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Hydrocarbon potential of lower sedimentary cower and upper 

basement in Sakhalin continental shelf (Case study of Yuzhno-

Kirinskoye and Mynginskoye hydrocarbon fields) 
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Zones of porous and fractured-porous type reservoirs in Paleogene deposits of 
sedimentary cover and Cretaceous upper basement in North-East Sakhalin shelf 
are predicted using velocity and attribute analysis of seismic wave field. 
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Lithological characteristics of the oil-and-gas bearing 

sedimentary complexes on the outer shelf and continental slope 

of South-eastern Vietnam 
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1. . . -
. .: , 2008. 193 .

Turbidite sandstones, formed at different geological times, may be of great 
interest as reservoirs for oil and gas deposits. In addition, mid-miocene carbonate 
buildups are prospective for research. These sedimentary complexes bring hopes 
for discovery of new oil and gas deposits in this area. 



13

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

Batalin O.Yu., Vafina N.G.
(Oil and Gas Research Institute, Russian Academy of Sciences, Moscow)

The mechanism of primary migration and transport of oil 

hydrocarbons
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1. Hantschel T., Kauerauf A.I. Fundamentals of Basin and Petroleum Systems Modelinng, 
Springer-Verlag Berlin Heidelberg, 2009.  

2. . . -
. .: , 2007. 456 .

3. . ., . ., . .
. .: , 1992. 

4. Barker C. Calculated volume and pressure changes during the thermal cracking of oil to 
gas in reservoirs // AAPG Bulletin. 1990. V.74. P.1254–1261. 

5. Carcione J.M., Gandi A.F. Gas generation and overpressure. Effects onseismic 
attributions // Geophysics. 2000.V.6. P.1769–1779. 

6. Guoyu Li. World Atlas of Oil and Gas Basins. Petroleum industry press, 2009. 467 p. 
7. . ., . .

 // . . 2011 
.6. 3.

8. . ., . ., . .
. . . . :

.  5. ,
1977. 32 .

By co-simulation of the thermal conversion of kerogen and phase behavior of 
fluids it is shown that at a depth of ~6.5 km, when the increase in pore pressure 
leads to the formation of microcracks, hydrocarbons come out of source rock. 
Further, "oil" and "gas" hydrocarbons migrate together in a single-phase flow to 
a depth of 4.5-5 km, where the fluid is separated into liquid and gas phases. 
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Prediction of the foci of oil and gas distribution in Triassic 

rocks of the Middle Caspian basin’s water area 
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1. . ., . ., . ., . .
. .: , 2004. 341 .

2. . ., . ., . ., . . -
. .: , 1980. 268 .

3. . . . .: , 1982. 289 .

Prediction of the foci of oil and gas distribution in Triassic rocks of the Middle 
Caspian basin’swater area has been evaluated by using the historic-genetic 
method.Map of hydrocarbon foci distribution with allocation of generation zones 
of hydrocarbon phases was constructed. 
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Comparative analysis oil and gas of sediment rocks

in Middle Caspian and East Black sea basins’ water areas 
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1. . ., . ., . ., . . -
. .: , 1980. 268 .

2. . . . .: , 1982. 289 .
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 // .

.: , 2002. . 161–164. 
4. . . . ., . ., . . -

 // 
.2004. 6. . 4–10. 

5. . ., . ., . . -
-  ( -

). // . 2011. .51. 2.
. 278285. 

Comparative analysis oil and gas of sediment rocks in Middle Caspian and East 
Black sea basins’ water areas has been evaluated by using the historic-genetic 
method.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 esti-
mated. 
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The pattern of distribution of hydrocarbon deposits offshore 

continuation of Timan-Pechora Oil-gas-bearing Province 
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-
:  // 

:
- . , 2013.  

C. 66–69. 

The shelf of the Pechora Sea possesses considerable resources of hydrocarbons. 
Structural and tectonic elements of the Pechora Sea shelf are a part of Timan-
Pechora oil-gas province. It is possible to observe the continuation of structural 
plan of terrestrial part in the territory of the Pechora Sea. Especially it is 
characteristic for Pre-Mesozoic sediments where the main stocks of 
hydrocarbons are concentrated. The promising areas of searches on the shelf of 
the Pechora Sea are the marine extension of eastern part of Khoreyver 
Depression, part of Varandey-Adzva structural zone, such as Sorokin and 
Gamburtsev swells. In these territories there are all prospective oil-gas 
complexes, beginning from terrigenous-carbonate Ordovician-Silurian to Upper 
Permian-Triassic. 
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The nature of carbonate–barite mineralization around 

methaneseep areas on the western slope of the Kurile Basin (the 

Sea of Okhotsk) 
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hydrocarbon seeps in continental margin sediments: a comparative study // Deep-sea 
Research II. 2007. V. 54. P. 1268–1291. 

3. Han X., Suess E., Sahling H., Wallmann K. Fluid venting activity on the Costa Rica 
margin: new results from authigenic carbonates // International Journal of Earth 
Science. 2004. V. 93. P. 596–611. 

4. Fu B., Aharon P., Byerly G.R., Roberts H.H. Barite chimneys on the Gulf of 
Mexico slope. Initial report on their petrography and geochemistry // Geo-Marine 
Lett. 1994. V. 14. P. 81–87. 

5. Naehr T.H., Stakes D.S., Moore W.S. Mass wasting, ephemeral fluid flow, and 
barite deposition on the California continental margin // Geology. 2000. V. 28.  4. 
P. 315–319. 

6. Torres M., McManus J., Huh C.A. Impact of fluid seepage along the San Clemente 
fault scarp on geochemical barium cycles on basin-wide scale // Earth Planet. Sci. 
Lett. 2002. V. 203. P. 181–194. 

7. Greinert J., Bollwerk S., Derkachev A.N. et al. Massive barite deposits and 
carbonate mineralization in the Derugin Basin, Sea of Okhotsk: precipitation 
processes at cold seep sites // Earth Planet. Lett. 2002. V. 203.  1. P. 165–180. 

8. Aloisi G., Wallmann K., Bollwerk S.M. et al. The effect of dissolved barium on 
biogeochemical processes at cold seeps // Geochim. et Cosmochim. Acta. 2004. V. 
68.  8. P. 1735–1748. 

9. . ., ., ., . . -
 ( -

) // . . . 2000.  6. . 568–585. 
10. . ., . ., . . . -

 ( -
) // . 2015. . 55.  3. . 432–443.  

11. TorresM.E., BohrmannG., SuessE. Authigenicbaritesandfluxesofbarium associated 
with fluid seeps in the Peru subduction zone // Earth Planet. Sci. Lett. 1996. V. 144. P. 
469–481.

