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Predominate Source of Native Hydrocarbons 
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2. . ., . .
 // . .: , 2003. . 8–9. 

3. . ., . .
 // .

: . , 2008.  1. . 70–78. 
4. . ., . .

 // . ., 2011.  2. . 163–173. 
5. Avilov V.I., Avilova S.D. Chemolytoautotrophs in oil and gas generation // 
Paper Proceedings of the Sixth International Conference «Environmental 
Micropaleontology, Microbiology and Meiobenthology». Russia. Moscow. 
September 19–22. Moscow: PIN RAS. 2011. P. 39–41. 

Cosmic investigations have found out oil and gas displays at some planets and 
their satellites. Photosynthesis does not play the determining role in oil-gas origin. 
Hydrocarbon dominant source – gases H2 and CO2 and chemolytoautotrophy 
processes. 
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Society-economical Approach to Oil-gas Geology Tasks Solution 
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2. . .  XXI 
. ., 2010. 272 .

3. . ., . .  –  – .
 // .

. ., 2010.  6. . 83–87. 
4. . ., . . .

.: « - », 2009. 142 .

Natural resources presence is necessary but no single condition of our country 
security ensuring. Science must give the authorities exact knowledge about oil 
and gas origin. The resource reasonable possession for society interests makes an 
energy security state basis. 
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Structural Correlation of Hydrocarbons in Northern Seas with 

Continental Metallogenic Belts 
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. 1986.  6. . 23–30. 
4. U.S. Energy Information Administration, World Shale Gas Resources: An 
Initial Assessment of 14 Regions Outside the United States, April 2011.  
5. Stedlingk K., Ehling B., Knoth W. Epigenetic Mineralizing Processes in the 
Northeastern Rhenohercynian Belt (Harz Mountains) // Pašava J, 
B.K ibek&K.Žak (eds). Mineral Deposits: from Their Origin to Their 
Environmental Impacts. Balkenma, Rotterdam. 1995. P. 79–83. 
6. Graversen O. A structural transect between the central North Sea Dome and 
the South Swedish Dome // Exhumation of the North Atlantic margin: Timing, 
mechanisms and implications for petroleum exploration: Geological Society of 
London, Special Publications 196. 2002. P. 67–83. 
7. Blundell D., Karnkowski P., Alderton D., Oszczepalski S., Kucha H. 2003 
Copper Mineralization of the Polish Kupferschiefer: A Proposed Basement Fault-
Fracture System of Fluid Flow // Econ. Geol. 2003. V. 98. P. 1487–1495. 
8. . ., . .

 ( , ) // 
. 2011. . 53.  1. C. 83–94. 

9. Sorokhtin N.O., Chilingarian G.V., Kozlov N.E., Nesterenko I.S. Oil and gas 
prospects of the European part of the Arctic shelf of Russia // Proceedings of the 
MSTU. 2012. V. 15.  2. P. 419–428. 
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 – 
// . ,  311, 3, 1990, . 689–693. 
11. ,
( ). . . . . , . . . 2001, 750 .
12. . ., . ., . .

 // -
 « ». 2010. 1. C. 20–28.  

A structural correlation of hydrocarbons-containing grabens, depressions, 
syneclises in North Sea, Laptev Sea with the adjacent continental metallogenic 
belts is considered. A concept of through ocean-continental mineragenic systems 
is proposed. Silver is a typomorphic metal in the continental sections of such 
systems. 
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Prognostic mapping of potential oil- and gas bearing in 

aquatories of the Black Sea and the Middle Caspian basins 
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-

 // 
. .: , 2002. . 161–164. 

4. . . . ., . ., . .
 // 

. 2004.  6. . 4–10. 

Prognostic mapping of potential oil- and gas aquatories of the Black Sea and the 
middle Caspian basin has been evaluated by using the historic-genetic method 
developed at the P.P. Shirshov Institute of Oceanology RAS. Genesis of oil and 
gas fields with of the foci oil and gas formation in the main potential source rocks 
of Mesozoic-Cenozoic sediments has been estimated. 
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Prediction of modern temperature and the foci of oil and gas 

formation in enozoic sediments of the Okhotsk Sea  

-
.

, ,

.
, - , , - ,

, - , - -
.

-
 – P-N1

1 ("D"), N1
1-2 (" "), N1

2-3 (" ")
 N2-Q (" ")

 [1]: 
T = · Z /  - Z2 / 2  , 

:  – ;  – 
; Z – ;  – ;  – 

.
,

,
.

,  - 
.  [2, 3]. 

- .
, -

, , 100 / 2.
,  ( ) -

70-1800  " " (N2- Q) 
 " " (N1

2-3). ,



25

 (  0,5-0,8%), 
.  ( )

-  (II-III ). 
 " "  (

" "  "D") 
 ( ) –  1800 .

. ,
 (70-

1350 )  (135-1800 ) -
 (180-2200 )

 (  2200 ).
-

,
, -  [4]. 

,
 8 .

- .
-  70 / 2.

70-1800  " "
 " ",  1800

.
,  (III 

), 
.

- ,
 II-III ,

.
-

, - -
 [4].  – 5–6 .

.
 60 / 2.  70–1800

 (  " ")
,  "D". ,

,

.
.

- ,
- .

, , , -
, - -  [4]. 

- ,



26

,  8 ,
 10–11 . [4].  60 / .2

.  70-1800

 " "  " "
(N1

1-2). -
. , ,

. ,

:
, ,

.
, ,

- .
-

 12 .
,

.
 80 / 2.  70–1800

 " "  " ",

.
-

.
,

- ,
.

-
 (10–20 ) .

 6 .
,

 [5]. 
-70 / 2.

 (  " "  " ")
-  (  "D"). 

 1800 . .
,

, .
- - -
, - -  [4]. 

 – 4–5 .



27

.
- -

 [4].  80 
/ 2.  70–1800

 " "  " ".

.  " "
 "D" 

.
.

, ,  4 .
.

 – 70 / 2.
,

,
,  " ".

- ,
,

. -
,  10 

 110 / 2.
, ,

 "D", " ", " "  " "

 " " – .
,

,

,
.

,
-

. ,
-

, ,

.

-
.



28

1. . . . .: ,
1980. 150 .
2. . ., . ., . . .

:  // 
. 2008.  2. . 55–67. 

3. . ., . .
. .: , 2010. 477 .

4. . ., . ., . . .
. : , 2004. 

60 .

Modern temperature has been calculated and the foci of oil and gas formation 
have been revealed in Cenozoic deposits of the Okhotsk Sea sedimentation basins. 
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Regional irregularities of the spatial distribution of the 
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1. . .
 // 

.  « ».
2012. . 9–16. 
2. . .

 // ,
, . 2013. . 1(7). 15 .

3. Marty B., Jambon A. C/3He in volatile fluxes from the solid Earth: implications 
for carbon geodynamics // Earth and Planetary Science Letters. 1987. V. 83. P. 
16–26. 
4. Poreda R.J., Jeffrey A.W.A., Kaplan I.R., Craig H. Magmatic helium in 
subduction-zone natural gases // Chemical Geology. 1988. V. 71. P. 199–210. 
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5. Snyder Gl., Poreda R., Hunt A., Fehn U. Regional variations in volatile 
composition: isotopic evidence for carbonate recycling in the Central American 
volcanic arc // Geochemistry, Geophysics, Geosystems. 2001. V. 2. 25 p. 
6. Ray M.C., Hilton D.R., Munoz J. et al. The effects of volatile recycling, 
degassing and crustal contamination on the helium and carbon geochemistry of 
hydrothermal fluids from the Southern Volcanic Zone of Chile // Chemical 
Geology. 2009. V. 266. P. 38–49. 
7. Taran Y.A. Geochemistry of volcanic and hydrothermal fluids and volatile 
budget of the Kamchatka-Kuril subduction zone // Geochemica et Cosmochimica 
Acta. 2009. V. 73. P. 1067–1094. 

Regional irregularities of the spatial distribution of traditional and nontraditional 
accumulations and resources of hydrocarbon have been analyzed with the use of 
the data of the petroleum basins of Russia, China, USA and other countries. 
These irregularities are mainly connected with regional geodynamic conditions of 
hydrocarbon generation and accumulation. Isotopic geochemical peculiarities of 
hydrocarbon accumulations in the carbon-helium isotope system correlate with 
regional geodynamic conditions. 
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Oil and gas prospects on the shelf Malozemelsky-Kolguev oil-

and-gas bearing region of Timan-Pechora Province 
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1. . ., . ., . ., . .
-

 // . .
2009(4). http://www.ngtp.ru/6/45_2009.pdf. 
2. - . .

. . 1982.  2. . 90–95. 
3. . .

.  // 
:  XIX 

 ( ) . . II. 2011. C. 31–34. 
4. . .

-
 // 

. , 2011. . 155–166 ( -
. . . 128). 

The offshore extension of the Malozemelsky-Kolguev oil-and-gas bearing region 
is greatly potential for oil and gas searches. The information about the geological 
structure of the Kolguev Island and coastal regions plays an important role for the 
study of region. The thickness of Triassic strata increases in the offshore 
extension, where two oil deposits have been found, and thus the potential of the 
region increases. The hydrocarbon migration is possible to the eastern part of the 
oil-and-gas bearing region from the Pechora-Kolva aulacogene. 
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Relationship between Dagi hydrothermal vents and 

hydrocarbon deposits in western part of the Okhotomarine 

region
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 1- .  CH4  88.3 

93.7%, CO2  0.133  0.475%, 2 6

0.052 % (  – . .). 4 (
 – 63.2‰), ,  [1]. 
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1. . ., . .
 // : -

. .:  « », 2004. . 5–13. 
2. . ., . ., . ., . .,

. ., . ., . .
. .:

, 1999. 

Gas content data of Dagi hydrothermal vents from north-eastern part of Sakhalin 
Island were shown. Assumptions about the contingency of hydrothermal activity 
on the land with fluxes of methane in the western part of Okhotsk Sea were made 
after analyses of the obtained data. 
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Role of thermal effects during the lifting of gas hydrates
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1. . ., - . ., . ., . .

. // . 2011. . 51.  2. . 376–382 
2. . ., . ., . ., . ., 

. .
 // . 2012. . 52.  2. . 213–225.  

The thermal effects during the lifting gas and gas hydrates from the bottom to the 
surface in an open container are discussed. Such investigations in the field 
conditions were carried out at first. Theoretical models to explain the temperature 
curves are developed. The methods for the controlling temperature are proposed. 
Accounting for these temperature effects can be very important in the process of 
exploitation and transportation of deep-sea gas hydrates. 
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 23. 

Experience of the application of the “Franatech” methane sensor showed that 
methodical modification is necessary to obtain reliable data. An employment of 
the methane sensor with a signal processing provides reliable data, which show 
that the concentration of methane in natural waters has considerable variability 
both in space and in time.
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As part of comprehensive geological and geophysical work carried out by 
"Sevmorgeo" in reference profiles 4-AP and AP-5, as well as during operations in 
areal Gydanskaya Bay were new data on the concentrations of methane and its 
homologues in sediments. The studies of the carbon isotopic composition of 
methane and picked his genetic nature. 
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In this paper we studied the processes of formation of methane fields in the Blue 
Bay, based on unique data from 1999 to 2013. Different sources of this gas and 
the peculiarities of the seasonal variability of methane concentration were 
analyzed.
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Epochs of predominance of the relatively cold climate in the Paleozoic alternated 
with epochs of drastic warming. Hot climate intervals were marked by the wide 
distribution of carbonates and evaporates; cold intervals, by the abundance of 
terrigenous and siliceous deposits. The sapropel-rich rocks were formed during 
different epochs. However, their domains on continental margins shrank 
drastically during cooling intervals. Duration of separate climatic cycles in the 
Paleozoic had been not less than 47–48 million years.  
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 3. 

The complex of geochemical researches including studying of high-molecular 
hydrocarbons and hydrocarbonic gases, geologic-geophysical researches, show 
high prospects of oil and gas presence of the water area of Khatanga Gulf. 
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First Break. 2013. V. 31.  1. P. 63–71. 
2. Feather K. The rapid adoption of seabed logging // Scandinavian Oil and Gas 
Magazine. 2007.  5/6. P. 37–38. 
3. . ., . ., . .

