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INTRODUCTION

The geologic studies of the South Texas Outer Continental Shelf made
during 1976 were a continuation of the investigations started in late 1974,
as a part of the National Outer Continental Shelf Environmental Studies
Program sponsored by the Bureau of Land Management. The results of the
studies made during the first year were reported by Berryhill and others,
1976. The initial investigations were keyed primarily to establishing
baselines prior to the first petroleum lease sale for the South Texas 0OCS
held in early 1975. The nature of the initial field investigations, the
density of the data collected, and the scheduling of the field sampling
were by necessity scaled to the few months of time available prior to the
lease sale. The investigations for 1976 are based primarily on the results
obtained during the first year. The study plan for the second year provides
additional data coverage where the density of sample spacing during the
first year was considered somewhat less than that necessary to give definitive
results; it also provides further details and quantification of those sedi-
mentary processes operative on the South Texas OCS that are of concern to
the BLM both in establishing baselines and in monitoring petroleum operaticns

in the future.

STUDY PLAN

The geographic limits of field operatioms during the second year
remained the same as for the first year, which was the South Texas OCS lease
area as defined by the Department of the Interior. The geographical delin-
eation of the area in which the studies were conducted is shown by two

figures: figure 1, which shows the location of the South Texas OCS regionally
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within the Gulf of Mexico; and figure 2, of a larger scale, which shows

the geographic limits, physiography, and bathymetry of the South Texas

0CS lease area.

OBJECTIVES AND RATIONALE

The elements of study were selected to provide qualitative data relative

to defining the environmental character of the South Texas OCS, as pertinent

to the mission of the BLM. The topics studied and the rationale for their

selection are as follows:

1.

The amounts, composition, sources, and dispersal pattermns for inorganic

particulate matter suspended in the water column--The nature and amounts

of inorganic particulate matter introduced into the water column through
natural processes and its origins must be known if anthropogenic pollutants
are to be recognized and quantified. The types and amounts of trace metals
that occur naturally in the sediment particles through chemical bonding

or are otherwise entrained in the suspended material through natural
processes are especially critical in establishing environmental baselines.
Furthermore, the patterns of dispersal for the inorganic particulates,

once they enter the marine system, are clues to predicting the probable
directions of movement and the ultimate depositional fate of pollutants
accidentally spilled. The dispersal patterns are strongly supplementary

to oceanographic data in indicating the directional patterns of water

mass movement over the region. During the first year, the amount and
composition of the suspended sediments were determined from samples of
water collected at three levels from 26 stations. The results were only
broadly quantitative, as the samples were taken on three different cruises

that covered a period of two months. They were not useful for determining



seasonal variations in either the types, amounts, or directions of
dispersal, nor wére they time synoptic. Consequently, during the
second year, samples for the suspended sediments were collected on a
seasonal basis and the composite net of 26 sample stations was covered
during each period of seasonal sampling in the shortest time span
possible sd that the results would be nearly synoptic. 1In no case did
a seasonal cruise exceed 4 1/2 days. Also, the sampling from three
levels in the water was supplemented by transmissometry, which gave a
turbidity profile from surface to bottom at each station. The locations
of stations occupied for the seasonal suspended sediment cruises are
shown by figure 3.

Textural stratigraphy and sedimentary structures, shallow subbottom

sediments~~-The textural or grain size composition of sea floor sediments

from the surface to a depth of 1 to 2 m gives a general indication of
sources for the past thousand years or so and a more specific indication
of how extensively the detritus ultimately was dispersed after it reached
the continental shelf. The vertical variations in grain size from fine
to coarse at a specific locality indicate the temporal ranges in trans-
porting energy at that place through time; the lateral variations from
one place to another indicate the degree to which energy conditions have
varied geographically over the region. The gross textural stratigraphy
of the shallow bottom sediments over the region, as indicated by the
vertical alteration of very fine-grained sediments and layers of discrete
sand plus the nature of the depositional structures implanted during
deposition, records the prevalent directions of sediment dispersal and
deposition with time and indicates the persistence of these patterns

during the recent past. Consequently, data derived from the shallow
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sediments supplement those for both suspended sediments and oceanography
in providing the-means for predicting likely dispersal patterns in the
future. In addition, the textural composition is a key to the geo-
technical properties of the sediments that determine the general
stability of sea floor sediments and their strength for bearing manmade
structures.

The samples used for studying the shallow sea floor sediments were
a series of cores obtained by a gravity fall pipe containing a removable
plastic liner. During the first year, 74 cores were obtained. Because
the cores were spaced rather broadly as a result of time exigencies,
the results provided a recomnaissance of the area. An additional 101
cores were obtained during the second year. Stations were selected
primarily to fill in the larger geographical gaps in the previous station
net; other stations were placed for verification of the results and
interpretations made from data gathered during the first year. The
locations for the cores obtained during the second year are shown by
two figures: outlines of the principal geographic subareas sampled are
shown by figure 4 and the locations of all cores taken during the two
years of study by figure 5. The syntheses of core data are based on
both sets of cores.

Animal-sediment relationships--~The infauna can play a profound role in

the process of sedimentation. Infaunal communities, depending on the

types and density of population, alter significantly the textural compo-
sition of bottom sediments by the process of bioturbation. Where infaunal
comnunities are well-established, bioturbation, or the mixing and burrowing
of sediments, is a continuous process that almost jmmediately changes the

original grain size arrangement of the sediment. As many of the animals
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that live in the bottom sediments have a preference for specific sizes
of grains, they concentrate sediments of the preferred size, thus chang-
ing both the consistency and coherence of the sediments. Recognition
and quantification of the extent and intensity of bioturbation is
important in establishing the environmental characteristics of a region
for two reasons: the intensity and depth of mixing will determine the
extent to which pollutants are likely to be mixed into and concentrated
in the bottom sediments by the activity of the infauna; the extent to
which bioturbation has been abruptly terminated by a single sedimen~-
tological event, such as the deposition of a relatively thick sand layer
during a storm, is an indication both of the higher ranges of transporting
energy that can be expected and of the extent to which the geographic
distribution of the infaunal communities can be changed by natural
processes,

For the first year of study, the sediments collected by bottom
grab sampling at the 74 pipe core sites were processed for identification
of the infaunal communities, and X-radiographs of both the pipe cores
and box cores from the same sites were studied to determine the extent
of bioturbation. During the second year of study, the additional 186
grab samples collected during the first year were processed and 69 of
the additional 101 cores collected during the second year were studied
to provide a more complete documentation of the animal-sediment inter-
actions. The station grid used for the biogeologic studies is shown by
figure 6.

Rates of sedimentation--Some knowledge of the rates at which sediments

accumulate on the sea floor is essential to understanding the sedimen-

tological history of a region and to determining the dominant directions
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of sediment movement and deposition through time. 1In a practical sense,
recognition and delineation of areas of either abnormally high or
abnormally low sedimentation is important in the selection of sites for
manmade structures on the sea floor, such as platforms and pipelines.
Until recently, methods for determining rates of recent sedimentation
to a reasonable degree of precision had not been devised. Consequently,
dating was based mainly on empirical relationships, was quantitatively
gross, and was at best useful only as an average for relatively long
periods of geologic time. The successful use of 21OPb for dating the
accumulation of ice in the Arctic provided a workable method, as 210Pb
is a ubiquitous isotope that has a half-life of only 22 years. As part
of the second year's study, the upper section of 43 cores were dated in
increments of 1 cm to determine rates of sedimentation over the region
during approximately the past 150 years. The locations of the cores

210

used for Pb dating are shown by figure 7.

Relation of trace metals concentrations in bottom sediments to natural

gas seepage--High resolution seismic reflection profiling during the
first year of study strongly suggested that gas was seeping naturally
from the sea floor at several places on the South Texas 0OCS, but pre-
dominantly in an area along the outermost shelf where faulting is both
extensive and intensive. Study of the distribution of trace metals in
bottom sediments during the first year showed that the amounts of some
trace metals were largest in the same area of the outer shelf where the
suspected gas seeps are most numerous. To reiterate, the differentiation
of natural processes from anthropogenic activity is a fundamental concern
in establishing environmental baselines. Equally important is the deter-
mination of the type of hydrocarbon, petrogenic or biogenic, where natural

occurrence is either known or suspected.
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Working from the assumption that natural gas seeping upward from a
petrogenic sourcé might be carrying trace metals that would be eventually
concentrated in anomalous amounts in the sediments around the seeps, a series
of cores carefully sited in the area of suspected seeps was analyzed to
determine if the larger amounts of certain trace metals were indeed related
to gas seepage. The locations of the cores studied are shown by figure 8.

6. Late Quaternary history and Holocene geology of the South Texas OCS--

An accurate and site-specific compilation of the principal geologic
features of a region on a time-sequence basis is the most effective

method of demonstrating the relative stability of the sea floor, of
documenting the geologic mechanisms that have controlled the development
of the continental terrace, and of predicting the geologic factors that
will be of most concern during petroleum development. The three geologic
factors that have controlled both structural development and sedimentation
on the South Texas OCS are (1) the diapiric movement of less dense material
from depth upward through overlying sediments of the continental terrace;
(2) extensive gravity faulting that has progressed seaward with time;

and (3) the sea level fluctuations caused by the cyclic waxing and waning
of glaciation during the Pleistocene. All data that relate to the three
predominant factors noted have been synthesized and compiled on a series
of maps that show the chronological sequence of the geologic events that

have molded the continental terrace from the late Quaternary to the present.

In addition to the work elements listed, analyses of sample material
collected by the University of Texas were made by USGS at the request of the
BLM. The samples were collected as a part of the biological monitoring studies,

whose primary objective was to determine the ranges of variability in epifaunal
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and infaunal communities on a seasonal basis. As a part of the study, the
Corpus Christi office-did textural and trace metals analyses of the bottom
sediments collected at the same time as the biological samples. In addition,
similar analyses, but including suspended sediments, were made on samples
collected by the University of Texas as part of a drill-site monitoring
exercise. Three suites of samples were analyzed: one collected prior to
drilling, one collected in the "plume" during drilling, and a third collected

after drilling had been completed.
FIELD INVESTIGATIONS

The vessel used for the field investigations was the R/Y FAY owned by
TRACOR MARINE and under lease to the Atlantic-Gulf of Mexico Branch of the
U.S. Geological Survey. The FAY, originally built as a geophysical research
ship for a major oil company, was acquired by TRACOR MARINE in 1973 and
modified for multi-objective general oceanographic research, including
coring. The FAY has an overall length of 175 ft, maximum beam of 32 ft,
and berthing space for a normal operating crew of 13 and a scientific crew
of 16.

Field sampling was accomplished during five cruises: USGS Cruise No.
006, suspended sediments and transmissometry, fall season (11/15/75-11/21/75);
USGS Cruise No. 007, coring of benthic sediments (11/21/75-11/26/75); USGS
Cruise No. 010, suspended sediments and transmissometry, late winter season
(3/2/76-3/6/76); USGS Cruise No. 014, coring of benthic sediments for dating
and for analyzing trace metals concentrations around natural gas seeps
(5/9/76~5/19/76); and USGS Cruise No. 015, suspeanded sediments and trans-
missometry, late spring season (5/21/76-5/26/76). Chief scientist for the

cruises were as follows:



006 -~ = - = = =~ Gerald Shideler

007 ~ - - - - - Gary Hill

010 -~ = = - - = Gerald Shideler
014 - - - - - - Charles Holmes
015 - = = = - = Ronald Miller

Navigation and positioning for occupying field stations were carried
out in part by precision navigation and in part by LORAN A. Precision
navigation and station location for cruises 006 and 007 in November 1975
were provided by LORAC Service Corporation on a contract from USGS. Although
precision navigation is not a requirement for positioning stations sampled
for suspended sediments, precision navigation was used during Cruise 006
in November 1975 because the cruise period fell within the month of time
leased by USGS from LORAC to cover both BLM and non-BLM sponsored work.

The precision system used was LORAC, operating in a Hyperbolic Mode
with a lane transmitting separation of 50 feet and a navigation range of
100 miles. The system included a master transmitting station, two slave
stations and a shipboard receiving system consisting of two receivers and
an antenna. Lane counts were acquired at specified petroleum production
platforms of known position and at the UTMSI Biological Pier at Port Aransas
and were tracked on an analog recorder. All station locations were pre-plotted,
and post-plot maps and computer readout sheets listing all fixes and allied
data were prepared and transmitted to USGS.

During the suspended sediments cruise, 3/2/76-3/6/76, navigation and

positioning were provided by the LORAN A equipment aboard the R/V FAY.
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INVENTORY OF FIELD DATA

Two general types of samples were collected under the 1976 work plan:
cores of benthic sediments of two types; and samples of water at three depths,
near surface, mid depth, and near bottom, for extraction of suspended
particulate matter.

Cores for the textural stratigraphy and sediment transport studies were
obtained by use of a standard gravity fall pipe, employing a 500 pound weight
stand and removable plastic liners of 3 inch ID. It was intended originally
that a specially designed hydraulically dampened corer be used to collect
the 20 cores specified in the work plan for determining rates of sedimentation
across the shelf so that disturbance of the surficial sediments could be kept
to a minimum during sampling. However, the benthic sediments over much of
the South Texas OCS are so soft that the tripod housing the corer, despite
its light-weight aluminum construction, repeatedly sank so deeply into the
soft sediments that the core triggering mechanism would not activate and no
core could be obtained. The remaining cores were taken with a gravity
corer and the core was handled with special care during retrieval to keep
disturbance of the sediments to a minimum. As the 2lon dating in the
laboratory progressed, the results were so successful that the initial 10
cores were supplemented by 34 box cores collected during the first year. The
additional cores were selected for subsampling and dating to provide a better
regional coverage than had been planned initially. The dating of the additional
box cores was done as a research contribution of the USGS at no cost to the BLM.

During the sampling for the suspended sediments studies by NISKIN casts,

the following subsamples were prepared: particulate grain size at all three



levels for three seasons; and trace metals content and clay mineralogy at
surface and near botfom for the winter and spring seasons for 12 of the 26
stations. As a supplement to the sampling for suspended sediments analysis,
turbidity levels or amounts of particulate concentration in the water were
measured with a MARTEK transmissometer. A top-to-bottom profile was recorded
at each station for each of the three seasons.

A summary listing of the samples collected by category follows. 1In
part A of the table, column 1 lists the number of samples specified in the
work plan; column 2 lists the number of samples actually collected; and
column 3 indicates the deviations from the numbers specified. 1In all cases
where a larger number of samples were callected than specified, the work was

dene at no extra cost to the BLM.

A. Summary listing of samples by type and number:

1 2 3

Suspended sediments for textural analysis - - - - - 230 230 0
Supended sediments for trace metal analysis - - - - 44 44 0
Suspended sediments for determination of

clay mineralogy =— - = = = = = = = = = = = = = ~ 44 44 0
Gravity cores of beathic sediments for

textural stratigraphy, transport and

bioturbation studies -~ = = = = = = = = = = =« - - 63 69 +6
Gravity cores for determining rates of

sedimentation by 210Pb = = = = = = - = - - - - - 20 43 +23
Gravity cores for relating concentrations

of trace metals in benthic sediments

to natural gas seeps = = = = = = = = = = - - - ~ 10 10 0
Turbidity profiles by transmissometer — — - = - - = 228 228 0

Totals - - - - 639 668 +29



B. Summary listing of samples collected by other elements of the STOCS
Project and transmitted to USGS for analysis

1. Topographic highs:
Samples collected by Texas A&M University
during 1975 and submitted for trace metals
analysis = = = = = = = = - - & D D f - mm - .- - - 25

2. O0OCS monitoring, 1976:
a. Subsamples collected at biological benthic
stations by the University of Texas and
transmitted for textural amalysis - - - = - - - 150

b. Subsamples collected at biological benthic
stations by the University of Texas and
transmitted for trace metals analysis and
clay mineralogy. Four subsamples for each
of 29 stations seasonally - = = = = = = = = = = 116

3. Drill rig monitoring:
(Samples collected by the University of
Texas in three suites: one pre-drilling,
a second during drilling and a third post-
drilling)

a. Suspended sediments for trace metals
and clay mineralogy, pre~drilling - - = = - -« = 5

b. Suspended sediments for trace metals
and clay mineralogy, during drilling - - - - - - 10

¢. Suspended sediments for trace metals
and clay mineralogy, post-drilling - - - - - - = 5

d. Benthic sediments for texture,
pre~drilling — = = = = = = = = = - - - =~ - - - - 24

e. Benthic sediments for texture,
post=drilling = = = = = = = = = = = = = ~ ~ - - 14

f. Benthic sediments for trace metals,
pre-drilling - = = = = = = = = = = = = - - - - - 7

g. Benthic sediments for trace metals,
post—drilling - = = = = = = = « - = =« - - - - 7

Total - - - 401

Grand Total - - - 1356



C. Additional samples and data included in project by USGS as research
contribution

Cores in transects across selected reefs
for sediment transpert studies - = = = = = « = - - - - -~ 32

High resolution seismic reflection profile
gathered as a part of coastal zome studies,
(track miles) - - = - - - - e T 650

The locations of all stations by geographic coordinates are listed

in the tables in the appendices at the end of the report.

PRINCIPAL INVESTIGATORS

Element leader for the geologic investigations was Henry Berryhill, Jr.,
who also assembled and edited the geologic report for 1976. Assistance in
the assembling and editing of the report was provided by Anita Trippet.

Principal investigators delegated responsibility for carrying out the
laboratory analysis, interpretation, compilation and reporting of data
for specific topics of the geologic investigations were:

Suspended sediments, texture, and transmissometry - Gerald Shideler

Suspended sediments, clay mineralogy -~ - - = - - = Charles Holmes
Suspended sediments, trace metals = = = = = = = = = Steven Barnes
Benthic sediments, texture = = = = = = = = = = =« = Gerald Shideler

Benthic sediments, textural stratigraphy,

and patterns of transport - — = = = = = = - - = Henry Berryhill, Jr.
Benthic sediments, biogeology — - = = - - = = = = = Gary Hill
Benthic sediments, trace metals - = = = = = = = - - Charles Holmes and
Ann Martin
Benthic sediments, trace metals in
area of gas seeps ~ = = = = = = = - = = = - = =~ Charles Holmes
Benthic sediments, rates of sedimentation = = = = - Charles Holmes and
Ann Martin

Late Quaternary geologic history and
Holocene geology = = = = - = = = = = = = = = - - Carroll Pyle and
Henry Berryhill, Jr.
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SUSPENDED SEDIMENTS

PHYSICAL CHARACTERISTICS
by

Gerald L. Shideler
Methods
Field Techniques

The regional dispersal patterns for the suspended sediments were
determined seasonally on the basis of both the turbidity and the textural
composition at 26 stations during November, March and May. (See figure 3
for station locations.) The 26 stations were located to provide optimum
geographic coverage of the region and to provide concentrated coverage of
three coastal inlets that serve as major sources of sediment (Pass Cavallo,
Aransas Pass, Rio Grande-Brazos Santiago). The inlet stations were located
along 2 mile radii from the center of the respective inlets and were occupied
during ebb tides as close as possible to the time of maximum current flow.
Water column measurements for each cruise were obtained over a maximum period
of 5 days, thus providing quasi-~synoptic regional coverage. Radar navigation
was used for inlet station positioning. Deeper stations were located and
repositioned by LORAN-A, except for the fall cruise in November 1975 when
LORAC precision navigation was used.

During each of the three seasonal cruises, regional wind conditions and
surface drift patterns were recorded. Daily wind speed and azimuth data
compiled by the National Weather Service at Corpus Christi were considered
to be representative of the OCS region, although it is recognized that wind

velocity can vary from offshore to onshore. The wind data were added



vectorially over a 15 day interval that was centered on the cruise period in
order to determine the resultant wind directions during each cruise. Quasi-
synoptic surface drift patterns were determined by releasing ballasted surface
drifter bottles at each station during the cruise. Only drifters recovered
within 30 days of the release date were used to determine net drifter tra-
jectories between release and recovery points. Drifters recovered within

15 days from the date of release also were used to calculate net minimum
drift velocities, based on straight-line trajectory distances and the corre-
sponding elapsed release~recovery time intervals.

Vertical in situ transmissivity/temperature profiles were recorded at
each station. Processing of the profiles consisted of manually digitizing
the field analog recordings at selected depth intervals, tabulating the
corresponding transmittance and temperature values, and reducing the profiles
to a common scale. The recorded transmittance values (percent T per 25 cm
optical path) were converted to values corresponding to a 1 m optical path,

a more commonly used mode of comparison. Time-series profiles from the 3
cruises were then prepared for each of the 26 monitoring stations to document
the variability of turbidity and temperature within the water column. The
transmissivity and temperature values are tabulated in Appendix 1.

At each of the 26 stations, water samples were obtained at three levels:
top, mid depth, and approximately 2 m above the bottom. Water samples were
collected in 30 1liter NISKIN bottles and were immediately transferred to
particle-free amber polypropylene storage bottles. As a means of inhibiting
organic growth, a sufficient quantity of formalin was added to the storage
bottles to result in a 5 percent concentration. Sediment dispersal patterns
were established on the basis of suspended sediment textural and turbidity

gradients observed at the 26 monitoring stations.



Laboratory Techniques

The suspended sediment from the 230 water samples collected during the

3 cruises was analyzed for both texture and total particle concentrations

using the following procedures:

Textural analyses

1. The field samples were brought to room temperature and thoroughly agitated;
a representative split was taken.

2. The work sample was then filtered through a 125 pm sieve to remove
particles capable of blocking the COULTER COUNTER 200 um tube aperture.

3. Grain-size distributions were determined at a 0.5 @ interval electromically,
employing a 16 channel model TA COULTER COUNTER. Duplicate analyses were
conducted with 200 pm and 30 um tube apertures, providing an effective
analytical range from 0.63 pm to 81 um. All COULTER analyses were conducted
using the following standard procedures:

a. The sample concentrations were maintained at a level sufficiently
low to produce less than 5 percent coincidence error. If dilution
was required, a particle-free sea water diluent, passed through 0.2
pm filter, was used.

b. The 200 um tube analysis was conducted first to determine the coarser
half of the size distribution; the sampie was agitated during analysis
at a standard speed.

¢. The residual sample from the 200 pm tube analysis was passed through
a clean 20 um sieve and was analyzed with the 30 um tube to determine
the finer half of the size distribution. No agitation was used during
the 30 pm tube analysis.

d. The results from both 200 ym and 20 pm tube analyses were combined to
obtain the total size distribution, using standard two-tube overlap

techniques.



The textural data were processed by computer to derive statistical

grain size parameters over a 3.5-11.0 @ analytical range. Derived

parameters include the silt/clay ratios and the four moment measures

(mean diameter, standard deviation, skewness, and kurtosis). These

parameters are tabulated in Appendix 1.

The areal variability of selected size parameters was then mapped for

both surface and bottom water sediments.

Particle concentration analyses

Suspended sediment particle concentrations in the size range of

0.63 to 81 pm also were determined for each water sample. The particle

concentrations (counts/cc), as determined by COULTER CCUNTER, were used

as the index of relative water turbidity. Particle counts were made

using the following procedures:

1.

The water sample was brought to room temperature and thoroughly
agitated.

Counts were made first with the 200 pm tube, running the sample full
strength after passing it through a 125 pm sieve. A standard 150 =l
sample volume was agitated at a standard speed. Duplicate counts
were made; if they agreed within +10 percent, the average value was
used. If the deviation was greater than +10 percent, additional
counts were run until the value spread was within the +10 percent
limits. The 200 pm tube analysis counted particles within the range
of 12.7 to 81 ym.

The residual sample from the 200 uym tube analysis was passed through ‘
a 20 pm sieve and then used for the 30 um tube analysis to obtain the
particle count within the range of 0.63 to 12.7 pm. The sample was

diluted to produce less than 3 percent coincidence error. The particle



count was determined and adjusted by the dilution factor. Duplicate
counts were made using a +10 percent value spread, as described in the
200 um analyses.

4. Particle counts from both the 200 pm and 30 uym tube analyses were
arithmetically combined to provide total particle counts/cc.
Particle count data are tabulated in Appendix 1. The areal varia-
bility of total particle counts was then mapped for both surface

water and bottom water sediments.

Patterns of Movement for the Surface Drifters

Wind drift currents appear to be the major sediment dispersal agent
within the South Texas OCS region. Consequently, the general nature of the
surface drift patterns and the corresponding wind vectors were determined

during each of the three cruise periods (figs. 9-11).
November 1975 Cruise

During the November 15-21 cruise the wind generally was from the
southeast (fig. 9), shifting to the northwest during the latter part of
the cruise (November 20). The shift in wind direction was associated with
the passage of a cold front, a storm period of increased sea state and strong
southward ship drift. Wind speeds during the cruise were within the 16-25
km/hr range. Immediately preceeding (Nov. 11-14) and following (Nov. 22-25)
the cruise, the wind was predominantly from the northeast; the resultant wind
vector for the entire 15-day period was southwestward (254°).

