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INTRODUCTION

The geologic studies of the South Texas Outer Continental Shelf made . -'.\\
during 1977 were a continvation of the investigations started in late 1974,
as a part of the National Outer Continental Shelf Environmental Studies
Program qunsored by the Bureau of Land Management. The results of the
previous two years of studies were reported by Berryhill and others, 1976
and Berryhill, 1977. The initial investigations were keyed primarily to es-
tablishing baselines prior to the first petroleum lease sale for the South <
Texas OCS held in early 1975. The nature of the initial field investigations, N
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 1977 are based primarily on the results
obtained during the first two years. The study plan for the third year pro-
vides data coverage for seasonal monitoring of parameters; it also provides
further details and quantification of those sedimentary processes operative

on the South Texas OCS. oo
\
STUDY PLAN

The geographic limits of field operations during the third year remained
the same as for the first two years, 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 covuusted is shown by two figures:
figure 1, which shows the location of the Sough Texas OCS regionally within
the Gulf of Mexico; and figure 2, of a larger scale, which shows the geo-
graphic limits, physiography, and bathymetry of the South Texas OCS lease ‘ xg‘

area.
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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 pertinment

to the mission of the BLM. Sample location maps for each element are in-

cluded within each chapter. The topics studied and the rationale for their

selection are as follows:

1‘

The amounts, composition, sources, and dispersal patterns for inor-

ganic particulate matter suspended in the water column -- In 1976

samples for the suspended sediments were collected on a seasonal
basis aﬁd a composite net of 26 sample stations was covered during
each period of seasonal sampling in the shortest time span possible.
In 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 same format of study was continued during 1977 to: 1) acquire
adequate time-series data for a seasonal (synoptic) evaluation of
movement patterns; 2) evaluate more fully the diurnal tidal con-
tributions from inlet sources; 3) build a bank of synoptic data ex-
tending over a minimum of 2 years for predicting the probable patterns
of movement for pollution locally within the regior; 4) develop a
regional sediment dispersal model for large-scale prediction rela-
tive to water mass movement.

As a part of the suspended sediments studies, analysis of the
trace metals content also was continued during 1977 following the
same plan of sampling and procedures used previously.

Textural stratigraphy and sedimentary structures, shallow subbottonm

L gwmmass X,
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sediments —- The vertical variations in grain size from fine to

coarse at‘a specific locality indicate the temporal ranges in
transporting energy at that place through time; the lateral varia-
tions from ore 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 deposi-
tional structures implanted during deposition, records the prevalent
directions of sediment dispersal and deposition with time and in-
dicates the persistence of these patterns during the recent past.
Consequently, data derived from the shallow subsurface sedimerts
supplement those from tcth suspended sediments and oceanography in
providing the means for predicting Loth the likely dispersal patterns
and the effect of high-energy conditions in spreading sediments over
the area., Study of the internal stratification of sand and fine-
grained sediments and the regional nature of depositional struc-
tures in cores was continued in 1977 to provide additional detail
for recognizing the deposits possibly laid down during and in the
aftermath of hurricanes. The work entailed closer internal study
and analysis than time permitted during the first and second years'
studies. The objective for the work in 1977 was to document the
depositional structures typical of the -sarious grain-size components
represented across the shelf with the intent of establishing regional
criteria for distinguishing storm deposits fiom the normal weather
deposits, Sample material was the 175 cores collected during the

1975 and 1976 investigations.




3. Geochemistry of benthic sediments along the 27° north latitude

anomsly — The regional patterns of distribution for concentrations
of trace metals in benthic sediments, as revealed by the analyses
for the 1975 effort, indicated that for several elements the levels
of concentration are higher over the southern part of the South
Texas 0OCS than over the northern part. Those metals that have this
pattern in notable amounts are Cu, Mn, and Ni. The "boundary"
between these regional background levels roughly approximates the
27° north latitude line. Interestingly, the regional "boundary"
between infaural types and concentrations secms to lie rouphly along
the same parallel. Additional closely spaced sampling and analyses
across the "boundary" were carried out to define the physiochemical

reasons for the boundary.
FIELD INVESTIGATIONS

The vessels used for the field investigations were the R/V IDA GREEN,
made available by the University of Texas Marine Science Institute, Galveston,
and the R/V DECCA PROFILER, leased from Decca Surveys, Incorporated.

The first of the three cruises made to gather seasonal synoptic samples
for the suspended sediments studies was made from October 29 through November
3, 1976 using the IDA GREEN. The chief scientist for the cruise was Gerald
Shideler and the sampling consisted of three water-column samples at each of
26 stations and vertical transmittance-tem#erature profiles also at each
station. 1In addition a total of .36 drifter bottles were releaced, 13 at
each sampling station.

The second cruise, March 17 through Marchv21, 1977 and the third cruise,

May 24 through May 27, 1977, were made aboard the DECCA PROFILER. The sampling

1=,

— e
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plan for the second and third cruises was the same as that used for the
first cruise. Gerald Shideler acted as chief scientist on both cruises.

A fourth crvise, May 28 through June 5, 1977, was devoted to collecting
a series of short cores along the 27° north latitude "boundary" to study
the geochemical anomalies. Chief scientist for the cruise was Charles
Holmes, Navigation for all four used a combination of radar and LORAN-A:
radar was used for positioning at the coastal inlet stations that were

near shore; LORAN A was used for all other stations.
INVENTORY OF FIELD DATA

Two types of samples ware collected under the work plan for 1977:
cores of benthic sediments; and samples of water at three depths, near
surface, mid depth, and near bottom, for extraction of suspended particulate
matter. During the sampling for the suspended sediment 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
wineralogy at surface and near bottom for the winter and spring seasons
for 12 of the 26 stations. The turbidity through the water from surface
to bottom was measured with the same MARTEK :ransmissometer used in 1976.

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

work was done at no extra cost to the BLM.




viia

A. Summary listing of samples by type and number:

P 2 3
Suspended sediments:
1. Textural analysis- - - ; -------- 234 234 0
2. Transmissivity/temperature profiles- - - 78 78 0
3. Trace metals content - = = - = - - - - = 72 66 -61/
4, Clay mineralogy- = = - = = = = = = = - = 234‘ 216 -18l/
5. Surface drifters - = = = = = = « « = - ~ 2 98321
Benthic sediments cores for trace metal analysis- 20 22 +2
(Supplemented by 44 cores 4/
collected in 1976) - - - - - - +66~
Clay mineralogy, benthic sediments- - - = - = - - 195 251 | +56

(Completion of 195 grab samples collected in 1975)

1/

='Samples’ from one station lost

<£/No number specified in the contract
Q/Drifters supplied by USGS at no cost to
4/the BLM

— Total number analyzed

B. Summary listing of samples collected by the University of Texas as a
part of the biological monitoring studies and submitted to USGS for
analysis:

1. Subsamples collected at biological stations
for textural amalysis === z0@0— = - = - - - 159

2. Subsamples collected at biological stations
for trace metals analysis === 00 @= = = = - -~ 195 .

PRINCIPAL INVESTIGATORS

Element leader for the geologic investigations was Henry Berryhill, Jr.,
who also assembled and edited the geologic report for 1977. Assistance in
the editing and report preparation 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:
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SUSPENDED SEDIMENTS

PHYSICAL CHARACTERISTICS

by

Gerald L. Shideler

This report presents the third-year results of continuing studies
designed to evaluate the physical characteristics of suspended sediment
within the South Texas OCS region in order to develop a conceptual model
for sediment transport that could contribute to effective environmental
management. The physical characteristics of the suspended particulate
system, in terms »f both turbidity and texture, were evaluated to determine
the seasonal variability of regional distribution patterns and to gain

insight into the regional sediment transport system.
Methods
Field Techniques

The seasonal variability of regionzl suspended sediment patterns was
determined on the basis of both turbidity and textural measurements at 26
monitoring stations during the Octcbar-November, March, and ﬁay cruises (see
-fig. 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
(Matagorda Bay inlet, Aransas Pass, Rio Grande-Brzzos Santiago channel).

The inlet stztions were located along 3.2 km radii from the cente, of the
respective inleis and were occupied during ebb tides at the approximate

time of maximum current flow. Water column measurements for cach cruise
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were obtained over a maximum period of 5 days, thus providing quasi-synoptic
regional coverage. Radar navigation was used for inlet station position-
ing; deeper stations were located and repositioned by LORAN-A.

During each of the three 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
corsidered to be representative of the OCS region, although wind velocity
can vary from offshore to onshore. The wind data w:re added vectorially
ovér a 15 day interval that was centered on the cruise period, in order
to determine the resultant wind directions during each crgise. 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 trajectories between release and recovery points. Drifters re-
covered within 15 days from the date of releése also were used to cal-
culate net minimum drift velocities, based on straight-line trajectory
distances and the corresponding elapsed time intervals.

Vertical in situ transmissivity/temperature profiles were recorded
at each station. Processing of the profiles consisted of manually digit-
izing the field analog recordings at selected depth intervals, tabulating
tﬁe 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 uszd mode of comparison. Time-sequence
profiles from the 3 crgi§¢s were then prepared for each of the 26 monitor-

LS
ing stations to document the transmissivity and temperature variability

12
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within the water column. The transmissivity and temp -ture values are
tabulated in appendix 1.

At each of tﬁe 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 liter NISKIN bottles and were immediately transferred
to particle-free amber polypropylene storage bottles. As a means of in-
hibiting organic growth, a sufficient quantity of formalin was added to
the storage bottles to result in a 5 percent_concentration. The sediment
dispersal patterns derived from the data.are based on the textural and tur-

bidity gradients observed at the 26 monitoring stations.
Laboratory Techniques

The suspended sediment from the 234 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 brobght 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 pm tube
aperture.

3. Grain-size distributions were determined at a 0.5 § interval elec-
tronically, employing a 16-channel model TA COULTER COUNTER.
Duplicate analyses were conducted with 200 um and 30 pm tube apertures,
providing an effective analytical range from 0.63 to 81 pm. 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, a2 particle-free sea water diluent, passed through a
0.2 pm filter, was used.

b. The 200 pm tube analysis was conducted first to determine the
coarser half of the size distribution; the sample was agitated 4 ;
during analysis at a standard speed. |

c¢. The residual sample from the 200 pm tube analysis was passed
through a clean 20 pm sieve and was analyzed with the 30 pm
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 pm and 30 pm tube analyses were
combined to obtain the total size distribution, using standard
two-tube overlap techniges.

4. 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.

5. The regional variability of selected size parameters (silt/clay
ratio, mean diameter, standard deviation) was then mapped for both

surface and bottom water sediments.
Particle concentration analyses

Suspended sediment particle concentrations within 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 COUNTER,

14



were used as an 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 ml ‘ ) _
sample volume was agitated at a standard speed. Duplicate counts were

made; if they agreed within +10 percent, the average value was used. C
If the deviation was greater than +10 percent, additional counts were ’
run until the value spread was within the +10 percent limits. The 200 //\f/
pm tube analysis counted particles «ithin the size range of 1z.7 to I

81 pm.
The residual sample from the 200 pm 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 size range of 0.63 to 12.7 ym. The sample
was diluted to produce less than 3 percent coincidence error. The TS
particle count was determined and adjusted by the dilution factor.
Duplicate counts were made using a +10 percent value spread, as de-

scribed in the 200 pm analyses.

Particle counts from both the 200 pym and 30 pm tube analyses were

arithmetically combinad to provide total particle counts/cc. Particle

count data are cabulated in appendix 1. The regional variability of

total particle counts was then mapped for both surface and bottom water

sedirents.

Patterns of Movement for the Surface Drifters

The patterns of surface drifter movement and associated wind vectors



<

were determined for each of the three cruise periods (figs. 4-6) to
gain insight into the trajectories and minimal velocities of surface currents,

which are important dispersing agents of suspended sediments.

October-November 1976 Cruise

During the October 29-November 3 cruise period, the composite wind
vector was oriented southward and dajly wind speeds were within the 2-19
km/hr range (fig. 4). The period preceeding the cru?:e (October 25-28) was
characterized by a composite wind vector toward the southwest, with rel-
atively high daily wind speeds within the 13-40 km/hr range. Following
the cruise (November 4-8), the composite wind vector was toward the west,
with relatively low daily speeds within the 3-15 km/hr range. The resultant
wind vector for the entire 15 day period was oriented toward the southwest
(213°).

A total of 336 surface drifters were released during the cruise, but

only 4 percent were recovered within 30 days: 3 percent within the 0-15

day interval and 1 percent within the 16-30 day interval.

The regional

pattern of surface drift was to the south/southwest (fig. 4).

Net minimum

drift velocities based on'the 0-15 day recoveries ranged from 9-23 km/day,
with an overall mean velocity of 16 km/day. The southward regional drift
appeared to reflect a wind-drift pattern largely generated in response to
the southwest-oriented 15 day resultant wind vector. Most of the drifters
recovered were from release sites along the inner shelf (<45 m depth);

recoveries from outer shelf sites were conspicuously absent except for sta-
tion 19. The pattern suggests that drifters from the outer shelf sitcs may

have been trunsported to relatively remote Mexican beaches farther to the

16
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south, with lirtle chance of recovery. Alternatively, they may have been
transported either northward or farther out into the Gulf by an outer shelf
countercurrent; this possibility 1is suggested by the northeastward orien-
tation of the station 19 trajectory, which had the highest average velocity

(23 km/day) within the drifter pattern.
March 1977 Cruise

Daily winds during the March 17-21 cruise period were variable, but
the composite vectur was oriented toward the west (fig. 5). Daily wind
speeds were within the 7-26 km/hr range. Preceeding the cruise (March 12-16),
the composite wind vector was toward the northwest, with daily speeds
within the 4-21 km/hr range. Following the cruise (Marca 22-26), the com-
posite wind vector was toward the west, with daily wind speeds within the
8-27 km/hr range. The resultant wind vector for the entire 15 day period
was westward (277°).

A total of 312 drifters were released, and 22 percent were recovered
with’n 30 days: 20 percent within the 0-15 day interval, and 2 percent within
16-30 day interval. The regional surface drift was toward the south/south-
west. Net minimum drift velocities were within the 2-40 km/day range, with
a mean velecity of 15 km/day. The regional pattern was similar to that in
October-November except for a substantially higher percentage of recovery,
including several returns from outer shelf (>45 m depth) release sites. .The
greater recovery from outer-shelf statioms c;uld reflect the stronger onshore
component of the March resultant wind vectér. The regional drift pattern is
not in agreement with the prevailing winds éuring most of the cruise period;

the reason is unknown but possible explanations are: 1) the drift pattern is
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a response to late-cruise/post-cruise winds, or 2) the drift was not wind-

driven but was a density-related pattern.
May 1977 Cruise

Winds during the May 24-27 cruise period had a composite vector oriented
toward the northwest, with daily wind speeds within the 13-18 km/hr range
(fig. 6). Preceeding the cruise (May 19-23), the composite wind vector
was toward the northwest, and the relatively high daily speeds were within
the 18-29 km/hr range. Following the cruise (May 28-June 2), the composite
wind vector also was toward the northwest, and daily wind speeds were within
the 4-19 km/hr range. The winds during the entire 15 day period were rel-
atively uniform in direction, and the resultant wind vector was oriented
toward the northwest (315°).

A total of 336 drifters were released, and 2§ percent were recovered
within 30 days: 16 percent within the 0-15 day interval, and 13 percent
within the 16-30 day interval. The regional surface drift was predominantly
toward the north in the southern half of the OCS, changing to predominantly
northeastward within the northern sector. Net minimum drift velocities were
within the 2-54 km/day range, with a mean velocity of 16 km/day. The
regional pattern appeared to reflect wind-drift currents generated by |
persistent southeasterly winds; the change in trajectory orientation toward
the north probably reflects coastal curvature. The drifter pattern for May
is in notable contrast to the south/southwesterly drift during the October-

November and March cruises.

Water Turbidity Patterns

In an effort to evaluate the suspended sediment transport system,

regional turbidity gradients were compared for the three cruises. Both
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lateral and vertical turbidity gradients were determined, using measurements
of water transmissivity and particle concentrations. Vertical temperature
gradients also were measured to relate vertical variations in turbidity to

the thermostructure of the water column.
Transmissivity and Temperature

Measurements of water transmissivity (percent T/m) using a light-beam
transmissometer system arc influenced by a number of variables that affect
the optical properties of seawater (Jerlov, 1968; Gibbs, 1974). The most
influential variable is the concentration of sediment in suspension at a
given time and place. Qonsequently, in situ transmissivity measurements
can be used as approximations of the relative degree of turbiditf. Trans-
missometer measurements were used to determine the seasonal variability
of turbidity gradients., For descriptive purposes, an arbitrary verbal
scale of relative turbidity based on water transmissivity values was de-
fined as follows: 1) highly tuibid (opaque) = <5 percent T/m; 2) turbid =
5-30 percent T/m; 3) moderately turbid = 20-70 percen. T/m; 4) nonturbid

~ (transparent) = >70 percent T/m.

Surface patterns

*

October-November 1976 pattern (fig. 7)--Transmissivity values of

surface waters during the October-November cruise ranged from opaque (O
percent) at some iniet stations, to highly transparent (96 percent) at tne
northern shelf edge (station 6). The regional trend was a general, shorz-
ward increase in turbidity, with most of the inner shelf (<45 m depth)

characterized by turbid conditions (<30 percent). This trend probably

-t
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reflects both increasing proximity to coastal sediment sources, as well as

a progressive shoreward increase in wave surge intensity that maintains
sediment in suspension. Two seaward-trending turbid water salients centered
near latitude 26° 20' N. in the southern sector and near latitude 27° 15' M.
in the central sector were discordant with the bathymetry and appeared to
reflect the offshore éranspott of turbid inner shelf water masses; the
southern salient further suggested the presence of a southward transport
component, which would be compatible with the ambient wind conditions and
regional surface drift pattern. The turbid salients are separated by promi-
nent shoreward-trending reentrants of relatively nonturbid outer shelf water

masses.

March 1977 pattern (fig. 8)-- Surface water transmissivity during the
March cruise ranged from opaque (0 percent) at some inlet stations, to
transparent (89 percent) at the northern shelf edge (station 6). The
regional tfend was a general shoreward increase in turbidity, and gradients
were relatively high and concordant to water depth along the inner shelf.

The gradients were lower and largely discordant to water depth over the outer
shelf. The amount and distribution of turbidity were different from that
during the October-November cruise. The water over the inner shelf was sub-
stantially less turbid. Additionally, the gradient indicated a single broad
seaward-trending turbid salient that suggested bo.h offshore and southward
transport of turbid inner shelf waters. Thz transparent waters (>70 percent)
to the north and south of the salient were more extensive than ia October-
November. The transparent water possibly reflected the simultaneous shelfward
ingursion of relatively nonturbid deep Gulf waters, which may have been more

extensive in March because of a more substantial onshore component of the
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ambient wind and associated surface-drift pattern. The Rio Grande-Brazos

Santiago inlet area was nonturbid.

May 1977 pattern (fig. 9)-- The transmissivity of surface waters during

the May cruise ranged from 0 percent at some inlet stations, to a maximum
of 75 percent along parts of the outer shelf (stations 5, 11). The pattern
showed a regional shoreward increase in turbidity. The turbidity gradients

were relatively steep and largely concordant to bathymetry along the inner
shelf, but were less steep and largely discordant to water depth over the
outer shelf. The relatively transparent waters (percent T >70) occurred within

shoreward-directed reentrants, the most extensive one being in the southern

sector; these reentrants appeared to represent shoreward incursions of deep
open Gulf waters. The incursion of open Gulf waters in May would have been
facilitated by the strong onshore component of the ambient wind and asso-

ciated surface-drift pattern. The component of sediment transport parallel

to the coast during May was northward, as indicated by the surface-drift

pattern.
The time-sequence profiles of surface water transmissivity from the

three cruises indicate substantial variability in regional turbidity patterns.

Variations in sediment dispersal patterns are tentatively interpreted as
a result of the opposing movements of two discrete water masses: 1) a

relatively turbid, inner shelf water mass that exhibits both offshore move-
ment and either northward or southward movement- parallel to the coast; and

2) a relatively transparent outer shelf water mass moving onshore, which

results from the shelfward incursion of deep Gulf watcrs. The exchange

between these two opposing water masses appears to largely determine the

regional turbidity patterns. Although this shelf-water exchange process is
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a tentative interpretation, it is supported by hydrographic data presently
being compiled by the writer for the FY 78 program. Additionally, the
incursion of deeper Gulf waters into the OCS environment is further supported

by microzooplankton studies (Casey, 1976, 1977).
Vertical transmissivity/temperature gradients

Vertical transmiss1v1ty/£emperature profiles of the water column for
the 26 OCS monitoring stations are illustrated by figures 10 to 23. Trans-
missivity (percemt T/m) is indicated by the relatively broad graph line;
temperature (C°) is indicated by the thin line. The sea-floor surface is
represented by the hachured surface. Precision limitations of the navigation
system made it impossible to occupy the identical spot for each station on
each cruise. Therefore, water depth varied among the three profiles for

some stations.

