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Abstract—A comprehensive study of marine sediments deposited on the southwestern margin of the Primo-
rye region (near the settlement of Khasan) allowed us to consider in detail the paleogeography of the coast in
the second half of the Atlantic Period of the Holocene, about 6500—6000 BP/7400—6800 cal BP. Marine
environment sedimentation, as a result of the development of postglacial oceanic transgression, began around
6500 BP/7400 cal BP. A shallow marine gulf formed on the coastal accumulation plain, into which flowed the
Tumannaya (Tumangan) River, the largest in the Sea of Japan Basin. The estuarine area of the river created
an avalanche sedimentation environment in the bay, which developed at an average rate of 16—24 mm/year.
The final sedimentation phase, which occurred after 6200 BP/7100 cal BP, did so at a time when the sea trans-
gression slowed and sea level reached its maximum height of +1 m in this coastal area. The distribution of
multispecies broadleaved forests predominated by oak and with increased participation of thermophilic horn-
beam in the area adjacent to the coast at this time clearly indicates optimal climatic conditions. The end of
marine sedimentation occurred around 6000 BP/6800 cal BP. It did not resume for a long time, until the mid-
dle of the Sub-Atlantic Period of the Holocene.

Keywords: Atlantic Period of the Holocene, postglacial oceanic transgression, avalanche sedimentation,
landscape and climatic oscillations, radiocarbon dating, pollen assemblage, diatoms, lithology of marine sed-
iments
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INTRODUCTION

The southwestern margin of Primorye, adjacent to
the state border with China and North Korea, occu-
pies the southernmost position in the Russian Far
East. The territory between the southern shore of
Expedition Bay and the mouth of the Tumannaya
(Tumangan) River stretches for approximately 40 km
from north to south and 25 km from west to east. It is
characterized by a low-lying accumulative plain with
shallow lakes and lagoons, at the bottom of which
marine sediments up to 8—12 m thick are exposed
(Fig. 1). The first results of their study showed that
marine sedimentation occurred in the Middle Holo-
cene [7, 10, 16, 19]. At this time, during the maximum
of the postglacial transgression of the World Ocean,
the main volume of marine sediments was formed in
the ingression bays of the Primorye coast [11—13,
17, 31]. At the bottom of Reid Pallas bay (head of
Posyet Bay), adjacent to the southwestern margin of
Primorye, their maximum thickness (11 m) was
recorded in the section of well 2 [5]. From bottom to
top, they are represented by the following facies: 1,
shallow lagoon (absolute elevations of bedding
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intervals —32.4 to —31.5 m); 2, shallow bay (—31.5 to
—30.3 m); 3, open shallow water (—30.3 to —27.0 m);
4, deeper open sea (—27.0 to —21.4 m). The authors
compared the time of their formation with the Blitt—
Sernander Holocene periodization scale: 1 and 2 are
attributed to Late Boreal—Early Atlantic; 3, to the
Early Atlantic; 4, to the Late Atlantic—Subboreal. A
detailed stratigraphic division of Mid-Holocene
deposits in accordance with short-period changes in
nature was unsuccessful. Short-period, or rapid,
changes lasting several hundred years have been estab-
lished in many regions of the Northern Hemisphere
[3, 6], including in southern Primorye [21-24, 44,
45]. The first results of studying Middle Holocene
marine sediments of the southwestern margin did not
allow such a detailed stratigraphic division either. To
achieve this goal, as well as to refine the conditions of
marine sedimentation, an additional, detailed study of
sediments of the Talmi well section was carried out by
granulometric, spore—pollen, and diatom analyses.
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Fig. 1. Location of studied sections of mid-Holocene deposits in southwestern margin of Primorye: 1, wells; 2, pits studied by
authors; 3, outcrops studied by other researchers; 4, Middle Holocene marine sediments; 5, Upper Holocene lacustrine and bog
sediments; 6, Upper Pleistocene alluvial—marine deposits; 7, bedrock weathering crust; &, low accumulative plain and terraces;
9, hills and low mountain ranges; /0, settlements. Sections: 1, Talmi well; 2, Doritsyn well; 3 Sak-Pau well; 4, Lebediny well; 5,
Mar’ well; 6, Lagerny [19]; 7, 5-m terrace of Lake Talmi [1, 2]; 8, 1-94 [7, 10].
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MATERIALS AND METHODS

The Talmi well section is located in the waters of
the Ptichye lagoon-lake, 1.7 km from the northern
shore (42°31°22” N, 130°45°01” E) (Fig. 1). The well
was drilled by a UGB-50 rig from ice in early March
1991, which yielded a core with an undisturbed struc-
ture 127 mm in diameter. From top to bottom, from
the surface of the lake bottom (the depth of the lake at
the drilling site was 1.5 m), the following layers were
exposed, in m:

0.0—0.5, fine-grained silty sand, dark gray in color,
with shell detritus;

0.5—1.0, sandy loam, bluish black in color, soft-
plastic consistency, with an inclusion of mollusk shells
and their fragments;

1.0—11.9, black clay, soft-plastic consistency, with
an inclusion of mollusk shells and their fragments;

11.9—13.5, fine-grained silty sand, greenish gray,
dense, dry.

The sediments were studied in 5-cm-thick core
samples. The grain size distribution was studied in 64
samples taken with a step of 20 cm. The analysis was
performed using T.S. Ivashinnikova’s combined
water-mechanical analysis method [26] (Coastal
Research Center, Far East State University).

