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Table 1.--Relationships of styles of mass movements in terms of form and structure

Form

(Slide and flow are generic terms that indicate the inferred mode of transport;
slides may be either planar or rotational in form).

Planar Rotational
Deformation progressive
and transitional, no CREEP
failure plane
Discrete mass SLAB SLIDE BLOCK SLUMP

(primary structure
preserved)

(BLOCK SLIDE) (TOREVA BLOCK)

Discrete mass
(primary structure
destroyed)

RUBBLE SLIDE

Particulate mass
(resedimentation
and advanced

homogenization)

DEBRIS FLOW

upslope boundary of a mass movement and its deepest known or inferred
extent; the figures are not meant to imply that failure started at a given
depth. The physiographic setting is derived from description or bathymetry
given in the citation, or from our examination of 1:250,000-scale National
Ocean Survey (NOS) bathymetric maps.

Slope angles are given in an attempt to provide the original (pre-
failure) slope angle of the failed seafloor. In most instances this is
measured from a seismic profile oriented oblique to the fall line, or is
measured just upslope from the scarp, on the cited source map or relevant
NOS map. Angles are rounded off to the nearest whole degree. Since
inclinations are typically less than 20°, no attempt was made to correct
apparent slope angles to true slope angles.

Listed dimensions are approximate and in most cases are
constrained by seismic profile spacing rather than observed borders. As a
result, many slides may be larger than indicated. Many thicknesses are
based on the inferred original section at point of failure (scarp height)
rather than on the dispersed mass. We, and most other authors, estimated
secarp height on the basis of 1,500 meters per second (m/s) acoustic
velocity; Keer and Cardinell (1981) assumed 1,625 m/s.

A size category, based on maximum lateral extent in any direction,
is a crude means of discriminating notably large features. We designated
Class IV features as 0.1 to <1 km, Class III features as 1 to <10 km, Class II
features as 10 to <100 km, and Class I features as 100 km and larger. Class
assignment assumes that each feature is an individual occurrence, but in
most cases we do not know whether many small features have coalesced to
form what appears to be a large feature, or conversely, whether a small
feature might be an extension of a considerably larger feature. The
"eoalescence problem" is only slightly mitigated by sidescan-sonar image
data.

A wide variety of information on style is available. Seismic line
spacing and resolution greatly influences the impression one gets of style.
This problem is minimized where sidescan-sonar images are available.
Wherever possible, a specific style designation given in the citation (for
example, block slide) was retained in the tabulation along with critical
diagnostic features. Where the original reference provided only a generic
map symbol without a text description, a question mark is entered for
style. In some cases, particularly for U.S. Geological Survey (USGS) data,
we supplied terms on the basis of our own examination of the data and
application of criteria described below. The general morphological and
structural relationships of the different kinds of slides are indicated in
table 1.

MASS MOVEMENT STYLE TERMINOLOGY USED IN TABULATION

SLAB SLIDE - Displaced mass is tabular and is translated, at least
initially, as a coherent stratiform slab. Seismie structure may
indicate segmentation into sub-units (block slide) or .show
presumably slide-generated folding (carpet slide).

4, Bunn, A.R., and McGregor, B.A., 1980, Morphology of the North
Carolina continental slope, western North Atlantic, shaped by
deltaic sedimentation and slumping: Marine Geology, v. 37, p. 253-
266.

5. Carpenter, G.B., 1981a, Potential geologic hazards and constraints for
blocks in proposed South Atlantic OCS Oil and Gas Lease Sale 56:
U.S. Geological Survey Open-File Report 81-019, 286 p.

6. 1981b, Coincident slump/clathrate complexes on the U.S. Atlantic
continental slope: Geo-Marine Letters, v. 1, p. 29-32.

7. Carpenter, G.B., Cardinell, A.P., Francois, D.K., Good, L.K., Lewis,
R.L., and Stiles, N.T., 1982, Potential geologic hazards and
constraints for blocks in proposed oil and gas lease sale 52: U.S.
Geological Survey Open-File Report 82-36, 51 p.

8. Cashman, K.V., and Popenoe, Peter, 1985, Slumping and shallow faulting
related to the presence of salt on the Continental Slope and Rise off
North Carolina: Marine and Petroleum Geology, v. 2, p. 260-272.

