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ing of an upper mantle plume to produce two NNE weak fractur-
ing zones, resulting in a series of intraplate and epicontinental
rifting-depression basins,

The depositional models and sea-level variations of these
basins are interpreted from the drilling records and seismic pro-
files. They can be explained by the tectono-eustatic changes in
sea level and Cenozoic climate changes of China.

LIAN, NINA C., and STEVEN B. BACHMAN, Cornell Univ.,
Ithaca, NY

Seismic Stratigraphy and Sea Level Changes in Active Margin
Settings: An Example from Luzon, Philippines

Controversy arises when attempting to relate unconformities
on a tectonically active margin to global changes in sea level. Seis-
mic stratigraphy studies on active margins generally concentrate
on defining large seismic packets and do not directly relate
unconformities and their correlative conformities to global sea
level changes. In the Central Valley of Luzon, we determined
sequence boundaries in the basin and developed an age model
that strongly suggests that sea level change is the major factor
affecting shorter term (less than 5 m.y.) changes in sedimentation
on this active margin.

The Central Valley is a Cenozoic fore-arc basin bounded by an
arc complex and the left-lateral strike-slip Philippine fault on the
east and by an east-dipping subduction zone adjacent to the
Manila Trench on the west. Multichannel seismic reflection,
well, and outcrop data were used to determine the depositional
history of the basin. Because much of the 13 km (8 mi) thick basin
fill consists of deep-water marine sediments, conventional crite-
ria such as coastal onlap and erosional truncation could not
always be used. Instead, evidence for pulses of submarine fan
deposition during lowstands of sea level (suggested by Vail and
Hardenbol in 1979, and by Shanmugan and Moiola in 1982) was
used to identify some of the sequence boundaries. The ages of the
major boundaries, predicted from comparisons with Cenozoic
Sea level curves, agreed very well with established ages from well
and outcrop data.

The supposed difficulty in determining sea level changes in
active margins is that tectonic effects override and cloud the
effects of global sea level changes. We agree that major regional
tectonic events such as the initiation of subduction or strike-slip
movement that creates or destroys basin morphologies clearly are
the dominant factors in the overall stratigraphy of the basin.
However, episodic tectonic events during continued basin evolu-
tion result in discrete changes in local basin morphology and sedi-
ment source areas which may lead to local unconformities or
local increase or decrease in sediment influx. These effects are
probably small compared to the basin-wide effects of global sea
level changes. Such is the case in the Luzon Central Valley where
the effects of global sea level changes can be seen throughout the
basin.

LIBBY-FRENCH, JAN, U.S. Geol. Survey, Denver, CO

Mesozoic-Cenozoic Deposition Along Atlantic Continental
Shelf From Scotian Shelf, Canada, To Baltimore Canyon
Trough, United States

In 1982, geologic data from 17 wells in the Baltimore Canyon
Trough were released to the public. These wells provide suffic-
ient data for definition of regional stratigraphic units in the Balti-
more Canyon Trough. Prior to 1982, the only publicly available
data from deep wells on the northern United States outer conti-
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nental shelf were from two COST wells in the Georges Bank
basin and two COST and three exploratory wells in the Baltimore
Canyon Trough. Lithologic similarities between the Scotian
Shelf formations and the rock units penetrated by these COST
wells have been observed in the past. In this study, the strati-
graphic terminology developed for the Scotian Shelf is extended
through the Georges Bank basin and is informally applied to the
Baltimore Canyon Trough strata as homotaxial equivalents.

The Late Triassic(?) to Jurassic salt, carbonate, clastic, and
carbonate sequence penetrated in the Georges Bank basin is cor-
relative with the Argo, Iroquois, Mohican, and Abenaki Forma-
tions on the Scotian Shelf. Exploratory wells in the Baltimore
Canyon Trough were not deep enough to penetrate equivalent
rocks. However, previous seismic studies of the trough suggest
that a carbonate complex equivalent to the Abenaki Formation
may exist beneath the present-day slope. Upper Jurassic to
Lower Cretaceous strata in the Georges Bank basin and Balti-
more Canyon Trough are equivalent to the Scotian Shelf deltaic
sandstones and shales of the Mohawk, Mic Mac, Missisauga,
Naskapi, and Logan Canyon Formations. These deltaic deposits
are overlain by upper Lower Cretaceous to Upper Cretaceous
marine mudstones and shales that are equivalent to the Scotian
Shelf Dawson Canyon Formation. The Cenozoic strata in the
Georges Bank basin and Baltimore Canyon Trough consist of
shale, mudstone, chalk, and unconsolidated sand. On the Sco-
tian Shelf, the Cenozoic section is generally sandier and consists
of the Banquereau Formation, an interbedded mudstone and
sandstone sequence, and the Laurentian Formation, which con-
sists of glacial and proglacial sediments.