Spore—pollen analysis was carried out in 44 sam-
ples taken at intervals of 25—40 cm; in the upper (0—2
m) layer, at intervals of 5—10 cm. Samples were pro-
cessed according to the standard method [25]. The
participation of taxa in the spore—pollen spectra was
calculated separately in the groups of pollen of tree
species, grasses and spores. The paleovegetation was
reconstructed based on correspondence of the subfos-
sil spore—pollen spectra to the modern vegetation
cover [18], the characteristics of which on the south-
western margin of Primorye were significantly aug-
mented by research in 2020.

Diatom analysis was used to study 40 samples taken
at intervals of 15—45 cm. Technical preparation of
samples for analysis was carried out according to stan-
dard methods [9]. The taxonomy and ecological—geo-
graphical characteristics of algae are given according
to literature sources [4, 37—42].

The mollusk fauna in marine sediments was previ-
ously studied in 33 samples [16].

Absolute age was determined by radiocarbon anal-
ysis at the accelerator mass spectrometry center of Liv-
ermore National Laboratory, California, USA (three
datings, CAMS index), at the University of Arizona,
USA (four datings, AA index), at the Woods Hole
Oceanographic Institute, Baltimore, USA (2 datings,
index OS) and the laboratory of Cenozoic paleoclima-
tology of the Institute of Geology and Mineralogy SB
RAS (2 datings, COAH index). Date calibration was
performed in the Cal Pal [46] and Marine 04 [36] pro-
grams for marine samples.
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Stratigraphic division of sediments was done in
accordance with the Blitt—Sernander Holocene peri-
odization scheme, modified for Northern Eurasia
[32].

RESULTS

Granulometric analysis made it possible to identify
ten lithological horizons in sediments of the Talmi
well section, which were grouped into 4 layers
(Table 1).

The first layer, uncovered at the base of the section
at a depth of 13.5—11.9 m, consists of dry silty sands of
a greenish gray color, most likely formed in conditions
of open shallow seawater, near the mouth of a large
river (horizon 10). The content of the fine sand frac-
tion in it is 60%; the admixture of the clay fraction
(<0.01 mm) is almost 20%. The layer accumulated at
the beginning of the Late Pleistocene [27].

The second layer, 5.2 m thick (11.9—6.7 m),
reflected the initial stage of Middle Holocene sedi-
mentation, which occurred in the sea bay under quies-
cent sedimentation conditions. It is represented by
sediments with the finest grain size distribution:
pelites and silty-pelites, with a high, on average 50—
80%, content of the clay fraction and an inclusion of
shells of marine mollusks (horizons 9—6). As the study
of modern sediments of the coastal zone of southern
Primorye shows, such a high content of the pelitic
fraction is observed only in bottom sediments of semi-
closed (or completely closed) water areas into which
lowland rivers flow, carrying a large amount of sus-
pended detrital material [27]. On the southwestern
margin of Primorye, such a river could only be the
Tumannaya (Tumangan), the largest in the Sea of
Japan Basin.

The third layer, with a thickness of 5.7 m (6.7—1.0 m),
accumulated under increased hydrodynamic activity,
compared with the conditions of formation of the pre-
vious layer, indicating a greater openness (possibly
completely open) of the paleobay that existed at the
site of the modern Ptichye lagoon-lake. Sediments are
represented mainly by fine silts, with a thin, less than
1 m, silty-pelite layer (horizons 5—3). They also con-
tain shells of bivalves and their fragments.

The surface layer of the section (1—0 m) formed in
a shallow sea bay, possibly near the mouth of the river,
which is evident from the abundance of sand in it,
almost entirely represented by the fine fraction. Its
content increases from bottom to top along the section
from an average of 17 to 86%, while the clay fraction,
conversely, drops to 10% (horizons 2—1). An inclusion
of mollusk shells is noted in the lower part of the layer,
in horizon 2.

Spore—Pollen Analysis. In the spore—pollen dia-
gram (Fig. 2), one spore—pollen spectrum (SPS) and
two spore—pollen assemblages (SPA) are distin-
guished.

No.5 2024



MIDDLE HOLOCENE MARINE SEDIMENTATION ON THE SOUTHWESTERN COASTAL

501

Table 1. Grain size distribution of sediments Talmi well section

Content of fractions, %, extrema/average values
Lithological .
horizons Burial depth, m| 1_0.1 mm | 0.1-0.01 mm [0.01—0.001 mm| <0—001 mm
. . . Y <0—01 mm
sands silts pelites colloid
(1) Sands fine, silty 0.5-0.0 81-86 e 24 47 89
83 8 3 5 8
(2) Silts coarse, sandy 1.0-0.5 17-36 46-77 4-6 =22 6-27
27 61 5 6 11
(3) Fine silts 4.0—1.0 3-10 50-85 4-27 4-28 847
6 64 14 15 30
(4) Silty pelites 4.6—4.0 1-2 3148 20-37 27-30 50-67
1 38 31 29 60
(5) Fine silts 6.7—4.6 2-13 20-72 9-36 4-29 18-55
6 56 20 17 37
(6) Coarse pelites 7.7—6.7 E ﬂ ﬂ ﬁ ﬂ
1 41 28 29 57
(7) Small pelites 8.7-7.7 1-3 11-28 15-51 36-55 6987
2 19 33 45 79
(8) Silt-pelites 9.5-8.7 2-4 45-51 21-27 19-27 46-51
3 47 24 24 48
(9) Small pelites 11.9-9.5 0-6 6-27 32-59 37-53 69-91
1 15 39 45 84
(10) Sands fine, dusty| 13.5—11.9 60 22 9 9 18

1. The Ta-1 SPS from Upper Pleistocene sands is
described in their roof, at a depth of 11.95—11.90 m.
Pollen of tree species is dominated by pollen of broad-
leaved trees, mainly oak (54%), elm (9%), and walnut
(7%). Coniferous species are represented by pollen of
Korean cedar (16%), pine (up to 3%), fir, and spruce
(0.2—0.4%). Pollen of small-leaved trees is extremely
rare: birch, less than 6%; alder and willow, 1.5%.