Authors present early findings about the new appearance of carbonate-barite 
mineralization, discovered on the methane seep site in the Okhotsk Sea within 
the western slope of the Kuril Basin. Also, they display results of the study in the 
isotopic composition of carbon and oxygen for carbonate concretions and crusts, 
and in addition, they determine the formulation of gas constituents for pore 
waters with their isotopic data. This mineralization type associates with mud 
volcanism manifestations. Authors make the proposal that the origin of the 
carbonate-barite mineralization is connected with the migration of hydrocarbon 
and barium-bearing cold gas-fluid flows. Sources for last-named are not only 
near-surface reservoirs, but also more depth contributors. 



35

. .
1
, . .

1,2

(1 . . . , . , e-mail: 
avegorov@ocean.ru; 2 . . . , .

)

-

Egorov A.V.
1
, Rozhkov A.N.

1,2

(1Shirshov Institute of Oceanology RAS, Moscow; 2A. Ishlinsky Institute for Problems in 
Mechanics RAS, Moscow) 

The theoretical and experimental problems of modeling of gas 

hydrates formation in natural environment  

: , , ,

 ( ) -
.  98% 

.  - -
, -

-
-

.
-

.
, ,

,
.  2009 . -

. . .
,

, -
, ,

, .
.

-
. -

,
, , -

.



36

 - 
. ,

, , -
 ( ) . . -

 - -
,

 30- . -
,

, .
, -

.
 60-80 ,

. ,
,

: -
, , , , . . -

. -
- , -

.  20- , -
, -

,
. -

,
.

,
, -

 – . -
, .

 90- -
.

, -
 , -

-
. -

. -
, -

 “insitu”. -
.

. -
,

. -



37

-
, -

.
, -

. -
-

- -
- . -

 [1] 
. -

- - -
,

. -
 (

) .
, -

.  (
20 / ) .

 AGUMeeting (1996) , -
. -

 [2]. .
-

.
,

, -
- -

.
-

 ( ). -
-

. , . ,
, , -

. -
, -

. -
, -

- - .
, -

.



38

 [3]. 

 [4]. ,
.

 “insitu” 
, .

.

 « » 2009-2010 . -
, -

. -
, -

.
.

-
, , -

. ,
.

, -
 [5]. -

. , , -
-

. -
, -

.  « »
-

, . ,
.

, -
, -

. -
.

, -
.

 [6] , -
-
-

. , -
,

. , -



39

,
.

, -
, , -

. -
-
-

.
43 

15-05-04229. 

1. Macdonald I. R., Leifer I, Sassen R et al. Transfer of hydrocarbons from natural seeps 
to the water column and atmosphere // Geofluids. 2002. V. 2. P. 95–107. 

2. Rehder G., Kirby S. H., Durham W. B., Stern L. A., Peltzer E. T., Pinkston J. and 
Brewer P. G. Dissolution rates of pure methane hydrate and carbon-dioxide hydrate in 
undersaturated seawater at 1000-m depth//Geochim. Cosmochim. Acta. 2004. V. 
68(2). P. 285–292. 

3. Rehder G, Leifer I., Brewer P.G. et al. Controls on methane bubble dissolution inside 
and outside the hydrate stability field from open ocean field experiments and 
numerical modeling // Marine Chemistry. 2009. V. 114.  1–2. P. 19–30. 

4. HesterK.C., DunkR.M., WhiteS.N. etal.Gashydratemeasurementsat Hydrate Ridgeusing 
Raman spectroscopy // Geochim. Cosmochim. Acta. 2007. V. 71. P. 2947–2959. 

5. . ., - . ., . ., . .
 // 

.2011. . 51.  2. . 376–382. 
6. Egorov A.V., Nigmatulin R.I., Rozhkov A.N. Transformation of deep-water methane 

bubbles into hydrate // Geofluids. 2014. V.14. P. 430–442. DOI:.10.1111/gfl.12085.  

Overview of the current state of knowledge of marine gas hydrates is presented. 
Background is considered similarly. The importance of field experiments with 
gas hydrates is shown in the examples. Own field experiments on Lake Baikal 
are described. 
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. . 2014.  5. . 93–103. 

Paper presents methods and results of measurements of methane concentration in 
the water near the bottom in the area of deep water methane hydrate deposit. The 
data show high methane concentration. However the distribution of methane near 
the bottom is non-uniform. High concentrations can be localized in the areas of 
small size. 
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In the limits of the East Canadian continental margin three oil and gas bearing 
regions: Labrador Sea, Newfoundland Bank and Nova Scotian Shelf are 
distinguished. In every of these regions a numerous basins and subbasins are 
distinguished. But the main of each are: Saglek, Hopedale, Jeanne d’Arc, 
Flemish Pass, Orphan, Scotian shelf and Sable. General recoverable reserve of 
hydrocarbons in the East Canadian margin is about 1bllion tons of oil and 2.5 
trillion m3 of gas. 
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1.Andreassen K., Nilssen E.G., Odegaard Ch.M. Analysis of shallow gas and fluid 
migration within the Plio-Pleistocene sedimentary succession of the SW Barents Sea 
continental margin using 3D seismic data // Geo-MarLett. Springer-Verlag. 2007. 17 
p.

2. . ., . . -
 // . 2004.  1/2. . 5–13. 

3.Forsberg C.F., Solheim A., Elverhoi A.et al. The depositional environment of the 
western Svalbard margin during the late Pliocene and the Pleistocene: sedimentary 
facies changes at Site 986 // Proc. ODP, Sci. Results.1999. 162: CollegeStation, TX 
(OceanDrillingProgram). 
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.2013. 2. . 158–163. 
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 // : .2011. 
 2. C. 64–75. 

On the basis of seismic work carried out by MAGE, the authors consider the 
model of gas migration, wave signs of possible sites for the location of gas hy-
drates, pale geographic conditions of their formation, and environmental risk fac-
tors. 
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. 2010. www.arhsc.ru
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 // . . 2010. . 430.  6. .

820–823.
3. . ., . ., . . -

-  // . , 2010. . 430.  1. . 1–5. 

