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small bottom-dwelling fish escaping from bottom rip
ples provide evidence of penecontemporaneous biotur-
bation of sedimentary structures. Ripple migration and 
bottom transport of many starfish occur as a result of 
strong (>25 cm/sec) bottom currents. Swales between 
sand ridges are covered predominantly with mud. gen
erally devoid of bed forms, and contain local patches of 
shell accumulations. Current speeds are reduced (<15 
cm/sec) and strongly asymmetric in the swale areas. 
The videotapes show the transport of fine-grained sedi
ment and organic material in suspension and the forma
tion of burrows, trackways, and trails by benthic organ
isms (crabs, worms, and shrimp). 

The information conveyed by these videotapes is use
ful for interpreting primary sedimentary structures in 
adjacent lithofacies of ancient epicontinental-shelf de
posits. 

FINKELSTEIN, KENNETH, Univ. South Carolina, 
Columbia, S. C. 

Variations of Morphology and Sediment Transport 
Within Crenulate-Bay Beaches 

Crenulate-bay beaches, common geomorphologic 
features associated with rocky headlands, were studied 
on Kodiak Island, Alaska. Grain size, sediment-trans
port direction, and slope variability were analyzed at 
four mixed sand, granule, and pebble crenulate-bay 
beaches ranging from 600 to 2,000 m in length. Nine 
stations were set up along each beach with a profile 
measured at every other station. At each station, two 
replicate samples were similarly collected at three sites 
normal to the beach. Sampling involved collection of 
960 cc of beach material, measurement of the volume of 
each pebble over 2 cc as well as intermediate axis, 
shape, and analysis of composition. Individual grains 
< 2 cc were labeled as "fines," cumulatively measured 
volumetrically, and a small sample was brought back to 
the laboratory for standard size analysis. A computer-
generated wave-refraction diagram was used to de
termine wave-refraction, diffraction, and reflection pat
terns which helped to determine transport directions. 

Results indicate: (1) Grain size coarsens toward the 
center of each crenulate-bay beach. Within the four 
beaches, an average of 80 to 90% coarse material (>2 
cc) is present in the center, and 30 to 65% coarse mate
rial is found at the tangential and "shadow zone" ends. 
(2) Grain size and sorting decrease seaward. An average 
of 23% more coarse material is present at the landward 
than at the most seaward sample site. (3) There is a 
constant increase in beach slope from the "shadow 
zone" end to the tangential end of each crenulate bay. 
(4) Grain-size data do not support the tangential end 
sediment transport for crenulate-bay beach morphology 
that has frequently been reported in the literature. 

Because equilibrium-beach development due to con
struction of an artificial headland by coastal engineers 
takes on a crenulate-bay morphology, understanding of 
natural crenulated-bay beaches is especially important. 

FISCHBECK, REINHARD, Hannover, Germany. 

Synthesis of Protodolomite, High-Magnesian Calcite, 
Hydromagnesite, and Nesquehonite from Calcium-

Magnesium Bicarbonate Solutions by Freeze Drying 

The synthesis of true cation-ordered dolomite at low 
temperature has been tried many times in the past with
out success. However, the natural formation of early 
diagenetic dolomite in various marine and nonmarine 
sedimentary environments is frequently observed when 
magnesium-calcium solutions of molar ratio greater 
than seven react with preexisting calcium carbonate. 
We have been able to synthesize protodolomite via an 
intermediate, amorphous Ca-Mg-carbonate phase from 
CaCOs and MgCOj solutions with a ratio of Mg/Ca = 
1. Our experiments were as follows. 

Reagent grade CaCOs and MgCOa were dissolved 
(0.01 molar) in distilled water with the following Mg/Ca 
ratios: 0.2, 0.5, 0.8, 1.0, 1.7, 3.0, 5.3, 25. Freeze drying 
these solutions produced X-ray amorphous Ca-Mg-car
bonate phases (gels). These substances were then mois
tened with distilled water and maintained in sealed 
tubes at 55°C for a week. 