Matagorda Bay Inlet; Stations 1, 1A, 2 (fip. 10)-- These three stations

monitored the sediment dispersion associated with Matagorda Bay inlet. During
the October-November cruise all three stations exhibited a uniform water !
column characterized by highly turbid, isothermal conditions, indicating a
high degree of water mixing. During March, 211 three stations showed some
degree of turtidity stratification and generally negative temperature gra-

dients. Surface waters were relatively warmer and more turbid than deep

waters. This pattern apparently reflected an ebb-tidal sediment plume that
had maintained its identity as a discrete, low densit; surface fiow, indi-
cating an absence of significant coastal water mixing. During May, the water

column at all three stations was uniformly highly turbid with only minor

temperature variations, indicating a moderate degree of mixing. The varying
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degrees of coastal water homogenization indicazed by the time-sequence pro-

files probably reflect variations in hydraulic conditionms.

Station 3 (fig. 11)-- The water column at this inner shelf station during

the October-November cruise was uniformly turbid with an isothermal layer
overlying waters with a positive temperature gradient. In March, a three-~
layer turbidity structure included a nepheloid layer 10 m thick; the March
thermostructure consisted of a negative temperature gradient above a gradient
reversal. Some correlation is possible between turbidity and thermostructure,
In May, the water column had a two-layer turbidity structure with a nephe-
loid layer 8 m thick; the thermostructure consisted of a negative temperature
gradient. The time-sequence profiles indicate substantial seasonal varia-
bility in turbidity/thermal structures, The water was both most t.rbid and
most homogeneous during October-November, indicating maximum mixing effects,

and was most stratified during March, indicating minimal mixing effects.

Station 4 (fig. 11)~- The October-November : er column at this inner

shelf station showed essentially homogeneous temperature and transmissivity
values. In March, the column had a slightly increasing turbidity gradient
with depth and variable temperature gradients. During May, a three-layered
turbidity structure was evident, including a nepheloid layer approximately

17 m thick; the May thermostructure consisted of a generally negative tem-
perature gradient. The time-sequence profiles indicated changing thermo-
structure stociated with a progressive transition in water column turbidity
structure from essentially homogeneous conditions in October-November to
stratified conditions in May, with the progressive development of a nepheloid

layer.
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Station 5 (fig. 12)--An increasing turbidity gradient with depth

was indicated during October-November, with no apparent stratificationm.
The October-November thermostructure consisted of a prominent thermocline
at the 50-65 m depth interval, with warm water above and cool water below.
In March, a two-layer turbidity structure developed, producing a uepheloid
layer 5 m thick associated with a negative temperature gradient. The May
turbidity.profile suggested a poorly developed, three-layer structure,
with a possible rudimentary nepheloid layer. The May thermostructure
consisted of isothermal waters uverlying waters with a generally negative
temperature gradient; some correlation is suggested between turbidity and
thermostructure. The time-sequence profiles indicate substantial seasonal
variability in the turbidity/temperature structures, with turbidity strati-

fication best developed during March.

Station 6 (fig. 13)--The water column at this shelf-edge station during

October-November was essentially nonturbid; water with a negative temperature
gradient was overlain by an isothermal water layer. The March profile was
incomplete because of strong currents but indicated homogeneously nonturbid
waters with a negative temperature gradient. During May, the water column
showed a slightly decreasing turbildity gradient and a negative temperature
gradient with depth. The timc-sequence profiles indicate general conditions
of homogeneously nonturbid shelf-edge wat.rs and a négative temperature

gradient, with no indication of a shelf-edge neoheloid layer.

Station 7 (fig. 14)--This outer shelf station during October-November

exhibited uniformly nonturbid, isothermal conditions. In March, a four~
layer turbidity structure developed, which included a nepheloid layer S m

thick associated with a slightly negative temperature gradient. In May, the
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Figure 13. Transmissivity/temperature profiles, station 6.
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turbidity stratification diminished and more uniform conditions developed

in association with a pronounced negative temperature gradient. The time-

sequence profiles indicate substantial seasonal changes in turbidity/thermal ;
structures; the turbidity structure was most homogeneous in October-November

and most highly stratified in March. f

Station 8 (fig. 14)-- In October-November the water columm at this inaer

shelf station was uniformly turbid and isothermal. During March, a three-
layer turbidity structure with variable temperatures developed, including

a nepheloid layer zbout 18 m thick. In May a poorly defined nepheloid layer

was present. The May therpostructure exhibited a minor thermocline in the
15-20 = depth interval; some correlation existed between turbidity and
thermostructure. Tae time—sequenge profiles indicate substantial variability
in turbidity/temperature structures, with turbidity most homogenecus in

October-November and most highly stratified in March.

Arausas Pass Inlet: Stations 9, 9A (fig. 15)-- These stations reflect

sedinent c.spersion associated with Aransas Pass. During October-November,
the water column at both stations had uniformly high turbidity; waters were
isothermal at station 9 and had a positive temperature gradient at station 9A.
‘1 March, both stations were highly turbid with slightly increasing turbidity
and negative temperature gradients; some correlation existed between tur-
bidity and thermostructure. In May, both stations were highly turbid, with
the weak development of a three-layer structure. The relatively turbid upper
layer probably reflected thg ebb-tidal éediment plume, whereas the bottom
layer may have reflected sea-floor sediment resuspension by wave surge. In
May both stations showed a near-surface thermocline. The time-sequence
profiles suggest that mixing of coastal waters was maximum in October-Novemter

and minimum in May.
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Station 10 (fig. 16)--During October-November, this inner shelf

station showed moderately turbid and isothermal conditions. In March a
poorly defined, three-layer turbidity structure with a2 6 m nepheloid layer
was develcped; the temperature zradient was variable. During May, the degree
of turbidity stratification had increased, resulting in a multilayered
structure with a nepheloid layer approximately 23 m thick, associated with

a negative temperature gradient. Tue sequence of profiles indiéates sub-
stantial seasonal variability in turbidity/temperature structures, with
turbidity most homogeneous in Octcber-November and most highly stratified

in May.

Station 11 (fig. 16)--During October-November this station had a two-

layer turbidity structure including a nepheloid layer approximately 15 m
thick. The nepheloid layer exhibited a negative temperature gradient and
the overlying water column was essentially isothermal. During March, the
nepheloid layer had increased in thickness to approximately 35 m and was
associated with a negative temperature gradient. In May, a poorly defined
two-layer turbidity structure was present with an apparent nepheloid layer
approximately 25 m thick; the May thermostructure .onsisted of isothermal
surface waters overlying waters with a negative temperature gradient. The
time-sequence profiles indicate a variable thermostructure and a persistent,

two-layer turbidity structure with a nepheloid layer of variable thickness.

Station 12 (fig. 17)--The three profiles of this shelf-edge station

wvere incomplete because of strong currents. In every season, essentially
uniform turbidity was indicated to the extent measured. The turbid water
column (T/m = 12%) in October-November indicates that the central salient

outlined by the surface water transmissivity pattern (fig. 7) was not
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simply a surface phenomenon. Water thermostructure was variable during the

three cruises and showed no apparent correlation with turbidity.

Station 13 (fig. 18)-- During October-November, this outer shelf station

had a two-layer turbidity structure that included a nepheloid layer approxi-
mately 20 m thick. A good correlation existed with thermostructure: the
nepheloid layer occurred at a thermocline and the overlying water column

was essentially isothermal. During March, a multilayer turbidity structure
was present, including a prominent nepheloid layer about 30 m thick. The
March fhermostructure consisted of a gradient reversal above largely
isothermal waters. In May, a multilayeg turbidity structure was present,
including a nepheloid layer 10 m thick. The May thermostructure consisted
of a shallow thermocline (10-20 m depth) separating isothermal surface waters
from waters having a negative temperature gradient. The time-sequence
profiles indicate seasonally variable turbidity/thermal structures. The
turbidity structure was persistently stratified; the nepheloid layer was

thickest .‘n March.

Station 14 (fig. 18)-- During October-November, this inner shelf station

was essentially both isothermal and turbid, with only a slight increase in
tqrbi@ity~with depth. A multilayer turbidity structure with variable
temperature gradients developed in March. During May, a well-defined,
multilayered turbidity structure and a nepheloid layer about 7 m thick were
indicated. The May thermostructure consisted of a minor thermocline (10 m
depth) separating isothermal surface waters from waters having a negative
temperature;gradient. The sequence of profiles indicates variable gurbidity/
thermal stru;tures; the turbidity structure was homogeneous in fall and strati-

fied during the spring.
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Station 16 (fig. 19)--The water during October-November had homogeneously

high turbidity; the thermostructure consisted of isothermal waters overlying

waters with a pos;tiQe temperature gradient. In March, a multilayer turbidity

structure with a 10 m nepheloid layer developed. The March thermostructure . B
included a near-surface thermocline which appeared to be associated with a

turbidity interface. Conditions in May were similar to those in March,

except that the nepheloid layer had increased in thickness to about 18 m.

The seasonal profiles indicated a progressive ircrease in turbidity strati-~

fication and nepheloid layer development from late fall to late sprimng,

associated with the development of a thermocline.

Station 17 (fig. 19)---The water column turbidity and therwostructure

relationships at this inner shelf station are similar to those of adjacent
station 16. The time-sequence profiles indicate a transition from homo-
geneously turbid conditions during late fall, to stratified conditions and
a nepheloid layer (15 m thick) during the early and late spring; a prominent

thermocline also developed during this transition.

Station 18 (fig. 20)--During October-November this outer shelf station

Se—-e

exhibited a well-defined, two-layer turbidity structure, with a nepheloid
layer 21 m thick. Turbidity and thermostructure correlated in general: the
nepheloid layer contained a prominent thermocline, while the overlying column
was isothermal. In March, the two-layer turbidity structure was still

present, but the nepheloid layer had decreased'to 10 m in thickness.

’

The March thermostructure showed a negative temperature gradieat. In May,
the degree of turbidity stratification had diminished, and a prominent mid-
depth thermocline had developed. A correlatioﬁ existed between turbidity
and thermostructure, with the water showing a negative temperature gradient

and variable turbidity below the thermocline; essentially uniform temperature

43



77

‘LT pue 91

suoyriels ‘sayrjoad sanjeradwal/LITAarsSsTwsuel]

‘6T 2andryg

(w)H1d3a

OCT -NOV. 1976
%T/m

MARCH 1977

20 40 60 80

%T/m

0 0

MAY 1977
%T/m

o0 20 40 60 80 100 O

—————

RN T T T I T S B W S T T 3 2 2 3

'y

e 1

S

20 40 60 80 IO%

e

e

T T IR T T e ~v

oN —
o O (@)

(wyHLd3a

8 H
(@) (@]

10
20

30

Sta.16

Sta.l7

—




Sy

-g[ uorlels

‘safrjc+! @asnyrraduirl/LIfArSsTUsSURIL

‘gz 210814

OCT.-NOV 1976

%T/m
20 40 60 80

MARCH 1977
%T/m

MAY 1977
%T/m

(Ww)H1d3a
I
(@)

L.

AR AR A B AW A S L e e e e aw

—

o

.

100 0 20 40 60 80 100 O

BAMAMARRAALAAR AR AL AL S

20 40 60 80

A

TR T T T T YTy ™

18 20 22 24

T{C)

14 16 18 20 22
T{C)

19 21 23 25
T(C

27

30

140 St0.18

150

60
10

80




and turbidity were indicated above the thermocline. The time-sequence profiles
indicate seasonal variations in the degree of turbidity stratification and

in thermostructure.

Station 19 (fig., 21)-- At this shelf-edge station, complete profiles were

not obtainable during October-November and March because of strong currents
that kept the transmissometer from reaching bottom. The October-November
profile showed a three~layer turbidity structure with a very thick nepheloid
layer (29 m); the turbidity structure showed excellent correlation with
thermostructure, with the top of the nepheloid layer occurring at a major
thermenline. In March, the nepheloid layer increased in thickness to 32 m,
the column changed into a two-layer turbidity structure, the prominent
thermocline disappeared, and a weak negative temperature gradient was in-
dicated. In May, the degree of stratification had diminished, but a nepheloid
layer (30 m thick) was still discernible. The May thermostructure consisted
of a shallow thermocline (10-20 m depth) above a relatively strong negative
temperature gradient. The profiles show that in spite of prominent seasonal
changes in thermostructure, a thick nepheloid layer persisted. The nepheloid

layer at this station was the thickest observed within the STOCS regiom.

Station 20 (fig. 22)-- The water columm of this outer shelf station

during October-November showed a turbidity gradient reversal and a pos'tive
temperature gradient. In March, a two-layer turbidity structure developed
with an 18 m nepheloid layer; a negative temperat—e gradient characterized
the March thermostructure. During May, a well-defined, two-layer tur-
bidity stiucture in.luded a nepheloid layer 16 m thick; above a prominent

thermocline the water was isothermal. When ccapared, the profiles indicate
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substantial variability of turbidity/thermal structures, with turbidity

stratification best developed in May in association with a major thermocline.

Station 21 (fig. 22)--This inner shelf station had a two-layer turbidity

structure during all three cruises but showed a progressive increase in
nepheloid layer development from fall te late spring. The nepheloid layer
was thinnest during October-November (3 m) when the water was isothermal,
and thickest during May (25 m) in the presence of a prominent thermocline;
March was characterized by an inter.aediate nepheloid layer thickness (9 m)
and a negative temperature gradient. Nepheloid layer development appeared

to increase with the progressive development of a major thermocline.

Station 22 (fig. 22)--The water column at this inner shelf station was

homogeneously turbid and isothermal during October-November. In March, a
negative temperature gradient developed along with a two-layer turbidity
structure which included a nepheloid layer 5 m thick. In May, the rnegative
temperature gradient and two-layer tuvbidity structure persisted, but the
thickness of the nepheloid layer increased (18 m). The time-sequence
profiles indicate an intermittent nepheloid layer, which developed when the

water column showed a negative temperature gradient during the spring.

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

stations reflect sediment dispersion associated with a major inlet. During
the October-November cruise, the water column at all three stations was
uniformly turbid and essentially isothermal, indicating substantial mixing
of coastal waters. In March, all three stations showed a three-layer
turbidity structure and a negative temperature gradient with a minor mid-

depth thermocline. The March profiles indicated insignificant coastal water

Y
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mixing. The relatively turbid bottom water probably reflected the wave-
surge resuspension of benthic sediments; whereas, the thin surface layer
of turbidity probably reflected an ebb-tidal sediment plume that maintained
its identity as a surface flow. Surface sediment dispersion apparently was
uniform among the three stations. In May, the waﬁer column at all three
stations had a mid-depth thermocline and an increasing turbidity gradient
with depth. The turbidity gradient was least at station 23, where surface
waters were most turbid. The May inlet pattern reflected the uorthward
movement of an ebb-tidal plume. The time-sequence profiles indicate tﬁat
both overall inlet turbidity and coastal water mixing were greatest during

the October-November cruise.

Summary

The vertical turbidity/temperature gradients of the water column at the
26 OCS monitoring stations exhibit substantial spatial and seasonal vériability.
The gradients at inlet stations largely reflect the degree of mixing of inlet
tidal waters with nearshore waters, as determined by ambient wave and long-
shore current conditions. Inlet station conditions ranged from well-mixed,
homogeneous water columns to relatively unmixed, stratified columns. The only
apparent seasonal trend amcag the inlet stations is that the degree of water-
column homogenization tended to be greatest during the October-November cruise.

The turbidity/temperature gradients at the inner and outer shelf
stations showed substantial temporal variability. 1In general, transitions
from relatively homogeneous turbidity structures during the fall to stratified
structures during the spring were most commcn. Under stratified conditionms,
a variable nepheloid layer was generally present. The thickest nepheloid

layer occirred at the southern shelf edge (station 19).
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The relation of vurbidity structure to thermostructure is complex.
Variations in turbidity are closely associated with temperature variations
at some stations; conversely, the two parameters are independent at other
stations. On the basis of the observations, no direct cause-and-eifect
relationship between temperature and turbidity is apparent. The observed
turbidity/temperatur: associations may simply reflect the ability to
distinguish discrete water masses on the basis of a distinct combination

of turbidity and temperature characteristics.
Particle Concentrations

Measurenents of suspended sediment particle concentrations were made
on the quasi-synoptic water samples to show regional variations for both
surface and bottom waters for each .f the three cruises. Particle concen-
trations within the 0.63 to 81 pm size range, in terms of total particle

cownts/cc of water sample, were analyzed by COULTER COUNTER. These data

formed the basis for determining relative turbidity patterns.
October-November 1976

Surface water (fig. 24A)--Particle concentrations in surface waters

ranged from a minimua of 12x10% at station 7 in the northern outer shelf
sector, to a maximum of 433x10% at Maragorda Bay inlet (station 1A). The
bighest concentrations of suspended material ‘>130x10%) were at the three
major cecastal inlets: Matagorda Bay inlet, Aransas Pass, and the Rio Grande-
Brazos Santiago inlet. Kelative particle concentratiuns at the Matagorda
Bay inlet stations (241x10% at station 1, 433x1C4 at station 1A, and

166x10% at station 2) suggested a predonminantly southward-trending ebb-
sediment plume from the Matagorda ship chanuel, a more prolific se” imenc

source than the natural Pass Cavallo. Relative concentrations at Aransas Pass
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(93x104 at station Y and 154x10% at station 9A) also suggested predominantly
. southward plume dispersion. Relative concentrations at the Rio Grande-Brazos

Santiago inlet (158x104 at station 23, 167x10% at station 23A, and 135x104

at station 24) suggested a predominantly radial plume pattern from the

Brazos Santiago channel, with a small southward component parallel to the

coast. This channel appeared somewhat more prolific than the Rio Grande as

a sediment source.

The regional pattern of particle concentrations showed a general shore-
ward increase in turbidity throughout the OCS, with the highest concentrations
and gradients occurring at the three coastal inlets which served as prominent
sedigent sources. Matagorda inlet appeared to be the most prolific source.
The concentration isopleths along the inner shelf were largely subparallel
to the isobaths, except for a seaward-trending salient of relatively turbid
water centered near latitude 26°20'N., suggesting a southward transport
component. A broad reentrant of relatively nonturbid water (<30x10%) occupied
the northern two-thirds of the area. The regional concentration pattern
correlated reasonably well with the surface transmissivity pattern (fig. 7 ),

with lowest concentrations generally in areas of highest transmissivity.

Bottom water (fig. 24B)--Particle concentrations in bottom waters

ranged from a minimum of 9x10% at station 6 near the northern shelf edge
to a maximum of 621x10% at Matagorda Bay inlet (station 1A). Highest con-
centrations (>130x104) occurred at the three inlets and along the coastal
sector between Matagorda Bay and Corpus Christi Bay. Lowest concentrations
(<30x104) occurred in a broad shorcward-directed reentrat along the outer
shelf.

As in the surface water pattern, there was a regioral trend cf increasing

turbidity shoreward. There were scme differences between the two patternms,
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however, suggesting possible differences in dispersal mechanisms. On the
inner shelf, bottom water was more turbid than surface water, possibly
reflecting an additional source of sediment through the resuspension of
sea-floor deposits by wave surge, whereas surface wétér sediment may have
been derived mainly from inlet tidal waters. The high concentration pattern
in the Matagorda Bay inlet area further suggested that, in addition to inlet
tidal waters, southward-flowing currents parallel to the coast may have
introduced substantial sediment derived from coastal areas north of the 0CS
region. The turbid surface water salient in the southern sector was absent

from the bottom water, suggesting the absence of southward transport at

depth; the transport of bottom water sediment may have been essentially in

a coast-normal direction.