,
,  // 

. 2010.  3. . 22–43. 
4. . ., . ., . .

:
 // 

. 2011.  2. . 19–35. 
5. . ., . ., . .

-

 // . 2013.  1.
The results to experimental approbation within Barents Sea offshore of 
technology of the remote sensing (RS) data processing and interpretation for the 
"direct" prospecting and exploration the hydrocarbon (HC) deposits are analyzed. 
Technology allows to find and map operatively the anomalous zones of "oil 
deposit" and (or) "gas deposit" type, which are conditioned by the HC deposits of 
different sizes and under different (including zero) values of reservoir pressure of 
fluids. Zones with raised reservoir pressure within mapped anomalies fix the 
areas, within which the probability of receiving of payable inflow of HC are 
substantially above. 



74

. .
1
, . .

1
, . .

2

(1 , ; e-mail: 
yakymchuk@karbon.com.ua; 2 , ; e-mail: 
korchagin@karbon.com.ua) 

 ( )

Levashov S.P.
1
, Yakymchuk N.A.

1
, Korchagin I.N.

2

(1Management and marketing Center of the Institute of Geological Sciences, Kyiv, 
2Institute of Geophysics of Ukrainian National Academy of Science, Kyiv)  

New data about hydrocarbon potential in the region of 

Subbotina and Pallasa structures (Black Sea)

-
 ( )

 ( )  [1–4]. 
.

 ( )
 [4].  «

» .
, , , ,
 « » .

 « »,
 ( ). ,

, ,  ( . 1).  
.

 (  1:50000)  ( )
[4]. 

.  (
) – 10.3 2. ,  2, 

,
 30 ,

,
 (  4.95 2) ( . 2, 3). 

.

 1:100000 ( . 4). 
 « »

 – , .
 – 12.3 2 (  0), 4.6 2 (  20),  – 95.9 

2 (  0), 62.2 2 (  20), 43.3 2 (  30) 
 – 14.8 2 (  0), 5.55 2 (  20), 2.35 2



75

(  30). 
 30.

 1. 

« »

. (

). 1 – 

, ;
2 – 

 (
)

 3. 
 « »

 II . 1 – 

, ; 2 – 
; 3 – 

.
 2.  « »

. ( ). 1 – 
 (

, ); 2 – ; 3 – 
.



76

.

 ( . 5). 
:

 –  ( )  – 234.9 2,  30 MPa – 136.04 
2;  –  ( )  – 158.06 2,  30 MPa – 

101.49 2; « » –  ( )  – 65.76 2,
30 MPa – 36.38 2.

 « » .

( )  [5]. 
 « » .

 4.
 « »

. 1 – 

, ; 2 – 
 (

, ,
01.01.2004 .). 
 5.  « »

 (
). 1 – 

 ( ,
); 2 –  (

); 3 – ,
.

- .



77

: 1)  « »
 « »; 2) 
 (« »); 3) 

 « » ( . 6); 4) 
 ( . 7). 

 6. 
 «
»

« »
. (

-
). 1 – 

 «
», .

 7. 

 («
») 

 « »
. (

-
). 1 – 

, .

.
1.

.
.

2.
.

.
( )
« »  « ».

 « ».
 « »

.
.

( )

,



78

.

- . ,
 ( )  2010 .

 « ».
,  ( . 4). 

.
-
.

,

, , .

.

1. . ., . ., . .
,

,  // 
. 2010.  3. . 22–43.  

2. . ., . ., . .
:

 // 
. 2011.  2. . 19–35.  

3. . ., . ., . .

 // . 2011.  4. . 5–16.  
4. . ., . ., . ., . ., . .

 // . 2012.  1. . 5–16.  
5. . .

 // .
. 2006.  3. . 10–21. 

The new results of the oil and gas prospect assessment of the shallow part of 
Kerch shelf and the Pallasa structure are given. They were obtained with the help 
of original technology of frequency-resonance processing and interpretation of 
remote sensing (RS) data in order to the "direct" searching and prospecting the 
hydrocarbons (HC), ore minerals, water-bearing reservoirs. With the technology 
of frequency-resonance processing and interpretation of remote sensing data 
using a rapid assessment of hydrocarbon potential of all sites and structures in the 
Ukrainian sector of the Black and Azov seas can be carried out. 
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During the 17th Ukrainian Antarctic Expedition (UAE, 2012) new geophysical 
data for the West Antarctica bottom structures were obtained. The geophysical 
investigations included the geoelectric methods of forming a short-pulsed 
electromagnetic field (FSPEF), vertical electric-resonance sounding (VERS) and 
the special method of remote sensing (RS) satellite data processing and 
interpretation. Three new anomalous zones of the "deposit of gas hydrates" type 
were mapped in the UAS "Academician Vernadsky" area. The parameters of two 
anomalous zones of the "deposit of gas hydrates" type with total thickness of 
100–500m were determined at the continental slope of the South Shetland Islands. 
The presence of a number of "satellite" anomalous zones beyond the identified 
anomalies within the BSR-zones shows that gas hydrate reserves of this area are 
higher than previously calculated. New detailed data for local gas hydrate 
accumulations confirm the high potential perspectives of this part of the South 
Shetland margin and allow attributing it to one of the most promising areas of the 
Antarctic region. 
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To the structure & gas presence of Northern Mid-Kuril trough 
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New peculiarities of Northern Mid-Kuril trough structure are examined using data 
on SCP. Among them: unconformities in the Late Cenozoic cover and conditions 
of sedimentation; gas seeps as zones of break or visible weakening of reflectors; 
“field” type anomalies and has hydrates; small, possibly volcanic, cones on the 
submarine Northern Vityaz ridge; peculiarities of valley network structure.  



89

. ., . .
( . . . , , rina@ocean.ru)

Marina M.M., Berlin Y.M. 
(P.P. Shirshov Institute of Oceanology RAS, Moscow)  

Prediction of organic matter distribution in Genozoic sediments 

of the Okhotsk Sea 

 ( )
 ( )

. . .
-

 [1, 2]. 

-

.
-

 ( )  ( ):
"D" – , " " – 

, " " – 
 " " – .

 "D", " "  " "
, :

, ,

.
.  – 

,

 ( ) .
,

, ,

 [3]. 

: ,
,



90

. ,
.

.

.

.
-

 1, 2, -
,  1- , -

 [4–6] 
- .

 Rock Eval. 

 "D"  – 
0.5  1.7%. ,  0.5%. 

1,
 ( -

) ,  "D" 
 – -  (III–II) 

c -  (II–III)  (III). 

.
 1,4  1.7% ,  – 0.8–1.4%,  – 0.5% .

 0.5–0.8%  0.8–1.1% 
 1.1–1.4% - , -, -

- .
 II-III . -

,
. ,

.  1, 
 "D" 

 0.5–0.8%  II–III . -
,  0.5–

1.1%,  (II–III  III–II) .
 "D" 

, - .
- ,

, III . - ,
-



91

,
 "D" : III  II–III. 

 " "
 0.5–0.8%, 0.8–1.1%  – 1.1–1.14%. 

. 1, 
,  II-III 

 III .
:  0.8–1.4%, 

 – 0.5–0.8% . -

 III ,
0.5–0.8%. 

 0.8–1.1%, , , ,
II–III .

 " "
.  1  III .

 " " ,
- - .

:  II–III ( ,
)  III. , - ,

. - -
-

 [5]. 
 (0.5–0.8%, 0.8–1.1%) 

 III  II–III .
-  " "

: 0.5–0.8%,  0.5% 
 0.8–1.1%  1.1–1.4%. -

. 1  " "
, .

 III . -
-

- .
,

 II–III .
 " "

- - ,
[5] - - .

 – II–III  III. - -
.



92

-
.

1. . ., . ., . . .
. .: . 1980. 276 .

2. . . . .: , 1982. 200 
.

3. . ., . .
. .: , 1988. 173 .

4. . ., . ., . . .

- .
, 2002. 143 .

5. . ., . ., . ., .
. : , 2004. 

160 .
6. . ., . ., . .

 ( ) // ,
2008. . 420.  6. . 796–798. 

rediction concentration and types of organic matter distribution in Cenozoic 
sediments of the Okhotsk Sea evaluated using the historic-genetic method 
developed at the P.P. Shirshov Institute of Oceanology Russian Academy of 
Sciences. Three schematic maps showing spatial distribution of concentration and 
types of organic matter was drawn. 
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2. Obzhirov A., Shakirov R., Salyuk A. et al. Relations between methane 
venting, geological structure and seismo-tectonics in the Okhotsk Sea // Geo-
Marine Letters. 2004. V. 24.  3. P. 135–139.  
3. Loranson T.D., Collet T.S., Hunter R.B. Gas geochemistry of the Mount 
Elbert gas hydrate stratigraphic test Well Alaska North slope implications for gas 
hydrate exploration in the Arctic // Marine and Petroleum Geology. 2011. V. 28. 
P. 343–360. 
4. . ., . ., . .

-  // 
. 2012. . 15.  1. . 33–40.  

Represent data of sources hydrocarbon that may form gas hydrate in Okhotsk Sea. 
It is mostly thermogenic gas oil-gas deposit and possible from mantel gas. 
Microbial methane gives small percent in mixture gases.  
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Gashydrates and gas discharge in the Sea of Okhotsk 
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Report 82 INESSA. Kiel, Germany. 1999. 188 p.  
5. Biebow N., Kulinich R., and Baranov B. (Eds.). Kurile Okhotsk Sea Marine 
Experiment (KOMEX II). Cruise Report: RV Akademik Lavrentyev, cruise 29. 
Leg 1–2. 2002. 190 p. 
6. Dullo W.-Chr., Biebow N., and Georgeleit K. (Eds.). SO178-KOMEX Cruise 
Report: RV SONNE. Mass exchange processes and balances in the Okhotsk Sea. 
Germany. 2004. 125 p. 
7. Matveeva T., Soloviev V., Shoji H., Obzhirov A. (Eds.). Cruise Report 
CHAOS-1: RV Academic M.A. Lavrentyev, cruises 31 and 32. S-Pb.: 
VNIIOkeangeologia, 2005. 164 p. 
8. Obzhirov A.I., Salyuk A.N., Shakirov R.B. et al. Methane flux and gashydrates 
in the Sea of Okhotsk // Science and techniques in the gas industry. Moscow: 
Publishing house OOO “IRTS Gasprom”. 2004.  1–2. P. 20–25.  
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Now days in the Sea of Okhotsk there are 3 areas of gashydrate occurring in the 
bottom sediments: the eastern Sakhalin slope (for the first time they were 
discovered in 1991, hypothesized in 1988 as a result of reveal of submarine gas 
fluxes), the area nearby Paramushir Island (1986), and the Kuril Basin (2012). 
Gashydrates are discovered in the bottom sediments in gas vent areas, located 
nearby fluidconductors like active deep faults, diapirs and, possible, mud 
volcanoes. 
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In this report is deduced about new petroleum province on the southern shelf of 
Cuba. The emplacement of this province inseparably associated with 
geodynamics of neighboring Yucatan basin.  
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The deep structure of the Cenozoic sedimentary basins in the Sea of Okhotsk: the 
Deryugin Basin, the North Sakhalin oil and gas basin, the Kuril basin, the Tatar 
Strait Trough is discussed. The formation of these basins is associated with 
processes going on in the mantle, specifically in the asthenosphere. 
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Timan-Varangersk belt sedimentary complexes – a promising 

field of detection of oil and gas deposits
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Assessment of prospects of the formation of large accumulations of hydrocarbons, 
including, shale gas and oil terrigenous sequences of the Riphean Timan-
Varanger belt directly depends on the conditions of their geological structure and 
geodynamic evolution. Allocated us a new, potentially oil-gas pool, on the one 
hand is characterized by the formation of the buried at great depths powerful (up 
to 12 km in the coastal zone of the Peninsula Rybachy) sedimentary strata passive 
margin riphean continent, and with another – to the development of the 
kaledonian and gercinian time Norwegian-Mezen system of rifts. The paper 
considers development of this region and substantiates the spatial-temporal 
regularities of interaction of geodynamic processes affecting the situation of 
deposits of traditional and non-traditional types of oil and gas on the example of 
the North-Western part of the Kola Peninsula. 
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7. Suetnova E.I., Vasseur G. 1-D Modelling rock compaction in sedimentary 
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Pore pressure and gas hydrate evolution are analyzed by mathematical modeling. 
The numerical results of the case of sequential deposition of sedimentary layers 
which have the different rheology and permeability manifested the influences of 
such a differences on the resulting pore pressure and saturation of gas hydrate.  
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Rotation geosphere from the core to the surface leads to the dynamo effect of the 
planet Earth, which serves as a generator of electricity in large quantities. Storage 
of energy generated in this way is the lithosphere, which has the properties of 
electrical capacitor. Earth capacitor plates are rocks (layers), and gasket 
(dielectric), in turn, is a fluid circulating (migratory) between the layers. The 
fluids are formed in subduction zones from rocks, which contain organic matter 
and that the expense of electricity converted into oil. During the absorption of the 
rocks are ground into powder (flour) due to the effect of millstones, which forms 
due to the difference the speed of the plates (strata) and geosphere. 
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. : , 1998. 

