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(Shirshov Institute of Oceanology RAS, Moscow) 

Particulate organic matter along Northern Sea Route 
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 [1, 2],  [3–5], -

 [5]. 

 [6], 

 (1–10 )  GF/F, 

 90%  " "

–02  [7]. 
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 >  > . ,

 2000 / ,

,

 ( - ).

, .
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,

.

, ,

.

. -

, / , % 

AVG Md STD Min Max N 

-

-

 233 208 154 89 610 9 45 1.4 54 

 168 146 90 64 353 17 14 2.0 84 

 128 108 40 83 206 14 6.9 1.6 92 

 148 148 87 64 353 14 29 6.0 65 

 163 152 95 14 448 69 17 2.5 80 

.  192 196 126 14 650 43 21 3.1 76 

.  136 128 69 36 311 26 15 2.3 82 

 263 177 211 34 970 59 5.8 1.2 93 

.  102 87 59 34 231 15 17 3.9 79 

.  317 228 216 103 970 44 5.4 1.0 94 

 264 270 100 137 407 8 8.2 1.5 90 

-  550 239 652 50 2550 38 2.0 0.2 98 

 249 155 327 14 2550 259 18.1 3.3 78.6 

.

,

,

. :  0.003 

/  0.08 

,  [9]. 
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: =0.055, 

 [10]. 

.

,

 « » ( ) ,

.

-

 – 

.

,

.

, .

 0.45 ,

 GF/F  0.6–0.7 ,

.

,

,

 GF/F 

,

, .

 2.5 

,  ( . ., ).

 0.2–6% (  ~ 3%),  – 2.0–45% (  18%) 

,  54–98% (  ~79%). 

 46% ,

 2.2% -  ( .), 

,

 (  240 / ).

.

 (~  2 ),

 20,  30 ,

.

. . .

 "

"  2004 .  " "  2005 .

 (  03-

05-64218, 06-05-64051, 09-05-00011, 12-05-00344), 

(  23), -  13-05-12033. 
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Material composition of the sediments of the Chukchi Sea, 

selected to the north-east of Wrangel Island (preliminary 

results)

 2012 . -

 « »

- . .

 GSP-2 ( -8;  – 82 )

 (  b16;  – 37 )

 72º32.54' . . 175º58.70' . .

 100 . ,

.

.

.

.

, 210Pb,

 0.7 / .

,

,

35 .  (0.1 /  1 

 [1]).  

 ( ) ,  b16, 

 28  42*10–6 ,

 0–2 .  70 

-8  (24–43*10–6 ),

 64–69*10–6  70–82 .

 b16 

.  (SiO2 .)  11.14 
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 16.00%.  1  (14.44%) 

 35  (16.00%).  –  4–7 , 32 , 36 

.  0–5  SiO2 .  12.78%, 

,

 [2]. 

 ( .)  (N .)

.

 0–1  (2.19% .  0.28% N .),  – 

 5–6  (1.63–1.67% .  0.20–0.21% N .)  31–33  (1.35–

1.60% .  0.17–0.20% N .).  7–30 .

N . .  N . .

 C/N  8.8  9.9, 

.

.  (0–3 )

 1.5–2% [3]. 

, ,  – 

.  0–3  b16  1.98%. 

.

 b16  34  101.  (0–

9 )  – Picea obovata, Pinus s/g 

Haploxylon, P. s/g Diploxylon  (Betula type Albae). 

 (5–35 )

(Betula type Nanae, 2–19 ),  (Duschekia sp., 3–18 )

(Salix sp., 0–2 ).  (2–14 )

, , , , .

(19–53 )  (14–35 ),  – 

 (Polypodiaceae),  (Lycopodiaceae),

 (Selaginella rupestris) .

(101 )  0–1 .

Tsuga sp. Betula sp., .  30–

35 Cyathidites-type. 

-8  16  133 .

 (1–33 ) Abies sibirica, Picea 

obovata, Pinus s/g Haploxylon, P. sibirica, P. s/g Diploxylon, P.sylvestris, Betula 

type Albae;  (5–36 ) – Betula type Nanae (2–22 ), 

Duschekia sp. (0–11 ), Salix sp. (0–3 ).  (1–41 )

Poaceae, Cyperaceae, Artemisia sp. (1–20), Asteraceae, Ericales 

.  (3–70 ) Sphagnum sp. (1–45 ),

Polypodiaceae, Lycopodiaceae, Selaginella rupestris .

:  – Tsuga sp., Betula 

sp., Picea sp.,  – Cyathidites-type,  – Cicatricosisporites, 

Gleicheniidites, Trilosisporites.

 30–33, 36–43, 68–79 .  30–33 
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 ( ) ,

, , , ,

.  36–43 ,

;  – .  68–79 

, , , .

. ,

.  [4], 

.

.

, -8, 

, ,

 –  13  9 

 ( ./ ).  66 ,

Thalassiosira, Actinocyclus, Coscinodiscus.

 56.1%. 

 ( )  30.3%. 

 31.8%,  – 24.2%  – 19.7%. 

,  13 

,  19.7%. 

57.6% ,

. , 25.8% ( )

,

. Thalassiosira aff. oestrupii (Ostenf.) Hasle.

, ,

.

(82–57 ) – 2.51–8.93 ./ .

 (  29 ),

Thalassiosira, Actinocyclus, Coscinodiscus .,

Chaetoceros (Ch. mitra, Ch. secundus, Ch. subsecundus), Bacterosira fragilis, 

Podosira stelliger .

, . .  (1.0–1.2%). 
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Ch. subsecundus (0.1–0.7%). 
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marginatus var. fossilis Jouse. Pyxidicula zabelinae 

(Jouse) Makar., et Moiss., .
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Paralia sulcata (Ehr.) Kütz.

(  10–56 ), 

.

 ( ).

 58–92 

Navicula aff. directa W.Sm.

.
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1.0%).  (77–80 )

Coscinodiscus asteromphalus Ehr. 
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 // 
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The results of investigation of composition of bottom sediments of the Chukchi 

Sea collected with using hydraulic corer GSP-2 and box-corer to the north-east of 

Wrangel Island submitted. Measured by 210Pb rate of recent sedimentation is 0.7 

mm/year.
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Two types up-to-date sedimentation and three facies zones were allocated as a 

results of studying of ground adjournment and a geomorphological structure of 

channel for archipelago ZFI water areas. The intensity estimation melt glaciers 

and conditions of receipt of sedimentary substance were spent according the data 

about concentration of suspensions. 
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The general sources of the natural gas emission in the Eastern Arctic shelf are oil 

and gas-bearing Phanerozoic formations, coal-bearing formations (Cretaceous – 

Cenozoic) and organic matter-bearing Quaternary sediments. Gas hydrates have 

complex generation. The natural gas interplay between oil and gas, coal, 

aquiferous basins is complicated problem.  
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Regular navigation on Northern Sea way will be accompanied by development of 

adjacent sea coasts, the device of necessary constructions and approaches to 

them. The rational choice of places for these purposes will be helped by the 

information on the newest tectonics of corresponding territories.

 1. 
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 // . 2012. . 52.  3. . 547–560. 

2. Birken J., Zenker E. The Norwegian petroleum sector. Oslo. Ministry of Petroleum 

Energy. 2007. 218 p. 

3. Dore A.G. Barents Sea geology, petroleum resources, and commercial potential // 

Arctic: Journal of the Arctic Institute of America. 1995. V. 48.  3. P. 207–221. 

4. Gimpsey M. Petroleum geology of the Barents Sea // Earth Sciences. Production. 2008. 

V. 247.

Continental margins of the Norwegian Arctic zone situated along the North-West 

Scandinavian peninsula and occupied Norwegian Sea and the North-North-West 

part of the Barents Sea. The oil and gas bearing of the both seas presents great 

interest at the investigation of the Arctic sector especially in the recent time. 
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On the continental margin separated two-level elevated sedimentation: the top 

– at the shelf edge and the bottom – cones at the foot of the continental. The 

accumulation of thick sedimentary masses due to sedimentation, flooding and 

landslides, which, in turn, are associated with tectonic setting and geodynamic 

conditions in the transition zone «continent – the ocean». We have established 

that the accumulative nature of the outer part of the Western Arctic Shelf. 
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Aquatic palynomorph assemblages were studied in the surface sediments of the 

Laptev, East-Siberian and Chukchi seas. They are composed of dinoflagellate 

cysts, chlorococcalean algae, acritarchs and several groups of zoomorphs. Their 

distribution pattern and species composition are strongly related to the salinity 

gradient and influx of relatively warm pacific and Atlantic waters. 
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New cluster analysis utilizing data on chemical composition of bottom sediments 

from the Chukchi–Alaska sector of the Arctic Ocean was carried out. It allowed 

to detail boundaries of previously identified areas with similar depositional 

environments, delineate new ones, and draw some conclusions about the factors 

that determine the uniqueness of each of these environments. 
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Ferromanganese formations of Arctic were studied. Chemical composition was 

measured by quantitative spectral analysis, atomic absorption spectroscopy and 

ISP MS, mineral composition– by electron diffraction method. Obtained results 

were used for determination of genetic features of ferromanganese formation. 
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A review of the state-of-the-art knowledge on the structure of the zooplankton 

communities of the Arctic Ocean is presented. Based on the vast species 

inventory, contemporary analyses, and understanding the zoogeographical origin 

of the Arctic Ocean planktonic fauna, a pan-arctic comparison of the zooplankton 

communities of the four major deep basins of the Arctic, is presented for the first 

time. The modern sampling techniques allowed assessing zooplankton abundance 

and biomass along with regional and seasonal variability of zooplankton stock 

distribution and assessment of relative importance of its major autochthonous and 

allochthonous contributors. A strong link between the regional variability of 

zooplankton biomass and abundance distribution and the water circulation 

pattern, bottom topography, and sea-ice cover is demonstrated. This work 

provides a foundation for the assessment of the changes within the lower trophic 

levels of the Arctic pelagic food web under current climate change scenarios. 
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The present work is devoted to study the pebbles which have been sampled at 

near-pole part of a Lomonosov ridge during expedition ACEX, IODP-302. The 

new data about petrographic composition, results of shape and roundness analysis 

and pebble distribution in the section of boreholes is shown.  
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Structural barrier between the Scotia and Weddell Seas is a complex system of 

uplifts and depressions. The occurrence of which is associated with a variety of 

processes occurring at the boundary of the Scotia and Antarctic plates. We 

present in this study detailed analysis of the topography and the geodynamic 

situation of the area, and show the results of experimental physical modeling.  
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Based on the data of XRF analysis of bottom sediments, the problem of the 

dependence between chemical composition and colour of the Quaternary marine 

sediments from Mendeleev Rise (Arctic Ocean) is considered. We have tried to 

reveal the share of sedimentation and diagenetic signals in sediment colour 

formation.  
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1 2 1 2 1 3 1 2 1 2 

Pg3 13 9 6.6 2.4 0.6 2,2 17,1 27,7 74,3 50,2 

Pg2 18 18 3.4 5.1 0.2 2,3 13,7 12,1 62,9 28,6 

Pg1 9 15 2.2 1.6 0.2 1,6 18,2 26,2 51,5 27,8 

K2 33 29 29.4 12.1 0.9 3,5 20,2 17,2 60,5 25,8 

K1 29 26 35.8 12.8 0.8 2,8 22,9 24,6 63,7 31,2 

J3 39 26 13.4 6.3 0.9 4,2 4,5 13,5 88,2 34,1 

J2 31 22 7.7 5.6 0.5 3,5 9,9 18,3 85,6 37,2 
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We have proposed the new method for evaluation of the relative role of global 

and regional regularities in sedimentation history of any region. The case study is 

devoted to Triassic-Oligocene sedimentation of the Circumarctic Belt. 
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Studying of the biogeochemical processes participating in transformation of 

substance of a water suspension during a precipitation on a meridional profile of 

the Yenisei River – St. Anna's trench (Kara Sea), with use of hydrochemical, 

geochemical, microbiological, radio isotope and stable isotope methods is carried 

out. The contact zone water–sediment consists of three subbands: the added 

water, a fluffy layer and a superficial deposit. Change of isotope composition of 

Corg in a fluffy layer and superficial deposit in comparison with Corg of a 

suspension – the widespread phenomenon in the Arctic shelf seas, proving the 

leading role of microorganisms in transformation of a suspension in a deposit. 
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Research of the Vityaz Ridge geology is carried out during the three marine 

expeditions of the R/V “Akademik M.A. Lavrent’yev” (cruises 37, 41 and 52) in 

2005, 2006 and 2010. Determination of radioisotope age and research of 

geochemical, petrographic are subdivided granitoids by the Late Cretaceous and 

Eocene complexes. 
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Results of studying of geologo-geomorphological structure, ground 

adjournment and up-to-date conditions sedimentation in channels of Franz-

Josef Land archipelago together with literary data on adjacent water areas 

allow to consider history of sedimentation on archipelago water area in 

glacial and postglacial ages. 
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The main features on the Franz-Josef Land shores are uplifted marine terraces 

with organic matter, the terraced nearshore surface, often beaches and rare cliffs, 

underwater tranchs with hanging tributaries. Two strendflat levels are seen at 

underwater foundation of the islands – at the 30–50 m and 110–180 m deeps. 