2. SPA Ta-2 is contained in the lower layer of
marine clays, in the 11.9—1.75 m interval. The general
composition of the assemblage is dominated by pollen
of trees and shrubs, indicating the dominance of forest
vegetation near the section. Among them, broadleaved
species prevail, mainly oak (36—67%), elm (4—10%),
walnut (2—7%), linden (up to 4%), hornbeam (1-5,
on average, 2.4%), and hazel (up to 3%). The remain-
ing taxa (aralia, ash, maple, lilac, velvet, viburnum,
grape, and beech) are rare. Among coniferous pollen,
Korean cedar predominates (4—34%); pine (Pinus
densiflora) is less common, up to 3%; spruce, up to
2% fir, up to 1%; and larch, up to 0.3%. Pollen from
small-leaved trees is more frequently represented by
birch (2—17%) than by alder and willow. Among grass
pollen there is a lot of wormwood (37—72%); sedge,
forbs, grasses, rose family, and aquatic plants are less
common.
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3. SPA Ta-3, contained in the upper horizon of
marine sediments (1.75—0.0 m), also indicates the
predominance of forest vegetation in the area adjacent
to the paleobay. Among the pollen of tree species,
broadleaved trees dominate: oak (40—55%), elm (2—
8%), hornbeam (2—6.5, on average, 4%), walnut (2—
7%), hazel (up to 5%), and linden (up to 2%). Small-
leaved trees occupy second place due to a twofold
increase in the role of birch (12—27%). Korean cedar
pollen is recorded almost twice as rarely as compared
to the previous assemblage (1—19%). Grasses are still
represented by a high content of wormwood pollen,
and to a lesser extent, forbs, cereals, and sedge. Among
the spores, ferns of the family Polypodiaceae, and,
much less frequently, Osmunda remain dominant

Diatom Analysis. Diatom flora in sediments of the
Talmi well section is represented by 135 species and
intraspecific taxa. They are attributed to the following
ecological groups: marine pelagic, marine neritic,
marine subtidal planktonic, marine subtidal benthic,
brackish water planktonic and benthic diatoms that
lived in the paleobay that existed on the site of the
modern Ptichye lagoon-lake. In addition, there is a
group of freshwater and redeposited diatoms that were
transported into marine sediments by the waters of the
Tumannaya River. Based on the change in dominant
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Fig. 2. Spore—pollen diagram of sediments of Talmi section well. Pollen and spores: /, pollen of trees and shrubs; 2, pollen of
grasses; 3, spores; 4, pollen and spore content less than 1%; 5, contents of pollen of grasses and spores were not calculated due to
small number of grains detected. Lithology: 6, fine-grained, silty sand; 7, clay; &, sandy carboniferous; 9, fine-grained sand, silty;

10, mollusk shells and their fragments.

diatom taxa and the ratio of representatives of different
ecological groups in the sediments of the section,
three diatom assemblages were identified (Fig. 3).

The first assemblage (interval 11.9—8.5 m) is distin-
guished by the predominance of sublittoral benthic
diatoms, including, among others, species that
develop in desalinated coastal areas of the seas. The
genus Diploneis has the greatest abundance among
them, with estimates of dominants and subdominants
and Tryblionella, living on silty marine sediments [35,
47]. Marine neritic diatoms are observed less fre-
quently, mainly Actinoptychus senarius, which favors

RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18

well-warmed shallow waters [33]; Chaetoceros ssp.;
and Cyclotella striata. Freshwater and redeposited dia-
toms also have a significant admixture.

Two subassemblages are distinguished in the
assemblage, of which DK-1.1, in the section interval of
11.9—10.5 m, marks the predominance (31—53%) of
marine subtidal benthic diatoms. The dominant
among them is mesohalobe Diploneis smithii (up to
25%); the subdominant is D. subcincta (before 18%).
Among neritic diatoms, the subdominant is Chaetoc-
eros (up to 18%); massive, Cyclotella striata (up to
13%), characteristic, among other things, of estuarine

No.5 2024
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Fig. 3. Diatom diagram of sediments of Talmi well section. Ecological groups of diatoms: MP, marine pelagic; MN, marine ner-
itic, MSP, marine subtidal planktonic; MSB, marine subtidal benthic; BWP, brackish water planktonic; BWB, brackish water
benthic; FW, freshwater; RD, redeposited. See Fig. 2 for legend.

environments. Subassemblage DK-1.2 (10.5—8.5 m)
shows a further increase in the proportion of benthic
diatoms, with the close participation of both Tryblio-
nella compressa (6—30%) and Diploneis smithii (1—
25%). Among neritic diatoms (14—37%), the presence
of Actinoptychus senarius increases (up to 21%). In the

RUSSIAN JOURNAL OF PACIFIC GEOLOGY Vol. 18

group of subtidal planktonic diatoms, the number of
Odontella aurita increases up to 11%., which prefers
coastal waters, including desalinated waters of seas
and river estuaries [33]. The increasing desalination
effect of river runoff on the waters of the paleobay,
which reached its maximum extent over the entire
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period of sedimentation, is emphasized by a sharp
increase in the diversity (49 taxa) and abundance (up
to 38%) of freshwater diatoms.

