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Recognition of Shelf-Slope Break Along Tectonically Active, 
Ancient Continental Margins 

Tectonically active continental margins include transform, 
protoceanic-rift, and subduction settings. Shelf-slope breaks 
in these settings tend to be transient in time and space. Wrench 
and fault-block systems feature irregularly shaped basins and 
uphfts that have abrupt vertical movements and facies 
changes. Subduction systems form elongate basins and ridges 
in response to the interplay of tectonics and sedimentation. 

Because of the nondepositional character of narrow, tec
tonically controlled shelves, shelf-slope breaks commonly are 
expressed as unconformities separating shallow-
marine/nonmarine and slope/basinal deposits. Alternatively, 
shelf and basinal deposits may be separated by a 
biostratigraphically compressed interval, including glauconite 
and phosphorite, which represents the clastic-starved shelf-
slope break. Subtly expressed shelf-slope break deposits of ac
tive margins commonly are masked by abrupt sedimentation in 
adjoining areas along with abrupt facies migration. Conse
quently, bracketing deeper and shallower marine facies is the 
usual key to locating ancient shelf-slope breaks. 

Basinal facies are distinctive in many wrench and fault-block 
systems, with two common sedimentary motifs: (1) ponded 
submarine-fan deposits displaying little proximal-to-distal 
facies segregation, and (2) clastic-starved sections of laminated 
(commonly biogenous) sediment reflecting anoxic conditions 
in isolated silled basins. These facies, together with slump-
dominated slope facies, adjoin shelf-slope break deposits. 

Variable geometries characterize subduction-controlled 
shelf-slope breaks, but generally, ancient deposits overlie 
highly deformed, deep-marine components (trench-slope and 
trench sediments) and are overlain by relatively undeformed 
fore-arc deposits. Underlying deposits may have exotic sources 
and may contain recycled materials. Overlying deposits consist 
of predominantly land-derived components. 
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Origin, Depositional History, and Correlation of Miocene 
Diatomites Around North Pacific Margin 

Distinctive Miocene diatomites and genetically related 
porcellanites form a remarkably widespread lithofacies within 
bathyal marine sequences around the margin of the North 
Pacific Ocean from Mexico to Korea. The Monterey Shale of 
California and the Onnagawa Formation of Japan typify these 
deposits. Planktonic correlations, radiometric dates, and ox
ygen isotope records indicate that the initial accumulation of 
the diatomites commenced in the early middle Miocene (15 
Ma), coincident with initiation of a major climatic event mark
ed by massive ice accumulation in Antarctica, steepening of 
the latitudinal temperature gradient, and increasingly vigorous 
surface circulation and primary productivity. Microfaunal and 
sedimentologic evidence demonstrates that the diatomites were 
commonly deposited in subsiding marginal basins characteriz
ed by sills intersecting intensified oxygen minima allowing 
preservation of leiminated muds. Moreover, the diatomites oc
cur within strikingly similar stratigraphic successions that sug
gest closely parallel tectonic, sedimentologic, and 
oceanographic development of Neogene marginal basins in 
this region. Typically, four major events can be recognized in 
these sequences: (1) deposition of OUgocene-lower Miocene 
volcanic rocks and continental and/or neritic marine elastics 
followed by (2) rapid margin subsidence, development of silled 
basins, and deposition of middle and upper Miocene 
diatomaceous sediments in essentially empty depocenters, (3) 

climatically induced elevation of the carbonate compensation 
depth and increasing influx of terrigenous debris in latest 
Miocene-earliest Pliocene time producing a carbonate-poor 
mudstone facies, and (4) introduction of rapidly deposited 
wedges of coarse terrigenous elastics during Pliocene-
Pleistocene time that cap the underlying diatomites. This 
widespread and correlative stratigraphic pattern appears to be 
the combined product of (1) a major middle Cenozoic read
justment of Pacific plate margins resulting in synchronous 
development of Neogene marginal basins around the North 
Pacific rim and (2) coincident acceleration of diatom produc
tivity in this region in response to severe deterioration of 
Neogene climate. 
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Peat—Potential Energy Bridge for North Carolina 

North Carolina has an estimated 1,000 sq mi (2,600 sq km) of 
peat land containing about 600 million tons of moisture-free 
peat. Because North Carohna is deficient in energy resources, 
there is considerable activity aimed at using this peat as a fuel. 