LIGHTY, ROBIN G., Cities Service Research, Tulsa, OK

Submarine Cementation Patterns of Holocene Reefs Provide
Models for Porosity Development in Ancient Reef Reservoirs

An understanding of processes of formation and postdeposi-
tional alteration of Holocene carbonate buildups can aid the
explorationist in locating and predicting reservoir facies in sub-
surface analogs. In the subsurface, ancient shelf-edge reefs may
contain primary porosity that has escaped shallow subsurface
cementation, This preserved primary porosity is commonly
enhanced later by carbonate dissolution associated with wide-
spread subsurface fluid migration and/or dissolution fronts
along permeabile stylolite zones. Therefore, given a burial history
of continued subsidence, knowledge of early submarine cemen-
tation patterns is important for understanding reef facies distri-
bution of late subsurface diagenesis.

Inreef systems, submarine cementation is controlled by size of
sedimentary components, facies energy setting, and reef growth
history. Cements are acicular aragonite and dentate Mg-calcite
rims, and more commonly thin crusts and geopetal skeletal infills
of Mg-calcite peloids. Rapid facies accumulation during reef
growth limits submarine cementation to thin rims and incom-
plete skeletal infilling. Extensive back-reef sediment apron
deposits are generally mud free and composed of well-sorted
skeletal fragments, that undergo only minor submarine cementa-
tion. Reef core (framework) facies contain large amount of in-
situ skeletons and increasing mud and peloidal submarine
cements within the core matrix. High energy fore-reef facies are
extensively cemented by fibrous aragonite druses and dense pel-
oidal Mg-calcite infill. The best potential reservoir facies are usu-
ally back-reef packstone-grainstones, which have greater
porosity and permeability because high accumulation rates and
moderate energy conditions limited submarine cementation.

Following a reef’s demise and submergence, submarine cemen-
tation of the upper reef surface may form an effective diagenetic
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seal over the reef that protects internal reef components from
additional submarine diagenesis. Consequently, some primary
porosity remains intact, that, with continued submergence, may
bypass meteoric diagenesis and still remains to become enhanced
by late subsurface events.

Within core samples of Cretaceous and Miocene reefs, poros-
ity created by late-stage dissolution is facies specific and predom-
inantly moldic and enhanced primary (skeletal and interparticle).
Submarine cements occlude some primary porosity in each reef
facies. However, back-reef facies result in higher observed poros-
ity because primary permeability allowed greater access for dis-
solving fluids. Stylolites that form and remain open within reef
packstone-grainstone facies act as avenues for fluids that dis-
solve skeletal grains along narrow adjacent zones within the rock
matrix. This late-stage dissolution can produce significant poros-
ity where primary permeability is still preserved. Limited early
submarine cementation inhibits burial compaction and acts to
preserve porosity. Where stylolites extend into back-reef mud-
stone and wackestone facies, a higher percentage of impermeable
muds and a limited amount of skeletal grains available for disso-
lution prevent development of significant porosity. Late-stage
subsurface dissolution within reefal buildups, whether by wide-
spread, pervasive fluid migration or as fronts along stylolite
zones, is commonly facies-controlled by primary porosity and
permeability characteristics. Thus, the distribution and degree of
submarine cementation are important to both the early and late
development of porosity in reef reservoir facies, even though
sometimes for indirect reasons.