9. Dillon, W.P., Popenoe, Peter, Grow, J.A., Klitgord, K.D., Swift, B.A,,
Paull, C.K., and Cashman, K.V., 1982, Growth faulting and salt
diapirism--their relationship and control in the Carolina trough,
eastern North America, in Watkins, J.S. and Drake, C.L. (eds.),
Studies in continental margin geology: American Association of
Petroleum Geologists Memoir 34, p. 31-46.

10. Edsall, D.W., 1978, Southeast Georgia Embayment high-resolution
seismic-reflection survey: U.S. Geological Survey Open-File Report
78-800, 90 p.

11. 1980, Southeast Georgia Embayment high-resolution seismie-
reflection survey, in Popenoe, Peter (ed.), Environmental Studies,
southeastern United States Atlantic continental shelf, 1977: U.S.
Geological Survey Open-File Report 80-146, p. 9-1 to 9-27.

12. Embley, R.W., 1980, The role of mass transport in the distribution and
character of deep-ocean sediments with special reference to the
North Atlantie: Marine Geology, v. 38, p. 23-50.

13. Embley, R.W., and Jacobi, R.D., 1977, Distribution and morphology of
large submarine sediment slides on Atlantic Continental margins:
Marine Geotechnology, v. 2, p. 205-228.

14. Emery, K.O., Uchupi, Elazar, Phillips, J.D., Bowin, C.O., Bunce, E.T.,
and Knott, S.T., 1970, Continental rise off Eastern North America:
American Association of Petroleum Geologists Bulletin, v. 54, no. 1,
p. 44-108.

15. Fitechko, R.M., 1976, Topography, shallow structure, and sedimentary
processes of the Atlantic Continental Slope off the Carolina coast:
Richmond, Va., Unpublished M.S. thesis, Old Dominion University,
114 p.