The second assemblage (8.5—3.6 m) is distin-
guished by the predominance of neritic diatoms, the
role of which increases from bottom to top along the
section by almost 1.5 times and, accordingly, the par-
ticipation of sublittoral benthic species decreases.
Among the former, Actinoptychus senarius dominates
and Porosira glacialis; the latter are more frequently
represented by Diploneis smithii and Tryblionella com-
pressa.

Two subassemblages are distinguished in the
assemblage, the lower of which, DK-2.1 (8.5—6.3 m),
records a moderate increase in the abundance of
marine neritic (on average from 28 to 35%), to a lesser
extent, brackish water planktonic (from 2 to 5%) and
marine pelagic (up to 6%) diatoms, occurring against
a weakening role of subtidal benthic species (up to
51%). Among the former, there is an increase in the
value of Actinoptychus senarius (up to 35%) and Poro-
sira glacialis (up to 12%). In the group of brackish
water planktonic diatoms, the participation of Melo-
sira nummuloides (up to 8%) increases, a common
taxon for coastal-marine and estuarine areas [43].
Among subtidal benthic species, the dominant role of
the mesohalobe Diploneis smithii continues (3—32%),
which that of Tryblionella compressa decreases (1—
15%). Subassemblage DK-2.2. (6.3—3.6 m) reflects
the increasing role of neritic diatoms, reaching a max-
imum content of up to 70%. The dominant species
Actinoptychus senarius reaches its maximum develop-
ment (up to 59%), as does the subdominant Porosira
glacialis (up to 16%). The content of valves of sublitto-
ral benthic species decreases to a greater extent (up to
47%), in contrast to the first subassemblage, with the
participation of the mesohalobe Diploneis smithii
drops to minimal values (on average up to 6%).

The third assemblage (3.6—0.15 m) is characterized
by a weakening role of planktonic neritic (on average
from 50 to 34%), marine subtidal and brackish water
planktonic species, along with an increased participa-
tion of subtidal benthic diatoms, primarily inhabitants
of desalinated areas of the seas. Among neritic taxa,
the value of Actinoptychus senarius decreases (up to
23%), Porosira glacialis (up to 6%), Cyclotella striata
(up to 3%) and Thalassiosira aculeata (up to 4%).
Terpsinoé americana appears at a depth of 1.15 m — a
brackish water tropical epiphyte [34], indicating sig-
nificant summer warming of the waters of the paleo-
bay. A significant increase in abundance is observed
among the mesohalobes Diploneis smithii (up to 26%)
and Pinnunavis yarrensis (up to 2%), as well as Cocco-
neis scutellum (up to 5%). Valves of freshwater diatoms
brought by river waters are again recorded more fre-
quently (on average 17%).

Analysis of malacofauna in the sediments of the
Talmi well section showed the presence of five species
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of gastropods and ten species of bivalves, making it
possible to distinguish three shell assemblages [16].
The first, related to the initial marine sedimentation
stage, is found in the lower horizon of marine clays, in
the 11.9—10.5 m interval. It includes Tritia acutiden-
tata and Turbonilla multigyrata, ordinary marine gas-
tropods that now live in the well-warmed bays of
southern Primorye. The second assemblage (10.5—1.0 m)
includes the oyster Crassostrea gigas and other mol-
lusks (Mya cf. japonica, Tritia acutidentata) living on
oyster banks. The third assemblage, widespread in the
surface layer (1.0—0 m) of sandy sediments, is formed
by Macoma incongrua, Ruditapes philippinarum,
Tegula rustica, and Batillaria cumingii, which lived in
the final stage of oyster settlement. The assemblages
reflect three stages of the formation of malacofauna
[16] caused by changes in sedimentation conditions.
In the first, on the site of the modern Ptichye lagoon-
lake, a shallow bay was formed, in which mollusk set-
tlements with a predominance of Tritia acutidentata
appeared. The second stage was characterized by the
formation of oyster banks that developed on muddy
sediments in a shallow semiclosed bay with slightly
desalinated waters, indicated by the presence of the
mollusk Potamocorbula amurensis, a euryhaline
marine species. In addition, warm-water mollusks
Anadara cf. inaequivalvis, Dosinia angulosa, and Tra-
pezium liratum with a tropical—subtropical range
developed in large numbers in the bay, indicating sig-
nificant warming of water in the summer. And while
the latter still lives in the coastal waters of southern
Primorye, the first two live only off the coast of south-
ern Korea and China [30]. They appear at a depth of
10.5 m and disappear at a level of 1.75 m. At the third,
final stage of development of the malacofauna, the
oyster bank died out and the shallowed bay was colo-
nized by euryhaline marine and brackish water species
[16].