LOWER MIOCENE FACIES
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LIGHTY, R. G., M. T. ROBERTS, M. H. LINK, K. P.
HELMOLD, T. E MOSLOW, D. W, JORDAN, and R. M.
SLATT, Cities Service Research, Tulsa, OK

Alternating Carbonate and Siliciclastic Deep-Water Facies in
Tectonic Evolution of Northwest Palawan Margin (Philippines),
South China Sea

Shifting Mesozoic and Cenozoic tectonic events controlled the
deposition of thick alternating sequences of deep-water carbon-
ate and siliciclastic sediments on the northwest margin of the
North Palawan crustal block.

Highly deformed Jurassic to Lower Cretaceous rocks at the
base of the section may have originated in a fore-arc region along
the South China margin. This convergent margin shifted into a
broad extensional region in the Late Cretaceous or early Paleo-
gene. The Late Cretaceous through the early Eocene is generally
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a time of hiatus in the rock record, but rocks of this age may
occur in half grabens under the northwest Palawan slope.

Late Eocene to mid-Oligocene dolomites and limestones were
deposited in restricted to open marine environments as the rifted
Mesozoic terrain subsided. During sea-floor spreading from the
mid-Oligocene to early Miocene in what is now the central South
China Sea, extensive carbonate deposition of reefs, platform
lagoons, and deep-water sediments draped the trailing (north-
west) edge of the southward-drifting North Palawan block. Over
1 km (3,300 ft) of diverse deep-water carbonate facies was depos-
ited in an upper slope to basin setting. Turbidites were derived
from reefal sources dominated by benthic forams, coral, and cor-
alline algae. Mudstones formed by off-bank transport and set-
tling of platform lagoon muds differ from normal pelagic
deposits rich in planktonic forams. Deep-water carbonate units
show a continual up-section decrease in abundance of reef- and
lagoon-derived sediment and are abruptly overlain by deep-water
siliciclastics.

Seismic profiles indicate late early Miocene tilting and partial
emergence of the North Palawan block, during which clastic sed-
iments prograded around and over relict carbonate platforms
and deposited thick deep-water sequences on the northwest Pala-
wan slope. These siliciclastics were deposited in submarine fan
complexes as sand-rich middle to inner fan channels, outer fan
lobes, and pelitic interchannel and interlobe deposits. After
crossing the submerged carbonate terrain, turbidites were axially
confined to a northeast-trending trough and formed a strati-
graphic wedge several hundred meters thick against the slope of
the relict platforms. Eroded shallow-water carbonate lithoclasts
were commonly incorporated within siliciclastic turbidites. Tur-
bidite sandstones are texturally submature feldspathic lithar-
enites and subarkoses, and indicate a source terrain of
quartzo-feldspathic sediments and metasediments, chert, vol-
canics, and acid-intermediate plutonic rocks. Petrologic studies
thus support seismic and dip-meter interpretations that these sed-
iments were derived from emergent pre-Tertiary rocks of the
North Palawan crustal block.

Regional uplift in the middle Miocene was followed by mid to
upper miocene subsidence, producing additional siliciclastic
wedges on the northwest margin. The last regional uplift event,
latest (?) Miocene, was characterized by wrench and reverse
faulting. Miocene tectonism may have resulted from collisions of
the North Palawan block with now adjacent terrains in the South
Palawan, Mindoro-Panay, and North Sulu Sea regions. The
northwest Palawan margin has been tectonically quiescent since
the early Pliocene, marked again by carbonate deposition of
reefs and flanking deep-water deposits.

LIN, C., Schlumberger-Doll Research, Ridgefield, CT, and J.
HAMASAK]I, Univ. Tokyo, Tokyo, Japan

Pore Geometry: New Techniques for Quantitative Analysis

Accurate measurements and high resolution three-
dimensional displays of pore geometry have been achieved using
sophisticated optics, three-dimensional image analysis, and tech-
niques of computer tomography. These new methods allow
detailed analysis of low permeability pore structures with iso-
lated secondary porosity. Examples under study include Cotton
Vvalley tight gas sands, Smackover carbonates, and Whitestone
limestone.

The procedure is to “serially section” rock samples, either by
successive 2um grindings or by microtoming brominated-epoxy/
epoxy “double pore-casts.” SEM images or photomicrographs of
the sections are digitized, and these successive images are recon-
structed into three-dimensional data sets. These data sets are then