They are divided by steep slopes. 
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4. Naidina O.D., Bauch H.A. Early to middle Holocene pollen record from the Laptev Sea 

(Arctic Siberia) // Quaternary Int. 2011. V. 229. P. 84–88.  

5. Polyakova Ye.I., Bauch H.A., Klyuvitkina T.S. Early to middle Holocene changes in 

Laptev Sea water masses deduced from diatom and aquatic palynomorph assemblages // 

Global Planet. Change. 2005. V. 48. P. 208–222. 

6. Taldenkova E., Bauch H.A., Stepanova A. et al. Last postglacial environmental 

evolution of the Laptev Sea shelf as reflected in molluscan, ostracodal and foraminiferal 

faunas // Global Planet. Change. 2005. V. 48. P. 223–251. 

A comparison of the first results of a comprehensive micropaleontological 

analysis (pollen, spores, organic-walled microfossils, diatoms, ostracods) and 

radiocarbon ages (AMS14C) from sediment core recovered in the northeastern 

outer shelf of the Laptev Sea revealed a temporal coincidence between terrestrial 

and marine environmental changes that occurred between 11.2–10.3 cal. ka. The 

interval of 9.5–7.5 cal. ka recorded a transition from a shrub tundra environment 

to forest-tundra vegetation. The active advection of North Atlantic waters and the 

increase in salinity were also recorded by this warm interval. 
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Alkanes in the surface layer of bottom sediments of the Eastern 

Arctic seas 
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The content of organic carbon and the composition of n-alkanes in 13 samples of 

surface sediments from the Bering, Chukchi, East Siberian and Laptev seas are 

presented. There is a predominance of planktonogenic n-alkanes C14, C16, C18 

with a mixture of microbial OM (C20–C24), and C12–C14 (>10%) are not 

synthesized by the marine and terrestrial biota, and which are components of light 

oil. 
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Distribution of organic matter was studied in sediments and shore sediments of 

the Buor-Haya Gulf (Laptev Sea) at the 2010–2012. Termoabrasion of shores 

with a high content of organic matter promotes increase its supply to the bottom 

sediments in modern conditions. 
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The report discusses the preliminary results of the field work on Franz Joseph 

Land in 2012–13. Traces of the recent (late Holocene) earthquakes, of 

contemporary thermoabrasion and cryogenic processes set high (1.3–1.7 m / year) 

rate of coastal retreat detected. The data on the age of peat (4–5.5 thousand years) 

considered. Significant changes in the environment of the archipelago in the late 

Holocene revealed.  
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Gas saturation and gas content of the bottom sediments and near bottom water 

have been studied. Gas saturation corresponds with lithology of the bottom 

sediments. High gas saturation zones located within areas covered by highly 

permeable sandy sediments. However, anomaly zone characterized by increased 

gas saturation have been identified within the area of fine sediments. Area of 

anomaly gas saturation explained by subsea permafrost degradation. 
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3D modeling of internal structure of a bottom on the Arctic Sea 
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The article describes the principles of the developed 3D modeling techniques 

based on Markov nonlinear geostatistics. Provides examples of its use in 

predicting the deep structure of the shelf of the Arctic seas. 
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The MIS 11 and MIS 1 similarity: new foraminiferal and 

sedimentological evidences from the Okhotsk Sea  
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 11  1: 

The Marine Isotope Stage (MIS) 11 or in particular MIS 11c is considered as 

an analogue for the present interglacial (MIS 1 or Holocene) because of similarity 

in orbital configuration during these intervals [1]. The global ice volume and sea 

level rise during the latest MIS 12–11c was similar to those during the latest MIS 

2–1 [2] that further support the probable analogy. To date, gaps exist in 

understanding of the environmental conditions during the MIS 11c in the Okhotsk 

Sea because of rare cores recovered sediments of this age. This study presents 

first high-resolution benthic foraminiferal records of the Termination (T) V - MIS 

11c from the core MD01-2415. The IMAGES core MD01-2415 was collected on 

the northern slope of the Okhotsk Sea at water depth 822 m during WEPAMA 

2001 cruise of the R/V Marion Dufresne [3]. The 46.23 m-long core MD01-2415 

covers the last 1.1 million years [3]. This study focuses on 23.49–22.01 and 3.31–

0 m of core depths, which corresponds to the time intervals of 435–395 and 18–0 

kyr BP, respectively. The aims of our study are: to compare variations of the 

productivity and OMZ intensity on the northern slope of the Okhotsk Sea during 

the TV – MIS 11c and TI – MIS 1, and to discuss forcing of climate on the 

regional environmental changes.  

This study employs benthic foraminiferal assemblages compositions, which 

are valuable tool in paleoreconstructions of the productivity and bottom water 

oxygenation both determining the oxygen minimum zone (OMZ) intensity. 

Foraminiferal analysis was performed in the sediment samples taken each 1 and 5 

cm in the older and younger intervals, respectively. It contributes to establishing 

of a comparable ~300 years temporal resolution of foraminiferal records. 

Additional proxies includes the sedimentary magnetic susceptibility and color* b, 

total benthic foraminiferal, planktonic foraminiferal and ice-rafted debris 

abundances and accumulation rates, contents of the total organic carbon (TOC), 

calcium carbonate (CaCO3), biogenic opal (SiO2) and benthic 18O, and C/N 

ratio. The improved stratigraphy was relied on four calibrated AMS 14C dates, 

and correlation of the core MD01-2415 color* b and benthic 18O records with 

the oxygen isotope reference records.  
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The Q-mode factor analysis of foraminiferal data revealed a similar 

succession of the benthic assemblages, suggesting comparable environmental 

conditions during the TV – MIS 11c and TI – MIS 1 (Fig.). The high-productivity 

Uvigerina akitaensis and Takayanagia delicata assemblage during warmings of 

the TVb (429 to 424 kyr BP) and TIb (14.7 to 12.8 kyr BP) replaced by the low 

oxygen tolerant Bolivina spissa assemblage during warmings of the TVa (422.6 

to 416 kyr BP) and TIa (11.7 to 8.5 kyr BP) indicate gradual increase of the 

productivity and intensification of the OMZ (Fig. 1). Maxima of the accumulation 

rates of benthic foraminifera (BFAR) and total organic carbon (TOC AR), 

consisting with the benthic assemblages, support that high surface and export 

productivity controlled the OMZ intensification almost throughout the deglacial 

warmings, except for their final phases. In the Okhotsk Sea sediment cores, 

similar benthic assemblages have been previously described during the TI [4] and 

have not been found during the TII and TIV. The gradual Okhotsk Sea OMZ 

intensification seems to be a distinctive feature of the TV and TI and it might be 

governed by orbital induced climate changes. An analogous rise of sea level 

estimated from -110 to -10 m at the onset and near the end of TV and TI, 

respectively, [2] (Fig.) is suggested as a main driving force of the downslope 

organic supply, intensity of the surface and export productivity and oxygen 

consumption by the organic matter decay in water column and sediments.  

Inflow of more oxygen-depleted Deep Pacific Water (DPW) during the TVb 

and TIb can be assumed from the low oxygen tolerant Bolivina spissa assemblage 

and regarded as an additional factor contributing to the gradual intensification of 

the OMZ. Two paired AMS 14C dates dates on the coeval benthic and planktonic 

foraminifera for the early and late TI do not indicate reduction of intermediate 

water ventilation (at ~800 m water depth) and, therefore, weakening of the 

Okhotsk Sea Intermediate Water outflow or strengthening of the DPW inflow. 

However, the decrease of oxygenation of the DPW during the TVb and TIb could 

occurr in response to increased productivity in the subarctic North Pacific.  

During the early MIS 11c (414.5 to 413.2 and 411.5 to 405 kyr BP) and MIS 

1 (8.5 to 0 kyr BP), the phytodetritus Islandiella norcrossi assemblage (Fig. 1), 

increased SiO2 and CaCO3 contents, moderate BFAR and TOC AR, and reduced 

C/N ratios indicate seasonally high surface productivity, but overall moderate and 

pulsed organic matter flux, and weakening of the OMZ. A SiO2-enriched 

intensified upwelling and continental runoff, and shortened seasonal sea ice cover 

might have resulted in similar to present-day siliceous and carbonaceous 

phytoplankton blooms, phytodetritus-associated and pulsed organic matter flux.  

During the MIS 11c only (at 416-414.5, 413.2-411.5 and 405-395 kyr BP), the 

agglutinated assemblage of Miliammina herzensteini, Karreriella baccata and 

Martinottiella communis (Fig.), low or almost zero BFAR, PFAR and CaCO3

contents indicate increase of the carbonate dissolution in sediments. Local 

ceasing of the carbonate production in the surface layer, and shallowing of the 

calcite compensation depth at least up to ~800 m water depth might have been 
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caused by prolonged duration of seasonal sea ice cover (i.e. at 405-395 kyr BP), 

and/ or drawdown of the global carbonate saturation centred around the MIS 11 

and known as the Mid-Brunhes Dissolution Interval [5].  

This study was supported by the Otto Schmidt Laboratory Fellowship 

Program OSL-12-05. 

Figure. Factor loading of the Q-mode benthic foraminiferal assemblages during the latest 

MIS 12–11c and latest MIS 2–1 of core MD01-2415. Dashed lines represent the factor 

loading derived from the averaged species percentages. The reference curves of the global 

sea level [2] and June insolation at 60º N [1] are shown. 
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Mysteries and History of the Siberian River Drainage to the 

Arctic Ocean: A Progress Report 

The ACEX 2004 drill cores from Lomonosov Ridge demonstrated that a clear 

sedimentary impact of an Arctic sea ice cover started to appear in Eocene 

sediments, approx. 48 Ma, much earlier than known hitherto. The onset of IRD 

sedimentation was preceded by the Azolla-fresh water event [1] which seems to 

mark the onset of the drainage of large quantities of fresh water to the Arctic 

Ocean leading to the formation of the Arctic sea ice cover and a general cooling 

of the climate over the Northern Hemisphere. The unresolved question remains 

how this development was triggered. 