Radiocarbon Dating. Already the first results of
radiocarbon dating of mollusk shells from the Talmi
well section [ 10] cast doubt on their correspondence to
the actual age of the deposits. Two dates based on
shells of the same species (Anadara inaequivalvis),
lying in the 10.30—1.75 m interval (absolute elevations
—11.40 to 2.85 m), showed the same age: about 4900—
4800 radiocarbon years ago (hereinafter referred to as
BP), corresponding to 5200—5000 calendar years
(hereinafter referred to as cal BP) (Table 2). Later, the
shells of another species (Crassostrea gigas) yielded
two more dates close to them, about 4800 BP/5000 cal
BP, from a depth of 10.40 m (—11.50 m), and more
ancient, about 5300 BP./5700 cal BP, from a level of
8.95 m (—10.05 m) [19]. The dates indicate the final
moments of the late phase of the Atlantic period,
according to the Holocene chronological standard
modified for Northern Eurasia [32]. At the same time,
for deposits of this age on the coast of southwestern
Primorye, a different nature of the SPA has been
established [21, 23]. Also, these dates contradict the
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chronology of development of the postglacial trans-
gression of the World Ocean. Its variability, well stud-
ied on the coast of southeastern China [48], showed
that the ocean level could have been at absolute eleva-
tions of —10 to 12 m for a long time: about 7150—6750
BP/8000—7600 cal BP in a tectonically stable area;
6600 BP/7500 cal BP, in a zone of weak uplifts; and
6350—6200 BP/7300—7100 cal BP, in arecas of weak
subsidence adjacent to the deltas of large rivers. The
rejuvenation of the dates of the section is therefore
very significant and can range from 1 to 2.3 ka. Such
large-scale age inversions are apparently not excep-
tional in radiocarbon analysis of marine mollusk
shells. Determination of the age of mid-Holocene
sediments of core 1877, located at a depth of 4—3 m
from the bottom surface (—22.5—21.5 m) in Reid Pal-
las Bay, showed both a rejuvenation of dates close to
1 ka and an older date of 2.5 ka if we consider the date
6200 BP to be accurate from the base of the layer [5,
29]. A significant increase in age (at least 1 ka) of one
of the dates was also noted during a study of a Neo-
lithic shell midden on the coast of Boisman Bay [14].
Like the previous one, it was written off as redeposi-
tion of shell material. More precisely, the absolute age
of marine sediments was reflected by the dates
obtained from the Doritsyn well section on Lake
Lotus, the current water area of which was part of a
single paleobay that existed on the southwestern mar-
gin of Primorye. For the 7.90—4.70 m interval of the
section (—6.9—3.7 m), it was 6800—6100 BP/7300—
7000 cal BP (Table 2). Ofthe three determinations, the
date of 6250 BP/7200 cal BP on wood from a depth of
4.70 m (-3.7 m) seems preferable. It appears to have
been largely unaffected by age distortion, as indicated
by a date of about 6200 BP/7100 cal BP, obtained for
marine sediments of the coast of Boisman Bay, occur-
ring at a close elevation of —2 m [20, 21]. The accumu-
lation of the upper horizons of the layer containing
SPA Ta-2 (—13.00—2.85 m) therefore occurred in the
second half of the middle phase of the Atlantic Holo-
cene period, around 6250—6200 BP/7200—7100 cal BP.

The lower horizons that make up the base of the
Talmi well section most likely began to form around
6500 BP/7400 cal BP, since for an earlier time, about
6550 cal BP/7500 cal BP, in terrace deposits in the
Vinogradnaya River valley (near the coast of Expedi-
tion Bay), a different SPA was established, reflecting
the distribution of coniferous-broadleaved forests with
a greater role than now for cedar and a smaller (7—12%)
participation of oak [44]. If the lower horizons of the sec-
tion had accumulated earlier than 6500 BP/7400 cal BP,
they would contain the same SPA. There is a high
probability that precisely this was discovered in the
sediments of the deeper open sea facies from the well 2
at the bottom of Pallas Reid Bay [5]. Similar changes
in vegetation at almost the same time were recently
noted for low-mountain areas of other regions of
southern Primorye, such as the Shufan Plateau [45].
They clearly indicate cooler than modern climatic
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conditions of the initial phase of relative cooling of the
Middle Atlantic period of the Holocene. The resto-
ration of climatic parameters to modern levels most
likely occurred very quickly. As shown by the study
of marine sediments of the Shkotovo section (—
2.49—5.60 m) on the coast of Ussuri Bay, the SPA
contained in them and similar to Ta-2 also began to
form no later than 6400 BP/6900 cal BP [8], taking
into account the possible rejuvenation of the date
obtained from the shell.

For the upper layer of sediments of the section
(0.0—1.75 m), lying at a depth of —1.5—3.25 m, only
one shell date was obtained, about 4000 BP/4100 cal
BP (Table 2), which is clearly rejuvenated, because it
indicates its formation at the beginning of the middle
phase of the subboreal period of the Holocene. This
conclusion is contradicted by SPA Ta-3 contained
therein. It has a more thermophilic character than that
established for the initial warming of the Middle Sub-
boreal climate, bringing it closer to SPA 1-2 from
deposits of well 3 (—0.9—2.4 m) on the coast of Bois-
man Bay [20, 21]. The latter reflected vegetation that
developed in warmer climatic conditions than the
modern, around 6200—5900 BP/7100—6700 cal BP
The upper boundary of the event was later extended to
6000 BP/6800 cal BP [23], keeping it in the Middle
Atlantic phase. Taking into account the close geomor-
phological position occupied by the above-described
layers of marine sediments on the seacoast, and the
similar pollen spectra contained in them, we consider
it possible to apply a chronological framework of
6200—6000 BP/7100—6800 cal BP for the time of for-
mation of the upper horizon of the Talmi well section.

DISCUSSION

The marine sedimentation environment on the
southwestern margin of Primorye began to form when
the level of the Sea of Japan reached an absolute ele-
vation of -13 m. Analysis of the results of radiocarbon
dating of marine sediments and data accumulated in
recent decades on the composition of the dated Holo-
cene SPAs of southwestern Primorye [21—23 , 44]
allow us to attribute this event to 6500 BP/7400 cal BP
It should be noted that, according to the existing
scheme (the modern one, based on a detailed study, is
still lacking) of the variability of the postglacial trans-
gression of the Sea of Japan on the coast of southern
Primorye, at this time the sea level already occupied its
current position [12, 13]. This discrepancy with our
results is largely explained by poor knowledge of the
final period of postglacial transgression on this section
of the sea coast. In addition, most of the radiocarbon
dates used to construct sea level curves are from shells,
which, as can be seen, are frequently subject to signif-
icant age distortion.