March 1977

Surface water (fig. 25A)--Concentrations of particles in surface waters

ranged from a minimum of 13x104 at station 22 on the southern inner shelf,
to a maximum of 177x10% at Matagorda Bay inlet (station 2). Highest con-
centrations of sediment (>130x104) were at Matagorda Bay inlet and Aransas
"Pass. Concentrations at the Matagorda Bay inlet stations (128x104 at
station 1, 128x104 at station 1A, and 177x10% at station 2) suggested a
seaward-trending ebb-sediment plume derived primarily from Pass Cavallo

and secondarily from the Matagorda ship channel. Concentrations at Aransas

Pass (135x104 at station 9 and 92x104 at station 9A) suggested a predominantly

northward-trending plume; the pattern at the Rio Grande-Brazos Santiago inlet
(18x104.at station 23, 44x10% at station 23A, and 43x10° at stafiqn 24) was

inconclusive.
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The regional pattern showed a general inc:ease in turbidity

shoreward, with the highest gradients in the vicinity of Aransas Pass

and Matagorda Bay inlet, the principal sediment sources. The Rio Grande-
Brazos Santiago inlet had no substantial influence on the regional pattern.
Concentration isopleths were largely subparallel to isobaths, except sbuth
of Corpus Christi Bay where they suggested a southward transport component.
The entire outer shelf (>45 m depth) and most of the southern inner shelf
had relatively nonturbid waters (<30x10%). A general correlaiion existed
between areas of low particle concentrations and areas of relatively

high transmissivity.

Bottom water (fig. 25B)--Concentrations of particles in bottom waters

ranged from a minimum of Sx104 at station 6 along the northern shelf edge,
to a maximum of 157x10% near Pass Cavallo 'stat@on 3). Highest concen-
trations of sediment (>130x104) were at Arimsas Pass and Matagorda Bay
inlet. An area of relatively nonturbia occtom waters (<30x10%) extended
over the entire outer shelf (depth >45 m) and deeper portions of the inner
shelf. The regional trend was a general shoreward increase in turbidity
with highest gradients at Matagorda Bay inlet and Aransas Pass, which were
the main source§ of sediment. Regionally, the nonturbid bottom waters were
somewhat more restricted than nonturbid surface waters. In addition, the
bottom water gradients better illustrated the effects of Aransas Pass and
Matagorda Bay inlet; the gradients south of Corpus Christi Bay also suggest

a southward transport component.
May 1977

Surface water (fig. 26A)--Particle concentrations in surface water

ranged from a minimum of 19x104 at station 6 along the northeastern shelf
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edge to a maximum of 374x104 at Matagorda Ray inlet (station 1A). Relative
concentrations at the Matagorda Bay inlet stations (256x104 at station :,
374x104 at” station 1A, and 317x104 at station 2) suggested some southward
movement of an ebb-sediment plume; concentrations at Aransas Pass stations
(177x104 at station 9 and 220x104 at station 9A) also indicated some southward
plumg,dispersion. The concentrations at the Rio Grande-Brazos Santiago
inlet (81x104 at station 23, 41x10% at station 23A, 47x10% at station 24)
suggested predominantly northward plume movement, with the Brazos Santiago
ship channel being a more prolific sediment source than the Rio Grande.

The regional pattern of particle concentrations indicated a general
shoreward increase in turbidity. Highest concentrations and gradients
were near the Aransas Pass and Matagorda Bay inlets, which were the
main sources or surface sediments in May; Matagorda Bay inle% and possible
coastal areas farther north appeared to have been the dominant sources of
sediment. The effects from the Rio Grande-Brazos Santiago inlet appeared
to have been minimal. Relatively nonturbid waters (?30x104) covered approxi-
mately half of the outer shelf (depth >45 m), showing a general correlation

with areas of high surface water transmissivity (compare with fig. 9).

Bottom watecr (fig. 26B)---Particle concentrations ranged fror a minimum

of 8x104 at station 12 along the central shelf edge, to a maximum of
309x10% at Matagorda Bay inlet (station 2)., The regional pattern was
very similar to the surface water pattern, showing a general shoreward
increase in turbidity with highest concentrations and gradients near
Matagorda Bay inlet and Aramsas Pass. The only apparent difference was
minor variations in the distribution of the nonturbid (<30x104) water,

which was localized along the outer shelf.



-

e ———————— O . . . »

Summary

The regional turbidity patterns based on particle concentrations by
seasons indicate substantial variability. Both surface and bottom water
were least turbid during the March cruise, which may reflect a period of
maximum shelfward incursion by relatively nonturbid deep Gulf waters and
of minimum seaward dispersion of turbid coastal waters. Regional turbidity
patterns during the October-November and May cruises were approximately
the same. During all three cruises, both surface and bottom waters exhibited
regional gradients of increasing turbidity shoreward, apparently reflecting
proximity to S¢dimént source areas and a shoreward increase in wave surge
that maintains sediment in suspension. Superimposed on this regional gradient ///

were lncal gradients established near the coastal inlets, which served as

L
0/

the main sources of suspended sediment. The Matagorda Bay inlet appears

to have been the most prolific source during all three cruises. Tn general,
bottom waters were somewhat more turbid than surface waters, except during
May when sediment concentrations were very similar. All seasonal patterns
indicate net offshore transport. In addition, both the October-November and

March patterns suggested a southward transport component.

Textural Patterns

Textural patterns in both surface and bottom suspended sédiments were
determined for each of the three cruises. The textural parameters investi-
gated include: silt/clay ratios, which provide a general overview of sus-—
pended sedir2nt composition; mean grain size (first moment), which provides
an indfcation of dispersion gradients; and standard deviation (second moment),

which } rovides 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.
October-November 1976

General composition

The general textural composition of suspended sediments in surface
waters is shown by the silt/clay ratio isopleth map (fig. 27A). The ratios
ranged from a maximum of 1.66 at station 5 to a minimum of 0.48 at station 23A. et
The regional ratio pattern indicated that clay-size sediment (ratios <1.0) " -
was somewhat more widely distributed than silt-size sediment (ratios >1.0).. )

The silt occurred in isolated areas within the northeastern, central, and

A

southern sectors. Ratios indicated predominantly e¢lay distribution from both

Aransas Pass and the Rio Grande-Brazos Santiago inlet.

[]
.
. e —

The suspended sediment in bottom waters showed a substantially differe:nt ,
textural pattern (fig. 27B). Ratios ranged from a maximum of 2.0l at station 5
to a minimum of 0.51 at station 23. Silt and clay were mnearly equally dis-
tributed, with silt predominating in the northern half of the OCS, and clay /7
predominating in the southern half. The regional trend was a general reduction
in grain sfze toward the south; the coarsest sediment occurred in the north- {
\
\

eastern cocrner of the OCS. Except near inlets, the bottom sediments generally ’ \

tended to be slightly more sflty (coarser) than the surface sediments.

Mean grain size

The regional distribution of suspended sediments by mean diameter

(firéﬁ'moment) in surface waters (fig. 28A) might provide a more sensitive

indication of dispersion than the more general silt/clay ratios provide.

)
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Figure 27. Silt/clay ratios for suspended sediments, October-November
cruise.
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Mean diameters ranged from 8.36 §# (clay) at station 16 to 7.20 @ (very
fine silt) at station 5. Clay was the most widely distributed type of
surface sediment. The regional pattern showed a trend of increasing
coarseness toward the northeastern sector, which might reflect the
shoreward incursion of relatively coarse, open-ocean biogenic particulates.
The regional distribution pattern for mean diameters of bottom water
sediments was substantially different from the surface pattern (fig. 28B).
The mean diameters ranged from 8.37 @# (clay) at station 16 to 7.41 @
(very fine silt) at station 5. Very fine silt was the most widely
distributed sediment type. Clay was present within the south central
sector and in salients extending from the three inlets. In general,

bottom water sediments were somewhat coarser than surface water sediments.

Sorting characteristics

The standard deviation isopleth map (fig. 29A) provides an indication

of the textural uniformity (sorting) of surface water sediments. Using

Folk's (1965) sorting classification, the standard deviation (second momeant)

values of surface water sediments ranged from 1.09 § (poorly sorted) at

station 24 to 2.20 @ (very poorly sorted) at station 6. Regionally the

sediments were poorly sorted and showed a general seaward reduction in sorting

(increasing standard deviations). The most poorly sorted sediments were

along the outer shelf of the northeastern sector within a relatively coarse-

grained area, suggesting a relationship between sorting and grain size. The

mixing of different sizes of biogenic and inorganic sediment subpopulations

could produce the observed textural characteristics.
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The standard deviation values of bottom water sediments ranged ~. m
1.06 @ at station 23 to 1.75 @ at station 6 (fig. 29B). All bottom .sater
sediments were poorly sorted and showed a general seaward reduction in
sorting toward the central outer shelf. 1In comparison with surface water
sediments, the bottom water sediments tended to be better sorted and were

more regionally uniform.

Mar~b 1977

General composition

The general crmposition of surface water sediments is shown by th silt/
clay ratio isopleth map (fig. 30A). Ratio values ranged from a maximum of
4.74 at station 22 to a minimum of 0.50 at station 3. The regional pattc.m
indjcated that silt was highly predominaat; clay was localized mainly in
salients associated with the three coas:tal irlets. The regional trend
was a general increase in silt content (coarseness) toward the northern outer
shelf.

The sediments in bottom waters showed a diiferent pattern of silt/clay
ratios (fig. 30B). Values ranged from a maximum of 5.50 &t station 10 to a
minimum of 0.46 at station 9A. Silt was regionally predominant; clay was
mainly localized in salients associated with Aransas Pass and Matagorda Bay
inlet. Regionally, silt content (coarseness) increased both seaward and
southward. Compared to surface water sedimeats, the bottom water sediments
were generally somewhat coarser and showed a better defined regional size
zonatiu.. The seaward increase in coarseness may have veflected a prrgressive
seaward increase in the amount of silt-size biogeni: admixtures, both phyte-

plankton and zooplankton.
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Mean grain size
Variations in the mean grain size of surface water sediments are - ;;
illustrated by figure 31A. Mean diameters ranged from 8.36 § (clay) at i\f‘?:;“
station 3 to 6.40 @ (fine silt) at station 22. The predominant sediment . ?
type was very fine silt. The regional trend was a general increase in -:‘ir-
\\
coarseness both seaward and southward, but the coarsest sediments were flfq)‘_,
near the northern outer shelf, correlating with the area of highest S
silt/clay ratios. The finest grained sediments ..»re associated with . 7
the three coastal inlets. : A
Y .
The mean grain size of bottom water sediments (fig. 31B) ranged from . \\\\
8.37 ¢ (clay) at station 9 to 6.18 § (fine silt) at station 10. As in the - ;\'
surface water sediment pattern, the dominant sediment type was very fine silt, .
and the regional trend was a general seaward increase in coarseness. The ‘_~J¥r
coarsest area occurred along the northeastern outer shelf; the finest sedi- o .
ments were associated with Aransas Pass and Matz~orda Bay inlet. The l—— '}”;
bottom and surface water sediment patterns do show local differences, hut g
they were regionally similar.
i
Sorting characteristics ) -
The standard deviation values of surface water sediments (fig. 32A) ranged
from 1.34 # (poorly sorted) to 2.30 @ (very poorly sorted) at station 5; ‘/‘ .
poorly sorted sediments were the predorminant type., Sorting generally decreased ‘."1v~
seaward, and the most poorly sorted sediments occurred along the outer shelf, i o
The best sorted sediments were at Aransas Pass and Matagorda Bay inlet. .
The seaward reduction in sorting may have reflected increas;ng biogenic T

admixtures.
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The standard deviations of bottom water sediments (fig. 32B) ranged
from 0.99 § (moderately sorted) at station 9A to 1.88 P (poorly sorted) at
station 6; poorly sorted sediments were the predominanc type. A poorly
defined regional trend consisted of a riduction in sorting away from the
central sector. In éomparison with surface water sediments, the bottom
water sediments exhibited a somewhat different regional sorting pattern

and were gencrally better sc:-ted.,
May 1977

General composition

The general composition of surface water suspended sediments is
illustrated by the silt/clay ratio isopleth map (fig. 33A). Ratios
varied from a maximum 5f 6.51 at station 12 to a minimum of 0.46 at
station 1. The regional pattern indicated that silt was higaly pre-
dominant; clay was largely localized in salients associated with the
three coastal inlets. Silt content generally increased toward the
northern outer shelf, as in both the October-November and March surface
water sediment trends.

The regional trend for bottom water was similar to that for surface water
sediments (fig. 33B). Ratios ranged from a maximum of 2.44 at statiomn 12,
to a minimum of 0.57 at station 1. Silt was predominant; 2lay was
localized at the three inlets and in a few isolated pockets. Similar
bottom and surface water sediment trends illustrated a high degree of
textural homogeneity within the May water column, as opposed to the
October-November and March patterns which indicated significant size

differences between surface and bottom water sediments.
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Mean grain size
’

The mean diameter of surface water sediments (fig. 34A) ranged from
8.42 P (clay) at station 1A to 6.09 @§ (fine silt) at station 12 The
predominant sediment type was a very fine silt, and coarseness ’'ncreased
seaward. The coarsest sediment was along the outer shelf, and the finesc
was associated with the three coastal inlets.

The mean grain size of bottom water sediments (fig. 34B) ranged from
8.25 @ (clay) at station 1 to 7.06 ¢ (very fine silt) at station 12. The
dominant sediment type was very fine silt. The regional trend °or both
surface and bottom water sediment was a general seaward increase iu coarse-

ness, possibly reflecting a seaward increase in biogenic components.
Sorting characteristics

The standard deviation values of surface water sediments (fig. 35A)
ranged from 1.00 §#§ (pooriy sorted) at statZon 1A to 2.32 @§ (very poorly
sorted) at station 22; poorly sorted and very poorly sorted sediments were
nearly equally distributed. T.e regional trend consisted of a general
reduction in sorting toward the longitudinal axis of the (IS region. The
significance of the trend was nnt readily aprarent, but could have been
related to the northward transport of surface water sediment during May.

In bottom water sediments (fig. 35B), the standard deviation values
ranged from 2.25 @ (poorly sorted) at station 13 to 2.25 @ (very poorly
sorted) at station 23A; poorly sorted sediments were the predominant
sediment type. The cegional trend showed a general southward reduction

in sorting.
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Summary

The textural gradients of suspended sediments in both surface and
bottom waters are highly variable. In terms of grain size, very fine silt
is generally the dominant sediment type within the OCS region. The sediment
was finest grained and had the highest clay content during Cctober-November.
The differences between surface and bottom grain-s ze patterns may reflect
either hydraulic fractionation within the water column or aifferences in L
surface and bottom dispersal mechanisms. Sediment grain size throughout g
the water column was most uniform in May. The most prevalent regional
grain-size trend is a seaward increase in sediment coarseness, possibly
indicating a progressive seaward increase in relatively large biogenic
particulates.
In terms of textural uniformity, both surface and bottom water sediment
is generally poorly to very poorly sorted. The poor sorting apparently
reflects the multicomponent nature of the suspended particulate system,
which consists of various sizes of phytcplankton, zooplankton, and inorganic
subpopulations. Sediments in botcom waters tend to be somewhat more uniform
than those in surface waters, possibly reflecting a lower concentration of
size-variable organic constituents. The most prevalent regional sorting
trend is a general seaward reduction in sediment vniformity, possibly

reflecting a progressive size difference between che inorganic and organic

fractions. .
r
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CHEMICAL CHARACTERISTICS - TRACE METAL CONTENT
by

Steven . Barnes and Cynthia A. Rice

Methods

During 1977 an additional sampling period in March was added, and
sampling in November and May was repeated as iﬁ the previous year. The
addition was made to check further the seasonal variations noted during
the first two years of this study. The locations of the 11 stations sampled
are shown by figure 36.

No significant changes were made in shipboard or laboratory procedures.
Whenever possible, all filtratioﬂs were done on board ship as soon as the
samples were taken. When this was not possible, samples were frozen in
acid prewashed polyethylene bottles and returned to the latoratory.

On board ship, the filtration was accomplished by an adaptation of the
in situ filters of Davey and Soper (1975). The filters were made by heating
0.4 pm NUCLEPORE filter material to make bags 3.5 cm in diameter by 7 cm
in length. The filter bags were encapsulated in polyethylene vials with
entrance and exit tubes sealed at each end. The inline filter capsules
were washed with 1 to 1 nitric acid and deionized water before use. The
filters were attached to the poli =thylene bottles containing the sample
water to be filtered by means of prlyethvlene fittings sealed to the bottle
caps. Ten liters of seawater were ti':n passed through the filter. Once
filtration was completed, the encapsuluted filters were.sealed in poly-
ethylene bags for transfer to the laboratory. The March samples were stured
until the May samples were collected and returned to the laboratory, then

both sets of samples were analyzed at the same time.
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Figure 36. Location of stations sampled for trace metal content of sus-
pended sediments, 1975-1977.



In the laboratory, all analytical preparation was performed “n an
ENVIRCO clean bench which utilized a filtered air flow to isolate the
1ntefior of the bench from the remairder of the laboratory. The samples
were thawed, the filter capsules opened and the bags removzd. A jet of
deionized water was directed onto the exposed filter surface. The water
and dislodged particulate material were collected in a 100 ml beaker; 70
to 100 ml of deionized water was used in this step. This suspension was
then filtered under vacuum on a 25 mm diameter, 0.4 pm pore-size NUCLEPORE
filter which had been acid washed, dried over anhydrous magnesium perchlorate
and weighed. The filters with sample material were then placed in a des-
icator over anhydrous magnesium perchlorate for 24 hours and reweighed.

All weighings were made on a PERKIN ELMER AD-2 autobalance (readable to 1.0
pg) placed in the clean bench. Only deionized water and redistilled nitric
acid were used in the analytical preparation. All labware was washéd with

1 to 1 nitric acid and deionized water before use.

After reweighing, the filter and sample were placed in a 50 ml teflon
beaker. Two ml of concentrated nitric acid were added and the samples were
dried under infrared lamps at a t.mperature of 30°C. One ml of concentrated
nitric acid was then pipetted onto the dry sample. The sample and acid were
allowed to equilibrate for half an hour and this solution was used for
analysis by atomic absorption spectroscopy. All analyses were made by a
PERKIN ELMER model 303 atomic absorption spectrophotometer using a model
2100 HGA graphite furnace. For all metals tue amounts were determined in
the deionized wats~ ~nd the redistilled nitric acid. A procedural blank was
then determined by taking one of the original acid-washed filter capsules
through th: entire procedure as if it were a sample. Four blanks were run.

The blank value thus determined was used in all calculations.
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The sample size, 0.1 to 15 mg total weight, made contamination a
problem in analysis. Every effort was made tc control all possible types
of contamination, including analysis of ship's paint, use of clean bench,
use of carefully selected reagents, and careful washing of all labware
in 1 to 1 nitric acid.

As for the first two years of study, total carbon analysis was performed
by a commercial laboratory (Galbrairh 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 & nominal pore
size of 0.6 pm (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 polyethylene bags to be shipped to the
analytical laboratory for analysis. Particulate cazrbon 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 carbeu adsorbed
on the glass fibers, and the bottom filter should only contain adsorbed
dissolved carbon (Feely, 1975).

Mass determinations were made by filtering a known amount of sea water
through a prewashed, dried, and weighed 0.4 pm NUCLEPORE filter. Deionized
water was forced ihrough the filter behind the sample to rem-~ve salt. The
sariple was then dried over magnesium perchlorate dessicant and reweighed.

All weighings were made on the PERKIN-ELMER AD-2 autobalance.