Looking at the geography of Eastern Siberia one has to realize that the 

modern rivers of the entire Siberian platform virtually all drain to the North into 

the Arctic (Fig. 1, from [2]), but the history and evolution of this drainage pattern 

is only poorly unknown. From Arctic Ocean sediment cores we know that a sea 

ice cover existed for the past 48 Mio. yrs. It is an unresolved question if it existed 

the entire time span because the ACEX stratigraphic record is interrupted by 2 

long lasting hiatusses. We believe that Eocene fresh water event in the central 

Arctic may be linked to the plate tectonic collision of the Indian plate with the 

southern Eurasian continental margin (Fig. 2), resulting in the initial built-up of 

mountain chains to the South of the Siberian platform and the generation of a 

drainage pattern of the Siberian rivers to the North. The large amounts of fresh 

water entering the Arctic Ocean then generated an environment conducive for the 

initiation of a sea ice cover in the Arctic much earlier than the formation of the 

Antarctic ice cover. The later part of the Tertiary history of the Siberian river run-

off is still shrouded in mystery. 

During the Neogene and Quaternary the Arctic Ocean sediment record formed 

frequently under the influence of intensive melt water events from the glacial ice 

sheets. The events of the past 200 000 years are known in considerable detail [3], 

but it is difficult to link them to the history of the large rivers draining the 

Siberian hinterland. As part of a major study of the paleomorphology of 

Northernmost Eurasia we have therefore initiated a project aiming at resolving 

the history of the Lena River from its upper to the lowermost reaches. During 3 

expeditions in (2011, 2012 and 2013) we have sampled a substantial number of 

sections from a large variety of sedimentary environments.  

The late Quaternary history of the upper Lena is complicated by the 

hypothesis (supported by the distribution of sedimentary facies) that a river 

transport across Lake Baikal was possible. This hypothesis is in contradiction to 
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most stratigraphic data of Lake Baikal sediments and of our understanding of age 

and nature of origin of Lake Baikal itself. 
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Figure 1. Modern drainage pattern of the Siberian platform with most of the rivers flowing 

northward into the Arctic Ocean (from [2]). 
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Figure 2. Plate tectonic reconstruction for the Early Eocene [4] 
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The aim of this work was to study the paleoenvironment conditions of the 

Okhotsk Sea during the Late Pleistocene and Holocene. The basis for this work 

was the results of diatom and forams analysis of the core of bottom sediments 

from the Sea of Okhotsk. The obtained results reflect the environmental changes 

during last 100 kyr synchronously with MIS 5 – MIS 1 (Holocene). 
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Two main successions of events that caused the great mass extinctions of marine 

organisms in the Phanerozoic have developed on the Earth, likely under the 

influence of changes in the orbital motion of the Solar System around the center 

of the Milky Way: terrestrial, resulting in powerful volcanism, and 

extraterrestrial, connected with falls of large asteroids or comets on its surface 

(figure). They may act during a single, larger or smaller period, as is noted for all 

the “great mass extinctions,” except for the Ordovician one. At the same time, 

mass biota death may occur under a single succession of events developing in 

response to volcanism or a major impact event. In such a situation, extinction is 

characterized by a smaller scale. 



155

. .
1, 2

(1 . . .

, 2 . . , . ,

e-mail: bas_leila@mail.ru)

-

Bashirova L.D.
1, 2

(1The Atlantic Branch of the P.P. Shirshov Institute of Oceanology, Russian Academy of 

Sciences, 2I. Kant Baltic Federal University, Kaliningrad, Russia) 

Study of the regional characteristics of the North Atlantic 

Current during the Middle Pleistocene to Holocene based on 

foraminiferal data 

 ( )

, -  [1–3]. 

.

.

,

 [1, 4–7], -

 ( ), 

, .

 ( ). 

,

.

 – 

-4493 

.

,

,

 [8, 9]. 

-4493 (53°31.22’ . ., 42°45.74’ . ., 

 3547 ,  369 ) -

-  ( . 1). 

, ,

.



156

 1. 

 [  10]: -

 ( ),  ( ), -  ( ),

 ( ).

 184  2 

(  >150 ).  300 

.

3

Neogloboquadrina pachyderma sin. (s), 

[11]. -4493  6  ( )

( . 2). 

 Revised Analog 

Method [RAM; 12] ,  Modern 

Analogue Technique [MAT; 13] .

.  RAM 

.

 MAT, 

.

N. pachyderma (s) 3

.

.



157

 2. -4493

 (MAT, RAM) 

. .

N. pachyderma (s) 

,  [11, 14]. 

,  90%, 

, ,

.

N. pachyderma (s) 

 2, 4  6,  5d. 

3  (11–25%) 

 (~0º )  (~3–4º )

.

 40º . . [14]. 

 (  1  5 )

N. pachyderma (s)  (0-5%). 



158

. ,

.

,  1, ,

.

,

 6.76º  10.89º .

 [15]. 

 5 ,  1, 

 (9.03º  13.22º )

-

 [16–18].  CLIMAP, 

 5  [19]. 

,

, .

 5 , ,

, .

 1 

, .

. .

.

 13-05-90704 _ _ .

1. Broecker W.S. The Great Ocean Conveyor // Oceanography. 1991. V. 4. P. 79–89. 

2. Kucera M. et al. Multiproxy approach for the reconstruction of the glacial ocean 

surface (MARGO) // Quaternary Science Rev. 2005. V. 24. P. 813–819. 

3. Ruddiman W.F. Orbital changes and climate // Quaternary Science Reviews. 2006. V. 

25. P. 3092–3112. 

4. Broecker W.S., Denton G.H. What drives glacial cycles? // Sci. Am. 1990. V. 262. P. 

49–56.

5. Ganopolski A., Rahmstorf S. Rapid changes of glacial climate simulated in a coupled 

climate model // Nature. 2001. V. 409. P. 153–158. 

6. McManus J.F. et al. Thermohaline circulation and prolonged interglacial warmth in the 

North Atlantic // Quat. Res. 2002. V. 58.  1. P. 17–21. 

7. Rahmstorf S. Thermohaline Ocean Circulation // Encyclopedia of Quaternary Sciences 

(Ed. S. A. Elias). Amsterdam: Elsevier. 2006. P. 1–10. 

8. . . . .: ,

1988. 272 c. 

9. Imbrie J., Kipp N.G. A new micropaleontological method for quantitative

paleoclimatology: Application to a Late Pleistocene Caribbean core // The Late Cenozoic 

Glacial Ages (Ed. Turekian, K.K.). New Haven: Yale University Press. 1971. P. 71–181. 



159

10. Brambilla E., Talley L.D, Robbins P.E. Subpolar Mode Water in the northeastern 

Atlantic: 1. Averaged properties and mean circulation // J. of Geophysic. Res. 2008. V. 

113. S04025. 1–18. 

11. Kohfeld K.E. et al. Understanding Neogloboquadrina pachyderma (sinistral coiling) as 

a Paleoceanographic Tracer in the Polar Oceans: Evidence from Arctic Plankton Tows, 

Sediment Traps and Surface Sediment Samples // Paleoceanography. 1996. V. 11.  

P. 679–699. 

12. Waelbroeck C. et al. Improving past sea surface temperature estimates based on 

planktonic fossil faunas // Paleoceanography. 1998. V. 13. . 272–283. 

13. Prell W.L. The stability of low latitude sea surface temperatures: An evaluation of the 

CLIMAP reconstruction with emphasis on positive SST anomalies // Rep. TR 025. U.S. 

Dept. of Energy, Washington, DC. 1985. 

14. Eynaud F., de Abreu L., Voelker A. Position of the Polar Front along the western 

Iberian margin during key cold episodes of the last 45 ka // Geochemistry, Geophysics, 

Geosystems. 2009. V. 10.  7. Q07U05. P. 1–21. 

15. Levitus S., Boyer T.P. World Ocean Atlas 1994: Temperature, NOAA Atlas NESDIS 

4. Washington: D.C. Gov. Printing Office, 1994. V. 4. 117 pp. 

16. Bauch H.A., Erlenkeuser H. A “critical” climatic evaluation of last interglacial (MIS 

5e) records from the Norwegian Sea // Polar Research. 2008. V. 27. P. 135–151. 

17. Bauch H.A. et al. Climatic bisection of the last interglacial warm period in the Polar 

North Atlantic // Quaternary Science Reviews. 2011. V. 30. P. 1813–1818. 

18. Bauch H.A. et al. Contrasting ocean changes between the subpolar and polar North 

Atlantic during the past 135 ka // Geophysical Research Letters. 2012. V. 39. L11604. P. 

1–7.

19. Climate: Long-Range Investigation, Mapping, and Prediction (CLIMAP) Project 

Members. The last interglacial ocean // Quat. Res. 1984. V. 21. P. 123–224. 

In this study the results of the reconstruction of surface circulation in the North 

Atlantic during the Middle Pleistocene to Holocene are presented. Sea surface 

temperatures (MAT, RAM) derived from planktonic foraminiferal abundances 

are calculated. It was shown that during glacial periods the North Atlantic Current 

has migrated to the south and east. It was a time of Polar Front dominance in the 

study area. During MIC 5e it was much warmer in the study site than in Holocene 

because of NAC shift to the west from its modern position. 
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The work is based on a study of deposits of Cretaceous-Paleogene boundary in 

the Saratov region and river Daria (Essentuki). According to the results of 

palynological analysis of sediments in the river Daria have Danian and 

Zealandian age. Installed two breaks in sedimentation. Age of the rocks in the 

Saratov region on the K/Ar method on authigenic glauconite-64 million years. 

Variations in climate led to a change in the ratio of average content of clay 

minerals. Similar thermal changes are expressed in Caucasian basin containing 

smectite and gypsum layers of rock, and on the Russian platform – glauconite 

horizons.
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Thus, we conclude that the peaks of IRD content during MIS 5.b – MIS 4 and, 

especially, MIS 3 are confined to the coldest abrupt global climatic events and 

directly linked to the intensification of the northern hemisphere polar atmospheric 

circulation.
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6. The historical tsunami database. National Geographical data center. 

http://www.ngdc.noaa.gov/hazard/tsu.shtml. 

First results for the dissemination of tsunami deposits were obtained for East 

coast of Primorye caused by the earthquake, the centers of which are located on 

the bottom of the Sea of Japan. The data on concrete areas from coast Plastun Bay 

to Rudnaya Bay, Olga Bay and Kit Bay are submitted. Historical and late 

Holocene paleotsunami, traces of which are found in the sections were, 

apparently, more large-scale events than known tsunami of the twentieth century. 

The composition of tsunamigenic sediments were analyzed and investigate their 

similarities and differences with other coastal-marine facies and identified the 

sources of the material. The age of the event, the height of the runup of the waves 

and the range of flooding on coastal areas with a different structure were 

determined. The resulting materials can be the first step to making the geological 

record tsunami for the north-western part of the Sea of Japan. 
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The taxonomic comparative analysis of Paleogene marine diatom assemblages 

from different regions reveals bipolar distribution for a number of planktonic 

species in the earliest Oligocene. They are typical of northern and southern high 

latitudes but are not present in low latitudes. The possible mechanisms that may 

have caused this pattern are discussed. 
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The new Cenozoic stratigraphic schemes for the Kamchatka-Sakhalin region are 

described. Scenarios of geological events and evolution of biotic assemblages are 

presented. Five large stages of the North Pacific ecosystem evolution are 

established. 
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High-resolution climate and environmental changes in the 

Japan Sea (Yamato Rise) over last 75 ka

 LV 53-23-1G 

-  53 

« . . ». :

 – 

(TOC), ,

 ( ) 18

N. pachyderma (s) 

 1 .

 (lightness)  1 .

 (  5 )

,

,  ( .). 

