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dels to gain a better understanding of displacement pro
cesses. 

WARME, J. E., Colorado School Mines, Golden, CO, 
N. SCHNEIDERMANN, Gulf Research and Devel
opment Co., Houston, TX, and S. D. SCHAFERS-
MAN, Reservoirs, Inc., Houston, TX 

Contemporaneous Reconstruction and Cementation of 
Living Lagoonal Patch Reef, Enewetak Atoll, Mar
shall Islands 

A patch reef on the sheltered side of the lagoon at 
Enewetak, a Pacific oceanic atoll, was sampled from the 
living coral-algae veneer near the water surface to the 
lagoon floor at - 7 m water depth. The reef was ex
posed by selective blasting, and samples were studied 
by slabbed sections, thin sections, and the scanning 
electron microscope. 

The reef is repeatedly and pervasively cemented by 
crystal aggregates of aragonite and magnesium calcite 
and by microcrystalline magnesium calcite, and does 
not show marked preferential control by host mineral
ogy. Cements (1) fill skeletal cavities, (2) fill borings in 
both skeletal elements and other early cement, and (3) 
bind, as mud-sized magnesium calcite, fine-grained 
bioclastic debris that accumulates in voids of all sizes 
and origins. The distribution of both cements and cavi
ties is extremely variable, as is cavity size and geometry. 
Drilled plugs, from the reef core, had porosities of 12.7 
to 36.5% and permeabilities of 135 to 32,843 md. 

Externally, the reef appears to be a porous bound-
stone; internally, it changes to wackestone and pack-
stone. Contemporaneous and repeated penetration by 
micro- and macro-borers continually obhterate original 
boundstone framework, replacing it with cemented cav
ities and debris; conversion to wackestone and pack-
stone continues as long as the reef is exposed to seawa-
ter. 

The diagenetic process results in transformation of 
the reef from dehcate framework to compact limestone, 
from porous elements to dense rock, and from a large 
proportion of skeletal aragonite to apparently inorganic 
aragonite and crystalline and microcrystalhne magnesi
um calcite. It also accounts for the difficulty of identify
ing the framework core of some fossil reefs. 

Despite the effects of pervasive boring, submarine ce
ments and cemented debris maintain and increase the 
strength of the reef, which has withstood storms, ty
phoons, and nuclear blasts. 

WARNER, M. A., Chevron U.S.A., Inc., Denver, CO 

Source and Time of Generation of Hydrocarbons in 
Fossil Basin, Western Wyoming Thrust Belt 

Oil trapped in Triassic-Jurassic reservoir rocks in 
fields along the Ryckman Creek-Pineview structural 
trend on the Absaroka thrust plate was generated in 
source rocks in the footwall Cretaceous sequence which 
was overridden by the thrust plate. This conclusion is 
supported by data from a variety of analytic techniques 
used to make oil-to-oil and oil-to-source rock correla
tions. The source of hydrocarbons in Paleozoic reser
voirs in the Whitney Canyon-Carter Creek trend on the 

Absaroka plate is more difficult to identify with certain
ty. The accumulations in the Paleozoic rocks are domi-
nantly gas with some condensate, and a significant 
amount of H2S is present in contrast to the low-sulfur 
"sweet" oil and gas in the Ryckman Creek-Pineview 
trend. The identical sulfur content and chromatograph
ic character of condensate from the Paleozoic and the 
Triassic-Jurassic reservoirs suggest that both are from 
the same source. 

Reconstruction of the maturation history and mea
surement of present levels of thermal maturation of 
source rocks in different structural settings in the Fossil 
basin demonstrate that peak generation and migration 
of hydrocarbons from Paleozoic source rocks predated 
the Absaroka fault which was formed about 75 m.y.B.P. 
Cretaceous source rocks beneath the Absaroka plate 
were immature when overridden by the fault and have 
reached a high level of maturity since that time. Most of 
the hydrocarbons were generated and expelled from 
source rocks in the footwall sequence during the last 
60 ± m.y., after the hanging-wall structural traps involv
ing both Mesozoic and Paleozoic reservoirs were 
formed. 

