounded and angular
with smooth edges, corroded with ferruginous carbonate, sample 14-09, crossed polars; (d) micritic limestone with the terrige-
nous admixture (10–15%), microbedding and traces of bioturbation, sample 1602/13, plane polarized light; (e) quartz–felds-
pathic silty sandstone with the basal calcite and dolomite cement, corroded in some places; quartz grains are rounded, rarely
angular and corroded, quartz grains with microfractures are rare, sample USO-4, crossed polars; (f) quartz–feldspar silty sand-
stone with angular quartz grains and microfractures, sample USO-4, crossed polars.
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USO-4
Shamshura Seamount (USO-4 and SS-65), are
almost absent in samples of the Cretaceous age,
although some such grains were noted in sample
1601/10. In addition to quartz, the sandstones contain
the intermediate plagioclases, microcline, and micro-
cline–plagioclase intergrowths. The rocks also con-
tain the dehydrated biotite (samples 1601/10 and
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
1602/14), or biotite and muscovite (sample 14-24),
pyroxene grains (sample 1601/10), feldspar‒pyroxene
aggregates, fragments of volcanic glass replaced by
chlorite, and microlithic fragments (sample 1602/14).
Sample 14-09 is marked by a high content of rock frag-
ments that are replaced commonly by chlorite, ham-
pering their identification. However, relicts of the pri-
o. 3  2024
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Fig. 3. Composition diagrams of sandstones. (a) Diagram of sandstone classification: (quartz–feldspars–rock fragments), rock
fields are drawn according to the classification diagram (Pettijohn, 1975); (b) the ratio of rock fragments in sandstones. (1) Com-
position field of Upper Triassic sandstones in Chukotka, according to (Tuchkova et al., 2023); (2) Lower–Middle Triassic sand-
stones in Chukotka, according to (Tuchkova et al., 2023); (3) composition field of Upper Cassis sandstones in Wrangel Island,
according to (Tuchkova et al., 2023); (4) composition of conditionally Triassic sandstones from the Alpha–Mendeleev Rise
(Shamshura Seamount); (5) composition of Cretaceous sandstones from the Alpha–Mendeleev Rise.
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mary texture make it possible to classify them as volca-
nic rocks (Table 1), although it is difficult to determine
their type because of their small size. The thin sections
show a high content of heavy minerals and isotropic
iron hydroxide aggregates of various shapes, probably,
replacing the weakly lithified clay fragments (about
0.1 mm in size) formed together with the sediment, as
evidenced by their structural position in the rock. One
can also see quite large (rounded or irregular) aggre-
gates (0.3‒1 mm) of organic matter randomly distrib-
uted in the rock.

Sample 1602/13 (polygon 2) is represented by the
calcareous sandstone with traces of bioturbation
(Fig. 2d) and a terrigenous impurity (10–15%). The
grain size is 0.03‒0.05 mm. The thin section shows a
thin microbedding with alternating darker and lighter
bands. Angular fragments of quartz, tabular interme-
diate plagioclases, muscovite-type micas, and iron
hydroxide aggregates are confined to the light bands.
The dark bands are characterized by an increased con-
tent of organic matter of different sizes and shapes, as
well as small carbonate lumps (0.01‒0.03 mm).

On the classification diagram of the rock-forming
components (Fig. 3a) drawn according to (Pettijohn,
1975), the analyzed samples fall into the fields of sub-
arkosic sandstones (sample 1601/10), as well as
arkosic arenites (sample 1602/14) and litharenites
(samples 14-09, USO-4, and SS-65).
LITHOLOGY 
In the diagram, with the vertices marked by frag-
ments of effusives, metamorphic rocks, and granitoids,
the analyzed samples form different groups (Fig. 3b): one
group is characterized by the minimum content of vol-
canic fragments; another group, by their high content.
The first group includes Triassic rock samples from
Chukotka and Wrangel Island. Sample USO-4
belongs to this group, but a sample SS-65, character-
ized by a high content of granitoid fragments, occupies
a separate position. Samples of the second group with
a high content of volcanic fragments make up a sepa-
rate cluster of Cretaceous sandstones from the Alpha–
Mendeleev Rise.