According to hydrogas survey on shoal of the Laptev Sea four sites with 
abnormally high content of HC-gases and three seeps of gases are noted. 
Anomalies correspond to deep breaks, zones of adecompaction, a jointing, the 
increased permeability in sedimentary thickness which are channels of migration 
of gases. 
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7. YakymchukN.A., LevashovS.P., KorchaginI.N., BozhezhaD.N. Mobile Technology of 

Frequency-Resonance Processing and Interpretation of Remote Sensing Data: The 
Results of Application in Different Region of Barents Sea.  // Offshore Technology 
Conference. 2015. doi:10.4043/25578-MS 

8. . http://www.rosneft.ru/Upstream/Exploration/arctic_seas/

Four anomalous zones of "oil+gas+condensate» type and two anomalous zones 
of "oil+gas» type were found and mapped within survey area of 4150 km2.
Within the mapped anomalies the estimate of maximum values of fluids pressure 
in reservoir vary from 19.1 to 29.4 MPa. The investigation results shows that the 
drilled Universitetskaya -1 well is located in the contours of the anomalous zone 

 1, and the projected Universitetskaya-2 well hits into the zero isoline of 
anomalous zone  3. By the results of studies to drill Universitetskaya-2 wells 
in this location impractical. 
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Within the area of seismic acquisition on Trinidad and Tobago offshore two 
anomalous zones of the "oil reservoir" type and three anomalous zones of the 
"gas accumulation" type were detected and mapped. The total areas of all 
anomalies along izolines 0 and 15 MPa are 90.6 and 29.74 km2. In relation to the 
area of the 3D seismic survey this is 7.55% and 2.48%. Within the search block 
the operating Company has drilled following dry holes: Stalin-1, Shadow-1 and 

Maestro-1. They do not fall into the contours of the detected anomalous zones. 
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6. Barents Sea South-East. http://www.npd.no/en/Publications/Resource-
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Within the Barents Sea offshore the RS data were processed within four pros-
pecting blocks covering 39742 km2. Area of 3D seismic work within them is 
13956 km2. Two anomalous zones of the "gas deposit" type and 13 anomalous 
zones of "gas+condensate reservoir" type with total area of 1613 km2 were 
detected and mapped within investigated blocks. Relative to total surveyed area 
(39742 km2) it is 4.06 %. 
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The report described a system of satellite and marine geological and geophysical 
methods for prediction of emergency fluid-gushers from the depth of submarine 
oil and gas deposits on the stages of prospecting and exploration. 
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Forecast mapping of gas hydrate prone water areas is performed. For the first 
time it is shown that shallow-water Eastern Arctic seas characterize by 
environment favorable for the filtrogenic gas hydrate formation that is defined by 
low temperature of near-bottom waters and specific conditions of gas generation. 
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Relationship between gas distribution and geological characteristics in the Ok-
hotsk Sea presented in the paper. Important to understand that natural gas influ-
ence to change physic-chemical condition in geological process to form different 
minerals, geological structures, gas hydrate, oil-gas deposit and other. 
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The values of 13C in foraminifera (Nonionellina labradorica) have been meas-
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The main tool for finding hydrocarbon deposits within the water area is a 
geological interpretation of seismic data. The article describes the mail features 
of the structure of turbidite systems and the process of allocation of prospective 
objects in them. 
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gas emission and seismo-tectonics are suggested: co-seismic, short post seismic, 
long post-seismic and pre-seismic. The giant gas flare (>2000 m high, the 
highest in the World Ocean)) in the west of Kurile Basin and large scale gas 
emission field in the Laptev Sea, likely, related to the geotectonic lineament. 
This structure crosses eastern part of Japan Sea area including Japan Islands, 
Hokkaido-Sakhalin folded system, fixed by mountain ridges, faults systems and 
earthquakes on the continent and connected with Gakkel Ridge in the Laptev 
Sea. Mud volcanic nature of the giant gas flare in the west of Kurile Basin is 
considered by number of geochemical and geophysical features, including 
hydrogen anomalies up to 200 ppm in the area. 



HYDROTHERMS AND ORES

ON THE BOTTOMS OF THE SEAS

AND OCEANS 



112 

. ., . ., . .
( . . . , ,e-
mail: aalex06@inbox.ru ) 

, -

 Fe-Mn 

Asavin A.M., Anosova M.O., Senin V.G. 
(Vernadsky Institute of Geochemistry RAN, Moscow, Russia) 

Paragenesis barite and Fe-Mn crust of guyot Govorova samples 

and rare earth elements type morphism 

: - , ,

-
 2014  « », -

 « »
 ( , )

 (  1.). 
,

. -

,
 [1]. 

, ,
-

. -

, -
. -

 3+  4+. -

,  2+ 
.

 3+,  2+. 
-

 [2–4]. 

. ,
 ( , ) -

. ,
. . 2 



113 

 Fe-Mn . , -
,

.  Fe-Mn 
, -

.

 (
)

 Fe-Mn  ( )

 – -

 1. -
 Fe-Mn .

 1.  ( .%).

CaO SrO SO3 BaO Total 
1 0.02 2.5 34.51 63.06 100.1 
2 0.02 2.88 34.44 62.71 100.05 
3 0 2.35 34.17 62.13 98.65 

 2.  La-ICP-MS  (ppm). 

Mg 85.140 46.720 Pb 1.202 0.344 Dy 0.035 0.014 

Al 108.290 81.590 Cu 14.680 1.447 Ho 0.007 0.003 

P 6.620 3.350 La 0.223 0.131 Er 0.018 0.008 

Ti 10.280 5.910 Ce 0.635 0.259 Tm 0.003 0.001 

Mn 537.500 90.150 Pr 0.035 0.017 Yb 0.019 0.009 

Fe 176.050 110.590 Nd 0.145 0.061 Lu 0.003 0.001 

Co 2.840 1.425 Sm 0.031 0.011 Y 0.165 0.080 

Ni 38.070 2.620 Eu 0.011 0.009 Th 0.012 0.007 

Rb 0.109 0.120 Gd 0.035 0.014 U 0.009 0.004 

Sr 101.030 113.330 Tb 0.005 0.002 Zr 0.571 0.379 
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On the base of the original research materials Magellanic guyots and synthesis of 
published data we show that barite in Fe-Mn crust has a hydrothermal genesis. 
And the abundance of the trace element and rare earth element in barite crystals 
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Selenium and cobalt in Cu-Fe-S system

of seafloor massive sulfides,MAR 
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.
- .

Co, /  Se, /

-1 2129,4 7050,0 184,2 810,0 
-2 1365,7 5815,9 194,8 515,1 

 814,5 2294,0 88,6 606,9 
 345,1 1144,5 55,2 160,0 

-2 104,5 325,2 516,8 1000,0 
-1 363,4 2700,0 45,7 680,0 

 1.  Co  Se  Cu-Fe-S ( ).
: « . .» – 

- .

-
-1 -2,  – -2 

-
.

.
, ,

-2. -1, -1, . -
,

 ( / ):  – 0–200, 200–600  600–1000;  0–1000, 
1000–2000, 2000–7000 .
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-
,

. -
 10–25% 

 30–50%, 
 25–50%  2–30%  ( . 1). -

 31–34%.  
 1  50% -

 78 %  ( . 1).  
. 2  3 , -

 10–25%  34% 
(  1  50% Cu).  

 10–25% , , , ,
 2000  7000 / , -

 36%  16% 
 1000–2000 /  ( . 2). 

 2. 
.

 25–
50%.  200  600 / ,

 77% 
8% 600–1000 /  ( . 3).  
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 3. 
.

:

, :
•  « »

25–50%: -2, -1 -1; 
•  « »  10–25% 

Fe  30–50%: -1, -2, -1;
• -

;
• ,

;
• -

.