WARSHAUER, S. M., R. SMOSNA, and J. J. REN-
TON, West Virginia Univ., Morgantown, WV 

Def)ositional Environments of Lacustrine Limestones 
and Their Relation to Major Coal Seams, Upper 
Pennsylvanian of West Virginia 

In the Monongahela Group, lacustrine limestones are 
intimately associated with important coal deposits as 
evidenced by (1) their common biogenic origin within 
embayments between clastic deltaic lobes, (2) the in-
terbedding of thick limestones and minable coal seams, 
and (3) their paleogeographic proximity. A preliminary 
study of the lower Monongahela Group in the northern 
coal basin of West Virginia shows that the seemingly 
monotonous limestones are actually variable in terms of 
both paleontology and petrology. Freshwater fossils in 
these beds include micro- and macro-invertebrates (dar-
winulid and cypridid ostradoces, moUusks, and abun
dant Spirorbis), vertebrates (fragments of amphibians 
and fish), and megaplants, and calcareous algae. These 
rocks are classified as finely laminated micrite, pelmi-
crite, and intramicrite. Sedimentary structures such as 
mud cracks, desiccation chips, caliche, and bird's-eye 
all indicate frequent drying. Water-level fluctuations 
that commonly affected the lakes, as interpreted from 
limestones, also affected nearby coal swamps in terms 
of plant types, water chemistry, and degradation rates. 
These then determined coal lithotype and ash content. 
During the periods of subaerial exposure, rare gypsum 
crystals were precipitated interstitially in the carbonate 
mud, and the concentration of minerals like gypsum 
may be one source of sulfur for pyrite in adjacent high-
sulfur coals. Hence, the understanding of depositional 
environments in the lacustrine Umestones provides fur
ther insights into details of coal formation. 

WARZESKI, E. ROBERT, State Univ. New York at 
Binghamton, Binghamton, NY 
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Dolomite and Dedolomite in Mural Limestone, Lower 
Cretaceous, Arizona and Sonora 

Three petrographically distinct types of dolomite oc
cur in the upper member of the Mural Limestone, lower 
Albian, of southeastern Arizona and northeastern Sone
ra: (1) very fine to medium grained sucrosic dolomite 
occurs replacing lime mud fills of constructional reef 
cavities 5 cm to 2 m in diameter, emplaced along stylo-
lites and in irregular patches of pressure-solved matrix 
in rudstones and floatstones, and replacing matrix in 
oolitic and skeletal packstones; (2) medium to extreme
ly coarse ferroan baroque dolomite, characterized by 
curved cleavage and sweeping extinction, is an impor
tant void filling cement; and (3) euhedral, non-ferroan 
dolomite cement partly fills some late fractures. 

Available evidence indicates that dolomitization oc
curred in four episodes. Petrographic and field evidence 
suggests that sucrosic dolomite m reef cavity fills and in 
coarse packstones preceded baroque dolomite cement. 
Baroque dolomite followed calcite rim cements and 
some blocky spar, and was followed by additional 
blocky spar. Fractures containing non-ferroan dolomite 
cement postdate all of these cements. Pressure solution-
related dolomite formed still later, during middle to late 
burial diagenesis and tectonism. 

Dedolomitization affected all dolomite types in the 
Mural Limestone. Nearly all sucrosic dolomite has been 
calcitized. The resultant fabric consists of calcite 
rhombs in a mass of anhedral calcite, stained by ex-
solved iron. Baroque dolomite cement is commonly 
partly calcitized. It alters to single crystals of "rusty" 
calcite in optical continuity with the dolomite, retaining 
the latter's curved cleavage and sweeping extinction. 

Dedolomitization in the Mural is attributed to expo
sure to low-Mg fresh water under near-surface tempera
tures and pressures. These conditions have probably 
been in effect since the mid-Tertiary. 

