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SUMMARY 

Sand deposits on the continental shelf of the western Gulf of Mexico are potential sources of 

fill material to nourish recreational beaches in Texas.• Demand for beach nourishment sand is 

increasing as the combined effects of relative sea-level rise and reduced sediment supply cause 

rapid erosion and accelerated loss of recreational beaches .. Particularly promising for leasing and 

commercialization in the near term are off shore deposits of sand that form shoals on the inner 

continental shelf. Preliminary geological and engineering analyses indicate that these sand deposits 

are suitable for beach replenishment because.sediment textures of the shoals are·generally 

compatible with those of native beach sand. Also, offshore sand extraction may be economically 

feasible if onshore or nearshore sources of beach-quality sand are volumetrically limited. 

In Texas, Sabine and Heald Banks are two offshore sand deposits that have the greatest 

economic potential for near~term exploitation because they are (1) suitable for beach replenishment, 

(2) the largest sand deposits located offshore of some of the most rapidly eroding developed 

shores, (3) relatively close to potential markets in both southeastern Texas and western Louisiana, 

and (4) relatively close to major ports that can support offshore mining activities. 

A prior geological investigation demonstrated that large volumes of sand-rich sediments are 

associated with Sabine Bank and Heald Bank (Morton and Gibeaut, 1993). The total volume of 

sandy sediments, estimated at more than 1.8 billion m3, constitutes a large hard-mineral resource. 

Most of that material would be suitable for beach replenishment and other construction activities 

• that can use well-sorted fine sand with some shell and some sediments finer than sand. The 

previous study also showed that the offshore sand deposits are located in water depths ranging 

from 4.5 m to about 16 m and the greatest thicknesses of beach-quality sand generally coincide 

with the shallowest water depths. 

The second phase of this study was directed principally toward assessing the quality and 

volume of Sabine and Heald Bank sediments .. To accomplish this, the banks were cored, sediment 

textures and mineralogy were determined, and sand volumes were estimated using bathymetry and • 

lithologic information. Geographic locations and attributes of all the pertinent offshore data 

sources were incorporated into ARC/INFO, a widely used Geographic Information System (GIS). 

An additional taskof the second phase evaluated the potential environmental impact of mining the 

sand deposits by examining the potential changes in wave refractio.n patterns if large volumes of 

sand were removed from Sabine and Heald Banks. Another task analyzed the wave heights and 

wind patterns near the Banks to estimate the maximum number of working days for shallow-draft 

dredges working in the Gulf, and we also conducted a preliminary investigation of dredging costs 

based on experience with the 1995 Galveston Beach replenishment project and two other beach 

nourishment projects planned for the western Gulf of Mexico. 
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INTRODUCTION 

Regional Overview 

Potentially economic concentrations of sand and shell have been identified in the western Gulf 

of Mexico during decades of exploration and research on the continental shelf. On the Texas 

portion of the continental shelf, significant sand accumulations at or near the seafloor occur as 

shore-aligned sand bodies and patchy accumulations of transgressive sands that were deposited 

during the most recent rise in sea level (Paine et al., 1988). Pluvial sand and gravel occur within 

late Wisconsin stream courses that extend across the continental shelf, but these valley-fill deposits 

are typically covered by tens of meters of overburden and are not exploitable considering the 

current economic constraints. 

There are potential markets for offshore sand along the western Gulf of Mexico. Sand 

contained in submerged shoreline and nearshore deposits has the greatest near-term economic 

potential because it can be used for beach replenishment projects. Beach replenishment can be 

justified where large recreational, residential, and industrial investments would be damaged or 

destroyed by continued coastal erosion and storm impacts. 

Long-term erosion of beaches and heavy beach use near population centers in the western Gulf 

make beach replenishment an attractive alternative to other methods of shoreline stabilization. The 

City of Galveston recently (spring 1995) completed a beach nourishment project using offshore 

sand dredged from a borrow area on the adjacent shoreface. The Town of South Padre Island is 

also planning for a beach nourishment project in the near future, and a feasibility plan and 

environmental impact statement are being prepared for mining Ship Shoal in coastal Louisiana 

The history of coastal development in Texas and widespread beach erosion suggest that other 

beach communities such as North Padre Island and Freeport will likely need beach nourishment in 

the near future. 

Objectives of the Study 

The assessment study of Sabine and Heald Banks (Figure 1) accomplished several objectives. 

First, it provided information that could stimulate interest in off shore sand resources, thus bringing 

closer the time when leasing and commercial utilization in the western Gulf of Mexico are a reality. 

Second, the study quantified the sediment textures of Heald Bank, which contains the largest sand 

deposits that are closest to Galveston Island, a primary site for future beach replenishment Third, 

the study characterized the wave conditions that off shore mining equipment might encounter. 
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Figure 1. Locations of vibracores collected from Sabine Bank and Heald Bank. 
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Fourth, the study examined if sand extraction will significantly alter wave propagation and thus 

possibly accelerate erosion of beaches along the southeastern Texas coast. Finally, the study 

provided a preliminary cost analysis of mining sand from Heald and Sabine Banks. 

One of the primary objectives was to determine the suitability of offshore sand for 

replenishment of beaches along the southeastern Texas coast. To reach this objective, the 

following physical attributes were determined for Sabine and Heald Banks: (1) the three­

dimensional geometry of the deposits and their approximate volumes; (2) the textural characteristics 

of the deposits, including composition, grain size, sorting, and lateral and vertical variations; and 

(3) the degree to which the compositional and textural characteristics of the banks match 

characteristics of nearby beaches. The detailed sedimentological data provided a basis for 

calculating sand volume, determining its suitability for beach replenishment, and providing a basis 

for evaluating the costs of extracting sand from these deposits. 

The second phase of the study was designed and organized to (1) obtain vibracores on Heald 

Bank and to quantify textures of sediments associated with that poorly defined sand deposit, 

(2) acquire meteorological and oceanographic data near the proposed mining sites as they relate to 

the physical climate of mining activities and the potential problems that might be encountered 

because of bad weather, high waves, or strong currents, (3) determine if sand extraction at Sabine 

and Heald Banks might alter wave refraction patterns and possibly exacerbate erosion of nearby 

beaches, and ( 4) estimate the cost of mining and transporting the sand to nearby beaches. 

ADDITIONAL INVESTIGATION OF SABINE AND HEALD BANKS 

Sources of Data 

Vibracores 

In addition to the eight vibracores collected during the first phase of study, 24 vibracores 

(Figure 1) were collected to determine the quality and suitability of the bank deposits for beach 

replenishment or other construction uses. Coring sites were selected by analyzing and integrating 

the bathymetric, seismic, and lithologic data that were available from the first phase of the project. 

Core site criteria included anticipated thicknesses of the sand deposits, seismic characteristics of the 

sand bodies and underlying reflections, water depth, potential variable mining characteristics 

(presence or absence of hardgrounds), and any limitations imposed by the vibracoring equipment. 

Vibracores were collected using standard aluminum irrigation tubes, which are 6 m long and 

7 .6 cm in diameter. Each tube is fitted with a brass core catcher and is attached to a pneumatic 

vibrator head that is part of a rigid steel frame. The frame is lowered by cable to the seafloor where 
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it rests on four pads. Compressed air rapidly vibrates the head, which drives the core tube into the 

unconsolidated sediments. A track on the frame guides the vibrator head and keeps the core tube 

vertical as it penetrates the sediments and is recovered. After the core is retrieved, it is sealed and 

marked for later processing. Geographic coordinates of the vibracores (Appendix A) were 

provided by a dual-channel GPS navigation receiver. 

Considering both phases of the investigation, a total of 25 vibracores were collected from 

Sabine Bank and 7 vibracores were taken from Heald Bank (Figure 1). Penetration depths of the 

vibracores were controlled primarily by sediment composition. Soft mud with only a few scattered 

and broken shells allowed complete penetration of an entire 6 m core tube. In contrast, well-sorted 

sand or shelly sand was the most difficult sediment to penetrate. Core tubes encountering these 

sediments penetrated less than 2 m below the seafloor. 

The vibracores were transported to the Core Research Center of the Bureau of Economic 

Geology in Austin, Texas, where they were inventoried, split into equal halves, trimmed with an 

osmotic knife, and physically described using standard core description sheets (Appendices B 

and C). Information recorded on the sheets included core depth, sediment color, sediment type, 

nature of contacts, textural trends, sedimentary structures, and presence of accessories (organic 

material, shells). The cores were then photographed (large format color prints and 35 mm slides) 

and sampled for textural and compositional analyses. The photographed half and sampled half of 

the core were wrapped in plastic and placed in separate core boxes and are stored in a climate­

controlled room. The archived core half serves as a permanent record of the sediment types 

encountered and the types of material sampled. 

Sediment Textures 

To assess textural characteristics of the sand deposits and their compatibility with native beach 

sediments, 120 sediment samples from 32 vibracores were analyzed for gravel, sand, silt, and clay 

content. Because shell dominates the gravel fraction, the two classifications (size and composition) 

are used interchangeably in the discussion. 

Textural analyses of the cores collected in 1994 were conducted at the Soils and Physical 

Geography Laboratory at the University of Wisconsin, Milwaukee. A set of standard sieves were 

used to analyze the sand and gravel fractions, and hydrometer techniques were used to analyze the 

clay and silt fractions. Numerical and graphical results of the textural analyses are presented in 

AppendixD. 
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Data Management 

Data generated in conjunction with the sand assessment project are being manipulated and 

stored in a geographic information system (ARC/INFO) so that archiving and future retrieval will 

be facilitated. Most Federal and State agencies use a GIS to store locational information and to 

create maps that superimpose several layers of information. The GIS component of this study 

anticipates the need for a digital data base so that information can be readily transferred to other 

users. 

Major components of the sand assessment GIS include a digital base map with shoreline 

features and bathymetry, locations of seismic lines and shotpoints, values for the thickness 

between the seafloor and ravinement surface, locations of pipelines and platforms, and locations of 

subsurface lithologic information including foundation borings, cores, and rotary borings, which 

were compiled from several sources (unpublished data; Nelson and Bray, 1970; Thomas, 1990; 

this study). Maps showing the locations of seismic profiles, offshore petroleum facilities, and 

other subsurface data for the Sabine Bank Heald Bank area were presented by Morton and Gibeaut 

(1993). 

SAND RESOURCE ASSESSMENT OF SABINE AND HEALD BANKS 

Bank Morphologies 

Sabine Bank is delineated by the 10 m isobath. The Bank extends 50 km in a. 

northeast-southwest orientation and is about 7.5 km wide (Figure 1). A few small shoals detached 

from Sabine Bank exist to the east but are not considered in this study. The shallowest portions of 

Sabine Bank are on the eastern end between the spoil areas and west of the ship channel. This 

shoal area is marked by the Sabine Bank lighthouse. Depths are as shallow as 4.5 m but deepen to 

more than 9 m to the southwest. 

The bathymetric map (Morton and Gibeaut, 1993) shows that the 10 m and 8 m isobaths are 

smooth on the landward side of Sabine Bank relative to the seaward side, and on the eastern part of 

the bank, the landward side is steeper than the seaward side. On the seaward side, however, the 

10 m and especially the 8 m isobaths display a digitate configuration oriented southeast-northwest, 

which is normal to the alignment of the long axis of the Bank. The 6 m isobath outlines small 

shoals, which are aligned normal to the axis of the Bank, on top of the eastern half of the Bank. 

On the Louisiana inner shelf, near the filled former incised valley of the Calcasieu River, the 

eastern extension of Sabine Bank trends almost 90° to the main axis of sand body. This abrupt 
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change in orientation is easy to explain in terms of former shoreline deposits when sea level was 

lower, but it is difficult to explain using only alongshelf currents and a depositional model that 

requires complete subtidal deposition. 

Heald Bank (Figure 1) is 27 km southwest of Sabine Bank and 55 km southeast of the 

Entrance to Galveston Harbor. Heald Bank is not as well defined as Sabine Bank and has a 

relatively small area that is shallower than 10 m. The 14-m isobath encloses a much larger area 

extending 30 km to the southwest from the eastern shallow areas. The 10 m isobath encloses two 

irregularly shaped areas with no particular orientation. 

Scour Depths 

To understand sand bank evolution and the history of the bank deposits, it is necessary to 

~stinguish between sedimentary features that are related to modem processes and bank reworking 

. as compared to paleo sedimentary features that originated when the banks first formed. Many of 

the cores from Sabine and Heald Banks exhibit upward-fining textures in the upper few meters 

(Appendices B, C, and D). The upward-fining patterns are characterized by distinct erosional 

bases overlain by gravel-size clasts of whole and broken shell that grade into shelly sand and sand 

with only minor amounts of finely broken shell. These cyclical textural patterns are interpreted as 

shelf storm deposits and the products of modern shelf processes. 

The depth to the base of scour depends partly on water depth (Figure 2) and partly on lithology 

of the underlying sediments. Position on the bank surface (crest or margins) is less important than 

water depth in controlling scour depth. Wave and current scour greater than 1.5 mis observed 

where the upper part of the bank is composed of sand, and water depths are less than 10 m. These 

relatively shallow water depths also coincide with the bank crest. Where water depths exceed 11 m 

and the sediments are muddy, scour is minimized and essentially no storm deposits are preserved. 

Primary Bank Lithofacies 

Our initial study (Morton and Gibeaut, 1993) identified six lithofacies that characteri_ze 

sediments within and around Sabine and Heald Banks (Appendices B and C). The lithofacies, 

which were identified from detailed descriptions of the vibracores, are fine sand (A), shelly sand 

and gravel (B), slightly muddy sand (C), muddy sand (D), sandy mud (E), and organic day (F). 

Each lithofacies exhibits different sediment compositions, sediment textures, and preserved fauna. 

Also each lithofacies occupies a predictable stratigraphic position within the vertical succession of 

lithofacies. The superposition of lithofacies describes an overall upward-coarsening facies 
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architecture with progressively more sand and less mud from bottom to top. The attributes of each 

lithofacies are described in detail by Morton and Gibeaut· ( 1993 ). 