16. Heezen, B.C., and Ewing, W.M., 1952, Turbidity currents and submarine
slumps, and the 1929 Grand Banks earthquake: American Journal of
Science, v. 250, p. 849-873.
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'((\ - 4» 7 74 w % @ INTRODUCTION RUBBLE SLIDE - Tabular or broadly mounded, irregular mass ordinarily 17. Heezen, B.C., and Drake, C.L., 1964, Grand Banks slump: American
2 ( \ = '..",_;' 68 within scarp-bounded depression (indicates derivation from Assocoation of Petroleum Geologists Bulletin, v. 48, p. 221-233.
3 | 7 i o o CO e MO 68 = Since the initial report on the Grand Banks Slump off southern cohesive strata); little or no internal structure, or with 18. Hill, P.R., 1983, Detailed morphology of a small area on the Nova
| é 50, _& p y 64 / Newfoundland (Heezen and Ewing, 1952), a large body of data on submarine segmented or chaotic reflectors; surficial hyperbolae imply Scotian Continental Slope: Marine Geology, v. 53, p. 55-76.
| e . 52 Q mass movement along the Atlantic continental margin of the United States rough surface. i9. Keer, F.R., and Cardinell, A.P., 1981, Potential geologi¢ hazards and
| 2 (e 62 and Canada has been published. These data were compiled to provide this DEBRIS SLIDE - Same as rubble slide but without scarps, so source not constraints for blocks in proposed Mid-Atlantic OCS oil and gas
o - I a ® 6566 distribution map (sheet 1) and tabulation (sheet 2) of "principal facts" on clear; derivation from previous slide, from various local lease sale 59: U.S. Geological Survey Open-File Report 81-725, 109
> g W///ﬂ/lﬁ /0” r 58 mass movement of the northwest Atlantic Continental Slope. Although we sources, or from a wide area implied. p., 5 maps.
e | = it g ) 58/'/(6’/6’}/ CU/)YOH prepared this inventory to facilitate our study of Quaternary mass BLOCK SLUMP - Rotational movement of a coherent mass along a 20. Knebel, H.J., and Carson, B., 1979, Small-scale slump deposits, Middle
- 2 = =l g 6‘0’/7}/0/7 57 movement along the U.S. Continental Slope, we judged the compilation to curved detachment (slip) surface, or rotation implied by a Atlantic continental slope off eastern United States: Marine =
be large enough and detailed enough to be published as a generally useful depressed head and an elevated toe. Reversed dip indicates a Geology, v. 29, p. 221-236.
data source and compendium. Sheet 3 shows examples of mass movement Toreva block. 21. Macllvaine, J.C., 1973, Sedimentary processes on the Continental Slope
+ styles. : COLLAPSE SLUMP - Rotational movement implied by depressed head off New England: Woods Hole, Mass.,  Unpublished Ph.D.
The information that has been published since 1952 varies in detail and elevated toe, but with little or no evidence of primary dissertation, Woods Hole Oceanographic Institution, 211 p.
and precision, mostly reflecting the tremendous advances in structure, which implies internal deformation, perhaps flow 22. Macllvaine, J.C., and Ross, D.A., 1979, Sedimentary processes on the
instrumentation made since marine seismic surveying was begun in the (hence structural "collapse"); toe zone usually large and Continental Slope off New England: Journal of Sedimentary
1950s, as well as the increased coverage that attended interest in offshore complex. Petrology, v. 49, p. 563-574.
exploration that burgeoned in the late 1970s. We made no attempt to CREEP - Zone of disharmonic folding, chaotic reflections, and (or) 23. Malahoff, A., Embley, R.W., Perry, R.B., and Fefe, C., 1980, Submarine
"second guess" a cited interpretation; our tabulated data are based as much adumbrations that grades laterally into stratified seection, mass-wasting of sediments on the Continental Slope and upper Rise
as possible on published observations and conclusions. However, where implies prolonged surficial or strata-bound deformation. south of Baltimore Canyon: Earth and Planetary Science Letters,
published descriptions are uncertain or conflicting, some interpretation by Surface may be elevated or depressed relative to surrounding v. 49, p. 1-7.
us was necessary. Where ambiguities remain, they are signaled by area, and may have variously tilted segments, steps, notches, 24. Masson, D.G., Gardner, J.V., Parson, L.M., and Field, M.E., 1985,
comments in the tabulation. _ or hyperbolic echoes. Morphology of upper Laurentian Fan using GLORIA long-range side-
Each documented mass movement is listed according to its map DEBRIS FLOW - Low relief, lenticular (toward toe) or scarp-bounded scan sonar: American Association of Petroleum Geologists Bulletin,
coordinates (sheet 1). At our compilation scale of 1:2,000,000, most cited (toward head) acoustically transparent unit. Evidence of wide v. 69, no. 6, p. 950-959.
mass movements can be shown only as coordinate points (sheet 2). range of size components and probable derivation from slide or 25. McGregor, B.A., 1977, Geophysical assessment of a submarine slide
Conversely, only those features that can be designated by a pair of collapse slump. northeast of Wilmington Canyon: Marine Geotechnology, v. 2,
geographic coordinates are shown as numbered points on the map. SLIDE COMPLEX - Variety of structural and morphological styles, Marine Slope Stability, p. 229-244.
EXPLANATION Wherever possible, however, features were planimetrically depicted, based apparently cogenetic, dominated by planar units but, with 26. 1981, Smooth seaward-dipping horizons--an important factor in
on published maps. The tabulation is restricted to mass movement that rotational heads and (or) subsidiary slumps. seafloor stability: Marine Geology, v. 39, p. M89-M98.
originated on the Slope, whether or not it ultimately affected the COMPOUND SLUMP - Downslope succession of two or more slumps or 27. McGregor, B.A., and Bennett, R.H., 1979, Mass movement of sediment
Slump scarps (Masson and others, 1985) Continental Rise. The tabulation is also restricted to features of perhaps a single feature of unresolved complexity; on the Continental Slope and Rise seaward of the Baltimore Canyon