Peat deposits in North Carolina are of three main geologic 
types representing the accumulation of organic matter in: (1) 
pocosins—broad shallow depressions on an uplifted sea floor; 
(2) river flood plains; and (3) Carolina Bays—elliptical depres
sions of unknown origin. 

The largest pocosin deposits are : (1) Albemarle-Pamlico 
peninsula, 360 sq mi (936 sq km), 210 million tons moisture-
free peat; (2) Dismal Swamp, 100 sq mi (260 sq km), 60 million 
tons; and (3) Croatan Forest, 40 sq mi (104 sq km), 23 million 
tons. These deposits normally range in thickness from 1 to 8 ft 
(0.3 to 2.4 m). 

River flood-plain deposits are of unknown extent. Peat oc
curs as lenses in alluvial sands and clays and may attain a 
thickness of 25 ft (8 m). 

Five to six hundred Carolina Bays from 0.2 to 3 mi (0.3 to 5 
km) in length are scattered over the coastal plain. Many con
tain high quality peat up to 15 ft (5 m) thick. 

Most North Carolina peat is black, fine grained and highly 
decomposed, with an ash content commonly less than 5%. 
Sulfur content is low (median 0.2%), and heating value is high 
(median to 10,300 Btu/lb moisture-free). 
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Porosity Reduction During Diagenesis of Monterey Forma
tion, Santa Barbara, California 

In the Monterey Formation of the Santa Barbara coastal 
area, porosity decreases with increased burial diagenesis from 
an average of 60% in diatomaceous (opal-A) rocks to an 
average of 10% in rocks bearing diagenetic quartz. In 
carbonate-free siliceous rocks, porosity was lost principally in 
two abrupt reductions of 10 to 30% porosity during the two 
silica phase transformations (opal-A to opal-CT and opal-CT 
to quartz). Large differences in porosity among interbedded 
rocks with different silica phases show that porosity losses 
resulted directly from the two silica phase transformations 
rather than from specific conditions of temperature and burial 
depth. Porosity reduction was thus probably due to briefless 
of strength during solution-precipitation of silica in the rocks. 
Similar compositions and different thicknesses of sedimentary 
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units in adjacent stratigraphically equivalent sections with dif
ferent silica phases show that most porosity reduction during 
these transformations resulted from compaction, not from ad
dition of silica. 

In calcite-bearing siliceous rocks, the pattern of porosity 
reduction was similar, and minor additional reduction was 
caused by silica filling of some foraminiferal tests. In calcite-
bearing rocks, with moderate (10 to 40%) silica, only 5 to 10% 
of porosity was lost during each silica phase transformation, 
and additional gradual compaction occurred in the interval 
between the two transformations, presumably in response to 
increased burial load. Formation of disseminated dolomite, in 
contrast to the rarer formation of highly cemented dolomite 
beds and nodules, was accompanied by only moderate reduc
tion in porosity (0 to 10% porosity). 
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Composition of Particles and Cements in Lower Cambrian 
Reefs and Precipitation of Metastable Carbonates in Paleozoic 
Ocean 

Bioherms and biostromes of the Lower Cambrian Forteau 
Formation in southern Labrador and western Newfoundland 
are rich in skeletal and nonskeletal components and display a 
wide sprectrum of synsedimentary and postdepositional 
cements. Through petrography, cathodoluminescence and 
microprobe analysis, three types of components can be 
distinguished: (1) molds filled with iron-rich or iron-poor 
calcite spar or iron-rich dolomite (archaeogastropods, 
hyolithids, brachiopods, ?coelenterates, and Chancelloria); (2) 
particles composed of iron-poor calcite and showing original 
or relic texture (trilobites, salterellids, echinoderms, and 
sponge spicules); and (3) components illustrating both the 
above fabrics (ooids, archaeocyaths, and Renalcis). 
Synsedimentary cements are (1) rays or botryoids in which 
each acicular crystal is a spar-filled mold, or (2) rinds of 
fibrous cedcite commonly with fascicular-optic properties. 