A total of 148 surface drifters were released during the cruise, and 11

percent were recovered within 30 days: 7 percent within the 0-15 day interval,

and 4 percent within the 16-30 day interval. Drifter recovery sites ranged
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from Matagorda Bay southward to beaches in northern Mexico; the highest
concentration of recoveries was in the sector along the U.S.~Mexico border.
The regional direction of drift was toward the south/southwest, except near
the entrance to Matagorda Bay where the tidal current regime apparently was
reflected in local variations. Net minimum drift velocities based on drifters
recovered during the first 15 days ranged from 1-47 km/day, with an overall
mean velocity of 24 km/day. Strong regional southerly drift during the
November cruise may partially explain the relatively poor drifter recovery,
especially from the outer and the more southerly stations. Drifters released
from these stations probably reached remote Mexican beaches farther to the

south.
March 1976 Cruise

Daily wind directions during the March 2-6 cruise were predominantly
from the southeast with a shift to the northeast during the last day
(fig. 10); resultant daily wind speeds were within the 16-40 km/hr range.
Preceeding the cruise (Feb. 26-March 1), the daily wind was from the south-
east with wind speeds within the 12-29 km/hr range. Following the cruise
(March 7-11) the daily winds were from the northeast shifting to the south-
east; wind speeds were within the 1-28 km/hr range. The resultant wind
vector over the 15 day period was oriented northwestward (319°).

A total of 192 surface drifters were released, and 28 percent were
recovered within 30 days: 23 percent within the 0-15 day interval and 5
percent within the 16-30 day interval. Recovery sites ranged from Matagorda
Bay inlet southward to northern Mexico beaches. The highest concentration
of recovered drifters was in the southern coastal sector near the U.S.-Mexico

border. The regional surface drift direction was to the southwest except
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in the vicinity of the coastal inlet stations where surface drift generally
was to the west/northwest, apparently reflecting a flood-dominated tidal
current regime associated with the inlets. Net minimum drift velocities
ranged from 1-41 km/day with an overall mean velocity of 12 km/day.

If the non-tidal offshore circulation pattern reflects mainly wind
drift currents, the regional southwestward drift is not in agreement with
the 15 day resultant wind vector, which is oriented northwestward. The
discordance probably indicates that the surface drift during the March cruise
reflects either residual wind drift currents generated under earlier winter
conditions, possibly by northerly winds associated with passing cold fronts
or post-cruise hydraulic conditions. Another possibility is that the March
drift pattern is not primarily a wind drift pattern, but may be a density-
induced current pattern reflecting either the shelfward intrusion of deeper

gulf water or water coming from the northern gulf shelf.

May 1976 Cruise

During the May 21-25 cruise, daily wind direction initially was from
the northeast, shifting to the southeast for the remainder of the cruise
(fig. 11); resultant daily wind speeds were within the 6-20 km/hr range.
Preceding the cruise (May 16-20), wind vectors were to the west/southwest
within the 6-18 km/hr speed range; following the cruise (May 26/30), wind
vectors were predominantly northwestward and within the 8-27 km/hr range.
The resultant wind vector for the 15 day period was northwestward (297°).

Of the 217 drifter bottles released, 37 percent were recovered within
30 days: 27 percent recovery within the 0-15 day interval and 10 percent
within the 16-20 day interval. Drifter recovery sites ranged from northern

Matagorda Bay southward to near latitude 26°30' N. The directions of

M
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regional surface drift were variable and had a distinct bimodal pattern of
distribution that indicated a very broad regional convergence toward the
central sector. Drift in the northern half of the OCS was predominantly
toward the west/southwest; drift in the southern half was predominantly
toward the northwest. As drifters were released at the northern stations
during the first half of the cruise period, they may largely reflect wind
drift currents generated by the west/southwest-oriented wind vectors of

the precruise and early cruise periods. 1In contrast, the drifters released
at the southern stations during the latter half of the cruise probably
reflect currents generated by the predominantly northwest-oriented wind
vectors that occurred within the May 22-30 period. In essence, the bimodal
pattern could reflect a shifting wind drift current regime. Net minimum
drift velocities during the May cruise ranged from 3-25 km/day with an

overall mean velocity of 14 km/day.

Water Turbidity Patterns

One method of evaluating the suspended sediment transport system is by
determining on a time-series sequence basis the regional turbidity gradients
as indicators of temporal sediment dispersal patterns. Lateral and vertical
turbidity gradients were determined for each cruise period in terms of both

water transmissivity and particle concentrations.

Transmissivity and Temperature

Measurements of water transmissivity (percent T/m) using a light beam
transmissometer system are influenced by a number of variables that affect
the optical properties of seawater (Jerlov, 1968; Gibbs, 1974). Obviously,

the most influential variable is the amount of sediment in suspension at a



given place and time. Consequently, in situ transmissivity measurements can
be used as approximafions of the relative amounts of turbidity. The trans-
missometer measurements were used to determine the seasonal variability of
lateral transmissivity gradients in the surface waters, as well as the vertical
gradients within the water column and to relate the variations in turbidity

to the thermostructure of the water. For descriptive purposes, an arbitrary
verbal scale of relative turbidity based on water transmissivity values was
defined as follows: 1) highly turbid (opaque) = <5 percent T/m; 2) turbid =
5-30 percent T/m; 3) moderately turbid = 30-70 percent T/m; 4) nonturbid

(transparent) = >70 percent T/m.

Surface patterns

November 1975 pattern (fig. 12)--Transmissivity (percent T/m) of surface
waters during the November cruise ranged from opaquevor highly turbid (0 percent)
near some coastal inlet stations to transparent or nonturbid (99 percent) near
the shelf edge at the 180 m isobath (station 12). Two general trends were:
indicated: a progressive seaward decrease in turbidity to mid shelf and omnly
moderate turbidity (>60 percent) and a relatively low transmissivity gradient
with turbidity isopleths largely discordant to the bathymetry over the outer
half of the shelf. On the inner half of the shelf where turbidity was higher,
transmissivity gradients were steeper and the isopleths concordant to the
bathymetry. The pattern over the inner shelf of progressively increasing
turbidity with decreasing water depth parallels the coastline and probably
is attributable to both proximity to coastal sediment sources and a progressive
shoreward increase in wave surge intensity that tends to maintain sediment in
suspension. In contrast, the discordant pattern over the outer shelf shows an

apparent absence of depth control and may reflect the shelfward incursion of
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relatively transparent water from the deeper part of the gulf. An incursion
is suggested by the ﬁrominent shoreward-trending salient of transparent and
relatively warm (percent T >70) surface water centered near latitude 27°30' N.
in the central sector and by the subordinate salient centered near latitude

26°00' N. in the southern sector.

March 1976 pattern (fig. 13)--Surface water transmissivity during the

March cruise ranged from opaque highly turbid (0 percent) near some inlet
stations to transparent nonturbid (90 percent) in the northeastern sector
(station 7). The basic regional pattern was similar to that for November
and indicated a progressive shoreward increase in turbidity, as well as the
same two-fold shelf division in terms of transmissivity characteristics.

A comparison of the March turbidity pattern with the November pattern
near coastal inlets shows minor local differences that may be related to
differences in the tidal phase during field measurements. Minor changes
also occurred in the configurations and locations of the two prominent
salients of transparent water; however, the similarity in the positions of
the two salients during both seasons suggests that they are relatively

persistent.

.May 1976 pattern (fig. 14)--Transmissivity of surface waters during

the May cruise ranged from a minimum of 7 percent near the Rio Grande-Brazos
Santiago inlet (station 23A) to a maximum of 90 percent near the central
sector (station 11). The basic two-fold division in shelf transmissivity
structure indicated by the patterns for November and March also was evident
in the pattern for May, with some modifications. The transparent water of
the outer shelf (percent T >70) with low transmissivity gradients and

bathymetrically discordant isopleths appears to have expanded shoreward
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onto the inner shelf sector within the southern half of the 0CS, possibly
reflecting the maximﬁm incursion of deeper gulf waters among the three
cruises. This incursion appears to have reinforced the bathymetrically
concordant turbidity gradients of the southern inner shelf, resulting in
relatively high gradients compared with the northern inner shelf gradients
where encroachment was less pronounced.

A comparison of the three time-series patterns suggests a temporal
variation in OCS surface water turbidity caused by the interaction of two
separate dispersal mechanisms. The dispersal mechanism over the inner
shelf appears to be regulated by depth, but also is influenced by the
locations of coastal sediment sources and by regional wave surge intensity.
Temporal turbidity variability along the inner shelf probably is induced
mainly by seasonal variations in coastal sediment inflow from adjacent
estuaries and by variations in the ambient wave climate. 1In itself, the
seaward dispersion of coastal sediment by advection and diffusion would
produce a regional seaward-decreasing turbidity gradient concordant with
bathymetry. However, a discordant transmissivity structure on the outer
shelf suggests a second dispersal mechanism that involves seasonal variations
in the degree of shoreward incursion of transparent water from the deeper
gulf. The incursion seems to have been most pronounced during May. The
incursion effect, 1f real, may inhibit the gulfward escape of shelf sediment,

thus accentuating the coast-normal turbidity gradients over the imner shelf.
Vertical transmissivity/temperature gradients

Vertical transmissivity/temperature profiles for the monitoring stations
are illustrated by figures 15 to 28. Transmissivity (percent T/m) is indicated

by the relatively broad graph line; temperature (°C) is indicated by the



thin line. The sea floor position is represented by the hachured surface.
Precision limitations of the LORAN-A navigation system made it impcssible to
occupy the exact same spot for each station on each cruise. Therefore, water

depth varied among the three profiles for some statioms.

Matagorda Bay Inlet, Stations 1, 1A, 2 (fig. 15)--The purpose of moni-

toring these three inlet stations was to ascertain the sediment dispersal
pattern associated with Matagorda Bay, a source of sediment for the South
Texas OCS. All three stations are at depths of less than 15 m. Stations 1
and 1A are located respectively northeast and southwest of the Matagorda
ship channel; station 2 is located south of the bay's natural inlet (Pass
Cavallo).

In November station 1 had a homogeneously high turbidity (<5 percent T/m)
and a positive temperature gradient with depth; station 1A had homogeneously
high turbidity and isothermal conditions. Station 2 had a stratified
turbidity and thermal structure consisting of a turbid surface water layer,
a moderately turbid, warmer intermediate layer, and a highly turbid bottom
layer. The comparative November profiles of these inlet stations suggest
that the Matagorda ship channel was a more prolific source of sediment than
the natural inlet (Pass Cavallo). The variable turbidity and thermal
structures of the three inlet stations indicate varying degrees of coastal
water homogenization: station 1A exhibits the most thoroughly mixed water
column; station 2 is least homogenized. The station 2 profile suggests that
an ebb sediment plume maintained its entity as a relatively low density
surface flow.

In March all three stations had homogeneously high turbidity. Stations

1 and 2 were nearly isothermal to within a few meters from the bottom, whereas
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station 1A had a minor thermocline near a depth of 5 m associated with a
small increase in turbidity. The pattern suggests prolific sediment outflow
from both the Matagorda ship channel and Pass Cavallo.

In May, all three stations had stratified turbidity and thermal struc-
tures. Stations 1 and 1A had a turbid surface layer (upper 3 m) overlying a
highly turbid bottom layer. Their thermal structure had a mid-depth temperature
inversion. Station 2 had a moderately turbid surface water layer (upper 1 m),
a less turbid intermediate layer, and a highly turbid bottom layer. The
surface and intermediate layers had a positive temperature gradient with
depth, and the bottom layer was a relatively warm isothermal layer. The
inlet pattern suggests that both Matagorda ship channel and Pass Cavallo
were prolific sediment sources.

Several conclusions can be drawn from the entire suite of time-series
profiles from the Matagorda Bay inlet area. 1) Sediment outflow from the
inlet area was least during the May cruise. 2) Away from the inlet area
proper, dispersal of sediment was uniformly seaward during the three cruises
without any dominating longshore transport component. 3) Mixing of coastal
water was most thorough during the March cruise, a period of relatively
homogeneous turbidity~-thermal structure. In contrast, the least mixing was
encountered during the May cruise, a period characterized by a well-stratified
turbidity thermal structure. 4) Turbidity appeared to be related to water
thermostructure although the relationship is variable; isothermal water layers

tend to be uniformly turbid.

Station 3 (fig. 16)--For the three cruises, the recorded depths at

this inner shelf station varied from 19 to 24 m. The November profile indicated

an isothermal water column. The turbidity structure consisted of turbid (5-10
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percent T/m) surface waters and an increasing turbidity gradient to 8 m

and homogeneous turbidity below. The March profile indicated a nearly
uniform column of moderately turbid water and a negative temperature

. gradient. The May profile showed a moderately turbid layer of surface
water (upper 2 m), a turbid intermediate layer (2-10 m), and a nepheloid
layer 10 m thick. The May thermal structure had a slightly positive temper-
ature gradient in the surface layer, an isothermal intermediate layer, and

a slightly negative gradient within the bottom layer. Thermal and turbidity
structures appeared to correlate.

The suite of time-series profiles indicated substantial temporal
variation in the turbidity/thermal structure, apparently reflecting the
shallowness of the station. Overall turbidity was least during March, when
the water was coolest. A stratified structure was recorded during May,
indicating inefficient mixing and the possible presence of a nepheloid layer
approximately 10 m thick. In contrast, the water column during November and

March was relatively homogeneous, indicating substantial mixing.

Station 4 (fig. 16)--The depths recorded during the three seasonal

cruises at this inner shelf station ranged from 35 to 41 m. The November
profile indicated an isothermal water cclumn having moderate turbidity that
increased slightly with depth. The March profile also showed moderate
turbidity increasing with depth; however, the associated thermal structure
showed a negative temperature gradient. The May profile also showed moderate
turbidity increasing with depth but with a tendency toward a two-layer
structure. A conspicuous turbidity interface was recorded at a depth of
about 20 m. The lower, more turbid layer possibly reflected an incipient
nepheloid layer. The thermal structure in May essentially was opposite to

that in March.



The time-series profiles for station 4 indicated seasonally consistent
turbidity structure éxcept for a tendency toward transition from homogeneous
to stratified structure from November to May. The transition may have been
induced by changes in water temperature from isothermal, to negative, to

positive during the period November to May.

Station 5 (fig. 17)--Recorded depths at this outer shelf station ranged

from 75 to 81 m. The November and March profiles both showed essentially
nonturbid (>70 percent T/m) waters to a depth of 75 m. Below 75 m the
turbidity gradient increased abruptly, indicating a nepheloid layer that was
3 m thick in November and 6 m thick in March. The March thermal structure
had a negative gradient; the November thermal structure had isothermal waters
to a 60 m depth, followed by a temperature inversion and gradient reversal.
The May profile also had a nonturbid upper layer that was slightly more
transparent than during November and March. The nonturbid water extended
to a depth of approximately 68 m and was underlain by a nepheloid layer 7 m
thick. The May thermal structure consisted of essentially isothermal surface
and bottom waters and a broad thermocline within the depth range of 20 to 55 m.
The time-series profiles indicated only a slight seasonal variation
(<10 percent T/m) in overall station turbidity. The two-layer turbidity

structure persisted regardless of the large variations in water thermostructure.

Station 6 (fig. 18)--Recorded depths at this outer shelf station ranged

from 174 to 184 m. Strong currents along the edge of the shelf during all
‘three cruises prevented the transmissometer sensor from reaching bottom,
resulting in partial profiles. Within the zone of measurement, the profiles
for all three seasons indicated generally nonturbid water (percent T/m

>70 percent). The deepest profile (110 m) was obtained during March. The
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thermal structures were variable seasonally; in March and May the water had
respectively low and high negative temperature gradients with depth; in
November the water was essentially isothermal.

The time—sefies profiles show that overall station turbidity was least
during November. The water had relatively constant and uniform turbidity
structure with depth despite substantial seasonal variation in the thermal

structure.

Station 7 (fig. 19)--Recorded depths at this outer shelf station ranged

from 67 to 81 m. In November the water was isothermal and relatively non-
turbid with a slightly increasing turbidity gradient. In contrast, during
the sampling in March and May, the water was stratified, consisting of non~
turbid water to respective depths of 62 m and 52 m, above a nepheloid layer
that was 17 m thick in March and 21 m thick in May. The thermal structure
in March was a slight negative temperature gradient to a 64 m depth, above
an isothermal layer; the thermal structure in May was a higher negative
gradient to a 56 m depth, above an isothermal layer.

The time-series profiles indicate that from November to May, the thermal
structure changed from isothermal to progressively greater negative temperature
gradients, accompanied by an isothermal nepheloid layer that was absent in
November. The profiles further suggest a general inverse relationship between
temperature and turbidity. The nepheloid layer did not develop until near-
bottom temperatures decreased from a November high of 24.5°C to a low of
19.5°C in March and May. The presence and thickness of a nepheloid layer
at this locality appear to be controlled seasonally by the thermal structure

of the water.
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Station 8 (fig. 19)--This inner shelf station is 41 m deep. The

turbidity profiles for all three seasons showed two layers: a nonturbid
(percent T/m >70) upper layer overlaying a nepheloid layer whose thickness
varied (8m in November and May; 20 m in March). The thermal structure of
the water during November and March indicated temperature inversions; in
May an intermittently negative temperature gradient was indicated.

No systematic relationship between thermal structure and turbidity was
apparent other than a tendency for a nepheloid layer to be essentially

isothermal.

Aransas Pass Inlet: Stations 9, 9A (fig. 20)--The comparative time-

series profiles from this pair of stations were used to evaluate sediment
dispersal associated with Aransas Pass. Stations 9 and 9A are located
respectively northeast and southwest of the inlet and ranged in depth from
10 to 15 m.

In November the water at both stations was isothermal and highly
turbid (<5 percent T/m), indicating thorough mixing and a relatively uniform
radial dispersion of sediments from the inlet. 1In March’the water at station
9 was stratified, indicating an absence of effective mixing. The structure
consisted of a turbid (20 percent T/m), isothermal layer 8 m thick overlying
a highly turbid and slightly cooler layer. 1In contrast, the water at station
9A had high turbidity (<5 percent T/m) and isothermal structure, indicating
thorough mixing. In May station 9 had turbid (15-20 percent T/m) surface
water and an increasing turbidity gradient with depth, indicating partial
mixing. The thermal structure showed a negative temperature gradient to a
depth of 5 m, below which isothermal waters occurred. Station 9A had high

turbidity (<5 percent T/m) and a variable thermal structure.
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The complete suite of time-series profiles from Aransas Pass suggests:
1) southward-trending ebb-tidal sediment plumes during March and May cruises;
2) most efficient mixing of coastal water during the November cruise; 3) generally

isothermal waters were uniformly turbid.

Station 10 (fig. 21)--The depth of this inner shelf station is 43 m.

The water column for all three seasonal profiles generally had a two-layer
turbidity structure: an upper layer of moderately turbid to nonturbid water
with substantial local variability above a nepheloid layer that ranged in
thickness from 8 m in November and March to 15 m in May. The thermostructure
in November and March was similar: isothermal near-surface waters (upper
18-20 m) above a zone of reversing temperature gradients. The thermostructure
in May had an intermittently negative temperature gradient.

The time-series profiles indicate a complex, seasonally variable thermal
structure, but a persistent, two-layer turbidity structure and a well-defined
nepheloid layer. Although temperature variations may have been associated

with local variations in the turbidity, no systematic relationship was apparent.

Station 11 (fig. 21)--Depths recorded at this station ranged from

71 to 81 m. The turbidity structure for all three seasons was well-defined
two-layer stratification: a nonturbid upper water layer with minor local
variations above a nepheloid layer of variable thickness (7 m in May, 15 m
in March, and 30 m in November). The thermostructure in November and March
was essentially isothermal. 1In contrast, the thermal structure in May had a
negative temperature gradient.

The time~series profiles indicated seasonally persistent turbidity
stratification and a well-defined nepheloid layer that was most extensively

developed in November but most sharply defined in May. The degree of
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stratification apparently was most influenced by a negative temperature

gradient.

Station 12 (fig. 22)--The depths recorded at this outer shelf station

during the three times of occupancy ranged from 165 to 182 m. Because of
strong shelf-edge currents, only partial profiles were obtained. Within
the depth interval measured, the turbidity during each sampling was essentially
homogeneous. In November the water was transparent (99 percent T/m); the
thermal structure showed a near-surface temperature inversion, an underlying
isothermal zone, and a bottom layer with a negative gradient. The March
profile showed moderately turbid (60-70 percent T/m) water and a negative
temperature gradient. The May profile also showed a negative temperature
gradient, but with less turbid water (percent T/m >90) than the March profile.
The profiles indicated a seasonally homogeneous turbidity structure within
the upper water column, although overall turbidity varied from a maximum in
March to a minimum in November. The increased turbidity was associated with a

negative temperature gradient.

Station 13 (fig. 23)--Depths recorded at this outer shelf station ranged

from 77 to 83 m. The November profile indicated a turbidity gradient that
increased downward from nonturbid upper waters to moderately turbid deeper
waters. The profile did not reach the sea floor and no nepheloid layer was
indicated within the depth recorded. The thermal structure showed a positive
temperature gradient. Both the March and May profiles showed two-layer
turbidity stratification that consisted of a nonturbid layer above a nephloid
layer that was 26 m thick in March and 15 m thick in May. The reduction in
thickness of the nepheloid layer was assoclated with a seasonal difference in
thermostructure that changed from nearly isothermal conditions in March to a

negative temperature gradient in May.
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The time-series profiles suggested a nepheloid layer that was best
developed in the early spring and was minimal or absent in the late fall.
The seasonal change in turbidity possibly was caused by a change in the
thermal structure with maximum development of a nepheloid layer during

nearly isothermal conditions.

Station 14 (fig. 23)--This inner shelf station has a depth of 38 m.

The turbidity structure in November and March consisted of a moderately
turbid upper layer overlying a nepheloid layer that was respectively 13 m
and 9 m thick. The thermal structure in November consisted of isothermal
surface waters and an underlying positive temperature gradient, as contrasted
with a nearly isothermal structure in March. The water had a more complex
four-layer turbidity structure in May: a nonturbid surface water layer
(upper 9 m), an intermediate moderately turbid layer, a lower nonturbid
layer, and a nepheloid layer 10 m thick. The thermostructure in May consisted
of isothermal surface waters above a negative temperature gradient; the
nepheloid layer was isothermal.

The time-series profiles indicated turbidity stratification of either
two or four layers including a persistent nepheloid layer. As at station 13,
the thermostructure indicated a seasonal transition from a positive gradient
in the late fall to isothermal conditions in early spring and to a negative
gradient in late spring. Thermostructure changes may have been related to
the changing turbidity structure.

Station 16 (fig. 24)--The depth at this inner shelf station is 23 m.

In November the water had a two-layer turbidity structure consisting of an
upper moderately turbid layer overlying a nepheloid layer 12 m thick. The

upper layer was isothermal, but the nepheloid layer had a positive temperature



gradient. The March water column had a three~layer turbidity/thermal
structure consisting of an isothermal, turbid surface layer, a slightly
cooler and less turbid intermediate layer, and an isothermal nepheloid layer
7 m thick. The development of the intermediate layer was associated with a
small thermal discontinuity. The May water column was essentially isothermal
with a two-layer turbidity structure consisting of an upper nonturbid layer
and a moderately turbid nepheloid layer 3 m thick.

The time-series profile for station 14 showed seasonally variable thermo-
structure and stratified turbidity. The nepheloid layer was best developed

during the late fall and diminished through late spring.

Station 17 (fig. 24)--This inner shelf station is 39 m deep. In November

the water had a two-layer turbidity structure consisting of a variable, moder-
ately turbid layer above a nepheloid layer 11 m thick. The upper water layer
contained two isothermal zones separated by a temperature inversion; the
nepheloid layer was isothermal. The turbidity structure in March consisted
of a moderately turbid to nonturbid upper layer overlying a nepheloid layer
5 m thick. The upper layer also had a slightly variable thermostructure.
The water column in May had a negative temperature gradient and appeared to
have a two-layer turbidity structure consisting of a nonturbid upper layer
(uppermost 22 m) above a nepheloid layer 17 m thick.

The comparative profiles indicated a seasonally persistent, two-layer
turbidity structure with a variable nepheloid layer that seems to have been

best developed during May when there was a negative temperature gradient.
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Station 18 (fig. 25)--This outer shelf station is 69 m deep. All three

seasonal profiles exhibit a two-layer turbidity structure consisting of a
variable layer of moderately turbid (November) or nonturbid (March, May)

water above a nepheloid layer which was 6 m thick in November, 13 m in March,
and 5 m in May. Thermal structures consisted of an upper positive temperature
gradient followed by a gradient reversal in November, a low negative gradient
in March, and a highly negative gradient in May.

The profiles showed seasonal variations in thermostructure, but a per-
sistent two-~layer turbidity structure including a nepheloid layer. Local
variations in turbidity appear to be minimal when the water column has a
relatively high negative temperature gradient and maximal when the gradient is

reversed.

Station 19 (fig. 26)--Depth at this outer shelf station ranged from 109

to 111 m. Strong shelf-edge currents did not permit measurement to the sea
floor. The November profile showed a relatively homogeneous, nonturbid layer
above a nepheloid layer approximately 36 m thick, which was the thickest
nepheloid layer observed during the year. The slight increase in turbidity

in the surface water was associated with a temperature reduction, whereas the
underlying homogeneous zone of the upper layer was essentially isothermal.