LF
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Results and Conclusions

For the March and May samples, the blank values for zinc were two to
three orders of magnitude higher than previous sample values, making the
zinc data useless. The March nickel blank was high and variable, making
the nickel results also suspect. The May values for nickel ranged from
a low of not detected to a high of 3200 ppm wita ; mean of 910 ppm. Data
from previous years contain some individval high values, but the values were
not as consistently high as in 1977. Manheim (1975) also reported nickel
in amounts up to 3609 ppm for suspended sediment in the Gulf of Mexico.
Whether the high degree of variability in the nickel results for 1977 is
real or an artifact cf sample processing is difficult to determine. -

Sample material collected during the November 1976 cruise was sufficient
in a number of cases for replicate analysis. This was done by taking the
material from an individual filtration, splitting it into subsamples, and
then taking each of these subsamples independently through the remainder of
the analytical procadure. The results of the replicate analyses are given
by station in table 1. Mean values for each element at each station were
calculated, and perceut deviations from the mean were determined. The
average of the relative percent deviations was then taken for each element
over all samples (table 1). The results of the replicate analyses indicate
that the overall procedure is satisfictury because of the low percent deviation
values (5-14) of the elements not subject to contamination or to instrumental
analysis problems. The results also quantitatively point out the elements
that are the most difficult to analy;e in suspended sediment samples. The
average values ranged from a low of 5 percent for manganese and iron to a

high of 37 percent for cadmium. The intermediate values for the other metals
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Table 1. Replicate Analyses, November 1976

Sample
Number Mn Fe Zn Cu Ni Cr Cd
3T 739 0.75 224 13.4 12 - 0.54
455 0.92 172 11.9 16 - 0.30
3B 575 1.0 61 13.0 12 13.0 0.92
526 0.91 147 14,7 11 - 0.35
17B 908 1.0 261 20.6 20 2.8 11.21
986 1.1 144 20.7 15 6.3 5.93
227 602 1.0 114 14,3 9 - 3.41
610 0.94 169 16.1 11 - 0.36
650 0.92 151 14.1 17 2.6 0.15
22B 544 0.74 107 7.1 12 - 6.46
569 0.77 503 9.7 11 - 4.26
588 0.80 238 11.6 11 1.1 4.99
4B 733 1.0 €78 114.8 15 - 1.19
769 1.1 1070 97.8 21 7.9 0.89
9AB 582 0.98 298 25.4 15 12.0 2,27
554 0.93 500 24,4 13 - 1.52
198 651 0.88 318 11.9 12 - 5.27
672 1.2 306 12.7 11 - 9.65
14B 845 1.0 . 254 16.7 28 40.8 1.58
976 0.96 411 19.4 64 69.3 2.13
Average
Percent
deviation 5 5 24 6 14 - 37

All concentrations in ppm except Fe which is in percent
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were: copper, 6 percent; lead, 8 percent; nickel, 14 percent; zinc, 24
percent; and vanadium, 27 percent. The percent average deviations reflect
the precision of the analytical procedure. The high average deviation for
cadmium reflects the exceedingly small nanogram to subnanogram amounts of
total cadmium in the sample. Cadmium has the lowest concentration of all
metals determined. Over the three years of study, zinc has presented more
problems and yielded more variability in results than any of the other
metale. Robertson (1968) has shown multiple contamination sources for zinc_
in marine amalytical procedures, such as reagents, vessels, filters, other
apparatus, and even airborne particulate material in the laboratory. Vanadium
requires higher atomization temperatures and will show more instrument vari-
ability than the other metals. These problems, coupled with the very small
amounts of total vanadium in each sample (5 to 20 nanograms), indicate that
27 percent is a reasonable value for relative deviation for vanadium. The
relatively low deviations for iron, manganese, copper, and nickel are indic-
ative of the precision of the analysis.

The. results of the znalyses for the three seasonal suites of samples
collected in 1977 are recorded in appendix 2. .Average values are shown by
table 2. The amonnts of zinc for the March and May cruises were too high
to be recorded by the atomic absorption spectrophotometer without greatly
diluting the samples. Since the samples were obviously contaminated, no
analyses were made. Nickel values in March are highly suspect and may be
tied to the zinc contamination problem. The March values were plotted,
however, on figure 43B. The May nickel samples were obviously contaminated
and were not graphed. The nickel blank was an orQer of magnitude higher

for the March and May samples than for the November 1976 samples. Many of

83

&~
Y

[



Table 2, Averages of the amounts of trace metals
in suspended sediments

Mass Cd Cr Cu N1 Pb Zn v Mn Fe
Season Sample mg/l ppm ppm ppm Pppm  ppm ppm Ppm  ppm 4

Nov. Top 2,10 19.0 570 59 21 259 1609 18 501 1.
1976 (5.7)*(126)* (627)*
Bottom 2.73 3.5 27 29 16 99 420 9 709 1.0

March Top 0.70 3.3 341 187 3800 1cC20 - 71 562 2.

1977 Bottom 2.95 3.5 349 104 129 49 -- 99 2240 2.
(1.64)* (73)*

May Top 1.05 12.1 81 93 938 181 -- 112 241 1.

1977 Bottom 3.14 15.2 110 129 1091 341 -- 109 908 2.

*Values in parenthesesg are figured when one atypical result is disregarded
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the March 1977 samples were inadvertently destroyed when the tray bearing
the filtrate samples was dropped in the laboratory, so that the averages for
the "top" samples are generally based on three values.

The ranking of elements according to top versug bottom samples
indicated in the two previous years was confirmed by the 1977 analyses. -
Amounts of manganese and iron continued to be larger in the bottom water
samples; vanadium was increased in the bottom water in two out of three
seasons, and the remaining elements were higher in surface samples except
for May. In May all stations showed larger amounts in bottom water samples
for all metals, including not only the trace metals themselves but the
total particulates in the samples and the percentage of carbon as well.
Those metals that previously had larger amounts in the surface samples
appear to be tied to carbon concentration. The percent carbon on the
average is larger in bottom samples for May 1977 than for any other set
of samples in the study. The carbon enrichment is the apparent explanation
for the larger amounts of such elements as lead, nickel, cadmium, and
copper in the bottom water.

Variations from season to season were not as marked in the third-
year's study as was reported for the second year. Amounts of cadmium and
lead were larger in May than in November; the results for March were similar
to those for November. Total carbon followed a similar pattern, except
for a notably higher average for the surface waters in March. Ironm, |
manganese, and chromium remained about the same, showing little seasonal
variability. The other metals appeared to be more concentrated in spring
and summer. Comparison of the mass values with the values for the previous
year sunowed a similar pattern. The mass values are lower in the spring

and summer.
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Examination of the areal distribution of the elements (figs. 37-46)
shows an apparent seaward increase in amounts of cadmium, lead, nickel,
copper, and zinc in surface waters. This pattern is similar to that for
total carbon and the inverse of that for total particulates.

The conclusion reached following the second year of study that the
distribution pattern for the amounts of trace metals in suspended sediments
over the south Texas continental shelf is greatly influenced by planktonic
activity seems confirmed by the results for this year. 1In fact, the data
strongly reinforce that conclusion. The other general conclusion that can
be made from the third-year's results is that analytical procedures, no
matter how carefully planned, proven, and followed, are still subject to
contamination aé the very low levels of concentration dealt with in this
study.

A review of the complete three-year's study reveals the following:

(1) manganese, iron, and to some extent vanadium, are always more con-
centrated iﬁ bottom-water samples than in near-surface water. This is
generally true also of the total particulates. The other elcments do not
show a clear pattern but do indicate an association with carbon. Bostrom
and others (1974) have shown that plankton contains higher concentrations
of lead, cadmium, zinc, and copper thuan were found in shale, but this

does not appear to be borne out by the studies for the South Texas Outer
Continental Shelf. Lal (1977) suggested that adsorption onto particle
surfaces may be an active mechanism fer the concentration of trace elements
on suspended sediments. If this is true on the south Texas continental shelf,
there is sufficient difference between adsorptive properties of organic

and inorganic particles to differentiate the trace metals deivcimined in

this study.
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Seasonal variability does exist but appears to be associated w:th
biological activity as indicated by percent carbon. Areal distribution
again shows strong ties to percent carbon with moderate increases in
concentratioﬁ of cadmium, lead, nickel, copper, and zinc seaward and
northward. Generally, the pattern reflects an increase in percent carbon
or a decrease in total suspended sediment.

The precision of analytical work has been shown to be sufficient to
establish a baseline for the trace metals analyzed. Extreme caution should
be exercised in using a single analysis or.a small group of analyses at a

single station, however, as random contamination is a major problem.
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CLAY MINERALOGY, SUSPENDED AND SEA-FLOOR SEDIMENTS
by
Charles W. Holmes

The most chemically active marine inorganic sediment is that fraction
classified as clay minerals. The clay minerals of the montmorillonite group
possess a large, highly negative surface area (Goldberg, 1965; Neihof and
Loeb, 1972) which readily permits the adsorption of positively charged
metals and polar organic materials. These clay minerals act both as a
substrate and as 3 carrier of trace substances. Therefore, to determine
the means by which the trace substances migrate through and within an environ-
ment, some knowledge of the quantity and type of clay minerals present is
essential. |

In addition to the role of clay minerals as trace substance carriers,
the relative proportion of clay minerals within the sea-water column and
within the bottom sediment also may indicate the source from which the
material is derived. Furthermore, mapping of the clay mineral distribution
may identify sedimentary processes at work within a study area, such as
directions of dispersal and patterns of deposition; this information is
important in constructing predictive models for trace substance migration
and/or deposition.

This report is based upon data obtained over the past four years in
a baseline environmental investigation of the South Texas Outer Continental
Shelf. Suspended and benthic sediments are included together rather than
in separate sections so that comparisons can be made and discussed more

readily.
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METHOD OF STUDY

Suspended Sediment

Samples for suspended sediment extraction were obtained during six
cruises spanning the period from fall 1974 until June i977 (October-
Noveuber 1974; November 1975; May 1976; November 197?; March 1977 and
May 1977). During the fall 1974 cruise, samples were taken at 24 stations
(fig. 47A). For the November 1975 and May 1976 cruises, samples were taken
at only 11 stations (fig. 47B). Suspended sediment mass determinations
for November 1976 and both 1977 cruises were based on these same 11 sampling
statisus. During November 1976 and March 1977, the sawmpling density was
increased to 23 sites (fig. 47C includes these 23 sites plus stations 1A,
9A, and 23A). Results for stations 1A, 9A, 23A, and 24 were not plotted
because of close proximity to other stations. In May 1977, samples were
taken at 26 stations (fig. 47C). At each station, the samples were taken
with a 30 liter top-drop bottle one meter beneath the surface and one meter
from the bottom. In November 1976, March 1977, and May 1977, 3an additicnal
sample at midwater depth was obtained for clay mineralogy studies.

From each sample, aliquots were obtained for mineralogical analysis
(»2 liters). In addition, samples were obtained from the surface and bottom
waters at eleven sites fiom all cruises, except the November 1974 cruise,
for total organic carbon (=7.5 liters) and mass (=2 liters). During the
1974 cruise, the samples were filtered immediately. On subsequent cruises,
all samples except control samples were frozen and returned to the laboratory
for processing.

In the laboratory, aliquots 2ssigned for mass determination were thawed,

filtered through a preweighed 27 pm diau>ter NUCLEPORE filter with a nominal
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Sea-floor Sediment

The clay mineral content of the <2 p fraction of the bottom sediment
samples was determined on 251 samples. The size fraction was obtained by'
settling methods after Hy0, leaching to destroy the organic matter. The
size of the material was checked by COULTER COUNTER analysis, and the
concentration of the sample necessary to sediment 5 mg/cm2 of material
consistently on the silver filter was determined. The identification and
quantification of the mineral components followed the same procedures used \\\\
for the suspended sediment samples. All samples were run in duplicate with o
an additional sample analyzed where the discrepancy was >10 percent between -
the duplicate analyses. Additional samples were analyzed by increasing the
time of the séan in order to define better the clay species present. This ‘a,x
procedure increased by one order of magnitude the accuracy of the ﬁd" T
spacing values.

In addition to the suspended sediment and the <2 p fraction of the bottom
sedimznts, selected suspended and bottom sediments in the bordering egtuaries

alsv were analyzed, along with some selected silt fraction samples (>2 g). -~
RESULTS C

In the samples analyzed, three major clay types were recognized: a f/
17A material probably composed of minerals of the wontmorillonite group
with an expanded lattice after glycolation; 103 material interpreted to
be 1llite or some form of hydromica; and a 7.13 material that is kaolinite
and/or chlorite. The identification of the 7.13 substance is extremely
difficult and thus far has not been resolved satisfactorily. The lack of '};
any Ib; clays and the persistence of the 7A peak after heating to 400° C. |

seem tn indicate that the substance is kaolinite (Carroll, 1970).
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The data for suspended sediments are listed in appendixes 2 and 3, and
are summarized graphically in figures 48 to 64. The data for the clay-sized
fraction of the bottom sediment (<2 p) are presented in appendix 4 and in
figure 66. Summaries of total suspended sediment and of total particulate

carbon are given in table 3.
DISCUSSION

Suspended Sediment

The source, distribution, and composition of suspended sediment in
the water column on the continental shelf cannot be proven positively on
the basis of nonsynoptic data with samples taken many kilometers apart.
Figure 65, an interpretative map based on Landsat imagery that showed the
distribution of suspended material on the Texas continental shelf for the
period November 21 to November 23, 1973, exhibits many areas of high sediment
concentration that are abruptly discordant to adjacent regions (Hunter,
1976). Tﬁe figure demonstrates that mineralogical analyses of discrete
samples alone are of little value in determining sediment socurces ana
processes; identification of tho water masses prcseat over the shelf at
a given cime is necessary to the undgrstanding of dispersal and deposition.
Another problem in determining the true mineral composition of suspended
samples is the sample size. In many cases, the amount of filtrate is so
small and contains so little inorganic material that the diffraction peaks
are diffuse, and the instrument will not record good peaks. Thic problem

may account for the unusual mineral composition at some sites where only

one peak was recorded.
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Table 3. Summary of total suspended sediment and of total particulate
carbon in suspended sediments

Total suspended sediment Total particulate carbon
Cruise period (mean) (range, percent) (mean) (range, percent)
November 1974 10.47 140-0.5 N.D.
November 1975 4.47 21-0.2 2.81 8-0.3 .
May 1976 1.69 5-0.2 7.6 23-1.5
November 1976 2.39 5.8-0.3 10.8 23-2.9
March 1977 1.47 9-0.18 18.31 50-3.8
May 1977 2.69 16-0.16 23.4 100-1.7 -
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Amounts of suspended sediment; A. November
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Percentage of clay minerals in suspended sediments, March 1977,
one m below the air-water interface.
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Sediment Concentration

With the exception of the sampling done near Pass Cavallo in November
1975, the highest concentrations of suspended sediment for all sampling
periods lie on the inner shelf near the mouths of estuarine systems, a
fact supported by the Landsat I data (Hunter, 1976). Moderate sediment con-
centrations are indicated in the waters over the ancestral Rio Grande delta
with a slight decrease in concentration toward the shelf edge. A significant
increase in sediment concentration is estrongly suggested in the bottom waters
along the shelf edge in the fall and early spring, a condition which may be
attributed to higher energy during this period coupled with internal waves
and tidal forces.

Samplés obtained in the fall of 1974 had significantly more sediment
within the water column than those of subsequent years. A shift in the
netional weather pattern during 1975 and 1976 apparently caused climatic

moderation along the Texas coast after 1974.
Organic Carbon

The relative amounts of organic and inorganic carbon in the percent
total particulate carbon were determined at each station. Regionally, the
organic carbon content is higher and the stratification of organic content is
more apparent during the late spring when energy conditions needed to transgort
inorganic constituents aund contributions from land sources are at a mihimuﬁ.

Organic content is generally greater in surface water because bottom water

is diluted by in-organic material.
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Mineralogy

Three najor clay types and "quartz'" have been identified by X-ray
analyses. In some inner shelf samples, feldspar and calcite were also
recognized. During the 1974 sample period, the expandable clay mineral
identified by its 174 "a" spacing upon glycolation was present only in
the northern portion of the study area. The predominant clay mineral over
the rest of the shelf was a 105 wineral interpreted to be illite. Imn the
suosequent fall samples and in May 1976 and March 1977, 173 material was
detected over the entire shelf. The May 1976 samples along the shelf edge
contain 17R material associated with high organic carbon content, suggesting
material of biologic origin. This substance may be attributed to expandable
material associated with diatoms (van Bennekom and van der Gaast, 1976).

In November 1976, 17; material was detected at most stations but the largest
concentrations were in the northern part of the 0CS.

The other clay minerals were measured in varying amounts throughout the
region during every sampling period. In the fall of 1974, however, the 104
clay mineral dominated. Subsequent samples taken during 1975-1977 showed the
3.34A mineral (quartz) to be the dominant mineral. This discrepancy protably
is attributable to the source material. During the fall of 1974, the water
column contained a large amount of terrigenous sediment that was diminished
in subsequent years. Thus the mineralogy reflected the high concentration of
land-derived material. In the 1975 to 1977 period, when land-derived material
was less concentrated in the water column, the mineralogy was dominated by
water-derived sediment. Diatoms can produce a diffuse X-ray pattern similar
to that determined for the suspended sediment in the south Texas region

(Gregg and others, 1977). Thus it appears likely that the dominance of the
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3.343 peak 18 caused by a quartz-like material produced by diatoms in the
water column. The 104 and 7.13 materials in the 1975, 1976, and 1977 samples
follow no discernible pattern except that the 103 material 1is usually pre-

‘ dominaut. Occasionally only 7.11 material was detected because the filtrate
samples were so small that the IOR or 17R material, even if present, were

below detection limits.

Sea-floor Sediment

Like the suspended sediment, all three clay mineral groups were present
in the fine clay fraction (<2 p). The dominant clay material was the expand-
able minerals of the montmorillonite gronp (fig. 66). These minerals made
up from 34 to 70 percent of the clay substances present. The distribution
over the entire study area is typically around 60 percent +5 percent. The
range of variabili:-y indicated is within the analytical error, indicating
a rather homogeneous clay mineral suite for the entire shelf. The composition
is in agreement with previously published studies in the Gulf of Mexico

(Pinsak and Murray, 1960).
MINERALOGY OF SUSPENDED SEDIMENT VERSUS SEA-FLOOR SEDIMENT

Examination and comparison of the data for the three years suggests a
significant difference between the mineralegical composition of the clay
suspended material and of that in the sea-floor sediment. The difference
suggests that illite dominates the suspended sediment whereas montmorillonite
dominates the bottom sediments (Jacobs and Ewing, 1969). Tu~holke (1974)
suggested that such variances are the result of the X-ray preferentially

detecting the larger illitic material to the exclusion of the montmorillonitic

125

P . I A M 408+ e e v e+ e e



28°
30

28°
00

27°
30

271°
00

26°
00

97°30' 97°00'
1 ] ' 13 R
o 0 20 30 NAUTICAL um:sfﬁ
o 20 40 "

60 KILOMETERS
-] e .

S i
MEX"\U.SA., i ) 1 \ 1 | ! 1

Figure 66.

Percent expandable clay in bottom sediments.
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substances. Experimentation by Holmes (1977) suggested that such discrim-
ination does not take place on the instrument used in this investigation.
Shidelet_(1977)'has indicated that the dominant size of the suspended
material is very fine silt. When this size fraction of the bottom
sediment is analyzed, the IOA (111jte) material dominates as it does in
the suspended fraction. The samples that contain significant 173 material
correspond to samples of the finest suspended sediment. Thus the differences
between the reported clay mineral composition and the suspended sediment ;re
an artifact of the anslytical procedure, and the material in the water column
does mirror that on the sea floor. The composition of the suspended sediment,
then, is indicative of the ene: ;y conditions on a regional basis and clearly
*g helpful in the interpretat:zon of the physical processes of sedimentation
on the shelf. In the case of the south Texas shelf, significant 174 material
in the water column indicates a large influx of land—de;ived detrital material
flushed out of the bLays. In contrast, dominant 10A material in the water
column indicates sca-floor derived sediment. Such information can be useful

in tagging sediment plumes to their source if two adjacent water masses huve

different types of clay minerals.

127

DY PECIE IR Y TP . s
. s, BN

————



SEA-FLOOR SEDIMENTS

PHYSICAL CHARACTERISTICS

Seasonal Variability of Texture

by
Gerald L. Shideler

Surficial benthic sediment samples were taken during 1977 to determine
seasonal variations in sea f:oor texture in support of other ongoing chemical

and/or biological phases of the STOCS program.
Methods

Three seasonal sample suites (winter, spring, summer/fall) were
collected along four monitored transects (fig. 67) by the University of
Texas Marine Science Institute at Port Aranses. The U.S. Geological
Survey did not participate in either the site selection or field work
phases of this cffort. The three seasonal suites, each containing approxi-
mately 50 sam.les, were analyzed for grain size by the USCS Corpus Christi

office.

Laboratory procedures
Laboratory procedures used for determining grain size were as follows:

1. 1Initial Drying - The original sample was air-dried, and the entire

sample was used for analysis.

2, Oxidation of Organic Matter - tarbonaceous organic matter was removed

from the sample by oxidation with a 30 percent hydrogen peroxide solution,
a step necessary to eliminate potential errors in the COULTER COUNTER

analysis of the mud fraction.
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Desalinization - Soluble salts were removed from the oxidized sample

by vash;ng in 800 ml of distilled watexr. The sample was agitated, then
allowed to settle undisturbed for a minimum of 60 hours. The supernatant
wash water was then siphoned off without disturbing the sediment. This step
eliminated the weight of salt crystals and allowed sediment dispersion.

Final Drying end Weighing - After removal of organic matter and soluble

shlts, the clean sample was oven-dried at less than 40°C to avoid
baking the clay fractions. A final work sample weight was then obtained
to within 0.01 g, under the normal ambient temperature and humidity
conditions within the USGS Corpus Christi laboratory.