A definite relation was observed between the final 
crystalline product and the Mg/Ca ratio of the initial 
solution. Solutions with a Mg/Ca ratio up to 0.8 formed 
only low-magnesian calcites with varying magnesium 
content. At a ratio Mg/Ca = 1, protodolomite was ob
tained within the composition range of Cao.65 Mgo.35 to 
Cao.54 Mgo.46. At a ratio Mg/Ca > l . 7 , high-magnesian 
calcite with a maximum of 19 mole MgCOs, as well as 
hydromagnesite and nesquehonite, developed. 

The synthesized protodolomite consisted of spherules 
(diameter 1 and 5 iim) and spherular aggregates. The 
X-ray patterns, differential-thermal-analysis curves, and 
the congruent solubility of the material clearly distin
guish it from other low-temperature magnesian calcite 
and prove that protodolomite (according to its original 
meaning) was synthesized. 

There is some evidence of protodolomite formation 
resulting from this mechanism in nature. We have 
found protodolomite with a radiocarbon age of only a 
few decades in speleothems of the Eibengrotte.(a small 
cave in West Germany), and C. C. von der Borch and J. 
B. Jones have described modern spherular dolomite 
from sediments of the Coorong area in South Australia. 

FISHER, JAMES H., Michigan State Univ., East Lans
ing, Mich. 

Structural Evolution of Michigan Basin and Its Petro
leum Potential 

Well data suggest that the Precambrian basement of 
the Michigan basin is highly faulted with vertical tec
tonics exerting a dominant control over basin struc
tures. A single deep test on the mid-Michigan gravity 
high penetrated at least 5,000 ft (1,500 m) of Precam-
brian(?) red beds, suggesting the presence of a rift or 
graben. 

An embryonic form of the Michigan basin was pres
ent in Cambrian time. The basin, in approximately its 
present dimensions, was created during the Middle Or-
dovician. Two phases of maximum subsidence occurred 
during the Paleozoic: 4,000 ft (1,200 m) of Silurian sedi
ment, topped by several major unconformities, is fol
lowed by 3,800 ft (1,140 m) of Devonian strata. Varia
tions in thickness and sedimentary facies in the Silurian 



Association Round Table 451 

and Devonian support the concept of two intrabasin 
platforms: one in southwestern Michigan (Allegan) and 
the other in southeastern Michigan (St. Clair). A gener
alized depocenter lies directly northwest of Saginaw 
Bay. There were important deviations from this depo
center, particularly during the Ordovician and Middle 
Devonian. 

The major northwest-trending folds in the central 
part of the Michigan basin were generated during Late 
Mississippian or Early Pennsylvanian time, and are 
probably the result of the regeneration of dominantly 
vertical movements along basement faults. 

Major petroleum production in Michigan is from (1) 
Ordovician dolomitized fault zones; (2) Silurian pinna
cle reefs; and (3) Devonian anticlinal traps with marked 
variations in porosity. 

Future possibilities lie primarily with the discovery of 
additional dolomitized fault zones in Ordovician car
bonate rocks or in Devonian stratigraphic traps. Cam
brian production is a possibility, but there is inadequate 
control to define its potential. 

FITZGERALD, DUNCAN M., Boston Univ., Boston, 
Mass. 

Accretional Shoreline Processes at Tidal Inlets Along 
South Carolina Coast 

The greatest shoreline changes of barrier islands 
along the South Carolina coast occur in the vicinity of 
tidal inlets. Depositional processes at these inlets can be 
categorized as those associated with (1) migrating inlets, 
(2) stable inlets, and (3) inlets whose main ebb channels 
breach new positions through their ebb-tidal deltas. 

At migrating inlets, curved beach ridges are added to 
the updrift island while the downdrift island erodes. 
These processes occur most commonly at shallow inlets 
whose main ebb channels do not scour into the marine 
or lagoonal muds underlying the barrier-island sands. 
Shoreline breachings during storms are also important 
at inlets with histories of rapid migrations. 

