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During the past three years, the senior author and 
his students have been studying processes of sand 
transport in the surf zone, inner shelf, and submarine 
canyons along the eastern Gulf of Mexico and the 
Pacific Coast. Methods have included the use of fluo
rescent dyed sand, dynamometers, rapid beach profil
ing, SCUBA equipment, and time-lapse photographic 
apparatus. Transport phenomena have been investi
gated to depths of 30 meters. 

It is evident that sands move in the surf zone in 
response to the distribution of kinetic energy and are 
channelized between the breaker line and the swash line 
by energy minima. These minima and intervening 
maxima are exactly matched by textural characteristics 
of the surficial sediments. The uniform average textures 
of all surf zone sediments are a reflection of the presence 
of a compensating system that produces a narrow range 
of drift velocities in spite of the large range of wave 
heights and transported water volumes. Bigger waves 
break farther from shore and move water through larger 
cross sections. Thus the velocities tend to be roughly the 
same as those generated by smaller waves. The absolute 
quantity of sand moved, however, is very much a func
tion of breaker size as is evidenced by profiles of beaches 
from different energy regimes. Surf zone water motion 
is complex and multi-la3'ered. Undertows are strong and 
periodically flow beneath the surface water flow. 

Offshore, beyond the breakers, sediments move in 
ripples, in directions that are determined by bottom 
wave velocity and sediment size. Sediments of different 
size grades move in different directions in any individual 
wave condition. Inman's model of sand motion is docu
mented. In some areas the ripple crest positions are 
essentially fixed while sand motion is going on, much 
after the fashion of standing waves. 

GOULD, DON B., Geophoto Services, Ltd., Calgary, 
Alberta, Canada, and D E M I L L E , GEORGE, Im
perial Oil Enterprises, Ltd., Calgary, Alberta, 
Canada 

PlERCEMENT STRUCTURES IN CANADIAN ARCTIC ISLANDS 

The Sverdrup basin in the Queen Elizabeth Islands of 
northern Canada contains many piercement structures 
with exposed cores of gjpsum and anhydrite. Several 
cores are more than 10 square miles in area. Adjacent 
anticlines may have unexposed evaporite cores. The 
basin is about 700 mUes long and 250 miles wide. It is 
filled with more than 40,000 feet of Mesozoic clastic 
deposits underlain by possibly 5,000 feet of Pennsyl-
vanian and Permian sediments including reefoid car
bonates and an evaporite sequence. Salt is not known to 
be associated with these evaporites but its presence is 
suggested by gravity data. 

Piercement structures in the western part of the basin 
are long, domal, and exhibit little or no evidence of 
tangential compression; they are probably salt domes 
resulting from halokinesis or geostatic loading. Ordo-
vician salt is known to exist in the Cornwallis fold belt 
which presumably extends under the basin; it may have 
been involved in the early history of piercement struc
tures in the central part of the basin. 

In the eastern part of the basin some piercement 
structures are large and domal, but most are relatively 
small, elongate, and associated with major faults. These 
appear to have resulted from diapirism initiated by 
tangential forces during the Laramide orogeny. 

GOULD, H. R., Esso Production and Research Co., 
Houston, Texas 

T H E MISSISSIPPI DELTA COMPLEX 

The Mississippi delta complex is one of the largest 
and probably the best known of the world's major delta 
systems. Its subaerial surface—the Mississippi deltaic 
plain—extends from an apex at the mouth of the Mis
sissippi alluvial valley to a base of 200 miles along the 
Louisiana coast. Underlying this plain and the adjacent 
continental shelf and slope is a huge mass of Late 
Quaternary river-mouth deposits which make up the 
deltaic complex. These sediments occupy a seaward 
deepening, trough-like depression in the underlying sur
face that developed contemporaneously with deposition 
and which is localized in the depositional area. Down-
warping of this segment of the continental margin, 
together with the eustatic rise in sea level during Late 
Quaternary time, was sufficient to accommodate the 
great thicknesses of Late Quaternary deposits. These 
deposits reach a known maximum of about 1,000 feet 
under the continental shelf at the seaward hmit of 
control. 