The increasing turbidity of the nepheloid layer was associated with a negative
temperature gradient. The profile at this station showed a;.excellent correlation
between turbidity and temperature. The March profile showed essentially non-
turbid water and a negative temperature gradient. The presence of a nepheloid
layer is somewhat conjectural because of the incomplete profile that resulted

from the strong shelf-edge currents. The May water column had a relatively

high negative temperature gradient and an apparent two-layer turbidity structure
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consisting of a nonturbid upper layer and a probable nepheloid layer approxi-
mately 10 m thick.

Although complete measurements could not be made, the profile showed
two-layered turbidity that probably is perennial. The nepheloid layer was
best developed during November. Seasonal variations in thermal structure may

have some influence on this development.

Station 20 (fig. 27)--Depths at this station ranged from 49 to 51 m.

The profiles for all three seasons showed a two-layer turbidity structure:
a nonturbid layer above a nephelcid layer that varied in thickness (13 m in
November, 9 m in March, 8 m in May). The thermal séructure in November showed
a good correlation with turbidity: the upper layer had an isothermal surface
zone (upper 14 m) and a lower zone consisting of temperature inversions; the
nepheloid layer had a slightly negative temperature gradient. In March the
water was largely isothermal with only slightly cooler waters within the
nepheloid layer. The thermal structure in May had a negative temperature
gradient.

The profiles indicated a substantial seasonal change in thermal structure
but a persistent two-layer turbidity structure. The nepheloid layer was best
developed in November when the thermal structure showed a substantial tem-

perature inversion.

Station 21 (fig. 27)--Recorded depth at this station for the three cruises

ranged from 38 to 40 m. The seasonal profiles showed a two-layer turbidity
structure consisting of a moderately turbid to nonturbid upper layer above a
nepheloid layer. The nepheloid layer was most distinct in May, when it was
8 m thick; in March it was 9 m thick and in November, when internal turbidity

variations were substantial, it was 16 m thick. The seasonal thermal structures
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ranged from a temperature inversion in November and nearly isothermal
conditions in March to a negative temperature gradient in May.

The profiles indicated the same seasonal variability in thermal and
turbidity structures as further seaward at station 20, except for slightly
higher overall turbidity and a more heterogeneous nepheloid layer during

November.

Station 22 (fig. 27)--Depths at this station ranged from 22 to 27 m.

The turbidity structure in November consisted of a moderately turbid layer
above a nepheloid layer 8 m thick; the associated thermal structure was a
temperature inversion. The turbidity structure in May showed a nonturbid
layer above a nepheloid layer 3 m thick; the thermal structure was a negative
temperature gradient. The profile for March showed a thin, moderately turbid
surface layer overlying a nonturbid layer; no nepheloid layer was indicated.
The thermal structure in March consisted of a negative temperature gradient.
The profiles indicated seasonal variability in thermal structure and an
intermittent nepheloid layer. Except for March, the seasonal patterns were

similar to those for the more seaward stations, 20 and 21.

Rio Grande-Brazos Santiago Inlet: Stations 23, 23A, 24 (fig. 28)--The

time~series profiles for the three stations were taken to evaluate the
sediment dispersal patterns associated with the Rio Grande-Brazos Santiago
inlet. Stations 23 and 23A are located respectively northeast and southeast
of the Brazos Santiago navigation channel; the southernmost station (24) is
northeast of the mouth of the Rio Grande near the U.S.-Mexico international
boundary. Depths for the three stations ranged from 10 to 20 m.

In November, all three stations had a well-stratified three-layer

turbidity structure: a highly turbid (<5 percent T/m) surface layer (upper 5 m),
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a relatively transparent intermediate layer, and a highly turbid bottom layer.
Also, some thermal stratification was indicated: an isothermal surface layer
above a layer in which the temperature gradient increased with depth. The
uppermost turbidity interface was associated with a temperature discontinuity.
The inlet pattern appeared to reflect the seaward dispersal of an ebb-tidal
sediment plume that had maintained its identity as a relatively low density
surface-water mass, probably reflecting lower salinities due to coastal runoff.
The turbid bottom water probably was caused by resuspension of sea floor
sediment by wave surge.

The similarity in turbidity of the surface waters at all three statioms
suggested that the Rio Grande and Brazos Santiago channel were both prolific
sources of sediment; dispersal of the sediment seaward was radial and fairly
uniform.

In March, the water at all three stations had high turbidity (<5 percent
T/m) and a minor thermocline near a depth of 8 m, below which a slight
reduction in turbidity was suggested.

In May, the turbidity/thermal structure at station 23 consisted of a
moderately turbid, isothermal surface layer above a cooler, highly turbid
bottom layer. Both stations 23A and 24 had isothermal water with uniformly
turbid to highly turbid conditions; station 23A was both slightly warmer and
slightly more turbid. The stratification at station 23 possibly reflected
the northerly transport of a less turbid and lower density sediment plume,
which maintained its identity as a surface flow above more turbid inner shelf
waters. The turbidity interface at station 23 was associated with a thermo-
cline.

The entire suite of time-series profiles in the area suggests the

following: 1) coastal water mixing was most efficient during the March



cruise when relatively homogeneous conditions were indicated; mixing was
least efficient during the November cruise when the structure was highly
stratified; 2) isothermal waters tended to be more uniformly turbid, although
no systematic relationship was indicated between turbidity and thermal

structure.

Summary

Vertical transmissivity/temperature gradients of the water at the
coastal inlet stations showed complex and variable relationships, both in
time and space. The ebb-tidal sediment plumes from inlets suggest either
a uniform seaward radial dispersal pattern or a coastwise-oriented pattern
caused by an influential longshore transport. No systematic seasonal or
spatial dispersal pattern is apparent among the three major inlets.

As the surface water near the inlet had both relatively high turbidity
and low temperature, the low density of the plumes must be attributed to
lower salinity resulting from coastal runoff. Bottom water turbidity
probably is caused by the resuspension of sediment by wave surge. The
turbidity and thermal structures in the water appear to be related, but the
relationship is not systematic. The apparent absence of a direct cause-and-
effect relationship probably can be attributed to the complex diurnal mixing
processes associated with coastal waters under tidal influence. Under these
conditions, salinity variations and the rate of dispersion by the hydraulic
regime are major variables influencing density stratification within the
water column.

The inner and outer shelf water away from tidal inlets also had
variable turbidity and thermal structures, both in time and space. The most

prevalent turbidity structure was a two-layer stratification consisting of



a nepheloid layer below a less turbid layer. The nepheloid layer varied
substantially in both thickness and distribution. It seemed to be perennial
at most stations but was seasonal at others. In general, the nepheloid layer
was thickest toward the outer shelf. The thermal structures of water over
both the inner and outer shelf were widely variable. The relationship
between turbidity and thermal structure is being‘studied further as a part

of the 1977 program.
Particle Concentrations

Measurements of suspended sediment particle concentrations were made
on the quasi-synoptic water samples as a second method of determining lateral
variations in turbidity. Regional variations were determined for both surface
and bottom waters for each of the three seasonal cruises. Particle concen-
trations within the 0.63 to 81 pm size range were determined by COULTER COUNTER,
in terms of total particle counts/cc of water sample. This information formed

the basis for determining relative turbidity patterns.
November 1975

Surface water (fig. 29)--Particle concentrations in surface waters at

individual stations ranged from a minimum of 12x10% at station 5 in the northern
outer shelf sector to a maximum of 224x104 at Aransas Pass, station 9. The
greatest concentrations of suspended material (>l30x104) were at the three
coastal inlets: Matagorda Bay, Aransas Pass, and Rio Grande-Brazos Santiago.
Particle concentrations at the Matagorda Bay stations (91x104 at station 1,
186x104 at station 1A, and 133x10% at station 2) suggest the predominantly
southward dispersal of an ebb sediment plume from the Matagorda ship channel,

which appeared to be a more prolific source of sediment than the natural Pass
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Cavallo. Dispersal southward was attributed to a dominant south-trending

longshore current. Particle concentrations at Aransas Pass (224x104 at

station 9 and 188x104 at station 9A) suggested predominantly radial dispersion
of an ebb sediment plume seaward, perhaps with some minor northerly longshore
transport. Particle concentrations at the Rio Grande-Brazos Santiago inlet
(182x104 at statiomn 23, 69x104 at station 23A, and 55x104 at station 24)
suggested the dominantly northward dispersal of an ebb sediment plume
emanating from the Brazos Santiago channel, which appeared to be a more
prolific source of sediment than the Rio Grande.

The regional pattern of particle concentration showed a shoreward
increase in turbidity throughout the OCS, with relatively high concentration
gradients along the inner shelf. The pattern also indicated the regional
influence of sediment dispersion from the three coastal inlets which serve
as prominent sediment sources; Aransas Pass appeared to be the most prolific
source. The concentration isopleths along the inner shelf were largely
subparallel to the isobaths. A conspicuous area of relatively low
concentrations (<30x104) formed a broad shoreward-directed salient north of
latitude 26°45' N. A second subordinate salient was centered near latitude
26°00' N. This regional concentration pattern correlates well with the
surface water transmissivity pattern (figure 12), in which the areas of
lowest particle concentrations are also characterized by highest water

transmissivity.

Bottom water (fig. 29)--Particle concentrations in bottom waters at

individual stations ranged from a minimum of 7x104 at station 12 near the
central shelf edge to maximum of 248x104 at Aransas Pass, station 9. Greatest

concentrations of sediment (>l30x104) occurred in a zone along the inner



shelf from Matagorda Bay southward to latitude 26°15' N. The concentrations

at inlet stations were substantially greater than corresponding surface con-
centrations. In addition, patterns of concentrations at the inlets support

the inferences of predominantly southward sediment dispersion from the
Matagorda ship channel and uniform to slightly northward dispersion from
Aransas Pass. Sediment dispersion from the Rio Grande-Brazos Santiago inlet
appears to have occurred mainly as surface flow, as indicated by the conspicuous
absence of bottom turbidity.

As in the pattern for the surface water, the pattern for the bottom water
showed a general shoreward increase in turbidity and relatively steep con-
centration gradients along the inner shelf, largely subparallel to the iso-
baths. The pattern for the bottom water reflected the regional influence of
Matagorda Bay and Aransas Pass as prominent sediment dispersal centers. The

4

curvilinear high turbidity zome (>130x10° counts/cc) along the inner shelf
suggested that resuspension of sea-floor sediment by wave surge in the coastal
sectors between the inlets was an additional source of bottom~-water sediment.
In contrast, surface sediment appears to have been derived mainly from inlet
tidal waters. In general, the bottom and surface waters do exhibit some

differences in regional concentration patterns, possibly reflecting differences

in transport mechanisms.

March 1976

Surface water (fig. 30)--Concentrations of particles in surface water

at individual stations ranged from a minimum of 4x10% at station 12 near
the central shelf edge to a maximum of 203x104 at Pass Cavallo (station 2).
Greatest concentrations of sediment (>130x104 counts/cc) occurred at

Matagorda Bay (Pass Cavallo). Concentrations at the Matagorda Bay inlet
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4 at station

stations (110x104 at station 1, 85x104 at station 1A, and 203x10
2) suggested the predominantly southward dispersion of an ebb-sediment plume
derived primarily from Pass Cavallo and secondarily from the Matagorda ship
channel. Concentrations at Aransas Pass (statjon 9 = 32x104, station 9A =
84x104) suggested southward sediment dispersion; the concentration pattern
at the Rio Grande-Brazos Santiago inlet (station 23 = 118x104, station 23A =
71x104, station 24 = 98x104) was inconclusive.

The regional pattern showed increasing turbidity shoreward with the
greatest increase in the vicinity of Matagorda Bay inlet, the dominant
sediment dispersal center. Concentration isopleths were largely parallel to
isobaths. The entire outer shelf (>45 m depth) and much of the inner shelf
had relatively nonturbid waters (<30x104 counts/cc); turbid waters were
restricted mainly to the shallower part of the inner sheif. A general

correlation existed between areas of low particle concentrations and areas

of relatively high surface water transmissivity.

Bottom water (fig. 30)--Concentrations of particles in bottom waters

at individual stations ranged from a minimum of 5x10% at station 19 along
the southern shelf edge, to a maximm of 329x104 at Pass Cavallo (statiomn 2).
Greatest concentrations of sediment (>130x104 counts/cc) were at the three
inlets; Matagorda Bay inlet was the most prolific source of sediment during
March. Bottom water concentrations at the Matagorda Bay inlet statiomns
(station 1 = 162x10%, station 1A = 107x10%, station 2 = 329x10%) confirm

the inference based on the concentrations of particles in the surface water:
predominantly southward sediment dispersion, with Pass Cavallo being a more

prelific sediment source than the Matagorda ship channel. Concentrations

in the bottom water at Aransas Pass (station 9 = 50x104, station 9A = 184x104)



also indicated predominantly southward dispersion, as did the surface concen-
trations. The concentrations at the Rio Grande-Brazos Santiago inlet
(station 23 = 117x104, station 23A = 84x104, station 24 = 250x104) indicated
that the Rio Grande was a more prolific source than the Brazos-Santiago
channel.

The regional pattern indicated increasing turbidity shoreward, with
highest gradients near the three inlets that functioned as centers for sediment
dispersion. Concentration isopleths were parallel to subparallel to the
isobaths, The area of relatively nonturbid bottom water (<3Ox104 counts/cc)
was localized largely along the outer shelf (depth >45 m). Consequently,
the area of nonturbid bottom waters was somewhat more restricted than the

area of nonturbid surface waters.
May 1976

Surface water (fig. 31)--Concentrations of particles in surface water

at individual stations ranged from a minimum of 11x10% at station 5 along the
northeastern outer shelf to a maximum of 192x104 at Matagorda Bay inlet
(station 1A). Concentrations at the Matagorda Bay stations (185xlO4 at
station 1, 192x104 at station 1A, and 132x104 at station 2) suggested radial
to slightly southward dispersion of an ebb-sediment plume, with the Matagorda
ship channel being a more prolific source than Pass Cavallo. Concentrations
at Aransas Pass stations (station 9 = 69x104, station 9A = 100x104) also
indicated predominantly southward dispersion. The concentrations at the

Rio Grande-Brazos Santiago inlet (station 23 = 75x104, station 23A = 40x104,
station 24 = 39x104) suggested predominantly northward dispersion, with the
Brazos Santiago ship channel being a more prolific sediment source than the

Rio Grande.
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The regional pattern of particle concentrations indicated a general
shoreward increase in turbidity, with highest gradients near the inlet to
Matagorda Bay which was the dominant dispersal center for surface sediments
in May. Concentration isopleths were parallel to subparallel relative to
the orientation of the isobaths. Relatively nonturbid waters (<30x104
counts/cc) cover all of the outer shelf (depth >45 m) and parts of the inner

shelf. The areas of low particle counts show a good general correlation with

areas of high surface water transmissivity. (Compare figs. 31 and 14.)

Bottom water (fig.-31)--Particles in bottom water at individual stations

ranged from a minimum of 6x10% at station 6 along the northeastern shelf edge,
to a maximum of 234x104 at Matagorda Bay inlet (station 1A). As with the
surface pattern, the highest concentrations were at the Matagorda Bay inlet.
Bottom concentration patterns at individual Matagorda Bay inlet stations were
similar to surface concentration patterns, indicating predominant dispersal
southward and the dominance of the Matagorda ship channel over Pass Cavallo
as a sediment source. Relative ccncentrations at Aransas Pass and the Rio
Grande-Brazos Santiago inlets respectively indicated predominantly southward
and northward sediment dispersion, as did the surface concentrations.

The regional pattern showed a general shoreward increase in turbidity
with highest gradients in the Matagorda Bay inlet area. However, the bottom
concentration isopleths were more discordant with isobaths than were the
surface isopleths, and the area of nonturbid (<30x104 counts/cc) bottom
waters was slightly more restricted than the area of nonturbid surface waters.
A notable feature of the pattern for bottom water is a prominent southeast-
ward-trending turbid salient near latitude 26°30' N., a feature that is

relatively subdued in the pattern for surface water.



Summary

The regional turbidity patterns based on sediment particle concentrations
show that shelf waters gemerally were most turbid during the November cruise.
During all cruises, the pattern for turbidity appeared to represent a composite
response to both regional and local factors. A well-defined regional gradient
of increasing turbidity shoreward appears to have resulted from increasing
proximity to coastal source areas and a shoreward increase in wave surge
intensity that maintained sediment in suspension. Superimposed on this
regional gradient were the local concentrations at the coastal inlets.
Regarding the relative contributions of sediment from individual inlets,
Aransas Pass appears to have been the most prolific source during November,
and Matagorda Bay inlet was the most prolific source during March and May.

The relatively nonturbid waters over the outer shelf suggested the possible
shelfward incursion of a water mass from deeper parts of the Gulf of Mexico.
In general, bottom waters tended to show a somewhat higher degree of turbidity
than surface waters. All temporal patterns indicated net offshore transport.
In addition, some November and May patterns further indicated a net southward

transport component.

Textural Patterns

A second approach for delineating regional sediment dispersal patterns
was to establish lateral textural gradients in both surface and bottom
suspended sediments for each of the three cruises. The textural parameters
investigated include: silt/clay ratios, which provide a general overview of
suspended sediment composition; mean grain size (first moment), which provides

an indication of dispersal gradient; and standard deviation (second moment),



which provides an indication of sediment sorting or uniformity. All size
terminology is in accordance with the Udden-Wentworth grade scale and is

expressed in terms of Krumbein's (1934) phi (@) transformation.

November 1975 Textural Patterns

General composition

The general textural composition of suspended sediments in surface
waters is shown by the silt/clay ratio isopleth map (fig. 32A). Surface
sediment ratios at individual stations ranged from a maximum of 2.28 at
station 16 to a minimum of 0.46 at station 23A. The regional pattern of
distribution indicated that the sediment was predominantly silt (ratios
>1.0) within the northern and central sectors of the region, and predominantly
clay (ratios <1.0) within the southern sector. The regional pattern also
indicated a general trend of increasing silt content toward the shoreward
part of the central sector. Textural salients near the coastal inlets
indicated predominantly clay dispersal from the Rio Grande-Brazos Santiago
inlet and predominantly silt from Matagorda Bay.

The suspended sediments in bottom waters showed a substantially different
pattern of silt/clay ratios (fig. 32B). Ratios at individual stations ranged
from a maximum of 3.10 at station 16 to a minimum of 0.69 at station 22.

The regional pattern indicated that bottom sediments were predominantly silt
sized throughout the OCS, except for two small isolated areas in the southern
sector where clay predominated. The pattern showed no systematic trend other
than a general increase in clay content toward the south-central sector. A
comparison of the patterns for bottom and surface water shows that the bottom
suspended sediments generally were more silty or coarser-textured than surface

sediments, a condition that would be suspected on empirical grounds.

78



oL

*Z¢ 2andtg

*sjuswrpes pepuadsns 10J soriei ABTO/3ITIS

30’

o0’

tre
30’

27°
oo

26
30°

27°%0° 97°00° %30 %00 ¥3°30'

SURFACE-WATER
SEDIMENT

00’

] o 08 s owe Trey
- —— ——

T T T T WLJ/
. " 1 " mauTiCAL Wnat
. o e /

J BOTTOM-WATER
i SEDIMENT
r— -
g‘}"\“"n i | 2 i

SILT/CLAY RATIO
(November,|975)




Mean grain size

The regional distribution of suspended sediment by mean grain size
(first moment) in surface waters is shown by the mean diameter isopleth map
(fig. 33A). Mean diameters are thought to provide a more sensitive indication
of dispersal gradients than the more general silt/clay ratios. Mean grain
size at individual stations ranged from clay (8.33 @) at station 23A to fine
silt (6.89 @) at station 16. The regional pattern of distribution showed
that the suspended sediments were mainly very fine silt (7.0-8.0 @ range),
with only two small local areas of clay (8.0-9.0 §) and one area of fine
silt (6.0-7.0 §). The regional trend for surface waters comnsisted of a
generally increasing coarseness from peripheral areas toward the interior
of the shelf. Local textural gradiénts indicate predominantly silt dispersal
from the Aransas Pass inlet.

The pattern of distribution for mean grain size of sediments in bottom
waters was substantially different from that of the surface sediments
(fig. 33B). The grain size of bottom water ranged from clay (8.17 §) at
station 22 to fine silt (6.84 @) at station 23A. Except for two isolated
areas of clay and one area of fine silt within the southern sector, the
suspended sediments in bottom waters were very fine silt. The regional
trend consisted of general southward reduction in coarseness. Local silt

salients were associated with bottom waters at the three coastal inlets.

Sorting characteristics

The standard deviation isopleth map (fig. 34A) provides an indication
of the textural uniformity of surface water sediments. When compared to

Folk's (1965) verbal scale, the sediments ranged from poorly sorted (1.09 @)



S\ SEDIMENT

W\

+1YIN(6.0-7.0 ) FINE SILT

‘sjuswIpes papuadsns 103 SI:3dweIp UK ‘€€ 2andTg

(7.0-75¢)
}VERY FINE SILT
(7.5-8.0¢)

MEAN DIAMETER

(November,1975)




103J SUOTIETASP paepuel§ ‘h¢ 2and1g

*S3jUsWIpPIs pspuedsns

Ansripanay

§§ LT

(November,1975)

STANDARD DEVIATION




at stations 23 and 23A, to very poorly sorted (2.18 @) at station 20. The
best sorted sediments (1.0-1.5 § range) were in local salients associated
with the three coastal inlets; the suspended sediments over the remainder
of the OCS were poorly sorted (1.5-2.5 ). The regional trend was a general
seaward decrease in sorting (increasing standard deviation), with the poorest
sorted sediments occurring along the outer shelf.

The sorting values of bottom water sediments ranged from moderately
sorted (0.88 @) at station 22, to very poorly sorted (2.12 §) at station
23A (fig. 34B). The sediments over most of the region were poorly sorted
(1.0-1.5 @ range), with somewhat poorer sorting (1.5-2.0 @) in the northeastern
sector. A comparison of the bottom and surface patterns indicates that the
bottom sediments were more homogeneous and better sorted throughout most of

the region.

March 1976 Textural Patterns

General composition

The general textural composition of suspended sediments in surface
waters is shown by the silt/clay ratio isopleth map (fig. 35A). The surface
sediment ratlos at individual stations ranged from a maximum of 2.15 at
station 9A to a minimum of 0.45 at station 23. The regional pattern indicates
that silt and clay sediment were approximately evenly distributed. In addi-
tion, the regional trend is a general reduction in silt content (coarseness)
toward the south and southeast.

The suspended sediments in bottom waters showed a substantially different
pattern of silt/clay ratios (fig. 35B). Ratios at individual stations ranged

from a maximum of 3.02 at station 9 to a minimum of 0.53 at station 23A.
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Over most of the OCS, the suspended sediments in bottom water were silt
sized. The regional trend was a general seaward reduction in the silt-sized
component. Suspended sediments predominantly of clay size were associated
mainly with the Matagorda Bay and Rio Grande-Brazos Santiago inlets; the
sediments from Aransas Pass were largely of silt size. Comparison of the
bottom and surface patterns suggests somewhat different sediment dispersal
directions; textural gradients suggest that surface sediments appeared to be
moving both seaward and southward, whereas bottom sediments appeared to be

moving seaward.

Mean grain size

The variations of mean grain size in the surface waters are shown by
the mean diameter isopleth map (fig. 36A). Mean grain size at individual
stations ranged from clay (8.36 @) at station 23 to fine silt (6.95 §) at
station 5. Sediment throughout most of the area fell within the size range
of very fine silt (7.5-8.0 @). Locally, the clay-sized sediment was derived
principally from the Matagorda Bay and Rio Grande-Brazos Santiago inlets.

The regional pattern shows that the surface sediments were relatively uniform
in grain size, except for finer sediments near the two noted inlets and
somewhat coarser sediments in the northeastern sector.

The mean grain size of sediments in bottom waters at individual stations
ranged from clay (8.29 §) at station 23A, to very fime silt (7.20 @) at
station 10 (fig. 36B). Most of the sediment was very fine silt (7.0-8.0 §)
with only isolated local areas of clay size. Clay was derived, at least
partially, from the Matagorda Bay and the Rio Grande-Brazos Santiago inlets;
silt was the principal component at Aransas Pass. A comparison of the bottom

and surface patterns indicates general similarities with only local variatioms,
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such as locations of clay areas and the location of the coarser area within

the northern sector.

Sorting characteristics

The standard deviation isopleth map (fig. 37A) indicates that sediments
in surface waters ranged from poorly sorted (1.12 @) at station 9A to very
poorly sorted (2.33 @) at station 20. The best sorted sediments (1.0-1.5 @)
were near the coastal inlets, and the poorest sorted sediments (2.0-2.5 §)
generally were along the outer shelf.

The sorting of sediments in bottom water ranged from moderately sorted
(0.89 @) at station 13 to very poorly sorted (2.00 @) at station 19 (fig.
37B. Sorting was generally poor for the entire region with the poorest
sorted sediments occurring along the outer shelf.

The regional trend of both surface and bottom water sediments was
seaward reduction in sorting, although bottom water sediments tended to be

better sorted than surface water sediments as a whole.