Overview of Sand Quality 

Sand quality of the. banks was evaluated using two methods that.differed in detail and· scale of 

the analysis. The large-scale method considered the relationship between sedimentary facies of the 

banks determined from the core descriptions and sediment textures derived from the grain-size 

analyses. Quantitative textural analyses (Appendix D) were performed on 120 samples taken from 

the 32 vibracores obtained for this study. There is good correspondence between the textural data 

and the qualitative facies descriptions (Morton and Gibeaut, 1993). This agreement provided a 

mechanism for extrapolating the textural data to sections of the cores that lacked textural analyses. 

However, qualitative (visual) estimates of shell content based on core descriptions do not agree 

closely with quantitative measurements from sieve analyses. In fact, the visual estimates of shell 

content are consistently higher than the actual measurements. This discrepancy did not interfere 

with evaluations of sand quality. The second method of evaluating sand quality relied just on 

textural analyses from the upper 2 m of core. This srnall-scale, more detailed evaluation of sand 

quality considered the depth of dredging that would likely occur on the banks in order to optimize 

sand content in the dredged material. 

The fine sand, shelly sand and gravel, and slightly muddy sand facies(facies A, B, and C) 

generally contain less than 15% mud and range in mean grain size from 0.7,5 !1S to 2;98 !1S (0.13 mm 

to 0.59 mm). The fine sand and slightly muddy sandfacies are moderately well to poorly sorted, 

whereas the shelly sand and gravel is poorly to very poorly sorted. These are the coarsest facies in 

the Sabine Bank area, and mean grain size within and between these facies is primarily a function 

of the relative amounts of coarse shell material and mud. 

The muddy sand and sandy mud facies (facies D and E) contain considerably more mud than 

overlying facies. The muddy sand averages23% mud and ranges from 14 to34% mud,whereas 

the sandy mud facies averages 48 % mud and ranges from 24 to 71 % mud. The mud fraction in 

both facies is dominated by clay-size material. The average mean grain sizes of the muddy sand 

and sandy mud are 4.29 p (0.05 mm) and 5.70 !1S (0.02 mm), respectively. Both facies are very 

poorly sorted partly because the sediments are highly bioturbated. 

The finest grained facies is the organic clay (facies F), which occurs at the bottom of the 

sedimentary sequence. Four samples from different cores (3 Sabine Bank, 1 Heald Bank) 

analyzed for thisfacies yielded very similartexturalvalues with 91 to 95% mud 

The available compositional and textural data indicate that the sand deposits associated with 

Sabine Bankand Heald Bank are compatible with the beach sediments of the southeastern Texas 
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coast (Morton et al., 1995). Beach replenishment using the fine sand, shelly sand, slightly muddy 

sand, and muddy sand facies (facies A, B'. C, and D) would require only moderate overfiUratios. 

The sandy mud and organic clay facies (facies E and F), however, are not appropriate for beach 

replenishment. 

Overview of Sand Quantity 

Revised estimates of sand volume in Sabine and Heald Banks used the three-dimensional 

geometry of the sand deposits as determined by nearsurface lithology and bathymetry. 

Nearsurface lithology, provided primarily by the vibracores, delineated the lateral extent of sand as 

well as the thickness of sand and any overburden (Table 1). Bathyriletry also was used to help 

define the lateral extent of sand in those areas where core control was not available. 

Both Sabine and Heald Banks are lenticular sand bodies that cover large areas (Figures 3-10). 

Revised estimates of sand volume based on all vibracores indicate that together the banks contain 

about 1.8 billion m3 of sand, shelly sand, and muddy sand. Within the overall trends of sand 

deposits are elongate lenses where sand and muddy sand deposits more than 3 m thick are 

concentrated (Table 1 ). These elongate lenses would be the optimum sites for sand extraction 

because sand concentrations are relatively high. The distribution of sand associated with Heald 

Bank is not well defined, and it does not coincide just with the bathymetric highs but extends far· 

beyond the small irregular shoals defined by the 10-misobath (Morton and Gibeaut, 1993). 

Sediments of Sabine Bank 

Sand Quality 

Most of the vibracores collected for this study, and consequently most of the textural analyses, 

are from Sabine Bank (Figure 1, Appendix D). Examination of sediment textures in the upper 2 m 

of core from Sabine Bank shows that sediments generally are composed of more than 91 % sand. 

Shallow shelf sediments containing low concentrations of sand (high concentrations of mud) are 

located in relatively deep water and around the margins of the banks at sites such as vibracore 

locations 5, 10, 11, 13, and 15 (Figure 1). 

Locally high concentrations of shell found in vibracores 2, 7, 12, 14, 16, 20, 21, and 25 range 

from 26 to 71 % of the sediment sample. These sites of high shell concentration also generally 

coincide with physical settings that are subjected to relatively high wave energy such as the crest or 

seaward flank of Sabine Bank. The shelly sand facies in Sabine Bank probably consists of lenses 

representing less than 12 percent of the total sand facies (Table 1); therefore, locally high shell 

concentrations should not limit the use of the sand resource for beach nourishment. 
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Table 1. Thickness of sand facies in each vibracore from Heald 
Bank (HB) and Sabine Bank (SB). 

Core Sand Shelly Sand Muddy Sand Total 
(m) (m) (m) (m) 

SBV - 1 1.6 0.3 0.8 2.7 
SBV- 2 1.3 1.4 0.0 2.7 
SBV - 3 1.6 0.2 0.3 2.1 
SBV- 4 1.7 0.2 , 1.6 3.5 
SBV - 5 0.0 0.0 2.9 2.9 
SBV - 6 1.7 0.3 2.6 4.6 
SBV - 7 0.7 0.3 3.4 4.4 
SBV - 8 0.9 0.2 3.4 4.5 
SBV- 9 0.0 0.0 0.0 0.0 
SBV - 10 0.0 0.0 2.1 2.1 
SBV - 11 0.3 0.0 1.4 1.7 
SBV - 12 2.8 0.8 1.2 4.8 
SBV - 13 0.3 0.0 3.2 3.5 
SBV - 14 1.1 0.0 1.5 2.6 
SBV - 15 0.3 0.0 0.8 1.1 
SBV - 16 0.4 0.8 1.5 2.7 
SBV - 17 3.4 1.1 0.0 4.5 
SBV - 18 3.0 0.0 2.6 5.6 
SBV - 19 1.3 0.0 1.1 2.4 
SBV - 20 1.4 0.2 0.0 1.6 
SBV - 21 0.0 0.4 0.3 0.7 
SBV - 22 1.3 0.1 3.5 4.9 
SBV - 23 0.5 0.5 4.8 5.8 
SBV - 24 0.0 0.5 2.4 2.9 
SBV - 25 0.6 0.3 4.1 5.0 
HBV - 1 1.5 1.3 0.0 2.8 
HBV-2 1.5 0.1 0.6 2.2 
HBV- 3 2.2 0.0 1.8 4.0 
HBV-4 0.8 0.0 0.9 1.7 
HBV-5 4.3 1.8 0.0 6.1 
HBV- 6 3.1 0.2 0.0 3.3 
HBV-7 1.5 0.3 0.6 2.4 
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Figure 9_ Stratigraphic dip section along middle of Heald Bank. 
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Figure 10. Stratigraphic strike section along middle of Heald Bank. 
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Sand Quantity 

The total volume of sand, shelly sand, and muddy sand estimated for Sabine Bank in Texas is 

about 1.2 billion m3. This estimate is based on an average sand-body length of 50 km, an average 

sand-body width of 7.5 km, and an average sand thickness of 3.3 m. Of this total sand facies that 

makes up Sabine Bank, about 562 million m3 is sand and shelly sand with an average thickness of 

about 1.5 m (Table 1). 

Sediments .of Heald Bank 

Sand Quality 

Textural analyses of sediment samples from Heald Bank (Appendix D) indicate uniformly good 

sand quality. Nearly all samples from the upper 2 mof the Bank contain more than 95% sand. 

Most sediment samples contain less than 5% shell, and only one sample contained 11% shell. 

When the thicknesses of sand facies (Table 1) are used to estimate shell concentrations in the Bank 

deposits, the shelly sand facies represents from O to 46% of the total sand facies in Heald Bank 

sediments. However, most of the vibracores from Heald Bank contain less than 12% shelly sand 

facies compared to the total sand facies. Considering that the shell material is generally dispersed 

in Heald Bank and not in thick concentrations (Appendix E), the shell content should not limit the 

use of the sand resource for beach nourishment. 

Sand Quantity 

The total volume of sand, shelly sand, and muddy sand estimated for Heald Bank is 

approximately 585 million m3. This estimate is based on an average sand-body length of 13.5 km, 

an average sand-body width of 13.5 km, and an average sand thickness of 3.2 m. Of this total 

sand facies that makes up Heald Bank, more than 458 million m3 is sand and shelly sand with an 

average thickness of about 2.5 m (Table 1). 

WA VE REFRACTION ANALYSIS, SABINE AND HEALD BANKS 

A preliminary analysis was conducted of potential wave transformation that might occur iflarge 

volumes of sand were dredged from the crest of Sabine and Heald Banks. • Results of these 

analyses were compared with extant wave conditions to determine if wave energy would be 
; 
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significant! y altered as a result of sand mining. Nine cases of wave refraction· were considered 

(Table 2). Each case evaluated the differences in wave height between existing water depths and 

altered water depths over Sabine Bank. The first seven cases analyzed average conditions for 

waves propagating from easterlyto southwesterly directions, the eighth case analyzed average 

conditions for all onshore waves, and the ninth ca,se was a special case that considered storm 

waves generated by Hurricane Alicia. 

Model Parameters and Input 

The wave refraction analysis was designed to address environmental concerns regarding 

possible increased erosion of beaches adjacent to the proposed mining sites. To accomplish this, 

the Regional Coastal Processes Wave (RCPWA VE) Propagation Model(Ebersole et al., 1986) 

was applied to the region offshore of the southeastern Texas coast (Figures 11-23). This is the 

same model that was used by Byrnes and Patnaik {1991) to investigate potential wave 

transformation over Ship Shoal. The Waterways Experiment Station of the U.S. Army Corps of 

Engineers developed RCPWA VE to predictnatural and human-induced coastal change across an 

extensive length of shoreline. RCPW A VE can predict linear, plane wave propagation over a 

coastal region with varying bathymetry. The model does not include nonlinear effects, and wave 

input is monochromatic. RCPW A VE was modified to run on a SUN WOO workstation. It was 

also modified to provide output suitable for input into the CPS-3 mapping and contouring program 

(Schlumberger GeoQuest 1994) for graphical display of the results. 

RCPW A VE is well suited to measure the effects that mining Sabine and Heald Banks may 

have on wave patterns. Because these banks.are up to 50 km offshore, a large area must be 

considered in the wave model. This 'analysis includes the southeastern Texas coast between the 

Calcasieu River (Louisiana) on the east and Matagorda Peninsula on the west Using CPS-3 

mapping software, we developed a rectilinear bathymetric grid covering this area that is 300 km in 

the alongshore direction and 100 km in the offshore direction out to depths of 30 m. The grid is 

not smoothed,.and cells measure 500 m alongshore and 125 m normal to shore forming a grid with 

600 by 80Ocells. 

Two types of data are required for the wave transformation analysis: wave climate and 

bathymetry. Digital bathymetric data used to construct the grid were obtained from the National 

Geophysical Data Center through the U.S. Geological Survey in St. Petersburg, Florida. 

Bathymetry data were compiled from a combination of surveys dating from the 1930's to the 

1970's. Care was taken to use the latest data available from the National Oceanographic and 

Atmospheric Administration for a particular area. 

23 



Table 2. Wave parameters used in model runs displayed in figures 1 through 9. Hs= significant wave 
height, WIS= Wave Information Study. Frequency is percent occurrence of all waves approaching from 
78.75 to 236.25 degrees. 

Height Period True 
Case (m) (s) direction Frequency Comments 

1 1.2 5.4 90.0 12.1% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 90 degrees; WIS station #12 

2 1.1 5.6 112.5 17.4% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 112.5 degrees; WIS station 
#12 

3 1.2 6.1 135.0 35.5% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 135 degrees; WIS station 
#12 

4 1.4 6.1 157.5 23.5% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 157.5 degrees; WIS station 
#12 

5 1.2 5.7 180.0 8.1% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 180.0 degrees; WIS station 
#12 

6 I.I 5.3 202.5 2.4% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 202.5 degrees; WIS station 
#12 

7 LO 5.1 225.0 1.1% Mean Hs and mean period for wave directions in a 22.5 
degree arc centered around 225 degrees; WIS station 
#12 

8 1.2 5.8 131.0 NIA Mean Hs and mean period for wave directions between 
33.75 and 259.75 degrees true; WIS station #12 

9 2.0 8.5 135.0 NIA Estimated Hurricane Alicia conditions from CERC-84-
6 Tech. Rpt. Data from Shell Oil platform (Vermillion 
22, 25 ft deep). Hs and period are measured but 
directions are absent other than statement of 
predominantly southeast waves, therefore used 
southeast compass direction for model. 
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Figure 11. Bathymetry and wave heights for case 1 wave conditions: height= 1.2 m; period= 5.4 s; 

direction= 90°. 
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Figure 12. Bathymetry and wave heights for case 2 wave conditions: height= 1. 1 m; period= 5.6 s; 

direction= 112.5°. 
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Figure 13. Bathymetry and wave heights for case 3 wave conditions: height=== 1.2 m; period= 6.1 s; 

direction= 135°. 
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Figure 14. Bathymetry and wave heights for case 4 wave conditions: height= 1.4 m; period= 6.1 s; 

direction= 157.5°. 

Calcasieu Pass 

I 

QAb1802c 



N 

'° 

Cases 
3 411 

0.75 0.92 1.09 1.25 m 
tv 

• Shoreline transects 
Wave height ..t. Beach profile locations 

0 30ml 
) 

0 40km 
Bathymetric contour;lnterval 2 m Bolivar Roads .____ . 65 

;, . Galveston Island . 701911, 
Old/new San Luis an 75 • 

Brazos Rivers Pass 
" "!!§ I'--.. 110 100 •• 

.~ 

I " . 105 
115 -_.£J.;; - • 
i,·! 