Quaternary or inferred Quaternary age. We made no attempt to evaluate retrogressive generation implied. Trough: Marine Geology, v. 33, p. 163-174.
Areas of slides and debris flows, partly scarp-bounded (Piper, any cited age designation . 28. 1981, Sediment failure and sedimentary framework of the
Farre, and Shor, 1985) Wilmington geotechnical corridor, U.S. Atlantic Continental
DISCUSSION Margin: Sedimentary Geology, v. 30, p. 213-234.
Debris flow deposits (Swift, 1985) & ; : : . ‘ ACKNOWLEDGMENT 29. Moore, D.G., 1978, Submarine slides, in Voight, Barry (ed.), R.ockslides
3 o Because of variations in confidence, certain editorial strictures were and avalanches, 1, Natural phenomena: Amsterdam, Elsevier Press, (o]
6 e iEiiatusked sonaat dnd (Pi sh Aot 1985) followed in an attempt to tabulate all of the reports cited. . The rules we USGS citations include data that were acquired in cooperation with p. 564-604. == 36
and secarps (Fiper, sShor, and others, followed are discussed below so that one can evaluate the entries in the the Bureau of Land Management from 1975 through 1982. 30. O'Leary, D.W., 1986a, Seismic structure and stratigraphy of the New
- ; - tabulation chart and compare various features. England Continental Slope and the evidence for slope instability:
- Area of slide I'Ubl?le or displaced sediment, bounded by scarps and We cited readily available primary or secondary publications on mass REFERENCE CITED U.S. Geological Survey Open-File Report 86-118, 7 maps, scale
(locally) by slide toes (O'Leary, 1986a, 1986b) movements that were either shown on a map or for which geographic 1:250,000.
coordinates were given. If the feature is not explicitly shown on a map, Stanley, D.J., and Silverberg, Norman, 1969, Recent slumping on the 31.____1986b, The Munson-Nygren slide, a major lower-slope slide off
Areas inferred to be disturbed by ereep (O'Leary, 1986b) seismie profile, or sidescan-sonar image, it was not included. Likewise, Continental Slope off Sable Island Bank, southeast Canada:Earth and Georges Bank, Marine Geology, v. 72, p. 101-114,
mass movements that have been identified on the basis of core samples Planetary Science Letters, v. 6, p. 123-133. 32. O'Leary, D.W., and Twichell, D.C., 1981, Potential geologic hazards in
Areas of non-stratified surficial cover, partly scarp-bounded alct;mle 'ffor exatmpllg:ctlStgni‘ey antq Silverltnelrg, 1(?%?) ta.rt;a té:mmdéd from our L G.eorges Bk BAS, o &SR 0 Summ?ry
(Malahoff and others, 1980); partly overlapped by mass-flow tabulation, as too little information on style and distribution can bc? g"leaned report o.f the sedlments,. struc:cural framewor}g petroleum [?otentlal,
deposits (Embley, 1980) from these data; nevertheless, we acknowledge the validity of and environmental considerations of the United States middle and
p ¥ interpretations based on core data. Survey instruments used are listed by northern continental margin in area of proposed oil and gas lease
= each citation because the confidence in an interpretation depends directly ENUMERATED REFERENCES KEYED TO CITATIONS IN THE TABULATION sale no. 82: U.S. Geological Survey Open-File Report 81-1353, p.
S "Mass-flow" deposits (Embley, 1980) upon the means and extent of identification. Obviously, more can be 55-75.
] CG e concluded or inferred about a feature as survey coverage and (or) 1. Ayers, M.W., and Pilkey, O.H., 1981, Piston core and surficial sediment 33. Paull, C.K., and Dillon, W.P., 1979, The subsurface geology of the
Y Scarps (Embley, 1980) instrumentation is increased. However, a map depiction can also be investigations of the Florida-Hatteras slope and inner Blake Florida-Hatteras shelf, slope, and inner Blake Plateau: U.S.
Hﬂffe ras misleading, as small areas filled with mass-movement symbols tend to Plateau, Popenoe, Peter (ed.), Environmental geologic studies on Geological Survey Open-File Report 79-448, 94 p.
Slump and (or) slide scarp (Popenoe, 1982) I ojncent blank Aregs an =gl A Tiee oLk Rows Bt the southeastern Atlantic Outer Continental Shelf, 1977-1978: U.S. 34. 1980, Structure, stratigraphy, and geologic history of Florida-
which is not necessarily true. We think that our maps show only a fraction Geological Survey Open-File Report 82-582A, p. 5-1 to 5-89. Hatteras shelf and inner Blake Plateau: American Association of
Slump faults or downward rotated beds (Popenoe, 1982) OpIEE s movement that has aselneen o the slope DV L) SEe SUaHy Binre. 2. Ball, M.M., Popenoe, Peter, Vazzana, M., Coward, E.L., Dillon, W.P., o el g st R ey
Nevertheless, we believe it to be a fraction representative of the structure Durden, T., Hampson, J., and Paull, C.K., 1980, South Atlantic Outer 35. Pinet, P.R., Popenoe, Peter, Otter, M.L., and McCarthy, S.M., 1981, An
A 2 t iated Wikl : and morphology of Quaternary mass movement features that may be found Continenta’l Shelf ’ ha’zards ma,p, ir; Po’penoe, Peter (ed.), assessment of potential geologic hazards of the northern and central
rea of mass wasting associated with submarine canyons throughout the mappeg region. Environmental studies, southeastern United States Outer Blake Plateau, in Popenoe, Peter (ed.), Environmental geologic
(Popenoe, 1982) The map coordinates listed in the tabulation are meant to represent Continental Shelf, 1977, Geology: U.S. Geological Survey Open-File studies on the southeastern Atlantic Outer Continental Shelf: U.S.
the center of each mass movement, whose area includes both sear and Report 80-146, p. 11-1 to 11-16. Geological Survey Open-File Report 81-582A, p. 8-1 to 8-48.
Slump deposit (Ayers and Pilkey, 1981) deposit. In many cases, however, a scarp or scar is the only evidence of 3. Bennett, R.H. Lz,ambert, D.N., and Hulbert, M.H., 1977, Geotechnical 36. Piper, D.J.W., Farre, J.A., and Shor, A.N., 1985, Late Quaternary
s g o it T ORI B T s propertie ot & submarine ido arca on the US. Cortinental lope e
ide deposi cGregor and Benne : h ilmi ¢ Mari 5 | [HERLCA ARl N EAT ok o o
= g ; tabulation the depth range marks the uppermost extent of failure or the gzg_zéis.t OF Wilsimatun Gl ariie Geotoullle o I 37. Piper, D.J.W., Shor, A.N., Farre, J.A., O'Connell, Suzanne, and Jacobi,