GEOCHEMICAL CHARACTERISTICS
OF ROCKS

Concentrations of the rare earth elements (REE) in
the Cretaceous sandstones were determined by the
ICP-MS method using the Element2 mass spectrom-
eter at the Geological Institute, Russian Academy of
Sciences. The REEs in Triassic sandstones in Chu-
kotka and Wrangel Island were determined by the
same method in the Laboratory of Nuclear Physics
and Mass Spectral Analysis methods (Analytical Cer-
tification Test Center, Institute of Microelectronics
Technology and Especially Pure Materials, Russian
Academy of Sciences) under the supervision of
V.K. Karandashev.
AND MINERAL RESOURCES  Vol. 59  No. 3  2024
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In the Th/Sc‒Zr/Sc diagram (McLennan et al.,
1993), samples are located in the field reflecting the
recycling of sedimentary rocks, except sample 14-09,
which is located in the field of provenance composi-
tion, suggesting a higher content of volcanic rock frag-
ments therein. Based on the Zr/Sc ratio, the analyzed
samples are divided into two groups (Fig. 4a): (i) group
with a higher Zr/Sc value, located in the recycling
field (samples 1601/1 and 1601/10 from polygon 3);
(ii) group with composition variations that are very
close to each other and almost similar to those in sam-
ples from Chukotka and Wrangel Island (USO-4, 14-24,
1602/14, and 14-09). It should be noted that samples
14-24 and 1602/14 include zircon populations sug-
gesting their assignment to the Cretaceous strati-
graphic interval.

Influence of the continental crust on sedimenta-
tion reflects the Th/U ratio (McLennan et al., 1993),
and the Th‒Th/U ratio in the diagram (Fig. 4b)
allows us to trace the weathering trend in the prove-
nance. In the Th‒Th/U diagram, samples USO-4,
1601/1, 1602/14, and 14-24 are characterized by the
Th/U ratio higher than 3.8, which is typical for erosion
of the upper continental crust (UCC), and they are
located in the field of Upper Triassic sandstones in
Chukotka and Wrangel Island. The location of sample
1601/1, shifted toward a higher Th concentration,
indicates a more intense weathering in the provenance
or the erosion of recycled rocks. The latter assumption
is likely more probable, since this sample occupies in
the Th/Sc–Zr/Sc diagram a position corresponding
to the maximum recycling of the detrital material
among the analyzed samples. Samples 14-09 and
1601/10 are located below the 3.8 line, which most
likely indicates the erosion of mainly volcanic rocks,
but with different levels of weathering in the prove-
nance (higher level in sample 1601-10 and lower level
in sample 14-09).

Diagrams reflecting the provenance type based on
the ratio of various elements were used to analyze the
composition of eroded rocks. In the La/Th‒Hf dia-
gram (Fig 4c), the analyzed samples occupy different
positions: four samples (USO-4, 1602/14, 14-24, and
14-09) are located in the field of a mixed (mafic-and-
felsic rock) source; two samples (1601/1 and 1601/10)
belong to the influence field of a passive continental
margin. Samples USO-4 and 14-09 are located side-
by-side in the field of mixed (mafic-and-felsic) rocks
and almost coincide with the fields of Upper Triassic
sandstones of Chukotka and Wrangel Island.

In the Co/Th‒La/Sc diagram reflecting the ratio
of sources of granodiorite, mafic, and felsic rocks (Gu
et al., 2002), fields of the Lower Cretaceous samples
from the Alpha–Mendeleev Rise coincide with those
of Triassic rocks of Wrangel Island and Chukotka—
they are located in the influence field of granodiorite
rocks (Fig. 4d).
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N
In the TiO2‒Zr diagram (Hayashi et al., 1997), the
samples are divided into two groups: group 1 is repre-
sented by erosion products of intermediate rocks—
data points of Triassic rocks from Chukotka and
Wrangel Island (Fig. 4e); group 2, by erosion products
of Cretaceous felsic rocks. Such distribution of data
points of Cretaceous rocks from the Alpha–Mende-
leev Rise looks somewhat strange, because these sam-
ples contain erosion products of the volcanic rocks
(Skolotnev et al., 2022). Apparently, this fact is
explained by the quartz–feldspar composition of the
terrigenous component in sandstones formed due to
the influence of river runoff (Skolotnev et al., 2022).
Note that samples 14-09 and USO-4 occur in this dia-
gram side-by-side and gravitate toward the field of Tri-
assic rocks.