May 1976 Textural Patterns

General composition

The general textural composition of suspended sediments in the surface
waters is shown by the silt/clay ratio isopleth map (fig. 38A). The ratios
at individual stations ranged from a maximum of 7.52 at station 23A to a
minimum of 0.75 at station 7. Silt was the dominant grain-size component
throughout most of the region; clay was dominant in only a few isolated
localities along the outer shelf and at the Matagorda Bay inlet. Local

textural salients at inlets indicate predominantly silt dispersion from
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Rio Grande-Brazos Santiago and Aransas Pass, and predominantly clay dis-
persion from Matagorda Bay.

Suspended sediments in bottom waters had a substantially different
pattern of silt/clay ratios than did those in the surface water (fig. 38B).
Ratios at individual stations ranged from a maximum of 8.85 at station 23A
to a minimum of 1.05 at station 8. Silt was the dominant size component
throughout the entire OCS.

The regional trend in both surface and bottom water sediments is a
general reduction in silt content (coarseness) from peripheral areas toward

the interior, although the closure is in opposite directioms.

Mean grain size

Mean grain size of surface water sediment at individual statioms ranged
from clay (8.10 #) at station 13 to fine silt (6.98 §) at station 12. The
range in mean grain size for the region is shown by figure 39A. The surface
sediments are largely very fine silt. In general, mean grain size decreased
toward the central interior; this correlates with the silt/clay ratio pattern
and suggests net transport toward the interior of the shelf.

The mean grain size of bottom water sediment at individual stations ranged
from very fine silt to fine silt (fig. 39B). Bottom sediments were largely
very fine silt except for three small isolated coarser areas of fine silt.
The fine silt in the northeastern part of the OCS is associated with the
flank of the ancestral Brazos-Colorado delta, which is made up of relatively
coarse benthic deposits. The regional trend in grain size for sediments in
bottom waters was different from the trend shown by sediments in the surface

water, suggesting a somewhat different dispersal pattern.
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Sorting characteristics

The sediments in surface waters at individual stations ranged from
poorly sorted (1.8 @) at station 23A to very poorly sorted (1.18 @) at
station 17 (fig. 40A). The distribution pattern indicated that poorly
sorted and very poorly sorted sediments occurred in nearly equal propor-
tions. Sorting decreased seaward with the best sorted sediments (1.0-1.5 @)
occurring at the coastal inlets.

The standard deviations for sediments in the bottom water ranged from
1.00 § at station 13 to 1.98 @ at station 18 (fig. 40B). Sorting was
generally poor throughout the region and decreased seaward. 'However, the

bottom sediments were better sorted than the surface sediments.
Summary

Suspended sediment textural composition, in terms of both mean grain
size and silt/clay ratios, showed substantial temporal and spatial vari-
ability. Surface waters tended to be coarsest or most silty during May.
Temporal variations in the surface patterns apparently reflected differences
in the size of sediments entering the.shelf from the coastal inlets, differences
in hydraulic conditions, differences in the plankton populations, and differences
in the degree of shelfward incursion by deeper gulf waters. The patterns of
sediment grain size for bottom waters differed substantially from those for
surface waters. These differences may indicate hydraulic size fractionation
within the water column, as well as possible variations in surface and bottom
water sediment dispersal patterns.

The sorting characteristics of suspended sediments in both surface and

bottom waters also exhibited some temporal and spatial variability. Generally,
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sorting decreased seaward, a trend possibly related to a progressive seaward
mixing of terrigenous and biogenic sediment. Generally sediments near the

bottom were better sorted than sediments near the surface.
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CHEMICAL CHARACTERISTICS

Clay Mineralogy

bv

v .

Charles W. Holmes
Introduction

Variation in the nature of suspended matter may significantly
affect the transportation of trace substances in a marine environment
(Gibbs, 1973). The degree of chemical activity of the substance,
whether organic or inorganic, is the most important factor in defining
its role in the transportation of trace substances. The organic matter
in a particular area is composed of organisms, fragments of organisms
and macromolecules of uncertain origin. Little is known about the
precise role that organic material plays in the transportation of trace
substances. It may be surmised, however, that because this matefial
can be very active chemically, it may play a catalytic role in absorbing
and transporting dissolved ions to the inorganic substrate.

The negative surface charge of particulate matter is important in
the transport of trace metals because most metals or metal complexes
possess a positive charge (Goldberg, 1965; Neihof and Lock, 1972). Lab-
oratory experiments have shown that the expandable clay minerals (e.g.
smectite) have the highest potential surface activity (Neihof and Lock,
1972) and are the most chemically active of the inorganic substrates.
Measurement of the relative proportions of such substances in time and

space is necessary to assess their environmental significance.



The inorganic fraction, and to some extent the organic fraction, in-
herits its composition from the source environment. Recognition of the
sources for suspended particulate matter is essential in deriving a dis-

persal model for the trace substances.
Methods of Study

Samples were taken during three cruises: one in October-November
1974, one in November of 1975, and one in May 1976. During the fall 1974
cruise, samples were taken at 24 stations (Berryhill and others, 1975,
fig. 8). For the fall 1975 and spring 1976 cruises, samples were taken
at 12 stations which correspond to some of the same sites occupied for
transmissometry (fig. 41). At each site, the samples were taken approxi-
mately 1 m below the water surface and 1 m above the benthic sediment-
water interface with a 30 liter top-drop bottle. From each sample aliquots
were taken for mineralogical analysis (=2 liters), total organic carbon
analysis (=7.5 liters), and gravimetric mass determinations (=2 liters).
During the 1974 cruises all samples were filtered immediately; during the
two subsequent cruises only the samples for trace metal determinations were
filtered immediately. The remaining samples were frozen and returned to
the laboratory for further processing.

In the laboratory, the aliquots assigned for mass determinations were
thawed, filtered through a preweighed 27 mm diameter NUCLEPORE filter with
a nominal 0.45 p pore diameter, were dried and weighed on a PERKIN-ELMER
autobalance, model AD-2 in a desiccated environment. For total organic
carbon, the sample aliquot was filtered through an acid-washed and fired
glass filter (47 mm type AE, GELMAN) and was sent to a commercial labo-

ratory for analysis.
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The mineralogical samples were filtered through a 27 mm silver
filter with a nominal pore diameter of 0.4 pm (SELAS FLOTRONICS). The
mineralogy was then determined by X-ray diffraction techniques. The
samples for the fall cruise of 1974 were analyzed on a PICKER diffrac-
tometer, and the analyses were made by subjective measurements of 'd"
spacings and areas under peaks. For the fall 1975 and spring 1976
cruises the samples were analyzed using a DIANO automatic diffraction
X-ray system (SRD-8300AD), which allows for greater precision in the
determination of peak areas and "d'" spacings used to identify the minerals
present. The procedure used for mineralogical identification was the same
as outlined by Carroll (1970); the method of quantification was a modi-
fication of the procedure used by Biscaye (1965). The 3.34 A peak may
indicate the presence of quartz and/or "illite" (Biscaye, 1965). However,
there was very little clay material in the samples from the 1975-1976
sampling period. The minor amount of crystalline material produced very
broad peaks which made positive identification of clay mineral specks
extremely difficult. As a result, the "d" spacings that cluster about
certain values are interpreted to be representative of the four reported
clay minerals (the 3.34 R peak is assumed to be quartz). The amount of
clay minerals present was then assumed to be a function of the peak area,
and appropriate factors and relative proportions of each type were

calculated. (See Appendix 2 for original data.)
Summary and Conclusions

During two sampling periods (November 1975 and May 1976), the

amount of material in the shelf waters was relatively small as compared



to the previous November 1974. The variation in the amount of suspended
material apparently was the result of the relatively mild winter and
spring during the 1975-1976 period compared to the fall of 1974. The
variations in the amounts of suspended material are shown quantitatively
by figures 42, 43 and 44.

In the fall of 1974, the suspended material varied from 140 mg/l in
the bottom waters to less than 0.5 mg/l in the surface samples. Three
areas of heavily concentrated sediment were apparent: one on the inner
shelf between Matagorda and Corpus Christi bays, a second in the vicinity
of the East Breaks over the northeastern part of the South Texas 0OCS and
a third immediately seaward of the mouth of the Rio Grande (fig. 42).

The two inner shelf areas are attributable to the influx of material from

the land and to higher hydraulic energy in the coastal areas. The concen-
tration of material on the outer shelf may be due to a combination of factors,
including resuspension of bottom material by storm waves and/or internal
waves. On the outer shelf the suspended sediment differs compositionally
from the sediment in suspension on the inner shelf in that it, along with
material in the Rio Grande area, contains few detectable expandable clay
minerals and is largely illitic (Berryhill and others, 1976).

Significant amounts of illitic (micaceous) material in the bottom
sediments support the suggestion that illitic-rich sediment is derived
from the resuépension of bottom sediments by storms and/or internal waves.
The distribution of this 1llitic material is under investigation.

In contrast to the fall of 1974, the concentration of suspended sedi-
ment in the fall of 1975 was low, varying from a maximum of 21 mg/l to

less than 0.2 mg/l (fig. 43). A feature of the distribution in November
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1975 was the larger amount of material in the surficial waters relative to
the bottom waters along much of the shelf edge. The material in the
surface waters had a significantly larger relative organic carbon content
at the inshore sampling sites, probably reflecting the land-derived origin
of the material (figs. 45 and 46). Conversely the bottom samples at the
shelf edge had the larger carbon values. Mineralogically the samples were
dominated by a 3.34 Z substance (quartz) (figs. 47 and 48). The innermost
bottom water possessed some 17 A material as a secondary component, except
in the three southernmost samples. Those samples from the bottom waters
over the ancestral Rio Grande delta, however, have illitic (10 K) material
as a secondary component. In the surface water at the site nearest the
mouth of the Rio Grande, a 17 ) peak represents the only detectable mineral
present.

The_smallest amounts of suspended matter were measured during the
spring of 1976. Amounts ranged from <3 mg/l to <0.2 mg/l. With the exception
tion of station 6 at the shelf edge, all of the bottom water samples had -
larger amounts of sediment than the surface water, and the plot of the distri-
bution by quantities showed a shoreward increase. The samples collected in
the spring of 1976 had extremely high percentages of organic carbon
(23.7~1.5 percent). At only two sites (station 9 at Port Aransas and
station 6 at the shelf edge) are the bottom samples higher in organic
carbon than those taken at the surface. Mineralogically, the surface
waters in the northern portion of the study area are dominated by a
3.34 3 material; at the shelf edge in the south, 17 3 material dominates.
In the bottom waters, the mineralogical composition is more variable, but

o L]
the 3.34 A material is dominant. However, the 17 A material is relatively

N1
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abundant in all locations with the exception of the two northernmost shelf-
edge sites, where the 3.34 A material totally dominates the sample.

A previous study concluded that the size of the sample analyzed
exerts a significant influence on the estimation of the clay mineral
composition (Tucholke, 1974): the smaller the sample size, the more
dominant the illitic material. As a result, analysis of very small samples
would indicate an inordinant amount of illitic material as compared to
the montmorillonitic substances. As many samples from the study had an
apparent illitic dominance, two experiments were conducted to examine this
phenomenon. In the first experiment, equal amounts of two clays, a sodium
montmorillonite (standard clay, Wyoming) and an illite (Fithian, Illinois)
were mixed to form a dispersed slurry. A size analysis by COULTER COUNTER
of each clay indicated a modal value of 0.7 pm for the montmorillonite and
1.5 pm for the illite, which mimics the relative sizes of these materials
in nature. This mixture was diluted to various concentrations, sedimented
by filtration and analyzed in duplicate. Four diffractions (fig. 49)
show the decrease in intensity of both the 17 A and 10 R peaks, with the
10 Z peak scarcely visible in the graph of the 0.25 mg/cm2 sample. Fig-
ure 50 1is a plot of the results of this experiment and is a graph of the
relative intensities (area) of the 17 A and 10 & peaks, and 4 x the area
of the 10 Z peaks. Inspection of this diagram indicates that there is no
apparent divergence between the 17 R and 4 x 10 Z values with decreasing
amounts of sample material.

In the second experiment, a bottom sample (the top 1 cm of sediment)
from the study afea was diluted in filtered sea water, stirred and

allowed to settle. An aliquot was taken at 1 hour, 2 hour, and 4 hour



1
10A 17A

A. 2.5 mg/'cm2 C. 0.75 mg/cm?
B. 1.25 mg/cm? D. 0.25 mg/cm?

Figure 49. X-ray diffractions of sequential concentrations
of 1 to 1 montmorillonite/illite.
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intervals. The material was sedimented on silver filters and X-rayed.
This experiment also showed that there was no significant variation in the
peak ratios relative to the size of sample analyzed (fig. 51). From these
experiments it is apparent that for the material on the South Texas shelf,
the dominance of illitic materials is real and not an artifact of sediment
loading on the slides.

The samples from the surface waters over the outer edge of the shelf
are dominated by 17 Z material, which has two possible sources. One possi-
bility is that the montmorillonitic material may have come from the land
and, because of its small size, may have been transported a considerable
distance from its source. In order for this to happen, however, the mineral
would have to become sheathed with a nonpolar substance that would inhibit
its natural tendency to floculate and settle. An alternative explanation
is that the material may be diatomaceous. One study has shown that diatoms
possess a 17 Z clay layer on the surface of their frustules (van Bennekom
and van der Gaast, 1976). This circumstance might account for the 3.34 R
material at depth in this region, both in the November and May periods.

In conclusion, the distribution of clay minerals in the water of the
south Texas shelf was very similar during all sampling periods. Although
minor differences were evident, such as the presence of the 17 Z substance
in the May surface waters on the edge of the shelf, the general trend
indicated by the samples collected during the fall of 1974 was confirmed
by the later samples: montmorillonitic material is dominant over the northern
part of the shelf and illitic material over the southern part. The nature

o
of the 7 A material is still undefined, but it appears to be chloritic.
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Trace Metal Content

by

Steven S. Barnes

During the second year changes were made in both the laboratory and the
sampling procedures to improve the quality of the data and to provide a more
nearly synoptic view of the distribution of trace metals in the suspended
sediments.

Sampling was done during November 1975 and May 1976. These two sampling
periods were chosen to check on the seasonal variability of suspended sediment
composition. The number of stations sampled was reduced to 11, and only top
and bottom water samples were taken at each station. Data from the first year
program indicated that this sampling pattern should be sufficient to establish
an appropriate baseline and would also allow for a shorter total time period
for sampling. Time is a very important parameter in sampling of suspended sedi-

ment, which varies considerably through time and space.

Methods

Filtration procedures cn board ship were essentially the same as those
for the first year except for minor modifications in apparatus. Half-gallon
samples of water were placed in acid-prewashed polyethylene bottles, were
frozen and returned to the laboratory to be used for mass determinations and
total carbon znalyses. A selected number of samples were also filtered on
board for mass and total carbon analysis to check the effect of freezing and
storage.

Mass determinations were made by filtering sea water (100 ml for November

1975 or 250 ml for May 1976) through a prewashed, dried, and weighed 0.4 um



NUCLEPORE filter. Deionized water was forced through the filter behind the
sample to remove salt. The sample was then dried over magnesium perchlorate
dessicant and reweighed.

As for the first year of study, total carbon analysis was performed by a
commercial laboratory (Galbraith Laboratories, Inc., Knoxville, Tenn.) on glass-
fiber filter samples. These filter samples were prepared in the following
manner. GELMAN type A-E glass-fiber filters with a nominal pore size of 0.6 um
(Feely, 1975) were ashed in a muffle furnace for 2 hours at 400°C. Two of
these filters were placed one on top of the other in a vacuum filtering apparatus.
Between 1.5 and 2.0 liters of seawater were then filtered. The sample was
followed by 100 ml distilled water to remove salt. The filters were dried over
magnesium perchlorate dessicant, placed in petri dishes and sealed in poly-
ethylene bags to be shipped to the analytical laboratory for analysis. Partic-
ulate carbon was taken as the difference between the carbon values for the two
filters, as the top filter should retain the particulate carbon plus some
dissolved carbon adsorbed on the glass fibers, and the bottom filter should
only contain adsorbed dissolved carbon (Feely, 1975).

Modifications in the trace metal analysis procedure were made to reduce
the possibility of contamination. The number of transfers was reduced, and
the lucite cups used to hold samples prior to shooting on the atomic absorption
spectrophotometer were eliminated. The samples are currently held in teflon
beakers. These changes resulted in an acceptable blank. Differences were
particularly notable in the zinc content, where the average amounts were two

orders of magnitude lower in the second year than in the first year.

Summary and Conclusions

The results of the analyses for the two suites of samples collected

during the second year plus those for the first year are listed in table 1.



TABLE 1

Amounts of trace metals in suspended sediments

Spencer Chester
Manheim & Sachs Feely Stover
(Gulf of (Gulf of (Gulf of (Atlantic and
11/74 11/75 5/76 Mexico) Mexico) Mexico) Indian Oceans)

Pb

High 449 272 3350 975

Low 7 10 20 14

Mean 115 77 362 186 58
Ccd

High 100 39.8 45.1 243

Low 0.1 0.1 0.2 2

Mean 5.9 3.2 7.2 42
Cu

High 3410 4520 480 898 387

Low 5 ND ND 17 34

Mean 359 217 57 285 236 107
Ni

High 4470 268 1828 3609 71

Low 13 ND ND ND 4
v

High 57.0 130 64.8 57

Low 0.2 ND ND ND

Mean 10 47 17.2 63
Mn

High 6910 1420 862 5600

Low 16 59 29 500

Mean 797 598 308 2600 529
Cr

High 3260 468 81.6

Low 10 ND 3.1

Mean 233 73 22
Zn

High 63,400 2970 2070 490

Low 51 ND 32 114

Mean 3,100 187 429 235




Spencer Chester

11/74 11/75 5/76 Manheim & Sachs Feely Stover

Fe 7

High 6.8 5.88 1.38 4.8 7.7

Low 0.10 .09 .05 .10 0.1

Mean 1.77 1.91 .63 .91 4.1 1.85
C 7

High 8.3 23.7

Low ND 1.8

Mean 2.8 7.0 44 17

Total particulate mg/l

High 22.2 22.2 8.8 1.8 3.7 .09

Low 0.7 0.7 0.2 .05 .2 . 009

Mean 5.8 4.5 1.8 0.2 1.0 .02



Also included for comparison are analytical results taken from pertinent
literature. The only major anomaly in the data is the one previously noted
for zinc. However, an examination of the data station by station reveals that
some random contamination probably still occurred. Overall, the data appear
to be of sufficient quality to establish a baseline for trace metals in
suspended sediments.

The listing of elements according to the amounts in top versus bottom
samples in the first year was born out by the analytical results for the
second year (table 2). Manganese and iron were definitely enriched in bottom
samples compared to top samples. Vanadium showed slightly higher values in
bottom waters, but the remainder of the elements had higher average values in
the surface samples.

Seasonal variations in the amcunts of trace metals in the suspended
sediments were indicated by the data collected for the second study year. The
differences averaged seasonally for all stations are summarized by table 2.
Amounts of cadmium, lead, and total particulate carbon were higher in May than
in November. 2Zinc also fits this pattern if the two extremely high surface
values in November 1975 are discounted as being contaminated. The amounts of
the other elements were larger in the November samples. The amount of suspended
sediment also was larger in November than in May. (Compare figures 52 and 53.)
From the data, it appears that manganese, iron, vanadium, chromium, nickel, and
copper are associated with the inorganic fraction of suspended sediments.
Cadmium, lead, and zinc, on the other hand, appear to be associated with the
total particulate carbon. Bostrom and others, (1974) showed that when compared
with shale, plankton showed higher concentrations of lead, cadmium, zinc, and
copper; nickel, iron, manganese, and vanadium were present in approximately

the same proportions in both types of materials. With the exception of nickel,



-

TABLE 2

Seasonal averages of the amounts of trace metals in suspended sediments
Mass

Season Sample mg/e Cd Cr Cu Ni Pb Zn V Mn FeZ C%
Top 2.53 6.0 142 505(103)* 85 142 537(123)** 39 209 1.8 3.4

Nov. 1975
Bottom 6.43 2.5 67 99 71 78 101 52 758 2.4 2.3
Top 0.82 10.5 30 94 53 622 513 18 170 0.5 9.6

May 1976
Bottom 2.85 4.0 14 19 25 102 345 16 436 0.7 4.4

All units in ppm unless otherwise designated.

* The value in parentheses is the average when one extraordinariiy
high value is disregarded.
** The value in parentheses is the average when two extraordinarily
high values are disregarded.
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chromium and copper, which fit the manganese/iron pattern, the data for the
South Texas OCS follow the pattern obtained by Bostrom. The three metals,
nickel, chromium, and copper, behave similarly, but the controlling factor
in their behavior has not as yet been determined. Areal patterns of distri-
bution for trace metals in suspended sediments reveal that the northeast
section of the study area appears to have higher concentrations of some
metals. Chromium, copper, and zinc are most notable, but lead and cadmium
showed the same pattern during the November 1975 sampling period. This is
essentially the same suite of metals that Bostrom and others (1974) found
to be more concentrated in planktonic material than in shale. This is also
an area of low total particulate concentrations and, therefore, one where the
biological influence on metal concentrations could be of major importance.
Total particulate carbon concentrations are given in figures 54 and 55.
The analytical results for each station, indicating the amounts of trace
metals determined at each station in both surface and bottom water by season,
are shown graphically by the series of maps, figures 56 to 73. The original

data from which the graphs were drawn are presented in Appendix 3.
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Amounts of manganese in suspended sediments, November 1975.
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Amounts of vanadium in suspended sediments, November 1975.
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SEA FLOOR SEDIMENTS

PHYSICAL CHARACTERISTICS

Surface Sediments

by

Gerald L. Shideler

Studies of benthic sediments during 1976 included both continued
evaluation of the 1975 baseline samples and textural analysis of samples
collected in 1976 as part of the biological monitoring studies. Surficial
grab samples obtalned during the first year were studied in greater detail
in order to provide further insight into regional sedimentary processes.
The 1976 benthic surficial samples were studied to determine the seasonal
variability of benthic sediment texture along four monitored transects,

as supportive evidence for evaluating biological variability.

Linear Correlation Analysis

Selected textural parameters derived from the 264 grab samples obtained

during the first year (1975) were subjected to linear correlation analysis

in an effort to evaluate interrelationships among textural parameters that
could provide further insight into sedimentary processes. A linear correlation
analysis was performed on 12 textural parameters by computer, using a U.S.
Geological Survey STATPAC program (D010l). Correlated textural parameters
included the following: sand percentage, silt percentage, clay percentage,
sand/mud ratio, silt/clay ratio, four moment measures (mean, standard deviation,
skewness, kurtosis), median diameter, modal diameter and one-percentile values.

The results of the correlation analysis are presented in table 3. Only those



71

Table 3 - Correlation Coefficients of Benthic Sediments

(1975 Samples)

1 2 3 4 5 6 -7 8 9 10 11 12
Sand/Mud |S11t/Clay| Mean [Standard Median | Modal One
Sand%| SiltZ |ClayZ Ratio Ratio |Diameter |[Deviation|Skewness|Kurtosis|Diameter [Diameter |Percent!
1. Sand’ 1.000] -0.875|-0.731}| :0.810 0.065 -0.936 0.703 0.620 0.529 | -0.914 | -0.732 -0.78.
2. Silt% 1.000| 0.311| -0.745 0.382 0.660 | -0.665 ~-0.252 | -0.337 0.636 0.434 0.69
3. Clay7 1.000| -0.542 | -0.669 0.910 | -0.443 -0.864 | -0.565 0.901 0.828 0.55
4. Sand/Mud
Ratio 1.000 | -0.045 -0.744 0.366 0.423 0.476 | -0.720 | -0.504 -0.55
5. Silt/Clay
Ratio 1.000 ~-0.358 | -0.141 0.622 0.463 | -0.346 | -0.341 ~-0.01
6. Mean
Diameter 1.000 | -0.663 -0.771 | ~0.566 0.977 0.838 0.76
7. Standard
Deviation 1.000 0.186 0.018 | -0.598 | -0.664 -0.85
8. Skewness 1.000 0.621 | -0.824 | -0.648 -0.27
9. Kurtosis 1.000 | -0.558 | -0.246 ~-0.37
10. Median
Diameter 1.000 0.808 0.69
11. Modal
Diameter 1.000 0.62
12. One .
Percentile 1.0¢




correlation coefficients exceeding an absolute value of 0.700 are considered
to be significant.

As sand and mud are the two basic textural end members of the OCS sedi-
ments, percentages of sand are directly correlative with sand/mud ratios and
inversely correlative with the percentages of silt and clay. Percentages of
sand show significant inverse correlation with all three central tendency
parameters (mean, median, mode), indicating decreasing § values (increasing
average size) with increasing percentages of sand. These percentages correlate
directly with standard deviation values, indicating poorer sorting with
increased sand content. Larger amounts of sand also correlate with coarser
one-percentile size fractioms.

Percentages of silt are inversely correlative with the sand/mud ratios.
However, silt content shows very little correlation (r = 0.382) with silt/clay
ratios, and only weak correlation with the central tendency measures.

Percentages of clay correlate directly with all three central tendency
measures, indicating finer average grain size with increasing percentages of
clay, as would be expected. As clay represents detritus at the extreme fine
end of the size spectrum, it also has a significant influence on skewness
values.