160 .
2. Judd A., Hovland M. Seabed fluid flow. The impact on geology, biology, and 
the marine environment. Cambridge, 2007. 475 p. 
3. . ., . ., . .

 // ,
. 2006.  8. . 4–13. 

4. Ulyanova M., Sivkov V., Kanapatsky T. et al. Methane fluxes in the 
southeastern Baltic Sea // Geo-Mar Lett. 2012. V. 5 (32). P. 535–544. 
doi:10.1007/s00367-012-0304-0. 

Distribution of the gassy sediments, hydrocarbon gases (methane, ethane, and 
propane), as well as diffusive methane fluxes was studied in the South-Eastern 
Baltic Sea by geoacoustical and geochemical methods. Also are presented results 
of seasonal changes in diffusive methane fluxes in shallow Curonian and Vistula 
Lagoons (Russian parts). 
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The main objects of oil and gas exploration in the Baltic Sea are local oil 
prospective structures in the Cambrian deposits. Herewith, 4 gas condensate 
reservoir and 3 oil fields have been identified on the Polish shelf, and the major 
offshore oil field Kravtsovskoye (D6) is located on the shelf of Russia. The 
largest accumulation of oil in the reef limestones of the Upper Ordovician has 
been known at the Gotland Island and the adjacent shelf. The question about the 
prospects of "shale gas" searching in the Llandoveri shale mudstones with high 
content of organic matter is of a great interest. 
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, 1978. 310 .
5. . . . .: , 1979. 392 .

The results of hydrocarbon and other gases distribution study in Mendeleev and 
Golovnin volcanoes and springs on Kunashir Island are presented. Presence of 
methane, ethane, propane and butane in volcanic gases is revealed. Hydrocarbon 
gases of Kunashir Island mainly have a deep thermogenic and metamorphic 
origin, and their distribution also depends on structural position from volcanic 
eruptive centers. Thermogenic gases, probably, is a consequences of high 
temperature destruction of organic matter covered by volcanic rocks during 
volcanoes formation. The enhancing of hydrocarbon gases generation in Kurile 
Basin sediments toward Kurile volcanic arc proposed. 
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 1. , % (  –  [1]) 
-

(%)

.1 .2 . -

( / )

.1 .2 .

MnO 50.1 61.5 47.7 Ni 126 134 287 
Fe2O3 0.77 0.17 26.7 Zn 122 23.6 238 
Mn/Fe 71.5 4000 19.8 Pb 1.2 0,24 45 
Al2O3 0.25 0.10 297 V 81.2 30.3 225 
TiO2 0.04 0.03 0.24 Cr 111 140 48 
CaO 2.0 3,1 3.47 W 1.5 0.5 31.6 
MgO 3.5 0.68 3.25 AS 13.1 10.7 33.2 
Na2O 2.8 5.3 3.20 Cd 4,6 0.073 16 
K2O 1.6 0.32 1.21 Sb 21 8.4 25.5 
P2O5 0.040 0.039 0.29 Th 0.18 0.040 0.65 

S 0.22 0.25 0.064 U 0.51 9.9 2.1 
Ba 0.0428 0.0196 0.1376 Zr 4.4 2.1 23 
Sr 0.0317 0.0248 0.0555 Y 4.6 1.3 17 
Li 0.0704 0.056 0.0436 Nb 0.33 0.11 9.9 
Mo 0.1136 0.1030 0.0327 Pt 0.100 0.100 - 

,

( . 2).  

 2. 

 [4] 
 2.
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 2.  ( )
 (TAG)  

 C -
1

-2 G-1 G-2 G-3

Cu % 22.7 5.59 14.1 25 32.5 39 32 
S % 0.30 0.17 0.23 35.8 26.4 22.6 28.3 
Fe % 1.9 4.1 2.0 29 18.3 20.2 23.7 
Zn % 0.019 0.013 0.016 0.52 1.19 0.63 0.80 
Ni /  5.9 5.5 5.7 - - -  

Pb 20.2 29.1 24,6 100 200 200 180 
Co 3.4 5.1 4.2 32 3 3 19 
Ag 0.26 0.19 0.23 20 40 10 23 
As 26.4 48.2 35 28 44 64 45 
Sb 1.8 2.8 2.3 5 14 24 14 

Se 5.2 2.9 4.0 13 10 10 11 
Mo 2.4 2.8 2.5 197 21 286 167 

 [4] 
 – .

,
, ,

.
.

1. Usui A., Someya M. Distribution and composition of marine hydrogenetic and 
hydrothermal manganese deposits in the northwest Pacific // Manganese 
mineralization: geochemistry and mineralogy of terrestrial and marine deposits. 
Geol.Soc.Spec. Publ. 1997.  119. . 177–198. 
2. . ., . .  Fe-Mn  //

. - .
. 2002. . 55–91.  

3. . . . .: ,
1986. 344 .
4. Hannington M.D., Thompson G., Rona P.A., Scott S.D. Gold and native 
copper in supergene sulfides from the Mid-Atlantic Ridge // Nature. 1988. V. 
333.  6168. . 64–66. 

The two new ore bodies on the Mid-Atlantic Ridge consisting of a) Mn crusts and 
b) native copper-enriched sediments have been found and investigated using 
mineralogical and ISP-MS methods.  
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/ )  0.225–0. 275 /  (  0.250 / ).

 – 
 (31), .

 (0.0091 
/ ),  (1.4%).  

.  (%)  ( / )
. 2 5  Fe2O3 S  C  Hg 

 ( )
1 46-8 32.4 48.7 0.09 0.71 0.87 0.029 
2 47-12 31.2 50.7 0.08 0.68 0.71 0.038 
3 209 27.7 43.1 0.12 0.96 0.68 0.261 
4 1215 21.77 34.27 4.60 1.22 0.76 0.029 

, - -
5 -1 38.95 52.26 0.40 1.09 0.36 0.023 
6 -196 29.55 11.90 11.14 0.56 0.17 1.065 
7 3 /3 31.4 10.2 1.67 0.4 0.36 0.043 

8 3111 25.13 26.2 3.7 - - 4.18 
9 3113 26.4 34.0 3.7 - - 0.110 

10 3142 28.94 36.4 2.6 - - 0.044 
11 3150 27.35 32.4 1.3 1.08 0.91 0.052 
12 2270 28.0 32.0 2.4 0.50 0.80 0.077 

 ( )
13 -51 22.3 37.9 1.3 0.46 - 0.017 
14 -52 21.2 19.9 1.5 0.40 0.27 0.018 
15 -53 20.0 19.9 2.1 0.41 0.20 0.017 
16 -54 15.3 26.4 1.3 0.33 0.11 0.008 
17 -77 26.6 48.0 2.0 0.51 0.32 0.082 

, , ,
18 37193 31.4 56.3 0.11 0.55 - 0.029 
19 37199 30.2 52.4 0.20 0.59 - 0.038 
20 41428 30.4 50.4 0.12 0.55 - 0.048 
21 41623 30.8 50.1 0.22 1.2 - 0.505 
22 55820 24.7 40.6 0.46 0.68 - 0.062 
23 55835 27.9 48.7 0.23 0.67 - 0.022 
24 82  25.5 42.3 0.36 0.56 - 0.228 
25 83  30.9 52.4 0.20 0.58 - 1.05 
26 85  30.4 47.3 0.10 0.68 - 0.189 
27 87  23.2 36.6 0.22 1.1 - 0.25 
28 89  13.1 37.0 0.56 0.66 - 0.304 
29 95  25.4 44.5 0.35 1.4 - 0.275 
30 101  26.2 39.3 1.2 0.49 - 0.225 
31  21.5 34.5 0.50 1.4 - 0.091 



147

,

 (
) ,

.

 [3]. 
,

, ,
,

,  [4, 5]. 

- - , ,
 [5–7]. 

 ( , .
)

.

C

1. Altschuler Z.S. The geochemistry of trace elements in phosphorites // SEPM 
Spec. Publ. 1980.  29. P. 19–30.  
2. . .

,  // .
1980.  7. . 785–792.  
3. Ketris M.P, Yudovich Y.E. Estimation of clarks for carbonaceou biolithes: 
world averages for trace element contents in black shales and coals // Intern. 
Journ, of coal Geology. 2009. P. 135–148.  
4. . . . .: , 1986. 225 .
5. . .  //  – -

. .: , 2010. . 24–31.  
6. . ., . .

-  // . . 2011. . 440.  1. 
. 93–99. 

7. . ., . ., . .
 // . 2012. . 52.  1. . 95–108. 

The study of mercury distribution in phosphorites from sea bottom and land 
deposits showed its relative enrichment as compared to shales as well as partial 
relation to sulfur and organic carbon concentration. Besides, in some cases the 
endogenic input may play its role.  
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Two new inactive hydrothermal fields with massive sulfide deposits were 
discovered at the axial zone of the MAR between latitudes of 20°01 N and 
20°54.36 N in the 35th ruise of the R/V “Professor Logachev”. The first 
hydrothermal field discovered in this cruise, was named “Yubileynoye” (centre 
at: 20°09.2 N; 45°44.4 W), is situated on the first rift ridge of the western flank 
of the rift valley. The second one was named “Surprise”, is situated on a terrace 
in the eastern slope of the rift valley (centre at: 20°45.4´N and 45°38.6´W).  
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Hydrothermal solutions from Guaymas Basin are transformed while going 
upward through the sedimentary cover. There is a great influence of sediments on 
the changing contents of Zn, Cu, Cd, Ba, Li, Rb, As, K, Fe++, Br and Cl in the 
solutions. For Pb, Co, Be, Si, Ca, Al, Na, Mg and Mn this influence is not so 
obvious. 
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Basing on limited material collected in 26th, 30th, 32nd and 34th cruises of RV 
Professor Logachev we provide preliminary results on megafauna associated with 
inactive hydrothermal massive sulfide fields on the Mid Atlantic Ridge at 12º58’-
13º31’N. Fauna is relatively scarce and mostly presented by sessile filter-feeders. 
Due to the sampling procedure no soft sediment fauna was obtained for studies. 
At hard substrata fauna was more abundant at hydrothermal Fe-oxyhydroxide 
deposits and relatively less common at basalts. Only few animals were found at 
sulfide deposits. Majority of fauna collected from geological grabs and dredges is 
of moderate to small size (< 5.0 cm) and inhabiting the crevices of the rocks and 
boulders so it can be hardly distinguished from video records. 



159

. ., . ., . .
(  « . . . », . - , e-mail: 
livia77@inbox.ru)

Ermakova L.A., Cherkashev G.A., Andreev S.I. 
(VNIIOkeangeologiya, Saint Petersburg) 

Some aspects of the hydrophysical and hydrochemical 

characteristics of the water column within the Russian 

exploration area 

29  2012 

 (  – )
 (  – )

 – 
-  ( ).

 [1], 
,

,  ( . 136), 
,

 ( . 137, 140). 

 [2], 
,

,
,

,
.

,
 (  – ),

.

,
,

. ,
,

,
 ( ). 



160

 (
, ) ,

.

 [3]. 

,
:

, .