The study reviews the behavior of selenium and cobalt in seafloor massive ores 
of some hydrothermal vent fields (MAR).This research can be applied at mining 
processing of massive sulfides. 
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Hydrothermal tube from Guaymas Basin (California Bay)
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, -
,  – 

 ( . 2, 3).  
. 2 , , -

 (  4 ) -
. -

, , , -
.

 2.  (%) 
- G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 

Na2O 0.15 0.21 0.25 0.27 2.2 1.0 0.30 1.3 
K2O 0.054 0.060 0.025 0.029 0.17 0.057 0.024 0.042 
CaO 11.2 3.0 3.3 0.57 14.6 40.9 58.7 32.8 
MgO 0.27 0.37 0.25 0.33 2.8 1.0 0.17 0.81 
Al2O3 0.33 0.42 0.091 0.11 0.11 0.057 0.044 0.059 
TiO2 0.012 0.012 0.003 0.003 0.003 0.0022 0.001 0.0013 
MnO 0.78 0.25 0.40 0.11 1.5 4.5 0.92 2.2 
Fe2O3 2.7 3.2 3.7 2.8 33.3 13.1 2.4 6.3 
P2O5 0.034 0.054 0.015 0.018 <.0.002 <0.002 0.52 0.32 
S  1.5 1.8 2.2 1.8 10.9 5.4 1.5 2.9 

 ( . 2) -
. , , -

, , , , , , , , , -
,  – , , , , ,

.
.
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8.Lonsdale P.,Bishoff J.L., Burns V.M. et al. A high-temperature hydrothermal deposit on 
the sea bed at Gulf of California spreadingcenter// Earth and PlanetarySci. letters. 
1980. V. 49.  1. P. 8–28. 

9.PeterJ.M., Scott S.D. Mineralogy, composition,andfluid-inclusion micrometry ofsea-
floorhydrothermal deposits in theSouthern Trough of Guaymas Basin, Southern Cali-
fornia // Canadian Miner. 1988. V. 26. P. 567–587. 

3.  ( / )

. G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 .
Ag 107 66.7 111 85 73.9 27.5 4.7 79 70 
As 58.6 70.6 108 75.7 12.3 <0.03 200 75 75 
Au 0.034 <0.02 0.017 <0.02 <0.02 <0.02 0.04 0.03 0.02 
Ba 417 204 220 251 70.4 524 3089 232 625 
Be 0.26 0.47 0.25 0.46 0.26 0.18 0.071 0.30 0.33 
Bi 0.13 0.11 0.10 0.08 0.11 0.07 1.1 0.12 0.20 
Cd 9.1 11.0 12.4 13.7 81.4 29.9 4.9 30.8 24 
Co 2.85 2.94 <0.35 0.45 0.71 <0.1 3.4 1.2 1.5 
Cr 5.2 5.1 <0.6 <0.6 <0.6 <0.6 <0.3 5.9 2.3 
Cs 0.46 0.48 0.23 0.25 0.23 0.077 0.036 0.18 0.3 
Cu 489 621 607 518 2717 1112 389 1081 938 
Ga <0.1 0.22 <0.1 2.1 <0.1 <0.1 0.6 2.8 0.8 
Hf 0.063 0.048 <0.03 <0.03 <0.03 <0.03 <0.02 <0.02 0.3 
Hg – 4.3 7.7 10.0 1.2 0.53 – – 3 
Li 2.0 3.6 1.5 1.8 16.9 5.2 1.3 4.4 5 

Mo 5.7 8.8 4.1 7.2 4.8 1.4 0.64 4.9 4.7 
Nb 0.1 0.1 <0.05 <0.05 <0.05 <0.05 0.12 0.078 0.1 
Ni 7.2 6.3 3.2 3.2 12.4 3.3 6.8 8.0 6.5 
Pb 491 1674 351 499 8434 2590 1849 3264 2400 
Rb 2.3 2.4 0.94 1.0 1.3 0.6 0.43 0.65 1.2 
Sb 608 177 306 312 105 45.9 32.6 250 230 
Sc <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.25 0.19 <0.2 
Se 72.4 62.3 77.0 61.1 259 145 32.8 108 102 
Sn 1.0 0.80 1.0 1.9 7.1 2.8 0.5 2.1 2.2 
Sr 1295 329 876 767 144 298 1095 1485 800 
Ta 0.067 0.020 0.032 <0.01 0.15 0.030 <0.01 0.019 0.04 
Te 1.3 1.0 0.80 0.59 1.7 0.51 1,2 1,1 1.0 
Th 0.027 0.080 <0.02 <0.02 0.043 0.028 0.098 0.022 0.03 
Tl 42.1 10.1 18,0 23.5 3.6 1.37 6.2 20.7 14 
U 2.7 2.7 2.3 8.7 0.27 0.12 0.48 1.8 2.4 
V 12.2 12.3 2.9 7.8 3.0 2.5 <0.4 <0.4 5 
W 0.11 0.093 0.11 0.071 0.20 0.066 0.05 0.04 0.10 
Y 0.63 0.71 0.13 0.19 0.20 0.16 0.29 0,22 0.3 
Zn 2809 3326 3171 2844 13484 5012 1739 6429 4850 
Zr 3.2 2.6 0.52 0.63 0.96 0.91 1.3 0.80 1.4 
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 4. ( / )

.
G-1 G-2 G-3 G-4 G-5 G-6 G-7 G-8 

La 1.2 0.63 0.20 0.10 1.0 1.9 1.2 2. 3 32 
Ce 1.7 1.2 0.31 0.19 1.3 1.8 2.1 3.4 73 
Pr 0.16 0.15 0.033 0.024 0.11 0.15 0.14 0.30 7.9 
Nd 0.3 0.4 <0.008 <0.008 0.11 0.19 0.43 1.3 33 
Sm 0.1 0.1 0.029 0.028 0.047 0.048 0.10 0.084 5.7 
Eu 0.66 0.25 0.30 0.16 0.67 0.81 0.037 0.93 1.24 
Gd 0.088 0.10 0.011 0.012 0.025 0.016 0.057 0.050 5.2 
Tb 0.016 0.017 0.0036 0.0047 0.0057 0.0054 0.011 0.009 0.85 
Dy 0.086 0.11 0.012 0.015 0.009 0.012 0.057 0.050 5.2 
Ho 0.19 0.020 0.0042 0.0054 0.0053 0.0038 0.0085 <0.005 1.04 
Er 0.058 0.063 0.012 0.016 0.017 0.012 0.028 0.019 3.4 
Tm 0.0082 0.0087 <0.002 <0.002 <0.002 <0.002 <0.003 <0.003 0.5 
Yb 0.046 0.056 <0.009 <0.009 <0.009 <0.009 0.0042 0.018 3.1 
Lu 0.011 <0.008 <0.009 <0.009 <0.009 <0.009 0.009 <0.007 0.48 
TR 4.412 2.434 0.610 0.573 1.145 4.956 4.18 8.68 168 
Ce* 0.81 0.84 0.81 0.85 0.83 0.84 1.05 0.61 1.0 
Eu* 31 11 34 16 83 118 2,1 62 1.0 