Sand/mud ratios are inversely correlative with both the mean and median
diameter §# values, indicating increasing coarseness with increasing ratios.
These ratios do not greatly influence any other parameters. Silt/clay
ratios have no significant influence on any of the compared textural parameters.

The mean diameter (first moment) @ values are directly related to median
and modal diameter ¢ values, thus showing an agreement among central tendency
measures. The mean diameter @ values are inversely correlative with the

skewness values, suggesting increasing fine skewness with increasing coarseness



(decreasing @ values). The mean diameter values also are directly correlative
with the one-percentile values, indicating that both parameters can be used
as energy-level indicators.

Standard deviation @ values correlate inversely with the one-percentile
# values, indicating a reduction in sorting with an increase in the coarseness
of the size distribution's coarse tail. This indicates the important influence
of extreme tail segments on overall sorting characteristics.

Skewness is inversely correlative with median diameter @ values.

Kurtosis is not correlative with any other textural parameter. Median and
modal diameters are directly correlated, showing agreement between the two
central tendency measures.

In summation, the correlation analysis illustrates several readily
explainable linear relationships among selected textural parameters. Sedi-
ments containing higher percentages of sand tend to have cocarser one-
percentile fractions and are more poorly scrted. The most unexpected results
were the absence of a strong linear influence of silt percentages on silt/clay
ratios and the presence of a relatively weak influence on central tendency
measures. Since silt is the most abundant detrital fraction within the OCS,
the absence of strong linear correlations could suggest nonlinear relation-

ships among these particular parameters.

Seasonal Variability of Texture

The sea-floor surface sediments acquired during 1976 along the four
designated transects were analyzed for seasonal variations in texture. The
three seasonal sample suites (winter, spring, summer/fall) supplied by
the University of Texas Marine Science Institute at Port Aransas were

subjected to textural analyses using the same analytical procedures as were
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outlined in the USGS element report for the first year (Berryhill and
others, 1976). Duplicate samples from each station were analyzed, and
the average values of their textural parameters were used to construct
transect profiles. Time~series wvariability profiles based on the three
seasonal sample suites were constructed for the following parameters:
sand/mud ratios, silt/clay ratios, mean diameters (first moments), and
standard deviations (second moments). The results are shown by figures
74 to 77. In addition, the following supplemental textural parameters
also were derived: sand percentage, silt percentage, clay percentage,
skewness (third moment), and kurtosis (fourth moment). All derived

textural parameters are tabulated in Appendix 4.

Sand/mud ratio variability

The sand/mud ratios provide a general overview of textural variability
(fig. 74) that is most applicable to the inner shelf where the sand-sized

detritus is most abundant.

Transect 1--The seasonal variation of sand/mud ratios was maximum at station
1 (0.72-1.36) and minimum at station 5; the seasonal variation generally was
lowest along the outer shelf where sand is scarce. Along the more variable
inner shelf (statiom 4-2 sector), the benthic sediments do not show a
systematic seasonal trend; they tended to be coarsest (highest ratios) during
the winter in the shallower sector and coarsest during the summer in the

deeper sector (station 2).

Transect 2--The sand/mud ratio variability was maximum at station 4 (0.09-0.66);
the remainder of the transect showed only minor seasonal variation. At
station 4, the sediments were coarsest in the spring and were uniformly

finer throughout the remainder of the year.
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Transect 3--The sand/mud ratios showed extremely large seasonal variations
at the shallowest station (station 4); grain size ranged from finest in the
summer (3.22) to coarsest in the spring (13.95). The remainder of the stations

were uniform throughout the year.

Transect 4--The sand/mud ratios showed maximum seasonal variation at the
shallowest station (station 4), with sediments being coarsest in the spring
(6.81) and finest (2.70) in the summer; variability was minimal at the
deepest station (station 7); Sediments along the inner shelf (station 4-2
sector) tended to be coarsest in the spring.

In general, the seasonal variability of sand/mud ratios tended to be
largest along the shallow inner shelf. The outer shelf was relatively
uniform. This difference probably is caused by two dominant factors: 1)
sand is most abundant along the inner shelf; and 2) the range of hydraulic
variability is greatest over the inner shelf. When the four transects are
compared, the most pronounced variations were along tramsect 4, which is
not surprising considering the wide variety of sediment types across the

ancestral Rio Grande delta. No systematic seasonal trends were apparent.
Silt/clay ratio variability

The silt/clay ratios provide a somewhat more sensitive genmeral overview
of textural variability than do sand/mud ratios. In addition, silt/clay
ratios are more widely applicable to the South Texas 0CS, where silt and
clay are relatively abundant. The silt/clay ratios are shown by figure 75.

For each transect, the silt/clay ratio variability was maximum at the

shallowest station (transect 1, station 4; transect 2, station 1; transect 3,
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station &4; transect 4, station 4). The silt/clay ratios showed substantial
seasonal variability throughout the region; they were most variable on the
inner shelf, probably because of the more variable hydraulic regime.

In general, the same systematic seasonal trend applied to all transects:
the benthic sediments were coarsest (most silty) during the spring and finest

(least silty) during the winter.
Mean diameter wvariability

The mean diameter (first moment) provides a sensitive measure of the
average grain size of the sediment and indicates the general levels of energy
affecting the environment. Results of the analysis for mean diameters are

shown by figure 76.

Transect 1l--The seasonal variability of mean diameter was maximum at station
2, with the sediment being coarsest (6.38 @) in the summer and finest (7.34 @)

in the winter. No systematic seasonal trend was evident.

Transect 2--The mean diameter variability was maximum at station 4, with
station sediment being coarsest (5.98 §) in the spring and finest (7.75 @)
in the winter. The sediments along this transect were consistently coarsest

during the spring.

Transect 2--The variations in mean diameter were maximum at the shallowest
station (station 4), ranging from coarsest (3.76 @) in the spring to finest
(4.63 @) in the summer. The sediments were sytematically coarsest in the

spring.

Transect 4——-The mean diameter variability was maximum at station 5, where the

sediments were coarsest (4.50 @) in the spring and finest (7.51 @) in the
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summer. No systematic seasonal trend was evident. During the spring,
sediments were coarsest at the inner and midshelf sectors and finest at
the deeper statioms.

The average grain size of benthic sediments, in terms of mean diameters,
showed substantial seasonal variability throughout the region. However, the
only systematic seasonal trend was within the central sector (transects 2, 3),
where the sediments were coarsest during the spring. The shelfwide trend was
decreasing grain size seaward, apparently reflecting an offshore transport

component.

Standard deviation variability

The standard deviation is a measure of sediment sorting charac-
teristics or homogeneity (fig. 77). This parameter could provide indications

of the extent of sediment mixing or of environmental energy consistency.

Transect 1--The seasonal variability of standard deviation was maximum at the
shallowest station (2.65-3.15 @), with sediments being best sorted (lowest
standard deviation) during the spring and most poorly sorted during the

winter. No systematic seasonal trend was indicated.

Transect 2--Standard deviation variability was maximum at station 4
(2.08-2.51 @); sorting was best during the winter and poorest during the

spring. No systematic seasonal trend was apparent.

Transect 3--The standard deviationvariability was maximum at the shallowest
station (1.16-2.19 @). Sorting was best during the spring and poorest during
the summer. Except for the shallowest stations (4 and 1), transect 3 had a
seasonal trend of best sorting during the winter and poorest sorting during

the spring.
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Transect 4--Standard deviation variability was maximum at station 2 (2.09-
3.17 §); sorting was best during the summer and poorest during the spring.
No systematic seasonal trend was apparent.

The sorting characteristics of the benthic sediments, as reflected
by the standard deviation measure, showed substantial seasonal variability
throughout the region. The greatest variability was along transect 4, which
crossed the ancestral Rio Grande delta. 1In general, sorting improved seaward;
however, no systematic seasonal trend in sorting was apparent on a regional

basis.

Textures in Cored Sediments

by Gerald L. Shideler

Comparative textural analyses were conducted on 7 selected gravity cores
obtained during the 1975 sampling program. The cores were representative of
what appear to be relict, modern, and palimpsest sedimentary deposits of the
South Texas 0OCS. A general discussion of these genetically distinct types
of sediment has been presented by Swift and others (1971). The objective of
the present study was to conduct detailed textural analyses of the selected
cores to determine if textural criteria could be employed to substantiate
genetic differences. Each core was sampled both at 15 cm intervals and at
each major change in sediment type, resulting in a total of 84 subsamples.
Textural parameters derived consisted of the following: sand/mud ratio,
silt/clay ratio, mean diameter (first moment), standard deviation (second
moment), skewness (third moment), mode, median diameter, and coarsest one-
percentile. On the basis of the sand/mud and silt/clay ratios, a descriptive

log also was prepared for each core. Log descriptions and associated textural



parameters for each core are shown by figures 78 to 84. All size terminology
is in accordance with the Udden-Wentworth grade scale, and the sorting and
skewness verbal scales are in accordance with Folk's (1965) usage. Core
locations and size analysis procedures are described in the USGS element

report for 1975 (Berryhill and others, 1376).
Descriptions
Core - C238

The core represents probable relict sediments located off the ancestral
Rio Grande delta in the southern part of the 0CS (fig. 78). The sand/mud
and silt/clay ratios indicate that the core is a shelly sand throughout its
iength (186 cm) but contains a substantial admixture of mud which has a
slightly dominant clay component. In terms of central tendency measures,
the mode and median diameter parameters both indicate a relatively uniform,
fine-grained (2.0-3.0 #) sand throughout most of the core; however, the
incorporated mud generally results in a coarse silt (4.5-5.0 @) mean grain
size (first moment). The standard deviation consistently shows a very poorly
sorted sand that also is strongly fine skewed, apparently reflecting the
mud component. The one-percentile measure largely reflects the large
number of molluscan shell fragments and shows a wide range in the sand-

sized fraction.
Core - €235

This core also represents probable relict sediments located on the
ancestral Rio Grande delta (fig. 79). The sand/mud and silt/clay ratios
indicate a thin clay surface layer overlying a shelly, fine sand layer

that contains an admixture of mud slightly dominated by clay. The mud
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Textural analyses for core C238.
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content decreases with depth concurrently with an increase in mean grain
size, an improvement in sorting and an increase in fine skewness. The mode
and median diameter measures indicate that the sand unit is fine grained.

The incorporated mud, however, results in a finer mean grain size that ranges
from very fine sand to coarse silt. In terms of general composition, the

core is very similar to core C238.
Core - C243

This core was obtained from the shoreward half of the ancestral Rio
Grande delta (fig. 80). The core is made up of a mixed sequence of fine-
grained sand, silt and clay units. One of the silt units appears to be
ripple crossbedded, and shell fragments are scattered throughout the
sequence. The lower sandy section may reflect relict ancestral delta
deposits that are overlain by modern muddy sediments. The textural vari-
ations are reflected in the central tendency measures. A direct association
seems to exist between relatively coarse grain size, poor sorting and a
high degree of fine skewness. The one-percentile measure shows a wide
range of variation, with the clay unit having the finest and most comnsistent

one-percentile fraction.
Core - Cl1l4

This core is representative of probable deep water modern deposits along
the outer edge of the shelf in the central sector (fig. 81). The core is
entirely mud, Qith clay being the dominant component; sand admixtures are
quantitatively insignificant. Minor amounts of shell fragments are scattered
throughout the core. The clay texture is reflected by all three central

tendency measures. The core has a relatively persistent degree of poor



sorting and coarse skewness. The one-percentile measure exhibits moderate

variability and probably reflects the scattered sand-size shell fragments.

Core - C127

This core was obtained from the shoreward half of the central sector
(fig. 82). 1It is representative of probable shallow-water modern deposits
and is entirely mud with a dominant silt component. The silt and clay layers
are stratified, the silt units commonly are crudely ripple crossbedded, and
shell fragments are occasionally present. The mean and median diameters
generally are within the very fine silt range (7.0-8.0 #); the mode exhibits
inconsistent values. The sediments range from finely skewed to coarsely
skewed and from poorly sorted to very poorly sorted. The one-percentile
measure shows moderate variability within the very fine sand range, probably

reflecting shell fragments.

Core - CO04

This core (fig. 83) was obtained near the western edge of the ancestral
Brazos-Colorado delta in the extreme northern part of the South Texas 0CS.
It is representative of probable palimpsest or partially reworked relict
deltaic deposits. The core contains interbedded sand units, silt units,
and a single clay unit. The sand contains large admixtures of mud, and the
muddy units similarly contain large admixtures of sand, suggesting substantial
homogenization. The mean diameter is mainly within the medium silt (5.0-6.0 9)
range, but the mode is mainly within the fine sand (2.0-3.0) range. The
median diameter, which is based on a single percentile, shows more incon-

sistent values. The core is very poorly sorted, with size distributions



ranging from nearly symmetrical to strongly fine skewed. The one-percentile
measure shows very little variability, all of which occurs within the fine

sand (2.0-3.0 @) range.
Core - COl6

This core (fig. 84) is representative of probable palimpsest sediments
along the flank of the ancestral Brazos-Colorado delta. The core is entirely
mud with a highly dominant silt component. A thin clay surface is underlain
by a thick silt layer that is in part ripple crossbedded. Admixtures of
sand are significant. The textural composition is reflected by the mean
and median diameter measures, which are within the silt size range; however,
modal diameters tend to be somewhat coarser. The core is made up of poorly
sorted to very poorly sorted sediments that have a strongly coarse skewed
to strongly fine skewed size distribution. The one-percentile measure shows

moderate variability within the fine sand-sized range.
Textural Relations in the Cores

The comparative textural analyses of the selected gravity cores suggest
some textural distinctions among the probable relict, palimpsest, and modern
sediments represented. The modern deposits that are presently in hydraulic
equilibrium consist of mud with insignificant admixtures of sand. The
shallower water, modern deposits are composed of a heterogeneous mixture
of stratified silt and clay units. The dominant silt units frequently have
some ripple crossbedding, indicating some tractive tramsport. 1In contrasf,
the deeper water, modern deposits are relatively homogeneous and consist
predominantly of uniformly laminated clay that is indicative of transport

in suspension.



The probable relict sediments are almost entirely fine grained sand with
many molluscan shell fragments and substantial admixtures of mud. The relict
deposits are characteristic of much of the ancestral Rio Grande delta and
do not appear to be in equilibrium with the present hydraulic regime. Their
attributes suggest that they were deposited in shallow water coastal environ-
ments during the Holocene transgression. They may represent former littoral
lithosomes, possibly developed within a transgressing shoreface environment.

The probable palimpsest sediments reflect an intermediate state of
textural adjustment between modern and relict end members. They consist
of mixed muddy sand and sandy mud units that suggest substantial homogenization
through a combination of hydraulic reworking and bioturbation. These sediments
lie along the flank of the ancestral Brazos-Colorado delta and appear to
reflect partially reworked relict coastal sediments. They appear to be in
partial equilibrium, possibly undergoing transport during storm-intensified
hydraulic conditions.

The textural analyses of cored sediments suggest that collective textural
differences are present among the genetically different types of sedimentary
deposits. However, no single textural criterion can be used to differentiate
the genetic sediment types. The study points out the need for future investi-

gations using multivariate discriminant function analysis.



Shallow Subsurface Sediments

by

Henry L. Berryhill, Jr.
Introduction

The 74 core sites selected for the initial year of study, though
chosen to provide regional geographic and physiographic coverage for
the South Texas 0CS, had to be spaced from 10 to 12 miles apart in some
areas because of time constraints imposed by the schedule for field
investigations. During the second year of study an additional 101
cores were obtained to fill gaps in the geographic ccverage for the
initial year, to provide data for refining the trends indicated by
the results for the first year and to determine the lateral distri-
bution of reef debris in the typically fine-grained sediments around
the carbonate topographic features on the outer shelf. Of the 101
cores collected during the second year, 69 came from the shelf proper
and 32 from the traverses across 4 reefs.

Although the sites cored during the second year were chosen
primarily to fill geographic gaps in the earlier coverage, selection
of both the geographic subareas and the specific sites within them
was based on the need to confirm suggested patterns of sediment trans-
port and deposition. The 6 subareas, désignated A through F, and the
location of the 4 reef traverses are shown by figure 85. The specific
locations for the core sites are shown by figure 86. The locatioms

for the 74 cores collected during the first year of study also are
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included on figure 86 to show the full scope of core data used for
the descriptions and interpretations that follow.

The rationale used in selecting the six geographic subareas
relative to specific data needs is as follows: A - determine the
nature of sediments along the seaward edge of the ancestral Brazos-
Colorado River delta where no cores were taken during the first year;

B - refine patterns of distribution for the sand-sized sediments over

the northwestern part of the OCS where a relaﬁively high rate of

sediment influx was suggested by the initial results; C - determine the
distribution of discrete sand layers that possibly represent transport
and deposition during hurricane passage; D ~ refine the patterns of

sand distribution over the part of the inner shelf where traditional
interpretation has placed a current convergence; E - determine the thick-
ness and nature of transgressive sediments over the inner part of the
ancestral Rio Grande delta where sedimentary relationships are complex;
and F - add supplemental data in an area of low sand content.

The sediments adjacent to the dead carbonate reefs were cored so
that the reef debris might be used as a possible indicator in determining
the magnitude of bottom water movement over the outer shelf during
passage of a hurricane. Determination of the distance to which the
debris has been spread away from reefs, at least in the most recently
deposited Holocene sediments, might indicate the degree of disturbance
to be expected along the Bottom in deeper parts of the shelf during
extreme weather events. For completeness, the core data in Bright, Rezak,

and others, 1976, have been incorporated into the synthesis.
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Four reefs were chosen for study: South Baker; Dream; Big Adam,
Small Adam Rock; and an unnamed reef that is designated as reef number
8 on figure 87. These four reefs were selected so that representative
geographic coverage of the entire reef series would be provided. Morpholog-
ical differences among the reefs that might affect susceptibility to
erosion by moving water are apparent from north to south. The reefs
making up the northern half of the series are more mound-shaped and
have generally smooth surfaces; those in the southern half, especially
the southernmost, are more irregular in shape and have numerous pinnacles.
Bathymetric maps of 3 of the 4 reefs, showing the locations of both the
USGS and Texas A&M core sites, are shown by figures 88 through 90. The
positions of core sites relative to the outer edge of the unnamed reef
are shown by figure 91. In addition to the core data reported for the
second year of study, the diagrammed descriptions for several cores
taken during the first year of study around Hospital and Aransas Reefs are
shown by figure 92, taken from Berryhill and others (1976).

The shallow subsurface sediments were collected for study in a
stainless steel, gravity fall pipe-corer employing a 500 pound head.

The core was retained in a plastic liner 7 cm in diameter.
Methods of Study

In the laboratory, the cores were halved in the plastic core
liners and X-rayed at 1 to 1 on a single negative strip. A contact
print was made from each radiograph negative. The cores were then

described by megascopic examination of the core itself and by use of. the
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Figure 88. Bathymetric map of South Baker Reef showing the
locations of core sites. Depths are in meters. The
geographic position of the reef is shown on figure 87.
Bathymetry from Bright, Rezak and others, 1976.
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Figure 89.

Bathymetric map of Dream Reef showing the locations of
core sites. Depths are in meters. The geographic
position of the reef is shown on figure 87. Bathymetry
from Bright, Rezak and others, 1976.
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Bathymetric map of Big Adam Reef and Small Adam Rock
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on figure 87. Bathymetry from Bright, Rezak and
others, 1976.
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EXPLANATION FOR CORE DIAGRAMS
(figures 92-107)

Column | — Pipe Core
Column 2—Extent of Bioturbation

Number over bracket is bottom station number

Sand Prominent

Nurnber at base of core Silt laminae
indicates discrete sands

e ’2 7, )
Sand layer having ripple Lithoclasts and shell remains

or cross laminae.

Heavy lines at base indicates
possible scour during deposition

<
&
Reef Debris: Mud
Sﬁ;bggfo',e rubble Predominantly mixtures of

silt and clay

Bioturbation Coding

Generally absent

Trace

<30%

30-60%

>60%
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X-radiograph film strip. A detailed log, including both diagrammatic
and written descriptions, was prepared for each core. Each descriptive
log was interpreted and coded as to: 1) number of discrete sand layers;
2) types of sedimentary structures; 3) types and intensity of biogenic
structures; 4) degree of sediment modification by bioturbation; 5) types
of faunal remains; and 6) estimated total percentage of sand.

As in the 1975 study, primary attention was given to the deposi-
tional aspects of the sediments thought most likely to yield significant
and quantitative information on the directions and magnitude of sediment
transport over the continental shelf as a function of water mass move-
ment. The aspects are: 1) the number and thickness of discrete sand
layers in each core; 2) the areal extent of discrete sand layers that
seem to be correlative from core to core; 3) amount of sand relative to
the finer textured sediments (mud); 4) presence of ripple-type laminae
or other depositional structures that indicate extent to which moving
water or relatively high energy has been involved in sediment transport;
5) features such as sharp and scour-type boundaries between sediment
types, erosional or scour contact at the base of thick sand layers,
and geographic distribution of lithoclasts and shell debris in the sand
layers, that might indicate the extent of sedimentation over the shelf
during hurricanes; and 6) vertical changes in the type and texture of
the sediments that record significant énd progressive long-term changes
in patterns of sediment movement and deposition during latest Holocene
time.

During the description and logging of the cores, selected short

sections plus some individual sand layers were washed and sieved to
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determine general mineralogic composition where megascopic examination
suggested significant vertical variations in the type and texture of
the sediment. In addition, smear slides of the finer grained sediments
in the cores were prepared on a selective basis for estimating ﬁhe
amount of sand-sized grains under the microscope.

The results of the shallow subsurface sediment studies are reported
principally in illustrations. The basic descriptions of the sediments
cored are in a series of diagrammed logs in which the discrete sand
layers and the sedimentary features ancillary to them are emphasized.
The syntheses of the basic descriptive data have been plotted on maps
to provide synoptic summaries. For convenience in portraying the
synthesized data and, as the means of highlighting any significant
changes in the general pattern of regional sedimentation through time,
the data were plotted and mapped topically in increments of 30 cm,
beginning at the sea floor surface. In choosing the incremental
approach to the analysis and reporting of the data, it was recognized
that the system is somewhat artificial in that it does not account for
areal differences in sediment thickness caused by possible variations
in rates of sedimentation. As a consequence the increments are not
necessarily time synchronous. However, as rates of sedimentation in other
‘than the near-surface sediments are not known and as the emphasis of
the study was on defining and determining the seaward extent of discrete
sand layers as a possible indication of the extent to which sediments
are moved across the shelf during and following hurricanes, the method
is valid. As an empirical check on the continuity of individual sand

layers within each 30 cm core increment, the layers that are at the
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same subseafloor depth in a number of cores were plotted individually
and their extent outlined geographically for comparison with the extent
of all sand layers mapped in the interval. As the cores vary in length,
data below 150 cm were not plotted by increment because the cores longer
than 150 cm are too widely spaced for the data to be meaningful when

mapped.

Description of Cores, General Shelf

Area A

The cores from area A, as a group, are marked by considerable
textural variability and by little regularity in the stratigraphic
relations of discrete sand layers to the finer grained mud (<63 pu
grains). (See figs. 93 and 94 for diagrammed descriptions of the cores
in area A(1l) and A(2).) When the cores are compared individually, two
general types of sediments are represented, indicating two distinct
depositional histories: 1) principally sand deposits that contain
abundant mollusc shells; and 2) muds that geographically are peripheral
to the sandier sediments.

The sands cored in area A lack internal depositional structures, with
only one or two exceptions, and they are the most recent sediment to be
deposited in the area of their occurrence. (See core logs 36d; 36c; 36b;
36a; 57a; 57b; and 57c¢ in fig. 93.) The finer grained mixtures of silt
and clay (mud) peripheral to the sand contain scattered laminae of sand
but few discrete sand layers. The X-radiographs reveal zones of inclined

to wavy silt laminae as the most conspicuous depositional features in
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most of the finer grained cores; diminutive mollusc shells are

scattered throughout cores 86 and 87 (fig. 94). In core 57 (fig. 93)
some 60 cm of mud overlies sandy sediments, demonstrating overlap and
encroachment of finer grained sediments onto the sands that lie.aloﬁg

the northern part of area A.

Area B

The sediments in area B are relatively sandy, and the sand in the
cores is distributed primarily as discrete layers and laminae through-
out the cores. (See figs. 95 and 96 for the descriptive logs.) Shell
remains are not numerous, but when present are confined almost entirely
to the discrete sand layers, usually to the basal part. The mud between
the discrete sands contains a predominance of silt over clay.

The principal depositional structure indicated by the cores is the
very sharp basal contact of some sand layers with the underlying mud;
in some cases, scour is apparent. The X-radiographs indicate both
inclined and cross-laminations in some of the sand layers; textural
gradation upward from coarse to finer grain size is typical of

many layers.

Area C

As in area B, the sediments of area C contain discrete sands
throughout. (See fig. 97.) However, ﬁhe sand layers in area C are
thinner, are more widely separated, and tend to be uniformly finer
grained than in area B. Shell remains are scarce and the larger

shells do not seem to be confined to the sand layers; fine shell
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particles, too small to show on the diagrammed logs, are in some of
the discrete sands. -

Core penetration in area C generally was more uniform and to a greater
average depth than in any other part of the shelf, except along the outer

shelf beyond the reefs.