Disaggregation and Dispersion - The final work sample was physically

disaggregated, then dispersed by soaking in 500 ml of a standard
CALGON solution (5 g/liter). The .uspension- was thoroughly mixed
and allowed to settle for 24 hours, then checked for flocculation.
I1f dispersion was complete, the sample was then wet-sieved.

Wet Sieving - The dispersed sample was washed through a set of 2 mm
(#10) and 63 pm (#230) U.S. standard sieves. The sample was frac-
tionated into gravel (>2 mm), sand (2mm - 63 um), and mud (<63 um)
fractions; the mud fraction was brought to a standard 800 ml volume.

Percentage Deterninations - The sand and gravel fractions were washed,

oven-dried, and weighed; the percentages of sand, gravel, and mud com-
prising the total sample were then determined.

Settling Tube Analysis (Sand) - The grain-size distributions of sand

fractions were determined with a rapid sediment analyzer (RSA) at
a half-phi interval. The instrument employs a settling tube 1 m in
length, with an 8 cm internal diameter. The settling tube assembly

is a modified version of the basic model described by Schlec (1966).
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Modifications include incorporation of a different model transducer
and the use of a manual sediment introduction device, rather than a
motor-driven device. Accessory equipment include a HEWLETT-PACKARD
amplifier (Model 321), and a HEATH-SCHLUMBERGER strip-chart recorder
(Model EU-205-11). Sediment fall times were converted to phi—size
cumulative percentages at a 0.5 § interval by employing the fall time-~
size overlay technique described by Schlee (1966).

In conducting an analysis, a representative sample of the sand
fraction was obtained yith a microsplitter. Efforts were made to use
3emn samples; however, if the total sediment had zn insufficient sand
content, smaller RSA samples werevutilized. Sediments with sand
fractions comprising less than 0.4 percent of the total sample weight
were considered as "pure mud" texturally; the bulk weight of sand in
such samples was so minute (<0.5 g) that it was beyond the capability
of the RSA instrument to provide reliable size analyses of the sand
fractions. All techniques of sediment introduction, recording, and
analog curve interpretation were standardized to minimize operation
bias. The recorder sweep speeds employed were 2.5 sec/cm for the first
35 seconds, 5 sec/cm from 35 to 100 seconds, and 10 sec/cm after 100
seconds. All analyses were conducted within a 21-24°C temperature
range. On the basis of replicate analyses, the RSA exhibited a
precision of +2.3 percent in determining Folk's (1965) graphic mean
diameters.

COULTER COUNTER Analysis (Mud) - The grain-size distributions of the

silt and clay fractions (<63 pum) were collactively determined at a
half-phi interval electronically, employing a 16-channel model TA

COULTER COUNTER. By conducting duplicate analyses with 200 pm and
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30 pm tube apertures, the instrument effectively analyzed the 0.63-63 pm
size range. The electrolyte consisted of a 4 percent CALGON solution,
pre-filtered through a 0.2 ;m filter.

For each sample, a 200 pm tube analysis was conducted first to
determine the coarser half of the size frequency distribuiion. The
dispersed mud suspension was h?mogenized in a 1000 ml beaker by agitation
on a FLEXA-MIX vibrator equipped with a baffle. A representative sample
of the suspension was obtained by sampling with an automatic micro-
pipette from the top, middle, and bottom of the beaker. This sampling
procedure was repeated until a standard sediment dilution level was
achieved ‘_vhich resulted iﬁ less than 5 percent coincidence error. The
sample was then electronically counted, and the relative percentages of
particles in each size class within the operating range of the 200 pm
tube (2-40 percent aperture diameter) were determined. During analysis,
the sample was agitated and dispersed by a stirring motor operating at
a standard speed. Since the state-of-the-art stirring apparatus could
nct be maintained at a constant number of revolutions per minute, the
selc¢cted standard speed was just below the level that produced observable
turbulence at the surface of the sample beaker.

After the 200 pm tube analysis, the analyzed suspension was then
sieved through a 20 pm micro-mesk sieve, and re-analyzed with the 30 pm
tube to obtain the finer half of thc size distribution. The 30 pm tube
analyses were conducted in an unagitated state and were completed within
2 hours of their respective 200 pn tube analyses. The size frequency
distributions determined by the COULTER COUNTER are truncated at the
lower analytical limit of the 30 ym tube (0.63 pm or 10.62 @), which was

weighted as 11.0 @ for the purpose of statistical analysis. The size
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percentage data from both tubes were arithmetically corbined and nor-
malized to provide the full distribution of the mud fraction within the
two-tube analytical range. All operational techmiques were standardized
to minimize operator bias and to eliminate inconsistent analytical arti-
facts. The precision of the COULTER analyses is equivalent to that of
the pipette techaique (Shideler, 1976). On the basis of triplicate
analyses performed on each of three different samples, the minimal
precision in determining Folk's (1965) graphic mean diameters is +6.4
percent.

Gravel Analysis - A visual inspection of the gravel fractions within

the sea-floor sediments revealed that the gravel consisted almost
entirely of biogenic shell materiale; no significant quantity of non-
organic gravel detritus was observed. As the South Texas OCS is essen-
tially a sand~mud province, the inclusion of the gravel-size shell
materials within the composite size analyses was not considered to be
of any particular sedimentological benefit. In addition, the shells
could produce misleading results by distorting tie statistical size
parameters derived from the sand and mud fractions. For these reasons,
the gravel fractions were not included within the size analyses, and all
size-frequency distributions are truncated at the 2 mm (-1.0 @) sand/
gravel boundary.

Interfacinsg Analytical Results - The individual size frequency distri-

butions determined by RSA (sand) and COULTER COUNTER (silt and clay)
were mathematically combined into a composite size frequency distri-
bution characterizing the entire sample., Cumulative weight percentages

of size classes were determined at a 0.5 § interval, encompassing a
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size range from ~1.0 § (2 mm) to 11.0 § (0.49 pm) . These data were
then utilized in deriving the statistical size parameters.

12. Textural Parameter Derivation - In deriving textural parameters, data

pProcessing was performed by a computer program, employing the computer
facilities of the USGS, Reston. The derived parameters consist of the
following: sand vercentage, silt percentage, clay percentage, sand/mud
ratio, silt/élay ratio, and the four moment measures (mean diameter,

standard deviation, skewness, kurtosis).

Data presentation

All textural parameters derived are tabulated in appendix 5. In addition,
variability graphs were constructed for each of the four transects to illus-
trate seasonal variations in sand/mud ratios, silt/clay ratios, mean diameters,
and standard deviations (figs. 68-71). These specific parameters were con-
sidered to be the most appropriate for characterizing the textural variability.
The graphs are based on the average values of textural parameters obtained
from the analysis of duplicate samples taken at each station. The variability
graphs were prepared only for the spring and summer/fall sample suites.
Unfortunately, the sampling format used for the winter suite provided nei.%er
complete station coverage nor replicate subsampling at individual stations;
consequently, the winter suite is not directly comparable with thie other two
suites. In the winter suite, the following samples were supplied to the USGS
for analyses: five or six replidﬁte samples from each of the stations on
transect IV, five replicate samples each from stations 1 ard 2 of transect
I1I, and one sample each froa stations 1, 2, and 3 of ~ransect I. No samples

were supplied from any of the remaining stations.
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In addition to variability graphs, the statistical significance of
differences between mean values of textural parameters from the spring and
sumrer /fall suites was determined by means of t-statistic tests at the 95

percent confidence level, using a computer program (Barr and others, 1976).

These results are presented in table 4.
Sand/Mud Ratio Variability

The sand/wud ratios provide a general overview of textural variability
(fig. 68) that is most applicable to the inner shelf where sand-size detritus
is most abundant. Along transect I, the variation of sand/.wud ratios was
greatest at station 4(1.12-2.06 range) located in the shallowest inner-shelf
sector. Variability decreased tcward the outer shelf. No systematic seasonal
trend was apparent. The variations along transect 1II were greatest at inner-
shelf station 4 (0.04-0.29 range) and were minimal throughout the remainder
of the transect. The spring sediments were consistently coarser (higher sand/
mud ratios) than summer/fall sediments along the entire transect. Variations
along transcct I11 were greatest at the shallowest station (station 4; 3.03-
5.05 range) and decreased seaward; the spring sediments were.consistently
coarser than the summer/fall sediments. Seaward of station 5, the sand/mud
ratios were essentially zero. Along tramnsect IV, variations were greatest
at mid-shelf station 5 (0.80-3.10 range);.no systematic seasonal trend was
apparent.

In general, the seasonal variability of sand/mud ratios tended to be
largest along the inner shelf where sand is most abundantly distributed.

In addition, the greater inner-shelf variations may partially reflect a

relatively high degree of hydraulic variability. Among the four transects,

the southernmost (1V) was most variable because the sea floor is most texturally
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heterogeneous along this trangect, which crosses the ancestral Rio Grande

delta. Systematic seasonal trends were noted only along the two central
transects (II and IIl), where the spring sediments were coarser than the
summer/fall sediments. Although no shelfwide seasonal trend was apparent,

all four transects shuwed a general trend of decreasing ratios seaward for

both the spring and summer/fall suites. No statistically significant difference

occurs between sand/mud ratios of the spring and summer/fall suites (table 4).
S1lt/Clay Ratio Variability

The silt/clay ratios . provide a somewhat more sensitive general overview
of textural variability than do sand/mud ratios. In addition, silt/clay
ratios are mﬁre widely applicable to the South Texas OCS, where silt and
clay are relatively abundant. The silt/clay ratio variability is shown by
figure 69. Aloung transect I, maximum variation occurred at mid-shelf station
2 (1.43-2.18 range); no systematic seasonal tiend was apparent. The variations
along transect II were greatest at mid-shelf station 2 (1.58-2.59 range), with
no apparent seasonal trend. Spring sedimznts were finer (lower silt/clay
ratios) than summer/fall sediments along most of the transect, except along
the outer shelf (stations 6;3) where the opposite was true. Along transect III,
maximum variation was at mid-shelf station 2 (1.02-1.89 range). The samples
of sediment collected during the spring generally were finer than those
collected during the éummer/fall except at the shallowest station (4).‘ The
variations along transect IV vere greatest at inner-shelf station 1 (0.66-1.21).
No seasonal trend was apparent, and variations appeared to be essentially random.
In general, seasonal variability of silt/clay ratios was substantinl
along the entire shelf but tended to be greatest toward the mid shelf. No

shelfwide seasonal trend was apparen:i, but sediments in the spring tended to
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Table 4. Results of t-statistic tests for seasonal comparison of textural

parameters.
Parameter ' Spring mean Summer/fall mean t-value
(X) ()
Sand/mud ratio 0.73 0.58 0.65
Silt/clay ratio 1.24 1.45 1.87
Mean diameter 6.60 6.47 0.48
Standard deviation 2.16 2.17 0.22

d.f. = 99; ¢ = 1.99

0.05
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be finer grained than during summer/fall along the two ::entral transects.
All four transects showed a gencral seaward trend of decreasing grain size
(decreasing ratios) for both the spring and summer/fall suites. No signif-~
icant statistical difference was evident between silt/clay ratios for the

two seasonal suites (table 4).
Mean Diameter Varidbility

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. The mean diameter variability is shown
by figure 70. Along transect 1, the variation was largest at mid-shelf
station 2 (6.17 #-6.93¢ range), but no systematic seasonal trend was apparent.
The maximum variation along transect IJ also was at mid-shelf station 2
(6.35 $-6.75 § range), and no seasonal trend was apparent. The variations
along transect III were maximum at m.d-shelf station 2 (6.93 §-7.85 @ range).
Except for the shallowest station (4), the spring sediments were finer grained
(higher # value) than the summer/fall suite. Along transect IV, variations
were maximum at mid-shelf station 5 (3.64 §-5.18 @ range), and no seasonal
trend was apparent.

In general, seasonal variability was greatest toward the mid-shelf
sector and along the southernmost transect (1V). No shelfwide seasonal
trend was indicated, but the spring sediments did tend to be finer grained
than summer/fall sediments along most of transect III. Along all four tran-
sects grain size decreased seaward in both sample suites, thus substantiating
the silt/clay variability profiles. No statistically significant difference

in mean diameters was noted between the two seasonal sujtes (table 4).
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Standard Deviation Variability

Thé standard deviation (second moment) is a measure of sediment sorting
characteristics or homogeneity, an aspect that may provide indications of the
extent of sediment mixing or of environmental energy consistency. The standard 7
deviation yariability is 1llustrated by figure 71. Along transect I, variation
was largegt at che shallowest inner-shelf station (station 4; 2.51 $-2.68 §
range). Except for station 6, the spring sediments were somewhat better J
sorted (lower standard deviation values) than the summer/fall sediments. In
both seasonal suites, sorting improved seaward. The maximum variation along
transect II was at mid-shelf station 6 (1.61 $#-2.07 @#). This transect showed
a systematic seasonal trend: the spring sediments were more poorly sorted than
the summer/fall sediments, a relationship opposite to that exhibited by
transect I. Along transect II sorting also improved seaward during both
seasons. The variations along transect 11l were maximum at the shzllowest
inner-shelf station (station 4; 1.62 $-2.01 # range), but no systematic
seasonal trend was apparent. Along transect IV, maximum variation was at
mid-shelf station 5 (2.36 $#-2.83 P range). The variability appeared to be
random. exhibiting no seasonal trend. ——
In general, shelfwide variability tended to be greatest along the southern- .
mos” transect (IV) over the ancestral Rio Grande delta. No consistent shelfwide
seasonal trend was apparent, although spring sediments were systematically
more poorly sorted than summer/fall sedircnts along central transect II.
A general seaward improvement in soriing was indicated along transects I ' -
and 1I. No statistically signif#cant difference in standard deviation

values for the two seasonal suites was indicated (table 4).
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Summar

Sea-floor sediment texture, in terms of both grain size and sorting,
sl.owed substantial variability within the spring and summer/fall seasonal
suites. The variability appeared ta be of a random nature with no consistent 7
seasonal trend on a shelfwide basis. Generally, grain size decreased and
sorting improved seaward as a regional trend for both suites of samples.

No statistically significant textural differences were noted between the

two suites.
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ORIGIN OF DISCRETE SAND LAYERS AND MOBILITY OF SEA~FLOCR SEDIMENTS
by

Henry L. Berryhill, Jr.
Introduction

Sediment mobility on the sea floor is a significant aspect of the
marine environment and a factor that must be considered in assessing or
predicting the impact of any type of offshore activity that will involve
the sea floor, either as the foundation for a structure or as a possible
repository, inadvertently or utherwise, for anthropogenic substances.

Because the shallow subsurface sediments to depths of about a meter
record the depositional history of the shelf during approximately the past
thousand years, they have been included in the environmental study plan for
the South Texas OCS since inception of the project in the late fall o: 1974.

During the first year, emphasis was on descripticn of the textural
stratigraphy, or vertical variability in grain size, the extent of sand
over the shelf, and the general effect of bioturbation or infaunal burrowing
on the sediments (Berryhuill and others, 1976). The results for the first
year were based on 74 pipe cores ranging in leagth up to 1.5 m.

The study of shallow subsurface sediments in the second year examined
in greater detail the arrangement of sand in the sediments (Berryhill, 1977).
The South Texas OCS is characteristically a silt province. Consequently, the
distribution of the somewhat coarser sand is a clue to the transporting
capacity of bottom currents moving over the sea floor. The number and dis-
tribution of the discrete sands is an indication of both the frequency and
the areal extent of the higher energy conditions. To relate the dispersal

of sand to time, the cores were analyzed in depth increments of 30 cm.
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The number, depth, and areal extent of the sand layers within each 30 cm
segment were plotted in map form. The results for each segment were compared
to determine if patterns of transport and deposition have persisted. For the
second year's effort, an additional 101 cores were collected to supplement
the original 74 and to fill geographic gaps in coverage (see fig. 72).
In the third year, the focus was on the origin of sand layers that are
presert at least as far out as midshelf and on the transporting mechanisms
for the sediments in general as indicated by the depositional structures.
Since the discrete sands at midshelf and beyond may have been spread during
and in the aftermath of hurricanes, the vertical distribution of grain size °/
in individual layers was determined to see if sorting characteristics might /
reveal the mode of transport, as suspension or bed load. In addition the
X-radiograph for each core was examined for depositional structures, both
within the sand layers and in the finer grained sediments between the discrete

sands.

Grain Size Distribution in Sand Layers

The textural analyses from the preceding two years have documented a
relatively small range in grain size for all parts of the shelf except the
southern and extreme northeastern parts Qhere the relict sediments contain
la;ge numbers of shells and some coarse sand. As more than 50 percent of
the sediments are of silt size, and as the sand fraction is normally fine
to very fine, no great range in grain size would be expected. Consequently
no systematic textural analysis of numerovus sand layers was attempted.
Instead, selected beds in a few cores were analyzed to determine sorting

characteristics. Each layer was subsampled in two or three vertical
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increments and conparative analysis was made at 0.5 phi intervals using the

analytical proceduves outlined by Shideler elsewhere in this report.

Core OA--The core station is in relatively shallow water at the northwestern
corner of the South Texas OCS where sediment moves southward along the inner
shelf. The sand layer analyzed is 9 cm thick, an& its base is at a core

depth of 90 cm. Based on modal diameter, the layer is classified as a very
fine grained sand that contains a moderate amount of heavy minerals; comparisor
of the textural analyses for the three subsamples indicates a relatively narrow
range in grain size (fig. 73). The sand in subsample 2 (the middle part of

the layef) is slightly coarser than that above and below, but overall the

bed is made up of moderately well-sorted sediments. The samples in core

OA, as well as almost all samples analyzed, contain a thin tail of fipes to
very fine sediments that cause an asymmetrical skewness to the sediments

that otherwise consist of grain sizes in the coarse silt to fine sand rauge.
Considering -the high degree of bioturbation over the inner half of the shelt,
the very fine grains may be reworked and mixed into the sand by burrowing.

The origin of the fines relative to sorting mechanics is uncertain; some may

be transported with the sand/coarse silt, but some may be picked up during

transport across the inner shelf.

Core 1A--The core station is in relatively shallow water seawzrd of the
outlet for Matagorda Bay. It lies in an area of considerable sediment
movement. The sand layer analyzed texturally is 7 cm thick and its base

is at a depth of 32 cm in the core. The modal diameters of the 2 su%samples
indicate that the sediment making up the layer {s a borderline coarse silt

(4.13 @) containing a moderate amount of heavy minerals. Comparison of the
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analyses for the 2 subsamplcs indicates woderately good sorting and no

textural grading (fig. 74).

Core 23--The core station is midway between the outlets to Matagorda amd
Corpus Christi Bays at a water depth of about 23.5 m. Analysis of a thin
sand layer at a depth of 66 cm in the core indicates that the sediment ranges
from fine sand (2.74 ) at the top to very fine (3.14 #) at the base; heavy
minerals content is substantial. The results of textural analysis for the
two subsamples show that the upper part of the bed is coarser than the lower
part, indicating a slight tendency toward reversed grading of grain size.
Overall, the sediments are moderately to poorly sorted; the lower subsample

is less well sorted than the upper (fig. 75).

Core 28 (A)--The core station lies about 5 miles southwest of core station

«23 along the shelf at nearly the same water depth (25 m). The near-surface

sand layer analyzed is at a depth in the core of only 8 cm. The modal
diameters for both subsamples indicate the sediment is fine-grained sand
containing substantial amounts of heavy minerals. Comparison of the analyt-
ical results for the subsamples reveal poorly sorted sediments. The skewness

pattern has a thin but long tail of very fine particles (fig.-76).

Core 28 (B)--The second layer analyzed from core 28 is at a depth n~f 67 cm

in the core, the same depth as the layer analyzed from core 3. It scems
reasonable to assume that both represent the same sand deposit. The analyses
indicate that overall the sediment is fine-grained sand (fig. 77). When
compared, the results for the 2 sand layers in core 28 show that the lower is

less well sorted than the upper and that the upper part of the deeper layer is

less well sorted than the lower part. Both layers are ncar the upper limit
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of a moderately well-sorted sediment. Nevertheless the modal diameters in

[

both are virtually identical.

Core 45--The core was taken at a water depth of 19 m and the layer analyzed
is at a core depth of 54 cm. The modal diameters indicate that the sediment
is coarse silt (fig. 78). The analytical results for the thrce subsamples
document a slight progressive decrease in grain size and a decrease of very
fine sand from the base of the layer to the top, indicating a normally graded
bedding profile of decreasing grain size upward. Considering the very small
range in gruln size involved, the grading is not considered significant

relative to the mode of transport.