.
,  24, 26, 28, 30, 32, 33, 34 

 « », ,
 WOCE (the Upper Ocean Thermal Program, the Sea Surface Salinity 

Program, WOCE Surface Drifter Program, WOCE profiling floats, WOCE 
Hydrographic Program [4]),  NOAA/OAR/ESRL PSD: the 
NCEP Reanalysis project [5],  (

.  [6]; WOCE Atlas Volume 3: 
Atlantic Ocean [7] .). 

, , ,
, ,

 (pH, -
, , ,

, , , ).

,
.

, ,
,

 ( , ) ,
 – 

- ,
,

.

1.  10  1982 . :
http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_r.pdf – 



161

. . . – . .
2.
( : ISBA/16/C/L.5). :
http://www.isa.org.jm/files/documents/RU/16Sess/Council/ISBA-16C-L5.pdf - 

. . . – . .
3. . // . . ., 

. . .: , 2006. 352 .
4. Schlitzer, R., Electronic Atlas of WOCE Hydrographic and Tracer Data Now 
Available, Eos Trans. AGU, 81(5), 45, 2000. 
5. NCEP (National Centers for Environmental Prediction) Reanalysis project: 
data provided by the NOAA/OAR/ESRL PSD. :
http://www.esrl.noaa.gov/psd/ - . . . – . .
6. . .

, 1977. 333 .
7. WOCE Atlas Volume 3: Atlantic Ocean. : http://www-
pord.ucsd.edu/whp_atlas/atlantic_index.html - . . . – .

.

On the basis of the materials received in different years the attempt of creation of 
the hydrophysical and hydrochemical characteristic of water thickness in borders 
of the Russian prospecting area on deep-water polymetallic sulphides is 
undertaken. It is important in the light of forthcoming prospecting of polymetallic 
sulphides and performance the international contract obligations of the Russian 
Federation.
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Aerial distribution of sedimentary and near-bottom water hydrocarbon gases 
along with metal content in diluted sedimentary HCl extracts has been examined 
within the volcanic structure of the South Vietnam continental shelf. 
It is proposed that the fluid migration from deep oil-gas bearing layers provides 
the transfer metals mobile form which can be an additional source of ore-forming 
elements to form Co-Mn crusts occurring on the volcanic structures, such as 
guyot. 
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X-ray fluorescence analysis was applied for determination of chemical 
composition of the sulfide ores. Cluster analysis (Ward’s method) was used to 
divide the sulfide ores on four groups. For each group were obtained the 
calibration equations for all elements. X-ray analysis was applied for the 
determination of the chemical composition of the metalliferous and ore-bearing 
sediments. 
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We have determined the influence of two types of hydrotherms on the formation 
of Vend - Cambrian phosphorites in the Nothern part of Paleo Asian ocean in the 
range of hydrothermal fields of paleo ocean and short-living postvolcanic 
hydrotherms in back arc basins. 
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 funnel-shaped depression with an intrusive stock exposed in its floor has been 
investigated. The new findings of a hydrothermal impact on sedimentary rocks in 
the Clarion-Clipperton ore province obtained.
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Trace elements in sulfides from the Semenov hydrothermal 

cluster, 13°31´ N, MAR: LA-ICP-MS data 
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 Co, Cu  Se -2. 
. 153 -

. 145 -1  -2 . 286.  

. -  Fe 
, /

 n Ti V Cr Mn Co Ni Cu Zn As Se 

py1 3 1.39 0.47 0.54 2.64 0.28 0.87 287 380 158 4.14 186 
py2 3 1.64 0.11 0.28 1.63 0.00 0.01 0.13 5.24 0.10 0.58 
pyF 8 2.87 21 4.21 338 0.07 1.27 49 776 1044 0.87 
py2 3 1.46 1.78 4.09 4.75 14 1.32 1831 1158 93 1.46 
py3 4 1.50 0.80 0.35 8.46 0.01 0.05 0.98 6.42 59 0.79 
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mc 9 1.57 3.57 0.65 899 0.01 0.17 0.98 87 68 0.49 
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mc 9 99 0.49 0.04 0.13 1.37 0.62 3.36 22 33 0.39 
py1-2 6 27 23 0.52 1.50 2.27 1.03 16 7.06 134 0.33 
py3 5 12 0.41 0.00 0.18 0.57 0.08 13 4.25 10 0.07 
py4 7 102 56 2.39 1.92 4.51 0.27 14 14 244 1.57 

284 

mc 7 218 3.63 0.52 0.64 2.91 0.24 1.64 15 29 2.52 
153 py 4 1.27 0.01 0.02 0.37 0.00 0.01 0.07 0.00 0.13 0.00 
145 py 3 71 0.42 0.08 0.20 1.13 0.10 0.44 12 59 0.06 

py1 7 33 2.02 0.71 0.14 3.16 0.50 0.28 3.21 254 0.53 
py2 6 21 0.17 0.04 0.10 0.28 0.03 0.25 0.03 2.63 0.02 

286 

mc 7 61 7.21 0.70 0.30 2.89 0.53 0.44 10 265 0.46 
n – ;  – , py – , pyF – ,
mc – .

.

, ,
-

.
.
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-
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,
.

 Fe  Au .
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. )  30-
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.

 23 (  12- -

5-1003)  (11-05-00187- ).

1. Beltenev V., Ivanov V., Rozhdestvenskaya I. et al. A new hydrothermal field at 
l3º30' N on the Mid-Atlantic Ridge // InterRidge News. 2007. V. 16. P. 9–10. 
2. . ., . ., . . .

 13°31´ . . (
« ») // . XVIII . . . ( ) .

 « ». , 2009. . II. . 133–136. 

Trace elements in massive sulfides from the Semenov hydrothermal cluster 
(13º31´ N, MAR) were studied with LA-ICP-MS analysis. The same generations 
of pyrite from the different fields, which are formed under similar formation 
conditions, are close in enrichment in most trace elements relative to late pyrite. 
The late crystalline pyrite was crystallized from the fluid depleted in most trace 
elements. The Fe-disulfides, which were formed on the seafloor, are strongly 
enriched in trace elements relative to the sub-seafloor crystalline pyrite. Gold is 
concentrated in the early generations of pyrite and marcasite. 
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Gallium sources in hydrothermal Fe-Mn crusts from the Sea of 

Japan

-
,

.
 Ga 

-  Fe-Mn , -
 [1],  [2, 3], , ,

 [4].  
,

 Ga .
-  Fe-Mn 

.
. . . .  [2], . .  [3] 

 Fe-Mn 
.  Fe-Mn 

.  Ga 
 (> 50 / )

46  Fe-Mn - ,
, , . ,

 Ga [2, 3]  Fe-Mn 

.  Ga ,
 2  28 / ,  Ga  Fe-Mn 

18.8  19.5 / . ,
 (52 ).

 Ga  27 / .
- -

,
 Fe-Mn .

69Ga
71Ga, , ,  Ba, 
Mn, Ce  Nd,  Fe-Mn 
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. –
 Ga 

71Ga. 69Ga
138Ba++,  Ga [5].  

 Ba  Ga 
- .

 Ga  Ba (R = 0.996). 
 Fe-Mn  [6] 

. -  [7], 
 [8]  Ga 

 Ba.  Ga ,
 Ba  Fe-Mn ,  Ga.  Fe-

Mn 
, R=0.57. , , Fe-Mn 

 Ga. 
. .  [3], 

 Fe-Mn ,
 Fe-Mn 

 [8],  Ba  Ga.  
 Ga (  307 / )  Fe-Mn 

, . .  [3] 
«

». ,
,

, ,  Ga  17–
18 / , . [9]. 

,  Ga  35.3 / ,
 105.4 /  [10]. 

. . . .  [11] 

 (4.4 ± 0.3 . ). 

 0.5  [10]. ,  Fe-Mn 
.

 ( )  Fe-Mn 

,
,

 ( ),
.  Ga  Fe-Mn 

,
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,
 (  300 / )  Ga [12]. 

,
.  Ga ,

,  [10]. 
 « - » . . .

[13] ,  Ga 
,

. . .  [14] . . ,
. .  [15] ,  Ga 

,
 (  Mn  Fe), 

. -  Fe-Mn 
 Ga 

 [16]. ,
,  Ga 

.
 Fe-Mn 

,  80% Ga 
 Mn,  [2, 3]. 

 Ga  Mn 
. , ,

 Ga  Fe-Mn 
, ,

,  Ga 
 (

 ( )) .

, :
1. -

 Ga -  Fe-Mn 
;

2. -  Fe-Mn 
, ,  (  80 

%),
-  Fe-Mn  [16]; 

3.  Ga -  Fe-Mn 

,
,  ( ), . .
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 Ga 
 [10]; 

4.  Ga -  Fe-Mn 

, ,
;

5.  Ga 
,

;
6. , ,

-
 Fe-Mn .

 (  12-I- 23-01). 

1. . ., . ., . ., . .
-

 // . 2008. 1. . 10–31. 
2. . . . .

 – 
 // . 2011. . 439.  4. . 520–529. 

3. . .
 // . 2012. . 445.  2. . 179–184. 

4. . .
: . .

. .- . . , 2009. 22 .
5. . ., . ., . .

- -
 // - .

2013. .10.  3. ( ).
6. . ., . ., . ., . .

( ) // . 2009. . 28.  1. . 32–43. 
7. . ., . .

-  // . 2011. . 440.  1. . 93–
99. 
8. . ., . ., . ., 

 // . 2012. .52.  1. . 95–108. 
9. . ., . ., . . .

. . .: . 1998. 17 .
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10. . ., . .
: -

 // . 2009. . 428.  5. . 641–647. 
11. . ., . .

 (
) //  III 

 « » ( ,
, - , 5–8  2006 .). - : -

, 2006. . 2. . 343–347. 
12. . .

. : , 2008. 128 .
13. - . .: , 1980. 240 .
14. . . -

. .: , 2004. 156 .
15. . ., . .

 // 
. 2006.  1. . 3–18. 

16. Koschinsky A., Hein J.R. Uptake of elements from seawater by 
ferromanganese crusts: solid-phase associations and seawater speciation // Marine 
Geology. 2003.  198. P. 331–351. 

Research of gallium concentration in hydrothermal Fe-Mn crusts and basalts from 
the Sea of Japan is conducted. It is established that to one of gallium sources can 
be ashes from Changbaishan volcano. 
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New data on the concentration of mercury in ferromanganese 

crust from submarine seamounts of the northwest Pacific 

-
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,  Li, Co, Hg, ,
. ,

.

 ( ) [1].  

 1. .
1 – , 2 –  ( . 431 

DSDP), 3 – .

 C- ,
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« » (25- , 34- , 36- ), « » (178- ), « »
(  6-06  6-07) , ,

 « ».
-915+ 

-915.  – 0.5 / .
,

 445  1860 /
(  Hg  120–150 / ),

,  Fe-Mn 
- . ,

, -
(  2920 / ). ,  Hg 490 – 2400 /

, -
.

,  (178–350 / ).
 Hg  ( - )
 840–2490 / .

,

.

.
,

 Fe-Mn 
,  Fe-Mn ,

 Fe-Mn .
,  Hg, 

-  ( - ) ,
, .

1. . ., . ., . . .
-

 // . 2012. . 447.  5. . 546–
551. 
These investigations demonstrate that a high concentration of mercury in Fe–Mn 
crusts from back-arc basins is not a significant indicator of hydrothermal genesis 
of Fe–Mn crusts, as this was established for Fe–Mn crusts of the open area of the 
ocean. In addition it was demonstrated that analysis of Hg concentration 
performed by the multi-element method (ICP-MS) was not correct, since mercury 
and its compounds are volatiles. 
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Geochemistry of REE and Yttrium in hydrothermal Fe-Mn 

crusts from the Sea of Japan: evidence from phase analysis

Fe-Mn -
-

, -  [1]. 
 [2], 

 ( )
(  ( / * > 1) 
(Y/Ho < 28) ), , ,

.  Fe-Mn 
.

-  Fe-Mn 
.

 Fe-Mn 
 36-  « »

 ( , . 2069/2 (41 26,0' 
. . 134 59,6' . .,  2500-2200 )) . . . .

( ) .  2069/2-2 
2069/2-15-1 , 2069/2- 7 – n-

, .
 Fe-Mn  [1]. 