Beneath the deltaic plain and inner shelf, the Late 
Quaternary deposits consist of a thick onlapping se
quence, grading upward from basal fluvial and strand-
plain sands and gravels to deltaic and marine silts and 
clays with local sand lenses. This is overlain by a thinner 
sequence of offlapping deltaic sands, silts, and clays 
exposed on the deltaic plain. The onlapping sequence 
records the eustatic rise of the sea from its last low 
stand while the offlapping sequence represents pro-
gradation after the sea reached its present level some 
3,500 to 4,000 years ago. At that time the Gulf shore 
coincided approximately with the present coastwise 
Pleistocene-Prairie contact and subsequently has been 
advanced far seaward by construction of the deltaic 
plain. In building this plain, the Mississippi River oc
cupied and abandoned two courses and several deltas 
prior to establishing its present course and active delta. 
In order of decreasing age, these are the Teche, St. 
Bernard, LaFourche, Plaquemines, and modern bird-
foot delta. 

Except for the birdfoot delta, which is advancing into 
deep water of the continental slope, each of the deltas 
was built forward onto the shallow inner margin of the 
continental shelf. Sediments delivered to the deltas 
through leveed distributaries were deposited in a variety 
of environments. Most of the sand was laid down in 
distributary-mouth bars of the delta front and in dis
tributary channels as they were abandoned. Silts and 
clays were swept further seaward into the marine pro-
delta zone and, during floods, into swamps, brackish 
marshes, bays, lakes, and channels of interdistributary 
and delta-flank depressions of the deltaic plain. Follow
ing river abandonment of an active delta, subsidence, 
caused principally by compaction, resulted in the en
croachment of peats and organic mucks of the swamp-
and-marsh environments across the delta, leaving only 
the levees exposed. Continued subsidence permitted 
local transgression of these deposits by marine sedi
ments. Regional downwarping and compaction during 
and following delta building have depressed the deposits 
far below original depositional levels and account for 
their great thickness. 

GRIFFITHS, JOHN C , The Pennsylvania State 
University, University Park, Pennsylvania 

EXPERIMENTS IN SAMPLING SEDIMENTARY ROCKS 

Random sampling to insure unbiased estimators of 
population characteristics is both critical and costly to 
achieve; if the internal "structure" of a population is 
defined as its patterned variability, then the sampling 
arrangement may be used to define the structure ob-
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jectively and with any desired degree of precision. 
For example, if a rock (population) is "massive" then 

no structure is apparent and various sampling patterns 
will yield equivalently unbiased estimators; on the other 
hand if the structure is layered, orthogonal patterns, 
with one parallel and the other perpendicular to the 
layers, will yield significantly different estimators unless 
the parallel pattern achieves correct weighting of the 
layers. In layered populations, patterns perpendicular 
to layers (channel sampling) will yield unbiased estima
tors of the population mean and variance; adjusting the 
parallel sampling pattern to equivalence \vith the per
pendicular supplies information on the weighting, i.e., 
on the variation within and between layers and hence an 
estimate of the number of different layers. This then 
leads to an objective definition of layering. 

In practice, when the internal structure is initially 
unknown, it is necessary to use different sampling pat
terns to decide whether the population (rock) is struc
tured or massive. 

The achievement of random sampling in various 
"populations," from testing techniques to deciphering 
"natural" variability, indicates that this procedure is 
a useful tool in defining the patterned variability or 
"structure" of a population. It appears to be invariant 
to change in variate (e.g., measurement or counting) or 
change in scale (e.g., from an electron micrograph to an 
outcrop). 

GUSSOW, WILLIAM C , Union Oil Company of 
California, Union Research Center, Brea, California 

ENERGY SOUKCE or INTRUSIVE MASSES 

Textbooks of geology generally fail to discuss the 
motivating force of intrusive masses. Texture, composi
tion, and shape are dealt with in detail, but the mode of 
emplacement is ignored. It is here postulated that the 
energy is almost entirely derived from the geostatic load 
of the overburden and that the mechanics involved in 
the emplacement of igneous dikes, volcanic plugs or 
necks, stocks, etc., is essentially the same as that in
volved in salt and ice piercements, and even the "frost 
boils" on northern roads. The mechanics of large basin 
downwarps is also discussed. 