The REE distribution in all studied samples has a
similar pattern on the diagrams based both on the
PAAS- and chondrite-normalized values (Figs. 5a,
5b). The samples differ slightly in the REE concentra-
tion level; the curve of sample USO-4 occupies the
lowest position, reflecting the lowest concentrations
of these elements. The highest REE concentrations
are observed in samples 1601/1 and 1601/10. Note that
the location of sample 14-09 in the PAAS-normalized
diagram differs from that of other samples (Fig. 5a).
The spectral line of this sample rises gradually from
the HREE to MREE fields and then decreases succes-
sively (but rapidly) to the LREE field, indicating the
influence of mafic component represented by a high
content of effusive rock fragments in sample 14-09
(Table 1).

Another important feature of REE is the Eu anom-
aly, which is calculated as Eu/Eu* = Eun/(SmnGdn)1/2

that shows the difference between the actual Eu con-
tent and the calculated value in the REE distribution.
For the UCC, the Eu/Eu* distribution is usually
0.6‒0.7 (Condie, 1993; Geochemistry …, 2003;
McLennan et al., 1993). In all analyzed samples, the
value of Eu/Eu* varies slightly from 0.62 to 0.68 (Table 2).
The minimum value (0.62) is recorded in samples
from Wrangel Island; the maximum (0.69), in samples
from Chukotka. This ratio is 0.66 in sample USO-4. In
Cretaceous samples from the Mendeleev Rise, average
Eu/Eu* is 0.68.

U–Pb dating. In sample USO-4, the largest popu-
lation of clastic zircons covers the range of 206–424 Ma
with peaks at 206, 234, 253, 301, and 404 Ma. Older
zircons are represented by single grains ranging from
548 to 2500 Ma. This age spectrum is very close that of
Late Triassic sandstones in Chukotka, Wrangel Island,
and western Alaska (Miller et al., 2010). Samples SS-
63 and SS-65 contain a very small number of grains
(14 and 20, respectively). Age peaks of zircon grains
are represented by populations of 244 ± 5, 300–350,
400, 440–500, 700, and 1804 ± 20 Ma in sample SS-
o. 3  2024
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Fig. 4. Geochemical composition diagrams of the analyzed Cretaceous samples from the Mendeleev Rise in comparison with Tri-
assic rocks in Chukotka and Wrangel Island, based on the ratios of different elements. (a) Th/Sc–Zr/Sc diagram illustrating the
degree of detrital material recycling, adopted from (Taylor and McLennan, 1988, 1995); (b) Th/U–Th diagram illustrating the
trend of detrital material weathering, the horizontal line with Th/U = 3.8 shows the average Th/U value in the UCC composition;
(c) La/Th–Hf diagram reflecting different provenance types, classification fields are adopted from (Floyd and Leveridge, 1987);
(d) Co/Th–La/Sc diagram reflecting the influence of various provenances on sedimentation, Roman numerals: (I) erosion of
granodiorites or rocks with composition close to the average UCC, (II) increase in the role of mafic rocks, (III) increase in the
role of felsic rocks, classification fields are adopted from (Gu et al., 2002); (e) TiO2–Zr diagram (Hayashi et al., 1997), the TiO2
content is adopted from (Skolotnev et al., 2022) (Table 1). (1) Composition filed of Upper Triassic sandstones in Chukotka;
(2) compositions field of Upper Triassic rocks in Wrangel Island; (3) average compositions: (UCC) adopted from (Geochemistry …,
2003), average Proterozoic granite and granodiorite, adopted from (Condie, 1993); (4) Cretaceous rocks of the Mendeleev Rise,
according to (Skolotnev et al., 2022); (5) conventionally Triassic sample USO-4 (Shamshura Seamount).
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In Cretaceous sandstones (samples 14-24 and
1602/14), no less than 200 zircon grains were analyzed
in each sample. The zircon age spectra are fundamen-
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Fig. 5. Distribution of REE in the PAAS-normalized (Taylor and McLennan, 1988) and chondrite-normalized (Sun and
McDonough, 1989) samples.
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tally different from those of sample USO-4. In sam-
ples 14-24 and 1602/14, the youngest population of
Early Cretaceous zircons includes zircons with the age
range of 100–126 Ma. However, the number of such
zircons is not more than 4–6 grains per sample.
Grains of a wide age range (peak at 150 Ma) are scarce.
The older populations include the following varieties:
Hercynian cluster (peak at 270–300 Ma, sometimes
complicated by a weaker peak at 250 Ma); Early Cale-
donian cluster (peak at 500 Ma); Paleoproterozoic
cluster (peak at 1900 Ma); and Neoarchean cluster
(peak at 2670 Ma). It should be noted that the dia-
grams of zircon populations in all Cretaceous sand-
stones differ markedly. Values of the ratio between
populations in various samples are different—Hercyn-
ian, Proterozoic, and Archean clusters may dominate.
LITHOLOGY AND MINERAL RESOURCES  Vol. 59  N