, , ,

 MD-01-2407 

 [1] 
18 ,

-  [2, 3] ( .).  A-Tn 

 29.4  ( ) [4] 

 ( .).



190

-  ( ),

 [5] 

[6].  

 ( ),

-
18  [2, 3]. 

 ( .). 

;

 [7]. 

.

 ( -  1–4) 

 75 ,

,
18 ,

.

 (  13-

05-00296). 



191

.

N. pachyderma (s), ,

 Quercus 

, ,  – 

, ,

 LV 53-23  ( ).
18  [5], 



192

 [2, 3]  ( ). 

 ( ) ,

 ( I) ,

. ,

 – -

- .
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Records of d18O planktonic foraminifera, planktonic foraminifera abundance, % 

of Quercus in pollen assemblages, sediment lightness, content of chlorine, total 

organic carbon and CaCO3 content and sediment magnetic susceptibility in 

sediment of the Japan Sea core LV 53-23 demonstrated millennial scale climate 

and environmental variability correlated with abrupt climate changes in the North 

hemisphere. 
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The inter-annual and inter-seasonal variation of trace-element composition of the 

annual layers in the bottom sediments of Shira Lake (Hakasia) were studied using 

X-ray scanning microanalysis with synchrotron radiation from storage ring 

VEPP-3 (Novosibirsk). The relationship between sediments composition and the 

weather and climatic conditions was proved. The possibility of paleoclimatic 

reconstructions with annual temporal resolution was shown. 
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Nannofossil assemblages in three Quaternary sediment sections from the Rio 

Grande Rise region are compared. The continuous section of pelagic foram-nanno 

ooze recovered by the DSDP site 516 on the rise summit (at the water of 1313 m) 

contains the complete succession of nannofossil zones. Two core sections from 

the contourite drift on the Rio Grande transform fault ridge (at the water depths of 

3800 and 3905 m) are discontinuous owing to a strong erosion by the AABW 

streams after their outlet from the Vema Channel and contain reworked Pliocene 

nannofossils.  
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 // . 2009.  40. . 103–114. 

Author investigated the evidences of deglaciation in the sediments of the North-

Western Europe seas. For this aim long cores of sediments from Kattegat, Baltic 

and White seas were used. Diatomic analyses were used for the stratification of 

the cores. For determinations of absolute age of the sediments carbon-14 was 

used. The sediments of the Baltic and White seas were compared. 
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1. Mamo B., Strotz L., Dominey-Howes D. Tsunami sediments and their foraminiferal 

assemblages // Earth-Science Reviews. 2009. V. 96. P. 263–278. 

2. Razjigaeva N.G., Ganzey L.A., Grebennikova T.A. et al. Coastal Sedimentation 

Associated with the Tohoku Tsunami of 11 March 2011 in South Kuril Islands, NW 

Pacific Ocean // Pure Appl. Geophys. 2012. Springer Basel AG. DOI: 10.1007/s00024-

012-0478-4.

3. . ., . . .

.1. . : ,

1996.

4. Sen Gupta B.K. Foraminifera in marginal marine environments // Modern 

Foraminifera. Barun K. Sen Gupta Ed. Kluwer Academic Publishers, 2002. P. 141–160. 
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6. Pilarczyk J.E., Horton B.P., Witter R.C. et al. Sedimentary and foraminiferal evidence 

of the 2011 T hoku-oki tsunami on the Sendai coastal plain // Japan Sedimentary Geology. 

2012. V. 282. P. 78–89. 

The species composition of benthic foraminifera in the sediments shows that the 

tsunami is capturing material from the top of the coastal slope. Subtidal species 

was found only, many of whom live in the wave-cut zone or on the marches. 

Good preservation of the foraminifera tests talk about dimwitted transfer in a 

weak turbulent flow. Such a pattern is observed at small values of the splash. 
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1. Lowe D.J. Tephrochronology and its application: A review // Quaternary 
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2. Davies S.M., Wastegård S., Rasmussen T.L. et al. Identification of the Fugloyarbanki 

tephra in the NGRIP ice-core: a key tie-point for marine and ice-core sequences during the 

last glacial period // Journal of Quaternary Science. 2008. V. 23. P. 409–414. 

3. Ascough P.L., Cook G.T., Dugmore A.J. et al. Holocene variations in the Scottish 

marine radiocarbon reservoir effect // Radiocarbon. 2004. V. 46 (2). P. 611–620. 

4. Jensen B.J., Pyne-O'Donnell S., Plunkett G. et al. Intercontinental distribution of an 

Alaskan volcanic ash // Abstract V43B-2832 of the AGU Fall Meeting. San Francisco, 
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5. Derkachev A.N., Nikolaeva N.A., Gorbarenko S.A. et al. Characteristics and ages of 

tephra layers in the central Okhotsk Sea over the last 350 kyr // Deep-Sea Research. 2012. 

Part II. V. 61–64. P. 179–192.  

6. Ponomareva V., Portnyagin M., Derkachev A. et al. Early Holocene M~6 explosive 

eruption from Plosky volcanic massif (Kamchatka) and its tephra as a link between 

terrestrial and marine paleoenvironmental records // International Journal of Earth 

Sciences. 2013. V. 102/6. P. 1673–1699. Doi: 10.1007/s00531-013-0898-0. 
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9. Nürnberg D., Tiedemann R. Environmental change in the Sea of Okhotsk during the 

last 1.1 million years // Paleoceanography. 2004. 200419. P. PA4011. 

We report first ever geochemical studies of cryptotephra (scattered volcanic 

glass) in the sediments of Okhotsk and Bering seas. These studies have allowed 

us to identify several earlier unknown large explosive eruptions from the Kurile-

Kamchatka volcanic arc. Geochemically characterized tephras from these 

eruptions may serve as markers in the paleoceanological research. 
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The information about the community structure of radiolarians and possible 

modern speciation of Radiolarians under sharp fluctuations of conditions 

paleoenvironment were provided. 
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Pleistocene pelagic sedimentation in the Indian Ocean revealed the sharp 

difference between the ocean regions with sea ice and without it. 
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Distribution of planktonic and benthonic foraminifera in two sediment cores from 

north part of the Iceland Basin is supposed that during the end of the Late 

Quaternary was not analog of recent surface and deep circulation.. The modern 

North Atlantic Meridional Overturning Circulation activity had established in the 
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From micropaleontological data, the initial advance of Termination I in marginal 

subarctic NW Pacific appears as bottom water change. Sea-surface reaction lags 

on 200-260 years. There might be regional deglacial diachroneity as both sea-

surface and bottom paleoceanographic events at the onset of Termination I on 

East Kamchatka slope lead those in shallow SW Bering Sea on 490-550 years. 
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Diatom distribution features in the East Arctic Seas surface sediments are 

presented. Diatom content per gram of dry sediment was analyzed. The highest 

diatom content was marked in the Chukchi Sea surface sediments. Cluster 

analysis was used to distinguish several diatom assemblages depending on 

hydrological conditions.  
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Modern benthic foraminifera study from the Laptev Sea surface sediments allows 

enlarging the existing database on Arctic microfauna distribution. Ecological 

groups were distinguished in dependence to water depth and river runoff 
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The sediments of Holocene, last glacial and last interglacial were identified on the 

foraminiferal data. The complexes of planktonic, benthic foraminifers have been 

studied in the two columns of bottom sediments raised in the area of the 

Petersburg hydrothermal ore field (northern Atlantic region) and beyond were 

identified. The boundary between Holocene and late Pleistocene sediments in 

both columns is located at a level of 20 cm. The temperature of surface waters 

was determined, which marks the change of the tropical conditions in the 

Holocene to subtropical in the Upper Pleistocene. It was found out that 

hydrothermal fluids have a significant effect on biogenic carbonate sediments in 

the ore-forming zone of the Petersburg field (st. 33 l 159), expressed in the 

dissolution of microfossil shells and their replacement by hydrothermal minerals. 

In the background sediments, studied in column st.33 l 148 (5 km away from the 

ore field), the tests of microfossils are well preserved along the entire section. The 

base of the column shows a low impact of acidic corrosive environment, 

expressed in disappearance of pteropoda remains, change in the number and 

species composition of benthic foraminifers, decrease in the total number of 

planktonic forams.  
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G. glutinata, G. quinqueloba, N. pachyderma dex 

.

,  (
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aCO3 .

 4 G. scitula. ,

,

.

,  3, 

.

, G. bulloides,

.

. ,

 3, : N. pachyderma sin G. bulloides,

 100% . ,  2, 

.

.

,  1, 

,

,

.

 [4]. 

aCO3 ..

 "13-05-90705- _ _ ".

1. . ., . .
 // . 2003. . 43.  2. . 219–227. 

2. . ., . ., . . .

 // . . 2010. . 18. .
4. . 106–120. 
3. Gorbarenko S.A., Southon J.R., Keigwin L.D. et al. Late Pleistocene Holocene 
oceanographic variability in the Okhotsk Sea: geochemical, lithological and 
peleontological evidence // Palaeogeogr. Palaeoclimatol. Palaeoecol. 2004. V. 209. P. 281–
301.
4. . ., . ., . .

-  ( ,
. 34-98) // . . 2001. . 9.  4. . 99–112. 

This research explores the response of planktonic foraminifera to main 
paleoclimatic events in Okhotsk region and attempt to reveal the special 
characteristics of this proxy for interpreting the paleodata. We established certain 
foraminiferas patterns and defined criteria that correspond to different 
paleooceanographic situations. 
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. ,

.

,

, .

,

. ,

, ,

.

-  ( )

.

.

,

.

, ,

.

, .

,

,  [1]. 

.

.  LV 32-33 

 (46°28.808 . ., 139°0.294 . .) ( . 1). 

.  120 

. .  [2]. 

: .  6  ( . 2), 

: 1. 0-60 Pinus s/g Haploxylon – Quercus; 

2. 60–195  Quercus – Picea sect. Eupiceae; 3. 195-220  Duschekia – 

Quercus; 4. 220–470  Duschekia - Betula sect. Albae - Picea sect. Omorica; 5.
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470–550 Duschekia; 6 . 550–620  Duschekia – Abies – Betula; 6b. 620–

670 Duschekia - Betula sect. Albae; 6 . 670–780 Duschekia – Abies – 

Betula; 6d. 780–820 Duschekia - Betula sect. Albae. 

 1. 

: 1 – , 2 – - , 3 – , 4 – 

, 5 – -  [3] 

,

, -

.

,

, .

.

.

 LV 53-23-1 

,  (40°011/ . ., 134°018/ . )

( . 1). .

 137  12  ( .

3): 1. 0–25 Pinus s/g Diploxylon - Quercus; 2. 25–45 Quercus - Pinus s/g 

Diploxylon; 3. 45–90 Picea sect. Eupicea – Abies; 4. 90–130 Picea sect. 

Eupicea – Pinus s/g Haploxylon; 5. 130–190 Picea sect Eupicea – Duschekia 

– Quercus; 6. 190–225 Picea sect. Eupicea – Quercus; 7. 225–280 Picea

sect. Eupicea – Picea sect. Omorica; 8. 280–365 Picea sect. Eupicea 
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Cupressaceae; 9. 365–405 Picea sect. Eupicea – Quercus; 10. 405–565 

Picea sect. Eupicea Quercus – Pinus s/g Diploxylon; 11. 565–610 Picea sect. 

Eupicea – Duschekia; 12. 670–750 Picea sect. Eupicea – Quercus – 

Cupressaceae.

 2.  LV32-33:  (%), 

 (%), 

: , .

,  Picea sect. 

Eupicea, Pinus s/g Diploxylon, Quercus, Duschekia.

, , ,

, -

, .

