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Плоские пятна в котловине Нансена, связанные с 
ультрамедленным спредингом и серпентинизацией
Keywords: flat spot, serpentinization, methane, Eurasia basin 

Spatial distribution of detected on seismic data “gas deposit” type anomalies (or “flat spot”) 
in the Nansen basin shows that they are located over areas of the basement with the exhumed 
upper mantle rocks that were affected by the processes of serpentinization, which reduce 
the level of gravity Bouguer anomalies, increase the level of the anomalous magnetic field 
and form a gas (hydrogen turning into methane in the interaction with CO2 dissolved in 
water), which forms accumulations available for detection by seismic survey. Most of these 
anomalies are located in the band between the isochrons C20 (~43 MA) and C12 (~33 
MA). The end of this time interval corresponds to the early opening of the Fram strait and 
the end of the tectonic restructuring of the area, in which ultraslow spreading occurred, 
which led to the exhumation of the upper mantle through the fault system. The depth of the 
anomalies tops under the seafloor has a substantially constant value of 490±100 ms with 
variation of sediment thickness beneath the flat spots from 378 to 1562 ms. Comparison of 
anomalies morphometric parameters with geophysical potential fields shows that with the 
development of serpentinization processes, the gas yield increases and the leveling of the 
basement highs occurs.

Since the early 2000’s, the Nansen Basin was surveyed by seismic studies of 
Alfred Wegener Institute (AWI, Germany) with 300 m long streamer and Russia 
with 4500 m streamer. Fig.1 shows the positions of AWI 2001 and Russian Federal 
seismic profiles 2011 in the Nansen Basin. These data are used in the study and 
are located between the shelf edge and the ultraslow spreading Gakkel Ridge. 
Sedimentary and basement structure as well as main seismic discontinuities are 
presented in [1–5].

Seismic sections used in the work contain numerous manifestations of “flat 
spot” anomalies, also called anomalies of the “gas deposit” type (fig.2). Seismic 
anomalies of this type, as a rule, are found in sufficiently thick sedimentary prisms 
with proven oil and gas potential in the presence of a fractured trap, under which 
the bulk of the fluids is accumulated, and part of it seeps into the upper part of the 
sedimentary section. The most volatile part of them are seeping up along faults 
and forms accumulation that meets the seismic record pattern (fig.2) with local 
fluid trap near the surface.
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Figure 1. Locations of seismic sections Arctic-2011 (red lines) and AWI-2001 
(green lines) in the Nansen Basin, the current 200-mile zone and the distribution 
of anomalies of “flat spot” type (yellow points) obtained by interpretation of used 

data. Inset map: general location of map limits in the Arctic area.

The thickness of sedimentary cover in the area of anomalies above the highs 
of basement ranges from 1.5 to 2 km. Average temperature gradient in the basin 
of ~40°/km mean, that the bottoms of the section is not in the temperature range 
of catagenesis. The origin of the detected free gas accumulations remains open. 
Spatial configuration of anomalous reflectors in the region (fig. 2) from a visual 
analysis of the wave field makes clear, that they are linked to the protrusions of 
acoustic basement and a small vertical dislocation of sediments over them. This 
points to the crystalline part of the crust as a source of gas. A possible cause of 
fluid formation is considered serpentinization of upper mantle rocks, which in 
the slow-spreading segments of mid-ocean ridges often form basements outcrops. 
According to [6, 7] serpentinization of ultramafic rocks, occurring at temperatures 
below 400°, in the presence of water and dissolved CO2, is accompanied by the 
release of hydrogen and in interaction with CO2 forms methane. The presence of 
serpentinites under the lower crust and exhumed directly under the bottom of the 
Nansen basin sedimentary cover was proved in [5]. In view of the above, the study 
of the spatial distribution of the detected “flat spot” anomalies, their characteristics 
and tectonic setting was made.