-
, ,

, , ,
 [1, 3].  

 Fe-Mn 
 (I  – , II  – , III  – ,

IV  – )
 [4], 

.
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I  ( )
 11.5%, 

 – 0.13–0.42%  – 9.33–11.22% ( ).
 I  2.2–

4.3% .
II ,

.
 17.86% (2069/2- 7), 

 – 8.89% (2069/2-2)  6.70% (2069/2-
15-1).  Eu  Lu ,  Gd, Tm  Yb 
2069/2-15-1 .  II 

 2.3–6.7%. 
III  ( , )

,
 62% (2069/2-2), 62.4% (2069/2- 7)  56.1% (2069/2-

15-1. 
IV  (

). ,  37.4%  2069/2-15-1 
( .), 30.6% (2069/2-2)  28.6% (2069/2- 7).  

 Fe-Mn 
 –  Mn 

( . 1 ).  Eu  (50.42–61.27% 
)  (33.56–44.09%) .

.  Fe-Mn 
 [5]  Eu  Lu  Mn ,  Eu 

 14.92  24.39% ,  Lu –  16.43  22.92%. 
 III (

80%),  (  IV) –  (Eu 0.08–
1.74%; Lu 0.04–0.94%) .

 Fe-Mn 
 Eu ,

.
 Fe-Mn . .  [3] 

,  «
- ».

,  Eu 
, , ,

.  II Tm  Yb, , ,
-  Fe-Mn ,

 Fe-Mn  [5] 
 15.16–24.62% .
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 1.  Fe-Mn 
: a – . 2069/2-2;  – . 2069/2-

7;  – . 2069/2-15-1;  – .
1 – I  ( ); 2 – II 

( n); 3 – III  (  Fe); 4 – IV  (
).
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,  90% 
.  III 

, - .
.  [5]  Fe-Mn  – .

, -
.

,
, ,

. ,
,

,  [6]. 
,

,  Fe-Mn .

,  28.6  30.6% 
.

, .
(3%)  (0.7%) [7], 

.
Fe-Mn ,

,
 [8],  [9, 10]. 

,
-  Fe-Mn 

:
- -  Fe-Mn 

;
-

, ;
- Mn  80% -  Fe-

Mn , ;
- -  Fe-

Mn 
.

(  12-I- 23-01). 

1. . .
: . .

. .- . . , 2009. 22 .
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2. McLennan S.M. Rare earth elements in sedimentary rocks: influence of 
provenance and sedimentary processes / Geochemistry and Mineralogy of the 
Rare Earth Elements (Lipin B.R. and McKay G.A., eds.) // Rev. Mineral. 1989. 
V. 21. P. 169–200. 
3. . .

 // . 2012. . 445.  2. . 179–184.  
4. Koschinsky A., Halba h P. Sequential leaching of marine ferromanganese 
precipitates: Genetic implications // Geochim. Cosmochim. Acta. 1995. V. 59. P. 
5113–5132. 
5. Bau M., Koschinsky A. Oxidative scavenging of cerium on hydrous Fe 
oxide: Evidence from the distribution of rare earth elements and yttrium between 
Fe oxides and Mn oxides in hydrogenetic ferromanganese crusts // Geochemical 
Journal. 2009. V. 43. . 37–47. 
6. . ., . ., . .

 // 
. 1999.  2. . 133–145.  

7. . . . .:
, 2006. 360 .

8. . .
// : , 2008. 128 .
9. Jahn B., Gallet S., Han J. Geochemistry of the Xining, Xifeng and Jixian 
sections, Loess Plateau of China: eolian dust provenance and paleosol evolution 
during the last 140 ka // Chemical Geology. 2001. V. 178. P. 71–94. 
10. Greaves M.J., Elderfield H., Sholkovitz E.R. Aeolian sources of rare earth 
elements to the Western Pacific Ocean // Marine Chemistry. 1999. V. 68 P. 31–
37. 

For the first time concentrations of the rare earth elements and yttrium (REY) 
were determinate in the four basic mineral phases of hydrothermal Fe-Mn crusts 
from the Sea of Japan. The actual plot of REY distribution in hydrothermal Fe-
Mn crusts of the Sea of Japan is result of sum of REY concentration in hydrous 
Fe oxide and residual fractions. 
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Hydrothermal-sedimentary lithogenesis 
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,
, ,

 Fe- .
.

, ,
, . ,

, .

.
-  Mn. ,

. .  [1], 
, , -

.  Mn 
,

 ( , , ),
 ( )  ( , )

. ,
Mn  Fe, 

,
-  ( ). , Mn 

. ,
, ,

.
,

.

1. . .
. .: .- . . - , 2013. 160 .

We propose joint model of the hydrothermal-sedimentary lithogenesis which 
consists of three main parts: (Fig. 1) evolution model, as well as (Fig. 2) 
sedimentation and post-sedimentation alteration of the hydrothermal-sedimentary 
matter.
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On the structure of the MAR hydrothermal plumes  

B DIVERSEXPEDITION
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1. Sudarikov S., Zhirnov E. Hydrothermal Plumes along the Mid-Atlantic 
Ridge: Preliminary Results of the CTD Investigations During the DIVERS 
Expedition (July 2001) // InterRidge News. 2001.  10 (2). P. 33–36. 
2. Sudarikov S.M., Roumiantsev A.B. Structure of hydrothermal plumes at the 
Logatchev vent field, 14o45’N, Mid-Atlantic Ridge: evidence from geochemical 
and geophysical data // Journal of Volcanology and Geothermal Research. 2000. 

 101. P. 245–252. 
3. . ., . .

-
 // . 2010.  3. C. 317–321.  

Structure of hydrothermal plumes along the Mid-Atlantic ridge were investigated 
during the DIVERS Expedition (July 2001). Results of the CTD investigations at 
several vent fields are observed. The turbidity anomalies are accompanied by
negative temperature and salinity anomalies in the case of the high depth of 
hydrothermal vents. 
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Ore elements migration forms in the hydrothermal solutions of 

vents from the Logachev field (MAR)
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. ,
,  (

). 
:

1) : [Zn2+] = 35.89%, [ZnCl+] = 
61.36%, [ZnCl2] = 2.75%, [ZnOH-] = 0.00%; [Cu2+] = 27.05%, [CuCl-] = 
71.81%, [CuCl2

0] = 1.14%, [CuOH-] = 0.00%. 
2)  ( ): [Zn2+] = 45.37%. 

[ZnCl+] = 39.49%. [ZnCl2] = 9.56%. [ZnOH-] = 0.19%. [ZnSO4] = 5.39%; [Cu2+]
= 41.62%. [CuCl-] = 51.49%. [CuCl2

0] = 4.53%. [CuOH-] = 0.13%. [CuSO4] = 
2.21%. 

3) : [Zn2+] = 
45.46%. [ZnCl+] = 26.19%. [ZnCl2] = 4.04%. [ZnOH-] = 0.22%. [ZnSO4] = 
24.07%; [Cu2+] = 50.00%. [CuCl-] = 34.61%. [CuCl2

0] = 2.47%. [CuOH-] = 1.39 
%. [CuSO4] = 11.50%. 

. ,

.

.

Forms of ore elements migration in the field “Logachev” (14 45’ N) 
hydrothermal solutions were researched. According to thermodynamic 
calculations the main migration forms of zinc and copper were determined in the 
vent orifice and buoyant hydrothermal plume. Basic rules of their changing were 
established. 
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Geochemistry of elements impurity in hydrothermal sulfides of 

“Ashadze-1”ore field  

 « -1» 
 [1], 

,
– , .  (  302 

) , - , ,
,

( , )  – 
.  1.  

 1. 
-1. 

Sph PP HX Is hp Cu 
Si, % 0,41 2,53 11,01 2,48 0,37 0,21 
Al, % 0,08 0,28 1,94 0,56 0,13 0,17 
Fe, % 19,28 36,29 25,65 33,22 32,60 26,09 
Mg, % 0,18 0,93 6,10 0,79 0,18 0,09 
Ca, % 0,13 1,19 46,33 1,30 - - 
Mn, % 0,03 0,09 1,65 0,10 0,01 0,01 
S, % 31,14 37,59 1,42 31,19 31,96 30,94 
Cu, % 5 1,79 1,12 10,97 23,39 34,80 
Zn, % 30,91 1,49 0,19 2,18 2,76 0,24 
Pb, ppm 608,59 243,92 193,70 77,46 72,67 65,75 
Au, ppm 1,68 1,48 0,24 3,69 4,57 1,19 
Co, ppm 725,12 619,88 197,21 1490,59 4368,36 2850,63 
Ni, ppm 46,68 143,89 - 190,12 422,06 962,14 
Ag, ppm 138,73 21,58 6,02 14,36 22,67 13,44 
Cd, ppm 455,58 29,13 8,03 34,89 47,77 7,75 
Sb, ppm 56,46 21,28 21,14 - - - 
Ba, ppm 251,54 376,70 3427,57 - - - 

: Sph – , PP – - , HX – 
, Is – , Chp – 

, Cu – .

 17 ,
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,  (Eu,Dy, 
La,Ce,Nd,Sm). 

..  Ni 
 (962.14 ppm).  ( , 2008 .), 

-  – 
 (FeCoNi)9S8 ,  –  NiS . 

- .

 [2]. 

 -1 .
(4,57 ppm) ,  (3,69 ppm) – 

.  (138,73 ppm) 
.  (3427,57 

ppm) .
, .
 Pb :

 –  – 70–3360 ppm 
 – -  – 5.35–2000 ppm 
 –  – 3.71–990.0 ppm 
 –  – 5–500 ppm 
 –  – 5–570 ppm 
 – – 5–570 ppm. 

: Eu – 0.17 ppm, Dy – 0.07 ppm, La – 0.68 ppm, Ce – 
0.68 ppm, Nd – 0.27 ppm, Sm – 0.07 ppm. 

,

 2.
 – ,

: Zn- Pb-Ag-Cd- Sb  Fe- Au- Cu- Co. 
-
. -

: Cu-Au-Zn-Cd.  Cu-Co-Au 
, ,

.
: Dy-Ce-La-Cu, Mo-Nd-Sm. 

- .
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 2. 
-1. 

 ( . ) -

 (52) 
Cd-Zn-Sb-Pb-Ag

Fe-Au-Cu-Co
F1-1 – Co, S, Ba, Cu, Au 
F1-2 – Fe, Mn 
F2-1 – Pb, Cd, Ag, Sb, Zn 
F2-2 – Al, Si, Ni, Mg, Ca 

: F1-32%,  
F2-16%

-

 (90) 

Cu-Au-Zn-Cd F1-1 – Fe, S 
F1-2 – Cd, Zn, Cu, Au, Sb, 
Co, Ag 
F2-2 – Ba, Al, Ca, Si, Mn, 
Mg

: F1-25%,  
F2-24%

 (48) Pb-Cd-Cu-Fe 
Au-Ba

F1-1 – Mn, S 
F1-2 – Mg, Ca, Si, Ag 
F2-1 – Co, Fe 
F2-2 – Al, Au, Zn, Ba, Cu, 
Cd, Pb 

: F1-30%,  
F2-17%

 (41) 
Ag-Zn-Cd-Pb

Co-Au-Cu
F1-1 – Au, Pb, Cu, Co, Ag, 
Cd, Zn 
F1-2 – Fe 
F2-1 – Mn, Si, Al, Mg, S 
F2-2 – Ni, Ca 

: F1-26%,  
F2-22%

 (55) 
Ag-Pb-Zn
Au-Fe-Co

F1-1 – Au, Zn, Cd, Fe, Co 
F1-2 – Co, Pb, Ag, S 
F2-1 – Mg, Si, Mn, Al 
F2-2 – Ni, Cu 

: F1-42%,  
F2-23%

 (16) Ag-Pb F1-1 – Au, Zn, Co, Cu, Cd 
F1-2 – Pb, Ag, Mn, S 
F2-1 – Al, Mg 
F2-2 – Fe, Ni, Si 

: F1-34%,  
F2-20%
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1. . .  (1- )
 ( )

- . ,
 « », 2006. 287 .