Area D

Two distinct types of deposits are indicated by the cores obtained
iﬁ area D: predominantly sand along the western or shoreward part, and
primarily muds over the eastern or seaward part. The core logs in
figure 98 have been arranged geographically to'emphasize the difference
in the nature of the sediments within the area: those in the upper tier,
with the exception of number 147, are the sandier cores from the western
edge of the area; those in the lower tier are the muddier cores from
farther out on the shelf. The transitory nature of the seaward decrease
in the sand content of the sediments is shown by comparison of cores
165b, 166, 167, and 168, which lie along the same traverse.

The sand in the cores from the inner shelf gives little indication
of internal depositional structures, but the numerous mollusc shells
in the sand are arranged in layers rather than scattered randomly through-
out the sand, as in the sand from area A. Also, the thin, discrete layers
of mud within the units of sand indicate that the predominant process
of sand deposition along the shoreward part of area D is punctuated from
time to time by the deposition of finer material. The sand in the cores
is, with one exception, very similar in texture and composition. That in

the lower part of core 185a is almost totally quartzose, is very even
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grained and has no shells. It represents depositional conditions
different from those that now prevail in area D.

The cores shown in the lower half of figure 98, which represent
the most seaward part of area D, generally have fewer discrete sands
than those from area C, but otherwise the sediments are of comparable

type, indicating similar conditions of deposition.

Area E

Sand containing abundant shells is the typical sediment in
the cores from area E (fig. 99). Only core 248 has no sand. The amount
of sand and shells varies considerably from one core to another, but
decreases generally upward. Mud is the most recent deposit in all cores
except 226a.

Three types of sand are represented in the cores in terms of
depositional history. The sand in the basal parts of cores 223, 221
and 226a is highly quartzose, is very even grained, contains no shells,
and is compact and firm; some intermixed clay gives the sand a distinctive
greenish-gray color. The sand that lies in sharp contact with the basal
sand in the cores listed and in the oﬁher cores is of less even grain
size, contains an abundance of mollusc shells, and contains varying
amounts of mud. Depositional structures generally are lacking in the
sand, and the shells are randomly scattered; the sand becomes stratified
and the shells are crudely layered in the upper parts of a few of the
cores. The mud that lies above the main deposits of sand contains a
few thin, discrete layers of sand that represent the third type of sand

deposit in area E.
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Area F

The definition of area F as outlined on figure 1 is purely
arbitrary. In a broad sense, relative both to the physiographic
subdivisions of the shelf and to the types of depositional processes
operative from place to place across it, area F is representative of
the outermost part of the continental shelf.

The four cores diagrammed in figure 100 are very fine grained mud
virtually devoid of any obvious depositional structures. The X-radio-
graphs of the cores reveal faint laminations that represent alternating
laminae of clay-sized sediment and silt-sized particles, many of which
are tests of foraminifera. Sand-sized grains make up less than 5 percent
of the sediment; no discrete sand layers are in any of the cores from
the outer shelf, including those on figure 100 and those taken during
the first year. Scattered diminutive mollusc shells are a rare component

of these sediments.
Summary and c¢onclusions

In terms of depositional history, the cores described confirm the
two general types of sedimentary deposits outlined by the first year of
study: 1) the finer grained sediments of the central part of the South
Texas OCS that contain varying amounts of sand, both as admixtures with
the mud and as thin, discrete layers;'énd 2) the sandy sediments over
the southern part of the OCS that contain abundant mollusc shells. 1In
addition, the cores from area A, which was not sampled during the first
year, revealed sandy, shelly sediments similar to those that floor

the southern part of the South Texas O0OCS.
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The 2 general types of sediments indicate not only 2 different
depositional processes, but also 2 episodes of deposition: 1) an older
period of primarily deltaic or fluvial deposition when the shoreline
lay near the outer edge of the continental shelf and sea level was
some 100 m lower than now; and 2) subsequent and progressive spreading
of open shelf marine sedimentation during the rise of sea level across
the shelf from its previous lower position. The sandy, shelly deposits
to the north and south are the submerged relict deposits of the earlier
episode when both deltaic and shallow marine sediments were spread across
the shelf; the generally fine-grained sediments of the central shelf that
are beginning to overlap the older sands to the north and south represent

the episode of sedimentation now in progress.

Core Descriptions, Reef Traverses

South Baker Reef

The cores from around South Baker Reef indicate sediments of a textural
composition similar to the sediments in areas B and C. The sand-sized grains
are predominantly quartzose, but foraminiferal tests are common and make up
25 percent or more of the sand fraction in some segments of the cores. Each
of the gravity cores contains discrete sand layers, but they are most numerous
to the east, west, and south of the reef. (See fig. 101 for the core des-
criptions and fig. 88 for their locations.) The longer piston cores taken
by Texas A&M University reveal that the deeper lying sediments are similar
in textural composition to the shallower sediments cored by USGS. (See fig.

102.) Notably, individual sand layers are at a common depth in a majority of
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the cores, suggesting correlation from core to core. Those having
the highest indices of occurrence at a common depth are at 10 cm,
45 cm, and 90 cm below the sea floof surface.

The principal depositional structure within the sediments, as
indicated by the X-radiographs, is fine interlaminations caused by
alternations in the size of grains; sand laminae are common. Internally
the discrete sand layers have irregular to crude cross-laminae.

The scarcity of reef debris, even to the depths of several meters
penetrated by the piston cores, is a characteristic of the cores around
South Baker Reef. Coarse surficial reef rubble at site 4, virtually
on the edge of the reef, stopped core'penetration; at site 7P, which
is within a few tens of meters of the edge of the reef, the more than
5 m of sediments cored contained a few shells, concentrated mostly in

one layer, but no reef rubble.

Hospital-Aransas Reefs

The cores taken in the vicinity of Hospital-Aransas Reefs provide
a somewhat localized indication of sediment types, as they are not
arranged systematically in traverses as are the cores from near the
other reef sites. The sediment in the four cores diagrammed on figure 92
is principally mud, containing a number of discrete sand layers, which are
most numerous in the lower half of the cores. The sediments cored are
similar to those around South Baker, both in overall composition and in
the general number of discrete sand layers.

Carbonate organic remains from the reefs were collected only in

core 80-1, located some 305 m west of the edge of Aransas Reef. The core
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consists of a series of crudely cyeclic deposits of interlayered reef
debris and mud. The reef debris is a mixture of mollusc shells, coral
fragments and reef rock particles, in which the shells and reef rock
are predominant. The particles of reef debris, though sorted by size
internally within a bed to form a sort of crude textural stratification,
cannot be classified as well sorted overall; particles range in size
from < 2 mm to approximately 1.5 cm. Within the individual beds of
reef debris, crude vertical grading of particles is indicated. 1In some
beds, grading is from coarse to fine upward, but in others the grading
is reversed.

The geographic positions of cores 80-1 and 80 give a good indication
of the distance debris has been carried away from the submerged reefs
which lie some 45 km from shore and at a water depth of some 85 m. The
sediment deposited under normal conditions of water movement around the
reef is fine-grained material (mud); yet core 80-1, 305 m to the west of
the reef, is predominantly reef debris that is interlayered with the mud
throughout the core. Sediment of a particle size far coarser (gravel
size) than the < 63 u typically transported to the site has been moved
a distance of at least 205 m from time to time. As core 80, which is
located 732 m west of the reef, contains no reef debris, the actual
distance the gravel-sized material is transported exceeds 305 m but is
less than 732 m. The layers of coarseAdebris in otherwise very fine
grained sediments indicate that the energy level of water moving across
the_reefs cccasionally has exceeded substantially that normal to the outer

part of the shelf, At such times bottom currents have been sufficiently
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" strong to carry particles of gravel size up a slight gradient for

a distance of a least a quarter of a mile over a soft mud bottom.

Dream Reef

The sediment in the cores from Dream Reef is variable, both in
type and texture; very fine grained material (mud) and reef debris
are the dominant textural components. (See figs. 103 and 104 for the
logs and fig. 89 for their locations.) The few discrete sand layers
are relatively thin and random; only three cores (sites 3, 7, and 8)
have a sand layer at a common depth. The sand at 90 cm in the three
cores corresponds in depth to the most prevalent sand layers in the
cores from South Baker Reef. Mica makes up as much as 25 percent of
some sand layers. Debris from the reef is common in the sediments
around Dream Reef, but it is quite variable in coarseness and is not
evenly distributed. The cores around the western perimeter have the
most debris, except for sites 4 and 5 which may lie on a terrace
connecting the two hummocks that make up Dream Reef; site 7, some 610 m
west, yielded the debris most distant from the reef. The layers of
larger rubble in cores 59P and 61P and at the base of 7 are at the
same depth in the three cores, and they are both overlain and underlain
by fine-grained material.

Depositional structure, like texture, is variable. The thickest
sequences of debris are poorly sorted with no evidence of layering;
in other cores, the finer reef fragments are layered. The debris in

core 7, the farthest from the reef, is well layered.
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Big Adam Reef and Small Adam Rock

Very fine grained sediment or mud is the predominant component
in the cores around Big Adam Reef and Small Adam Rock. (See figs. 105
and 106 for the core logs and fig. 90 for their locations.) Sediment
particles coarser than silt size are principally reef and shell debris.
Discrete sand layers were encountered at only two sites: cores 9 and 7
have one layer each but not at the same depth. A distinctive mineralogical
component of both the silt and sand-size fractions in the sediments
around Big Adam Reef 1is mica; it makes up about one-third of the sand
layer near the top of core 9 (fig. 105).

Reef rubble was cored at 3 sites, and layers of shell and shell
debris were cored at 7 sites. Little if any correlation of layers can
be made from core to core, except perhaps between cores 4 and 5, which
came from south of Big Adam Reef. Fragments of coral are in several

cores, and oyster shells are in core 5.

Unnamed reef

The typically fine-grained sediments around this reef contain an
abundance of reef debris and shells, significantly more so than the
sediments around the other reef sites described. Very coarse carbonate
rubble is in three cores. (See fig. 107 for the logs and fig. 91 for
their locations.) The material shed from the reef seems to be almost
equally abundant in all directions from the reef and is in each of the

outermost cores some 300 m from the edge of the reef.
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The reef debr;s, except for the very coarse rubble, 1s well layered,
indicating transport and deposition by water moving with some speed.
The shells and debris are interlayered with mud, and massive, incoherent
dumping of material around the reef is not indicated. The unnamed reef,
near the southern end of the group of reefs along the South Texas 0OCS,
is noteworthy for the large amount of both coral fragments and oyster
shells. Four species of coral have been tentatively identified:

Madracis asperula; Madracis cf. myricaster; Madracis cf. mirabilis; and

Eusmilia fastigrata. Two species of oysters have been tentatively

identified, Ostrea equestris and Ostrea sp.

Summary and conclusions

On the outer part of the South Texas OCS, the submerged reefs that
now lie in water depths of about 90 m are relicts that formed and grew
in a shallow water environment. They document the general geographic
position of the shoreline during the last low stand of sea level at the
end of Pleistocene time. Because some of the reefs have not as yet been
completely buried by the Holocene sediment deposited during the latest
rise in sea level, they still are potential sources of erosional debris.
Consequently, the extent to which the debris is distributed in the upper-
most sediments around the reefs offers a possible clue to the maximum
energy level reached by the bottom waters over the outer shelf. The
cores from around the reefs indicate that reef debris up to 1.5 to 2 cm
in diameter is interlayered with the very fine grained mud at least to
the depths penetrated by the cores. High resolution seismic reflection
profiles indicate that the average maximum thickness of sediment above

the distal edges of the buried reef platforms is about 12 m. The bases



of the reef platforms are coincident with the angular unconformity that

marks the base of the Holocene deposits, thus the full thickness of

sediments deposited on the outer shelf around the reefs during the
transgressivé rise in sea level is well established. The nature of
the sedimentary processes involved is as follows:

1. Deposition of fine-grained material of less than 63 p particle
size is the prevailing process. The fine-grained mud now reaching
the outer shelf seems to come primarily from terrestrial
sources and is carried in suspension seaward across the shelf.

The regional patterns of dispersal for the suspended material on

a seasonal basis are described by Shideler in another section of
this report. The relatively large numbers of microzooplankton
tests in some of the cores indicate some pelagic sedimentation

as well. The rates of accumulation for the mud could

not be established from the cores described. A special study

by Holmes of rates of sedimentation over the past 200 years,

using 210py as a dating agent, is described in another section

of this report. His dating analyses indicate that the most

recent sediments are accumulating at a rate of a little more than
1 mm per year along the part of the outer shelf in which the reefs
lie. The rate determined by Holmes for the most recent sediments
is essentially the same as the 0.9 mm per year average for the
overall Holocene sequence, assuming that the elapsed time has been

- 13,000 years.
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Quartzose sediment particles of sand size (> 63 u) are subordinate

in quantity to both mud and reef debris in the deposits around

most of the reefs, yet thin, discrete sand layers are in most of

the cores. Regionally these discrete sand layers are most numerous
around the northernmost reefs where they predominate over reef

debris; they decrease in number progressively southward and are

absent around the unnamed reef near the southern end of the series.
The abundance of quartzose sand in the northern part of the outer

OCS suggests that the sand is more prevalent there because that

part of the shelf is closest to the main sources for the sediment

now being carried onto the South Texas OCS. However, the significant
amounts of mica and foraminiferal tests mixed with the quartz grains,
plus the very intricate interlamination of the textural components

in most of the discrete layers, suggest that the sands also may
represent in part lag deposits that accumulate as a result of stirring
of the bottom by fairly persistent currents. The persistence of a
prominent nepheloid layer around the reefs has been documented.

Thus two processes seem to be involved in the accumulation of

discrete sands around the reefs: normal sediment transport across

the shelf, plus some redistribution and reconcentration by bottom
currents. As the sand layers seem to be more numerous in the sediments
peripheral to the reefs than in the midshelf sediments to the west

of the reefs, the assumption can be made that the currents which
winnow and redeposit the sands around the reefs are moving onto

the outer shelf from the deeper gulf. The sand-sized particles, being

slightly coarser than the predominantly finer grained particles carried
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by the bottom currents, may tend to accumulate around the reefs
because the reefs disrupt and decrease the velocity of water

moving over and around them.

The presence of reef debris as interlayers in the mud that
surrounds the reefs indicates that seawater of an increased
velocity has moved intermittently across the reefs and has swept
the debris onto the adjacent sea floor. The maximum distance

the debris has been carried from the reefs, on thé basis of thg
cores studied, is between 300 and 500 m. The spreading of the
debris in individual layers or beds within an otherwise muddy
sedimentary environment and the crudely layered arrangement of
some of the debris itself within the beds indicate the episodic
nature of the process. Viewed within the context of the known
transgressive rise in sea level during the Holocene, the logical
conclusion for the presence of debris in the muds around the reefs
is that the debris was swept off the reefs during storms when the
water depth over the reefs was much shallower. It seems doubtful
that even hurricanes could cause increased bottom water velocities
at depths of 90 m sufficient to carry reef debris up to 2 cm in
diameter for distances of 300 m or more. The evidence from the
cores suggests that fine sand is the maximum particle size now
being transported by bottom currents moving around the reefs during
the period of highest velocity. Furthermore, the depth of burial
of the uppermost layers of debris in the cores increases progressively

in a south to north direction, indicating: 1) that the rates of most



recent sediment deposition are higher to the north and that
the primary source of sediment reaching the South Texas OCS is
to the north or northwest; and 2) that the southernmost reefs
probably are not only younger than the northernmost but have

had a different history of growth as well.
Incremental Analyses of the Cores

General statement

The incremental analyses of the cores in segments of 30 cm
included: estimated percent of sand-sized particles; number of
discrete sand layers, and areal extent of individual discrete sand
layers that are at the same subseafloor depth in a significant number
of cores. As relict deltaic deposits are at shallow subseafloor
depths over the extreme northeastern and the southern parts of the
South Texas OCS, the thickness of the late Holocene shelf transgressive
deposits in those areas, as indicated by the cores, is shown by fig-
ure 108.

The results of the incremental analyses, which include all cores
collected during the first year as well as those collected during the
second, are shown by the series of maps in figures 109 through 113.

As the incremental analyses included 3 types of syntheses, each figure
covering the 4 increments from O to 120 cm includes 3 maps that are
labelled a, b, and c: a) the percentage of sand; b) the number of
discrete sands; and c¢) the distribution of individual discrete sand
layers that are at the same depth in a number of cores. As some of
the cores did not penetrate an additional full 30 cm increment below

a depth of 90 cm, maps showing sand layers at a common depth in the
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Estimated percentage of sand-sized detritus in the core depth
interval, 0-30 cm. Stippling indicates area of relict deltaic
deposits generally not penetrated to a full depth of 30 cm.
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stippling indicates that the interval is primarily reworked
deltaic deposits.
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Estimated percentage of sand-sized detritus in the core depth
interval, 60-90 cm. An X indicates that the complete interval
was not penetrated by the corer. Heavy dashed lines indicate
approximate limits of the two ancestral deltas.
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Number of discrete sand layers in the core depth interval,
60-90 cm. The areas outlined contain the number of sand
layers indicated along the dashed lines. The fine stippling
indicates that transported sand makes up 90 percent of the
interval; the heavy stippling indicates that relict deltaic
deposits make up the interval. The medium stippling indicates
that the interval is made up of reworked deltaic sediments.
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Number of discrete sand layers in the core depth interval,
90-120 cm. The areas outlined contain the number of sand
layers indicated along the dashed lines. The fine stippling
indicates that transported sand makes up 90 percent of the
interval; the heavy stippling indicates that relict deltaic
sediments make up the interval; the medium stippling indicates
the interval is made up of reworked deltaic sediments. An

X indicates the interval was not penetrated by the corer.
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Estimated percentage of sand-sized detritus in the core depth
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Number of discrete sand layers in the core depth interval,
120-150 cm. The areas outlined contain the number of sand
layers indicated along the dashed lines. The heavy stippling
indicates that relic deltaic sediments make up the interval;
the light stippling indicates that reworked deltaic sediments
make up the interval. An X indicates that the interval was
not penetrated by the corer.



90-120, and 120-150 increments were not constructed. The synthesized data
have been presented in a form that is largely self-explanatory. The areas

of older deltaic deposits are indicated on each map.

Summary and conclusions

As pointed out in the introduction to this section of the report, the
incremental approach to data synthesis is stratigraphically artificial in
that it does not account for any geographic differences in rates of sedi-
mentation from one part of the shelf to another. Nevertheless, as the
sequence of sediments represented in the cores is both relatively thin and
recent in age, and, as no part of the STOCS seems to have received great
thicknesses of sediments such as those parts of the continental shelf peri-
pheral to the Mississippi Delta, the approach used adequately fulfills the
purpose intended. The syntheses indicate the following characteristics of
sediment movement over the South Texas OCS:

1. The geographic patterns of sand occurrence, whether as a percentage of
the total segment or as discrete layers, vary only slightly from one
increment to another. Minor variations in the areal distribution of
discrete sands are evident when increments are compared, but no signi-
ficant geographic changes in either source of the sediment or directionms

of transport across the shelf are indicated.

2. The source for most of the sediment that has entered the South Texas
0CS during the latest Holocene has been to the northwest and north.
The numbers of discrete sand layers are most numerous and most wide-
spread in the northwestern part of the OCS, both incrementally and in

aggregate.
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The principal mechanism responsible for spreading sand in discrete
layers to midshelf and beyond probably has been hurricane-generated
turbidity currents. Graded grain size, together with other deposi-~
tional structures such as laminae flow and crude, cut-and-fill
structures in the layers, attest to relatively rapid transport;
however, as individual layers cannot be correlated with absolute
certainty from core to core, the interpretation must rest on

empirical evidence.

The principal depocenter at the present time for sediments now
reaching the South Texas OCS, as suggested by the incremental
analyses, is the north central part of the shelf. The general

area is shown by the map in figure 114.

Five subprovinces of the shelf can be outlined on the basis of the
sediment characteristics and the processes involved in sediment trans-
port and deposition (fig. 115):

I - Relict deltaic deposits of an older sedimentary regime that
include both complexly and intricately interstratified inter-
mixed sand, shells and hard clays. The upper part of these
deposits is in part reworked. They are relatively compact
and firm, and they are overlain disconformably by relatively
thin deposits of soft mud and sand of variable thickness;

II - Inner shelf, characterized by both higher percentage of total

sand and by more numerous discrete sands;
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II1 - Outer shelf, narrow area containing relict reefs that lie
roughly along the 90 m isobath. Sediments reaching the area
are principally of silt and clay size; sand possibly is
carried in occasionally by hurricane—generatéd turbidity flows,
and some sand may be concentrated as lag deposits by bottom

currents moving onto the shelf from the deeper Gulf;

IV - Outermost shelf, an area of slow sedimentation relative to
other parts of the South Texas OCS where pelagic raining
of microscopic organic remains appears to be the principal

process;

V - Central shelf, an area of relatively high sedimentation but
of progressively decreasing rate from north to south; receives
some sand-sized particles under normal conditions and probably

thin layers of discrete sand in the aftermath of hurricanes.
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Rates of Sedimentation

by

Charles W. Holmes and E. Ann Martin

Variation in the rates at which sediments accumulate within a sedi-
mentary basin is an important aspect in the understanding of the physical
and chemical processes involved both during and after deposition. To obtain
some estimate of rates of deposition, many investigators have relied on
extrapolations from a time datum based on paleontological evidence, radio-
carbon dating, or stratigraphic relations. On the other end of the spectrum,
many investigators tacitly assume that the upper few centimeters or so are
"modern" and are thus a picture of the processes now active. In reality
sedimentation rates may vary by more than an order of magnitude within a
basin, and such an assumption can lead to erroneous conclusions.

During the past decade, a method has been developed that permits
measurement of the age of sediments that have been deposited within the
past century or so. The method is based on the discovery that an excess
of a radiocactive species of lead (210Pb) exists in the atmosphere. First
used to determine snow accumuiation in the permanent snow fields of Greenland
(Goldberg, 1963), the method has been successfully applied to studies of
Alpine glaciers (Windom, 1969) and to age dating of the Antarctic ice sheet
(Crozaz and others, 1964). Recently the method has been applied to accumu-
lation rates of sediments in lakes (Koide and others, 1973; Edgington and
Robins, 1976), in marshes (Armentano and Woodell, 1975), and in coastal and
shelf regions (Bruland, 1974; Shokes, 1976; Thomson and others, 1976).
Reported herein are the results of a similar study on the shelf of the north-

eastern Gulf of Mexico.



Geochemical Considerations

Excess radicactive lead (210

Pb) is produced and accumulated in
the atmosphere and waters of the world as a result of a series of
favorable nuclear and chemical properties of the elements in the
uranium-238 radioactive family. The lead isotope (?10pp) | with a half
life of 22.26 years (Hohndorf, 1969), is formed from the decay of its
radon grandparent (222Rn), which diffuses into the atmosphere because
of its properties as a noble gas. After its formation, the lead is
precipitated into the hydrosphere. Its mean residence time has been
measured in southern Wisconsin as about 3.8 days (Francis and

others, 1970). Other sources are apparently insignificant when
compared to the atmosphere (fig. 116) (Benninger, 1976).

Once in the hydrosphere, the chemically active lead is adsorbed
onto particulate material and thus becomes entrained in the sedimentary
processes. The absorption process is very rapid with respect to
nonbiogenic material (Scrudato and Estes, 1976). Similar activity
could be expected with biogenic particulate material.

The use of any radioactive isotope for estimating the age of a
substance requires that certain conditions be met. In disequilibrium
procedures, the production or flux of the radioelement must be constant
over the dated interval of interest; after deposition of the

radicelement, there must be no addition or subtraction of the element

from the system.

211



[

Rn-222 —— Pb-210

! S

PARTICULATE PRECIPITATION
STREAM RUN-OFF (wet and dry)

N\

Ra-226—Rn-222 — Pb-210

—.——Pb-210-—Ra-226

PARTICULATE
SCAVENGING

PbV-ZIOE
Pb-210 “—
Total Pb-210 = =—Ra-226

Figure 116. Geochemical cycle for 210py, (modified from Benninger, 1976).



Lead comes to equilibrium with the particulate material rapidly
in the marine environment. Thus this material assumes the lead char-
acter of the water mass which(surrounded it and from which it was
deposited. As water masses keep their integrity for considerable
distances, conditions will be met over large regions for a valid method
of estimating sedimentation rates. In the zone in which two water
masses may become mixed, the zone of mixing would be reflected in the
lead distribution in the sediment. There is no evidence of lead migra-
tion after deposition (Thomson and others, 1976); the chemical activity

of lead tends to immobilize it in the marine environment.
Methodology

The specific activity of 2lon was measured indirectly by the
determination of the activity of the granddaughter isotope 21OPo,
assuming secular equilibrium between the two species. This assumption
has been investigated (Benninger, 1976; Nittrouer and others, 1976),
and no evidence was found to negate it. The excess 210Pb was determined
by subtracting that lead which was found to be in equilibrium with 226Ra.
This value was indirectly determined by assuming that radioactive equi-
1ibrium was reached in the lower sections of the core as exhibited by a
constant lead value with depth; this value was then subtracted from
those values in the upper sections of the same core to yield the excess
210py,

Forty-three cores were obtained from every region of the north-

western gulf shelf (fig. 7). Four were obtained with a device designed
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to take short, undisturbed cores (hydrostatically dampened cores).
The core device proved to be unsatisfactory in the soft mud that covers
much of the south Texas shelf. Of the remaining 39 cores, 16 were taken
by a large diameter gravity corer and 23 by a large box corer. These cores
yvielded satisfactory samples with minimal disturbance of the surficial
layers and without significant shortening.