Interpretation results of identified anomalies are shown on the map (Fig.3). 
Understanding of the anomalies’ genesis and their place in the causal chain, could 
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be figured from comparative analysis of morphometric parameters (see Fig.2) and 
the values of geophysical fields, the interpretation of which has a geodynamic and 
structural meaning. Anomalies distribution is more or less densely concentrated in 
the wide band between the magnetic anomalies C20 (~43 MA), and 12 (~33 MA). 
This focus of ages of basement highs in the second half of the Eocene on which 
the manifested anomalies of the sedimentary cover were detected, specifies the 
direction to search for global tectonic causes for formation of detected regional 
peculiarities of basement and sedimentary cover structural complexes. Anomalies 
are not found in areas where sediment thickness exceeds 3 km.

Figure 2. Fragment of the ARCTIC 2011-03 profile containing the anomaly 
record associated with accumulation of free gas under the local fluid trap (“flat 

spot” or “gas deposit” anomaly) above the high of acoustic basement. Parameters 
from 1 to 5 mean the following: 1 – bottom depth in the area of anomaly (m), 2 – 
excess of the differential of basement above average level (ms) 3 – width of the 

spot (m), 4 – sediments thickness above the spot (ms), 5 – thickness of sediments 
between the spot and basement (ms).

An additional conclusion could be made about their link to basement structures, 
which are exhumed during ultra-slow spreading upper mantle blocks [5] in the 
above time interval. Its end corresponds to the time of opening of the Fram Strait 
[10], when there was a separation of Greenland from the Svalbard plate, after which 
similar structures within the Nansen basin were not formed. Apparently, the period 
of hyper extension arose in the absence of movement freedom for some parts of 
the Eurasian basin plate, which ended with the acquisition of the final autonomy of 
the continental plates. A modern complex of seismic data anomalies generated by 
gas accumulation has formed over the areas from the exhumed mantle.
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Figure 3. Nansen Basin, the locations of seismic sections Arctic-2011 (blue line) 
and AWI (green line), current 200-mile zone, distribution of anomalies of “flat 

spot” type (the red dots) obtained by interpretation of the data used, the position 
of axes of linear magnetic anomalies (gray lines) according to [3] over the 

thickness of sedimentary cover [1]. Grey areas shows zero sediment thickness.

Sediment thickness above anomalies are stable and is 490±100 ms with 
variation of sediment thickness under anomalies from 378 to 1562 milliseconds. 
This indicates that the rise of gases from the basement comes from any depth, 
but its accumulation in the near-surface fluid traps occurs in the same lithological 
horizon, located at almost constant depth below the bottom surface. Another 
version of the constant depth of anomalies is the ingress of gases released at the 
local segment of the profile into the stability zone of gas hydrates, which were 
detected in western parts of Nansen basin [9].

Cross-correlation of anomalies morphometric parameters and potential 
fields data at fig.4 (left) shows that smaller values of gravity Bouguer anomalies 
indicating a loose in density due to serpentinization, which reduces the density 
up to 20%, and are relevant to a wider anomalies in the seismic record, which 
could mean a larger volume of accumulated gas. The difference in the highs of 
the acoustic basement is also reduced. This can be explained by a decrease in the 
gravitational contrast between the metamorphic block and its framing. Comparison 
of magnetic ΔTa from [8] with the width of the anomalies shows a trend for its 
increase with the growth of the value of ΔTa anomalies, which is explainable by 
serpentinization, during which gas and ferromagnetic minerals [7] are formed. 
Scaling of points by the amplitude of the basement highs shows that this process 
leads to the reduce of basement relief differentials.
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Figure 4. The cross correlation of the Bouguer anomalies (left) and the 
anomalous magnetic field (right) with the morphometric parameters of «flat 

spot» anomalies with a linear scaling of the symbol size: left – by parameter 3 
(anomaly width), right – by parameter 2 (basement differential). The minimum 

and maximum scale sizes of symbols have a conditional values.
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