30 25 20 15 10 

Figure 15. Bathymetry and wave heights for case 5 wave conditions: height= 1.2 m; period= 5.7 s; 

direction= 180°. 
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Figure 16. Bathymetry and wave heights for case 6 wave conditions: height= 1.1 m; period= 5.3 s; 

direction= 202.5°. 
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Figure 17. Bathymetry and wave heights for case 7 wave conditions: height= 1.0 m; period= 5.1 s; 

direction= 225°. 
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Figure 18. Bathymetry and wave heights for case 8 wave conditions: height= 1.2 m; period= 5.8 s; 

direction= 131 °. 
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Figure 19. Bathymetry and wave heights for case 9 wave conditions: height= 2.0 m; period= 8.5 s; 

direction= 135°. 
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Figure 20. Wave-height difference map for excavated and nonexcavated conditions for modal wave 

conditions of case 3: height= 1.2 m; period= 6.1 s; direction= 135°. Lighter shades indicate where 

higher wave heights are predicted for excavated condition relative to nonexcavated condition. 

Darker shades indicate the opposite. 
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Figure 22. Wave-height difference map for excavated and nonexcavated conditions for storm wave 

conditions of case 9. Lighter shades indicate where higher wave heights are predicted for excavated 

condition relative to nonexcavated condition. Darker shades indicate the opposite. 
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Figure 23. Wave heights along the landward 4-m isobath. Comparison of excavated and 

nonexcavated conditions for storm wave conditions ofcase 9: height= 2.0 m; period= 8.5 s; 

direction= 135°. 
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To measure the effects of mining sand, we used a dredging scenario that would result in the 

maximum effects on wave propagation. Excavated conditions were simulated by subtracting two 

rectangular solids from the bathymetric grid, thereby increasing water depths. Each solid 

measured 4,000 m in the alongshore direction, 1,000 m in the shore normal direction, and 2.5 m 

deep. The hypothetical sand volume was removed from the shallowest portions of Sabine and 

Heald Banks to simulate dredging of 10 million m3 from each bank. The model was run with 

excavated and non-excavated c~mditions for comparison. 

Wave parameters are from the· Coastal Engineering Research Center's Wave Information 

Study for the Gulf of Mexico (Hubertz and Brooks, 1989). This data set is a hindcast ofwave 

conditions for coastal and offshore locations for the period from 1956 to 1975. Tropical storm and 

hurricane conditions are excluded from the hindcast. Data from station number 12, located 70 km 

offshore of Bolivar Peninsula and in 20 m water, was used in this study. Station 12 is about 

20 km seaward of Heald and Sabine Banks. The Wave Information Study provides 20 years of 

hindcast wave conditions computed every three hours. and compiled in percent occurrence tables 

for specified directions of wave propagation. For wave cases one through seven in this study, the 

mean significant wave height (Hs) and period were used for each onshore wave direction interval 

spanning an arc of 22.5° (Table 2). Case eight uses a mean Hs, period, and direction for all 

onshore directions, and case nine estimates Hurricane Alicia conditions in 1983 based on data 

presented in Garcia and Flor (1984). 

Results of Wave Refraction Analysis 

The influence of offshore shoals on wave refraction is readily apparent when contour maps of 

wave height are viewed (Figures 11-19). Minimum water depths are 6 to 10 mover Heald and 

Sabine Banks and related smaller shoals. Waves focus landward of the shoals causing zones of 

relatively high andlow wave heights along the shoreline (Figures 11-19). These zones of 

constructive and destructive interference shift along the coast as wave directions change .. For the 

more common wave directions (Figures 12-16 and 18-19), the variance in alongshore wave 

heights caused by the shoals only occurs east of Bolivar Roads. West of Bolivar Roads 

(Galveston Island, Follets Island, and Matagorda Peninsula), wave heights are relatively constant 

except for local variations caused by ebb-tidal deltas at Bolivar Roads and San Luis Pass and at the 

Brazos River delta. 

Cases 3 and 9 both have a wave direction of 135° but case 9 represents high long-period 

waves associated with storm conditions (Figures 13 and 19). The variance in alongshore wave 

height along Bolivar Peninsula is about 1.0 m for hurricane conditions or 50% of the initial wave 

height of 2 m. Wave heights for case 3, on the other hand, range about 0.3 m, or25% of the 
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initial wave height of 1.2 m. Wave-height zones are also shifted about 4 km to the east for long­

period hurricane conditions compared with nonstorm conditions. 

Cases 3 and 9 were run with the bathymetric grid reflecting post-extraction conditions as 

described above. For each case, a wave-height difference map was created by subtracting wave 

heights computed for the excavated condition from the wave heights computed for the non­

excavated condition. Figure 20 shows the wave-height difference grid for the modal wave 

condition of case 3. The simulated dredging caused wave heights to change less than 3 cm 

landward of the Heald Bank dredge site and less than 10 cm landward of the Sabine Bank.Site in 

the direction ofinitial wave propagation. Wave heights are lower in the landward "shadow" of the 

excavated sites, but higher on each end. Wave heights along the landward 4-misobath were also 

plotted, and excavated versus nonexcavated scenarios compared (Figure 21). For case 3, the only 

measurable change at the 4-m isobath is produced by dredging Sabine Bank, which predicts 

lowering of wave heights by 5 cm just southwest of Sabine Pass. 

The storm condition of case 9 was also run with and without excavated bathymetry; Figure 22 

is the wave-height difference map for the two scenarios. Changes in wave heights caused by 

dredging are less than 10 cm at Heald Bank and less than 20 cm atSabine Bank. The pattern of 

change in the lee of each· bank is the same as described for case 3. For case 9, the· greatest 

predicted change at the 4-m isobath is produced by dredging Sabine Bank. The model predicts 

lowering of wave heights by 10 cm just west of Sabine Pass (Figure 23). Similarly, the model 

predicts that. dredging Heald Bank will cause a lowering of wave heights by less than 5 ctn 

- northeast of Bolivar roads. 

Implications of Results 

As waves propagate across the shallowest portions of Sabine and Heald Banks, they converge 

and wave heights increase landward of shoals. This wave-focusing effect of the offshore shoals 

causes variation in the distribution of wave heights arriving at the shoreline east of Bolivar Roads. 

These offshore shoals, therefore, are expected to have a significant effect on shoreline change. 

West of Bolivar Roads, variation of alongshore wave heights is caused by the more local effects of 

wave refraction around tidal inlets and river deltas, which would not be influenced by dredging at 

Heald or Sabine Banks. 

Dredging the crests of Heald and Sabine Banks probably would decrease their wave-focusing 

effect only slightly. The wave propagation model predicts that during average wave conditions, 

wave heights will be lowered by less than 10 cm in the lee of the banks and by less than 5 cm at the 

4-m isobath. During storm conditions, lowering of wave heights probably would be less than 

20 cm in the lee of Sabine Bank and less than 10 cm at the 4-m isobath. The borrow scenario used 
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in this analysis is for a volume of sand that is approximately 10 times the amount used in a typical 

beach nourishment project. If Sabine and Heald Banks become offshore mining sites, it is 

conceivable that this volume could be dredged over several years because of the initial needs of 

several projects and continued maintenance nourishment. Based on the wave refraction analysis, 

the effects of dredging Heald Bank on wave propagation and coastal sedimentation are negligible. 

The effect of dredging Sabine Bank is greater, but also small, and is not expected to alter 

sedimentation patterns away from the dredge site. 

POTENTIAL WEATHER-RELATED DREDGING RESTRICTIONS 

Successful off shore mining operations depend on understanding the physical processes in the 

Gulf of Mexico near the Banks and the potential influence of those processes on sand extraction 

operations. The preliminary work by Morton and Gibeaut (1993) only reported average conditions 

for waves and tides. Those statistical averages provide some limited information about wave 

heights and periods, but they are inadequate with regard to planning a sand extraction operation. 

More important than averages are the distributions of wave heights, wave periods, wave 

directions, current speeds, and current directions as well as the seasonality of all these processes. 

An analysis of inner shelf processes was conducted to determine if dredging equipment would be 

able to operate uninterrupted throughoutthe year or if mining operations would be suspended 

during certain months when wave energy is greatest. This analysis indicates how the mining 

operations might be effected by weather patterns and meteorological factors (wind, barometric 

pressure, rain, and fog) and how the off shore physical oceanographic conditions are linked to the 

meteorological forces.· Another possible application of the physical processes analysis has to do 

with predicting the direction and distance that suspended sediment will be transported away from 

the mining site. Movement and dispersion of the suspended sediment plume will depend on the 

sea state and shelf currents at the time of dredging. 

The results of this task provide a better understanding of offshore mining conditions and the 

annual cycle ofenvironmental energy that would be encountered in the western Gulf of Mexico. It 

also provides a basis for determining the annual durations of mining, which are needed for the 

economic analysis. 

The physical processes task was accomplished by examining historical records of tides, waves, 

and weather patterns. A primary objective of this task is developing a summary of seasonal 

characteristics of the critical off shore parameters including wind directions, wind speeds, wave 

directions, wave heights, and identifying unusual circumstances (water spouts, hurricanes) that • 

might disrupt mining activities. Because offshore weather data are sparse or difficult to obtain 
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(proprietary data), we used available National Weather Service records either from nearby coastal 

sites such as Port Arthur and Galveston or offshore monitoring buoys. 

Oceanographic•records for coastal tide gauges and wave gauges or hindcast wave data were 

ordered from the National Ocean Survey and the Corps of Engineers and examined. Principal 

investigators for the MMS-funded Louisiana"'"Texas Shelf Circulation program (LATEX) were 

contacted to see if any of their monitoring stations and data sets would be suitable for our analysis 

of oceanographic conditions near Sabine and.Heald Banks. Each data set was analyzed 

independently using time:-series methods that reveal trends in the data such as seasonal variability 

and yearly maximums. The data sets were also examined to see if they cover the same time 

periods. Because the data sets coincide temporally, additional statistical analyses were performed 

to investigate the relationships among the measured variables. The results of this work could be 

used to determine the optimal periods of mining and the duration of uninterrupted mining activities. 

This type of mining restriction analysis is needed before an economic analysis of the operation can 

be conducted. 

A practical approach to understanding offshore mining conditions was also included in this 

task. We contacted marine operators working in the Gulf of Mexico to determine what conditions 

currently alter or interrupt offshore activities such as dredging, laying pipelines, or towing barges. 

We also discussed with dredging companies the potential mining problems associated with 

changing weather while working in the Gulf of Mexico. 

Wind and Wave Analysis 

Wind and wave data from several sources in the vicinity of Heald and Sabine Banks (Table 3) 

were analyzed to describe the likely sea conditions that a dredging operation would encounter. 

Both measured and hindcast data are presented. The hindcast data are from the Wave Information 

Study (WIS) conducted by the U.S. Army Corps of Engineers (Hubertz and Brooks, 1989). For 

the hindcast, a wind field is computed from an atmospheric pressure field and merged with 

observed wind data (Resio et al., 1982). A discrete spectral model then uses the merged wind field 

to determine the generation of waves (Resio, 1982). The results of the hindcast are time series of 

directional wind and wave data for discrete locations, including a location near Heald Bank 

presented in this study (Figure 24). 

Measured wind and wave data are available from moored buoys and coastal stations operated 

by the National Data Buoy Center (NDBC) of the National Oceanographic and Atmospheric 

Administration (NOAA). Coastal stations are referred to as Coastal-Marine Automated Network 

(CMAN) • stations. A CMAN station west of Sabine Pass at Sea Rim State Park provided 

directional wind data for this report (Figure 24). A moored sea buoy offshore of Galveston Island 

41 



Table 3. Selected sources of wind and wave data in the Sabine and Heald Banlcs area. 

Identification Description Latitude/Longitude Data Period 
42035 moored buoy, 2914' 47"N/ hourly directional 5/93 to 

National Data 9424' 35"W winds and present 
Buoy Center 30 km ESE of Bolivar nondirectional 
(NDBC) Roads, 25 km NW of waves 

Heald Bank 
SRST2 Coastal-Marine 2940' 12"N/ hourly directional 1985 to 

Automated 9403' 00"W winds present 
Network (CMAN) Sea Rim State Park on 
station, NDBC coast 20 km W of Sabine 

Pass, 35 km landward of 
Sabine Bank 

41-4300 or National Weather 29 58'N/ less than hourly before 
996830 Service first order 9521'W directional wind 1983 to 

weather station Houston Intercontinental present 
Airoort, 100 km inland 

WIS-11 Wave Information 29 00' 00"N/ 3 hourly 1956 to 
Study (WIS) 94 30' 00"W 'dir~tional winds 1975 
hindcast data, U.S. 35 km SW of Heald and waves 
Army Corps of Bank 
Engineers 

WIS-12 Wave Information 29 00' 00"N/ 3 hourly 1956 to 
Study (WIS) 9400' 00"W directional winds 1975 
hindcast data, U.S. 20 km SE and seaward of and waves 
Army Corps of Heald Bank 
Engineers 

WIS-13 Wave Information 29 30' 00"N/ 3 hourly 1956 to 
Study (WIS) 93 30' 00"W directional winds 1975 
hindcast data, U.S. 25 km E of Sabine Bank and waves 
Army Corps of 
Engineers 
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Figure 24. Map showing locations of wind and wave recording and hindcast stations in the 

vicinity of Heald and Sabine Banks. 
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provided directional wind and nondirectional wave data. In addition, wind data from the National 

Weather Service's station at the Houston Intercontinental Airport provided directional wind data 

(Figure 24 ). 

waves 

The longest time series of wave data in the area is the hindcast data. These directional data are 

computed at three hourly intervals for the 20-year period from 1956 to 1975. Tropical cyclones are 

excluded from the hindcast. Figure 25 is a reproduction of the summary percent occurrence table 

and wave rose diagram for WIS station 12 as they appear in the WIS report number 18 (Hubertz 

and Brooks, 1989). Station 12 is located 20 km southeast and seaward of Heald Bank in 20-m 

water depth. 