Table 2. Content of REE and trace elements in the studied s
Sample no. 1601/1 1601/10 1602

Sc 6.8 7.9 6
Cr 32 44 43
Co 7.4 14.4 7
Ni 17.2 75.1 17
Sr 48 63 528
Y 27 34 17
Zr 496 460 240
La 36 36 26
Ce 80 73 52
Pr 9.6 8.6 5
Nd 38 32 21
Sm 7.7 6.5 3
Eu 1.31 1.23 0
Gd 6.5 62 3
Tb 0.90 1.01 0
Dy 4.9 5.8 2
Ho 0.96 1.18 0
Er 2.7 3.6 1
Tm 0.39 0.56 0
Yb 2.5 3.8 1
Lu 0.41 0.63 0
Hf 11.6 10.8 5
Th 8.9 8.7 5
U 2.2 3.2 1
Nevertheless, the obvious predominance of ancient
grains over Late Paleozoic–Early Mesozoic ones in
samples 14-24 and 1602/14 indicates their fundamen-
tally different structural and tectonic provenances, on
the one hand, and in sample USO-4 virtually lacking
this age range, on the other hand, strongly suggesting
their different ages.

DISCUSSION
In the major component diagram (Fig. 3a), Creta-

ceous sandstones (samples 1602/14 and 1601/10)
occupy boundary areas of the subarkosic field, while
sample 1601/10 is characterized by a higher content of
the quartz component. Sample 14-09 from polygon 2
is located at the Triassic rock boundary of Chukotka.
o. 3  2024

amples
/14 14-24 14-09 USO-4

.9 6.1 6.3 4.6
35 26 107.0

.3 24 11.0 8.6

.6 25 26 15.7
365 108 116.0

.1 17.2 31 13.1
251 96 153.0

22 13.5 17.5
39 33 34.9

.9 5.1 4.7 3.9
19.1 21 15.0

.8 3.6 5.0 3.0

.90 0.82 1.28 0.6

.2 3.1 6.1 2.6

.46 0.46 0.92 0.4

.8 2.8 5.1 2.6

.59 0.59 1.01 0.5

.69 1.66 2.7 1.3

.25 0.25 0.36 0.2

.62 1.60 2.1 1.2

.27 0.26 0.32 0.2

.5 5.8 2.4 4.1

.6 4.6 4.1 5.0

.28 1.08 1.17 1.3
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Like sample 14-09, sandstones of the Shamshura Sea-
mount (samples SS-65 and USO-4) are located at the
edge of the chosen (Chukotka‒Wrangel Island) field
of Triassic samples, but they are closest to the field of
Triassic sandstones from Wrangel Island. In the sub-
sidiary diagram of rock fragments, with the vertices
corresponding to the contents of volcanic, metamor-
phic, and granitoid rocks, samples SS-85 and USO-4
are located at the boundary of Triassic sample fields
(Fig. 3b), whereas Cretaceous samples make up a clus-
ter separated from the field of Triassic rocks (Fig. 3b)
and are characterized by a high content of volcanic
clasts. It should be noted that quartz grains with
microfractures are almost absent in samples of Creta-
ceous sandstones, whereas such grains are abundant
and account for about one-third of the total number in
sandstones from the Shamshura Seamount (Tuchkova
et al., 2020).

According to the geochemical data, the Cretaceous
samples, like samples from the Shamshura Seamount
(samples SS-65 and USO-4), differ insignificantly
and occur inside or close to the fields of Triassic rocks
of Chukotka and Wrangel Island (Figs. 4a–4d). At the
same time, samples 1601/10 and 1601/1 from polygon
3 are characterized by increased values of both Zr/Sc
ratio and Hf content (Fig. 4c), indicating a high con-
tent of recycled rocks in the provenance for samples
from the eastern polygon 3. The weathering intensity
in the eroded provenance varied from moderate to low,
indicating differentiated settings of the provenance.
For sample USO-4, we assume that the provenance
was composed of the intermediate and felsic rocks
(similar in composition to the UCC) with a low con-
tent of mafic rocks. All Cretaceous samples are char-
acterized by a significantly higher content of volcano-
genic material, which is confirmed by the petro-
graphic data.