Comparison with the petrographic characteristics of 
Phanerozoic and modern carbonates indicates that those Cam
brian particles and cements which are now spar-filled molds 
were originally high porosity aragonite; those without a void 
stage and retaining original fabric were calcite or Mg-calcite; 
those with a fibrous habit were Mg-calcite, and those which ex
hibit two or more of the above characteristics were low porosi
ty aragonite or high porosity Mg-calcite. 

These styles of preservation confirm that organisms in Early 
Cambrian were secreting skeletons with the same spectrum of 
mineralogies as those to today and that metastable carbonates 
(aragonite and Mg-calcite) were being precipitated on the 
shallow sea floor, as they are in the modem ocean. The 
absence of similar fabrics at other times in the Phanerozoic 
probably reflects epeiric sea rather than continental margin 
sedimentation and not a gradual change in seawater chemistry 
or atmospheric CO2 through time. 
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Fossil Carbonate Platform Margins 

The margin of carbonate shelves and platforms is a critical 
zone. During construction these margins control both the 

geometry and the style of sedimentation on the adjacent plat
forms. After burial they remain a major interface between car
bonate and detrital sediments, a preferred site for both 
hydrocarbon and metallic mineral entrapment. During later 
deformation the structural style commonly changes across this 
zone. 

Fossil carbonate margins occur in two realms: (1) along the 
craton margins, bordering Paleozoic and earher ocean basins 
that are now fragmented and deformed in major mountain 
belts or buried beneath Mesozoic and Cenozoic successions 
along modern continental margins, or (2) around the edges of 
Paleozoic platforms developed in major basins on large 
cratons. 

Regardless of setting, two different sedimentary styles recur. 
Rimmed margins, those composed of an elevated rim of 
bioherms or carbonate sand shoals, exhibit a marked declivity 
between shelf and basin. This slope is either gentle, gradually 
changing from shallow into deeper water sediments (deposi-
tional slope), or is a steep incline, with little sediment accre
tion, over which sediments move on their way to the basin 
(bypass slope). Slope and toe-of-slope sediments in these set
tings exhibit a full spectrum of hemipelagic ribbon and parted 
limestones, hardgrounds, slides and slumps, and sediment 
gravity flows together with submarine erosion. Open margins 
or ramps, those in which there is no marked shelf break, 
gradually change from inner shelf to slope strata. The high-
energy zone is located well inside the craton margin on the 
platform or at the strandline. Deeper water shelf hmestones 
are particularly common in these situations while slope 
deposits are characterized by hemipelagic deposits but fewer 
examples of gravity flow deposits. 
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Mesozoic Carbonate Platforms and Banks of Eastern North 
American Margin 

The Jurassic-Lower Cretaceous carbonate platforms and 
banks form a discontinuous belt extending from the Grand 
Banks to the Bahamas, a distance of over 6,000 km. Six types 
of carbonate buildups are recognized that document the 
variability of depositional, paleo-oceanographic, and tectonic 
processes on the eastern North American margin. The texture 
of the carbonates closely resembles recent deposits of the 
western Great Bahama Bank in that oolitic grainstones were 
present near the shelf edge, and skeletal, peloid wackestones 
and mudstones (biomicrites) were deposited in the inner part 
of the platform. Coral-stromatoporoid and sponge bioherms 
were rare constituents of the carbonate banks. 

The thickness of carbonate buildups progressively increases 
southward along the margin attaining a thickness of more than 
5 km in the Bahamas. The platforms also become younger 
southward, which is thought to reflect the northward move
ment of less than 1.5 cm/year of the North American plate. 
The carbonate platforms were seeded over the continental 
basement following the taphrogenic period of plate tectonics. 

The building of carbonate ramps characteristic of the Early 
Jurassic began during a transitional period between continen
tal rifting and early drift of the continental plates in the North 
Atlantic. The second stage in construction of the carbonate 
platforms and offshore banks proceeded mainly after separa
tion of the continental plates. 
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