Hindcast data indicate that nearly half of the time waves come from the southeast and that the 

most common significant wave height (Hs, average height of the upper one-third highest waves) is 

between 1.00 m and 1.49 m, which occurs 45% of the time. The most common peak wave period 

(Tp) is between 5A and 6.5 s which occurs 28% of the time. The overall mean Hs is 1.2 m and 

the mean Tp is 5.8 s. The monthly mean Hs as computed over the 20-year period varies from 

0.9 min July and August to 1.4 min December, January, February, March, and April. 

Table 4 is a cumulative percent table of Hs and may be used to approximate weather delays for 

dredging operations caused by high waves. This table indicates the fraction of time that waves 

were equal to or less than a particular Hs for all wave directions. When considering all the data for 

the 20-year period, waves with heights of 1.5 m orless occurred 80% of the time. Table 4 also 

presents cumulative data for each month. January is the stormiest month with wave heights of 

1.5 m or less occurring 66% of the time, whereas July and August are the calmest months with 

wave heights of 1.5 m or less occurring 98% of the time. The Hs of 1.5 mis used in this 

discussion because most dredging operations are delayed or hindered when waves exceed this 

height. Table 4, however, may be used to approximate dredging delays for a variety of wave 

heights. It is important to note that Hs is spectral, and for conditions when there is a large 

variation in wave height, some waves may be considerably higher than the stated Hs. In addition, 

the wave refraction analysis in this report shows that waves tend to be higher on and in the lee of 

the crests of the banks. And finally, the hindcast data exclude tropical storms and hurricanes, and 

even though August, September, and October are relatively low-Hs months, the chances for a 

major storm are greater then than at other times of the year. 

Two years of nondirectional wave data from May 1993 through April 1995 were collected by 

NDBC buoy mooring number 42035 located in 15-m water depth 25 km northwest of Heald Bank 

and 45 km northwest and landward of WIS station number 12. These data are hourly and nearly 
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Figure 25. Wave rose diagram and percent occurrence of wave height and period for WIS 

hindcast station 12, from Hubertz and Brooks (1989). 
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Table 4. Cumulative percent of significant wave heights for WIS station 12 (20 years hindcast data: 1956 to 1975). 
Percent values are percent of time with significant wave heights (Hs) less than or equal to the height given in column one . 

All Data Jan Feb Mar Apr May Jun Jul Aug Sep Oct 
Hs(m) cum.% cum.% cum.% cum.% cum.% cum.% cum. % · cum. % cum.% cum.% cum.% 

0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.3 0.1 0.1 0.0 0.0 0.0 0.8 0.1 0.0 0.1 0.0 0.0 
0.4 1.5 0.3 0.4 0.4 0.5 2.8 3.5 4.7 3.1 1.1 0.8 
0.5 4.4 1.2 1.0 0.9 1.5 5.6 8.5 14.1 9.8 4.6 2.6 
0.6 7.9 2.6 2.5 2.0 2.5 9.7 14.2 23.0 17.4 9.6 5.2 
0.7 12.4 4.6 5.0 4.4 4.5 14.2 20.5 32.7 27.8 15.5 8.7 
0.8 18.8 8.1 8.9 8.2 8.0 20.4 29.3 44.7 39.6 24.6 15.4 
0.9 28.9 13.5 15.6 14.8 13.9 29.7 43.2 63.4 56.6 37.9 26.7 
1.0 40.1 22.0 23.2 23.5 21.3 39.9 56.2 78.2 71.9 51.5 41.2 
1.1 50.6 31.5 32.4 33.6 30.5 50.5 67.5 87.4 82.8 63.6 54.6 
1.2 59.6 41.1 42.7 44.0 39.6 59.3 76.0 92.4 90.1 73.0 64.4 
1.3 67.4 49.9 52.0 54.0 49.5 67.6 82.2 95.8 94.0 80.1 72.7 
1.4 74.2 58.3 60.9 63.4 59.0 74.8 86.7 97.7 96.2 85.9 79.8 
1.5 79.7 66.1 69.1 71.0 67.5 80.1 89.5 98.4 97.8 89.5 85.4 
1.6 84.8 73.4 76.4 77.7 75.4 85.7 92.6 99.1 98.9 92.2 90.0 
1.7 88.3 79.1 81.5 82.3 81.1 89.3 94.3 99.5 99.3 94.2 92.8 
1.8 91.5 84.1 86.3 86.8 86.0 92.5 95.9 99.8 99.6 95.9 95.3 
1.9 93.4 87.6 89.8 89.7 88.4 94.2 96.7 99.9 99.7 97.0 96.7 
2.0 95.2 90.9 92.5 92.4 90.8 96.1 97.3 99.9 99.8 97.9 98.0 
2.1 96.6 93.8 94.8 94.4 93.1 97.4 97.9 100.0 99.9 98.5 98.8 
2.2 97.3 95.2 95.9 95.5 94.3 98.1 98.3 100.0 100.0 98.9 99.2 
2.3 98.0 96.9 97.2 96.5 95.5 98.7 98.7 100.0 100.0 99.0 99.4 
2.4 98.5 97.9 98.1 97.3 96.3 99.0 98.8 100.0 100.0 99.2 99.6 
2.5 98.9 98.6 98.6 98.1 97.0 99.3 99.1 100.0 100.0 99.3 99.8 
2.6 99.1 99.0 98.9 98.5 97.5 99.5 99.3 100.0 100.0 99.4 99.9 
2.7 99.4 99.3 99.2 98.8 98.1 99.7 99.6 100.0 100.0 99.5 99.9 
2.8 99.5 99.4 99.4 99.1 98.5 99.7 99.8 100.0 100.0 99.5 100.0 
2.9 99.7 99.6 99.6 99.4 98.8 99.8 99.9 100.0 100.0 99.5 100.0 
3.0 99.7 99.7 99.7 99.4 99.2 99.9 100.0 ·100.0 100.0 99.5 100.0 

Nov Dec 
cum.% cum.% 

0.0 0.0 
0.0 0.0 
0.0 0.1 
0.5 0.4 
1.5 1.1 
3.3 2.2 
5.5 4.2 
9.3 7.8 

16.1 14.5 
26.3 24.1 
37.1 34.6 
46.5 44.3 
55.8 53.8 
64.2 62.8 
71.4 70.1 
79.3 76.6 
84.4 81.6 
89.3 85.9 
92.3 89.0 
94.8 91.9 
96.3 94.2 
97.1 95.2 
98.0 96.4 
98.8 97.2 
99.2 97.9 
99.4 98.4 
99.6 98.8 
99.7 99.1 
99.9 99.4 
99.9 99.6 



continuous over the 2 years. The average Hs measured for the 2 years was 0.91 m, and the 

average period was 5.6 s. Table 5 is a cumulative percent table of Hs in the same format as 

Table 4·discussed above. When considering all the data for the·2-year period,·waves with heights 

of 1.5 m or less occurred 92 % of the time. January was the stormiest month with wave heights of 

1.5 m or less occurring 85% of the time, whereas July and August are the calmest months with 

• wave heights of 1.5 m or less occurring nearly 100% of the time. 

Figure 26 is a plot of the cumulative wave heights computed from buoy and hindcast data. 

The buoy data measured the Hs lower than the hindcast data, and there are three possible causes 

for this: (1) average wave heights were lower from 1993 to 1995 than from 1956 to 1975; (2) the 

hindcast routine is biased toward higher wave heights; and (3) waves at the hindcastlocation tend 

to be higher than those at the buoy location. The WIS hindcast station number 11 is 48 km to the 

west of station 12 and has an average Hs of 1.1 m, which is 0.1 m lower than at station 12. WIS 

station 11 is closer to shore than station 12 and 20 km closer to the buoy than station 12. The buoy 

location is also closer to shore than station 12. Spatial variability, therefore, can explain part but 

probably not all of the difference in Hs. Average wave periods between the two data sets agree 

well. 

Winds 

Wind rose diagrams and tables of wind speed summaries are presented in Figures 27 through 

30. Winds hindcast at WIS station 12{Figure 27) and measured at NDBC buoy mooring 42035 

(Figure 28) show the prevailing winds to be from the southeast. The hindcast shows winds with 

speeds greater than 10 kts occurring 80% of the time, but for the 2 years of buoy data, winds 

exceeded 10 kts only 51 % of the time. The same possible reasons for the discrepancies in wave 

height between the hindcast and buoy data sets discussed above apply to wind speed. Six years of 

hourly data from the coastal CMAN station at Sea Rim State Park (Figure 29) show a more 

• southerly component to the winds and calmer conditions than at the offshore sites. At the coast, 

wind speeds exceeded 10 kts only 37% of the time. Houston Intercontinental Airport is 100 km 

from the coast, and wind speeds for the same 6-year period (1985 to 1991) as the CMAN time 

series are lower with speeds exceeding 10 kts only 15% of the time (Figure 30). The directional 

distribution of winds at the Houston airport is also more even than at the coastal and off shore sites. 

Winds out of the northwest, north, and northeast occur less frequently than from other 

directions, but they tend to be strong. These strong northerly winds are associated with the 

passage of winter cold fronts. Because northerly winds generally blow offshore, they do not 

. generate large waves nearshore, and thus their potential effect on dredging operations is not 

represented in the wave data. Based on the hindcast and buoy data, ·northerly winds that exceed 
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Table 5. Cumulative percent of significant wave heights for NOAA buoy #42035 (May 1993 through April 1995) . 
Percent values are percent of time with significant wave heights (Hs) less than or equal to the height given in column one. 

All Data Jan Feb Mar Apr May Jun Jul Aug Sep Oct 
Hs(m) cum.% cum.% cum.% cum.% cum.% cum.% cum.% cum.% cum.% cum.% cum.% 

0.1 0.3 2.3 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.4 0.1 
~ 

0.2 2.8 6.0 3.8 5.4 0.0 1.0 1.3 0.0 2.5 6.7 1.9 
0.3 7.3 8.9 10.9 9.6 2.9 4.1 5.7 0.9 7.5 20.1 5.2 
0.4 14.7 14.5 18.8 19.8 7.9 14.8 10.5 5.2 21.2 31.7 13.5 
0.5 22.1 21.2 25.8 24.9 14.7 24.0 14.7 11.5 38.3 40.4 21.8 
0.6 31.4 26.2 33.7 32.9 24.6 34.7 22.9 23.9 56.5 47.6 30.2 
0.7 40.8 31.9 40.6 41.7 33.5 49.4 29.8 38.1 68.8 56.6 39.0 
0.8 50.1 38.5 51.5 48.7 42.7 60.5 39.2 51.5 74.4 66.5 51.2 
0.9 59.0 46.0 62.9 57.0 51.0 68.4 49.0 63.4 80.8 76.9 58.8 
1.0 67.5 53.9 73.7 63.9 64.4 76.1 56.7 73.5 86.9 83.3 65.4 
1.1 75.1 60.9 82.2 71.0 74.1 82.2 68.0 81.2 92.3 87.1 71.7 
1.2 81.6 68.1 88.9 77.1 79.6 88.9 76.3 88.9 96.3 89.6 76.6 
1.3 86.1 75.0 92.6' 81.2 83.9 93.2 82.8 93.1 98.6 92.8 80.0 
1.4 89.6 80.5 94.9 85.7 88.5 95.0 86.7 95.9 99.2 95,1 84.1 
1.5 92.5 84.7 96.2 89.5 91.6 97.1 90.4 96.9 99.7 96.2 89.3 
1.6 94.6 87.6 97.8 92.7 93.9 97.9 93.1 98.6 100.0 96.8 92.4 
1.7 96.1 90.2 99.2 94.4 95.6 98.6 95.1 99.9 100.0 97.1 94.9 
1.8 97.1 92.9 99.5 95.9 96.7 98.9 96.5 100.0 100.0 97.5 96.2 
1.9 98.0 94.9 99.9 97.4 98.2 99.4 97.1 100.0 100.0 97.7 97.8 
2.0 98.6 96.8 99.9 98.7 98.6 99.7 97.5 100.0 100.0 97.8 98.6 
2.1 98.9 98.0 99.9 99.0 99.4 99.9 97.8 100.0 100.0 98.0 98.9 
2.2 99.3 98.6 100.0 99.5 99.7 100.0 98.3 100.0 100.0 98.3 99.4 
2.3 99.5 98.9 100.0 99.7 99.8 100.0 98.4 100.0 100.0 98.7 99.7 
2.4 99.6 99.1 100.0 99.9 99.9 100.0 98.5 100.0 100.0 99.1 99.8 
2.5 99.8 99.4 100.0 100.0 99.9 100.0 98.7 100.0 100.0 99.4 100.0 
2.6 99.9 99.7 100.0 100.0 99.9 100.0 99.1 100.0 100.0 99.5 100.0 
2.7 99.9 99.9 100.0 100.0 100.0 100.0 99.2 100.0 100.0 99.6 100.0 
2.8 99.9 100.0 100.0 100.0 100.0 100.0 99.2 100.0 100.0 99.8 100.0 
2.9 99.9 100.0 100.0 100.0 100.0 100.0 99.4 100.0 100.0 99.9 100.0 
3.0 100.0 100.0 100.0 100.0 100.0 100.0 99.5 100.0 100.0 100.0 100.0 

Nov Dec 
cum.% cum.% 

0.0 0.3 
1.3 2.7 
2.6 8.0 
4.3 13.7 
8.7 20.5 

19.5 29.0 
30.2 37.7 
37.4 46.8 
44.9 56.9 
54.3 66.4 
63.1 75.5 
72.2 83.9 
78.0 88.8 
82.8 92.5 
87.4 95.3 
91.1 96.7 
93.4 97.4 
95.4 97.6 
96.8 98.0 
97.7 98.4 
98.3 98.4 
99.1 98.9 
99.5 99.4 
99.7 99.5 
99.9 99.9 

100.0 100.0 
100.0 100.0 
100.0 100.0 
100.0 100.0 
100.0 100.0 
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Figure 26. Cumulative percent occurrence for significant wave heights at buoy mooring 

42035 and WIS hindcast station number 12. Buoy data cover the 2-year period from May 

1993 through April 1995. Hindcast data cover the 20-year period from 1956 to 1975. 
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WIS Hindcast Station 12 
Winds from January 1956 through December 1975 
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Figure 27. Wind rose diagram and wind speed summary for WIS hipdcast station number 

12. 
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Buoy#42035 
Winds from May 1993 through April 1995 
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Figure 28. Wind rose diagram and wind speed summary for buoy mooring number 42035. 
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Sea Rim State Park, CMAN Station SRST2 
Winds from January 1985 through December 1991 
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Figure 29. Wind rose diagram and wind speed summary for CMAN station SRST2 at Sea 

Rim State Park. 
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Houston Intercontinental Airport 
Winds from January 1985 through December 1991 
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Figure 30. Wind rose diagram and wind speed summary for the Houston Intercontinental 

Airport. 
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10 kts occur about 23% of the time, and northerly winds that exceed 20 kts occur about 3% of the 

time in the vicinity of Sabine and Heald Banks. Strong northerly winds occur less frequently near 

the shoreline as shown by the CMAN data from Sea Rim State Park. 