-3466.2012.5, 13-05-

00296, 12-05-31339. 

1. . . - . .: , 1967. 270 .

2. . . - - . .: 

- .- . - , 2004. 128 .

3. . .  // .

. 1980. . 80. . 46–61. 
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 3.  LV53-23-1:  (%), 

 (%), 

(1–12)

Pollen analysis is successfully enough used at studying of deep-water cores. The 

analysis assumes definition and registration of minerals of pollen and dispute in 

samples of sedimentary breeds and allows reconstructing stage-by-stage 

development of vegetation in the past and changes of climate.  
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 [1]. 

,

,

 [2–4]. 

,

, ,

.

- .

.

3 [4]. 

Salix Artemisia.

.

,

[5] . [6]. 

.

,

, Ericaceae Poaceae.
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[12]. ,

.

,  (

)

.

. , . . , . . . .

.

 13-05-01039- .

1. Corner G.D., Kolka V.V., Yevzerov V.Y., Møller J.J. Postglacial relative sea-level 

change and stratigraphy of raised coastal basins on Kola Peninsula, northwest Russia // 

Global and Planetary Change. 2001. V. 31. P. 155–177. 

2. Snyder J.A., Forman S.L., Mode W.N., Tarasov G.A. Postglacial relative sea-level 

history: sediment and diatom records of emerged coastal lakes, north-central Kola 

Peninsula, Russia // Boreas. 1997. V. 26. P. 329–346. 

3. Møller J.J., Yevzerov V.Y., Kolka V.V., Corner G.D. Holocene raised-beach ridges 

and sea-ice-pushed boulders on the Kola Peninsula, northwest Russia: indicators of 

climatic change // The Holocene. 2002. V. 12 (2). P. 169–176. 

4. Kremenetski K.V., MacDonald G.M., Gervais B.R. et al. Holocene vegetation history 

and climate change on the northern Kola Peninsula, Russia: a case study from a small 

tundra lake // Quaternary International. 2004. V. 122. P. 57–68. 

5. Gervais B.R., MacDonald G.M., Snyder J.A., Kremenetski K.V. Pinus sylvestris 

treeline development and movement on the Kola Peninsula of Russia: pollen and stomate 

evidence // Journal of Ecology. 2002. V. 90. P. 627–638. 

6. Snyder J.A., MacDonald G.M., Forman S.L. et al. Postglacial climate and vegetation 

history, north-central Kola Peninsula, Russia: pollen and diatom records from Lake 
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. . - . . . 1997. . 102. . 3. . 39–45. 

8. .  ( ,
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. T. 1. , 2011. . 108–110. 

9. Sapelko T., Nosevich E. Holocene palaeoenvironmental changes on the North Kola 

Peninsula: formation of modern landscapes // Abstracts of Past Gateways. First 

International conference and workshop. St.-Petersburg, May 13–17, 2013. . 65. 

10. . , . ., . ., . .

 // ,

, 2005. . 470–471. 

11. Sapelko T., Nosevich E.S., Anisimov M. Vegetation history during Middle-Late 

Holocene on the North Kola Peninsula // Arctic Palaeoclimate and its Extremes (APEX), 

6th international conference and workshop: Abstract volume. Oulanka, Finland, 2012. 

12. Gervais B.R., MacDonald G.M. Tree-ring and summer-temperature response to 

volcanic aerosol forcing at the northern tree-line, Kola Peninsula, Russia // The Holocene. 

2001. V. 11 (4). P. 499–505. 

Lake sediments and bog deposition are the best sources for palaeoreconstruction. 

The vegetation is a function of climate, tectonic and coastline movements. As a 

result, the vegetation history shows landscape changes in studying region during 

Holocene. 
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Studies of the structure and development of the Japan deep-sea

trench (spore-pollen analysis method) 

 435  436 (  39°44,09 . ., 143°47,59 

. .,  39°55,96 . ., 145°33,47 . .). -
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, .

 Tsuga, Juglans, Corulus ,
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,

.  435  436 
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. ,
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- ,
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. ,

.

, ,

 3/4 ,

, ,

. -

,

, .

1. . .

. .: , 1964. 88 .

Based on polynologic data, a study was made of the structure and development of 

the Japan deep-sea trench. The sediments under study belong to Late Pleistocene. 
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Quaternary sedimentation and formation of biostratigraphic 
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-  29-

 « » (2009 .): -

 (  2182  215 , . 4990 ; 23°30.52’ . .,

04°17.19’ . .);  2189, 2190, 2194 

 2194-1, 2195 (35°20.56’ . ., 03°01.70’ – 

08°10.91’ . .).  4708–5200 

 5–475 .

.

,

 ( , )

- ,

, .

 ( ) ,

- ,

.

-  (

) . -

,

.

,

.  4300 

.

 0.5° C 

, . .

.

, -

 ( )  (5400 ), 

 (4800 ), 

 (5100 ) [Ellis, Moore, 1973]. 
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.

 –  ( ). ,

,

, .

,

.

 [ ., 1969; , , 1989]. 

. ,

.

4708-5200 . ,

. ,

, ,

,

[ ., 2012]. 

-

, , -

- .

.  2182  215 

 4990 

 [ ., 2012], 

 ( . 1). Emiliania huxleyi

 0–25 ,

[Gartner, 1977].  ( . 25-115 )

Gephyrocapsa oceanica (0.27-0.44 ) + Pseudoemiliania lacunosa (0.44-

0.92 ), - .

 (small Gephyrocapsa  Helicosphaera sellii) 

. ,

.

 115 -

 (1.51-1.65 ) Calcidiscus macintyrei.

. 170-175 , ,

, ,

 ( ), .

 (0-56, 100-150 )  (57-100, 150-
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165 )

.

 1.  2182 

.

- , , . 2182, 

.

,

 6°  [Ciesielski, Weawer, 1983]. 

,

 [ ,

, 2011], 

.

,

Gephyrocapsa oceanica. Emiliania huxleyi,

Pseudoemiliania lacunosa, Calcidiscus macintyrei (

),

0.27–0.44 . [Gartner, 1977].  2 

 3 , .

,

Calcidiscus leptoporus Coccolithus pelagicus. 

,

 ( . 2). 

 2182,  (1–2%) . 2189. 
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 2. Coccolithus pelagicus

Calcidiscus leptoporus

 2190  ( .

2194, 2194-1, 2195),  40% .

 2190  ( . 3). 

-

- ,

.

,

(Nitzschia reinholdii),

(Hemidiscus karstenii) .  ( . 5  2190) 

. Fragilariopsis 

doliolus, - . ,

Nitzschia fossilis

 0.7  0.3 . .

,

,  (  2  4, . . 3). 

50–150  235 -

-

.

(  4) .
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 3.  2190 

,

, ,

 – ,

.

Studies of the Angola and Cape basins sediments in the Southern Atlantic showed 

that the their structure and distribution, and formation of fossil assemblages are 

influenced by of water temperatures, depth of carbonate compensation, and also 

ground ridges, passes to them, and movement of the Southern polar front.
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 20 .

 KALMAR, 

 – 

 (SO201-2-101KL) 

 (SO201-2-12KL). 

,

,

. ,

- ,

 SO201-2-12-KL  20 ,

 (  200 )  SO201-2-101KL –  25 

 [1]. 

, ,

,

 – , , ,

 [2–4] 

. ,

: , - ,

, .

. ,

,

. ,

, Thalassiosira latimarginata,

,

 [4] .
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, - ,

,

.

-

,

Neodenticula seminae (  90%) 

Coscinodiscus marginatus (  15%) – ,

. .

, ,

:

Chaetoceros 

spp.

,

- .

,

: Fragillariopsis oceanica – 

Neodenticula seminae –

. -

.

.

,

SO201-2-12KL, .

, -

, Thalassiosira oestrupii 

.

,  20 .

- .

 12-05-00979-

 23. 

1. Max L., et al. Sea surface temperature variability and sea-ice extent in the subarctic 

Northwest Pacific during the past 15.000 years // Paleoceanography. 2012. V. 27, PA3213, 

doi:10.1029/2012PA002292. 

2. . . -

 // - , 1962. 260 .
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3. Kazarina G.Kh., Yushina I.G. Diatoms in recent and Holocene sediments of the North 

Pacific and the Bering Sea // Berichte zur Polarforshung. 1999. V. 306. P. 134–148. 

4. Sancetta C. Effect of Pleistocene glaciation upon oceanographic characteristics of the 

North Pacific Ocean and Bering Sea // Marine Geology. 1985. V. 62. P. 55–68.

Diatom study of sediment cores from two regions of subarctic NW Pacific 

allowed to restore paleoenvironments during the last 20 ky and to reveal specifics 

of a microfloral response to climatic events on different time scales. 
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.  10000 

 11500  [2]. 

 (

)

.

,

 [3]. ,

 12900 ,  (  4 )

.

. .

, , ,

,  [4]. 

,

,

[5]. , ,

, .

,

 ( - - ), 

-

, .

-  14–15 . . . . [2], . ., 

,

. ,

,

.

 (60°14’ . ., 29°54’ . ., 102.2 . .), 

 [6]. 

 3.5 

-

.

,

 12.0 . . . . [7, 8]. 
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10. Anders E., Grevesse N. // Geochim. Cosmochim. Acta. 1989. V. 53. P. 197–214.

The Late Pleistocene climate oscillation known as Younger Dryas (YD) cooling 

event is connected predominantly to a sharp decrease of thermohaline circulation 

in the Atlantic Ocean affecting the salinity in the areas where north Atlantic deep 

water is formed. Recently, a hypothesis was proposed relating the YD cooling to 

an extraterrestrial bolide impact. This hypothesis suggested that just before the 

onset of the YD cooling, 12.9 ka BP, a large bolide (up to 4 km in the diameter) 

exploded over the North American Laurentide Ice Sheet. The consequences of 

such a catastrophic event might have led to an abrupt climate change. Several 

studies showed that in the Late Pleistocene sediments of Western Europe is 

present material that could be related to meteorite impact. Many lakes of NW 

Russia are known to exist as long as from 14–15 ka BP, i.e., continuing 

sedimentations started there before time of the suggested meteorite impact. 

Therefore, geochemical fingerprints of such an event could be preserved in such 

lakes’ sediments. In a search for fingerprints of the extraterrestrial impact the 

Late Pleistocene sediments of Lake Medvedevskoye (60º14’N, 29º54’E, 102.2 m 

a.s.l., the Karelian Isthmus of NW Russia) have been studied. Concentration and 

distribution of trace elements across the sequence of the Late Pleistocene 

sediments from the lake Medvedevskoye display features consistent with the 

addition of materials other than those from a common source for the lake 

sediments of the region. We suggest that sediments of Lake Medvedevskoye 

carry microparticles related to the extraterrestrial event that occurred at ca.  

12.9 ka. 
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.
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.

,  (

) – .

 (  – )

, , .

,

, .

 4-

 – , , .

.

,

 (  4-

) : Globorotalia pseudomenardii, 

Acarinina subsphaerica, A. acarinata, Globorotalia subbotinae, G. 

marginodentata, G. aragonensis, Acarinina bullbrooki, A. rotundimarginata, 

Globigerinatheka subconglobata, G. index, Hantkenina alabamensis, Globigerina 

turcmenica. 

,

 (  Haplophragmoididae, Textulariidae, 

Ataxophragmiidae, Miliolidae, Lagenidae, Polymorphinidae, Discorbidae, 

Siphoninidae, Pseudoparrellidae, Epistominidae, Ceratobuliminidae, 

Asterigerinidae, Anomalinidae, Nonionidae, Chilostomellidae, Buliminidae, 

Bolivinitidae, Heterohelicidae, Globigerinidae, Globorotaliidae, Hantkeninidae, 

« » ).