Core 68--The core station is some 24 km.from shoreline in a water depth of

32 m; the layer analyzed is at a deptﬁisf 37 cm in the core. The modal
diameter in each of the 3 subsamples is that of a borderline coarse silt

and very little range is indicated (4.11-4.159). When compared, the textural
analyses for individual subsamples show a progressive upward reduction in
both the median (4.29-4.59 @) and mean diameter (4.56-5.14 §) measures and
normal grading is indicated (fig. 79). The reduction in grain size is
associated with a progressive upward reduction in sorting (standard deviation
range = 1.25-1.59 #). Again, consjdering the small range in grain sizes
involved, the significance of the grading relative io the transporting
mechanism is questionable although transport by suspension is suggested.

Overall, the sediment is poorly sorted.

Depositional Structures

In conjunction with the textural analyses, the cored sediments were

cxamined in detail for structures formed during deposition, as the types
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of structures plus their extent and abundance reveal something of the nature
and dvnamics of the trausporting system. The grain size and sedimentary
structures are indicators of the carrying power of the water, and the vsriations
of these comﬁonents. both vertically and geographically in the sediments,
indicate variations of energy levels in the water in both time and space.
Determination of the carrying capacity of flowing bottom water is a most
important environmental concern in any OC3 area and recognition of the highest
energy level attainable in a specific region is vital to understanding hazard
potentials, including the potential for the spread of anthropogenic materials
and for damage to structures placed on the sea floor.

Relative to highest potcntial energy levels, hurricanes cress some part
of the Gulf of Mexico almost every year and have affected the continental shelf
ofi Texas on the average of once every two years during the last century
according to historical records (Carr, 1967). Water flow over the shelf
can reasonably be assumed to reach maximum strength during and immediateu;
following passage of a major hurricane. The return flow of storm surge tides
that have reached heights of 4 to 5 m along the south Texas shoreline provides
an ample means of redistributing large amounts of sediment from the bays,
lagoons, and barrier islands onto the continental shelf. The pertinent
questions are: how much of the shelf is affected and how cffective is the
return flow in moving sediments? The pattern of distribution of sand over
the shelf and the flow structures recordcd in the sediments during deposition
should provide clues to the strength and extent of storm-induced currents.

The radiographs for all 175 erres coliected during the previous years
of study were examined in detail for evidence of sedimentary structures that
document bottom water movement during deposition. The term "sedimentary

structure”" covers all types of irregular laminations and discontinuities

158




within a layer as well as very sharp contacts between layers of markedly
different grain size such as that at the base of a number of discrete sand
ilayers. Excellent examples of the most common types of sedimentary structures
recognized are shown by the 1l:1 tracings of the cored sand layers in figures
73 and 74. Both show a range in types of structures, but figure 73 is perhaps
the most inclusive. The base of the sand layer shown by figure 73 is very
sharp and is discordant to the underlying mud. At intervals upward through
the sand are distinct laminae, or. aggregates of grains, that also are inclined
to the planar orientation of the layer. Near the top of the sand layer are
laminae of more irregular and discordant arrangement plus a good example of
small-scale cross-lamination and crude ripple-type laminae. The top of the
sand is likewise in sharp contact with the overlyinz mud Lut is parallel to
the sea floor rather than inclined as is the base. The sedimentary structures
in the sand document very well its deposition by moving water. The accumulation
of the sand was a single event caused by increased strength or carrying power
of the bottom current. The sharp base indlicates the abrupt onset of sand
deposition in this particular situation and the shell fragments in the base

of the sands having sharp bases demonstrate both the increased strength of
bottom currents that transport the sand as well as the ability of the current
to move particles larger than the very f}ne sand that typifies most of the
sand layers on the shelf. Further evidence that the sand .n figure 73
represents a single depositional event is the termination of bioturbation

at the end of the sand. The mud below the sand is intensely bqrrowed, yet
neither the sand layer itself nor the mud immediately above the.sand layer
have any indication of burrowing. The deposition of some 10 cm of sand in
what must have been a relatively short period of time apparently buried and

temporarily killed off the infaunal community at the locality.
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The extent -of depositional structures in the sediments over the shelf,
as represented in the 175 cores, has been plotted on maps. The cores that
contain sedimentary structures are shown by figure 80; those in which some
bottom scour is indicated as well as small-scale slumping of sediments are
shown by figure 81. In the identification and plotting of depositional
structures, all sediments in the cores were examined and the structures were
coded regardless of the grain size involved. At midshelf and beyond, irregular
laminae most commonly involve silts; near the outer edge of the shelf, the
flow structures involve foraminiferal tests. Irregular laminae are not
common beyond the 90 m isobath. Some of the most intensive and recurrent
irregular and inclined laminae in the outer half of the shelf are in cores
taken around the dead carbonate reefs (topograéﬁic highs).

In using core OA (fig. 73) as the example for giving a text description
of typical depositional structures represented on the South Texas OCS, note
was taken of its geographic position on the inner shelf where the events
involved in the processes of sediment transport are more frequent and more
vigorous than farther out on the shelf. Nevertheless, all types of depositional
structures in figure 73 are represented in one place or another at least to
the approximate position of the 90 m isobath, though not all occurrences
involve sand. Furthermore, a sand layer lies within-2 or 3 cm of the 90 cm
depth interval in a sizeable number of the 175 cores, the same depth as that
in core OA. The geographic areas of occurrence of the sand at 90 cm below
the sea floor were shown by Berryhill (1977). The map is included in this
report because it bears on the determination of the energy levels generated
by hurricane-induced currents ard their areal extent over the shelf (fig. 82).

No proof exists that the layer is correlative from core to core, considering
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_.\\ . the relativc distance between cores, lHowever, from a strictly cmpirical
standpoint, the sand layer might be interpreted as the deposit of a single

major storm, perhaps of the once-in-a-hundred-years magnitude that is spoken

3T of by meterologists.

1

'!5 ; Conclusions

S

~.ﬁ;/(i Very few data are available on the three dimensional nature of the

-\i:\. current regime that attends a hurricane; available information almost

tﬁir' exclusively describes conditions at the sea surface. Consequeﬁtly, ic is

Yoo

Q?i;” difficult to relate the data on grain size and depositional structures

;;&_ quantitatively to the strength of currents involved in eroding and moving

! f}i}. sediments on the se2a floor. Considering that the depth effect of surface

‘iztl waves is assumed to be one half their length, the strong influence of

;F;?;_ hurricane-generated waves on the bottom can be readily visualized for the

,// ; inner shelf in water depths of 30 m or less, though the degree of unidirec-
tional flow and strength of flow along the bottom is not known. Beyond 30 m

:ilf the movement of the water along the bottom is even more conjectural. A

g hindcast of hurricane-generated waves from Carla in 1961 was given by
Patterson (1971). From the eye of the storm outward to a distance of 180

nautical miles, his calculations were as follows: wave height, 31 to 41 feet;

- wave periods, 14.7 to 15.1 secs.; wave spced, 46 to 49 knots; and wave
length, 1105 to 1160 feet. If the depth effect of a wave is one half the
wave length, Patterson's calculations would indicate wave pressure on the

?4 N bottom virtually all the way across the shelf. Such pressure could possibly

lift into suspension incoherent sediments, but the result of flow along the

bottom as a function or response to the total hydraulic effect of the storm




over the region is still uncertain. Obviously, if bottom-water flow ia

independent of wave-induced motion laterally, the process of transport wou .d

.?\\ be enhanced by the increased buoyancy added by the 1ifting effect of the wave
\;»t on the scdiments. This relationship would be expected to become progressively
enforced or strengthened as water depth decreased.
(“% The erodability of bottum sediments for a spectrum of assumed hydraulic
?::j conditions has been calculated by Logan (1969). According to his chart, a
ﬂ IR wave having a periodicity of 12 sec. can move carbonate particles of the
- foilowing diaﬁeters under the conditions stated:
f\{" 2.5 mm-wave current velocity of 50 cm/sec at a water depth of 260 ft
\;:’ 6 mm-wave current velocity of 100 cm/sec at a depth of 175 ft
A 10 mu-wave current velocity of 150 cm/sec at a depth of 120 ft
20 mm-wave current velocity of 200 cm/sec at a depth of 90 ft
- Logan's calculations modified after Hjustrom (1939) were applied to
:;i‘ the morphological subdivisions of reef fronts around the Yucatan carbonate

platform and to the types of biotic communities involved. The only possible

corollaries on the shelf off south Texas are the Pleistocene reefs whose

b summits now are in water depths of about 80 m (264 ft); however, these
. features lie on the flat, open sea floor and perhaps are not dircectly
analogous. Two cores were taken west of the edge of Hospital Reef: one at
a distance of 305 m; and thc second at 732 m. Core 1 penetrated to 1.2 m
} and was made up of numecrous beds of well—stratifi;d shell and carbonate
reef particles up to about 3.5 m diameter, but averaging ahout 1.5 mm,
interlayered with mud. The uumber of debris layers decrcases upward in the
A core and ., predominates in the upper 30 cm; howvever, the uppermost 3 cm
of the core is a layer of carbonate particles of various shapes averaging
slightly less than 2 mm in diameter. Core 2, which lies 427 m further west,

has no reet debris.
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Assunming that Logan's calculations are reasonably applicable, the two
cores west of Hospital Reef reveal two things about the transporting capacity
of bottom currents on the outer Soutn Texas 0CS: (1) the currents reach
sufficient strength at times to transportﬂparticles as large as coarse sand
to granule size; (2) the current is able to carry particles of that size
upslope across a mud bottom somewhere between 305 and 732 m from the source.
The minimum current velocity necessary to move the carbonate particles in
core 1 would be 1.8 km/hr by Logan's calculations. Considering the well-
sorted nature of the material, its distance from the reef, and the soft-
mud bottom in the area, a speed of considerably greater than 1.8 km/hr can
be reasonably assumed.

The sedimentary structures in the cored sediments amply document that
bedload transport of fine sand and coarse silt by moving bottom water has
taken place over much of the South Texas OCS, but the amount attributable
to bedload transport relative to the amount carried in suspension must
remain conjectural in view of the narrow renge in grain size involved.
Considering that the éand along the shoreline, from which most of the sand
on the shelf came originally, is also fine grained, the grain size cannot be
used 16 this casc to estimate the velocity of the bottom currents because
fine sand virtually is the largest particle size available for transport.
The shell fragments along the base of the sand layers in 91aces indicate
that the currents do attain velocities in excess of that necessary to move
fine sand.

Hurricane-generated currents scem the most likely mechanism for moving
the sand over the shelf as well as the granules from the reefs, but aspects
of the sediments cored around some of the reefs indicate transport of sediment

by -currents other than those generated by hurricanes. The sediments around
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Baker and South Baker Reefs contain numerous laminae and thin beds of coarse
silt to very fine sand whose recurrence in the cores is far in excess of
hurricane frequency. Many of the very thin beds and laminae are inclined

and some have crude asymmetry that suggests ripples. An example is shown by
the copy made from the print of an X-radiograph (fig. 83). Another form of
bottom current movement eeems obvious for this part of the shelf. Experiments
on bottom sediment motion in & laboratory wave tank by Southard and Cacchione
(1972) using a two-layered medium of fresh and salt water suggest that breaking
internal waves can move particles in the size range of 0.1 to 0.5 ﬁm (fine

to medium sand). Their experiment was confined to a two-lqyered rather than

a continuously stratified medium and used acrylic particles, which are less
dense than quarfrz. Nevertheless, their results seem pertinent considering
that the layers in the cores contain significant- amounts of mica and forami-
niferal tests, which also are less dense and more buoyant than quartz. The
nature of the laminae and their frequency in cores around the reefs strongl&
suggest that currcnts capable of suspending and carrying bottom particles

is a normal feature of the outer shelf off south Texas. Only two possible
sources of these currents seem likely: either internal waves from.the deeper
Gulf that regularly feel bottom at about the 90 m isobath or a loop current
that swings rather frecuently onto the outer shelf.

Finally, moving hottom water capable of transporting sediments for
considerable distances i3 a characteristic of the South Texas OCS. Over the
inner half of the shelf the susceptibility of bottom sediments to resuspension
and further transport is believed to be considerably enhanced by the intense
bioturbation in many arcas. The highly burrowed sediments would no doubt be

more ecasily redistributed than those not disturbed by infaunal activity. 7The

oY gy yory
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Figure 83.

Laminae and thin teds of silt, very fine sand, mica
and foraminiferal tests in core from near edge of
South Baker Reef, northern part of the South Texas
0CS. Note inclined bedding. ~Scale is 1:1; core
diameter is 6 cao.



sand layers are belicved to be deposited principally during and immediately
aiter hurricane passage from sources along the shoreline., Currents generated
during hurricane passage are believed to be able to transport for long distances

over the shelf.
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CHEMICAL CHARACTERISTICS

Surface Sediments - Seasonal Variability

in Trace Metals Content

by
E. Ann Martin
and

Charles W. Holmes
Introduction

Seasonal monitoring of the trace mmetals in the benthic sediments in
1976 indicated that seasonal variations in trace metal content are greater
than areal variations within a season. The reééons for tﬂis variability
are not completely understood, but biologic activity both along “he sea
floor and/or within the benthic sediments may be a factor. To provide
add!tional data concerning observed seasonal variability of trace metals
and to provide additional supportive trace metal data for ongoing biologic
and hydrocarbon studies, the 1977 sfudy was undertaken.

Samples were analyzed from the same 25 stations that were occupied
in 1976 (fig. 84). (See table 5 for theAstation locations.) Subsamples
representing the upper 5 cm ur sediment were taken from "undisturbed"
samples retrieved by a SMITH-MACINTYRE grab sampler.  The original sampling’
scheme for the 1977 study was that samples were to be collected in quadru-
plicate at each station only once during the yeasr. However, completed
analyses of the 1975-1976 samples indicated that trace metals variations
within an area of a single station afe'not as great as seasonal variations.

The sampling scheme was changed after the winter cruise in order to obtain
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Table 5. Location of stations used for studying the seasonal

varjability of trace metals in benthic scdiments

Transect

1

I1

111

v

Station

- NP L AWV N - AWV WN

SNV WN -

Winter Stations:

II1

v

1
2

NN SWN -

Latitude

28°12'N
27°55'N
27°34'N
28°14'N
27°44°N
27°39'N

27°40'N
27°30'R
27°18'N
27°34'N
27°24'N
27°24'N

26°58°'N
26°58'N
26°58'N
26°58'N
26°58'N
26°58'N

26°10"
26°10'
26°10'
26°10"
26°10'
26°10°
26°10*

Z2ZXZAZ

172

Longitude

96°27'W
96°20'W
96°07'w
96°29'W
96°14'W
96°12'W

96°59'W
96°45'W
96°23'W
96°50'W
96°36'W
96°29'W

97°11'w
96°48'W
96°33'W
97°20'W
97°02'W
96°30'W

97°01'wW
96°39'W
96°24'W
97°08'W
96°54'W
96°31'W
96°20'W

L97°11'W

96°48'W

97°01'W
96°39'W

1 96°24'W

97°08'W
96°54'W

1 96°31'W

96°20'W

Depth (m)

18
42
134
10
82
100

22
49
131
34
78
98

25
65
106
15
40
125

27
47
91
15
37
65
130

25
65

27
47
91
15
37
65
130
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seasonal samples. As a result, at least two seasonal samplings were taken
over the entire area, with three seasonal samplings taken at the nine stations
on the southernmost transect (see table 5). During the winter sampling
season, 4 grab samples were taken at each of the 9 stations. In the summer
and fall seasons, duplicate samples were taken at each of the 25 statioms.
During each of tﬁe three seasons, a composite éample was m%de in the labora-
tory of equal amounts of sediment from individual grabs at each station.
Individual and composite samples were analyzed by identical procedures.
This sampling férmatvpgrmitted both areal and seasonal comparisons and pro-
vided tor aésessment of variability.

L. ~rlaboratory calibration and reference samples were also analyzed
by atomic absorption methods. The standards included Orchard Leaves and
Bovine Liver obtained from the National Bureau of Standards; the marine
reference sediment material, USGS MAG 1; the USGS standard rock material,
G-2; and a composite sediment sample from the study area, which was exchanged
with Texas ASM for anvadditional analysis. The réguits of éhese analyses
(table 6) show that both the precision and accuracy of the analytical

techniques of the laboratories compare favorably.
Methods
Partial leach (sediment)

Fcr cadmium, chromium, copper, iron, lead, nickel, vanadium, and
zinc determinations, the entire sample was driéd at 90°C andlground in

a ceranmic grinder to pass through a 200 pm mesh nylen screen. From this
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Table 6. Int_ccalibration samples (ppm)
Lab _ Ba Cd Cr Cu Fe - Mn Ni Pb ., v Zn
MAG 1
U5GS, Corpus : s
Christi 540+1 0.27+.07 108%3 29.0%5 51200300 666+20 64.5£10 19.7%2 12848 13948
Texas ASM - - 12045 30.3+0.6 49300+200 762+24 61.5+3 28.832.2 - 140+3
Prof. Paper
841 493 - 121420 . 48.8 52400 - 50.7 20.4 132 102
c-2
USGS, Corpus
Christi 1434 0.11 10.3 7.5 - - 4.3 25.58 - 87.1
Prof. Paper ;
341 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 6421 16.423 32800 404 35.4:26 16.4:8 99:8 9222
Texa< ASM - - : 71+5 17.5%.2 321004200 468+ 30.9:1 231 - 872
R ARL LEAVED
Lons, Corpus .
Christi - 0.12+0.04 4.3:x0.8 10.2+0.2 29300+300 885 - - 38.722 - 26.8+0.1
N3BS 0.11+0.02 2.6+0.2 121 300C0+2000 914 | - 453 - 25%3
BOVINE LIVER
USGS, Corpus _ .
Christci - 0.20£0.07 - 176+1.8 26200£900 8.9#1.3 - 0.3920.05 - 117£20
NBS 0.2710.04 - 193+10 27000+£2000 - 0.3420.08 -~ 130:10

10.3£1.0
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sample, duplicate 1 g subsamples were weighed into preveighed and pre-
fired 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 HNO; (reagent

grade) were added. After heating for 1 hour -2t 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 cf 16N HNO,,
transferred to a culéure tube, and analyzeld by atomic absorption
mechods. TFor barium, the method was modified by the additién
of 10 ml of 30 percent.H;0, to the .sample prior to.the-addition of the
nitric acid. Thie solution was then mixed we.l and analyzed for barium.
The instrument settings are given in table 7.

Table 7. Instrument Parameters and Hide of Analysis

-360 FE with an BG2100 Graphite Furnace = flameless
=303 = 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 21uu°C
Cu 3262 1:10 Flame - - -
Cr 3589 1:100 Flameless 100°C 1200°C 2700°C
Fe 2483 1:1000 Flame - - -
Mn 2801 1:60 Flame L == ) -- -
Ni 2330 1:10 Flame - - -
Pb 2842 1:10 Flameless 100°C sr0°C 2000°C
v 3194 1:10 Flemeless 100°C 1700°C 2700°C
Zn 2146 1:60 Flame - - -

Totals (sediment)

The sample was ground and homogenized. Duplicate 0.25 g samples

were placed in preweighed and prefired porcelain crucibles and were
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fired in a muffle furnace at 450°C for 6 hours. The sample was then
coolad in a dessicator, reweighed, carefully transferred into a 50 ml
teflon beaker, and wetted with 12N HCL. Four ml of 16N HNO3 were added.
The sample was then stirred and evaporated to dryness. The residue was
redissolved in 2 ml of 30 percent Hp0; , followed by the addition in
sequence of 3 ml of 12N HCL, 1 mi of HF, 10 ml éf 8N HNO# gnd 1 ml of

12N HCL. One ml of 16N HNO3 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 settinge are given in tab1e>7.
Total biological material (Bovine Liver and (rchard Leaves)

Duplicate 0.5 g, freeze—dried; homogenized samples were placed into
50 ml teflon beakers, and 6 ml of 3 to 1 concentrated HCL: HNO3 mixture
wvere added. The sample was covered with a watch glass and allowed to
digest a’ room temperature overnight or until the sample ceased to ioam
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 in color. Again, the sample was
taken to near dryness by repeatiug the lasi process. To the residue,
5 ml of 16N HNO3 were added, and the soluticn was transferred to a 25 ml
volumetric flask, brought to volume with . to 1 HIllg and filtered through
a 0.4 pm NUCLEPORF filter. The solution was analyznd using atoric

absorption methods. The instrument settings are given in table 7.
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Results
Intercalibration

The results of the inte;calibration and standardization with Texas
ASM University and the National Bureau of Standards are presented in
table 6. For all elements agreemént between laboratories is very close.
The samples were analyzed by a direct method and in some cases by the
method of additions, with consistent results in all instances. To insure
quality control, commercially prepared standards were compared to standards
prepared in t* 2 laboratory by dissolving the appropriate amount of the
particular mgtal or by using a primary standard when available. MNo

significant variation was determined and values were within limits imposed

by experimental error.
Seasonal sediment samples

The results of the analyses from the three seasonal samplings are

listed in appendix 6. All samples were analyzed in duplicate.