First Quarter 1995 Weather Conditions 

Approximately 535,500 m3 of sand were dredged from a site 1.5 km offshore of East Beach 

on the eastern end of Galveston Island Texas from Januarythrough April 1995. Table 6 presents 

cumulative Hs data for this time period recorded by NDBC buoy mooring 42035. The buoy wave 

data are nondirectional; however, the wave periods, which averaged 5.6 s during this time, indicate 

that the waves were locally generated and that wind direction recorded by the buoy may be used to 

infer wave direction. Onshore-directed waves had an average Hs of 0.96 m and average period of 

5.8 s for the 4-month period. Because the dredge site was nearshore, the cumulative wave-height 

data in Table 6 were computed by assigning a wave height of 0.0 m during times of offshore 

directed winds. Table 6 shows that about 95% of the time waves were either directed offshore or 

were equal to or less than 1.5 m high. 

The buoy position is 30 km east-southeast of the dredge site in 15 m of water, and the borrow 

site is in 6 m of water. Qualitative inspection of wave refraction maps presented in this report 

indicates that, for the common wave directions, wave heights are expected to be 0.2 to 0.3 m 

higher at the dredge site than at the buoy site. Therefore, the Hs values should be conservatively 

revised up by 0.3 m. After this revision, we estimate that the Hs at the borrow site was less than 

or equal to 1.5 m about 85% of the time during the dredging operation. 

ESTIMATED COSTS OF DREDGING 

Before leasing of off shore sand resources in the western Gulf commences, an economic 

analysis of offshore mining will need to be conducted. An economic analysis of offshore sand 

extraction has not been conducted for the Sabine-Heald Bank trend for several reasons. First, the 

physical and environmental issues regarding quality of the sand resource and possible 

environmental impacts need to be resolved before .an economic analysis is conducted. Second, 

economic analyses are ephemeral because of the transient nature of supply and demand as well as 

externalities that determine economic climate. An economic analysis would need to be conducted 

before the near-term leasing phase is achieved but after specific mining objectives have been 

determined. A third reason why an economic analysis of Sabine and Heald Banks has been 

postponed is that an economic analysis of mining sand in the Gulf of Mexico at Ship Shoal was 

favorable (Kelly and Crawford, 1991). Furthermore, mining of sand off the Atlantic coast and 
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Table 6. Cumulative percent of inshore significant wave heights (Hs) inferred from 
NOAA buoy #42035. Period is January 1995 through April 1995. Percent values are 
percent of time with Hs less than or equal to the height given in column one. During 
times of offshore winds, Hs was assigned to 0 to infer inshore conditions. 

Hs(m) cum.% Hs(m) cum.% 
0.1 38.2 1.t 96.1 
o.~ 40.4 1.7 97.1 
0.3 42.1 1.8 97.8 
0.L 46.0 1.S 98.8 
0.: 50.6 2.( 99.2 
0.(: 53.7 2.1 99.5 
0.7 57.3 2.2 99.6 
O.~ 62.1 2.3 99.8 
o.~ 68.1 2.LI 99.8 
l.l 74.5 2.: 99.9 
1.1 80.7 2.6 99.9 
1.~ 84.9 2.7 100.0 
1.: 88.4 2.8 100.0 
l.L1 92.0 2.S 100.0 
1.: 94.6 3.( 100.0 
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along the west coast of Florida for beach replenishment is currently economical, and the economics 

of off shore sand mining in the Gulf of Mexico should improve as demand increases. In the first 

quarter of 1995, sand for beach replenishment at Galveston, Texas, was mined from the Gulf of 

Mexico. 

A preliminary summary of costs associated with extracting and delivering offshore sand for 

beach replenishment was prepared for areas where erosion is critical, such as at Galveston and 

along the southeastern Texas coast (Jefferson County). This aspect of the economic analysis 

focused on the estimated costs of mining sand resources associated with Sabine and Heald Banks. 

This information is needed to assess the potential of near-term leasing of hard minerals in the 

Federal waters of offshore Texas. The cost analysis considered parameters used in simulation 

models, but did not involve actual model runs. 

Local geological and,engineering data (water depths, sand thickness, areal extent, percent sand, 

haul distances, dredge methods, fill requirements) were compiled from prior work and the results 

presented by Byrnes and Groat (1991), Morton and Gibeaut (1993), Morton (1994), Kraus et al. 

(1995), and Morton et al. (1995). The results of this task provide a basis for comparing the 

relative economic differences between mining sites and extraction technologies even if the cost 

estimates are not highly accurate. 

Galveston Beach Nourishment Project 

The first large-scale nourishment of a Gulf beach in Texas was completed during the spring of 

1995 on a 6.4-km stretch of Galveston Island extending from 10th Street to 61st Street. The 

project, which was funded by the City of Galveston, was designed to restore the recreational beach 

along the seawall where the density of commercial development is highes~. 

Sand for the nourishment project came from the shoreface off East Beach, which is 

immediately east of the beach fill area. The mining site was 1.5 to 2.0 km offshore and in 5 to 6 m 

of water (Table 7). Significant wave heights at the borrow site are about 1.2 m. Textural analyses 

from the borrow area indicate that the mined sediments were 95% sand and the average grain size 

was fine to very fine sand, which is slightly finer than the native beach sand (Morton et al., 1995). 

A hydraulic cutterhead dredge excavated 535,500 m3 in four months, and the most significant 

mining delays were due to inclement weather. In December 1994, the dredge was only able to 

operate 40% of the time. because high waves in the Gulf either caused or threatened separation of 

the pipeline connections. During rough weather, the dredge left the borrow site and moved to 

protected water in Galveston Bay. 

Large-diameter (1 m) pipes and pumps were used to transport the sand onshore from the 

dredge. Additional pipe was laid along the beach, and pumps were added to transfer the sand in a 
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Table 7. Completed, proposed, and potentialbeach fill projects utilizing sand deposits from the Gulf of Mexico. 

Parameter Galveston a South Padre Island b Ship ShoalC 

Sand Source Shoreface Channel Maintenance Offshore Shoal 

Offshore Distance 2km 3km 15-30km 

Water Depths 5-6m 12m 3-7m 

Signif. Wave Height 1.2m <1 m (between jetties) 1.4m 

Areal Extent of Sand 3.4km2 1 km2 (along channel) 250km2 

Percent Sand 95% 75-90% 75-90% 

Fill Requirement 535,500m3 417,000 m3 764,000 m3 

Pumping Distances 3-17km 9-11 km 2-15 km 

Dredge Method Cutterhead Pipeline Hopper 

Est Dredging Costs $7.65/m3 $3.62/m3 $8.14-16.35/m 3 

a Source Morton et al. (1995) 

b Source Kraus et al. (1995) and Galveston District, Corps of Engineers 

c Source Byrnes and Groat (1991) 

d Source This Report 

Sabine Bankd 

Off shore Shoal 

30-35 km 

8-12 m 

1.2m 

450km2 

85-100% 

1,000,000 m3 

3-15 km 

Hopper 

$10-18/m.3 

Heald Bankd 

Off shore Shoal 

50-60km 

10-16 m 

1.2m 

100km2 

80-100% 

1,000,000 m3 

3-15 km 

Hopper 

$10-18/m.3 



slurry to the diffuser where the sand was deposited from the slurry. Pumping distances ranged 

from 3 to 17 km depending on proximity of the beach fill to the borrow site. According to the 

consulting engineering firm on the project, dredging and pumping the sand cost $7 .65/m3. 

Mobilization and demobilization costs added another $1,000,000 to the cost of the project 

Comparing the costs of dredging at Galveston with those expected at Sabine and Heald Banks 

indicates that costs are lower at the Galveston site despite greater water depths, similar sand 

quality, and similar wave climate. This is primarily because the Galveston project involved a 

single-step pumping operation rather than a more expensive hopper dredge or two-step sand 

transfer operation, which is required at Sabine or Heald Banks to overcome the long off shore 

distances. 

Proposed Ship Shoal Project 

A major barrier island restoration project has been proposed for southwestern Louisiana that 

would excavate sand from Ship Shoal and place it on Isle Dernieres (Byrnes and Groat, 1991). 

The purpose of the project is to partly mitigate rapid coastal land loss in Louisiana and to provide 

protection for the wetland resources located on the adjacent delta plain and associated estuaries. A 

Feasibility Study and an Environmentallmpact Statement (EIS) are currently (1995) being 

prepared to ensure that the project would be cost effective and to assure that it would not cause 

environmental degradation. 

Ship Shoal is a large sand deposit located approximately 15 km offshore of the Isle Demieres 

in 3 to 7 m of water (Table 7). Significant wave heights vary around the shoal because variable 

water depths influence wave heights. Seaward of the shoal, significant wave heights in the Gulf of 

Mexico are about 1.4 m, whereas wave heights are lower where the shoal provides a sheltering 

effect. The shoal contains an estimated 1.2 billion m3 of sand-rich sediment that would be suitable 

for barrier restoration and beach nourishment. 

In 1991, the estimated costs of dredging sand from Ship Shoal for replenishment of nearby 

barriers ranged from $8.14 to $16.35 (Byrnes and Groat, 1991). It is expected that mining sand at 

Heald and Sabine Banks using similar techniques and for similar purposes would be slightly more 

expensive because off shore distances and water depths are greater. Other factors such as 

nearshore sand quality, wave climate, and weather conditions are similar in Texas and Louisiana. 

Proposed South Padre Island Project 

South Padre Island is another Texas barrier resort community that depends on beach-related 

tourism to sustain its economy. In the developed area about 10 km north of Brazos Santiago Pass, 
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the beaches are eroding and there is a need for a major beach replenishment project that would 

widen the beach and rebuild the dunes (Kraus et al., 1995). Current plans call for dredging 

approximately 417 million m3 of sand from between the jetties at Brazos Santiago Pass by the 

Corps of Engineers for maintenance of the navigation channel to Brownsville. Estimated costs for 

this project are relatively low (Table 3) because the pumping distances are relatively short, the 

dredging site is protected from open Gulf waves, and a pipeline dredge can be used. 

Morton(1994) identified two potential sand deposits offshore of South Padre Island. The 

most likely nearshore source of beach-quality sand is the former ebb-tidal delta and post-jetty sand 

deposits that occur at water depths of 5 to 8 m. If other sand sources were not available, these 

offshore deposits would be a primary target for beach replenishment sand because the material is 

close to the proposed beach replenishment area, the material is compatible with the existing beach 

sediments, and there appears to be a large volume of sand-rich sediment trapped by the north jetty 

(more than 3 million m3). 

Comparison of grain size analyses of surface sediments of the inner continental shelf reported 

by White et al. (1986) with grain size analyses of beach sediments from South Padre Island 

indicates that beach-quality material is present in the nearshore zone offshore of South Padre 

Island. The water depths and distances off shore to the most probable sand deposits are well within 

the range of available dredging equipment. Descriptions of borings taken along South Padre Island 

indicate that sand layers about 6 m thick occurin water depths ranging from 5 to 18 m. These sand 

deposits occur at the seafloor, and there appears to be very little, if any, mud covering the sand 

deposits (overburden). 

Mining sand offshore at South Padre Island is not economically competitive with sand 

periodically available from maintenance dredging of the ship channeL Pumping the sand onto the 

beach solves two problems; it mitigates the beach erosion and eliminates or greatly reduces the 

need for offshore disposal of dredged material. 

CONCLUSIONS AND RECOMMENDATIONS 

The present and prior geological investigations of the inner continental shelf of the southeastern 

Texas offshore area have demonstrated that a large volume of sand-rich sediments are associated 

with Sabine and Heald Banks. The total volume of sandy sediments, estimated at more than 

1.8 billion m3, constitutes a large hard-mineral resource suitable for uses such as beach 

replenishment and other construction activities. Compared to Sabine Bank, Heald Bank is in 

deeper water, contains less shell material, and is closer to potential markets such as Galveston 

Island where projects requiring beach-quality sand are currently being conducted or planned. 
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The sand deposits are located in water depths ranging from 4.5 m to about 17 m, and the 

greatest thickness of beach-quality sand coincides with the shallowest water depths on Sabine 

Bank. Several petroleum pipelines, production platforms, and a lighthouse are located within the 

trend of high-quality sand deposits, but they would not necessarily prevent mining of sand from 

either of the banks. Offshore mining of the sand resource would require equipment designed for 

open-water dredging (moderate wave climate). Also it is anticipated that dredging and sand 

transportation would be separate operations because of the distances between the sand deposits and 

their potential market Based on current offshore mining technology, costs of operation, and 

mining efficiencies, it appears that a hydraulic sidecast dredge or bucket dredge would be 

appropriate for sand extraction, and a system of tugs and scowls would be needed to move the 

sand between the Banks and beach fill sites. Alternatively, a hopper dredge with pumpout 

capability or a combination of hopper dredge and cutterhead dredge could be employed to convey 

the sand from the mining site to the beach. 
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APPENDIX A. LOCATIONS OF CORES 



Latitude and Longitude of Sabine Bank and Heald Bank Vibracores 

Core I.D. 

SBV-1 
SBV-2 
SBV-3 
SBV-4 
SBV-5 
SBV-6 
SBV-7 
SBV-8 
SBV-9 
SBV -10 
SBV - 11 
SBV -12 
SBV -13 
SBV - 14 
SBV -15 
SBV -16 
SBV -17 
SBV - 18 
SBV - 19 
SBV -20 
SBV -21 
SBV-22 
SBV -23 
SBV -24 
SBV -25 

HBV-1 
HBV-2 
HBV-3 
HBV-4 
HBV-5 
HBV-6 
HBV-7 

Latitude 
(degrees min.) 