The reasoning behind the preceding geochemical and radiochemical
assumptions leads to the basis for calculating the age of any level
within a sediment column: the age of a sample at a certain depth (x) is

related to time by the sediment rate (w) as
ttime = x/w

so that a plot of the log activity of excess 210py, should yield a

straight line over a time interval in which the sediment rate is constant.
Graphically displayed in this manner, the steeper the slope, the slower the
rate.

If the sediment entrained in the water column is always in equi-
1ibrium with Zlon so that no matter how much sediment is introduced, the
activity per gram of sediment will remain constant, then a break in the
slope of the decay plot versus depth may represent variances in sediment
rates. However, such breaks in the top 10-20 cm in shallow areas where
biologic activity may be significant may be the result of bioturbation
and/or wave action. In most cases, wave action produces the break in slope
noted by many investigators.

In many areas the water content of sediment samples varies signif-
icantly both areally and with depth. If this differential is not

taken into account, the sedimentation rates are erroneous.



Measurements of water content in cores used in this study show a remarkably
uniform interstitial water/sediment ratio. Thus, any correction for sedi-
mentation rates based on water content could be uniformly applied. As
sediment rates are usually reported in terms of length per unit time
instead of weight per area per year, the rates reported here are in milli-

meters per year. Original data are listed in Appendix 5.

Dating Procedure

The entire sample was dried and ground to a fine powder. A 5 g
representative subsample was weighed into a precleaned porcelain crucible
and placed in a muffle furnace at 450°C for 6 hours. The sample was allowed

to cool in a dessicator and was reweighed in order to obtain a dry sample
weight.

The dry sample was transferred to a 100 ml teflon beaker with 5 ml of
concentrated reagent grade nitric acid. The appropriate amount of 208p,
spike was added, and the sample was evaporated to dryness under heat lamps.
Five ml of 30 percent hydrogen peroxide was added and allowed to react with
the sample. The solution was again evaporated to drynmess. Hydrochloric
acid addition was repeated until all traces of the nitric acid were removed.

The sample was redissolved in 5 ml of concentrated hydrochloric acid
and transferred to a 100 ml glass beaker. After the addition of 2 ml of 25
percent sodium citrate, 5 ml of hydroxylamine hydrochloride, and 10 mg of
bismuth carrier, the pH of the resulting solution was adjusted to 2.0 with
ammonium hydroxide. The beaker was placed on a stirring hot plate and
heated to 85°-90°C. Stirring and heating continued for 5 minutes. A silver
disc was secured in the teflon plating device and lowered into the solutiom

taking care not to trap air pockets beneath the disc. Heating and stirring
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continued for a minimum of 90 minutes. The silver disc was removed from
the plating apparatus, rinsed with deionized water and allowed to dry.

The disc was counted on an alpha spectrometer.

Results and Conclusions

The 21OPb activity in the sediments of the continental shelf of Texas
varied from a high of about 25 disintegrations per minute (dpm) to 1.4-1.0
dpm. The latter rates represent the background values, or that radioactive
lead which is in equilibrium with the radium in the sediment. The larger
value is representative of the material entering the OCS environment from
sources along the Texas coast and beyond. The smaller value appears to be
associated with hemipelagic material being deposited on the outer shelf.
These values are in line with previously measured radium activity values
for delta sediments (Shokes, 1976).

The results of the 210pb analyses, showing the excess of 210?0 in
sequential incremental depths in the cores, are in the series of graphs,
figures 117 through 120. Of the 43 cores analyzed, 16 showed straight
line decreases of the log activity of lead and are indicative of constant

210Pb, indicating

sedimentation. Twelve cores had no excess radioactive
either little or extremely slow sedimentation. In a number of cores, the
individual analyses do not plot as a straight line for the entire segment
of core analyzed; instead, breaks or changes in the slope of the line are
indicated (see core 32, fig. 117 and core 174, fig. 119). This variation
in the distribution of 210Po is thought to be caused by mixing of the
sediment after deposition by infaunal activity or bioturbation. Conse-

quently, the slope of this mixed zone is influenced by both the relative

rates of deposition and the degree of bioturbation (Guinasso and Schink, 1975):
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the more the slope of the curve resembles the decay curve, the higher the
rate of sedimentation relative to the rate of mixing. Conversely, the
flatter the curve, the higher the rate of mixing, with a horizontal zone
of radioactivity representing a totally mixed zone. Two cores (19 and 27)
show a greater increase in activity with depth in the surface zone than does
the normal decay curve. This inverse relationship may be due to a type of
bioturbation in which older material is carried upward to the surface by
animals and redeposited over the younger sediment. This process may be
the result of the activity of worms, especially the filter feeders.

Three cores on the shelf showed unique radioactive 210Pb distributions.
Two box cores from the inner shelf (27 and 120) have unusual curves in which
the activity of the surface sediment is low, and the normal decay has
occurred below a sand layer. 1In the third core (106), radiometric lead
decreases with depth in a sawtooth pattern: in the surface zone, the radio-
active material is constant; at a depth of 10 cm the lead radiocactivity
abruptly increases followed by a normal decrease with depth; again at 30 cm,
a similar jump occurs. Each of these discontinuities corresponds to the
position of a sand layer in the core. The sand layers appear to represent
single sedimentological events of probable shoert duration that have disrupted
the normal decay pattern for 21on. Other characteristics of the sediments,
as reported by Berryhill elsewhere in the report, strongly suggest that
many of the more widespread individual sand layers were transported and
deposited during hurricanes. The patterns of decay for 210Pb in cores such
as 106 support the other lines of evidence that point to deposition of the
discrete sands by storms. Thus the 210py, dating method may be applicable

not only to dating rates of cediment deposition but to identifying and

mapping short-lived sedimentary events of regional significance as well.
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The 210

Pb activity within the surface sediment, calculated by pro-
jecting the nonbioturbated curve to the surface, falls into two distinct
categories: an inner region with surface activity clustered about 6-7 dpm,
and an outer region that clusters about 20+ dpm (fig. 121). Cores near

the boundary of these 2 regions have values indicating an apparent mixing
of the zones, which suggests either 2 sources of sediment or 2 water masses
from which the sediment is deposited. The higher values are in the surface
sediment on the outer edge of the shelf and are believed to be associated
with hemipelagic deposition. The lower values are in the sediment from an
inner shelf source. 1In some cores, the lower values probably are due to
sampling disturbance, with the surface sediment being lost. Cores 238 and
57 were taken as gravity cores, and disturbance is more likely with this
method of sampling than with box coring. A similar relationship and range
of surface values was noted by Shokes (1976) off the delta of the Mississippi
River and by Nittrouer and others (1976) off the Washington shelf.

The average rate of sedimentation on the shelf varied from 0.19 to 9.88
mm/year (figs. 122 and 123). Twelve sites had no measured rates of sedi-
mentation. These lie along the inner shelf and on the central and northern
edge of the Rio Grande sgbmerged delta. The highest measured rate was 9.88
mm/year, just off the mouth of the Rio Grande. Further out over the inner
half of the submerged Rio Grande delta, no apparent modern sedimentation is
taking place. Although most of the material delivered to the gulf by the
Rio Grande appears to be deposited on the inner shelf, some of the sediment
appears to bypass the inner shelf and is deposited over the outermost part of
the shelf. Although the latter possibility seems unique, the source of sedi-
ment necessary to produce both the moderately high accumulation rates at the

shelf edge and the surface activity values suggests a combination of an onshore
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source of sediment deposited through an offshore water mass. This combi-
nation would produce a high rate of sedimentation with a moderate to high
surface activity value.

In addition to the high rate of sedimentation near the mouth of the
Rio Grande, a high rate of sediment accumulation also is indicated for the
central shelf south of Matagorda Bay. From LANDSAT photographs, the source
appears to be sediment trailed offshore by winds during the winter season
when the energy and sedimentation activity is greatest (Hunter, R. E. 1976,
pers. commun.). This physical evidence suggests that the high rate of
sedimentation and the relative surface activities may reflect a zone of
mixing such as in the model proposed by McCave (1972). His model relates
the magnitude of energy in the environment to the concentration of suspended
sediment: if the concentration exceeds the amount of energy needed to maintain
the material in transport, deposition occurs. Over the northern part of the
South Texas OCS, large amounts of suspended material are moved southwestward
along the coast to the vicinity of Matagorda Bay where the material is
entrained oblique to the coast by a combination of currents and wind stresses.
As a result, the suspended material is transported in large amounts from the
high energy zone on the inner shelf to the relatively quieter central shelf

2105, 4

where rapid deposition occurs. The surface activity values of
this area of high sediment accumulation also suggest that there may be some
influence from water coming from the north, possibly Mississippi River

water (Smith, Ned, 1976, pers. commun.).



CHEMICAL CHARACTERISTICS

Surface Sediments--Seasonal Variability
in Trace Metals Content

by

Charles W. Holmes and E. Ann Martin

As a means of testing the seasonal variability of trace metals in the
benthic sediments and to provide supportive trace metal data for concurrent
biologic and hydrocarbon investigations, subsamples from 26 biologic infaunal
stations (fig. 123a) taken during the winter, summer, and fall seasons in
1976 were analyzed. (See table 4 for the geographic coordinates of the
stations.) The samples submitted for analysis were composited subsamples
obtained by a SMITH-MACINTYRE grab sampler which retrieves an "undisturbed"
sample. At each station four grabs were taken, with the subsamples repre-
senting both the top 5 cm from each grab and also one subsample pooled from
the four grabs. For the summer sampling period, both the individual and the
pooled subsamples were analyzed. The sampling scheme used permitted compar-
isons to be made both areally and seasonally, and the variability to be
assessed.

In addition to the sediment samples, interlaboratory calibratioa and
reference samples also were analyzed. These were the standard organic
material, Orchard Leaves and Bovine Liver (National Bureau of Standards
biological standards), plus four exchange samples from the Texas A&M trace
metal laboratory. The marine reference sediment material, USGS MAG I; the
USGS standard rock material, G-2; and a composite sediment sample from the
study area were also interchanged and analyzed. The results of these
analyses demonstrate that the precision and accuracy of the analytical

techniques of the laboratories compare favorably.
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Table 4. Location of stations used for studying the seasonal
variability of trace metals in benthic sediments

Transect Station Latitude TLongitude Depth (m)

I 1 28°12'N 96°27'W 18
2 27°55'N 96°20'W 42

3 27°34'N 96°07'W 134

4 28°14'N 96°29'W 10

5 27°44'N 96°14'W 82

6 27°39'N 96°12'W 100

1T 1 27°40'N 96°59'W 22
2 27°30'N 96°45'W 49

3 27°18'N 96°23'W 131

4 27°34'N 96°50'W 34

5 27°24'N 96°36'W 78

6 27°24'N 96°29'W 98

III 1 26°58'N 97°11'w 25
2 26°58'N 96°48'W 65

3 26°58'N 96°33'W 106

4 26°58'N 97°20'W 15

5 26°58'N 97°02'w 40

6 26°58'N 96°30'W 125

v 1 26°10'N 97°01'W 27
2 26°10'N 96°39'W 47

3 26°10'N 96°24'W 91

4 26°10'N 97°08'W 15

5 26°10'N 96°54'W 37

6 26°10'N 96°31'W 65

7 26°10'N 96°20'W 130
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Methods
Partial leach (sediment)

For cadmium, chromium, copper, irom, lead, nickel, vanadium, and
Zinc determination, the entire sample was dried at 90°C and ground in a
ceramic mortar to pass through a 200 y mesh nylon screen. From this sample,
duplicate 1 g subsamples were weighed into preweighed and prefired crucibles,
and were heated in a muffle furnace at 450°C for 6 hours. After cooling in
a dessicator, the samples were reweighed and transferred to precleaned
culture tubes; 10 ml of 16N HNO3 (reagent grade) were added. After heating
for 1 hour at 54°C, the solution was transferred to a teflon beaker and
evaporated to dryness. The dried sample was brought into solution by the
addition of 10 ml of 16N HNO3, transferred to a culture tube and analyzed
by atomic absorption methods. For barium, the method described was modified
by the addition of 10 ml of 30 percent H20, to the sample prior to the additionm
of the nitric acid. This solution was then mixed well and analyzed for

barium. The instrument settings are given in table 5.

Table 5. Instrument Parameters and Mode of Analysis
-303 PE with an HG2100 Graphite Furnace = flameless
-360 = flame
Wave Ashing
Element Length Dilution Mode Dry Temp. Temp. Atom. Temp.
Ba 2776 1:40(1:200) Flameless 100°C 1200°C 2700°C
cd 2293 1:10 Flameless  100°C 250°C 2100°C
Cu 3262 1:10 Flame - - --
Cr 3589 1:100 Flameless 100°C 1200°C 2700°C
Fe 2483 1:1000 Flame - - -
Mn 2801 1:100 Flame - —— -
Ni 2330 1:10 Flame - - -
Pb 2842 1:10 Flameless 100°C 550°C 2000°C
v 3194 1:10 Flameless  100°C 1700°C 2700°C
Zn 2146 1:100 Flame - - -



Totals (sediment)

The sample was ground and homogenized to pass through a 200 mesh nylon
screen. Duplicate 0.25 g samples were placed in preweighed and prefired
porcelain crucibles and were fired in a muffle furnace at 450°C for 6 hours.
The sample was then cooled in a dessicator, reweighed, carefully transferred
into a 50 ml teflon beaker and wetted with 12N HCl. Four ml of 16N HNO,
was added. The sample was then stirred and evaporated to dryness. The
residue was redissolved in 2 ml 30 percent Hy0,, followed by the addition
in sequence of 3 ml of 12N HCl, 1 ml HF, 10 ml of 8N HN03 and 1 ml1 12N HCI.
One ml of 16N HNO4 was added to the residue, and it was diluted to a total
volume of 10 ml. This solution was analyzed by atomic absorption. The

instrument settings are given in table 5.
Total biological material

Duplicate 0.5 g, freeze-dried, homogenized samples were placed into
50 ml1 teflon beakers, and 6 ml of 3 to 1 concentrated HCl: HNO3 mixture
were added. The sample was covered with a watch glass and allowed to
digest at room temperature overnight or until the sample ceased to foam
or bubble. It was then slowly heated for 1 1/2 hours and evaporated to
near dryness. To this solution, 30 percent H202 was added until the
resulting solution was clear to yellow. Again the sample was taken to
near dryness by repeating the last process. To the residue, 5 ml of
16N HNO3 was added, and the solution was transferred to a 25 ml volumetric
flask, brought to volume with 1 to 1 HNO3 and filtered through a 0.4 pm
NUCLEPORE filter. The solution was analyzed by atomic absorption methods.

The instrument settings are given in table 5.



Table ¢,

Intercalibration samples

MAG I
Lab Ba Cd Cr Cu Fe Mn Ni Pb \'/ Zn
USGS, Corpus
Christi 540+1 0.27+.07 108+3 29.0+5 51200+300 666+20 64.5+10 19.7+2 12848 139+8
Texas A&M - - 12045 30.3+0.6 493004200 762+24 61.5+3 28.8+2.2 - 140+3
Prof. Paper
841 493 - 12Lt20 48.8 52400 - 50.7 20.4 132 102
G-2
USGS, Corpus :
Prof. Paper
841 1532 - 8.0 9.7 24400 410 2.4 31.3 44.6 68.2
sTocS I/III
USGS, Corpus
Christi 528+80 0.24+.04 64+1 16.4+3 32800 404 35.4+6 16.4+8 9948 92+2
Texas A&M - - 71+5 17.5+.2 321004200 468+1 30.9+1 25+1 - 87+2
#4922 Starfish
USGS, Corpus
Christi - 0.34+.08 4.4+1.0 7.3+1.0 223420 189+70 1.8+0.2 0.74 - 41.8
Texas A&M - 0.40 0.6 14 273 - - 0.9 - -
#4517 Shrimp
USGS, Corpus
Christi - 0.02+.01 3.6+0.5 17.3+18 104+13 0.8+0.03 2.0+.3 0.1+.03 - 47.7
Texas A&M - 0.04 - 20 - - - 0.1 - -
#4924 Shrimp
USGS, Corpus
Christi - 0.05+0.01 3.6+0.2 12.6+0.7 60+8 1.0+.08 2.440.3 .29+.16 - 45.4
Texas A&M - 0.05 - 15 A - - - .2 - -
Zooplankton
USGS, Corpus
Christi ~ 0.32+.02 7.8+1.0 2840.3 170+36 5.50+0.55 3.1+1.1 0.36314 - 61.2+5
Texas A&M - 0.40 - 35 - - - 0.3 49



Results

Intercalibration

The results of the intercalibration and standardization are given
in table 6. For most elements, very good agreement between laboratories
is indicated. The only apparent exception is chromium in the organic
material. The Corpus Christi laboratory obtained amounts that were higher
than those reported by Texas A&M and those certified by the National Bureau
of Standards. As these samples were analyzed both by the direct method and
by the method of additions with consistent results, we feel our values are
valid. The discrepancy may be due to differences in the splits analyzed.
The samples exchanged between laboratories (the composite sediment; the
shrimp and zooplankton) may have a slightly wider variation because of the
lack of stringent homogenization. For example, in the case of the starfish,

two individuals were analyzed; some variation would be expected in this case.

Seasonal sediment samples

The results of the analyses from the three seasonal samples are listed
in Appendix 6. The samples were analyzed in duplicate and table 7 lists

the percent deviation for each element.

Table 7. Percent deviation of duplicate analyses
Ba 9.0 Mn 2,2
Ccd 4.6 Ni 6.1
Cr 6.0 Pb 5.4
Cu 5.3 v 6.9
Fe 4.7 Zn 4.3



Discussion

Areal variation

During the summer cruises, subsamples of the four samples taken at
each station were analyzed along with a composite of the four samples.
This procedure permitted an excellent opportunity to investigate site
variability. Figures 124 to 133 show graphically the variability at each
site. The graphs were constructed by plotting the average of the four
individual samples along the x-axis against the value for each sample and
for the composite. In this manner the variability of the elements is
visually displayed. If no significant variability exists, all values should
fall along or close to a 1 to 1 line. The graphed results show very close
agreement, especially with respect to the composite sample. The few indi-
vidual samples that fall outside the 10 percent envelope (the divergent
lines on the graphs) are those taken nearest the shore where the texture

of the sediment is highly variable.

Seasonal variability

As discussed above, the composite (the pooled sample from the four
grabs taken at each station) was established as a good representative sample
for the summer period at each location. As the samples analyzed for the
winter and fall sampling period also were pooled from four individual grabs,
it follows that these are also representative of the sampling station for
the respective seasons.

The plots of a dispersion index (the standard deviation divided by
the mean) for seasonal samples against those from a single station (those

taken on the summer cruises) are shown by figures 134 to 142. Cadmium was
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not plotted because of insufficient data for comparison. If no significant
differences between the seasonal and areal sampling existed, then the graphed
values should fall along or near the 1 to 1 line. The graphs show that for
all elements most of the analytical results fall above the line and clocse to
the seasonal axis, indicating that variability on a seasonal basis is greater
than the areal variability at a site. The analyses for two stations indicated
a significant departure from the pattern of variability common to the other
sites. Station II/1l, the innermost station on the transect that extends
seaward from Port Aransas, had greater site variability than seasonal varia-
bility; in contrast, station IV/6, which lies at the outer edge of the
ancestral Rio Grande delta, had significantly higher seasonal variability
than other statioms.

As the samples for each season were analyzed when they were submitted to
the laboratory, there was a possibility that the variations indicated were
caused by inadvertent variations in laboratory processing and procedures.

To test this possibility, 10 samples from the different sampling periods
were reanalyzed and the results are listed in table 8. The results document
excellent agreement between amounts measured during the seasonal analyses and
those measured later during reanalysis (fig. 143).

As a check on the correlativity of the trace metals content of benthic
sediments from one year to another within a season, the results for November
1975 were compared with those for November 1974, as reported by Berryhill and
others, 1976. Even though a direct comparison was not possible because of
the large difference in the number of stations sampled in the two years
(264 in 1974; 26 in 1975) the specific amounts on a local basis and ranges
in amounts over the region were very similar. Thus, the amounts and the

general patterns of distribution indicated by the samples for November 1974



were confirmed by the analyses for November 1975 and may be considered
characteristic of the region for that period of the year.

In summary, the seasonal monitoring of variations in trace metals
content of benthic sediments indicates that variations between one season
and another are greater than those at individual stations within a season.
The reason for the pattern of variability indicated is not completely under-
stood, but it may be caused by seasonal variations in biologic activity

both along the sea floor surface and within the benthic sediments.



Table 8

SAMPLE

SEASON

4/I1
7/1v

SEASON

3/1

2/11
1/1v
5/1Iv

SEASON
5/11
6/11
I/111
4/1IV

IT

I11

Cu

W oy [ 00
o Oy

= OO0

o W N IRV R ol

5.
5.
5.
1.

*Check samples

Cu*

W= o
W o wape

= oy 0
O &N

227
623

327
296
141
196

321
359
306
167

Mn*

222
560

322
296
136
190

312
305
280
168

Pb*

Results of reanalysis used to check variations in initial

seasonal analytical results that might have been caused by
inadvertent changes in laboratory processing.
in triplicate.

Reruns were



10}

A

Pb

ey A

90T

80

30

20 30 40 50 60 70 80 90

PPM

20 30 40

Figure 143.

5 60 70 80 90
PPM

70
60
S0}

401t

Ndd

30t
20}

1o}

Cu

A A n "

10 20 30 40 50 60 70
PP

N " A

0

100 200 300 400 500 600 T0O
PPM

Graphed plots for selected trace metals showing amounts measured during
the seasonal analysis versus amounts measured during reanalyzation as
a check on the inadvertent variations in laboratory procedures.



Gas Seeps and Trace Metal Concentrations

by

Charles W. Holmes, Bernie Bernard and E. Ann Martin

A geochemical "hot spot' where the amounts of certain trace metals
in the benthic sediments are significantly greater than the regional
averages, has been mapped in the northeastern part of the south Texas
shelf (Berryhill and others, 1976, fig. 27). The amounts of cadmium,
chromium, iron, vanadium, and zinc are larger than elsewhere in the South
Texas OCS (Appendix 7). The geophysical investigations in 1974-75 sug-
gested that gas seeps are numerous in the area where amounts of the trace
metals specified are regionally largest (figure 144). Furthermore, in an
investigation of diagenetic changes in argillaceous sediments related to
salt intrusives, significantly large amounts of metallics were indicated
in marine sediments that overlie a diapiric zone immediately adjacent to
the hot spot region (Holmes, 1974). The concentrations of metals were
attributed to fluid migration upward into the sediments from the underlying
salt mass. The close proximity of the salt mass to the hot spot area suggested
that a similar phenomenon might be the cause of the large amounts of metallics
in sediments within the suspected gas seep area. The results of an investigation
into the possible role that hydrocarbons might play in migration and depo-

sition of metals in benthic sediments follows.

Methodology

Sampling

During May 1975, a detailed high-resolution seismic-reflection survey

was made in the hot spot region. Because of malfunctioning of the 3.5 kHz
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seismic profiling system, no gas seeps were observed. However,
from the sparker profile data obtained during the survey, three sites were
selected for sampling by coring. All three sites were in the vicinity of
faults that terminate upward only a short distance beneath the sea floor
surface. (See figure 144 for geographic locations.) Site one is located on
the flank of an anticline that is oriented northeast-southwest; site 2 is
located directly over a fault, also on the flank of the anticline; site 3 is
on the crest of the anticling. The locations of the three sites relative to
faults are shown by figure 145. Three cores were obtained at each site. At
all three sites an attempt was made to recover one of the three cores from as
close to the nearest fault as possible. The tenth core (core 1l4) was taken
on the crest of the dome previously studied by Holmes.

After the cores were recovered, they were immediately sectioned into
15.¢m lengths. Alternate sections were frozen for gas analysis, and the
remaining sections were placed in a cold room for transfer to the laboratory

for analysis.
Analysis for gas content

The sealed, frozen sections were placed in a leakproof plexiglass chamber
with hydrocarbon-free helium and distilled water. The sediment was allowed
to thaw, and the low-molecular-weight hydrocarbons contained in the sediments
were allowed to equilibrate and partition into the helium phase, while being
agitated on a high speed shaker. The helium phase, containing the low-
molecular-weight hydrocarbons, was analyzed by gas chromatograph, equipped
with a 1.8 m, 3.0 mm O0.D. PORAPAK Q column having a Flame Ionization Detector.