Average Percent Deviation of Duplicate Analyses

Ba 9.0 Mn 2.6
cd 8.3 Ni 5.9
Cr 7.4 Pb 7.4
Cu 4.4 v 6.9
Fe 3.0 Zn 4.2

Average percent deviations indicate that the reproducibility of duplicate
analyses is considerably bette: fo; those elements analyzed by flame methods
than for those analyzed by flameless methods. This result is due to the
increased sensitivity obtained by using the flameless atomic absorption

instrument.
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Discussion

Areal variation

During the winter cruise, subsamples were takzn in quadruplicate at
each station and analyzed individually. A composite of the four samples
was also analyzed, providing an opportunity to investigate site varia-
bility. Figures 85 to 94 show graphically the variability at each site
for each element analyzed. The average of the four individual sample. was
plotted along the abscissa against the value fcr each individual sample
and the composite along the ordinate. The griphs show the variability for
each element as well as the concentration range for the winter sampling
period. On such a diagram, if no significant variability exists, all values
woull fall along or close to a 1 to 1 line. Most of the values fall within
a 10 percent error envelope indicating very little site variahility. Although
manganese varied more at individual sites than the other elements, the results
for composite samples consistently fall along the 1 to 1 line, suggesting -
that site variability is overcome by analyzing a composite samplé. Generally,
site variability is greater at nearshore stations where the sediment texture
is highly variable. Composite samples or average values from several grab
samples should be used to cbtain a representative value rather than relying

on the value of any one individual samnle for these sites.
Seasonal variability

All of the data from the three years of sampling was used to compare
seasonal and areal variability. Some stations from the first year's
study did not correspond to the stations occupied during the past

two year's studies, and only nine cites were sampled auring the winte:
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season of 1977. In all instances, however, at least 5 and as many as 7
values were available for each element at each site over the 3-year study.

The plots of the dispersion indices (the standard de=viation divided
by the mean) for seasonal samples against those from a single station
(summer cruise, 1976) are shown by figures 95 to 97. If no significaat
difference between the seasonal and areal sampling existed, the graphical
values should fall along or near the 1 to 1 line. All elements for the
sites on transect IV indicated a significant departure from the patterns
of variability ccumon to the sites of transects I, II, and III, particularly
the nearshore sites IV/1 and IV/4. Values from transect IV, which are
indicated by X's on the graphs, vary seasonably more than the values from
other transects. Excluding the transect IV values, the zinc, cadmium, iromn.
and copper values fall very close to the 1 to 1 line, indicating ;here is no
apparent difference between the seasonal and areal values. The remaining
element indices fall above and close to the seasonal axis, demonstrating
that seasonal variability is probably greater than aresl variability. 1In
general, greate- v-riability occuro at the innermost stations and seasonal
variations seem to affect some elements more than others.

As each season's samples were analyzed when they were submitted to
the laboratory, there was a possibility that some of the variationms
indicated were caused by inadvertent variations in laboratory processing
and procedures. To examine this possibility nine samples from last year's
seasonal monitoriugs were reanalyzed with this year's samples. The results
presented in table 8 document very close agreement betwe<n the amounts

measured last year and those measured during reanalysis.
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Trace metal content

Comparison of the trace metal content of benthic sediments from one
year to the next is very difficult because of the sampling patterns. The
1974 sites are not the sites occupied in the 1975-1976 and 1976-1977 programs.
Also, the winter data collections of 1974 and 1976 were not repeated at all
of the 1977 sites, and no summer or spring dat# were collected in 1974. If
the averages frem each year are compared, although the values at a site
may vary from season to season, the yearly averages do not change signif-
icantly. Since the amounts and general patterns €rom any year are consistent,
when taken together, the averages from these past three years may be con-

sidered characteristic of each particular site.
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Table 8 . Results of reanalysies of 1976 seasonal samples. Reruns
were in duplicate. Concentrations in parts per million.

Sample Cu Cu¥ Fe Fe* Mn Mn¥* Ni Ni* Pb Pb* 2Zn
Season 1
11/1 6.4 6.0 19,000 16,000 291 268 12.6 12.2 5.5 5.5 59.8
111/4 1.4 1.7 6,300 6,500 222 195 5.5 5.5 2.4 1.6 30.2
1/5 6.3 6.9 20,000 23,400 285 256 17.4 17.7 1C.0 ND 81.9
Season 11
1/4 2.9 2.9 9,500 9,000 191 172 6.1 6.6 3.1 3.0 30.1
111/5 5.9 6.8 19,500 20,200 350 320 15.1 14.2 6,0 6.1 72.7
1v/6 4.9 5.5 17,300 17,200 252 220 13.9 9.5 3.9 4,3 ,-7.8
Season III
L/2 4.7 4.9 18,900 16,000 239 242 14.8 14.2 6.9 6.0 58.8
11/4 5.3 6.2 19,600 20,100 299 296 14.8 14.7 7.0 7.2 66.1
v/2 5.8 6.1 21,700 20,400 298 304 14.3 13.1 7.7 7.9 66,0
*Reanalysis

N.D. - not determined



Geochemical Anomaly Along the 27° Parallel

by
Charles W. Holmes and E. Ann Martin

Trace metal content distributior of the upper 10 cm of the sediment
column mapped in 1974/75 revealed an apparent geochemical discontinuity,
roughly along the 27° N. latitude. In the past, many investigators studying
the physics, chemistry, biology, and geology of the Texas shelf have recognized
similar significant north-south variations; therefore, "27° anomaly" is a
term in common usage. In the 1974 sample analyses, the sediments in the
north contained less wanganese (fig. 98), nickel (fig. 99), and copper
(fig. 100) than those .outh of the 27° parallel. To understand the trace
element chemistry of the shelf, the processes causing such discontiauity

must be understood.
Methods

In addition to the 273 grab samples analyzed during thé first year
study and the 44 cores dated by 210y, 15 1976 (see appendix 7 for station
locations), 22 cores were taken across the geochemical discontinuity (see
table 9 for station locations). Only 60 locations are plotted on figure
101 because 5 cores were either lost or disturbed. ‘These cores were obtained
in such a manner that the sediment-water interface was preserved with minimum
disturbance; the cores were maintained in the vertical position, frozen, and
returned to the laboratory. In the laboratory, the cores were sampled at 1
cm intervals below the surface 2 cm. The samples were analyzed for manganese,
nickel, and copper by the atomic absorption methods used throughout the

baseline studies on the south Texas shelf (Martin and Holmes, this report).
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Table 9.

Rates of Sedimentation ~ 1977 Study

Core
number Latitude Longitude Mnin Rate (mm/yr) Remarks

1 27°27" 96°50" 278 7.32

2 27°19' 96°36' 376 1.91 13 cm surface mixed zone
4 27°05" 96°30°' 334 Core disturbed

5 27°00' 96°30' 344 1.02

6 26°5¢' 96°30' 397 Core disturbed

7 26°55" 96°31’ 454 0.66 .

8 26°52' 96°30' 379 0.55 9 cm surface mixed zore
9 26°53"' 96°34' 404 1.35 8 cm surface mixed zone
10 26°53! 96°36"' 431 0.65

11 26°53" 96°39' 368 1.22
12 26°53" 97°11' 317 0.645 5 cm sand zoae at surface
13 26°57" 97°12' 339 1.12 14 cm surface mixed zcne
14 26°58' 97°10' 207 1.06 6 cm sandy zone at surface
15 27°01" 97°10' 348 2.14 sand zone at 9-16 cm

16 27°03' 97°11' 311 0.95 6 cm surface mixed zone
17 27°07" 97°14" 344 3.63 sand zone 5-10 cm

27 27°06" 96°51" 281 1.96

28 27°04! 76°52" 331 Core disturbed

29 27°01"' 96°51" 355 Core disturbed
30 26°59' 96°51"' - Core lost
31 26°56' 96°51' 343 1.24

32 26°53" 96°50' 376 Core disturbed
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The 210

Pb dating procedures were the same as those used in the second
year studies (Holmes and Martin, 1977). 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 208Po
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 dryness. 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 nydroxide. The beaker was placed on a stirring hot plate and
heated to 85°-90°C. Stirring and heating continued fér 5 minutes. A silver
disc was secured in the teflon plating device and lowerea into the solution
taking care not to trap air pockets beuneath the disc. Heating and stirring
continued for a minimum of 30 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

The manganese distribution mirrors that of the grab sample results

obtained in 1974 (fig. 98). Amounts of nickel and copper also are similar
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to those values deternined in 1974, falling within the analytical error
of the methods used (Holmes and Martin, 1977; Martin and Holmes, this
report) (figs. 99 and 100). In addition to the trace metal data, values
for excess 210?0 also are listed in appandix 8. Of the 22 cores, 5 were
found to be disturbed when opened in the laboratory and were not analyzed.
One core was lost during shipping. The estimated rates of sedimentation

are listed in table 9. The analytical data are presented in appendix 8.
Discussion

The marine chemistry of mangansse has been the subject of many reports
(Krauskopf, 1956; Lynn and Bonatti, 1965; Bischoff and Sayles, 1972) which
provide a basic understanding of the general mode of the marine chemistry
of manganese., The element, either in the ionic form or as a hydroxide film
adhering to detrital material, enters the sea via rivers. Manganese hydroxide
scavenges many trace metals, in particular copper and nickel. Once in the
marine environment the manganese, which enters in the ionic state, also
hydrolyzes and precipitates to the sea floor, carrying nickel, copper, cobalt,
thorium, and other elements. Thus, distribution of the adsorbed.form of
manganese will be influenced both by the source and by the sedimentologic
environment; regions with the highest clay material will in gencral have the
highest manganese content. The high manganese content ci the sediment south
of Matagorda Bay and at the shelf edge east of Corpus Christi correlates with
the predominantly clay-size sediment in those regions.

Significant manganese concentrations, however, may also be a product
of another process. The decay of organic detritus in the deposited sediments

produces a reducing chemical environment. Under such conditions, manganese
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is reduced to the soluble Mn+2 species and migrates by .onic diffusion toward
the surface, tending to concentrate in the surface layers of the sediment
columﬁ. The lower boundary of such an enriched layer is marked by a decrease .
in the oxidation potential. The rate at which such a migration can occur is
dependent upon the amount of organic material, the rate of decay, and the

rate of sedimentation.

On the south Texas continental shelf, the organic content is fairly
homogeneous (Patrick Parker, pers. commun., 1977) and as there is no severe
climatic change throughout the year on the shelf, the decay of the organic
material may also be fairly constant. The rate of sedimentation must account
for the ureven distribution of manganese. -The measured rates of sedimentation
on the shelf generally vary from less than 0.5 mm/yr to 7.4 um/yr, except
for a local area near the moutli of the Rio Grande where rates er.e.d 9 mm/yr
(fig. 101). The areas of slow sedimentation rates correlate well with those
of high manganese concentratioﬁs in the southern part of the study area,
thus indicating that manganese, copper,_and nickel concentraticas are the
result of migration within the sediment column and are not diluted by a
high rate of sedimentation. Further substantiation for the process is
provided by the vertical distribution of manganese in the sedimerts, which

is distinctly higher in the upper 10 cm.

In summary, manganese and associated nickel and copper distributions
] on the continental shelf are the result of two distirct but not mutually
exclusive processes. The region south of Matagorda Bay is a site both of
fine sediment deposition and of increased manganese content. There tte
increased manganese content is caused by rapid deposition of detrital sub-
stances coated by a manganese film. Further south the increased manganese

content is caused by the migration of manganese upward through the sediment’
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coupled with slow sedimentation. The manganese concentration at the edge
of the shelf, east of Corpus Christi, is caused bv both the deposition of

clay-sized sediments plus upward migration.

204

TG

-———a

oe m cese hecwmt s
JUTSUIpTRSI PSR S

¢ 2t oy o VS



CONCLUSIONS AND INTERRELATIONSHIPS
by
Henry L. Berryhill, Jr.

The more significant results of the studies that involved seasonal
sampling during 1977 are summarized in the series of illustrations, figures
102 through 107. The series of small maps showing the results of the sus-
pended sediment studies grouped by season provide for quick visual comparison
of regional patterns of distribution and fhus help to emphasize both the
relation of one aspect to another and the broader trends that reveal re-
gional characteristics.

For comparing summary results for 1977 to those of 1976, the similar
maps for 1976 (Berryhill, 1977, p. 433-436) are repeated, following the
summary maps for i977 (figs. 108-112),.

The results for 1977 showed a consistent distribution by season for
most of the trace metals in the suspended sediments, and an overall inter-
relationship of total particulates, total carbon, and clay minerals that
strongly confirms the theory that two general masses of water interact over
the South Texas OCS: an inner shelf water mass and an outer shelf water
mass.

The total particulates, total carbon, and clay minerais analyses for
the fall of 1976 indentify in striking, and indeed classic fashjon,
the nature of the hydrographic regime (figs, 102 and 103). The patterns
for both the total particulates and the montmorillonitic clay, signify
the inner shelf terrigenous component, which includes the inflowing

waters and the higher energy conditions that normally prevail on the inner
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Lead (ppm) Cadmium (ppm) Chromium {(ppm)

Figure 102. Patterns of distribution for various aspects of the suspended
sediments, surface water, October 29 to November 3, 1976.
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Figure 103. Patterns of distribution for various aspects of the suspended
sediments, bottom water, October 29 through November 3, 1976.
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shelf. The distributions of total carban and the "quartz"/illite clays,

on the other hand, indicate the strongly organic nature of the particulates
in surface waters of the outer shelf. The 3.3° clays over the outer shelf
have been tentatively imterpreted by holmes (this report) as siliceous
skeletal material from diatoms; on the inner shelf, this material probably
is very fine terrigenous quartz. The nature of the interaction of the

two masses of water at the surface is revealed when the three maps at

the top of figure 102 are compared. The patterns for the period of sampling
define a long lobe of water that was moving along the inner shelf; the
forward edge of the lobe that fcrms a southeastward salient across the y
southern part of the shelf is outlined by the contours showing amounts of
montmorillonite. The pattern is further cor.t 1rmed by the transmissivity
pattern for March (see fig. 8, this report).

A more‘intricate merger of the two waters along the bottom is shown .
by the patterns of distribution for the particulates (fig. 103). Again,
using the patterns for the fall of 1976 as the example (fig. 103), bottom
water flow from the outer to the inner shelf is suggested both by the dis-
tribution of total carbcn and the "quartz"/illite clays pattern. The .
distribution of some of tlhe trace metals in the bottom water also suggests
shoreward movement of water aloqg the bcttom.

The most remarkable consistency in the distribution for the trace
metals is shown by the analytical results for the fall of 1976 (figs. 102
ana 103). The patterné strongly suggest that the trace metals are asso-
ciated with the microorganisms of the outer shelf, although seeping
natural gas possibly may be making some contribution. Petrogenic gas

recently has been identified along the outer shelf by Brooks and others
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(in press). Areas of seeping gas were outliked earlier by Berryhill,
1977.

When compared with the results for 1976, the distributions for 1977
show expected differences: the amounts differ, but when the contaminated
analyses are discounted, the differences are not unusually large; geo-
graphic loci for largest amounts are somewhat different in some cases.
Nevertheless the patteruns taken overall for the two years compare well:
the trace metals are most abundant over the outer shelf and particulates,
not surprisingly, are most abundant on the inner shelf. The most striking
difference between the two years is the concentration of total carbon on
the inner shelf in 1976 rather than on the outer shelf as in 1977. Two
possibilities may explain the difference ;n distribution of total carbon.
Plankton and organic particulates simply may have been more numerous on
the inner shelf in 1976 as a function of nutrient levels. Also, levels
of plankton in general may have been lower in 1976/77 and water from the
deeper Gulf bearing an abundance of microplankton may have moved onto
the shelf. In that vein, a combination of the distribution patterns for
the two years is suggested by the results for May 1977 (fig. 107).

For compagison of the components of the -suspended sediments with the
characteristics of the benthic sedirents, the summary maps from the 1976
report are repeated (fig. 112). The correlativity of the patterns is
obvious; the finer grained, more organic sediments over the outer shelf

have the larger amounts of trace metals.
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Figure 104. Patterns of distribution for various aspects of the suspended
sediments, surface water, March 17 through 21, 1977. No trace
metals analyses are available for March because the tray bearing
the prepared filtrates was dropped in the laboratory.
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Figure 105. Patterns of distribution for various aspects of the suspended
sediments, bottom water, March 17 through 21, 1977.
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Figure 106. Patterns of distribution for various aspects of the suspended
sediments, surface water, May 19 through 23, 1977.
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Tigure 107. Patterns of distribution for various aspects of the suspended
sediments, bottom water, May 19 through 23, 1977.
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Figure 109. Patterns of distribution for various aspects of the suspended
sediments, bottom water, November 21 to 26, 1975 (from
Berryhill, 1977).
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Patterns of distribution for various aspects of the suspended
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Note:

10

11

12

13

14

15

16

The designation "ND" indicated no data for that specific item

Properties cf Suspended Sediments in Water-Column Samples

- Sample station number: GCSS2 = STOCS 1977 program, second
character = station locality, third character = water
column sampling level (T = Top, M = mid depth, B = Bottom)

EXPLANATION FOR APPENDIX 1:

Sampling date
Station latitude

Station longitude

Water sample depth (meters)

Water sample in situ temperature (C°)

Water sample light transmissivity (% transmission/meter)

L:.ta sheet designation number (#1 = first data sheet)

S..mple station number (reiteration)

Total sediment particle counts (0.63-81 um size range)
x 104/cc of water sample

Suspended-sediment silt/clay ratio

Suspended-sediment mean diameter in phi units (first moment)

Suspended-sediment standard deviation in phi units

(second moment)

Suspended-sediment skewness (third moment)

Suspended-sediment

Data sheet desighation number (i2

kurtosis (fourth moment)
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0CSSP=3=T SR, 3 0.76 AR.NG 1.32 =0.41 1.64R ?
NrSSo=aen SR.6 L RO R.00 1.33  =0.4] 1.26 ?
NrSSP-3-u CE Y R.N7 l.14  =0.1R 1.24 2
0CSS2=4=T 35,3 1.07 7.9 1.39  =0.19 0.20 ?
NCSS2-4=-m 7.0 1.27 T«R7 1,789 ~0.01 -0.08 g
NCSCP=4=-1 .1 1.3% TeRN 179 -0, 01 =0.18 2
NCRS2-5-T 17,10 1.h0A 7,720 1.99 NeNR =1.13 2
NESS2=S=m 14 .8 2.14 7.07 1.85 N.0S -0.87 ?
NCSS2~5-9 13,3 2,01 T.41 1.50 N.0? «0,30 ?
NrSS2-6=T 14,5 0,97 T.55 2.720 -0.11 ~1.31 2
0CSS2-h/-M Co? 1.27 T7.24A 2.20 -0.N23 -1,34 ?
OCSQ?_""-” Q.‘% ]'q" 7.‘-’3 1075 -0000 -OOHQ 2
nesse-7-1 11,9 nN,70 R.NA 1.58 -0.19 -N.74 ?
NCSSP=T7=M 13,3 N.R7 7.R7 1.84 -f,19 -0.93 2
NCSS2=T=09 1.8 1.73 7 .R5 1.31 ~0,04 -0.,23 °
NrSSR-8-T 31,1 N.0A AR.N] 1.79 -0.15% 0.32 2
NCSS2-K-v 27,9 1o RR 8.11 1.721 =0.NAR 0.10 2
NCSS2-8-4 26,8 1.15 T.95 1.721 0.0? -0.15 ?
NesSS?P-9-T 93,7 n,587 A.?76 1.76 -1.33 0VeT4 ?
NrSS2-9-4 Qr.1 N A3 B8.1R8 1.7% -0.33 0.66 ’
nessS2-9-a 33u.5 1.27 TR4 1.10 ~0,0NS 0.02 2
~
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1

NCSS?-9A=T
NCSS2-0A8=w
NCSS2-9a-R
NCRS?2-10-T
NCSSP2=1N=m
NCSS2-10~k
NNSS2-11-T
NCSSP =] =M
nCesz~-11-R
NCSS2=12-T

NOESS2-12-m
NESEP -172~A
NCeS2-13-7
NCeS2-13=-v
NCRS?2-13-4
NCSS2=14~-T
NrSQP<-14=n
Nres?-14-R
Nres2-1A=-T
NCSSP-16=M

NrSS2-14=-a
ONSS?2=-)7-T
NCSS2=-17=M
NCRS2-17-R
NCESP-1R=T
NCEREP—~]1R=14
DCec2~1R=-R
NCeS?-19~-T
NE]S2~-19-M
NCeSP~-19-0

?