Very shallow environments are assumed for Creta-
ceous samples from the Alpha–Mendeleev Rise (Sko-
lotnev et al., 2022). This is confirmed by the micro-
structure of bioturbation noted in the limestone sam-
ple 1602/13, bedding in samples 14-09 and 14-24, and
the presence of brecciated structure (sample 1602/14)
(Skolotnev et al., 2022). The Triassic(?) rocks from the
Shamshura Seamount (samples USO-4, SS-63, and
SS-65) could also be deposited in a shallow-water
environment (Tuchkova et al., 2020).

Based on the quartz–feldspar–rock fragments dia-
gram (Fig. 3a), samples USO-4 and SS-65 show some
similarity the Cretaceous rocks (samples 1602/14 and
14-09), but they are significant different in terms of
the content of volcanic clasts (Fig. 3b). However, dif-
ferences in the major component composition are not
reflected fundamentally in geochemical indicators.
The Eu/Eu* values differ slightly in Cretaceous and
Triassic samples. In most geochemical diagrams, sam-
ple USO-4 makes up a single group with Cretaceous
sandstones 14-24 and 1602/14. The REE spectra of all
LITHOLOGY 
analyzed samples represent a single group, except
sample 14-09 distinguished by the REE distribution
reflecting an increased content of the mafic compo-
nent. The fields of data points of Cretaceous sand-
stones from the Alpha–Mendeleev Rise on different
geochemical diagrams coincide with those of Triassic
sandstones from Wrangel Island and Chukotka
(Figs. 4a–4d). The TiO2‒Zr ratio diagram (Fig. 4e) is
an exception. Here, they form a cluster separated from
the Triassic rocks and sample USO-4. All facts men-
tioned above can indicate a partial erosion of Triassic
rocks during the deposition of Cretaceous sandstones.
However, such statement needs additional research.

Samples USO-4, SS-63, and SS-65 differ in age
from Cretaceous sandstones—this statement is sup-
ported strongly by sharp differences in the age spec-
trum pattern of detrital zircon grains extracted from
these samples, indicating fundamentally different
types of provenances. Similarity of the age spectra of
zircons from samples USO-4, SS-63, and SS-65 to
those from the Triassic sandstones of Chukotka,
Wrangel Island, and western Alaska allows suggests the
Late Triassic age of samples USO-4, SS-63, and SS-65.

Late Triassic sandstones are present on the Sham-
shura Seamount and absent at three other sites sam-
pled in 2014 and 2016 (Skolotnev et al., 2017, 2019,
2022). Moreover, Cretaceous sandstones lie on Mid-
dle Paleozoic rocks in the sampled slope section in the
southwestern part of the Mendeleev Rise. Therefore,
no room is left for Triassic rocks here. Hence, either
Triassic sandstones are only distributed in the Sham-
shura Seamount area or they were sampled insuffi-
ciently and rocks of this age range were not sampled.

CONCLUSIONS

The analyzed Triassic and Cretaceous sandy rocks
from the Alpha–Mendeleev Rise are quite close to
each other in terms of geochemical characteristics.
However, Triassic and Cretaceous sandstones differ in
petrographic features and make up two different fields
in the composition diagram of the rock fragments.
They are also distinguished by the specific feature of
quartz grains: microfractures are almost completely
absent in the Aptian sandstones, whereas they can
exceed 30% in sandstones from the Shamshura Sea-
mount. Such difference in the provenance composi-
tion was unraveled based on the U–Pb isotopic dating
of detrital zircons extracted from sandstones. The
Cretaceous is characterized by the predominance of
ancient populations over the Late Paleozoic–Early
Mesozoic varieties and the presence of a population
with the age range of 100–126 Ma. The above-listed
populations are absent in Triassic sandstones.

Hence, we can draw the following conclusions: the
Triassic age of Shamshura Seamount sandstones in
the polar part of the Mendeleev Rise is proven; sedi-
mentological characteristics of Cretaceous and Trias-
AND MINERAL RESOURCES  Vol. 59  No. 3  2024
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sic sandstones of the Alpha–Mendeleev Rise are sig-
nificantly different; and Triassic rocks are not wide-
spread in this part of the Arctic.
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