 4-

,

.

,

,

.

 – Rhizammina, Rhabdammina, Hyperammina, 

Psammosphaera, Saccammina, Proteonina, Reophax, Recurvoides, Ammoba-

culites, Ammomarginulina, Pseudocyclammina;

 – Rhizammina indivisa Brady, Proteonina ex gr. difflugiformis (Brady), 
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Reophax suzakensis N. Byk., Ammobaculites midwayensis Plumm., Pseudocyc-

lammina discamminaeformis Subb. 
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, , .

The body of Mesozoic-Cenozoic marine deposits is built of cyclites. In a vertical 

row of cyclites may be observed an alternation between the two different biotes – 

progressive and conservative. It reflects the climatic fluctuation in the geological 

past. Frame of cyclites should serve as the basis for the stratigraphic charts.
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According to good stratified cores up to 7–15 m compiled the 34 lithological 

profile and map of the yoldia and ancylus clays and their thickness. Were 

compiled of their thickness (4–6 m) is located in the southern part of Gdansk, the 

northern part of Gotland and north-eastern part North Baltic deeps. 
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Geologic history of the Jan Mayen Microcontinent and Jan 

Mayen Hot Spot 
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The microcontinent Jan-Mayen appeared in Early Eocene. At separation from 

East Greenland on its western borderland the new volcanic area delivering the 

pyroclastic in the spreading Norwegian-Greenland Basin was formed. Modern 

Jan Mayen volcanoes are fed with magma both from Icelandic Plume, and from 

relic and neogenic magmatic cameras of a zone of Jan-Mayen Faults. 
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Stratigraphy and formation conditions of sedimentary cover of 

the Okhotsk Sea (on the basis of diatoms and silicoflagellates 

analyses)
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Stratigraphy and formation conditions of sedimentary cover of the Okhotsk Sea 

based on the siliceous microalgae analyses are discussed. 



322

. ., . .
( , . , yan@poi.dvo.ru)

Yanchenko E.A., Gorbarenko S.A. 
(POI FEB RUS, Vladivostok) 

Reaction of the radiolarian assemblages to the climate and 

environmental changes of the Okhotsk Sea during Late 

Pleistocene and Holocene 
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We were found that Radiolarian assemblages are sensitive to the glacial – 

interglacial abrupt climate oscillations. Application of radiolarian proxy for 

Okhotsk sea paleooceanology reconstructions allow use to trace glacial-

interglacial as well as millennial changes of climate and environment of this 

region by the example of abundance and spices of radiolarian assemblages.  
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IODP Expedition 306, site U1314, North Atlantic: Radiolarian 

biostratigraphy, associations and paleoceanography 

The North Atlantic has been an area with great focus on the late Neogene 

paleoceanography and paleoclimatology. The radiolarian biostratigraphy in the 

middle latitude North Atlantic has been hampered by bad preservation of 

radiolarian shells and discontinuous coring [1–2]. Attempts have also been made 

to use key species applied in low latitude radiolarian stratigraphic schemes [3–4], 

but these studies did not result in a scheme for the region with sufficiently fine 

resolution. Furthermore, it has been shown [3] that some radiolarian events were 

diachronous between the Indian Ocean and the North Atlantic. 

Only in the Norwegian Sea is there a detailed radiolarian biostratigraphy 

applicable to the Neogene-Quaternary [5]; however, this zonation is endemic for 

the Norwegian Sea and only a few of these species are also found in the North 

Atlantic. In this report we will briefly present our new results on biostratigraphy, 

migration and paleoceanography during the last 3 m.y. (sediment column 0–280 

m) in the high-latitude North Atlantic, based on radiolarians. Our material is 

based on the holes drilled during IODP Expedition 306 at site U1314 (56 22’N, 

27 53’W) at the Gardar Drift and 2800 m water depth. The sediment is dominated 

by nannofossil oozes enriched in varying proportions with biogenic opal remains. 

The new radiolarian biostratigraphy is not yet published and can only be 

indicated in this report. Five radiolarian zones have been recognized spanning the 

last 3 m.y. The zonal boundaries are at 2.76 m.y., 2.68 m.y., 2.29 m.y., 1.52 m.y., 

and 0.41 m.y. The oldest zone (3–2.68 m.y.) is based on the total range of what 

was named Spongaster (?) tetras Zone in the Norwegian Sea [5], but which 

represents a new species awaiting description. The interval 2.76–2.68 m.y. is also 

defined by a new species, and as its vertical range is rather short it is questionable 

if this can be used as a separate zone. We are better off using this interval as a 

subzone of the upper part of the Spongaster (?) tetras Zone. The total range of 

Cycladophora davisiana 2.29–0 m.y. [5] is divided into four new zones based on 

Cycladophora sakaii, Druppatractus irregularis and Amphimelissa setosa.

The latter species is of special interest as its first occurrence was in the North 

Pacific roughly 1.1 m.y. ago [6]. It was originally argued that A. setosa migrated 

from the North Pacific to the North Atlantic via the Arctic Ocean and the 

Labrador Sea during the high sea-level stand MIS 5e (Eemian) [7]. In our new 

data from U1314 we have abundant A. setosa in MIS 10 and MIS 8, making up 

about 60% and 20% of the total collection respectively. High abundances also 

occurred in MIS 10 and MIS 8 in ODP Leg 105, site 646 in the Labrador Sea. In 

our U1314 material A. setosa occurs continuously from MIS 5a throughout MIS 2 
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(50%), but is rare in MIS 1. It has also been suggested [7] that A. setosa could 

have started its migration from the North Pacific to the North Atlantic as early as 

MIS 11, also a period with high sea-level stand. An alternative explanation might 

be that, due to the fact that biogenic opal during the last 1 m.y. studied is rather 

well preserved, once A. setosa had entered the Arctic Ocean it adapted to the new 

conditions and became a regular member of the arctic fauna. The occurrence of A.

setosa in the North Atlantic and U1314 at 410 ka is therefore concluded to be its 

first and real occurrence. As A. setosa is not present today in the North Atlantic 

(as represented by Site U1314) we assume this species, with a recent distribution 

in cold water only, was introduced to the cold arctic environment during the high 

sea-level stand MIS 11. Once introduced to the cold water in the Arctic Ocean, 

Labrador, Norwegian and Barents seas, this species migrated along the north-

south shifts of the Arctic Front at an orbital and sub-orbital scale, and hence it is 

not found in the North Atlantic during warm periods. At present A. setosa has not 

been observed in the upper part of MIS 8, MIS 6, MIS 5d and 5b. We think other, 

as yet unknown, reasons, apart from preservation, are responsible for its 

stratigraphic distribution. 

Figure 1. Location of IODP Site U1314 (black star: 56º21 N, 27ºW; 2820 m water depth), 

modern surface (pink), and deep circulation (blue) in the North Atlantic. East Greenland 

Current (EGC), Norwegian Current (NC), Labrador Current (LC), North Atlantic Current 

(NAC), Denmark Strait Overflow water (DSOW), Iceland Scotland Overflow water 

(ISOW), Labrador Sea water (LSW), North Atlantic Deep water (NADW), and Southern 

Source Waters (SSW). 



328

Beside biostratigraphic analyses of this key species, changes in polycystine 

radiolarian assemblages composition are good tools to define ecological changes. 

We used the Q-mode cluster analysis technique on the radiolarian fauna which 

showed drastic changes during the last 600 ka. The fauna was divided into three 

assemblage groups, corresponding to the glacial (dominated by Cycladophora 

davisiana), interglacial (dominated by Lithomelissa setosa and 

Pseudodictyophimus gracilipes), and transitional (dominated by Lithomitra 

lineata/arachnea group and Larcopyle weddellium) intervals. This part of the 

core is characterized by the 100-ka glacial cycles. Based on the occurrence of 

Amphimelissa setosa and Styloclamydium venustum?, we conclude that MIS 6 

and 8 are relative warmer than the other glacial stages with MIS 12 as the coldest.  

The Mid-Pleistocene Transition (1069-779 ka) is of special interest for 

radiolarian biostratigraphy and paleoceangoraphy, since during this period the 

dominant periodicity of high-latitude climate oscillations shifted from 41-ka to 

100-ka cycles. This orbital reorganization had large impact on the composition of 

marine biota. After MIS 22 (� 860 ka) there occurred a marked change in the 

structure of the radiolarian assemblage [8], with higher contrast between glacial 

and interglacial periods.  

Figure 2. Examples of Glacial (Cycladophora davisiana) and Interglacial (Lithomelissa

setosa and Pseudodictyophimus gracilipes) fauna elements in North Atlantic IODP site 

U1314.
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The deep–dwelling taxon Cycladophora davisiana contributed most to the 

radiolarian assemblage during cold glacial intervals, while during warm 

interglacial intervals the shallow-dwelling taxa Pseudodyctiophimus gracilipes 

and Lithomelissa setosa were abundant as well as an increase in biogenic opal 

accumulation; an increase in radiolarian diversity is also seen, representing 

enhanced radiolarian production during introduction of warm Atlantic waters and 

water mixing.  
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Climatic and sea level changes during the Quaternary evolution 

of the Bulgarian Black Sea zone

Pleistocene

Lower Pleistocene (Mindel, Tschaudinian stage) 

At the beginning of the Tschaudinian age the level of the basin has been 

significantly lower than the contemporary one. It is connected with the end of the 

Pretschaudinian regression and the uncompleted glacial regression on a global 

scale. The ancient coastline of the Pretschaudinian Sea has been located west of 

the contemporary edge of the shelf. The Lower Tschaudinian sediments in the sea 

prolongation of the Kamchia River, the Elizavetinska and Samotino-East 

structures, serve as a proof of this statement. In these structures the lower part of 

the Tschaudinian sediments is determined at a depth of –73m [1]. It has been 

supposed [2] that the outline of the Tschaudinian coastline was located at a depth 

of 80–100 m parallel with the edge of the modern shelf, which regards the 

accumulative bars as shapes of the coast relief and assumes that all areas to the 

west of the bars had been solid land. 

At the second half of the Tshaudinian age, which is connected with the 

transgressive phase of the basin development, the coastline has coincided with the 

contemporary one. In the deep erosial valleys, the Tschaudinian coastline has 

penetrated inside the contemporary land. It can be supposed, that as a result of the 

Upper Tschaudinian transgression at the time of its peak, higly elevated terraces 

were formed on land [3]. These terraces are genetically connected with higly 

elevated terraces on the Caucasian coast, which are formed as a result of the Late 

Tschaudinian transgression [4]. The described Upper Tshcaudinian sediments are 

comparable with the well-known even-age sediments from the southern part of 

the shelf [2, 5]. The taxonimical composition of the fauna, which is included:

Dreissena rostriformis tschaudae (Andrus.), Dreissena rostriformis abchasica 

Nev., Didacna tschaudae (Andrus.), Didacna crassa (Eichw.) correlates with the 

stratotype section of cape Tschauda [6] and with the Tschaudinian terrace on the 

Kerch peninsula coast, the Caucasus and Turkey [4]. 