R.D., 1985, Sediment slides and turbidity currents on the Laurentian
Fan--sidescan sonar investigations near the epicenter of the 1929
Grand Banks earthquake: Geology, v. 13, p. 538-541.
38. Popenoe, Peter, 1983, Environmental considerations for OCS
development, lease sale 90 call area, in Dillon, W. P. (ed.), Geology
report for proposed oil and gas lease sale no. 90, Continental Margin
off the southeastern United States: U.S. Geological Survey Open-
File Report 83-136, p. 67-88.
39. 1984, Summary geology report for the South Atlantic Outer
Continental Shelf (OCS) Planning Area (a supplement to U.S.
Geological Survey Open-File Report 83-186): U.S. Geological Open-
File Report 84-476, 17 p., 10 maps, scale 1:1,000,000.
40. Popenoe, Peter, Coward, E.L., and Cashman, K.V., 1982, A regional
assessment of potential environmental hazards and limitations on
petroleum development of the southeastern United States Atlantic
Continental Shelf, Slope, and Rise offshore North Carolina: U.S.
Geological Survey Open-File Report 82-136, 67p.
41. Prior, D.B., Doyle, E.H., Neurater, Tom, 1986, The Currituck Slide,
mid-Atlantic Continental Slope-revisited: Marine Geology, v. 73,
p. 25-46.
42. Robb, J.M., Hampson, J.C., Jr., Kirby, J.R., and Twichell, D.C., 1981,
‘Geology and potential hazards of the Continental Slope between
Lindenkohl and South Toms Canyons offshore Mid-Atlantic United
States: U.S. Geological Survey Open-File Report 81-600, 21 p., 22
figs., 3 maps.
43. Rona, P.A., 1969, Middle Atlantic Continental Slope of the United
States; deposition and erosion: American Association of Petroleum
Geologists Bulletin, v. 53, p. 1453-1465.
44, Rona, P.A., and Clay, C.S., 1967, Stratigraphy and structure along a
continuous seismic reflection profile from Cape Hatteras, North
Carolina, to the Bermuda Rise: Journal of Geophysical Research, v.
72, p. 2107-2130.
45. Stubblefield, W.L., McGregor, B.A., Forde, E.B., Lambert, D.N., and
Merrill, G.F., 1982, Reconnaissance in DSRV ALVIN of a fluvial-like
meander system in Wilmington Canyon, and slump features in South
Wilmington Canyon: Geology, v. 10, p. 31-36.
46. Swift, S.A., 1985, Late Pleistocene sedimentation on the Continental
Slope and Rise off western Nova Scotia: Geological Society of
America Bulletin, v. 96, p. 832-841.
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