The mineral and elemental composition ofhydrothermal tube recovered from the 
bottom of California Bay has been studied by recent methods providing new in-
formation concerning geochemical association of elements in high temperature 
environments. 
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The results of Professor Logatchev-37 cruise, MAR 
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Three new hydrothermal fields with massive sulfide deposits were discovered 
at the axial zone of the MAR between latitudes of 18°02  N and 16°41  N in the 
37th ruise of the R/V “Professor Logachev”. The first hydrothermal field dis-
covered in this cruise, was named Holmistoe (centre at: 17°57´ N; 46°29,3´ W), 
the second one, was named Pobeda-1 (centre at: 17°08,7 ´N and 46° 23,44´ W) 
and the third was named Pobeda-2 (centre at: 17°07,45´ N and 46°24,5´ W).  
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Determination of platinum group elements and gold in ferro-

manganese nodule reference sample NOD-A-1 

: , , -
, -

( ),  ( ) -
. -

:
. , -
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 (  4-7)  Pt 

 Au ( -6  Pd),  Pd  Rh -
 [1]. -

 JMn-1 (GSJ, ) [2], GSPN -2, 3 (CAGS, )
[3], .

-
 MCPt -1  2 (NRCG, , , -

).  [4], -
. -

 Au -
 NOD-A-1  NOD-P-1 ( , [5]). 

, -
 [6–9].  

-
-

.
 NOD-A-

1 , -
 (0.2–0.8 ).  
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-
. -

 PFA– , .
 (Dowex1x8, SigmaAldrich) -

.
-

.
-  Agillent 7500. 

,
3 ,  0.1 /  Pt, Ir  Pd, 0.2 /  Au  1 /
Ru.  Ru, Pd, Ir, Pt  Au -

 NOD-A-1 
.

.  Au ( / )  NOD-
A-1, ,

, ,

.  Au 
 NOD-A-1 -

 [6,7] -  [8] -
.  [9] .

 Pt  NOD-A -
. Ru, Ir  Au 

 [8].Pd  [7]. 
 NOD-A .

,  – 8  11 / .

 Ru Pd Ir Pt Au 

 8 8 7 5 2 

C ± , /  33±3 2.7±0.4 5.5±1.1 482±25 9±2 

Balaram et al., 2006 [8] 30±3 9±2 5±2 450±25 9±3 

Axelsson et al., 2002 [9] 22 <470 16 520 <9 

Chowdhuryand Pal, 1983 
[6] 

497 

Aruscavage et al, 1984 [7]  2.5 ±0.3  453±12 
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We present Ru, Pd, Ir, Pt and Au determination on ferromanganese nodule refer-
ence material NOD-A-1. PGE and Au were separated by anion exchange chemis-
try combined with standard addition methodand determined by ICP-MS.  
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Alteration of mineral and chemical composition of sediments 

from Guaymas Basin in the Gulf of California under the influ-

ence of hydrothermal solution 
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of California under the influence of hydrothermal solutions. The maximum 
change occurs in the high temperature zone at a temperature about 300°C. 
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New data have been presented on the morphology and mineral composition of 
ores of the hydrothermal ore cluster “Pobeda” (17oN of the Mid-Atlantic Ridge) 
based on the materials of Leg 37 of the Research Vessel “Professor Logachev”, 
conducted by the Polar Marine Geosurvey Expedition in 2014–2015 within the 
Russian Exploration area. 
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The aim of this work is to understand the nature of the distribution of the hydro-
thermal activity on oceanic core complexes (OCC's) of the MAR axial valley. 
OCC topography is an important factor that limits the density and spatial extent 
of active venting. 



152 

. ., . .
( , , e-mail:anton302@mail.ru)

-

Koporulin V.I., Poleshchuk A.V. 
(GIN RAS, Moscow) 

On the average hydrothermal fluid and element mobility coef-

ficient of the major elements in the MOR hydrothermal system 

: , ,
, ,

-
, -

, -
, -

 Fe, Mn, Cu, Zn .
-

, -
.

: , -
, , -

 [1, 2]. 
. . , . . , . . -

, . . , . . , . . , . . , . .
, . . ,  – K.L. VonDamm, J.L. Bishoff, H. D. 

Holland, J.MEdmond, P.P. Rona, J. Fouget, M.J. Mottl, C.I. Wheat 
.

-
: Si, Al, Ca, Fe, Na, K, Mn, 

, , -
,  – 

 Mg . -
-

. -
.

[3] , -
,



153 

-
.

62  [4–7], -
, , - - ,  – -

.  4 -

 ( ), . . -
.  Na, Ca, K 

,  Si, Fe, Mn . ,
, ,  Si, Al, Fe, Ca, K, Mn, 

, Na – , ,  Mg -
. ,  6 

, Na  Mg 
 (Na – , Mg – ); ,

,  – .

. -

-

. -
 XX . .

. .

. . , . . , . . , . .
, . . , . . . -

-
- .



154 

:  – 
, /

/ ;  –  ( , ), 
. -

:  Mg  Na –
= : ,  –

( )
( )6...21

10100
:C

+++×
×××∆=

:  –  ( \ );
 –  ( \ );  – -

 (% );  – ;  – 
; ( 1+ 2+…+ 6) – 

, : .

, , \ . -

, \ . -
,  – 

, .
-

:
 – Mg (-1),  (0,269), Na (-0,045), Mn (0,022), Ca (0,0057), Fe (0,0016), Si 

(0,00066), Al (2,4 x 10-6).
 – K (0,269), Mn (0,022), Ca (0,0057), Fe(0,0016), Si (0,00066), Al (2,4 x 

10-6).
 – Mg (-1), Na (-0,045). 

,
 – .

 Mg  Si  Al  1.5 103

4.2 105 ,  Si  Al  408 
1.12 105 .

,

 62- -
. ,

. ,
-
-
-



155 

,  – .

1. . .  – -
 // -

- . .: , 1993. . 147–246. 
2. . ., . ., . . . -

, -
 // . . 2. . .: , 2004. .

372–403.
3. ItoE., HarrisD. M., AndersonA. T. Alterationofoceaniccrustandgeologic cycling of 

chlorine and water// Geochim. Cosmochim. Acta. 1983. V. 47. P. 1613–1624. 
4. . . -

. .: , 2000. 303 .
5. . . . : , 2006. 

360 .
6. Von Damm K.L. Chemistry of hydrothermal vent fluids from 9°-10°N, East Pacific 

Rise: "Time zero" the immediate post-eruptive period // J. Geophys. Res. 2000.V.105. 
P.11203–11222.

7. Von Damm K.L., ParkerC.M., ZierenbergR.A. et al. The Escanaba Trough, Gorda 
Ridge hydrothermal system: Temporal stability and subseafloor complexity// Geo-
chim. et cosmochimica acta. 2005. V.69. 21. P.4971–4984. 

