




downslope to their present positions (fig. 6). Mountain (1987) ascribed the 
slope detachment and slumping to diagenesis and/or local faulting. However, 
these downward movements of sediment wedges, with some of the original 
bedding still intact, are more readily explained by gas-hydrate destabilization 
following lowered sea level and reduced hydrostatic pressure on the shelf and 
slope. Mountain (1987) wonde red what process could be responsible for un­
conformities th at appear to develop simultaneouslyon shelf and rise. Slump 
scar unconformities caused by downs10pe movement of large sediment b10cks 
over lubricated horizons of destabilized gas hydrates would produce just such 
an effect (see fig. 6). 

Another example of slope scour and associated seafloor unconformity th at 
could be attributed to gas hydrate destabilization is provided by Angstadt et al. 
(1983) in their study of the seismic data from the southeastern Gulf of Mexico. 
Two deep-sea drill sites in the area provide a precise age for the missing section 
and it is cIear th at this prominent unconformity is centered on agIobal sea-Ievel 
lowering event ne ar the Middle/Late Eocene boundary at 39.5 Ma (Haq et al., 
1987). The roughsurface of the unconformity was also interpreted as due to 
channelized flow. Angstadt et al. (1983) ascribed the event to slope instability 
and ma ss wasting. They argued that bottom effects of surface currents in the 
region would not be intense enough to erode at water depths of 2 to 3 km. 
However, intensified currents due to cIimatic cooling, and retreat of shoreline 
due to sea-Ievellowering may have combined to affect the event. They go on to 
speculate th at perhaps a meteoritic impact (postu1ated for the Late Eocene) 
may have been partially responsible, causing rapid, high-magnitude, sea-1evel 
changes and intensified currents th at wou1d have triggered gravity flows and 
seafloor erosion. 

On ce again, the decomposition of gas hydrates on the slope of the Florida 
Escarpment caused by a major sea-Ievel drop at 39.5 Ma (Haq et al., 1987) and 
the ensuing mass wasting provide a simpier and more probable scenario for 
this and similar events on margins elsewhere, especially if a connection with 
eustatic lowering can be estab1ished. 

When we consider the non-glacia1 world, the eustatic fall-re1ated methane 
release as an agent of global cIimate change can be effective over a long term 
(on the time scales ofmillion years) only ifmethane is replenished continuously 
over a long period. This implies that the total duration oflowstand would be an 
important factor in determining the long-term effect on cIimatic change - long, 
sustained lowstands would cause continued and increasingly frequent slumps 
and release of methane, leading to 10nger lasting cIimatic change. 

In this context, we could examine two case studies ofthe Paleogene sea-level 
falls. A major se a-level drop of estimated 110-130 m occurred near the termi­
nation of Early Eocene (49.5 Ma event of Haq et al., 1987) but was relatively 
short lived, 1asting ca. 0.5 m.y. In contrast, the major sea-Ievel fall in the mid 
Oligocene (30 Ma event of Haq et al., 1987) is estimated to be ca 150-180 m. 
This was followed by minor fluctuation ofthe baseline for several million years. 
The overall sea level during this hme remained lower than that in the Early 
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Ohgocene, returmng to a sustained highstand only in the Aquitanian. The first 
event has already been shown to be associated with megaslump features on the 
New Jersey margin (the top of Lower Eocene event of Mountain, 1987). The 
mid-Oligocene event should be associated with significant number of slumps 
along ancient continental margins and should have had a more lasting effect on 
the climate. However, the effect of a long-term overall sea-Ievel retreat also 
means that there are les ser chances offinding this record intact due to extensive 
erosion accompanying each successive sea-Ievel fall. This may be the reason for 
the general worldwide dearth of shallow marine strata of Oligocene age (and 
particularly upper part of the Epoch). These ideas need to be tested. 

CONCLUDING REMARKS 

It is very likely that fluctuations in the gas hydrate stability has been an im­
portant factor in reshaping continental margin stratigraphy. As agents of peri­
odic slumping and block sliding they may have played a significant role in 
modifying stratigraphic patterns, particularly during the lowstand phases of 
the eustatic cycles. 