For each section of sediment analyzed, a subsample was taken, weighed,

freeze-dried, and reweighed to determine the percent composition cf interstitial
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Locations of coring sites used for the
gas seep studies relative to faults.
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water. The types of low-molecular-weight hydrocarbons detected and the
amounts measured are reported in Appendix 8 as liters of hydrocarbon per

liter of sediment.

Analysis for trace metals

The interstitial water was extracted by a nylon, gas pressure water-—
squeezer, with nitrogen as the expressing medium. The sediment and expressed
water were kept at the temperature of recovery (20°C). Chlorine, bromine,
total sulfate, silicate, calcium, magnesium, sodium and potassium concen~
trations were determined for the expressed water by basically the same
procedure as outlined by Presley (1971). 2Zinc and manganese were determined
directly by atomic absorption, using the method of additions. The amounts
of trace metals and the mineralogy of the total sediment were determined by
the same procedures as described in Berryhill and others (1976). The analyt-
ical data were then synthesized by statistical procedures, specifically by

correlation analysis, in an attempt to delineate any geochemical relationships.

Summary

The basic analytical data are presented in Appendix 8. The mean and stan-
dard deviation for each measurement for each core are listed in Appendix 9.

The range in the amount of gas within the sediments was about 1 to 2 pl
per liter of sediment, increasing slightly with depth. 1In some cores the
maximum amount of gas was at approximately 2/3 the depth of the core, followed
by a decrease. For methane, both the concentrations and the gradients of
distribution with depth in the sediments are similar to those reported for
cores taken previously and elsewhere in shelf sediments. The amounts of gas

detected appear to be representative of slow seepage of biogenically-produced



methane from below, and the results are believed to be adequate baseline
data for the amount of methane in near-surface sediments of the outer shelf.

The origin of the other low-molecular-weight hydrocarbons is unknown.
The variations in amounts, however, are real and may be attributed to in
situ generation. The unsaturated hydrocarbons (clefins) are known to be
generated by organisms in anoxic enviromments.

The only core which showed significant differences from the others is
core 114, taken on the salt dome. In core 114 the light alkanes formed in
older sediments that have been pushed to the surface by diapiric movement
of the salt below. The observed gradient of gas distribution in the core
may indicate the flux of the hydrocarbons out of the sediment, or it may
simply indicate that the more porous and permeable sand in the core allows
the gas to migrate more easily.

Correlation analysis of the data reveals no valid correlation between
the distribution of the gas and any of the trace metals. The only correlaticn
noted is a fdirly strong relation between methane and silicate in the inter-
stitial water.

Statistical analysis among cores and among sites indicates that core
114 differs significantly from all other cores. Cores from sites 1, 2,
and 3 are statistically similar to each other.

Overall analysis of the data indicates that the site over the salt dome
is completely different from the other sites and that the processes respon-
sible for the concentrations of trace metals differ. Also, it is apparent
that seeping gas has little if any direct connection with amounts of the
trace metals in the "hot spot" area. The increased amounts of trace metals
in the area probably are related to the increased amounts of organic

material in the benthic sediment along that part of the shelf.

nAan



methane from below and the results are believed to be adequate baseline
data for the amount of the methane in near-surface sediments of the outer
shelf.

The origin of the other low-molecular-weight hydrocarbons is unknown.
The variations in amounts, however, are real and may be attributed to in situ
generation. The unsaturated hydrocarbons (olefins) are known to be generated
by organisms in anoxic environments.

The only core which showed significant differences from the others is
core 114, taken on the salt dome. In core 114 the light alkanes formed in
older sediments that have been pushed to the surface by diapiric movement
of the salt below. The observed gradient of gas distribution in the core
may indicate the flux of the hydrocarbons ocut of the sediment, or it may
simply indicate that the more porous and permeable sand in the core allows
the gas to migrate more easily.

Correlation anzlysis of the data reveals no valid correlation between
the distribution of the gas and any of the trace metals. The only correlation
noted is a fairly strong relation between methane and silicate in the inter-
stitial water.

Statistical analysis among cores and among sites indicates that core
114 differs significantly from all other cores. Cores from sites 12 and
3 are statistically similar to each other.

Overall analysis of the data indicates that the salt dome site is
completely different from the other sites and that the processes responsible
for the concentrations of trace metals differ. Also, it is apparent that
seeping gas has little if any direct connection with amounts of the trace
metals in the "hot spot'" area. The increased amounts of trace metals in
the area probably are related to the increased amounts of organic material

in the benthic sediment along that part of the shelf.
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Introduction

Recent investigations of various Holocene and ancient sedimentary
environments have shown that in many instances biogenic processes affecting
the substrate subsequent to deposition are equally as important as the
physical processes involved during deposition (Howard and others, 1972).
Because bioturbation commonly modifies both grain-size relations and
depositional structures to a marked degree in some depositional environments,
an understanding of benthic biological processes contributed significantly
to sedimentological, paleocecological, and overall environmental interpretations.
This report describes biological studies designed to identify, classify, and
interpret significant benthic (macrobenthic infauna) biological processes
as they relate to the sedimentological processes operative on the South Texas
Outer Continental Shelf.

The interaction of physical and biological processes on the continental
shelves has rarely been studied. 1In the United States, investigations of
animal-sediment relations have been largely restricted to the east coast,
particularly off Georgia (Howard and Reineck, 1972). Animal-sediment rela-
tions off the Texas coast had received only meager study (Hunter and others,
1972; Hill, 1974) until the first year of envirommental studies on the South
Texas OCS. The studies were begun as a part of the work undertaken by USGS,
and initial results were reported by Hill in Berryhill and others, 1976. The
results reported herein represent the continuation and conclusion of those

studies.



General Statement

Bottom samples from 264 stations (fig. 146) were analyzed for bio~
logical content. Of the total samples used in the study, 81 representing
all parts of the shelf were analyzed and reported on in 1975 (Berryhill and
others, 1976). The remaining 183 were analyzed in 1976 and the results
incorporated into those for 1975. Subsamples were removed from each sample
for sedimentological and geochemical studies. A detailed explanation of the
investigative steps used in this study is outlined in table 9. The methods
of handling, preservation and identification of the sample material followed
collection and laboratory processing procedures that are in general use.

The spatial distribution along and normal to shoreline trends were
determined by compiling the counts from each traverse. Biomass was determined
using a PERKIN-ELMER autobalance AD—ZR, accurate to 1.0 x 10~ g. For some
species, because of their very small size and fragmentation, an average weight
per individual was calculated and used in biomass calculations.

A classification type of numerical analysis was utilized to determine
macrobenthic infaunal assemblages. The computer program was supplied by Dr.
Joseph L. Simon, Department of Biology, University of South Florida. Correlation
coefficients were determined using the modified USGS RAS-STATPAC program for
correlation analysis (D0101l) and general regression analysis (D0095).

The Shannon diversity index, H' = - I Pj loge (Pj is the proportion of
the ith species in the collection), was utilized to calculate diversity
because it is influenced by two components: the total number of species
present (species richness component) and the evenness of distribution of the
individuals among the different species (equitability component) (Shannon and
Weaver, 1963; Lloyd and Ghelardi, 1964). To apply Shannon's formula to a

sample from a population, it must be estimated by the equation,
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Figure 146,

Locations of benthic stations sampled for the study of animal-

sediment (biogeologic) relations.
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Table 9. General outline of investigative steps used in the biogeologic studies of the
South Texas OCS.

Step 1. Sample collection 1.1 Samples collected
1.2 Samples washed through 0.5 mm sieve
1.3 Samples stored in properly labeled glass jars
1.4 Pertinent sample data entered in master log
1.5 Sample inventoried on ship and storage
location noted
Step 2. Sample preservation .1 Samples fixed in 5 percent formalin solution
2 Samples converted to 45 percent isopropyl alcohol
solution for preservation
2.3 Samples inventoried in lab and storage
location noted

Step 3. Differentiation phase, 3.1 Organic versus inorganic separation
initial sorting 3.2 TIdentifiable organic material versus unidentifiable
organic material separation
3.3 Separation of identifiable organic material
to phyla level

Step 4. Differentiation phase, 4.1 Separation of identifiable organic material
final sorting to species level
4.2 Cursory description of unidentifiable
organic material
4.3 Cursory description of inorganic material

Step 5. Identification pahse 5.1 Taxonomic identification of species
5.2 Biomass calculation

Step 6. Classification (community 6.1 Numerical analysis
level) phase 6.2 Diversity-equitability analysis
6.3 Biofacies analysis

NN N~
B WN

Step 7. Interpretation phase Interfacing analytical results
Data processing for computer
Parameter tabulation

Interpretation of results



H = -1 N4 loge fi natural bels/individual;
N

where Ny is the number of individuals in the ith species and
N is the total number of individuals collected.
The species richness component was measured by Margalef's index,
d = (S~1)/log N, where s = number of species and N = total number of
individuals in the sample (Margalef, 1958). Relative species abundance
was measured by\Lloyd and Ghelardi's (1964) equitability index, E = sVs,
where s' is the number of species predicted for the calculated H' by the
"broken-stick" model of MacArthur (1967) and S is the number of species.

Two important points need explanation before proceeding with the
discussion and results. First, the entire study area was sampled during
October 25 to December 22, 1974. This study, therefore, represents a 'snap-
shot'" picture of the benthic biological conditions that prevailed during the
winter of 1974 on the South Texas OCS. Second, it must be stressed that
only one grab sample (approximately 0.0125 m3) was taken at each station
because of time and logistical constraints. It has been pointed out by
Holland (1975), based on Pk values on a suite of 12 samples, that one grab
sample will obtain approximately 30 percent of the species that might be
expected to exist at a specific inshore station. He also expressed the
opinion that 50 or more samples at an individual site might be needed to
sample adequately the total infaunal population. Therefore, large variations
may be expected between adjacent stations. This variability affects the
contouring of maps for various parameters, particularly derived data.
Consequently map contours in this report must be considered approximations.

The raw data relative to biological sampling and data inventory is

listed in Appendix 10.
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Macrobenthic Infaunal Zonation

In order to identify, classify, and interpret the significant benthic
biological processes as they relate to the sedimentological processes
operative in the study area, basic descriptive biological and sedimento-
logical studies were conducted. The studies focused on the living macro-
benthic infauna because they make the most significant biogenic impact on
the sediments. Sediment parameters referred to in the discussions are
those determined by Gerald L. Shideler and reported in Berryhill and others
(1976).

As a first step toward the interpretation of benthic biological
processes, macrobenthic infaunal zonation must be described and the factors
controlling such zonation defined. Spatiotemporal variations in macrobenthic
infaunal distribution patterns were examined. To determine the significance
of variations in the spatial distribution of benthic organisms, the charac-
teristics of macrobenthic infauna are described, first relative to the study

area in general and then by specific assemblages.

General Characteristics of the Macrobenthic Infauna

Characteristics of macrobenthic infauna to be discussed include number
of species and individuals, biomass, diversity, equitability, and species

distribution.

Number of species and individuals

The 264 samples examined yielded 14,313 individuals representing several
taxonomic groups (table 10) and 205 species (table 11). The taxonomic groups
having the greatest number of species were Polychaeta (48 percent), Crustacea

(24 percent), and Mollusca (22 percent). The greatest number of individuals



Table 10. Number of species and individuals collected from
264 stations/samples.

Taxon No. of Species No. of Individuals
Polychaeta 98 (48 percent) 8895 (62 percent)
Crustacea 49 (24 percent) 2291 (16 percent)
Mollusca 46 (22 percent) 1629 (12 percent)
Others 12 ( 6 percent) 1498 (10 percent)

Total 205 (100 percent) 14313 (100 percent)




Table 11. Benthic invertebrates taken during the biologic studies of
the South Texas Outer Continental Shelf.

COELENTERATA

Anthozoa
Pennatulacea
Renillidae
Renilla mulleri
Actiniaria
unidentified anenome
PLATYHELMINTHES
Turbellaria
Polycladida
unidentified flatworm
NEMERTINEA
unidentified nemerteans
ANNELIDA
Polychaeta
Phyllodocida
Phyllodocidae
phyllodocid
Polynoidae
Phyllohartmania taylori
Polyodontidae
Polyodontes lupina
Sigalionidae

Leanira sp.

Sthenelais sp.
Chrysopetalidae

Paleonotus heteroseta
Glyceridae

Glycera tesselata

Glycera sp.
Goniadidae

Glycinde sp.

Goniada sp.
Nephtyidae

Aglaophamus verrilli

Nephtys picta

Nephtys sp. A

Nephtys sp. B
Syllidae

Exogone dispar

Exogone sp.

syllid A

syllid B

syllid C
Hesionidae

Nereimyra punctata

hesionid




Pilargidae
Ancistrosyllis papillosa
Ancistrosyllis cf. rigida
Sigambra tentaculata
pilargid A
pilargid B
pilargid C

Nereidae
Nereis sp. A
Nereis sp. B
nereid A
nereid B

Capitellida

Capitellidae
Lejocapitella glabra
Notomastus cf. hemipodus
Notomastus latericeus

Maldanidae
Branchioasvchis americana
Clymenella torquata
maldanid A
maldanid B
maldanid C

Opheliidae
Armandia agilis
Armandia maculata
Armandia sp.
Polyophthalmus pictus

Sternaspida

Sternaspidae

Sternaspis scutata
Spionida

Spionidae
Laonice cirrata
Malacoceros indicus
Malacoceros sp.
Paraprionospio pinnata
Prionospio cirrifera
Prionospio sp.
Scolelepis sp.
Spiophanes cf. bombyx
Spiophanes sp.
spionid A
spionid B

Heterospionidae
heterospionid

Trochochaetidae
trochochaetid

Paraonidae

Aricidea sp. A
Aricidea sp. B
Cirrophorus branchiatus
Paraonides sp.

Paraonis sp.

paraonid A

paraonid B

paraonid C




Chaetopteridae

chaetopterid
Eunicida
Onuphidae
Diopatra cuprea
Onuphis sp. A
Onuphis sp. B
Eunicidae
Marphysa aransensis
Lumbrineridae

Lumbrineris sp. A
Lumbrineris sp. B
Lumbrineris sp. C
Ninoe nigripes
Arabellidae
Arabella sp.
Drilonereis magna
Lysaretidae
Lysarete brasiliensis
lysaretid
Amphinomida
Amphinomidae
Amphinome rostrata
Chloeia viridis
Pseudeurythoe sp.
Magelonida
Magelonidae
Magelona pettiboneae
Magelona sp.
Ariciida
Orbiniidae
orbiniid
Cirratulida
Cirratulidae
cirratulid A
cirratulid B
Cossuridae
Cossura delta

Oweniida
Oweniidae
Owenia fusiformis
Terebellida
Pectinariidae
Pectinaria gouldii
Ampharetidae
Melinna maculata
Terebellidae
Terebellides stroemi
Flabelligerida
Flabelligeridae
Diplocirrus cf. capensis

flabelligerid A
flabelligerid B



unidentified polychaete A
unidentified polychaete B
unidentified polychaete C
unidentified polychaete D

MOLLUSCA
Gastropoda
Rissoinidae
Zebina browniana
Vitrinellidae
Episcynia inornata
Melanellidae
Strombiformis sp.
Naticidae
Polinices duplicatus
Natica pusilla
Ringiculidae
Ringicula semistriata
Retusidae
Volvulella texasiana
Pyrunculus caelatus

gastropod
Scaphopoda
Dentaliidae
Dentalium eboreum
Dentalium sp. A
Dentalium sp. B

Bivalvia
Nuculidae
Nucula proxima
Nuculanidae
Nuculana acuta
Nuculana concentrica
Yoldia solenoides
Yoldia sp.
nuculanid A
nuculanid B
Arcidae
Anadara transversa
Lucinidae
Linga amiantus
Linga multilineata
Thyasiridae

Thyasira sp.
Diplodontidae

Diplodonta sp.
Carditidae

Cycolcardia sp.
Veneridae

Cyclinella tenuis

Anomalocardia auberiana

Chione clenchi

Chione intapurpurea
Crassatellidae

Crassinella lunulata




Tellinidae

Tellina squamifera

Tellina versicolor

Macoma pulleyi

Macoma sp.
Semelidae

Abra aequalis
Corbulidae

Corbula sp.
Periplomatidae

Periploma sp.
Verticordiidae

Verticordia ornata

Verticordia sp.
Cuspidariidae

Cardiomya perrostrata

Cardiomya sp.
Leptonidae

Mysella sp.
Lasaeidae

Aligena sp.

bivalve A
bivalve B

ARTHROPODA
Crustacea

Nebaliacea
Nebalia sp.

Cumacea

Leuconidae

Eudorella monodon
Eudorella sp.
leuconid

unidentified cumacea
Tanaidacea

Apseudidae
Leptognatha gracilis
apseudid

Tanaidae
Pseudotanais oculatus
unidentified tanaid A
unidentified tanaid B

Isopoda
Gnathiidae
Gnathia cf. prouctatrideus
Anthuridae
Hyssura sp.
anthurid
Stomatopoda
Squillidae
Squilla empusa

Squilla sp.




Amphipoda

Ampeliscidae
Ampelisca cristoides
Ampelisca cf. cucullata
Ampelisca cf. cristata
Ampelisca cf. vera
Ampithoidae
Ampithoe sp.
Gammaridae
Gammarus sp. A
Gammarus sp. B
Gammarus sp. C
Lysianassidae
Tmetonyx sp.
Orchomonella pinguis
lysianassid
Phoxocephalidae
Heterophoxus sp.
Proharpina antipoda
Proharpina tropicana
Pseudharpina cf. dentata

unidentified amphipod A
unidentified amphipod B
unidentified amphipod C

Decapoda
Penaeidae
Penaeus aztecus
Penaeus setiferus
Alpheidae
Alpheus sp.
Callianassidae
Callianassa sp.
Leucosiidae
Myropsis quinquespinosa
Xanthidae
Micropanope sp.
xanthid
Pinnotheridae

SIPUNCULIDA

Pinnixa retinens
Pinnixa sayana
Pinnixa sp.
Goneplacidae
Speocarcinus sp.
Goneplax hirsuta
Chasmocarcinus mississippiensis
Euryplax nitida
Raninidae
Raninoides louisianensis

unidentified crab A
unidentified crab B

sipunculid A
sipunculid B

2Q7



ECHIURIDA
echiurid A
echiurid B

BRYOZOA
unidentified bryozoan

ECHINODERMATA
Echinoidea
Spatangoida
Schizasteridae
Moira atropos

Asteroidea
Paxillosida
Astropectinidae

Astropecten sp.
Ophiuroidea

Ophiurida
unidentified brittle star



collected belong to Polychaeta (62 percent), Crustacea (16 percent), and
Mollusca (12 percent). Other taxonomic groups accounted for 10 percent or
less of the total number of species and individuals.

The number of species per sample (0.0125 m3) ranged from zero to 39
with a mean of 7.6 (table 12). The regional pattern of distribution by
number of species (fig. 147) showed two general trends for the South Texas
0CS. First, the smallest number of species was in the central sector with
numbers increasing radially to the north, south, and shoreward. Second, the
number of species decreased generally in a seaward direction. The largest
number of species was in the general area of the Brazos-Colorado and Rio Grande
ancestral deltas, particularly in the near-shore areas.

The number of individuals per sample (0.0125 m3) ranged from zero to
810 with a mean of 19.4 (table 12). Two general trends were evident in the
regional pattern of distribution for individuals (fig. 148). First, numbers
of individuals generally decreased across the shelf as water depth increased.
Second, the central part of the area studied had fewer individuals than the
northern and southern parts. As with the distribution of species, the
largest number of individuals was in the shallower water in the general area
of the ancestral Brazos-Colorado and Rio Grande deltas.

In the northwestern Gulf of Mexico, a number of investigators (Parker,
1956, 1960; Boyer, 1970; Stanton and Evans, 1971, 1972) have noted the close
relationship between the distribution of macro-invertebrates and variations
in depth of water and type of sediment. Comparison of the regional distribution
maps for both numbers of species (fig. 147) and numbers of individuals (fig.
148) with a bathymetry map of the study area (fig. 149) suggests a general
correlation with depth of water. A similarity in distribution also is evident

when the two biological maps are compared to a set of sedimentological maps

799



Table 12. Biological characteristics of the South Texas OCS
by sampie (macrobenthic infauna/0.0125 m3)

Parameter Mean

No. of species 7.6172
No. of individuals 19.4490
Biomass (g) 0.4364
Diversity (H") 1.6323

Equitability 0.5906

Standard

Deviation

4.9825
24.2301
0.6310
0.6844
0.2129
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that include sand/mud ratio (fig. 150), mean diameter (fig. 151), and
standard deviation (fig. 152).

A good correlation exists between the distribution of species and of
individuals. The largest number of species and individuals seems to be in
relatively shallow water, and in parts of the shelf having high sand/mud
ratios. (A more complete discussion concerning factors controlling faunal
distribution is given later in the report.)

Three large anomalous areas contradicted the general trends in the
regional patterns of distribution for both numbers of species and individuals
just reviewed. Areas of low population density occurred within both the
Brazos-Colorado and Rio Grande ancestral deltas, which on the whole had
relatively high densities. Both cases probably reflect a biological response
to local areas of sand deficiency where prominent mud salients extended
southward from the inlet to Matagorda Bay and onto the Rio Grande delta east
of 97° W. longitude (fig. 150). An anomalous area of high population density
occurred south of the ancestral Brazos-Colorado delta along the eastern edge
of the study area. The higher density there probably reflects a response to
a sedimentological characteristic not indicated by figures 150, 151, and 152.
The bottom sediments in the area contained sizable numbers of foraminiferal
tests, among which Orbulina sp. is conspicuous. The numerous forams in
otherwise muddy sediments would effectively alter the textural characteristics
of the sediment and thus affect the number and types of infauna.

Overall, the density of species and individuals over the South Texas OCS
is low compared to the coastal waters adjacent to the OCS and to parts of the
continental shelf further north. For example, Holland and others (1974)
reported 338 benthic taxa from Corpus Christi, Nueces, and Copano Bays with

maximum standing crops reaching as high as 11,896 individuals/0.5 f£r3.
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Manheim (1974) reported 190 species of polychaetous annelids alone from

the shelf off Mississippi, Alabama, and the Florida panhandle. The overall
low densities on the South Texas OCS probably are the result of the relatively
homogeneous fine-grained sediments characteristic of the region and the
relatively high sedimentation rates (0.1 cm/yr, Berryhill and others, 1976;

~0.9 mm/yr, Holmes, this report).
Biomass

The biomass, calculated in grams (wet weight, preserved), ranged in
weight by sample (0.0125 m3) from zero to 29.9 g with a mean of 0.4364 g
(table 12). The gross biomass data in the study were subject to more sources
of error than other aspects of the biological data for two reasons. First,
the biomass per sample was generally very small and difficult to measure
accurately. Second, biomass data were influenced greatly by chance recovery
of unusually large or heavy organisms. Molluscs are particularly troublesome
because of their relatively heavy shell.

The regional pattern of distribution for biomass is shown in figure 153.
Areas of large biomass (>0.15 g) were in shallow water (generally less than
45 m) and in the extreme northern and southern parts of the region. Only a
few isolated areas of biomass <0.05 g existed and these generally were in
deep water at the edge of the shelf. The ancestral Rio Grande and Brazos-
Colorado deltas had relatively high biomass values (>0.15 g) compared to the
central sector of the shelf.

The general decrease in biomass seaward agrees with results from a
number of studies on the continental shelves of the United States (Sanders
and Hessler, 1969). The anomalous areas of small biomass to the extreme north

and large biomass south of the ancestral Brazos-Colorado delta on the shelf

308



95°30'

1
0
282 ¢ =4
30
28° i
oo’
CORPUS cnm"s:n" 90" o
— ‘?:0"‘ -
27° -
30
27° —
00'
BIOMASS
(Grams,Wet Weight,Preserved)
26°|
30'
<008
B -
‘\0\‘
26° _M_Ex. \U.S.A. 1 1

00
Figure 153. Distribution of biomass, benthic sediments.



edge are similar in location, extent, and trend to the anomalous areas
discussed relative to the density of species and individuals. The two areas
of large biomass at midshelf in the central part of the study area reflect

the chance recovery of large heart urchins (Moira atropos), which are known to

occur in a clustered pattern.

Reduction in biomass is normally associated with a decrease in food
supply. Based on the quantity (0.2-1.2 percent) and distribution of total
organic carbon in the sediment (Berryhill and others, 1976), however, the
available food material seems to be adequate to support a larger biomass.
Consequently, sediment texture seems to be not only the principal factor
controlling the number of species and individuals, as discussed previously,
but must be at least partly responsible for the overall small biomass,
especially in the outer parts of the shelf between the two ancestral deltas.
The conclusion is supported by variations in biomass that appear to be related

to changes in the substratum.
Diversity and equitability

Calculated diversity (H") values per sample (0.0125 m3) ranged from zero
to 3.10 with an overall mean of 1.63 (table 12). The regional pattern of
distribution (fig. 154) is very irregular, but some broad general patterns
seem to exist. The lowest values for diversity (<1.75) are in the central
sector of the shelf between the two ancestral deltas; the highest (>2.73) are
concentrated mainly in the southern one-third of the study area and are
associated with "gravelly" substrates. For the South Texas OCS in general,
values for diversity are low.
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