The main result of this study is to calculate the content of major elements in the 
average hydrothermal solution and mobility coefficient using tests of 62 of natu-
ral hydrothermal system hydrothermal solutions in the MOR system. Most 
likely, these concepts will be interesting and useful to many researchers in the 
study of hydrothermal processes in the oceans. It should be emphasized that 
there must be done a lot of work to clarify the contents of elements in the aver-
age solution and the rate of their mobility with the involvement of a greater 
number of analyses of natural solutions and involvement in the calculations not 
only major, but also - rare and trace elements. 
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Preliminary results of the first ecological survey in the Russian Claim Area on 
the Mid-Atlantic Ridge are provided. In course of the 37th cruise of the RV Pro-
fessor Logachev in February–March 2015 for the first time the ecological survey 
was performed in the Russian Claim Area between 16°N and 18°N on the MAR. 
The survey included benthic, planktonic and ichthyological sampling. Significant 
effort of the ecological survey was aimed at studies of benthic non-vent soft 
sediment fauna. The video survey of two new ore fields revealed indications of 
modern hydrothermal activity with components of specific fauna including 
thanatocenoses of Bathymodiolus puteoserpentis and Thyasira sp. 
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The authors consider a possibility of detecting areas of hydrothermal venting on 
the MAR, basing on the analysis of a computer geomechanical (deformational) 
model developed for the studies of stressed deformational state of the Earth’s 
crust. For this purpose we are simulating the forms of distribution of tangential 
stresses in the upper layers of the crust. The objects of hydrothermal venting, 
promising for finding minerals are those where the type of tangential stress (ten-
sion/compression) changes, i.e., where (τt=0). These areas we consider as “dis-
charged”. Also, we delineate the areas of the Earth’s crust with maximum values 
of tangential tensile stress (τt=>>0) [1, 2] 
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1. DouvilleE., BienvenuP., CharlouJ.L. etal. Yttrium and rare earth elements in fluids 
from various deep-sea hydrothermal systems // Geochim. Cosmochim.Acta. 1999. V. 
63. P. 627–643. 

2. - . ., . .
 // . 2003. 

.389. 5. .672–676. 

The REE compositions of ancient ore-forming fluids and the conditions of ore 
deposits formation were modelled on the basis of the REEs in hydrothermal sul-
fides from the MAR and Uzelga ore deposit (the South Urals). The low Co con-
tent in Uzelga sulfides confirms the formation of these minerals in a low-
temperature conditions or Co loss during post-depositional recrystallization. 
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Composition, morphology and internal structure of ferroman-

ganese nodules freshwater 
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 2. - , -
 MIRA-3 

 3. -
 ( , )

% 1 2 3 4 

Mn 32 35 41 40 

Fe 1.1 1.1 --- -- 

Ba 1.6 0.9 --- -- 

Ca 1.9 2 3.5 3.0 

Mg 1.1 3 1.5 1.4 

 3 .
 (1, 2), -  (3, 4) 

% 2 3 4 5 

Mn 43 47 42 38 

Fe 1,4 0,9 1,8 1,7 

Ba 1,9 2,2 1,8 1,0 

Ca 1,7 1,7 1,8 1,6 
Mg 1,5 1,5 1,7 1,3 

 3 .  (1)  (2) 
 (3, 4, 5). 
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% 1 2; 3; 6 4; 5; 7 8 9 

Mn 46 42 46 43 48 

Fe 0,6 0,4 ---- 1,5 ---- 

Ba 2,4 2,1 3,3 --- ---- 
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Mg 1,9 1,6 1,4 1,3 1,5 

 5 .
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% 1 2; 3; 4; 5 6; 11 7; 8 9; 10 
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Fe 0,8 1 --- 1 1 

Ba 0,6 0,7 0,7 0,9 0,9 

Ca 2,1 1,8 2 2 1,7 

Mg 2,5 1,4 1,5 0,7 1,2 

 5 .
,
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1. Rossmann R., Callender E. Manganese nodules in lake Michigan//Science. 1968.V. 
162.  3858.P. 1123. 
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7. Moore W.S. Iron-manganese banding in Oneida ferromanganese nodules //Nature. 
1981.V. 292.P. 233. 

8.  / . . . :
, 1996. 248 .

9. . . . . 2: . .M.: - , 1993.432 .

In freshwater pond of Altai region select the ferromanganese nodules from dif-
ferent horizons of sediments bottom. Nodules are distributed over the vertical 
profile of sediment is uneven and have a different chemical composition. All Fe-
Mn nodules from 0-5sm interval have a symmetrical zone-concentric structure, 
mainly scalloped texture and chemical composition of manganese predominates, 
and alternating of the degree of crystallinity and are correlated with changes in 
the small impurities of Fe and Ba. 
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Some characteristics of the geochemistry of Ocean ore forming 

hydrothermal solutions according to statistical analysis 
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H2 , , CH4.

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

, 1999. C. 62–72. 
2. . ., . . -

-
 // . 2011. .189. C. 68–71. 

3. MottlM.J. Metabasalts, axialhotspringsandthestructureofhydrothermalsystemsatmid-
oceanridges // Geol. Soc. Amer. Bull. 1983.V. 94.  2. P. 161–180. 

4. Von Damm K. Seafloor hydrothermal activity: black smoker chemistry and chimneys // 
Annu. Rev. Earth Planet. Sci.1990. V. 18. P. 173–204. 

5. Mottl M.J. VentDB: Mid-Ocean Ridge Hydrothermal Vent Chemistry Data Collection 
in the EarthChem Library. 2012. http://earthchem.org/featured/mott

Main geochemical indicators of hydrothermal fluids were defined with statistical 
and analytical methods. A list of them includes Cl, Fe, Mn, Eh, pH, H2S, CO2,
H2 and possibly, CH4. It is necessary to turn attention on them during hydrogeo-
chemical observations in situ.
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Results of thermodynamic computer modeling of mixing proc-

esses in the discharge zone of hydrothermal solutions
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2. Sudarikov S.M., Zhirnov E. Hydrothermal Plumes along the Mid-Atlantic Ridge: Pre-
liminary Results of the CTD Investigations During the DIVERS Expedition (July 
2001) // InterRidge News. 2001. V. 10 (2). P. 33–36. 

3. Charlou J.L, Donval J.P, Konn C.et al. High hydrogen and abiotic hydrocarbons from 
new ultramafic hydrothermal sites between 12°N and 15°N on the Mid Atlantic 
Ridge. Results of the Serpentine cruise (March 2007) //AGU Fall Meet-
ing.2007.EOS.V. 88. P. 52. 
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, 2006. 