2. Fouquet Y., Cambon P., Etoubleau J. et.al. Geodiversity of Hydrothermal 
Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: a 
New Type Of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit // 
Diversity of Hydrothermal Systems on Slow Spreading Ocean Ridges (eds P. A. 
Rona, C. W. Devey, J. Dyment and B. J. Murton). American Geophysical Union, 
Washington, D. C. 2013. doi: 10.1029/2008GM000746 

Some new geochemical features of various mineral types of ores were studied on 
the hydrothermal field Ashadze-1. Associations of ores – forming and impurity 
elements were specified by means of correlation and factorial analyses that 
allowed establishing a connection between the elements in minerals and in 
mineral associations. 
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U and Th in sea-floor hydrothermal sulfide deposits: a new 

appraisal

.  [1], 
230Th/U- .

:
1) 

230Th ( 232Th),
2) 

.
,

.
, 230Th

. ,

232Th,

. ,
, .

,

U  Th .
. 1 

 21 ,
. ,

 1.22 / . ,
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.

-6,462
-5,538

-4,615
-3,692

-2,769
-1,846

-0,923
0,000

0,923
1,846

2,769
3,692

4,615
5,538

6,462

Ln(U,ppm)

0
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2. Fouquet Y., Scott S.D. The science of seafloor massive sulfides (SMS) in the 
modern ocean – a new global resource for base and precious metals // Ocean 
technology Conference. 2009. Houston, USA. Paper no. OTC-19849-PP, 13 pp. 
3. Zeng Z., Yu Sh., Yin X. et al. Element enrichment and U-series isotopic 
characteristics of the hydrothermal sulfides at Jade site in the Okinawa Trough // 
Science in China Series D: Earth Sciences. 2009. V. 52.  7. P. 913–924. 
4. Deschamps F., Godard ., Guillot S., Hattori K. Geochemistry of subduction 
zone serpentinites: A review // Lithos. 2013. V. 178. P. 96–127. 
5. Dymond J., Lyle M., Finney B. et al. Ferromanganese nodules from MANOP 
Sites H, S, and R-Control of mineralogical and chemical composition by multiple 
accretionary processes // Geochimica et Cosmochimica Acta. 1984. V. 48. P. 
931–949. 

According to geochemical data of more then two hundred samples from different 
sea-floor hydrothermal sulfide deposits average concentration of U is 1.22 ppm 
and Th is 0.081 ppm respectively. The value of Th is overestimated because in 
more then a half of samples it is below detection limit of the method. 
Nevertheless, in Th-enriched samples strong correlation between the Th 
concentration and ore composition exist (LnTh=1.731–0.181Ln(Fe*Co)–
0.0329Cu, R2=0.96). This gives another estimate of Th content (0.14 ppm) in 
sulfide ores according to their average composition.  
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Research focuses on the allocation of morphological and mineral types and 
identification of zoning in the Semenov-2 ore field. On the structural and textural 
features of ore is distributed in a horizontal zoning. Vertical zonation is detected 
in the distribution of mineral types. However, the complex nature of the 
distribution of select types of mineralization does not reveal a clear zonation in 
their distribution and reflects the multi-stage nature of the ore genesis in the 
Semenov-2 ore field. 
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The characteristic of the material composition of the sand-aleurites component of 
bottom sediments by studying the composition of fractions, obtained during the 
granulometric and aggregate analyses is given. 



222

. ., . .
( , , e-mail: yubko@ymg.ru)

-

-

Yubko V.M., Lygina T.I.
(State Scientific Center “Yuzhmorgeologia”, Gelendzhik, Russia) 

Intraplate volcanogenic-hydrothermal systems of the Pacific 

ocean Clarion-Clipperton zone 

-  ( )

 [1]. 
 [2], 

 (2011–2012 . .)
 ( ) –  75 . . ., 

 « »
 ( )

 – 
(« ») .

 0.5 
,

 ( )
( )
(30°–40° ) .

 « »

.
,

 (16–18 . ),
 (~40 . ). 

 « »,
, -

.

,

-
 ( )



223

. ,

,

. ,
 « », ,

, , ,
.

 (23–12 
. ),  50  (5–10 

 1 )
, , -

,
- . ,

 [1], 

.

.
,

 15–20%. ,
 – 

 « »

. ,
-

.

1. Gardner J.V., Dean W.E., Blakely R.J. Shimada Seamount: an example of 
recent mid-plate volcanism.- Bull. Geol. Soc. Amer., 1984, 95, N7, p.855-862.
2. . ., . ., . .

- .
 1990, N12. .72-80. 

An original geological evidence of Miocene intraplate volcanogenic-
hydrothermal activity of the Pacific Ocean Clarion-Clipperton Zone are 
characterized.  
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The suspended particulate minerals in the water column in the 

hydrothermal vent area in the Southwest Indian Ridge  

86 suspended matter samples of water samples in the water column from 
seven stations in the hydrothermal vent area in the Southwest Indian Ridge 
(SWIR) were collected during Chinese DY115-21 Cruise in 2010 (Fig. 1). The 
suspended particulate minerals in the aforementioned suspended matter samples 
were studied by using scanning electronic microscope (SEM) and energy X-ray 
dispersion spectrometry (EDS). About 5,000 SEM and EDS micrographs were 
taken for suspended particle mineral study. 
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Figure 1. Study area and sampling stations in the Southwest Indian Ridge

35 mineral species were identified in the suspended matter samples in the 
SWIR area, including 10 mineral species of silicates, 2 of sulfates, 3 of 
carbonates, 2 of phophates, 10 of metal oxides (hydroxides), 7 of sulfides and 1 
of element sulfur, respectively. The silicate minerals are orthoclase, plagioclase 
(albite and clinoclase), zircon, sphene, hornblende, illite, kaolinite, chlorite and 
serpentine. The sulfate minerals are barite and gypsum. The carbonate minerals 
are calcite, dolomite and magnesite. The phosphate minerals are apatite and 
monazite. The oxide-hydroxide minerals are quartz, rutile, chromite, ilmenite, 
cassiterite, goethite-limonite, bauxite-gibbsite, zincite, manganite-Mn-hydroxide 
and hydroxide of light rare elements. The element mineral is surfer. The 
suspended silicate, carbonate, phosphate and oxides (hydroxide) minerals are 
basically have terrestrial origin [1–3]. The barite minerals are biogenic [4–5]. The 
gypsum, sulfide minerals and elemental surfer are generally considered to be 
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products of hydrothermal vent activities [6–9]. 
Special attention was paid to the study on the suspended particulate sulfide 

minerals. The sulfide minerals are sphalerite, pyrite, chalcopyrite, pyrrhotite, 
cubanite, covillite and wultzite. Most of the sphalerite particles contain certain 
portion of Fe. The mineral morphologies vary from well-formed crystals to very 
irregular particles. For example, well-formed sphalerite of combination of 
tetrahedron and dodecahedron and sphalerite with strong dissolution futures were 
found (Fig. 2). Well-formed pyrite of combination of tetrahedron and octahedron 
and irregular spherical pyrite were observed (Fig. 3). The difference in mineral 
morphology may be related to their different formation and alteration processes.  

The abundance of the sulfide minerals in the water column at different 
stations varied significantly. The abundance of the sulfide minerals in the water 
column at those stations located close to the active vent area [10–11] was much 
more than that at the stations further to the active vent area, indicating 
correspondence of abundance of the sulfide minerals in the water column to the 
location of the hydrothermal vents. The abundant sulfide mineral species, high 
amounts and vertical anomaly distribution of the sulfide mineral particles in the 
water column below 1500 m in depth in the hydrothermal vent areas of the 
Southwest Indian Ocean showed the characteristics of the trail or scraps of the 
hydrothermal plume diffusion.  

Two sulfides mineral assemblages named “sphalerite-marmatite-pyrite - 
chalcopyrite” and “chalcopyrite-sphalerite-pyrite-pyrrhotite” were proposed. 
They mainly respond to the hydrothermal plumes erupted under middle 
temperature and middle-high temperature, respectively [12–13]. 

Acknowledgements. This work was supported by the project grand number 
DY125-11-R-04 from China Ocean Mineral Resources R & D Association. We 
thank the captain and crew members of R/V Dayang Yihao for helping in 
collection of the water samples. 

Figure 2. Left: well-formed sphalerite ; Right: Strongly eroded Fe-sphalerite. 
EDS micrograph 
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Figure 3. Left: well-formed pyrite; Right: irregular spherical pyrite. EDS 
micrograph 
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This work is based on lithological studies of the core SO201-2-85KL retrieved 
from the Shirshov Ridge, western Bering Sea. Sedimentation of the Shirshov 
Ridge during the last two glacial-interglacial cycles responded to climatic and 
oceanographic changes by variation of grain-size distribution and accumulation 
rates of terrigenous material, by abundance of biogenic silica (mainly diatoms) 
and carbonate (mainly foraminifers). 
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The new GIS system developed and presented on the Internet. It was used the 
analysis of volcanic activity in the Pleistocene in the Pacific. 
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The analysis of knowledge and perspectives of development of traditional oil and 
gas resources of the region and the potential for development of hydrocarbon (gas 
hydrates, gas submarine coal formations) and solid mineral resources (barites, 
iron-manganese crusts, metalliferous sediments) were made. 
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Hg 0.02 - 0.31 - 0.15 0.076 0.034 0.12 0.04 
Se 0.6 - <1.5 2 4.1 2.7 3.4 2.7 10 

Ag 0.9 0.23 0.065 0.13 0.048 <0.03 0.054 0.088 0.13 
Cs 1 0.9 1.2 2.1 2.3 1.8 2.45 1.73 1.8 
Sn 2 0.65 0.79 2.0 0.66 0.43 0.60 0.64 1.6 
Be 2.5 0.60 3.3 0.90 1.1 0.73 1.25 1.13 1.5 
U 5 2.7 3.1 5.3 12 9.3 9.2 6.9 5.7 
Bi 7 0.18 0.085 0.16 0.135 0.24 0.35 0.2 2.8 

Hf 8 3.5 3.6 2.0 1.1 0.8 0.95 2.0 6.0 

Cd 10 1.0 0.44 1.4 2.4 11.2 1.3 2.9 2.4 
Ga 10 8 5.7 53 15.3 42 28 25.3 41

Sc 10 7.2 23.6 8.0 5.4 4.2 5.3 9.0 5.0 
Ta 10 0.6 0.23 0.52 0.20 0.20 0.24 0.33 0.46 
Te 10 <0.4 <0.2 0.2 0.14 0.52 0.46 0.25 6.0 

Rb 17 28 20 40 33 31 39 32 30 
Th 30 6.8 3.4 4.4 3.4 3.2 4.1 4.2 23

Cr 35 60 34 48 14 26 38 37 41 
Sb 40 5.1 2.5 11.5 14.3 18.4 15.8 12.7 33

Nb 50 6.0 3.2 5.0 3.1 3.1 4.0 4.1 22

Li 80 49 18 60 34 95 16 45 18 
W 100 4.1 1.0 10 8.5 5.5 5.0 6.3 32

As 140 220 265 435 750 527 800 500 100 
Tl 150 4.3 0.62 2.1 0.77 7.5 0.46 2.6 23

Y 150 24 40 37 30 38 41 35 60

Mo 400 112 43 153 190 417 90 167 160 
V 500 225 290 365 173 400 305 293 340 
Zr 560 70 58 83 42 37 44 59 355

Sr 830 570 190 500 1070 970 1335 772 613 
Pb 900 14 10 23 119 48 73 48 270

Zn 1200 110 100 130 190 320 170 170 370

Ba 2300 650 560 525 1020 900 1060 786 2200

Co 2700 0.9 6.1 12.5 340 314 250 153 760

Cu 4500 11 5 48 24 37 23 25 340

Ni 6600 84 30 12 127 226 95 80 1640

n % 18.6 7.9 1.01 27.6 13.4 9.5 14.2 12.3 12.4 

Fe % 12.5 17.7 38.0 19.2 17.8 17.3 15.7 19.3 12.8 

Mn/Fe 1.5 0.44 0.03 1.2 0.75 0.55 0.9 0.64 0.97 
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Ba (786–2300), V (293–500),  (167–400), Y (35–150), Tl (2.6–150), W (6.3–
100), Li (45–80), Nb (4–50), Sb (12.7– 40), Th (4.2–30), Te (0.25–10),  (0.3–
10), Cd (2.9–10), Hf (2–8), Bi (0.2–7), Be (1.1–2.5)  Ag (0.09–0.9). 
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The study of collection of manganese nodules recovered from Russian Arctic sea 
bottom using ICP-MS method allowed to present the general picture of their 
microelements distribution which has been compared to distribution of the similar 
set of elements in Fe-Mn crusts from Bering Sea and in pelagic Mn nodules. It is 
found that the concentration of most microelements is growing beginning from 
arctic nodules to Bering Sea crusts and further to pelagic nodules in various 
proportions reaching ten times and more in case of ore metals. In some cases the 
enrichment or depletion of some elements concentration is related to Mn/Fe ratio. 
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 1. ,%
Fe–Mn-

–
( )

- .