The salinity of the Tschaudinian basin has been lower than the contemporary 

Black sea basin’s one – about 8–10‰ [7]. There have been steppe landschaftes on 

the coastal zone, cool and dry climate [8]. The strong presence of a ponto-

caspinian type molluscan community with redeposited Pliocen relicts marks the 

so called “Caspinian” stage of the geological history of Black Sea. 
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Figure. Geomorphological scheme of the Bulgarian Black sea shelf and coast showing 

locations where the cores were extracted.Abbreviation sheme of geological structures: (N) 

Northern; (A) Aprilska; (E) Elizavetinska; (SE) Samotino East; (YG) Yurij Godin ; the 

mouth of Batova River, Kamchia River, Fandaklijska River, Aheloj river and Durankulak 

Lake, Shabla-Ezeretz Lake 

Middle Pleistocene (Riss Glacial, Oldeuxinian and Uzunlarian stages) 

The Caspinian phase of the development of the basin continues during the 

Oldeuxinian stage. A deep regression divides the Tshcaudinian and Oldeuxinian 

basins and the level lowers to 40–60 m, which is proved by the deep palaeo 

incision of the river valleys on the seaside [7]. The Oldeuxinian basin is 

characterized by a brackish type of molluscan fauna, but with another 

composition of species – old brackish cardides predominate, which marks one-

sided connection with the Caspinian basin: Didacna crassa pontocaspia (Eichw.), 

Didacna crassa parvula Nalivkini, Didacna pallasi (Prav.). This change of 

species has been evolutionary and proves the long duration of the Oldeuxinian 

stage. The salt content of the basin has been about 10–12‰. The 
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biostratigraphical analysis reconstructs cold climatic conditions and coastal 

landschaftes with steppe vegetation [8]. The uzunlarian stage marks the 

transformation of brackish basin into a refreshed sea basin, whose saltiness 

reaches 19‰ [9, 10]. A specific feature of the sediments of the Uzunlarian 

regional level is that they contain simultaneously Caspinian and Mediterranean 

species: Hydrobia ventrosa (Mnt.), Abra ovata (Wood.), Cardium edule L., 

Paphia sp., Dreissena polymorpha (Pall.). The Uzunlarian transgression fixes the 

first slight warm spell of the climate and increase of the salt content. The change 

of the Old Euxinian fauna to the Uzunlarian one has been done gradually, which 

is also established in the sections on the coast, where there is no interruption 

between the Oldeuxinian and Uzunlarian sediments. The soft climatic conditions 

facilitate the development of coastal steppes, which is proved by the sporo-pollen 

spectra.

Upper Pleistocene (Riss-Wurm, Karangatian and Neoeuxinian stages) 

The Karangatian transgressive stage is the most important palaeogeographical 

event during the Pleistocene, which results in an increase of the sea level higher 

than the contemporary one. According to Svitoch et al. [7], the Karangatian sea 

level has reached +6 – +8 m during the maximal phase of the transgression.  

The sediments, which contain: Corbula gibba (Ol.), Eulimella (Ebala 

(pointeli (M.), Cardium paucicostatum Sow., Nucula nucleus (Linne), Retusa sp

proves their early Karangatian age [11].They correlate by age to the Karangatian 

terrace of Varna, the valley of Fundukliiska river, which prove the early phase of 

the Karangatian transgression. The sporo-pollen spectra prove a dry and cool 

climate with a tendency to warm and humid climate [8]. 

Late Pleistocene (Late Glacial- Wurm, Neoeuxinian stage) 

The beginning of the Neweuxinian epoch is marked by a deep regressive 

phase of the basin development.The Neweuxinian regression in the Late 

Pleistocene coincides with the Würm icing.The relict Postkarangatian refreshed 

basin exists as an effluentless lake-sea and the sea level decreases to –90 – –100 

m, and the connection between the Mediterranean and Caspinian sea breaks.In the 

sea continuation of Low Kamchian depression, the Neweuxinian sediments lie 

down directly on Pliocenian clays or directly on Tschaudinian sediments. The 

high amplitude of the Postkarangatian regression is proved by the significant 

stratigraphic hiatus of the washed away Oldeuxinian, Uzunlarian and Karangatian 

sediments [11]. The morphologically well expressed on the shelf Batova and 

Kamchian firth are formed on Postkarangatian incisions, formed in the first half 

of the Neweuxinian epoch. As a result, the fluvial firths fill at first with alluvial 

type of sediments and later with sea sediments.During the Neweuxinian 

transgressive phase a Caspinian type of molluscan fauna dominates: Dreissena 

rostriformis distincta (Andrus.), Dreissena polymorpha regularis (Andrus.). Poor

in species diversity, but rich in quantity, it marks a fresh-water influx of 

Caspinian waters. The existence of stenohalyne dinoflagellate cysts reconstructs a 

cold climate and low saltiness up to 7‰. 
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Holocene 

As a result of the Holocenian Postglacial transgression, Black Sea transforms 

into a sea basin with palaeoecological features, close to the contemporary 

characteristics: euryhaline, Mediterranean type fauna and a salinity of about 19‰. 

In the development of the Black Sea Postglacial transgression two phases can be 

distinguished, of wich well preserved geological and geomorphological traits 

were found alongside the Bulgarian coastal line and shelf: the Old Black sea 

phase (a level of 10–20 m lower than the contemporary one) and, the New Black 

sea phase (a level of 2 m higher than the contemporary one) [12]. 

The sediments of the Old Black sea regional substage contain a mixed type of 

molluscan fauna. Caspinian and Mediterranean species exist simultaneously in 

the conditions of high temperature and saltiness: Hydrobia ventrosa (Mtg.), 

Monodacna caspia (Eichw.), Cardium edule L., together with euryhaline 

dinoflagellates. The sediments, composing the New Black sea regional substage, 

mark the beginning of the contemporary stage of the geological history of the 

Black Sea basin and fix the maximum of the Holocene transgression. The 

molluscan fauna is only stenohaline, Mediterranean type: Mytilus 

galloprovincialis Lmk., Spisula subtroncata triangulata (Ren.), Modiolus 

phaseolinus (Phil.), together with stenohaline dinoflagellates. The salt content is 

close to the contemporary one.Oak forests exist in the conditions of high 

humidity, the formation of flooded type of forests in the fluvial valleys [8]. 

Conclusions 

A complete palaeogeographical reconstruction of the Quaternary evolution of 

the Bulgarian Black Sea zone is made on the basis of the analysis of the terrace 

complexes along the seaside; establishing of the marine phases in oscilation link 

between sea and lake. A correlation between the units of the coastal zone and 

shelf area is made and it is concluded that features within the both areas are result 

of the same trangresssion-regression cycles of the Quaternary evolution of the 

Black Sea. 
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The Tethys: three meanings in the modern geology 
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:

Exactly 120 years ago, Suess [1] employed the term 'Tethys' (after the name 

of the Ancient Greek Goddess) for the purposes of geology. It appears that this 

term comprised the both palaeotectonical and palaeoceanographical meanings 

since the very beginning. As the Tethys Ocean remained in the tropics through 

the geologic history (Fig. 1) and its waters were rich in life [2], it is not surprising 

that this term was preoccupied by the palaeobiogeography [3–5]. However, 

advances of plate tectonic reconstructions during the past two decades has 

brought something to wonder: there was not any single ocean to be defined as the 

Tethys. There were the Tethyses! Three meanings of the term 'Tethys' in the 

modern geology can be distinguished, namely palaeotectonical, 

palaeooceanographical, and palaeobiogeographical. 

Figure 1. Changes in the configuration of the Tethys (sensu lato) through the geologic 

history (strongly generalized from [11] and scotese.com). 

From the palaeotectonical point of view, several large oceans opened and 

closed between Gondwana in the south and Laurussia/Laurasia in the north 

during the Paleozoic-Mesozoic [6–13] (see also on-line at scotese.com and 

www2.nau.edu/rcb7/globaltext2.html). However, reconstructions of their history 
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differ. Metcalfe [8–10] recognized three oceans, namely the Palaeo-Tethys, the 

Meso-Tethys, and the Ceno-Tethys that evolved in the Devonian-Triassic, the 

Permian-Cretaceous, and the Jurassic-Paleogene respectively. Stampfli and Borel 

[12] recognized the Proto-Tethys (Early Paleozoic), the Palaeo-Tethys (Middle 

Paleozoic-Triassic), the Neo-Tethys (Late Paleozoic-Mesozoic), and the Alpine 

Tethys (Mesozoic). Later works refined this ocean chronology. E.g., the term 

'Proto-Tethys' disappeared from the reconstructions of Stampfli et al. [13]. Some 

other developments [6, 14, 15]) facilitated our understanding of the Paleozoic-

Mesozoic geodynamics of the Tethyan oceans and confirmed the absence of the 

single ocean. Therefore, the term 'Tethys' has lost its palaeotectonical meaning in 

the modern geology to be replaced, when necessary, by the names of the above-

mentioned oceans. 

Palaeoceanography can also adopt the new palaeotectonical Tethys-related 

terminology for its own purposes. In such a case, the ancient water masses should 

be named similarly to the oceans (in tectonical sense) that they represent. For 

example, one may write about the Palaeo-Tethys Ocean or the Neo-Tethys Ocean 

in descriptions of palaeocirculation or oxygen depletion. However, the available 

palaeogeographical reconstructions (see on-line at scotese.com and 

www2.nau.edu/rcb7/globaltext2.html) demonstrate persistence of one very large 

water mass between Gondwana and Laurussia/Laurasia through the Paleozoic-

Mesozoic. Although this water mass was divided into portions by the chains of 

Gondwana-derived terranes at some time intervals [12, 13], these chains 

appeared as only island archipelagos. Therefore, it does not appear to be a 

mistake to apply the general term 'Tethys' to that entire water mass, 

irrespectively of which Tethyan ocean(s) (in tectonical sense) it occupied. 

Presently, there is no ocean (in oceanographical sense) occupying two 

subparallel ocean basins (in tectonical sense) like this occurred, say, in the 

Permian and the Triassic [12, 13]. However, the present Pacific Ocean has a 

very complex tectonic setting, as well as the Indian Ocean [15, 16], which 

permits to judge appropriate the recognition of one Tethys Ocean in the 

geologic past for the purposes of palaeoceanography. 

The term 'Tethys' is accepted widely by palaeobiogeographers [3–5]. 

However, it should be used with two significant cautions. Firstly, the rank of the 

Tethyan biochore changed through the geologic time reflecting the dynamics of 

the global palaeobiogeographical differentiation. E.g., there was the Tethyan 

Realm in the Middle Jurassic and the Tethyan Superrealm at the Jurassic-

Cretaceous transition [5]. Secondly, the name of the commonly referred West 

Tethyan biochore (commonly labelled as 'Western Tethys') may need a 

replacement by the name 'Mediterran-Caucasian' [5]. Anyway, the term 'Tethys' 

matters in the modern palaeobiogeography. 

The above-said permits to propose a provisional framework for the Tethys-

related terminology and its application (Fig. 2). It should be remembered, 

however, that different specialists may apply terms in a very different and 
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sometimes peculiar way. For instance, the term 'Western Tethys' can be used in 

its palaeobiogeographical sense, but it can be also used to refer to the western part 

of the Tethys Ocean treated palaeoceanographically. The palaeotectonical terms 

like 'Palaeo-Tethys' and 'Neo-Tethys' can be employed for the purposes of 

palaeoceanography and palaeobiogeography in order to characterize the location 

of the studied localities or territories. 

Figure 2. Provisional framework of the Tethys-related terminology and its application 

In order to understand the use of the Tethys-related terminology by the 

modern international research community, a bibliographical survey was 

conducted. It was based on the bibliographical database 'Scopus'. The papers with 

the word 'Tethys' and its principal derivatives (e.g., 'Palaeo-Tethys') in their titles 

and published during the period of 2008–2012 were searched on January 31, 2013 

and February 6, 2013. The extracted bibliographical record includes about 200 

publications. 