Migration forms of components in hydrothermal solutions from the Logatchev 
vent field were analyzed using thermodynamic computer modeling. Analysis of 
the results for such components, as Zn, Cu, Mn, Fe allows to select 3 areas of 
dominance of certain forms of migration in hydrothermal plume. 
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Ferromanganese deposits from Mendeleev Ridge  

(Arctic Ocean) 
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For the first time Fe-Mn deposits obtain from Arctic Ocean (Mendeleev 
Ridge)were detected and research. The samples were received by submarine 
manipulator. Studiesindicate high concentration of trace microelements (Ni, Co 
et al.) in samples more than any others in World oceans. 
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Forms of heavy metals occurrence in ferromanganese 

concretions of the eastern Gulf of Finland
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Different forms of metals occurrence characterize the ferromanganese concre-
tions in the Gulf of Finland. The dominant forms are associated with Fe and Mn 
oxides and hydroxides. The occurrence of water-soluble and adsorbed forms, as 
well as forms related to the organic component of the bitumen is limited. The 
concretion fields differ in the distribution of specific forms of chemical elements 
occurrence. 
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Conditions of iron-manganese ore formation in the Brazil basin 

in the Late Paleocene according to the geochemistry of rare 

elements and the neodymium and strontium isotope 

composition 
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1. . ., . ., . . .
// . . 2007. 2. .133–152. 

2. . ., - . .
// -

. . 2011. 1. .3–20.
3. McArthur J.M., Howarth R.J., Shields G.A. Strontium Isotope Stratigraphy // The 

Geologic Time Scale 2012 / Gradstein F.M., Ogg J.G., Schmitz M., Ogg G. (Eds.). 
Amsterdam: Elsevier, 2012. P. 127–144. 

Conditions of Fe-Mn mineralization were identified in the Brazil basin during 
the Late Paleocene according to the geochemistry of rare elements. The age of 
sediments was determined by strontium isotope stratigraphy method. It was 
shown that thorium, cerium, and beryllium fluxes to the bottom in Oligocene 
were higher than at present. 
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The manganese crusts and nodules of the volcanic edifices in 
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4. . . .  / 
. . . . . , 1979. 409 .

The similarities and differences of manganese crusts and nodules of the 
Magellan mountains (the Butacov guyot, the Pacific) and the volcanic edifices in 
the central part of the Clarion-Clipperton ore province (the Russian Exploration 
Area) were discovered and identified.  
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Manganese module ocean water is equal to 0.07. Module oceanic polymetallic 
nodules from 2.5 to 5.5. In sedimentary rocks it from 2.5 to 15.0. Thus, 
hidrogenic nodules impossible. They have a lithogenic nature, formed in the 
process of volatiles. The growth rate of nodules millimeters in years. This is 
determined by the location of the living worm in the nodules body, the tube of 
which is traced to 1.5 mm. This fact suggests that after the Deposit, will be 
broken when the dynamic equilibrium, the supply of mobile forms of metals will 
be activated. 
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.
Fe,
%

Mn, 
%

Co, 
%

Ni,
%

Cu, 
%

4-06_2 16.56 20.46 0.313 0.51 0.34 

18.89 23.22 0.347 0.43 0.21 

17.80 24.25 0.371 0.46 0.22 

24.79 19.31 0.221 0.28 0.19 

4-06_2 

3-

23.94 21.70 0.229 0.31 0.18 

7.37 24.54 0.246 1.19 0.93 

7.11 22.48 0.233 1.02 0.83 

10.98 23.99 0.316 1.01 0.62 
4-06_3 

10.72 26.27 0.350 1.15 0.73 

15.47 23.06 0.367 0.61 0.33 
4-07_8506 

18.48 21.04 0.354 0.43 0.26 

4-07_8542 16.29 23.95 0.432 0.62 0.29 

4-13_9027 18.52 23.43 0.359 0.95 0.29 

 2-
22.94 20.39 0.409 0.33 0.23 

24.52 20.94 0.353 0.33 0.18 
4-13_9028-1 

2-
29.04 11.99 0.049 0.19 0.07 

-
, -

,
.
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 Mn ,
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 Al/(Al+Fe+Mn)  0.22 (< 0.4),  (Fe+Mn)/Ti -

 72  74 (> 25).  Ni (
 1360 / ), Cu (  861 / )  (  368 / ),

Ba –  8029 / .
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,  2012 . -

 [5], -
.
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 17/01/101-23,  19/01/101-32,  43/01/101-12. 
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, 1993. . 4–19. 
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.: , 1994. 191 .
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, 2005. 
4. . .

 –  // . 2010.  5. . 36–45. 
5. . ., . . - -

-  // . 2015. . 462.  4. . 1–4. 

The non-nodule types of the Fe-Mn mineralization in the area of the Clarion-
Clipperton zone in the form of crusts and metalliferous sediments were found 
and investigated. 
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Jurassic phosphate nodules contain in fact the entire spectrum of organisms in-
habiting the Jurassic sea basin (macro- and microfossils, traces and others). De-
composition of organic matter, mineralization and partial dissolution of the 
phosphorus in the pore waters occur in the most geochemically active upper 
layer of sediment, with the participation of microorganisms. Deposition centers 
are zones of organic remains accumulation with a high content of microorgan-
isms which are able to accumulate and retain significant amounts of phosphorus 
as intracellular polyphosphate granules, while the other decomposition products 
– carbon dioxide, methane, etc. – are removed to the external environment. Best 
preservation of fossils is a result of combination of numerous factors which in-
hibit decay and enhance preservation, like limited permeability of sediment 
around the decaying organism together with precipitation of carbonate cement or 
clay matrix. 
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Basic results regarding bottom relief, distribution of unconsolidated sediments, 
peculiarities of Co-manganese ore mineralization that were obtained during 
a detailed study made by SSC «Yuzhmorgeologiya» within a detailing polygon 
on the Govorov guyot were provided in the presentation. Preliminary results of 
near-bottom currents' studies and measurements taken at stations and during 
profiling were considered as well. 



218

. .
1, 2

, . .
3
, . .

1
, -

. .
1
, . .

1
, . .

4
, . .

4

(1 , . ,e-mail: 
mikhailik@fegi.ru; 2 , .  8, .

; 3 , -
; 4 , )

 ( - )

Mikhailik P.E.
1, 2

, Rashidov V.A.
3
, Mikhailik E.V.

1
, Zarubina 

N.V.
1
, Blokhin M.G.

1
,Ivanov M.V.

4
, Pletnev S.P.

4

(1Far East Geological Institute FEB RAS, Vladivostok, email: mikhailik@fegi.ru; 2Far 
East Federal University, Vladivostok, Sukhanova 8 st; 3Institute of Volcanology and 
Seismology FEB RAS, Petropavlovsk-Kamchatsky; 4Pacific Oceanological Institute FEB 
RAS, Vladivostok) 

Peculiarities of ferromanganese crusts composition from the 

Seth Guyot(N-W Pacific) 

: , , ,

 (Seth), 
-  13  « »  1982 . [1, 2] 

 6  « »  1991 . [3].  
 5750–5700 ,

53×55 - - . -
 6×9  1100 -

: 1040  1060 .
 ~ 7°,  25–30° -

.
 100 . -

 130 . ,
,

 >4.5 ,
– - , - , -

100–150  [2].  
 6  « »

 3600–2400 ,
, , ,

 3400–3200  –  [3]. 