The encroachment of seawater into the landmass of
the southwestern margin during the postglacial trans-
gression occurred along a system of depressions on the

No.5 2024



T - . . d .,C0,LS.0¢1
8C+ 0LVL 0y + SS9 oweS | 89'1—CL1 I8IL.-HVOD ‘N 6S,holt y Sl
oSpLIQ MOJOq WY 7' [#+] ¢Lz-eAeupeISouIA
€6 F 1.88 Sh F S66L ¥ead | 06°1—S6°1 6LIL-HVOD | ‘odeln YUeq IOALI UO 9JBIIQ], 14!
6% F SILS SEF 09¢S QuweS 0S°'l 8¢0¢-SO d ,20,£¥.0€1 €l
‘N LY, CEoTh [01] ¥6-1
6% + 0996 ¥ + 0C¢ES DipuaLogns vADpOUy [[PYS 050 920¢-SO ‘K1renb ‘ooe|d owreg 4!
SE1 F S0¥9 0€1 F 0009 owes owes d 6€L-NID AN el Jo [z 1] mpep | 11
o10ys wiagou uo “9Y[E[ JO 90B1IQ) J9JoW -G
vZl F 0009 011 F 0£9S DIPU2AIGNS DAVPVUY SIPUS | 0F'0—08°0 ® 6€L-NID Heduwel [e1se0d Judpuy 01
q ., 15.57.0¢1
86 F S€0¢ S¢ F 0cee SD3IS DaAISOSSDAD TIPUS | 09°0—0L°0 78€9¢-VV anmw%m“wm snwpst [61] dwe) | 6
— "9yB] UO B[NSUIUQ{ Autage|
[2]
2 69 F OLIL 0 F 0529 awres 0L SSY9IE-VV 8
Z d .,8V.8€.0¢1
m 68 F 870L 09 + 0¥19 pPOoOM 06'L 9S69¢-VV ‘N, 15,9T0C [61] [Tom uAsyioq | L
m ‘snjo e
M ¥S + 08CL 0 + 09.9 LAY 06'L 1069¢-VV 9
88 + S80% 09 F 090 SDSIS DaAISOSSDAD) TIPYS €90 I€1€E-SINVO ooe[d owreg [61] oweg| ¢
19 + §C0¢S 0¢ ¥ 0LLY siajpainbavul paopvuy [PYS | GL'1—8'1 0CeT-SO Iyl [o1] oweg| ¢
86 + $89¢ 0S + 0¢es SDSI3 D2.iS0SSDAD) T[S 6’8 0€IEE-SINVD Iy L [61] owes| ¢
19 F S10S 0€ F 09.Ly siajpainbavul vappouy 11PYS | §T°01—0€°01 61¢2-SO Iyl [o1] oweg | ¢
q .,10,5¥.0€1
66 F 0€CS 0S + 0.8 SDSI3 D2IS0SSDAD) T[S 0r°01 6CIcE-SINVO ‘N T 1€Th [61] Mom e | |
‘“9kyond e
®©d ‘Tepuoed ‘uogredorper
o4 T e i [BLISIRIA w ypdap ‘ou ‘qe| SOIELIPI009 Uuonoag ‘ON
: Surduwreg ‘uonisod 1edr3ojoydiowoan :

a3e ordwreg

506

9kI0WI1IJ JO UISIBW UIS)SOMUINOS UT S}ISodap SUad0[OH S[PPIA JO Sunep uoqiesoipey g dqel

2024

No. 5

RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18



MIDDLE HOLOCENE MARINE SEDIMENTATION ON THE SOUTHWESTERN COASTAL

surface of the Late Pleistocene accumulative plain, to
which the current basins of large lakes are confined. In
the western part of the margin, north of the Lake
Khasan (near the state border with China), seawater
appeared quickly, perhaps less than 100 years after the
start of the encroachment, having overcome the abso-
lute elevation mark of -10 m. Near this place, 30 km
north of the modern position, most likely the mouth
area of the Tumannaya (Tumangana) River existed
there at that time, the largest artery of the Sea of Japan
Basin. It had a decisive influence on sedimentation,
creating avalanche sedimentation conditions [15] in
the newly formed sea bay. The average sedimentation
rate, taking into account the maximum thickness of
clayey sediments (8—12 m) and period of evolution of
the paleoenvironment (about 500 years), ranged from
16 to 24 mm/year in different parts.

A comprehensive study of sediments of the Talmi
well section distinguished three stages in the history of
marine sedimentation on the southwestern margin of
Primorye.