Sabine Bank 

29 27.726 
29 28.327 
29 27.059 
29 28.379 
29 28.618 
2926.772 
29 25.790 
29 24.589 
2938.090 
29 29.722 
29 31.177 
29 30.007 
29 28.729 
29 29.283 
29 25.341 
29 26.139 
29 28.318 
29 27.692 
29 26.411 
29 25.035 
29 23.800 
29 25.163 
29 24.610 
29 23.378 
29 20.895 

Heald Bank 

29 07.646 
29 06.357 
29 07.373 
29 08.993 
29 08.131 
29 08.630 
29 08.672 

Longitude 
(degrees min,) 

93 42;867 
93 43.511 
93 45.498 
93 46.889 
93 51.448 
93 50.641 
93 50.241 
93 49.818 
94 03.449 
93 48.413 
93 35.648 
93 35.307 
93 34.872 
93 38.052 
93 44.381 
93 44.899 
93 45.257 
93 48.413 
93 47.782 
93 41.144 
93 46.506 
93 52.618 
93 54.689 
93 58.237 
94 03.237 

94 11.265 
94 10.097 
94 13.163 
94 11.565 
94 11.005 
94 09.949 
94 08.193 
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rv-J s twrd J s J...Jj 
\)~{~'y 

k t s-~ , r I ,~ tv-1. 'r "fW.Ado~ 
> toj-+..A.N/) S'f,vJ./t 

DATE ____ _ 
DATE ___ _ 

REMARKS 

VVJJ/f'f-y ~ 
L f- o / l'\,,l Cf_,r"'-1 
b...,..,f s~ wv,~ 

· (p,Jrs,·6 ,~. btM/lm,r) 
uy... 1r-¢/J-rJJ 
0 ' 11\N 9"-°1 



PAGE 4- OF _2 

CORE LOG 

CORE # /·f'By-7 { D~ TYPE LOCATION 
LATITUDE . LONGITUDE=.,....,....,,...,,,...,,.suRFA~C=E,..... -=E,..,.L"""'E"""'V,....A"""T .... 10,,...,N,...' ----
DEPTH PENETRATED__ LENGTH RECOVERED ___ «l,COMPACTION_ 

OBTAINED BY DESCRIBED BY ______________ _ DATE ..... ___ _ 
DATE 

DEPTH 
(rt, m) SKETCH 

·~ ..!:'-: s 
~t:~t· 

G 

-- -
-. - . 

I I 

11.. W\ s 
General Comments: 

r 

LITHOLOGY STRUCTURE 

o l~'V{.. .frty ~ v..rJ1. ·pc,thi;. f v-ev'"f 

~~ bu~ 

.~ sr,_.J ~ 

----

REMARKS 

9-W y ~~Y vvwl ·.a. ~~ ~All,f ( Fi (JqrrW..h ~ ~ f'JJ1s 
• I(_ ;n,,.. II-A tl, ) 

rv-,;x.4 .. • • • 1.~. ·.f?· JW 
• ..J.- s ro~ st-ilJr 

:s NM,_,_ rvw} if'\ ~Y rwP J 5frru s~ 

fl/lCJW( "o I·~ q~ •wwJ 1 5orrv J~ pn:Ah 
+~ swJJr 



PAGE_?_OF F 

CORE LOG 

CORE # rtbV-"7(G\ TYPE ___ LOCATION 
LATITUDE___ LONGITUDE=----~SURF A-::C=E~E-L.,,,..EV,..,..A___,T ___ l-O_N ___ _ 
DEPTH PENETRATED __ LENGTH RECOVERED __ SCOMPACTION_ 

OBTAINED BY DATE 
DESCRIBED BY~-------------- DATE ___ _ 

DEPTH 
(ft, m) SKETCH 

s G 

-' ' ' -'--.L , ii 

• ll- / 

( ) .•· 

LITHOLOGY 

• l \'f , Id; \1.,-

STRUCTURE 

5 ¾ ~'J, svlt¼ ~ . Wlt;#lv.i> 
S"VJ ~ r V• (10-.A.u_ 'kl q~ 

( .:z. 1-0 ~, 5 wPJ t-i of) 

C, [ \\r~ '1 ~ VVVAJ 

REMARKS 

\/ f 11 t~ --S v- q ~ [1 . .,ri}~ "YI oH-1 ~ Q...,.jj,_ 

1 4-
0i li ~~. c;- 0 1 
1\ L+ 6~ 

~ 5 pG'--1:1 (:_ 5 Wt Jt, 

I:!,,·) 

--

IJ; M s 

General Comments: 



APPENDIX C. CORE DESCRIPTIONS HEALD BANK 



PAGE_I_OF~ 

CORE LOG 

CORE #5BV- 9 IA1 TYPE V,1-i~wv LOCATION 5~ {y-~ 
LATITUDE2ft:o 3?.oqD' LONGITUDE 94° O~-Wl'SURFACE ELEVATION • \ K1 

DEPTH .PEN TRATED ?. LENGTH RECOVERED J' Z ., %COMPACTION_"l._ 

OBTAINED BY G,·b&.cvg-) Wv J<,+ =r~ 
DESCRIBED BY I wr. ---"-'-'-----------------
DEPTH 
(ft, m) SKETCH 

M S G 

LITHOLOGY STRUCTURE 

0 ______ _, 
:> ;/____ 5o-!--~ ·~ 

- ·---- ---- G.. -l¼r-~ J'wJJ r 

- -

_-;__~ 

3 ~,.; s 
General Comments: 

~ ~ sc~ s~r 
-- ~...Q; J w..QJ) 

Nu sw....U I 

DA TE / 0 - IO- f -l:.. 
DATE 7,-.3-9$ 

REMARKS 

(j ,.~ C/ ~ r; y y / t 
hvJ:-1 ~ 



PAGE.b_OF 3 

CORE LOG 

CORE # S ~ \/ - q (6} TYPE____ LOCATION 
LATITUDE_____ LONGITUDE=-~,,..,,SURFA-::c=E=--=E=L-=E=v~A=T=1o"'"'N,-,----­
DEPTH PENETRATED __ LENGTH RECOVERED __ 'l>COMPACTION_ 

OBTAINED BY DESCRIBED BY ________________ _ 

DEPTH 
(ft, m) SKETCH LITHOLOGY STRUCTURE 

- -I 

--1 
lf 

--! 

DATE ___ _ 
DATE ----

REMARKS 

0 : •~" ri/JrJ) 

5 '( '-I(, 
• Vi'-f'Ji ~t ~w-



PAGES OF 3 - -

CORE LOG 

CORE # 5 I? V- ~(Cl TYPE_=,..,.,,,..,,,--- LOCATION 
LATITUDE____ LONGITUDE.......-__ -SURF A...,,c=E,......,,,E=L"""'E=v,..,.A"""'T,.,,..I o=,._,..,., ---
DEPTH PENETRATED __ LENGTH RECOVERED __ %COMPACTION_ 

OBTAINED BY 
DESCRIBED B\..,.,---------------

DEPTH 
(ft, m) SKETCH 

C, M S 
~-\i 

r ! 

-- --i , , . 

1 

G 

Iv\ s 
General Comments: 

LITHOLOGY STRUCTURE 

s ~ ft ( I~ (wiJrH-1.,J) 

1i5.e_~\ 

"-'' ~wJ.Pr 

DATE ___ _ 
DATE ___ _ 

REMARKS 



PAGE_..l_OF .J_ 

CORE LOG 

CORE # SB V- I O{Jtl TYPE V,\w,(V\J.. LOCATION So..,b.""~ ~ 
LATITUDE1.9° 25.Jiz.1 Lo/-GITUDE'13°l/~ 4(3 1 SURFACE ELEVATION_-...... 4--.... z._' __ 
DEPTH PENETRATED • LENGTH RECOVERED Ii ,5' ~COMPACTION:.!.:_. 

OBTAINED BY G,·6.,tWJ-- ct V..../v /(,'t J~~~ 
DESCRIBED BY_\...,.1 .... / w...._._J; .... , ____________ _ 

DEPTH 
(ft, m) 

0 

7-

SKETCH 

·M S G 

- ( 

:-- , . ....:.._ ' 

3 M S 
General Comments: 

LITHOLOGY STRUCTURE REMARKS 

src:J-t-~ s-~ -A--aqr.£ w¾-h rw.lJJ 
q ~ ct p-tltv-tt ~ f', -z ~ \ 

flUlr iv-tY,V._ (-.(~ {f> /{)'?r;Jh,y,. tJ,4~0,ti 1{fi,1~ r~(-1~d ~) 
"H.,._..__,,_ :i--i lvJ. h-tiv..: I y l....,,r.,.-.s..v,,.U. 

I,. M 4P fv-- S o-..fl ~ ww.J.. ,--,t( t>J,'"W\JV'{f J 

IV\~dd "'f s ~ bw WJJJ aip~11w 

-i.o t>4. ""t~()J'"'1 or <l" ~ ~ 

D rh. '/ -1. I lvwtr { b ~ 
}-'I ._ 
~I V\.L '7~ 

CciloV-_tiqc~ ~ 
o l 1v-0 Cfro:., ~ 
~ ((fSJl 

bvo Wvv-,'.:i I,.__) 



PAGE_.2_OF .J_ 

CORE LOG 

CORE # Si?yj0(l51 TYPE=,.,.,,,.,,,,__- LOCATION 
LATITUDE____ LONGITUDE _______ SURFA"""'c=E,--,,,E"""L""""E"'"'v-A.,,...T-1 o""'"N-' ---
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY 
DESCRIBED BY.----------------

DEPTH 
(ft, m) SKETCH 

3 IV\ s 
:;_., _:_(/ 

, .. 

' 1- :. 
i , 

.. :;:-•.::._~ 

G 

LITHOLOGY 

V\W,,U't 1W h> 
tMyr>fMJ 
'+-¼I" Swjj r 

STRUCTURE 

DATE _______ _ 
DATE ___ _ 

REMARKS 

':;•;f. ---- - .V\i'{-\1\v--- {av\~ • 1 >~ ~ ~ -z;.rv-v: · 
.;..._ --;: S ~ rw.;J +-rt,, , --t. r 1 "'j,-..' d 
- f; 

d.1 ~d <~J-- (H"1QttoJ½ DI,.. 

V\Nfs.~ J y S(),J__ • 



PAGE.l_OPJ_ 

CORE LOG 

CORE # ~1:zy-1()( 9) TYPE=,.,,.,,..,,,,_...., LOCATION..,,,,.,,,,.......,,,.,...,,,,.,,..,._,_~ ___ _ 
LATITUDE____ LONGITUDE __ __,__,SURFA CE ELEVATION-:::-=.,,..,,..,...,.--­
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY DATE DESCRIBED BY ______________ _ DATE ___ _ 

DEPTH 
(ft, m) SKETCH 

7 

I 
.--::'1-; 

- ' . •···_i 
- ! 

i :?.";:~\:~: 
:"-:::: • ··1·· ;-- - -

. t.• 

~:~ 
,-1J 

\ 

LITHOLOGY STRUCTURE REMARKS 

n-tv\d~ 'I > IJA/J 

"· +-v.ir ~1,N)J r 

5wJ-1.1 nw4 
'v• +wr J'w.)) J 

;;o.v,J ( fh1V\,t•I-, w.JJ}Jy) G; +~ S~ <;~J' 

<;(0,Jy ~ 

r f (YIAJJ _r~ p~l (v , ¾ )'WJJ) 

~ '< 5l-J.1 ly ~ r b._ v ~ \ 
re._ ((r~ 0, Sttw ~ 4r~ 1,~-z~ 



PAGE...1:_oF.:J 

CORE LOG 

CORE # S 8 l,t- l(f-tY' TYPE_=,,..........- LOCATION 
LATITUDE_-==--== LONGITUDE ___ SURFA-C"'""'E-=E_L ___ E_V A-T-1 ..... 0_N ___ _ 
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY 
DESCRIBED BY-.---------------

DEPTH 
(ft, m) SKETCH 

'1 ·":'" s 
{.~:~ .. : 

. ·.•, .- ~ ...... 

(0 

r i 
. (,.if ----·-· ---· 

.,... 

G 

LITHOLOGY 

\.A"'~~ °'I rO-..t-J ' 
(v. ~ .... Jo....e, l 

>'1,'f'lolly ~~y 
L.. Io ~o 

STRUCTURE 

~ ~ 'h':'l l~ b o 'rv-cJI~ 
\::> U or V-0 UJ 

-d 0'-r~ ~ -~-- ~- sc,,J) ~ 

DATE ___ _ 
DATE ----

REMARKS 

. • -:i 

~}.j- JI) ~ y\\l,\ d hr S-t,..v ( y 1J ( S wn A.o.rs q~ ~ 
~ r~v 

:: ) 

J ) 

~---·_;·· '., . -.... - . -.~ . 

- -
,; l ~-1 ~~ 

-
Ii,. ~ s 

lVV_,J}_ 

General Comments: 



CORE LOG 

CORE # Si?v-1 D(EI TYPE.=~----- LOCATION 
LATITUDE ____ LONGITUDE ____ SURFA...,C"""E,._E.,....L...,.E ___ V_A __ T_l .... O_N ___ _ 
DEPTH PENETRATED ___ LENGTH RECOVERED ___ CkCOMPACTION_ 

OBTAINED BY _____________ ...,.... __ _ 
DESCRIBED BY 

DATE DATE ___ _ --------------------
DEPTH 
(ft, m) SKETCH 

-M 

i ....... : 

j 

-1 
i 

- i 

- - . 

- -

' ' ; -) i 
' I: 

s G 

Jo_ j 

IS N\ s 
General Comments: 

LITHOLOGY STRUCTURE REMARKS 

~ ~ l<tf °1 C>\_CJ 0.-W CS O l 1 ~ Cf_~ 

\/ ~ v- y .S C ~ yVV"\)J) J kU_} -h!Jp 

~'f.~~·.~ '~ °"' r~ wW-u-._ 
vYVJi.l, f ~..\: ~ 



PAGE G OF..!L. 