18.6–23.0 .%. , 40Ar/39Ar 
,  114.0 ± 1.3 .  139.3 ± 0.7 .



219

 [4, 5]. , -
 80–90 .  [1]. 

 13  « » -
 1080–1060 , -

, -
 2000–1800  – , -

,  [1, 2]. 
,  13 

« » : -

-4  «Rigacu»; -
-

(ICP AES  ICP MS),  ( )
, -

-
-915+ -915. 

-
.

13-1 (  1060–1080 ) -
( )  2 

 ( ) ( ),  « » ( . .
 1000 / )  – 4120 / .

. 13-1,  Fe-Mn 

13-2 (  1800–2000 ) -
. -

 ( )
-  [6] 

-
.



220

, -
, -

-
( ),

 [7]: 1 – - ,
; 2 – ; 3 – - . -

, -
 – -

 (Acarinina bullbrooki, Truncorotaloides topilensis, Orbilinoides beckmanni 

Morozovella aragonensis, Acarinina pentacamerata, Truncorotaloides 

topilensis, Globigerinelloides sp. 
Morozovellaquetra); – -  (Globigerina 

nepenthes, Globorotalia acostaensis, Gl. tumida, Sphaeroidinellopsis 

subdehiscens);  –  (Globorotalia truncatulinoides, Gl. 
scitula, Gl. crassaformis; Globigerinoides ruber, Gl. conglobatus)

 I ,
II  – ,  III 

,  - , .
-

13-2 .
 (REY), 

-
.

-
13-1 13-2 ,

, -

 [8]. 
 « » -

 (1100–2500 / )  Mn  ( -
)  (1182–9892 / )

Mn  [9].  
,

, - ,  – -
- , -

- .
- , -

- , -
, -

 (173–317 / )
.

 39 / -
 [9]  78 /  [10] .



221

(  15-I-1-008 ). 

1.  / . . . . . .: , 1993. 285 .
2. . ., . ., . ., . . -

 ( ) // -
, : -

 40- . . . . .: 
. 2013. .133–136. 

3. HeinJ.R., ZielinskiS.E., StaudigelH. etal. Composition of Co-Rich Ferromanganese 
Crusts and Substrate Rocks from the NW Marshall Islands and International Waters to 
the North, Tunes 6 Cruise // Open File Report 97-482. Department of the Interior U.S. 
Geological Survey. 1997. 65 p.  

4. Koppers A.A.P. 40Ar /39Ar Geochronology and Isotope Geochemistry of the West 
Pacific Seamount Province. Implications for Absolute Pacific Plate Mounts and the 
Mount of Hotspots // Netherlands Research. School of Sedimentary Geology. 1998. 
Publication N 980701. 263 p.  

5. Koppers A.A.P., Staudigel H., Pringle M.S., Wijbrans J.R. Shortlived and 
discontinuous intraplate volcanism in the South Pacific: Hot spots or extensional 
volcanism? // Geochemistry, Geophysics, Geosystems. 2003. V. 4.  10. P. 1–49.  

6. . . . -
:  “ ”, 2005. 230 .

7. Ren X., Glasby G.P., Liu J.X., Shi, Yin J. Fine-scale compositional variations in a Co-
rich Mn crust from the Marcus-Wake Seamount cluster in the western Pacific based 
on electron microprobe analysis (EMPA) // Marine Geophysics Research. 2007. V. 
28. P. 165–182. 

8. Hein J.R., Mizell K., Koschinsky A., Conrad T.A. Deep-ocean mineral deposits as a 
source of critical metals for high- and green-technology applications: Comparison 
with land-based resources // Ore Geology Reviews. 2013. V. 51. P. 1–14. 

9. Hein J.R., Koschinsky A., Mcintyre B.R. Mercury- and Silver-Rich Ferromanganese 
Oxides, Southern California Borderland: Deposit Model and Environmental 
Implications / Economic Geology. 2005. V. 100. P. 1151–1168. 

10. . ., . ., . . . . -
-  // .

2012. . 447.  5. . 546–551. 

Higher concentrations of Mercury (4120 ppb) were determinate in hydrogenetic 
Fe-Mn crusts from the Seth Guyot. This amount Hg is related with Latest 
Miocene Early Pliocene volcanic episode in Circum Pacific.  
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It was determined, that ferro-manganese crusts Govorov and Vylkanolog guyots 
of Magellan seamounts formed by three layers. Main ore minerals of each layers 
are vernadite, Fe-vernadite and Mn-feroxigite. Comparison of data on the content 
of metal ions in different layers of the crust indicates a different entrance in the 
ore minerals in various geological epochs. 
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 B1-35 [4] B1-52 [4] 
Fe 16.3 16.5 
Mn 14.3 0.18 
Al 2.04 6.93 
P 0.52 0.17 

Co 1945 23 
Cu 340 48 
Ni 3191 . .
Zn 575 70 
Ga 8.7 15.8 
Rb 9 5 
Sr 1126 187 
Y 137 30 

Mo 300 66 
Cd 4.8 0.6 
Cs 0.6 . .
Ba 1010 90 
W 48 . .
Tl 109 0.8 
Pb 1731 8 
Bi 19.4 . .
Th 31.0 0.37 
U 13.1 2.74 
La 198 5.1 
Ce 839 12.7 
Pr 39.5 1.93 
Nd 169 10.3 
Sm 35.3 3.23 
Eu 9.31 1.10 
Gd 40.3 4.11 
Tb 6.11 0.69 
Dy 36.4 4.58 
Ho 7.13 0.97 
Er 21.7 3.28 
Tm 3.18 0.50 
Yb 20.1 3.11 
Lu 3.08 0.55 

Mn/Fe 0.88 0.01 

: Fe, Mn, Al  P . %, / .
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Samples of ferromanganese formations, deposited on different types of sub-
strates of the seamounts within island arcs, are characterized by rather specific 
composition of ore minerals manganese and iron – vernadite, birnessite and 
hematite. In addition, the surface of the part of samples is covered by entities 
hydrogenous ferromanganese membrane composed of thin association of Fe-
vernadite and Mn-feroxyhite. In the studied samples goethite is also distributed. 
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We present a comparative characteristicof rare earth elementscontents in ferro-
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Forming of the amber deposits in the Holocene sediments in the Curonian 
Lagoon is related to catastrophic events (the fall of meteorites, tsunami) that 
caused the erosion of amberbearig sediments Paleocene and transfer of amber 
and plant detritus in the Curonian and Vistula bays. 
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