25–46/13
26–15

.
-

Al2O3 13.8–15.2 (14.7) 13.2 18.5 19.2 3.7 8.8 
CaO 5.1–10.4 (6.6} 11.9 4.4 8.9 2.8 2.2 
MgO 2.9–6.7 (4.0) 8.7 1.9 3.8 4.1 1.6 
Na2O 2.5–5.5 (4.5) 2.7 2.1 3.4 2.6 2.9 
K2O 0.45–2.3 (1.7)  0.69 2.2 2.2 1.5 1.8 
TiO2 0.24–0.59 (0.36) 2.3 1.0 0.87 0.27 0.61 

Fe2O3  7.8–11.9 (9.4) 10.2 3.0 8.3 16.8 7.6 
MnO 0.21–0.23 (0.22) 0.20 0.84 0.18 26.3 16.1 

P2O5 0.30–0.72 (0.43) 2.7 0.65 0.34 0.30 1.0 
S 0.03–0.05 

(0.042)
0.089 0.027 0.0086 0.17 0.16 

,
.

 (0.929 / )
 (11.6 / ) ,

 (0.03  0.08 / ).
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 2. , /
.  Fe–Mn  –  

–  ( )
25–46/13 26–15

.
-

Ag 0.34–0.11 (0.365) 0.16 <0.04 0.046 0.12 0.064 
As 0.08–1.4 (0.7) 1.4 1.9 0.62 99 134 
Au <0.02 <0.02 <0.02 <0.02 0.03 0.08 
Ba 88–470 (353) 165 1744 384 2193 737 
Be 1.0–3.7 (3.05) 1.4 4.2 1.1 0.29 1.3 
Bi 0.01–0.030 (0.027) 0.017 0.44 2.2 1.0 4.1

Cd 0.24–0.59 (0.36) 2.2 0.05 0.11 3.6 1.9 
Co 17–51 (27) 51.2 34.4 25.9 259 200 
Cr 69–100 (83) 292 45.3 8.5 56.8 55.5 
Cs 0.15–1.1 (0.61) 0.27 7.8 1.7 1.0 1.2 
Cu 22.6–105 (45) 72 59.4 102 101 39 
Hf 4.0–12.6 (10.4) 4.6 5.5 2.5 0.6 2.3 
Ga 20.6–28.1 (25) 19.6 6.9 20 6.1 11.3 
Hg 0.044–0.012 (0.008) 0.053 0.773 0.011 0.929 1.6 

Li 6.5–13.2 (13.6) 6.4 83 8.4 79 23.7 
Mo 0.8–4.7 (3.5) 2.1 1.7 1.5 250 344 
Nb 17.4–80.5 (62) 26.6 198 26.6 1.0 11.1 
Ni 41–62.6 (52) 195 49.6 9.7 177 173 
Pb 1.5–5.2 (4.5) 2.9 2.0 2.9 10.0 33.2 
Rb 10.1–49.4 (38) 15.3 109 55.4 26.7 57.5 
Sb 0.08–0.8 (0.32) 16.2 0.48 0.20 18 13.2 
Sc 12.3–43.9 (21.5) 24.4 20.3 25.6 8.3 6.8 
Sn 11.5–4.6 (3.5) 1.7 0.43 1.0 0.48 1.5 
Sr 228–300 (275) 516 1422 678 475 492 
Ta 1.1–4.6 (3.6) 1.6 1.2 0.44 0.05 0.68 
Th 1.3–6.3 (5.1) 2.2 14.6 2.2 1.0 4.1 
Tl 0.029–0.12 (0.07) 0.11 0.03 0.11 3.1 1.5 
U 0.9–5.3 (2.8) 13.2 3.6 13.2 2.5 4.2 
V 88–365 (194) 266 171 309 304 159 
W 0.20–1.2 (0.87) 0.51 3.0 0.4 29.9 4.2 
Y 37.3–75 (65) 45.5 38 24.6 13.9 27.3 
Zn 111–162 (144) 134 11.4 86 288 158 
Zr 165–623 (490) 207 210 109 24 104 
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The combined study of geochemistry and mineralogy of manganese crusts and 
nodule from Okhotsk Sea and East Siberian Sea has been carried out by means of 
ICP-MS and analytical microscopy methods. The both types of material are 
depleted in basic metals and very enriched in mercury up to 0.9–11 ppm along 
with traces of gold. The parallel study of lavas and recent volcanic ashes from 
Eyjafjallajokull volcano (Iceland) revealed native gold particles and moderate 
mercury enrichment which is interpreted as their genetic relation and common 
deposition in Fe-Mn crusts and nodules. 
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Skaz. Kaliningrad, 2002. 495 p. 
4. Pustelnikovas O. Geochemistry of sediments of the Curonian Lagoon 
(BalticSea). Vilnius, 1998. 234 p. 
5. Pustelnikovas O., Gulbinskas S. Lithological characteristics of sediments. 
Lithology and chemical composition of recent sediments of the Curonian Lagoon 
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At the site "Deima" located at the river Deimamouth in the south-eastern part of 
the Curonian Lagoon were selected and studied 11 samples of bottom sediments 
(0–5 cm). Here, there are distributed calcereous-terrygenic and terrygenic-
carbonate sediment types: sand, gravel, coarse aleurite and fine-aleuritic and 
aleuro-pelitic mud and shelly sediments. Shelly material is presented by mollusk 
Dreissenapolymorpha. 
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The fullest systematization of the data on volcanic ash layers (tephra) found in the 
Pleistocene-Holocene deposits of the Okhotsk and Bering Seas as well as in the 
northwest Pacific Ocean (25, 14 and 38 layers respectively), is executed by the 
results of integrated researches. The model of a tephrostratigraphic scale for 
Holocene-Pleistocene deposits from the studied areas is suggested.  
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Fe 5,54 5,84 7,66-8,47 
Ni 0,0089 1,50 0,578-0,592 
Cu 0,0335 1,21 0,367-0,393 
Co 0,0036 0,238 0,099-0,156 
Zn 0,016 0,147 0,058-0,066 
Mo 0,017 0,054 0,032-0,039 
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The mineralized lithificed sediment from a funnel-shaped depression in the 
Clarion-Clipperton zone has been investigated. A hydrothermal impact on 
sediment is assumed.



267

. .
( - , . - , e-mail: 
zdobin_soil@mail.ru)

Zdobin D.Y. 
(St–Petersburg State University, Saint-Petersburg) 

Mineralogy and microstructure of shelf silts of the Okhotsk Sea 

.
,

- .

 (50 ),  (90 )
-  (130 )  4.0 . ,

,
, ,

-  [1, 2]. 

-2  ( - ). 
:

 6% 2 2

,  3% l ,
 0.5  N  Si 2.

 6.8–7.0. 
 (1 ). ,

 <0.05, <0.01, 0.005, <0.002,  <0.001 .

.
- ,

 (t=550 )
 ( , , ).

,
,

, , ,
, , ,  d ( ) = 3.34, 4.25, 

2.45,  ( ) d ( ) = 3.19-3.20, 6.39, 4.03. 
 d ( ) = 3.03, 3.85, 2.50. 



268

: -  (55–65%) -  (26–31%), 
-  (8–13%),  20–25%. 

,
, .

 – 5–9%, 
 – 63–72%. 

 – 26–29%. 
,

: ,  Na-
 (d ( ) = 14.3, 5.17, 3.09). 

 d( ) = 17.7, 8.86, 
5.91. , .

001. 
 0.001 

 ( ), 
 d ( ) = 10.1, 4.98, 1.49–1.51. 
 (Mg-Fe)  d ( ) = 14.1, 7.09, 4.73.  002 

.

, .
 Na-

- , -
,

 50  80%. 
:

( ) ,
.

 « -
».

.  1.5 
, .

,
. ,  2.5 ,

« » : . .
, .

:
 (Fe, Ca, Mg) 

 Na+.
,  26–31%. 

, ,



269

- .
,

,
.

-

, ,
 Na- .

,  N +

+,  Mg2+.

.

 N +, Fe2+, 2+

.
,

.

 « - »

 ( ,
- ).

,
,  (  70  130 )

 (  25  70%). ,
 5% 

 (d ( ) = 7.14, 3.57). 
,

 Fe3+, Fe2+  Mg2+.

(  SEM 501B «Philips» ). 

 [3]. 
 –  ( u). 



270

. ,
 (  0.5  4.0 ) .

,
.  0.5 

 ( )
.

- .
 « - »  « - » ( .) 

,
 ( ). 

 « »,
« ».

.

.
. . ,  «

…
» [4, 5]. 

. .
: « - » « - »



271

: ,
.

.
,  70–80% 

, . ,
 40–50%.  

,
.

,
,

«  – »,

-  (We, Wl, C ) [6]. 
,

,
,

,  «… -
…» [7]. 

1. . ., . . -
 // . . 7. 1994. . 3. .

90–92. 
2. . . - -

 // 
. 1995. . 14.  2. . 26–31. 

3. . ., . ., . .
. .: , 1989. 211 .

4. . ., - ., . ., . .
. : 1984. 414 .

5. . .
 // .: , 1979. 231 .

6. . .
 // . 2013.  3. . 259–263. 

7. . . . .: 
, 1963. 535 .

The mineralogical structure and microstructure of shelf silts of the Okhotsk Sea 
are described. It is shown that change of clay minerals on the section depth (4.0 
m) is connected with diagenesis processes at early stages deposit formations. 
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Asseccory ore minerals in igneous rocks and ferromanganese 

formations from seamounts of the Sea of Japan 
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Data on chemical composition of nonferrous and noble metal micrograins that 
first identified and studied in igneous rocks from seamounts of the Sea of Japan 
are considered. It is shown that igneous rocks and ferromanganese formations 
from the same seamounts contain nearly identical associations of accessory ore 
minerals. We conclude that accessory ore mineralization is of superimposed 
character and the source of metals is common and of postmagmatic gas-
hydrothermal nature. 
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The forming of manganese nodules and ore crusts is impossible by precipitate 
from sea water and products of basalt decompose. Proposal migration ore 
elements from metal-hydride stratum. 



280

. .
1
, . .

2
, . .

2
,

. .
3
, . .

2

(1  « », . , e-mail: lyginat@ymg.ru; 2

. . . , . ; 3 - . . .
, )

-  (

)

Lygina T.I.
1
, Dmitrenko O.B.

2
, Kazarina G.Kh.

2
,

Kopaevich L.F.
3
, Matul A.G.

