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The subject matter of the first special issue of the “Journal of Environmental 
Geology” was focused on pockmarks, ie craters in the seabed caused 

by fluids [gas and liquids] erupting and streaming through the sediments 
generating the moon-like terrain on parts of the ocean floor.

Thanks to the development of technological means [multibeam echosounder 
and satellite images] pockmarks have been found in the seabed of worldwide 
and have assumed considerable importance in different geological sectors 
both for the possible role of precursors of natural disasters (1-3) and for 
the important information provided on the circuits of pressurized fluids 
hydrocarbons (4,5) and hydrate gases (6,7) and on the ascent of salt diapirs 
(8). Furthermore, their distribution is often not random but is the reflection 
of endogenous movements: in some cases, are developed along preferential 
directions due to the existence of deep tectonics discontinuity (9,10) or 
radially distributed with respect to a center of symmetry (Figure 1) (11).

In recent years, several studies consider pockmarks, and associated structures 
[seepages, mud volcanoes], as sources of useful information to decipher 
some current and past geological phenomena (1-3,12). Pockmarks dimension 
ranging in size from the ‘unit pockmark’ [1–10 m wide, <0.6 m deep] to the 
normal pockmark [10–700 m wide, up to 45 m deep] are known to occur in 
most seas, oceans, lakes and in many diverse geological settings (1).

The pockmarks play a very important role also in the field of scientific studies 
aimed at economic purposes: the presence of methane emitted spontaneously 
[fluid could seeps] can indicate the existence of a heavy hydrocarbon 
reservoir near the gaseous reservoir and, in this way, the pockmarks can be 
useful indicators of the existence of petroleum. For this reason the majority 
of pockmark research has been driven by the oil and gas industry, in terms 
of their usefulness as an exploration tool (4) or as indicators of hydrocarbon 
sources for prospecting (5).

Pockmarks can be associated with the rise of hydrate gases that contain 

highly compressed natural gas that may constitute a significant source of 
energy: some nations [USA, India, Japan, South Korea, and China] they 
funded research programs in the field of hydrate gases to start commercial 
production of gas from hydrates. In the Barents Sea significant emissions of 
methane have been documented with pockmarks of diameter between 300 
and 1000 m and about 30 m deep, alternating with mounds present in the 
sea bottom about 1 km wide and 20 m high. It is assumed that during the 
glaciation natural gases migrated from the underlying hydrocarbon reservoirs 
and were trapped inside the ice molecules, in metastable conditions, forming 
the so-called hydrate gases. Upon ice sheet retreat, methane from gas hydrate 
reservoirs concentrated in massive mounds before being abruptly released to 
form craters (6). Pockmarks can therefore be considered useful indicators in 
the identification and exploitation of hydrate gas fields (7). 

In some cases, the sediments present inside the pockmarks can be of great 
interest to reconstruct the paleoceanographic and paleoclimatic conditions 
of the past: in areas characterized by extensive methane seepage from the 
ocean floor, it is possible to study the interaction between the releases of 
methane correlated with climatic changes throughout time. Potential seepage 
of gas is important to study in order to investigate the possible effects it might 
cause on a continuously changing climate (13).

One of the most important topics on which the special issue has been 
focused is the role of valid precursors of high magnitude seismic events: 
there are several observations suggesting that pockmarks go into an active 
state before and during earthquakes, including a generally higher rate of 
gas venting from the seafloor during earthquakes. On the occasion of the 
earthquake in Patras [Greece] on July 14, 1993 [Magnitude 5.4] the water 
temperature rose from 16.8°C to 23°C for 5h 25 min at 01.30. Prior the 
earthquake the hydrographic recorder had sensed three bursts of abnormally 
warm water in the Gulf. On inspection with side-scan sonar and sub-bottom 
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Figure 1) View of a symmetrical pockmark star with a flat central area (11)
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profiler, pockmarks up to 15 m deep on the bottom of the gulf were found 
to be venting gas (1,3).

There are other similar events with sea water heating and an increase in the 
emission of gas from the pockmarks before the earthquake, such as in the 
case of the 1980 California earthquake (1) and Aigion earthquake in 1995 
(1,2).

Pockmarks also affect the ecology of the seabed (14): some scientists, 
comparing macrofaunal assemblages inside and outside of pockmarks, 
have found important but subtle differences to those on non-pockmarked 
substrata (15).