1n=-31=-74
10-31~7A
10=-31=-76A
10=31=-74
1N=31=76
10-31-76
10=31-76
10=31-76
10-31-74
11-01-76

11-01-76
11-01-7A
11=-01-76
11-01-74A
11-n1-~-74
11=-n]1-76
11-01-74
11-0]1-76
11-01-76
11-n1=-7A

1]-01=-7A
11-01=-76
11-0)=-76A
11-01-76/
11=-n1-74
i1-01=-74
11=-01=~74
11=-01-76A
11-01=-76
11-01-76

.' ‘/\'

3e

P?7.796AR
?7.7944R
?7.79AAR
?7,57697
27T.576A97
?7.57692
27.43217
2T.433)7
27.43317
27.13A109

?7.,13A19
?7.13410
27.05201
27.058201
27.082n1
PALHYATON
26.,96700
26.,96700
2R.53408%
?A.5340%

?A,53408%
”h.53078
2A.53078
?A.53075
26.,44037
?A.44037
PR,LLNOAT
26441709
Ph.61209
2R 41209

4

97.02267
97.022A7
Q7,02247
9A,T403]
96.74031
Qh,7403)
96,53265
96,53265
QK ,53765
9h.4NA14

94.40NR14
A, 4NA14

- QA T18K2?

9A. 71562
96,.71562
QA7,n472Q7
Q7.047292
Q7,n47207
97.09422
97.00422

Q7,09422
96.490106
9A,90106
96.G0104
96.5161%
9/.51A17
96,51617
96,3473
96,3473)
9A,3473]

n

—

~'n W ne
SOoOPrPO VOO DIMMO

COODOODUNIDOODD

—
x p
w D
.
20

0.0
62.R
75.0

N.0
1R, 0
36,0

0.0
12.0

2l.0
Oon
11.0
34,0
0.0
5.0
69.n
n.o
84,0
108.0

17.50
1R.2%
19,00
22.50
27.50
22.50
24,00
23,00
20,00
24 .50

23.75

ND
24,00
27.75

22.00
°2.00
272.75
19.75
19.7%

7l1.00
21.50
27.75
23.50
23.7%
?3.75
19.25
24,00
264,75

ND

-~
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44,1
35.1
13.R
19,0
160
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9

NCSS2-9a-T
NRGS2=-0pA~M
NCSS2-9a=A
nee]P-10-T
NCSSP2=10=4
0CSS2=10=A
0CSS?2-11~T
NCSS2-11-4
NCSS?-11-8
0ras2-)2-~T

RSP =]12=-n
NCRS2-12-4
NCSS2-13-T
NRSR2 =] 3=w
NCSSP-13-8
nNrSsP-14-T
0AGS2=] 4=t
NECESP=14=R
NCSS2-16=T
0LSSP=-16h=M

NCSSP-16=T
0res2-17-T
0RSSP~]T=n
NESS2-17-R
0CSS2-18-T

OSSP =]1R~-H

NCSSP=1R=n
NCSS2-19-T
NCSSP-19=-1
NCSS2-19-1

11

n.7q
n,54
N,A2
1.3%
1.07
l1.10
1.60
1,260
1.37
N,54

n.no
1.20
n.37
Narl
N.86
1.”“
0,96
1.273
.56
n,32

0,88
N AA
0,50
0,8]
N.h?
0.R)
n.AA
n.72
1.80
1.2¢

13

1.29
1.23
1.156
1.44
1036
l.lg
?2.06
1.94
1.50
l.74

1.840
151
1.77
leh4
1.30
l1.29
lelH
llla
1.50
lelh

lela
1,20
1.13
1.21
1e7H
1.R7
1.55
] A9
1.91
1.727

14

-0.,24
—0.3Q
"0031
-0.16A
=0.2?
"0.1]

0.0?
-0.06h
-N.l4
=-0.37

-no?3
-0.11}
-(‘.?]
-0,24
-Ne 3V
-001?
-O.OA
-0.09
-0.,47
"ooql

-0.33
-0.”R
-0-26
“00]“
-0433
~0.22
-00??.
=-0.724

n.nl
-0.0N8

N.27
l1.10
1.06
-0.06
0.38
016
-1017
-l.06
“0.57
-OISq

"0.9?.
-Ool‘q
=-N.R4
-0.58
l.40
N.10
0.16
0.4l
0,09
1.19

0.91
0,54
0.48
0,03
=NeR3
~0.90
0,07
=077
-0.96
-0,00

e

—
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]

nNrReRP-20-T
NLSS2-20-M
NCSSP-20-n
neeSp=21-7
NRSS2=2]~M
0CSSP=2]-p
00eS2-22-T
0CSSP=22-1
NE]SP=22-R
068SP=23~T

Or8S2~23-M
NCCSP2=23-R
NCSEP=23A~T
0CSS2-23A~M
NCSSP=23A-R
NrS&2-24-~T
NCSS2=24-M
NCESS2=24-H

neSS2-1-T
NESSP=]1=M

NCSS?2~1-RK
NCSS2-14-T
NCSSP2=1A-M
NCSS2-1A-R

?

11=01=74A
11=-n1~-76
11=-n1-76A
11=n2=74
11=0p2=7¢
11=0pP=-76
11=n2=-7A
11-02=-76
11=-02=-7A
11-02-76

11-n2-7¢
11=-n2-74A
11=-07-76A
11=n2=1A
11=-0p=-76
11=-n2=7A
11=02=-76
11-n2=76

3-18-77
3-18-77

3-1R=77
3-18-77
3=-1R-77
3-1A-~-77

3

2R ¢26A783
Ph.262813
?h.,26PR3
26.,1R0Q7
?6.18097
2A.18097
?26.17506A
26.17506
7617504
76 ,0RRQG

?6.08808%
26.,08R95
PA.03070
26.03070
26.03070
75.0956]
2%.99561

25.9956]

4

Q6 5AGNA
94 SAGBNA
9k GAENA
Q6,810%6
QA,R]INRA
QA R] DKA
96 ,Q07RN
QA ,997R0
96.9978N
97.11304

97.113n4
97.1130n4
97. 10454
97.1045%a4
ar.1nass

' 97,1n9a7

a7,10007
97.10997
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2R.41774
?7R,41774

PR,41TT4
2R.3RT39
PH.3RT73Q
2R.IART39

——

96.,27237
Qh,27237

Q96,27P37
QAP TRR
94, 377RR
9A.327RR

22.7%
23.75
26,25
2?2.00
21.78
272.00
20,75
20,75
20.75%
19.50

19,540
19.50
19.7%
19,50
19,50
19.25
19.75
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Q

NCSe?2-20~T
OCRS2=20=M
NCCSP=-20=-R
0CSS?=-21-T
NESSP=21=M
NCSS2=-21-R
NnesS?2=-22-T
NCRRP =22 =™
NCSSP=-27-4
NESSP2=-23-1

Nr§s$2-23-m
NCS§P2=23=H
0CSS2~23A-T
NCSR2=P3IA~M
NRRS2=-234-R
NESS2-264-T
NCRSP=24=m
NCSSP=74=4

NCSS2-)1-T
NrSS2=1=1

NrSS2-1-a
0CSS2?2~-14-T
NLSS2=)1Aa-M
OreS2-14a=-R

AR .7
27.0
1.5
36,0
PRl
’iQ. 12}
77,9
AR, 2
TT.7
158,2

13n0,5
133.5
1A7,0
151.3
J44,9
I?A.p
135,

53,9

1

1.”27
1.3
0.R4
N Q7
1e63
1.10
1.20
1.n4
leth
H.5R

0,51
n, s
n,40
N,ab
Ngr2
N,H5R
N RA
1.11

12

T.61
7 RS
Ha18
R,0R
T.h4
7.8R
7.7R
T.94
T.71
7.97

R.20
R.728
R.30
AL 34
R.15
R.21
7.9
7.78

March, 1977

13

1 .54
1.36
1.15
l1.29
1.51
1.33
JolA
1.12
1.16
1.56

1.23
1.06A
.13
1.06
1.12
1.10
1.29

1.721

14 18 16
-0,22 -0.,027 ?
0.01 -0.16 ?
-N.11 0.76 ?
‘no],‘ 6.3’* ?
0.2 =N.40 ?
~0e?P? 0.r? ?
=0.]R 0.61 4
-0.]A 0.68 2
-n.13 0,58 ?
-0.57 OQBR ?
-0.57 2.47 ?
-0,309 2.11 2
"O.qn ?026 2
-0.39 2014 l
-0.43 1,89 2
‘0.“?. 2.10 2
=0.40 1.01 ’
-0.2? Nels ?
-0,34 -0.18 2
=-0.21 ~0.hR 2
-0.14 -0,7% »
-0.24  =0.32 >
0,21  =0,37 2
~0.25 0.40 ?
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~ .
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H
i
i
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&
H
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i
{J
d
i
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1

NrSSP-p-T
NESS2=2~n
nCss2-2-u
NCSS2-3-T1
00SS2=3=m
NCSS2-3=n
NCSSP—4=T
ACSS2~4=w
NPSS2-4=~0
0rSSP-5-7

NESKP=Ratt
NCSS?2-6-2
NrSS2=A-T
NESSP=4/-m
NCSS2-A=-H
NreS: =77
NCESSP =T =p
NCSS2-7-0
NCSS2-8-T
NrSSP2=Aen

NrSS2-Ren
0CSS2-9-T
0rS$2=-9=-m
NrSS2-Qg-p

NGeS?-qA-1

NCSS2-9Aa=M

NreS2-an~H

NresP=-10~7

NESSP=]10=M

ACCS2=1N=p

3-1R-77
3-18=77
3-18=-77
3=-1R=77
3-1R=-T7
A-18-77
3-18=-77
A-1K-77
1-18=-77
I-18-77

3-18=-77
3-18-77
3-18-77
I-18=77
-18-77
3-18-77
I-18-77
A-18-77
-19-77
3=19-77

1-19-77
3-19-77
-19-77
3-19-77
3-19-77
-19-77
-19-77
3-19-77
3-19-77
3-19-77

3

L VYN Y
PR,34AAA
PR,3466A
PR, 17R2?
28.17877
28,17877
27.99R38
?7.99858
27.9985R
27.739A7

27.739rP7
27,736R7
?T.5631A
?7.56316
27.5A7)4A
27.,ART71R
2T7T.,ART1R
27.68T71R
27.7R411
27.,78411

27.7841)
27.R469A
27 R4&GH
PT.866064
27.79A08
27.79AAR
27.7966R
P1.574Q7
?7.57697
27.57692

4

94,37500
QR ,37500
96,3700
9k IRT4A
9A,3RT4LA
96,3748
96, 145884
Qh, 14584
Qr ., 14684
A, 00K4D

9A,00K62
QR NNAL?
95 ,95Q9A
Q5,950Q4
9% ,989ug
Qk,29NRD
9A,PGQ087
94 ,290R)
94.50290
96.5979n0

Q4,R0290
9A,QRAG]
QA ,9RRG |
CLPCLELY |
Q7.0722A7
97.N72A7
Q7.022A7
96,7407
QA T407]
06.71‘()1]

‘N

h VI
DOt Dt i O NP O
” & & o o 0

&N

1R.50
15.50
15.75
19,00
18.75

17.75
15.50

ND
19.50

18,00

)]
19,50
17.00

17.50
1A,.50

17,00
15.580

15075
14,25
13.50
15.7%
14,00
13.75
17.75
17.50

ND
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—
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3 %4

Q

(rSS2=-2-T
OrSS2=2P =M
NeSS?2-2-n
NCSS2-3-7T
OrSS?2=3-M
NESSP=3~1
0ONSSP-4=~T
0CSS2=-4-M
0rSS2~4-n
0rSS2-5-T

" NCSS2=5-m
NrSS2-5-R
NrSSP-4=T
NrSQ2-h-m
NCESS2-f=n
NeSS2=-7-7
NCSS2-7=-M
NrSS2=7-K
Nrss2=-8-71
Pr&QP=Ram

0rSS2-8-0
NCSS2=9-T
NrSS2=-g=wm
NCSS2-9-R
NCSSP=qp=T
NESS2-gA-Mm
NECSSP-9a=-n
(CSSP=10-T
06532~ 0w
0CSS2=10=-K

\\\ ’

11

l1.1R
1,62
1.01
0.50
n.70
h,a2
.16
.08
1.R]
1.78

1.72
.03
1.0
Pe?h
3. ’1
?.39
1.%7
1 R85
1.00
1.A9

1 eR~R
n.s5
A
n,sn
0,67
0.5
0,4k
l1.75
2.12
5,50

1?7

T.70
T.64
T7.79
"0?6
H.]3
8,00
6,90
Ao RA
TeP7
T7.2%

‘.RH
6.9R
7.0k
6.77
.29
6459
7.29
7.6?
7.79
T.0R

T.62
a.33
H,44
R.37
8.16
R,36
R.35
7.22
AoQ7
he1R

13

1.54
1.54
].Aq
.49
1.88
1.3
1.,P8
}1.94
1.83
2.30

2.00
1.57
.16
llga
1.R18
2.n13
1.93
1,35
1.74
1.9n

l.34
1.34
].],
1.09
1«54
1.74
0,99
1.77
1.92
1.67

14

=Ng,113
~-N.03
-002"
-0.41
-0.78%
=-0.73
0.13
N.113
0'06
0.03

D.0R
0.0A
n.12?
.16
0.27
0.72%
NeN1]
n.no
-h.1?
0.0%

-0.03
-0.31
-0.131
=0.27
=0.76
-0.34
-0.29

N.07

Ne1R

0.30

-0.,62
-0.74
-0.15%

0.37
"0031

1.43
-0.90
=-0.,09
=0.9?
=-le41

‘]0?1
~0.4°2
-1032
-3.97
~0,87
=-0.91
~l1.0A
~0.14
-0.81
‘1011

0.04
0.26
0.79
0.A9
=0.5?
0.76
1.72
~0.,89
-1.03
=0.1%

—
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1

0CsSS?=-11-T
NCSS2=1)1-M
NCSS2-11-7
NCSS2-12-T
NrSS?2=-12-v
NCSS?2-12-R
0rsSS?2=-13-~-T
NrSS?2=~13=->
O0CSSP-13-R
NCeS?=-14~T

NCSSP~14-u
NEeS2-14~u
0rSSP-16=T
NRSS2=1h=n
0CSSP=16-1
ncesP-17-T1
OCES2=] 7~N
NESSP =17 =w
nNeeS2-1a-T
NNSS2=-1A=M

NCSe2=1R=H
06sSP-19-T
NASS2=-19=w
0CSS2-19-A
NCSSP=20-T
NCRSP=2n=M
NRSSP=20~R
NRes2=21-1
NCSS2-2) =M
NCsS2-21-p

>

3=19-77
R~-]Q~77
3-19=-77
A=-13=77
3-10-77
3-16-77
3-19=-77
3-19--77
3=-19~-77
3=12=-77

1-19-77
3-19-77
-20-77
-20=77
F=2n=77
Am2N=T77
3-20=T7
=2n=T7
3-20-77
3-20-77

-2n=77
3-20-77
A-20=-77
-20-77
A-20=-77
1-2n-77
-20-77
1-20-77
3~20-77
A-20-77

3

27.43317
27.43317
27.43317
27.13A19
27.13A19
?7.13619
27.05201
?27.05201
27.05201
?26,9A700

26.96700
PA.,9ATONO
26.53405
26,53408
24.53405
26.53075
26,5307%
26.53075
26.64037
26,44037

26,4407
2A,417209
?6.,417209
?2h.,4]1700
?4,267R3
PR.2A7R3
2R .,257R3
26.1R097
2h,18097
2R, 180Q7

4

96.53765
94 ,53PAK
96,5325
9640814
9h,4N3]4
QA 4NAYG
96.71547
Q6. T)ER?
Q5,71562
Q7 .,nh4202

97.0429?
Q7.04297
97,0947
97.00422
a7 .n9423
ag ,9N1N4
Q6.0 10A
96.90104
9A.51A13
9A,.51613

Q9AR.51¢€1]3
Qk,3473)
06,347
Qe , 3673
Qh 56504
9A .H5A5NAK
94 ,8AKRNAK
96.8]1 0KA
96 .,48]05A
96.8108A

W N N W -
NODPDODWND IO
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W

AR, 1

&8S.0
10p,.0
0.0
4.0
47,0
0.0
n.S
39.0

6

18.2%
16.75
15.5%
1R.25
1€.50

ND
168,50
17.00

17.80

15.50
ND
17.75
17.50
16,75
16.50
15.50
ND
17.50
16.75%

ND
17.50
16.75

ND
1R.0N
15.50

ND
16.50
15.75
14.25

37.0
ND
67.7
SR.6
0.0
£0,0
67,7

73,2
73.2

73.2
81.5

R3.2
34.9
ND
76,4
84,9
0.2
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9

nrsSP-11-T
NRSSP-]1-m
ness2-11-9
NreS2-12-T
NESS2=12-w
NEeS2-12-H
nees2-13-7
NRge2-)3-v
NreS?2~-13-1
nees2-14-T

NCSSP-14-%
PCSSP=14-14
0SSP -14-T
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NCSSP=14=01
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Column

EXPLANATION FOR APPENDIX 2:

Trace Metals Content of Suspended Sediments, Seasonal Sampling

9
10
11

12

Station number (T = top; B = bottom)
Amounts of suspended sediment in mg/liter
Cadmium, in ppm

Chromium, in ppm

Copper, in ppm

Manganese, in ppm

Nickel,'in pPpm

Lead, in ppm

Vanadium, in ppm

Zinc, in ppm

Percentage of iron

Percentage of total particulate carbon
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Column 1
Column 2
Column 3
Column 4
Column 5

Column 6

EXPLANATION FOR APPENDIX 3:

Clay Mineralogy, Seasonal Suspended Sediment Samples

Station number (T = top; M = middle; B = bottom)

Amounts of
Percentage
Percentage
Percentage

Percentage

suspended sediment in mg/liter
of 17A clay mineral -

of 104 clay mineral

of 7.13 clay mineral

of 3.3A clay mineral
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Column 1
Column 2
Column 3

Column 4

EXPLANATION FOR APPENDIX 4:
Clay Mineralogy, Bottom Sediment Samples

Sample number
Percentage 172 clay mineral
Percentage 108 clay mineral

Percentage 7A clay aineral
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Column 1

Column 2

Column 3

Column 4

Column 5
Column 6
Column 7
Colum 8
Column 9
Column 10

Column 11

Column 12
Column 13
Column 14
Column 15
Column 16
Column 17

Column 18

EX-LANATION FOR APPENDIX 5:

Textural Properties of Seasonal Benthic Sediment Samples

Sample station number (Univ. Texas Marine Science Institute
designation)

Sample station number (USGS designation): TS = Texas seasomnal
samples, second character = station nun: »r, third character =
transect number, fourth character = subsample desiznatior,
fifth character = seasonal suite (1 = winter, 2 = spring,

3 = summer/fall) ‘

Station latitude: first two digits = degrees, last two digits =
minutes

Station longitude: first two digits = degrees, last two
digits = minutes

Station water depth (meters)

Sand percentage (%)

Silt percentage (%)

Clay percentage (%)

Sand/Mud ratio

Datz sheet designation numbeis (#1 = first data sheet)

Sample station number reiteration (Uuiv. Texas Marine
Science Institute designation)

Sample station number reiteration (USGS designation)
Silt/Clay ratio

Mean diameter in phi units (first moment)

Standard deviation in phi units (second moment)
Skewness (third moment)

Kurtosis (fourth moment)

Data sheet designation number (#2 = second data sheet)
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_EXPLANATION FGR APPENDIX 6:

Trace Metals Content, Seasonal Benthic Sediment Samples

-~ Sample number (U.T. Marine Science Institute numbering system)

-~ Barium (ppm)

-~ Cadmium (ppm)

- Chromium (ppm)
- Copper (ppm)

- Iron (ppm)

- Manganese (ppm)
- Nickel (ppm)

- Lead (ppm)

- Vanadium (ppm)

- Zinc (ppm)
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EXPLANATION FOR APPENDIX 7:

Rates of Sedimentation (1976 Study)
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS)
primary responsibilities are to manage the mineral resources located on the Nation's Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian
lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Minerals Revenue Management meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.
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