2

(1State Scientific Centre YUZHMORGEOLOGIYA, Gelendzhik; 2P.P. Shirshov Institute 
of Oceanology RAS, Moscow; 3Geology Department of M.V. Lomonosov State 
University, Moscow) 

Stratigraphy and age of sediments in Clarion-Clipperton ore 

province (new lithological and micropaleontological data)
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Based on lithophysical and micropaleontological data, sediments, recovered by 
gravity cores, box-corers, and dredges in the central Clarion-Clipperton ore 
province, have an age from the Late Eocene to Late Quaternary. Major 
stratigraphic gaps occur at the boundary of Early/Middle Miocene, within both 
Middle and Late Miocene. 
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We studied the features of the structure and genesis of the Mesozoic phosphorite 
pavements of the East European platform. Until now, their origin is not fully 
understood and is controversial. Jurassic and Cretaceous phosphates recorded 
both as the full range of organisms inhabiting in the basin (in the form of 
substituteremains), and their traces (ihnofossils), sometimes otherevidence of life 
(microbialites, coprolites, etc.), and the burial features. 
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Subsurface exploration of Co-rich manganese crusts by X-ray 

fluorescence analysis based on beam synchrotron emission 
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Based on the results of microprobe investigation by a technique of a scanning X-
ray fluorescence analysis based on beam synchrotron emission of manganese 
crusts of the Magellan Mountains, the most common patterns of elements 
distribution along a crusts section were identified. Some recommendations for 
further studies and data processing and their potential trends were given.  
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Cobalt-rich ferromanganese crusts of Marcus-Wake of Pacific 
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It was determined, that ferromanganese crusts guyots of Marcus-Wake formed by 
three layers. Main ore minerals of each layers are Fe-vernadite, Mn-feroxigite. 
Rare grains composed by vernadite and asbolan-buserite. It was studied the 
chemical composition of ferromanganese crusts. It was determined, that in 
conditions of the same contents of ore minerals Fe-vernadite, Mn-feroxigite 
concentrations of metals in different. It was studied of the ion exchange reactions 
of the metal cations with ore minerals from the different layers of ferromanganese 
crusts. It was determined the contents of ion exchange complex, ion exchange 
capacity.
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The behaviour of ore minerals of ferromanganese nodules and crusts of the 
Pacific Ocean with electrolyte solutions with different pH value was studied. In 
ocean water with pH 7.3–8.2 and alkaline solutions with pH 8.5–13 changes in 
mineral and chemical composition of nodules and crusts not observed. In 
solutions of salts of metals with a pH of 3.5-6.5 considerable changes in the 
chemical composition of nodules and crusts – cations of alkaline and alkaline-
earth metals are extracted from minerals, and cations of heavy metals, rare metals 
intensively absorbed minerals. Installed mutual partial phase transitions layered 
minerals. The solutions of mineral acids with pH < 1.5 practically all cations of 
alkali, alkali-earth, heavy, rare metals are extracted completely. Installed phase 
transformations layered minerals in the tunnel – todorokite, kriptomelan. 
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1. Lowenstam . . Minerals formed by organisms // Science. 1981. V. 211. 
P. 1126–1131. 
2. Mann S. Mineralization in biological systems // Struct Bonding. 1983. V. 
54. P. 125–174. 

Comprehensive studies of Cimmerian sedimentary iron ore samples from the 
Kerch iron-ore basin and White Sea bottom sediments were carried out. 
Manifestations of controlled and induced biomineralization were discovered in 
the sedimentary iron ores and in the bottom sediments. 
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The physicochemical mechanism of phosphorus re-distribution in stage of 
diagenesis was studied during the experiments on modeling interaction between 
apatite phases (hydroxyl-apatite, hydroxyl-apatite + calcium fluoride, modern 
oceanic phosphorite) and carbonate solutions simulating pore waters of bottom 
sediments in the high-productivity oceanic regions. Concentrations of dissolved 
phosphate in the equilibrium with all studied apatite phases at  = 7.1–7.9 are 
within the same field, thus indicating that acidity is not the major factor 
controlling phosphorus content in solution at  > 7. Linear correlation between 
concentration of dissolved phosphorus and carbonate alkalinity for all samples 
under the same pH values was observed. This correlation confirms that reaction 
of substitution of ions PO4 to CO3 in crystal lattice of apatite proceeds, and the 
increase in carbonate alkalinity of pore waters causes the co-directional gradient 
in concentration of dissolved phosphorus resulted at phosphorus flow from 
bottom strata of sediments to the surface. 
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The spread of the values obtained by comparing different indicators, very 
substantial, but similar velocities calculated numbers within the parameters and 
mass microconcretions suggest that these figures are largely responsible for the 
trend of the relative rates of pelagic sediment. 
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For costing real perspective area of oceanic bottom with a view to resources 
mineral and raw materials it is necessary to use a well-rounded program of 
research considering not only main but indirectly flags of ore manifestation. 
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Seabed relief, parameters of a ferro-manganese formation occurrence and spatial 
variability of crust thickness were studied and correlated within an ore deposit 
located within the site specified for detailed exploration.



328

. ., . .
(  « », . , e-mail: natyartseva@gmail.com)  

« »

Stryuk V.L., Yartseva N.V.
(Museum of the World Ocean, Kaliningrad) 

Geological collection and exposition in a new modern museum 

building «The Planet Ocean»

 – ,
,

, .
,

.
, ,

 (1990 .).
2 400  [1–5]. 

, ,
,

 ( ) –  « »,  «
»,  « »,  « »,

« »,  « » .
,

 « »,  « ».
,  « » – 

 (2- ,
1949 .),  (25 , 1957 .). 

,  2001 .
 «Polarstern». 

, ,
.

, ,

.
,

,
,

.



329

, -
 – - , ,

, - -
, ,

,
, ,

, ,
,

, ,
.

:
« »,  « », ,

,
 XVIII–XX .

,
.  « »,

-
.

 « »  « »
 « » .

:
.  20-

.
.

 « »,
 « » (2012–2018 .), 

.
,

,
, ,

.
-  « ».

, ,
, , , .

 « ».
.

, ,
.



330

-
 – .  « »

« », « », « », «
», « »,

« ».  « »
: , ,

, ,
, ,

, .

- ,
 « ». ,

 « »,

« »  « ».
,

( , , ),  (
, , ), ,

, .
,

.
, ,

,
.

.
.
, , ,

.
,

 « »,
.
.

,
 ( , , ,

. ). 

,
, .



331

,

,
.

.
,

, .

 « »
.

,
. ,

.
,

:
- ,

;
- ,

;
- : , ,

;
- ;
- ;
-  « »  « »;
- : / , ,

.;
- ;
- ,

;
- , ,

, ,
, ;

- , .



332

 « »
,

.
,

.
,

 « »  2018 .
,

,

.

1. . ., . ., . .
 // :

 II  / . . .
. , 1999. . 228–230. 

2. . .
 // -

 « :
». , 2004. . 16–18. 

3. . .
 // 

-  « :
». , 2004. . 120–121. 

4. « ».  / . . , . . ,
. . . : , 2009. 112 .

5. . .  // 
. 2010.  3. . 81–84. 

Museum of the world ocean is a complex maritime museum that presents the 
Ocean as global phenomenon, its nature and exploration. The museum deals with 
lots of maritime collections, geological collection is one of natural collections. At 
present time the museum has a chance to create a new exposition because it was 
given an opportunity to build modern museum building “The Planet Ocean” in 
the form of a globe. One of new exposition will be devoted to geology and 
geomorphology of ocean floor and will consist of geological samples in 
showcases, information boxes and interactive elements. Now it is necessary to 
enlarge the museum`s geological collection due to widening expositional space.  
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– 2.0% (2.1 ), CaO – 3.9% (2.4 ), Na2O – 0.7% (1.2 ), K2O – 0.36% 
(3.5 ), Sc – 10.2 /  (1.7 ), Co – 11.7 /  (2.6 ), V – 25 /  (1.2 ),
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/  (1.8 ), Y – 20.5 /  (1.5 ), Th – 0.55 /  (1.4 ).
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Th/(Zr/10),  M.R. Bhatia  K.A.W. Crook [4] 
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The connection lithogeochemical composition with particle size distribution in 
volcaniclastic sandstones of the Devonian of the Southern Urals was found. 
Revealed that the ratio Sc/Cr, Co/Th, Sc/(Zr/10), Co/(Zr/10) significantly change 
with the grain size in sandstones, while the La/Sc, La/Th, La/Y, Th/Sc, 
Th/(Zr/10)remain virtually unchanged. 



338

. ., . .
( . . . ,

, e-mail: kharin@atlas.baltnet.ru) 

:

Kharin G.S., Eroshenko D.V. 
(Atlantic Branch of P.P. Shirshov Institute of Oceanology RAS, Kaliningrad) 
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We summarizes the original and published data on the indicator properties of 
amber and inclusions, which are used to reconstruct paleoenvironment conditions. 
Considered their implications for the reconstruction paleogeography, 
palaeogeology, paleoclimate, paleotektonic in sedimentation basins, where 
deposited amber placer deposits, and in places the primary genesis of resins in the 
"amber forest". Develop ideas about the wide spacing of amber, the existence of a 
geological time and space "amber epoches" and "amber provinces" of their 
connection with crust of weathering. 
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Distribution of the heavy minerals on an underwater coastal 

slope of the Sambian peninsula 
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The concentration of heavy minerals were studied in 20 samples of sand, selected 
at depths of 3 and 7 meters. The total concentration of heavy minerals decreases 
with increasing depth. Also, the total concentration of heavy minerals steadily 
reduced from Cape of Taran in the South-Western direction. 
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Mineral and geochemistry characteristics of the Co-rich 

ferromanganese crust from the South West Indian Ridge area 

Eight Co-rich ferromanganese crusts have been collected in the South West 
Indian Ridge (SWIR) in 2009 (Fig. 1). X-ray diffraction method was used to 
understand their mineral composition. ICP-AES(MS) method was used to 
measure the main and trace elements of difference phases (adsorbed cation phase, 
Mn-oxide combined phase, Fe-oxyhydroxide combined phase and residual phase) 
in the crusts. And based on which the origin of the crusts has been discussed. 

The mineral data show that Manganese minerals and Iron minerals consist the 
main phases of the crusts (Fig. 2). Vernadite takes the dominant component of 
manganese oxide, while Todorokite takes minor parts to the manganese oxide. 
The most abundant phase of the ferric minerals is X-ray amorphous FeOOH. 
Goethite is also identified with weakly X-ray peak appeared. Besides, Quartz, 
Feldspar, Calcite, Serpentine and Clay minerals are also appeared. Mn and Fe are 
dominant elements in the crusts, with compositions of approximate 20% (Table). 
Then are the elements of Al, Ca, Mg, Na, Ti, which have compositions of 1–5%. 
Trace elements of Co, Ni, Pb and Sr are enriched in the crusts, with contents in 
1000–8000 ppm. The earth trace elements are moderate enriched in the crusts, 
having contents of 600–1600 ppm. These elements are great diversity in their 
storing phases. The adsorbed cation phase mainly dominates the compositions of 
Ca, Mg, Sr, U, Rb, Tl, Cd, Be; Mn-Oxide combined phase mainly includes the 
elements of Mn, Co, Ni, Ba, Tl, Ga, La, Ce; Fe-oxyhydroxide conbined phase 
includes the elements of Fe, Ti, Mo, As, Zr, Hf, W, Pb, Bi, Th, B, V, HREE. 
Elements Al, Fe and Rb are mainly stored in the residual phase. 

The Co-rich ferromanganese crusts were classified into hydrogenetic origin 
deduced from the mineral composition, element groups and element ratios. The 
early diagenesis had slight impact on the crusts while the hydrothermal effect 
from local didn’t show up in this study. 
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Fig. 1. Map of studied area showing sampling sites of the Co-rich crusts in SWIR 
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Table. Element composition in the Co-rich crusts (wt%) 

Element S1 S2 S3 S4 S5 S6 S7 S8 

Fe 19.57 16.59 19.89 21.05 18.39 11.11 16.13 20.12

Mn 21.48 19.30 21.49 16.87 19.50 25.99 21.83 21.74

Cu 0.04 0.11 0.07 0.05 0.18 0.26 0.06 0.04 

Co 0.67 0.61 0.60 0.31 0.49 0.59 0.59 0.74 

Ni 0.23 0.49 0.33 0.18 0.25 1.61 0.31 0.32 

Al 2.63 3.73 1.90 1.44 2.22 2.12 1.88 1.16 

Ba 0.10 0.18 0.14 0.12 0.17 0.13 0.09 0.12 

Ca 4.45 7.34 3.78 3.47 6.31 5.09 3.75 4.05 

Mg 2.34 3.41 1.93 2.56 1.87 4.87 2.61 3.64 

Na 2.17 1.71 1.89 1.66 1.86 2.10 2.44 2.04 

Ti 1.48 0.80 1.84 1.81 1.75 0.82 2.30 1.68 

Mn/Fe 1.10 1.16 1.08 0.80 1.06 2.34 1.35 1.08 

This work was supported by the China Ocean Mineral Resources R & D 

Association (Grand Number: DY125-11-R-04). 
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