~ 
CORE LOG 

CORE # SBV-/0 (!'.=") TYP; LOCATION 
LATITUDE____ LONGITUDE ______ SURFA-:::C"""E,_.,,E,,..,.L'"""'E,.,..V,.....A-=T--IO.,...N..,..' ----
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY DESCRIBED BY __________________ _ 

DEPTH 
(ft., m) SKETCH 

• - -
-- : 

LITHOLOGY STRUCTURE 

G~a..w"\:;. cl~~ WUJ,J 
( -tvn_ • .J...r °f' D 'V1 tJ.#\'' C J) 

~ h.tJJ 1 ~ {y,c~ 

o}- V ~ ~ ~ vV~ ~~ 

DATE ___ _ 
DATE ___ _ 

REMARKS 

/11-JJ~ J~ 
Cf~ 
1-1 OI~ ~ 

, --I ~ ,,,,,v r A~ .-1- ,,1,. "" \ r 
I ~ - _-_ ~---~ ~ ~ \.. Ch'"IIJ.vih '2. ~ 11" x \ , '2. (-'""' 

-

-- • 

-

- -i 

13 --=';-i ----1--~ 1 ,;_.-..Jl rwJ h_Ofl 

M'' .S • G 
General Comments: 



CORE LOG 

CORE # s b\!- IO(G) TYPE=~,--- LOCATION 
LATITUDE____ LONGITUDE ________ SURFA...,C"""E,.-,,E'"""L"""'E=v.,...A..,,..T .... I..,..O--N ___ _ 
DEPTH PENETRATED ___ LENGTH RECOVERED ___ 'A,COMPACTION_ 

OBTAINED BY 
DESCRIBED BY,-,-------------------

DATE DATE ___ _ 

DEPTH 
(ft, m) SKETCH 

\Y, ·M s G 
--

A 
-

14 
'l 

M S 
General Comments: 

LITHOLOGY STRUCTURE REMARKS 

....... 

~11p-- ~ (~o ~~ #'J.Dli~ 1~ 

Ch~ <M-\,c_ ~ (p(ll!;', 1 ry rovJJ. b-t «<J.J. J 



PAGEj_OF k 

CORE LOG 

CORE # Sf3Y~f1,t\-\ TYPEV,'brgrovP LOCATION • S"qb,"'rl~ ~ 
LATITUDE')..qo 3{,[77'LONGITUDE9,?1} ,?5'.G4rsURFACE ELEVATION -:30' 
DEPTH PENETRATED 7 LENGTH RECOVERED I I 'J/4 11'kCOMPACTION_j_ 

OBTAINED BY G,·beo\J~ - R/1/ K,'+ JoY'ieS DATE IO- I 5-q4 
DESCRIBED BY lJJl-;.+--0 DATE 3-G - q5 

DEPTH 
(rt, m) 

0 

SKETCH 

M S G 
·-r-· 
·- ) ... 
~. r_: 

~½.b 
-1 

- I' 

3:) ~: 

,:. -~. c:l,5l.\;;.(.{"' 
:-:r,"i-. ). (~J­
_-,_. .\.:. ·.' 
-; • ) . ~ 
~~ -·~•-:': 

-_ ·_ • j'. ·-;1 

... ,r ,!f - ;;. 

. I - - I 
• . i 
~ - ! 
._ t~ '"; :. 

3 M .S 
General Comments: 

LITHOLOGY STRUCTURE REMARKS 

i".'t--~.it\-t 
,v-...&1y sd '7\A .. ~ 

', ~ 5 Wlr nJ~ bor f--{ 

M..dcl"( .rd . 
o et"' ff~ ~ (r_. \ b I 'f) LAJ-~ J·wJJ.. s 



CORE LOG 

CORE # S"l3V-{I\?>' TYPE_'='="~- LOCATION • 
LATITUDE • LONGITUDE _____ SURFA...,,C=E,.....,,,E,.,....L""'"E,.._,V A--,T=I....,,.O.,..,N ___ _ 
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION 

OBTAINED BY DATE DESCRIBED BY _______________ _ DATE ___ _ 

DEPTH 
(ft, m) SKETCH LITHOLOGY STRUCTURE REMARKS 

-N\ S G 

'· _..;, .r' 
-! 

.. \_ I 

- \ . 
•·◊~, 

, .: ,·-i ✓• , ; 

--! 
r; -,,._, 

.'JJ .--...- ; 

-· 
Co ~; 5 

General Comments: 



PAGE2_0F 4-

CORE LOG 

CORE , S:BV-\ I \C) TYPE_==-=-- LOCATION 
LATITUDE___ LONGITUDE _______ SURFA-:c=E,_.,,,,E,.,,..L=Ev""""A"""'T"'"'I...,,.O.,.,N __ _ 
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY ______________ _ 
DESCRIBED BY ---------------
DEPTH 
(ft, m) SKETCH 

-M S G 

.,_, 

1 

1 .:::•; 
W\ • .s 

General Comments: 

LITHOLOGY STRUCTURE 

DATE DATE ___ _ 

REMARKS 



PAGE...i_oF.!_ 

CORE LOG 

CORE # s~v ti ( 'fl TYPE ____ LOCATION 
LATITUDE _ _,,....._______ LON GITUD E=.,.....,.-="""""'SURF A-;:c=E=--=E=L-=E=v,...,.A."""T,.,,..I o=N,-,-----
DEPTH PENETRATED__ LENGTH RECOVERED ___ lkCOMPACTION_ 

OBTAINED BY 
DESCRIBED BY,..----------------

DATE ____ _ 
DATE ___ _ 

DEPTH 
(ft, m) SKETCH 

·M S G 
--· ! __ ,. 
. . ~.fv-

. .,.. 

~- r 
--- ,J 

i j 

-..,---- I 
::· i 

\ I 

Iv\ s 
General Comments: 

LITHOLOGY STRUCTURE REMARKS 

1e~LJCJ-<-y 
OCtoSf'~ ~ V,~ f~ Ki f11~ I~ e 
o rqo,,.;c.. I~ 



PAGEj_or -1... 

CORE LOG 

CORE ~ SBV-1"1.(~ TYPEV,· ~rort. LOCATION ,>qb,'-n.e. Bon~ 
LATITUDE1qo ?;tJ,00'7 LONGITUDE 3-,3 'SURFACE ~LEVATJON -2. 5' 
DEPTH PENETRATED 7, LENGTH RECOVERED/(:,' l.f'" 'A>COMPACTION_L_ 

OBTAINED BY G1'p-Pn_t.d'" - R Iv ,<:-1- :Ta'()e~ 
DESCRIBED BY__.._l.l_/ __ r __ ,,.._.fr .... , ____________ _ 

DEPTH 
(ft, m) SKETCH 

O ·M S 
( : 

G 

' 
• 1 

I -

'L 

) <. ' ' 
' 

3 M .S 
General Comments: 

LITHOLOGY STRUCTURE 

DATE IQ-I~- q 4-
DATE ___ _ 

REMARKS 



CORE LOG 

CORE # $f;i \I l 1- (r,j TYPE=~,--- LOCATION 
LATITUDE____ LONGITUDE,...._ __ ----,,e-,:SURFA"""'C::-:::E=-:eE=L"""'E=v,....,.A.-=T=1 o=N""'"' ------
DEPTH PENETRATED __ LENGTH RECOVERED __ ~COMPACTION_ 

OBTAINED BY 
DESCRIBED BY~---------------

DATE ___ _ 
DATE 

DEPTH 
(ft, m) 

5 

4-

SKETCH 

M s 
' • ') . 

) . ) . ' . 
., ':> 

) 

·, J . \ 

- \. ·.' •• !' 

\ ... : 

( . 

~ M S 

G 

General Comments: 

----

LITHOLOGY STRUCTURE REMARKS 

snd hr s.~ L-1-- o I •""-t 1~ ( 5y s-11.) 

. . +o Ot.'N. YJ'UJ (5 y f//1) 
q ~ ~l(J-N; j"Y\l~ Ct.~ £' wJJ -ft(}~ j • 

• , f~ ~ ,,-i..,t ~r-R ci4' h.... 

r:,'11,~ v\r~ 

s~ ~.~ 

F~ s-();...) ~t~ J~J.J ~~ A°1r. 

0 ,,1{~ q~ ~d 
(SY 5/2-'J 



PAGE...1_0Fb__ 

CORE LOG 

CORE # 5~\1-t'L(c:) TYPE·=~-- LOCATION 
LATITUDE~~-=,= LONGITUDE ____ SURFA..,C"""E,--,,E=L"""'E=V-A...,,.T=I""'"O..,..,N.------
DEPTH PENETRATED ___ LENGTH RECOVERED ___ ~COMPACTION 

OBTAINED BY 
DESCRIBED B1-,----------------

DATE ___ _ 
DATE 

DEPTH 
(ft., m) SKETCH 

MI s I G 

.. - . }\}, 

' I,,, ,S'~ 
. ' ·i)_ 

·sl• . . < 

\ .• . ' 

1 -
. . ' 

- • 

r- •' .. 

- '-' I 

----

LITHOLOGY STRUCTURE REMARKS 

f•""L ~J sw I rJr. ~_J 
w -UJ. s ~ t. v t LJ./-J k'\ I'" J .r/,J)} prriv~) 

V~ f O!ivv.. '½ ~~ t ~ ~~,f 

L ocJ f'•·~-r---l~t-l~ 1, d1JJJ ~ 'YJ~ r'l•J4 VJJ»f r~ sa,J S:zJ 

(_ I O ~. ~ w5J ~V'i r 

~.:._;::-j 5 1,'f"},ly .vv.Jd,y <:;~ 
°i M .S • G 

General Comments: 



PAGE 4oF£ 

CORE LOG 

CORE # S~y-1,z..~l)) TYPE_=~,,--- LOCATION 
LATITUDE_______ LON GITUD E,-.---..........,,....,,SURF A...,C"""E,,-.,,E""'L'"""'E=V.,....A"""'T"""I....,.O.,...,N ___ _ 
DEPTH PENETRATED ___ LENGTH RECOVERED ____ ~COMPACTION_ 

OBTAINED BY 
DESCRIBED BY,,.,.--------------------

DATE DATE ___ _ 

DEPTH 
(fl, m) SKETCH 

q M s G 
i . . . . ~ .. . 

;· ~ 

-. ..... _._.. 
....... ·._-)·.:, 

--:11. \ 

~ "I' I -~ • 
~ 

I, 

>- : ' 
~ -~t 10 

' 
' I 

II 

- j 

I . 

. 'P. 
-1 i 

('L .,-· 
M S 

General Comments: 

LITHOLOGY STRUCTURE REMARKS 

F-f"v\.~ ~ V' ~- ~'L 

JW\LJ,1 V4 v,,· -~ G~ 

c:!i'lt~ w,_-.;J__ & ~~ 

Q)(,Y() q~ 
(5 Y 3/2..J 

~ 1 , r \'J-½, vvwJJ. 'y r~ 
~ r oJ+~ s:- wJJ -A(}~ r ~-.yfjM ') 

'1\1'-f ( ~ 'h) q~ f,'l:..--l 

~ tlo..f'k~ 

cxr: et,_ JI'•~ u~ (r ~) s~ 

Gu~~­
st,11'thy rw.;JA 

b~r~ J~ 
q~~ 
tl~J~ 



CORE LOG 

CORE # SBV--t'Z.(c-'\ TYPE ______ LOCATION 
LATITUDE-=--= LONGITUDE=.,_..,,~,-::SURFA~c=E:---=E:-:-L-=E=v~A=T"'"'I o""":,.;-,-· ---­
DEPTH PENETRATED __ LENGTH RECOVERED __ 'kCOMPACTION_ 

OBTAINED BY DESCRIBED BY ______________ _ DATE ___ _ 
DATE 

DEPTH 
(ft, m) SKETCH 

.(:_· ; 

:_ ....,_ . 

IS 

' ., ,:•:._-:-, :-.-
_: )) \ 

.. , 
\ : . , 

=-~c_ 
-: - • I 
::: & 'S ----.---.---,,,-_, 
N\ 5 

General Comments: 

LITHOLOGY STRUCTURE 

d ,1t 'Mk_. i;. ~J J 
WW O 'Clo~,) 3~· 

c; "c; hf-t,, vtvJ)d ,'O,\.._ 

~ I,,1-Is,{ 

----

REMARKS 

Li Or ,,14) qr-,;-\ ( bvoww:isv-'\ s. d 16.y~ • 

~ ~ f~ 1wlJ / p~h;r~ /,-z_.,-) 

Wlr,.JJ,, so-P 
q !' I: Cl. S("~ 
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CORE LOG 

CORE # 78V-1-i F TYPE LOCATION 
LA TITUDE==ee-~= LONGITUDE _____ SURFA-,,c=E,--:,E,,,.,.L....,,E"""V.,...A"""'T=1-o_N ___ _ 
DEPTH PENETRATED ___ LENGTH RECOVERED ___ ~COMPACTION_ 

OBTAINED BY DESCRIBED BY ________________ _ 

DEPTH 
(ft, m) SKETCH 

----·, 
~-~ 

:(~~-
~-) 

~ ~·::~ 
~!. ~. 

-: 

LITHOLOGY 

G 

STRUCTURE 

4--o J(>v.J 'I ~ 
~ 'L c_ Y,-.. ,~ 

r-1A11J h o1J 

J1-J-~\.IL)' 
bv.~ 

! /J-~----l----( o·v•-J (r;~ 

/ 

N\ 5 
General Comments: 

DATE DATE ___ _ 

REMARKS 

Ol,~ q_~ 
(0 y12- J 
cl~~ 
~ 



PAGE_,!_OF _]_ 

CORE LOG 

CORE# S:~~-t'3lt\-'\ TYPEV,'kco.,~ LOCATION J~b,"~ Ezank 
LATITUDE'L ~ 'U~. 92.9 LONGITUDEi3° 34,J'?lSURFACE ELEVATJON - '37 1 

DEPTH PENETRATED '7. LENGTH RECOVERED {9'QJ,.- 1'1oCOMPACTION ? > ,,. _._. 