The role of gas-hydrate breakdown in the re arrangement of sediment wedges 
is obviously a complex issue. Some of the ideas concerning this role have been 
touched upon here, but many major questions about gas hydrates remain un­
answered. Notwithstanding the importance of clathrates in sedimentary geol­
ogy and global paleoclimate, surprizingly little research has been attempted on 
this topic. A better understanding of the mechanics of gas hydrates growth, 
decay and distribution patterns is critically needed to evaluate their consider­
abIe role in controlling continental margin stratigraphy and tectonics, as weIl 
as in global climatic change, and by implication, their potential as agents of 
biotic evolution. A systematic search for evidence of major slum ping amd 
normal amd growth faulang assoriated with gas. Hydrate destabilization needs 
to be carried out using existing seismic and stratigraphic data along con­
tinental margins. A much greater research effort is warranted to unravel the 
enigma of gas hydrates. Clathrates mayalso prove to be an important untapped 
resource of energy for the future, both as a direct source of natural gas and as 
potential stratigraphic seals for the large pools of free gas below. 

ACKNOWLEDGEMENTS 

The author has benefitted from valuable discussions on the topic of gas hy­
drates with many colleagues, especially, Bill Dillon, Art Green, Keith Kven­
volden, and Charles Paull. This version of the paper was reviewed by Gautam 
Sen whose input is gratefully acknowledged. 

REFERENCES 

Angstadt, O.M., lA. Austin Jr. and R.T. Buffier - Deep-sea erosional unconforrnity in the south­
eastern Gulf of Mexico. Geology 11, 215-218 (1983). 

202 



Dillon, w.P. and e.K. Paull - Marine gas hydrates 11: Geophysical evidence. In: L.L. Cox (ed.), 

Natural gas hydrates, properties, occurrence, recovery. Butterworth, Woburn, Massachusetts. 
Pp. 73 - 90 (1983). 

Haq, B. U. - Deep sea response to eustatic change and the significance of gas hydrates for con­
tinental margin stratigraphy. Spec. Publ. Int. Ass. Sediment. 18, 93-106 (1993). 

Haq, B.U., 1. Hardenbol and P.R. Vail - Chronology of fluctuating sea levels since the Triassic. 
Science 235, 1156-1167 (1987). 

Haq, B.U., 1. Hardenbol and P.R. Vail- Mesozoic and Cenozoic Chronostratigraphy and eustatic 
cycles. Soc. Econom. Paleont. Mineral., Special Publ. 42, 71-108 (1988). 

Jouzei, 1. et al. - Extending the Vostock ice-core record ofpaleoclimate to the penultimate glacial 
period. Nature 364, 407-412 (1993). 

Kvenvolden, K.A. - Methane hydrates - A major reservoir of carbon in shallow geosphere. Chem. 
Geol. 71, 41-51 (1988). 

Kvenvolden, K.A. - Gas hydrates - Geo10gical perspective and global change. Reviews of Geo­
physc. 31 (2), 173-187 (1993). 

Kvenvolden, K.A. and L.A. Bamard - Hydrates of natural gas in continental margins. Am. Ass. 
Petroleum Geol., Mem. 34, 631-640 (1983). 

Lashof, D.A. and D.R. Ahuja - Re1ative contribution of greenhouse gas emissions to global 
warming. Nature 344,529-531 (1990). 

McIver, R.D. - Hydrates of natural gas - Important agent in geo10gical pcesses. Geol. Soc. Am. 
Abstr. Progams 9, 1989-90 (1977). 

McIver, R.D. - Role ofnaturally occurring gas hydrates in sediment transport. Am. Assoc. petrol. 
Geol. Bull. 66, 789-792 (1982). 

Mountain, G.S. - Cenozoic margin construction and destruction offshore New Jersey. Cushman 
Found. Foraminiferal Research, Special Publ. 24, 57-83 (1987). 

Mountain, G.S. and B.E. Tucholke - Mesozoic and Cenozoic geology of the US. Atlantic con­
tinental slope and rise. In: W.e. Poag, (ed.), Geologic Evolution ofthe United States Atlantic 
Margin. Van Nostrand Reinhold, New Vork. pp. 293-341 (1985). 

Nisbet, E.G. - The end of ice age. Canadian 1. Earth Sci. 27,148-157 (1990). 
PaulI, C.K., E.A. Schmuck, 1. Chanton, ET. Mannheim and T.1. Bralower - Carolina Trough dia­

pirs: Salt or shale? EOS, Trans. Am. Geophys. U. (Abstracts) 70, 370 (1989). 
PaulI, C.K., W. Us sier and w.P. Dillon - Is the extent of glaciation limited by marine gas hydrates. 

Am. Geophy. Un., 4 32-434 (1991). 

203 