HARBAUGH, J. H., and WOODS, JAY, Department 
of Geology, Stanford University, Stanford, California 

MATHEMATICAL SIMULATION OP SEDIMENT ORGANISM 
COMMUNITY INTERACTIONS WITH AN IBM 7090 
COMPUTER 

An ALGOL-58 computer program has been written 
by the authors for IBM 7090 or 7094 computers for 
simulating the interactions of combined sediment-or
ganism communities through geologic time. Although 
the program is based on a mathematical model applica
ble to various sea-floor communities, the program has 
been developed with carbonate sediment-organism com
munities in mind. 

The mathematical model considers the sea floor at a 
given "instant" in time to consist of a large number of 
discrete elements arranged on a grid of arbitrary dimen
sions. Each grid element may be thought of as a square 
containing a single community and is symbolized by an 
integer number in a two-dimensional array. Successive 
"time planes" (sea-floor surfaces) are generated in which 
the distribution of communities for each discrete instant 
is printed out using various symbols to identify different 
communities. 

The program employs feedback control loops in which 
the geographic distribution of communities on preceding 

sea-floor surfaces influences, but does not rigidly con
trol, the geographic distribution of communities that 
develop subsequently. The selection of a community ele
ment occupying a particular square at a particular mo
ment is treated as a random process influenced by condi
tional probabilities. The program makes extensive use 
of pseudo-random number generation methods for selec
tion of individual elements. 

The program is being used to study the development 
of Devonian coral-stromatoporoid reefs, as well as 
idealized modern sediment-organism communities. 
Adaptive learning techniques are used to adapt the 
model to real data. Mathematical simulation should be a 
powerful oil-finding tool in some regions by yielding 
greater insight into the behavior of reefs and other sedi
mentary features and providing improved means of pre
diction. 

HARRISS, ROBERT C, Department of Geology, 
Rice University, Houston, Texas 

DISEQUILIBRIUM PRECIPITATION OF MOLLUSCAN SKELE
TAL MATERIAL AND ITS IMPLICATIONS REGARDING 
THE USE OF TRACE ELEMENTS IN FOSSIL SHELLS AS 
PALEOECOLOGICAL INDICATORS 

An investigation of the distribution of magnesium, 
iron, manganese, and strontium in the skeletal carbonate 
of twenty-five specimens of Crassostrea virginica and co
existing sea water, supplemented by a compilation and 
analj'sis of published and unpublished data on trace ele
ment distributions in other marine moUusks, indicates 
that molluscan skeletal material is not precipitated at 
equilibrium with coexisting sea water. Calculations 
demonstrate that the partitioning of minor elements be
tween carbonate and sea water does not follow the 
Nernst distribution law. It is suggested that during shell 
construction the growing skeletal crystaUites are either 
(a) at equilibrium with fluids in the depositional tissues 
whose composition is determined by organic processes, 
or (b) at complete disequilibrium with surrounding 
fluids. The results of this investigation explain the poor 
correlation observed in previous studies between skele
tal chemistry and environmental factors, such as water 
temperature and sahnity, and indicate that the trace 
element content of fossil skeletal material cannot be 
used for detailed paleoenvironmental reconstruction. 

HATHAWAY, JOHN C , SCHLEE, JOHN S., 
TRUMBULL, JAMES V. A., U. S. Geological 
Survey, Woods Hole, Mass., and HULSEMANN, 
JOBST, Woods Hole Oceanographic Institution, 
Woods Hole, Mass. 

SEDIMENTS OF THE GULF OF MAINE 

The Gulf of Maine is a rectangular depression on the 
continental shelf about 180 miles long and 120 miles 
wide. Georges Bank, Browns Bank, and the Nova Sco-
tian Shelf, aU shallower than 100 meters, separate the 
Gulf from the Atlantic Ocean to the southeast. Glacial 
scouring has accentuated the highly irregular bottom 
topography, and numerous basins 200 to 377 meters 
deep are present. Large areas between shallow bedrock 
ridges and the large flat-floored basins are veneered by 
poorly sorted mixtures of clay, silt, sand, and gravel, 
probably derived with very little change from glacial till 
and outwash. These sediments contain moderate 
amounts of layer silicates but less than 2 per cent organic 
matter. The sand-size fraction contains 3 to 10 per cent 
rock fragments and 10 to IS per cent dark minerals. 

Post-Pleistocene reworking of poorly sorted glacial 
material by wave and current action near the coast and 
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