Stable inlets have deeper main ebb channels which 
are entrenched in resistant clays. Morphologic changes 
associated with these inlets are predominantly the result 
of wave processes. The coalescing of wave-built swash 
bars in the outer part of the ebb-tidal delta and the 
subsequent landward migration of these bar complexes 
can cause inlets to have either a downdrift or updrift 
offset, or a straight configuration. 

The well-developed ebb-tidal deltas of the South Car
olina inlets normally have a single main ebb channel 
and two or more marginal flood channels. The domi
nant northeast wave approach causes southerly long
shore transport of sand along most of the South Caro
lina coast and a preferential addition of sediment to the 
north side of the ebb-tidal delta, which results in a 
southerly migration of the outer part of the main ebb 
channel. Because the southerly course is longer and less 
efficient than a straight course through the ebb-tidal 
delta, the main channel eventually breaches a new posi
tion through a northern marginal flood channel. The 
accumulation of sand which flanked the old channel is 
transported landward and accretes to the downdrift 
beach. 

FITZGERALD, T. A., Exxon Corp., New York, N.Y. 

Giant Field Discoveries, 1967-77—An Overview 

In this symposium a giant oil field is defined as one 
containing 100 million bbl or more of oil. Exceptions 
are those oil fields in the Middle East, North Africa, 
and eastern USSR where 500 million bbl, or more, are 
considered giants. Giant gas fields contain 1 Tcf, or 
more, except in the Middle East, North Africa, and 
eastern USSR where 3 Tcf, or more, are required. 

During the 11-year period since the last AAPG sym
posium on giant fields (held in Oklahoma City in 1968), 
approximately 280 giant oil and gas fields have been 
found. These fields contain an estimated recoverable re
serve of roughly 120 billion bbl of oil and 900 Tcf of 
gas. These fields account for about 60% of world oil and 
gas discovered during the period. 

The 280 giant fields are distributed as follows: United 
States and Canada, 40; Latin America, 40: Europe, in
cluding western USSR, 55; Africa, 40 (8 north Africa; 
32 other Africa); Far East, including China, 40; Eastern 
Russia, 30; and Middle East, 35. 

With respect to numbers of giant fields being found, 
no decline in rate of discovery can be observed. Outside 
the United States and Canada, the discovery rate is in
creasing. However, the average size of giant discoveries 
is in marked decline, as is the discovery rate in barrels 
and cubic feet per year in total. 

FLORES, ROMEO M., U.S. Geol. Survey, Denver, 
Colo. 

Pictured Cliffs Sandstone—Upper Cretaceous Distribu
tary-Channel, Delta-Front, and Beach-Bar Deposits, 
Southwestern San Juan Basin, New Mexico 

The Upper Cretaceous Pictured Cliffs Sandstone in 
the Bisti-Burnham area in southwestern San Juan basin. 
New Mexico, contains distributary-channel, delta-front, 
and beach-bar deposits. The distributary-channel de
posit is a basally erosional, festooned, convoluted, and 
rippled sandstone. The delta-front deposits include dis
tributary-mouth-bar sandstone, distal-bar sandstone, 
siltstone, shale, and intervening contorted sandstone. 
The distributary-mouth-bar sandstone is subparallel 
laminated, rippled, and festooned. The distal-bar sand
stone is subparallel laminated and rippled. The interme
diate contorted sandstone contains fold and ball-and-
pillow structures. The distributary-channel and delta-
front sandstones are very fine to fine grained, quartz 
poor (39%), and sparsely burrowed by Ophiomorpha. 

The beach-bar deposits include shoreface-beach 
sandstone, siltstone, and shale, and tidal-channel and 
washover sandstones. Lower-shoreface deposits include 
parallel-laminated, rippled sandstone and bioturbated 
shale and siltstone. Middle-shoreface sandstone consists 
of a subparallel-laminated, rippled, and locally bur
rowed lower part, and a planar-cross-bedded and com
monly burrowed upper part. Upper-shoreface-beach 
deposits consist of planar-cross-bedded, sparsely bur
rowed sandstone and lenticular, festooned, rippled, bur
rowed sandstone grading upward into subparallel-lami
nated, festooned, burrowed sandstone. The 
shoreface-beach deposits are dissected by bidirectional-