The early stage, recorded by a sequence of pelitic
sediments (interval 11.90—6.70 m), developed under
conditions of low wave activity, which could only have
been the result of an accumulative coastal form that
arose on the southern boundaries of the margin, pos-
sibly between low-mountain massifs (at that time the
Golubiny Utes islands and the Falshivy Island). The
accumulative barrier completely or mostly covered the
emerging paleobay from strong southerly waves. Oth-
erwise, sand and pebble sediments of coastal facies
should have occurred at the base of the section. The
resulting semiclosed water area supported water
exchange with Expedition Bay through the straits
north of the modern Ptichye lagoon-lake. They also
carried large masses of suspended debris transported
by the Tumannaya River. The composition of diatoms
(assemblage 1, subassemblage 2.1), with a predomi-
nance of sublittoral benthic species over neritic plank-
tonic taxa, is evidence of shallow depths of the paleo-
bay, and the high abundance of mesohalobes and
inhabitants of estuarine areas of seas indicates low
water salinity. A modern analog of this paleoenviron-
ment can be the head of Amur Bay, where the large
Razdolnaya River flows. Among diatoms in the bot-
tom sediments of the shallow Tavrichansky estuary
adjacent to the river mouth, a high content of mesoha-
lobe Diploneis smithii, up to 21%, was recently revealed
[28], similar to the first assemblage. Shellfish fauna
(presence of Rapana venosa) also confirms the devel-
opment of shallow waters with a quiescent hydrody-
namic regime that existed in different parts of the
paleobay (areas of lakes Lotos and Zarechnoe). Trop-
ical—subtropical species of mollusks of the genera
Anadara, Dosinia, and Trapezium testify to the good
warming of the paleobay in summer, which exceeded
the modern conditions, probably due to shallow water,
The composition of the fauna indicates weak desalina-
tion of the waters of the paleobay [16], which contra-
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dicts the data on diatoms and location near the mouth
of such a large river. This can be reconciled, assuming
that significant desalination of the paleobay was not
constant, but sporadic, during severe floods in the
Tumannaya River basin as a result of typhoons. Mol-
lusks are subjected to such periods of desalination
almost every year, which is clearly visible from their
modern distribution at the head of Amur Bay. It is
possible that during catastrophic floods, mass deaths
of mollusks could have occurred, along with other rep-
resentatives of the marine fauna, as sometimes (the
last time about 70 years ago) happens in Expedition
Bay, where the waters of the Tumannaya River break
through. The rest of the time, with a quiescent hydro-
meteorological regime, desalination was much less,
and the salinity of waters may have increased to 27—
29%o0, as in modern bays of the river runoff zone of
influence. The vegetation on the southwestern margin
and adjacent territory was close to the modern, differ-
ing by a greater forest cover, reflected in the overall
composition of the SPA by the high role of pollen from
trees and shrubs (average content 75%, versus 63% in
subfossil spectra). Multispecies broadleaved forests,
dominated by oak, became widespread. The high con-
tent of oak pollen, on average 1.5 times higher than the
subfossil level, most likely indicates the development
of dense forests rather than oak woodlands, as is now
the case in the coastal area. The pollen contents of
most other broadleaf species (most notably the ther-
mophilic hornbeam) indicate that their role in stands
was consistent with their modern role in the vegeta-
tion, in contrast to the lesser contribution of birch.
Beech was absent from forests of the southwestern
margin; the insignificant presence of its pollen in sed-
iments is explained by distant wind drift. Coniferous—
deciduous forests growing in the Black Mountains also
had the current participation level of vegetation, which
indicates the development of relative climate cooling
close to modern conditions [21].

The middle stage of sedimentation is recorded by a
member of fine silty sediments (6.70—1.75 m interval),
which accumulated on under conditions of greater
hydrodynamic activity compared to the previous situ-
ation. It could only have been caused by disturbance of
the southern points, which were able to penetrate the
waters of the paleobay after the erosion of the southern
accumulative barrier, probably caused by an acceler-
ated rate of postglacial oceanic transgression. At least
half'the volume of the clay fractions transported by the
Tumannaya River began to drift out into the open sea.
The composition of diatoms (subassemblage 2.2) con-
firms the trend of increasing openness and depth of
the water area: the participation of planktonic neritic
species increases almost 1.5 times; the importance of
subtidal benthic algae is correspondingly reduced to
the minimum level. The salinity of waters has
increased, reflected by the weakening role of the
mesohalobe Diploneis smithii. Periodic desalination of
waters of the paleobay continued, as evidenced by the
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high abundance of the above-mentioned taxon and
some estuarine species in a number of horizons (6.65,
4.45, 3.70, and 2.20 m). An increase in water salinity
during interflood periods did not change the compo-
sition of the mollusk fauna. Among them, the same
representatives of the oyster assemblage and warm-
water species are recorded: witnesses of good warming
of waters in summer. The latter, however, cannot serve
as evidence of a warmer climate, which, judging by the
lack of changes in the vegetation cover of the south-
western margin, still remained close to modern condi-
tions (the high water temperature is confirmed by the
composition of the diatom flora for the final stage, but
warm-water species of mollusks did not develop then).
At the end of the middle stage, on the windward shores
of the paleobay (northern shore of Lake Ptichye, a
section of plain between it and Lake Rodnikov) as a
result of a powerful storm (tsunami?), high coastal
bars were formed, composed of boulder—pebble
deposits with an inclusion of numerous shells of the
tropical Anadara. A series of dates from them indicate
a Late Atlantic age for the event, around 6000—5300
BP/6400—5700 cal BP (Table 2). The dates are rejuve-
nated, proven by the very presence of shells of warm-
water mollusks that went extinct at the end of this stage
[16]. The actual age of the coastal ramparts most likely
does not exceed 6200 BP/7100 cal BP. Leveling
showed that their height is 3 m, not 5 [1, 2]. With the
height of the beach in the open bays of the coast being
2.5 m[5], itis obvious that the level of the Sea of Japan
at the time of formation of the bars was close to its
present position.