WEICHMAN, BERNARD E., AND JAMES A. MER
EDITH, Multi Mineral Corp., Houston, TX 

Methane Measurement from "Saline Zone" Oil Shale, 
Piceance Creek Basin, Northwest Colorado 

Oil shale from the Parachute Creek Member of the 
Green River Formation gives up methane in various 
amoimts when penetrated by drilling or shaft sinking. 
The "Saline zone" from the base of the second salt to 
the base of the R-2 zone has been cored and drill-stem 
tested in 30-ft (9 m) intervals; the core has been sealed 
in PVC sleeves and the methane given off has been 
measured. The methane data have been correlated with 
the geologic section and the results have been presented 
for use in mine design. 

WEIMER, ROBERT J., and STEPHEN A. SONNEN-
BERG, Colorado School Mines, Golden, CO 

Wattenberg and Spindle Fields—Paleostructural and 
Stratigraphic Traps, Denver Basin, Colorado 

The most important mineral resource activity in Col
orado during the past decade has been the discovery 
and development of the Wattenberg gas field and the 

shallow overlying Spindle oil and gas field. Located 
north of Denver near the axis of the Denver basin, Wat
tenberg is estimated to have reserves of 1.3 Tcf of gas in 
the "tight" J sandstone (delta front) reservoir over an 
area of 600,000 acres (240,000 ha.), at depths of 7,600 to 
8,400 ft (2,316 to 2,560 m). Spindle field, in the south
west part of the Wattenberg field, produces from two 
marine sandstone bar complexes (Terry and Hygiene 
Sandstones) in the middle part of the Pierre Shale. 
From an area of 30,000 acres (12,000 ha.), total produc
tion is in excess of 28,000,000 bbls of oil and 100 Bcf of 
gas at depths of 4,000 to 5,000 ft (1,219 to 1,524 m). 

Although both fields are regarded as stratigraphic 
traps, paleostructural analysis of the area clearly shows 
that during middle Cretaceous the fields were located 
on an ancient structural high that was subsequently 
downwarped into the present low structural setting. Evi
dence for recurrent movement on the paleohigh are un
conformities at the top of the J sandstone and at the 
base and top of the Niobrara Formation, and also thin
ning of shale intervals and localization of marine sand 
bars within the Pierre Shale. 

The outline of the Wattenberg paleostructure is best 
shown by the area of truncation by erosion of the upper 
chalk of the Niobrara Formation over an area 10 mi 
wide X 50 mi long (16.1 km x 80.5 km). The east-west 
trend of the paleostructure changes to northeast and 
extends for more than 100 mi (16.1 km) into western 
Nebraska. Three other similar paleostructural trends 
can be mapped in the northern Denver basin. 

Knowledge of paleostructural control on reservoir fa
des and petroleum migration provides new ideas for 
petroleum exploration in Cretaceous rocks and in the 
deeper Paleozoic section of the Denver basin. 

WELLS, JOHN T., Louisiana State Univ., Baton 
Rouge, LA 

Dynamics of Unvegetated Tidal-Flat Muds 

Process-oriented field studies of tidal-flat muds, to
gether with satellite imagery and aerial photography, 
have provided new data for a synthesis of tidal-flat dy
namics in low-, moderate-, and high-tide-range environ
ments where vegetation is lacking in the intertidal zone. 
In the three areas studied since 1974 (coast of Louisi
ana, tide range 0.5 m; coast of Surinam, tide range 2.0 
m; west coast of South Korea, tide range 5 to 9 m), 
intertidal exposures of mud measured normal to the 
shoreline range from less than 150 m (Louisiana) to 
over 50 km (Korea) width. Each area is blanketed by a 
layer of gelatinous fluid mud, several centimeters to 
over I m thick, which extends into the subaqueous zone 
seaward of the low-tide line. 

Shallow-water waves in the nearshore zone are sub
stantially attenuated when propagating over soft tidal-
flat muds. Attenuation of wave height (without break
ing) from a water depth of 15 m to 1 m indicates that 
there is an 87% energy loss (utilizing linear-wave theory) 
when waves propagate over a 40-cm thick fluid-mud 
bottom with a bulk density of 1.30 g cm~^, and greater 
than 99% energy reduction over a 1-m thick layer of 
fluid mud with bulk density of 1.18 g cm~3. 

Tidal-flat muds are suspended and redeposited at 