A total of 103 papers bear the palaeotectonical terms 'Meso-Tethys', 'Palaeo-

Tethys', 'Proto-Tethys, 'Neo-Tethys', and 'Alpine Tethys' in their titles (there are 

no titles with the term 'Ceno-Tethys'), whereas 67 papers bear the very general 

term 'Tethys'. This proportion did not remain constant (Fig. 3). During 2008–

2011, the quantity of papers with the term 'Tethys' in their title was just a bit less 

than that with the new palaeotectonical terms. However, the proportion of 

publications labelling 'Tethys' in their title decreased strongly in 2012. Although 

this is a short-term observation, it may be an evidence of broad acceptance of the 

new palaeotectonical terminology. From 67 publications that use the term 'Tethys' 

in their title, 26 papers require palaeotectonical terms. However, the rest of the 

papers deal with palaeoceanographical or palaeobiogeographical issues, and, thus, 

the term 'Tethys' in their titles is suitable. As much as 39 papers bear the term 

'Western Tethys' in their title, and 24 of them deal with fossils. Although 

speaking about the Tethys (in palaeobiogeographical sense) and its western part is 
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more or less valid, it is interesting that some papers focusing on mid-Mesozoic 

fossils do not employ the term 'Mediterran-Caucasian Subrealm' advocated by 

Westermann [5]. 9 papers with the term 'Western Tethys' in their titles are 

palaeoceanographical essentially, and, thus, the noted term is used correctly. 

However, there are 6 publications that employed the term 'Western Tethys', but 

needed the proper palaeotectonical terms. Finally, some publications used the 

Tethys-related terms different from those discussed above - e.g., they tell about 

the Ligurian Tethys, the Mediterranean Tethys, and the Sanjiang Tethys. The 

Peri-Tethys and the Paratethys are also discussed in the modern professional 

literature. 

Figure 3. Dynamics of use of the Tethys-related terms in the titles of geological 

publications (according to the bibliographical database 'Scopus') 

The attempted bibliographical survey indicates certain problems with the 

application of the Tethys-related terminology. One explanation is the multiple 

meaning of the 'Tethys' is misleading itself. The other possible explanation is 

linked to the problem in efficient knowledge exchange among the international 

research community. However, the database 'Scopus' does not permit to confirm 

such an assumption in full. The work [12] was cited as much as 675 times. The 

work [9] was cited 34 times during only ~ 2 years. But the review of the 

Mesozoic palaeobiogeography [5] has remained underestimated in somewhat, 

because it was cited only 45 times during the decade after its publication. 

As shown in this paper, the Tethys-related terminology is a serious challenge 

for the modern geology, although it also reflects advances of the latter. Not only a 

broad discussion on this subject is required, but also an increase in awareness of 

the meanings of the term 'Tethys' and its derivatives. 
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Isfjorden, Western Spitsbergen: Late Holocene stratigraphy 

and pollen case study 

In the late eighties Marine Arctic Geological Expedition (MAGE, Murmansk, 

Russian Federation) following the contract with “Arctic Ugol” Mining Company 

retrieved three gravity sediment cores from the bottom of the Isfjorden (Western 

Spitsbergen, Svalbard, Norway) (Fig.1).  

A high-resolution pollen analysis of the cores was performed with the purpose 

to i) identify taxonomic composition of pollen spectra (PS) from bottom 

sediments of the fjord; ii) correlate the obtained results with the local pattern of 

pollen and spores succession in order to get age assignments and stratigraphically 

subdivide the studied marine sediment sequences; iii) give a viewpoint on the 

terrestrial vegetation history of Western Spitsbergen by analyzing plant 

microfossils from bottom sediments of the fjord.  

1. Modern setting 

Isfjorden is the largest fjord of the Island of Western Spitsbergen. It traces as 

a submarine canyon to the very edge of the Greenland Sea shelf break. Coastal 

glaciers provide considerable amount of glaciofluvial sediments discharged into 

the fjord. As a result its seabed is covered by a thick layer of soft mud with gruss 

and rock fragments. Hydrological conditions result from the intensive mixture of 

fluvioglacial flows with local cold water and inflowing transformed temperate 

Atlantic water. Near-bottom water temperature averages 0.9 to 2.7°C. The coastal 

area represents a polygonal arctic desert with patches of arctic tundra. Dryas

Fig.1. Bathymetric map of the Isfjorden and location of the sampling sites
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heath occurs on exposed ridges, sedges and polar willow (Salix polaris) are 

among the most common plants [1]. Coastal vegetation in the southernmost part 

of the Isfjorden is more diverse because of the strong influence of the warm 

West-Spitsbergen current [2]. Arcto-alpine and circumpolar taxa create the rim 

around the fjord being interspersed with isolated communities of south-arctic 

herbs and dwarf shrubs. 

2. Material and methods 

Bottom sediments retrieved by three 140 to 190-cm thick cores represent soft 

and viscous silty pelite with gruss and pebble inclusions. It is water-saturated in 

the uppermost 25 cm. Cores were subsampled for pollen analysis at every 5 or 10 

cm. Samples were freeze-dried, weighed and processed using standard pollen 

preparation procedure [3]. Besides the dominating pre-Quaternary reworked pollen 

minimum of 150 terrestrial grains of Holocene age was counted in each 

representative sample at 400x magnification. Relative frequency of pollen and 

spores calculated based on the total sum of registered microfossils of Holocene age.

3. Pollen zones and palynostratigraphy 

Pollen spectra are dominated by pre-Quaternary reworked pollen and spores 

(up to 90% from the total sum of identified grains). Remaining Holocene spectra 

are quite similar to those previously described from local radiocarbon-dated lake 

and peat sediments in the Billefjorden area [4], Hornsundfjorden coast [5], and 

the Semmeldalen River valley, which is located 9 km northward of the Van 

Mijenfjorden [6]. Marine pollen spectra do also contain long-transported pollen 

of conifers together with well-floated spores of ferns and show a very low content 

of heavily transported Salix pollen (Fig.2). 

Fig. 2. Selected pollen curves of the core 11, %:
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Correlation of local pollen zones (PZ) from Isfjorden bottom sediments with 

those described from above mentioned coastal peat exposures and lake cores 

enabled pollen-based stratigraphy of the fjord bottom sediments as well as 

reconstruction of the terrestrial vegetation history based on marine pollen data.  

The oldest pollen records of the studied bottom sediment cores date back to 

about 3 ka. They characterize the lowermost silty pelite layer (intervals 180–150 

cm in core 11; and 190–60 cm in core 14) and form two local pollen assemblage 

zones (PZ). PZ-1 featured by the lowest percentages of long-distant transported 

pollen of conifers and tree-birches (less than 5% in total, which is more than ten 

times less than in surface sediment spectra). PZ-2 is distinguished by significant 

contribution of grass and sedge pollen and a sharp increase (up to 47%) in the 

total percentage of Varia-group represented by Ranunculaceae, Rosaceae undiff., 

Saxifragaceae, Papaveraceae among other arctic herbs. Pollen of Brassicaceae 

averages 7% from the total sum of microfossils. Local hypoarctic dwarf shrub 

pollen such as Salix cf. herbacea L., S. polaris Wahl., Betula sect. Nanae-type 

and spores of green mosses are also abundant. In general, total taxonomic 

composition of PZ-2 closely corresponds to that of PZ “Poaceae-Cyperaceae” 

described from the basal part of the Semmeldalen peat exposure dated back to 2.8 

to 2.5 ka. Both, PZ-1 and PZ-2, show that moss-cereal-sedge fens and heather 

bogs at the Isfjorden coastal areas co-occurred with rocky tundra vegetation at 

higher elevations by the end of the late Subboreal period. PZ-3 characterizes the 

rest part of the soft pelite layer in cores 11 (int. 150–22 cm) and 14 (int. 60–22 

cm) and the whole of silty pelite layer (int. 140–22 cm) in core 9 from the NE 

inner part of the fjord. The peaks of Salix sp., Betula sect. Nanae-type and 

Ericales pollen distinguish it as well as the lowest percentages of green mosses 

spores, thus supporting the reconstruction of heath and osiers expansion. At the 

same time, considerable increase in Cyperaceae pollen gives evidence for coastal 

paludification due to a wetter climate phase. Taxonomic composition of PZ-3 

closely corresponds to that of PZ “Salix-Cyperaceae” described from the central 

part of the Semmeldalen peat dated back to 2.5 to 1.9 ka. The upper water-

saturated layer of all three cores contains pollen assemblages that are very similar 

to those described from the lowermost part of Lake Nurdamen bottom sediments 

aging back to 1.5 ka. They do also resemble those identified in the Isfjorden 

surface sediment samples. 

4. Conclusions 

The above pilot pollen study shows that: 

1) The age of analyzed sediments is most likely about last 2.8–3 ka. Marine 

pollen records do well correlate to already available pollen data from 14C-dated 

peat and lake-fen sediments at the Western Spitsbergen. 

2) The Isfjorden was probably deeper at the beginning of the recorded 

sedimentation period as suggested by the small share of grass pollen, which 

usually fossilizes in the coastal zone. Extremely low pollen concentration in 
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Isfjorden bottom sediments possibly reflects very high accumulation rate during 

the time of sedimentation. 

3) Apart from the late Subboreal period, there were no extreme changes in the 

vegetation cover of the Isfjorden coasts. Open arctic grass-heathland dominated 

over the entire interval 2.8–3.0 ka. Pollen data indicate that grass-sedge-cereal 

plant cover along Isfjorden coasts was replaced by heath and, especially, osier-

bed at about 2.5 ka, but subsequently sedge communities regained their 

dominance in terrestrial vegetation. 
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On geological history of development of the Kermadec tectonic 

system (palynological method) 

The Kermadec system coprises the Colville Ridge (remnant arc), Havre 

Trough (backarc basin), Kermadec Ridge (active arc) and Kermadec Trench. Data 

are presented from two traverses (dredge, magnetic, single channel seismic) 

across the whole system. An important transverse tectonic boundary, the 32oS

Boundary, lies between the two traverse lines and separates distinct northern 

(32o–25oS) and southern (32o–36o) sectors. The Kermadec Ridge slopes smoothly 

trenchward to a mid-slope terrace with minor sediment fill at 5–6 km water depth. 

A steeper (10–24o) and more rugged lower trench slope is mantled rhyolitic vitric 

mud diamictons containing locally derived basaltic clasts; one clast is of late 

Miocene age (K-Ar age 7.84 Ma). The arc (Kermadec Ridge) is capped by active 

volcanoes. South of the 32oS Boundary the Kermadec Ridge deepens and presents 

a 2.8 km scarp face to the Havre Trough; K-Ar ages of 1.25–2.04 Ma. 

Derived microfossils, sedimentary clasts with fossil-based depositional ages 

in the late Miocene and Pliocene, clasts of hypabyssal and plutonic rocks, and 

dated basalt clasts as old as 2 Ma, together indicate continuing collapse and 

surficial reworking on both ridges. Derived microfossils establish that the 

Colville and Kermadec Ridges have existed (initially as one ridge) since at least 

the earliest Miocene; by inference, ridge volcanism has been active since the 

same time, about 25 Ma. Rare older microfossils may indicate earlier existence of 

the ridge. 

A complex of paleontological methods was used here for the first time 

(palynological, foraminifera, nannoplankton) which made it possible to determine 

the age of the Kermadec system sedimentary cover and to elucidate paleoclimatic 

conditions of sediment formation. 

Spore-pollen complexes were determined in aleuropelitic sediments at the 

boundary between Early and Middle Miocene (Monolites alveolatus, 

Polypodiisporites ratiatus,Polypodiisporites irregularis,Glencopollis ornatus and 

others), which is confirmed by foraminifera relics and calcareous nannoplankton 

(Globorataloides suteri ,Globeguadrina altispira, Globigerina venezuelana, 

G.obessa,G.preudoururyi, Globorotalia continousa,Cyclococolithus macintyrei, 

Discoaster woodriugi, D.lodoensis, D.calcaris, Dvariabilis ).
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