The completion of marine sedimentation occurred
at the end of the middle phase of the Atlantic Holo-
cene period, around 6200—6000 BP/7100—6800 cal
BP, recorded in the section by layers of siltstones,
including sandy ones, and fine-grained silty sands.
The appearance of sand in the sediments was most
likely associated with the approach of the river mouth
zone. Tumannaya to the area of the modern water area
of the Ptichye lagoon-lake. The last stage was charac-
terized by the lowest rate of sedimentation, on average
about 9 mm/year, which, nevertheless, led to the shal-
lowing of the paleobay, which is explained both by the
small initial depth, not exceeding 3 m in the area of the
section, and by the slowdown in the rate of transgres-
sion of the Sea of Japan . Judging by the low height of
the accumulative form (1.5 m) on the isthmus of the
Lagerny Peninsula (Fig. 1, section 6), formed under
conditions of weakened wave activity, the sea level rise
was no more than 1 m above the current position. The
coastal form is composed of coarse-grained sands with
a large content of oyster shells, which entered the
coastal sediments, probably from oyster banks that had
died by that time [16]. Changes in the composition of
diatoms (assemblage 3), expressed in a sharp decrease
in the proportion of neritic species and an increase in
the role of subtidal benthic taxa, indicate a decrease in
the depth of the paleo-reservoir, and the presence of
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the tropical epiphyte Terpsinoe americana — for good
summer warming of water. The increased influence of
desalinated river waters on the process of sedimenta-
tion is recorded by a twofold increase in the value of
mesohalobe Diploneis smithii and the maximum, on
average, content of freshwater diatom valves. The
nature of the vegetation cover clearly indicates warmer
(optimal) climatic conditions than modern ones, in
which the final phase of marine sedimentation devel-
oped. In the territory adjacent to the paleobay, multi-
species broadleaved forests with a predominance of
oak have spread, in which the participation of thermo-
philic hornbeam and various species of birch has
increased. Coniferous-deciduous forests, which had
significantly weakened their positions in vegetation,
were preserved only in fragments, in the watershed of
the Black Mountains.

CONCLUSIONS

A comprehensive study of Holocene marine sedi-
ments in the Talmi well section made it possible to
examine in detail the paleogeography of the coast of
the southwestern margin of Primorye in the second
half of the Atlantic period of the Holocene, about
6500—6000 BP/7400—6800 cal BP. On the accumula-
tive plain of the coast at that time, there was a shallow
marine bay that arose as a result of postglacial trans-
gression of the ocean. Sedimentation in it was com-
pletely governed by the Tumannaya (Tumangan)
River, the largest in the Sea of Japan Basin. The
mouth area of the river, from which huge masses of
suspended detrital material were carried out, created
an environment of avalanche sedimentation with an
average rate of 16—24 mmy/year, causing the shallow-
ness of the paleobay. Over the entire 500-year history
of its existence, up to 8—12 m of clay sediments accu-
mulated at its bottom. There are three stages in the
evolution of the marine sedimentation environment.
The earliest of these, beginning around 6500 BP/7400
cal BP, when the waters of the Sea of Japan, having
flooded the Upper Pleistocene accumulative plain,
formed a semiclosed bay into which waves from the
open sea did not penetrate. Low wave activity is con-
firmed by the accumulation of a thick (up to 5 m) layer
of fine detrital clays. The composition of diatoms indi-
cates shallow depths and periodic desalination of the
paleo-reservoir caused by floods in the Tumannaya
River basin. The development of warm-water mol-
lusks in them testifies to the good warming of waters in
the summer, which exceeds the modern level. The
middle stage, which began perhaps 150—200 years
after the onset of the marine environment, was charac-
terized by open bay conditions with increased wave
activity, as evidenced by the formation of a layer of fine
silty clays. Up to half of the finest, clayey component
of suspended sediment began to go into the open sea,
which led to a decrease in the rate of sedimentation
and, probably, an increase in the depth of the reser-
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voir. Judging by the lack of changes in the mollusk
fauna (the same presence of warm-water species), it
was small and did not lead to a significant decrease in
the summer warming of waters. The composition of
diatoms supports the trend of increasing openness of
the paleowaterbody and greater depth and salinity of
its waters: the participation of planktonic neritic spe-
cies increased almost 1.5 times, while sublittoral ben-
thic species greatly decreased. At the end of the stage,
around 6200 BP/7100 cal BP, when the sea level
approached the modern position, on the windward
shores of the paleobay from the south, as a result of a
powerful storm, high coastal bars formed, composed
of boulder—pebble deposits with abundant inclusions
of Anadara shells. The nature of the vegetation, which
did not change during both sedimentation stages,
indicates the development of relative climate cooling,
with parameters close to modern conditions (it also
evidences the short duration of the event). Multispe-
cies broadleaved forests with a greater role of oaks than
in current tree stands became widespread. Park oak
forests with a well-developed herbaceous cover char-
acteristic of modern landscapes were absent on land
adjacent to the seacoast. The late stage of marine sed-
imentation, after 6200 BP/7100 cal BP, took place
when the transgression of the sea slowed, the level of
which reached the maximum height, 1 m, for the
entire Middle Holocene on this section of the coast. A
significant increase in the depths of the paleowater-
body, which did not exceed a few meters at the begin-
ning of this stage, did not occur, i.e., compensated by
an increased sedimentation rate. Changes in the com-
position of diatoms, expressed in a sharp decrease in
the proportion of neritic species and an increase in the
participation of subtidal benthic taxa, indicate shal-
lowing of the paleo-reservoir; the presence of a tropi-
cal epiphyte in their composition - for good warming
of the waters. The increased importance of mesoha-
lobe diatoms indicates increased desalination of the
reservoir caused by the influence of river waters.
Approaching the mouth zone of the river. Tumannaya
to the eastern shores of the paleobay, a rapid increase
in the proportion of fine sand in the sediments of the
section was also recorded. The distribution of multi-
species broadleaved forests with a predominance of
oak and an increased participation of thermophilic
hornbeam in the territory adjacent to the coast clearly
indicates optimal climatic conditions. The completion
of marine sedimentation occurred around 6000
BP/6800 cal BP. After this, up to the middle of the
Sub-Atlantic period, it did not resume here.
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