The pockmarks-based articles only in recent years, thanks to the improvement 
of the bathymetric surveys, have had a significant increase. The scanning of 
ever larger portions of the seabed has allowed us to discover new structures 
and assign new meanings to different phenomena closely related to the earth 
sciences [petroleum geology, geophysics,...] and similar [for example biology].

The recent discover of the giant pockmarks (Figure 2) (16-18) and the 
particolary structures seastar-shaped in the seabed surrounding Hawaii 
islands (11) have given and will give more importance to the study of 
structures pockmarks-based. 

CONFLICT OF INTEREST

The author declares that there is no any conflict of interest.

REFERENCES

1. Hovland M, Gardner JV, Judd AG. The significance of pockmarks 
to understanding fluid flow processes and geohazards. Geofluids 
2002;2:127-136. 

2. Soter S. Macroscopic seismic anomalies and submarine pockmarks in 
the Corinth-Patras rift, Greece. Tectono physics 1999;308:2752-90.

3. Hasiotis T, Papatheodorou G, Kastanos N, et al. A pockmark field in the 
Patras Gulf (Greece) and its activation during the 14/7/93 seismic event. 
Marine Geology 1996;130(3-4):333-344.

4. Fader GBJ. Gas-related sedimentary features from the eastern Canadian 
continental shelf. Cont Shelf Res 1991;11:1123-1154. 

5. Whiticar M, Werner F. Pockmarks: Submarine vents of natural gas or 
freshwater seeps? Geo-Mar Lett 1981;1:193-199. 

6. Andreassen. Massive blow-out craters formed by hydrate-controlled 
methane expulsion from the Arctic seafloor. Science 2017;356:948-953. 

7. Solheim A, Elverhøi A. A pockmark field in the Central Barents Sea; gas 
from a petrogenic source? Polar Res 1985;3:11-19.

8. de Mahiques MM, Schattner U, Lazar M, et al. An extensive pockmark 
field on the upper Atlantic margin of Southeast Brazil: spatial analysis 
and its relationship with salt diapirism. Science Direct 2017;3(2):e00257.

9. Imbert P. Seismic-scale Expression of Fluid Sourcing, Circulation 
and Expulsion in Sedimentary Series. IPCT (International Petroleum 
Technology Conference) 2009:1-14.

10. Arvo J. Relationship between fluid leakage and faulting along the western 
and northern margin of the Hammerfest Basin. The Arctic University of 
Norway, Department of Geology. Master thesis in GEO-3900. 2014.

11. Spina R. The pockmark stars: radial structures in the seabed surrounding 
the Hawaii Islands. J Environ Geol 2017;1(1);33-50.

12. Passaro S. Seafloor doming driven by degassing processes unveils 
sprouting volcanism in coastal areas. Scientific Reports 2016;6:224-248.

13. Asheim JE. Changes in paleoceanography and methane release in relation 
to past climatic variability at Vestnesa Ridge, Svalbard.  University of 
Norway, Department of Geosciences; Master’s thesis in Energy, Climate 
and Environment. 2017.

14. Thrush SF, Dayton PK. Disturbance to marine benthic habitats by 
trawling and dredging: Implications for marine biodiversity. Annu Rev 
Ecol Syst 2002;33:449-473. 

15. Webb KE. Ecology and geology of pockmarks. University of Oslo. 2009.

16. Bialas J, Pecher I, Davy B, et al.  Seismic studies of giant pockmark-
like features in Southern Chatham Rise, New Zealand. 75th EAGE 
Conference & Exhibition - Workshops 2013.

17. Pilcher R, Argent J. Mega-pockmarks and linear pockmark trains on the 
West African continental margin. Mar Geol 2007;244:15-32.

18. Ingrassia M, Schattner U, Lazar M, et al. The Zannone Giant Pockmark: 
First evidence of a giant complex seeping structure in shallow-water, 
central Mediterranean Sea, Italy. Marine Geology 2015;363:38-51.

Figure 2) Three dimensional image of the giant pockmarks discovered in the seabed on the southern flank of the Chatham Rise seafloor (New Zealand). Legend, on the left, 
indicates the bathimetry of the sea (Courtesy Research Expedition SO226-2, 2013)

 