OBTAINED BY G,·bec.nlJ- - Riv 17;+- 00r1es DATE /l?-{7,-94-
DESCRIBED BY ' .:.i.-~ DATE ~ ~, -{£ 
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coRE * snv..13 c GJ TYPE_~~- LOCATION 
LATITUDE____ LONGITUDE ____ SURFA-::c=E,---,,,E=L"""E"""'v-A-=T-IO,-N-' ----
DEPTH PENETRATED __ LENGTH RECOVERED ___ %COMPACTION_ 

OBTAINED BY 
DESCRIBED B\:-,-----------------

DATE DATE ___ _ 

DEPTH 
(ft, m) SKETCH LITHOLOGY STRUCTURE REMARKS 

,~ M s G 

~ -1 - ~ 

~~-, 
_·- ~ ·r 
~ - . ' .. , .-

' 

;,·liy cl°, ~.,~ 
'h 
p Q !'$ J,) 'y J ~ ~ .,.,,. ./.); 

m.,,&__i.~~ 

1--n 
(!)lf\N.- Y'--°'J 

-;_. 
( l">'YVJ~ $ ; I -1-~ s. Or,t Sy 3/7--

~ 

. i-
CJ 

~,\✓ ~ 
- -,. 

10 

W\ s \.;;> 

General Comments: 



.. . 
PAGE / OFr"J - -

CORE LOG 

CORE #$f?y-14.(f+JTYPEV1· or LOCATION Sabrng ~o-nh 
LATITUDE).Cf6 2.q,UJ LONGITUDE'-· .05.lSURFACE, EL.~VATJON -32' 
DEPTH PENETRATED 7 LENGTH RECOVERED 19 q+,' 'AICOMPACTION_i_ 

OBTAINED BY /~,· b'i'o,,J- - f?.lv K.'+- :J'oyies 
DESCRIBED BY vJF,'to 

___ __._.....,.. _____________ _ DATE /~) -13...C,4-
DATE l, ·J-99 

DEPTH 
(rt, m) SKETCH 

0 N\ s 

... ' 
.,· 

' ) ' 
\ i I 

' I 

. \' I 

) i 
' 

G 

LITHOLOGY STRUCTURE 

~ ¼ ·v ~ S~ 1 S:~ l~ 

~ w_Qj ~ 0 'Y('w-h J vr¼--t r-wJJ f 
IY'~ ',~.9 (i-\ ~ ,yy-fJ}_J . '· tJ r. . 
~ ..u,J.r (f J/r-(,JJ SI 2 '( 

5~ v,~ J~ I :::: f•f;t,d--ly 1¥\J~ 

' ' ( . 

__:_ 1L, ---+ l "--"'j). f~ ,hi,w,,..rt-
1.,, . -c -) .. ', 

., - I 
~ ' I • __ J ; 

I • 

-- ·-. 
- ... 

·r 

( 

•. · I 
,· I 

J 
M S 

General Comments: 

-t~ s-r>-.J ; s¼..9.Dr I, r: 
-~-\Mt- b.;,L-w, dj~ 
-~)._ ·1 3 I I 

,_ 

~ "l vJ--,\ ,f 1/N~ 

REMARKS 



CORE LOG 

CORE ~ siv-14(BJ TYPE_"="="'"~- LOCATION 
LATITUDE ____ • LONGITUDE ____ SURFA-=c=E,,.--,E"'"'L-,E"'""V_A._,T=1...,,.o_N_' -----
DEPTH PENETRATED ___ LENGTH RECOVERED ___ ·'kCOMPACTION 

OBTAINED BY DESCRIBED BY ________________ _ 

DEPTH 
cri.. m) 

4 

s 

SKETCH 

s G 
• ' I 

) ",\, ·-. 
) :>,)' ))_,! 

• ' 

' < ... _ 

< ~ ... - t 

~ M S 
General Comments: 

LITHOLOGY STRUCTURE 

SO.."'& s \,~W-' 'r ~•~ 
S\-s.W, :)' S~o 

~\I..~ ~ ' 
I I ~ oJ ( ~ J 

'/~~~~ 
- b~ s,(p' 

ra~1::b,y 
NAAD~ \~ 

J 

DATE ___ _ 
DATE ___ _ 

REMARKS 

....___ 

0(,N 



PAGE_,3_0F.::J_. 

CORE LOG 
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DEPTH P.ENETkATED 7, • LENGTH .RECOVERED IQ' "~}ii,COMPACTIO.t•,?, 

14,v., ··.. -
oBTAINED • BY c. ,'n"' ,:,.11J: - r Iv KJ J~ DATE 10-' v- 11/ 
DESCRI.BED BY V • v, r • DATE.· 2 -4-'ff 

DEPTH 
(r& .. m) • SKETCH LITHOLOGY STRUCTURE REMARKS 

~•"'"t. :>"W 1 ~ J,,., W 1 :.11.)r ~ • Lt O I ,·1r~ '1~ f'( 5/'L 

l?rh. y~l!HJJ\~I,. Cr),.,,,,.,..,, o~,-~~ ~ H> QlilfJ 7,rtV1.,, c;'y '{/I 
...,;._ V/ff.lA.(),4 I• f 

• ' 
' 

~toJ-'t-MJ.0, ~~ s~ N.ttf c~ lj Oi,) "" lltrw-"rv-...tif"\~ c,..._ 

V-Q. ""! _co ~s~ .10,-y4 s, '.Zt to ""[ 1'11¥Ji • ~ .,. Y ~ 

0 
~-_..,,.,.1~---i--P vt4ri' 

..... I' l 

-- . -

M 5 
General Comments: 

~ -~ s i o.,_J, 

~O\c,;\\'/ ~ ~~!JAIi, •• 

L+ C, '1 v--l qv-a-; 
'/-t,lltn,v\1 .~ 

,...,._ r).-r-y~ 



CORE LOG 

CORE , S?d-~ ( P.>\ TYPE ____ LOCATION 
LATITUDE_____ LONGITUDE,,....._, ___ ,-,::SURFA~C=-=E=-· -E::e-L~E,,,,.,...,.V-A-=T.,...l o-,,,----
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CORE LOG 
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CORE LOG 
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CORE LOG 
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APPENDIX D. SEDIMENT TEXTURES 

Gravel, Sand, Mud 

Hydrometer Analyses 

Sieve Analyses 

Cumulative Curves (Sieve Analyses) 



Gravel, Sand, Mud Analyses 
Heald Bank and Sabine Bank samples 

Sample Gravel Sand Mud 
ID % % % 

HBV-1-1.5 0.6 99.3 0.1 
HBV-1-5.5 20.3 79.5 0.2 
HBV-1-8.0 38.6 61.1 0.3 
HBV-2-1.5 0.0 81.4 19.0 
HBV-2-4.5 0.0 34.2 66.0 
HBV-2-7.5 0.0 12.4 87.0 
HBV-2-10.2 0.0 6.3 94.0 
HBV-3-1.8 6.1 91.5 2.4 
HBV-J-2.6 0.0 71.5 28.0 
HBV-3-4.5 0.0 73.8 26.0 
HBV-3-6.5 0.0 76.8. 23.0 
HBV-3-12.75 0.0 73.7 26.0 
HBV-4-1.0 1.1 94.1 4.8 
HBV-4-5.0 9.2 79.6 11.2 
HBV-4-6.5 0.0 18.4 82.0 
HBV-5-2.0 2.6 97.2 0.2 
HBV-5-5.75 9.7 ··. 90.0 0.3 
HBV-5-14.75 5.0 89.9 5.1 
HBV-5-19.1 3.4 91.0 5.6 
HBV-6-1.0 3.2 96.4 0.4 
HBV-6-4.5 6.1 93.6 0.3 
HBV-6-9.8 19.4 80.3 0.3 
HBV-7-2.5 20.5 79.3 0.2 
HBV-7-6.25 0.0 24.4 76.0 
HBV-7-9.3 0.0 14.6 86.0 
SBV-10-0.7 0.0 67.6 16.0 
SBV-10-3.2 0.0 54.2 46.0 
SBV-10-7.0 0.0 24.7 76.0 
SBV-10-11.2 0.0 6.1 94.0 
SBV-11-0.25 0.0 67.3 32.0 
SBV-11-4.5 0.0 44.1 56.0 
SBV-12-1.0 2.4 97.5 0.1 
SBV-12-4.5 36.7 63.2 0.1 
SBV-12-7.0 1.7 97.7 0.6 
SBV-12-11.0 0.0 76.1 24.0 
SBV-13-0.4 16.1 79.8 4.1 
SBV-13-0.75 0.0 66.2 34.0 
SBV-13-5.5 0.0 60.1 40.0 
SBV-13-14 0.0 68.4 32.0 
SBV-14-1.5 24.5 72.8 2.7 
SBV-14-4.2 8.5 75.9 15.6 
SBV-14-8.6 0.0 44.5 56.0 
SBV-15-0.5 0.0 67.7 33.0 



SBV-15-0.95 0.0 67.7 33.0 
SBV-16-0.2 3.3 95.4 1.3 
SBV-16-2.5 69.2 30.4 0.4 
SBV-16-4.5 0.0 78.4 21.0 
SBV-17-1.0 4.9 94.9 0.2 
SBV-17-5.8 15.4 84.4 0.2 
SBV-17-9.2 21.5 78.3 0.2 
SBV-17-14.0 5.7 94.1 0.2 
SBV-18-0.5 4.2 95.4 0.4 
SBV-18-5.7 12.5 82.5 5.0 
SBV-18-8.25 18.5 74.9 6.6 
SBV-19-0.8 0.0 20.0 80.0 
SBV-19-2.8 7.1 88.2 4.7 
SBV-19-5.5 0.0 67.7 33.0 
SBV-19-8.5 0.0 52.6 48.0 
SBV-20-0.5 0.2 99.5 0.3 
SBV-20-2.7 0.6 99.3 0.1 
SBV-20-4.1 84.0 15.7 0.3 
SBV-21-1.0 26.9 64.3 8.8 
SBV-22-2.0 10.6 88.0 1.4 
SBV-22-5.75 5.2 89.8 5.0 
SBV-22-10.95 9.6 69.2 21.2 
SBV-22-13.5 3.0 71.8 25.5 
SBV-23-0.5 1.9 93.0 5.1 
SBV-23-5.5 5.3 88.0 6.7 
SBV-23-12.4 6.9 73.4 19.7 
SBV-23-17 .8 0.0 49.0 51.0 
SBV-24-2.2 3.0 91.5 5.5 
SBV-24-5.6 5.3 82.7 12.0 
SBV-24-7.0 6.5 80.6 12.9 
SBV-24-16.5 0.0 40.9 59.0 
SBV-25-0.4 56.4 42.9 0.7 
SBV-25-1.5 7.8 86.6 5.6 
SBV-25-11.2 3.7 63.5 32.8 



Hydrometer Analyses 
Heald Bank and Sabine Bank samples 

Lab Sample Sand Silt Clay 
# ID % % % 
1 HBV-1-1.5 sieve 
2 HBV-1-5.5 sieve 
3 HBV.,1-8.0 sieve 
4 HBV-2-1.5 81 8 11 
5 HBV-2-4.5 34 40 26 
6 HBV-2-7.5 12 60 27 
7 HBV-2-10.2 6 28 66 
8 HBV-3-1.8 sieve 
9 HBV-3-2.6 72 7 21 
10 HBV-3-4.5 74 6 20 
11 HBV-3-6.5 77 6 17 
12 HBV-3-12.75 74 9 17 
13 HBV-4-1.0 sieve 
14 HBV-4-5.0 sieve 
15 HBV-4-6.5 18 32 50 
16 HBV-5-2.0 sieve 
17 HBV-5-5.75 sieve 
18 HBV-5-14.75 sieve 
19 HBV-5-19.1 sieve 
20 HBV-6-1.0 sieve 
21 HBV-6-4.5 sieve 
22 HBV-6-9.8 sieve 
23 HBV-7-2.5 sieve 
24 HBY-7-6.25 24 36 40 
25 HBV-7-9.3 15 44 42 
26 SBV-12-1.0 sieve 
27 SBV-12-4.5 sieve 
28 SBV-12-7.0 sieve 
29 SBV-12-11.0 76 12 12 
30 SBV-11-0.25 67 16 16 
31 SBV-11-4.5 44 29 27 
32 SBV-10-0.7 68 16 16 
33 SBV-10-3.2 54 26, 20 
34 SBV-10-7.0 25 42 34 
35 SBV-10-11.2 6 28 66 
36 SBV-13-0.4 sieve 



37 SBV-13-0.75 66 17 17 
38 SBV-13-5.5 60 21 19 
39 SBV-13-14 68 16 16 
40 SBV-14-1.5 sieve 
41 SBV-14-4.2 sieve 
42 SBV-14-8.6 44 36 20 
43 SBV-15-0.5 68 16 17 
44 SBV-15-0.95 68 16 17 
45 SBV-16-0.2 sieve 
46 SBV-16-2.5 sieve 
47 SBV-16-4.5 78 9 12 
48 SBV-17-1.0 sieve 
49 SBV-17-5.8 sieve 
50 SBV-17-9.2 sieve 
51 SBV-17-14.0 sieve 
52 SBV-18-0.5 sieve 
53 SBV-18-5.7 sieve 
54 SBV-18-8.25 sieve 
55 SBV-19-0.8 20 42 38 
56 SBV-19-2.8 sieve 
57 SBV-19-5.5 68 20 13 
58 SBV-19-8.5 53 29 19 
59 SBV-20-0.5 sieve 
60 SBV-20-2.7 sieve 
61 SBV-20-4.1 sieve 
62 SBV-21-1.0 sieve 
63 SBV-22-2.0 sieve 
64 SBV-22-5.75 sieve 
65 SBV-22-10.95 sieve 
66 SBV-22-13.5 sieve 
67 SBV-23-0.5 sieve 
68 SBV-23-5.5 sieve 
69 SBV-23-12.4 sieve 
70 SBV-23-17.8 49 34 17 
71 SBV-24-2.2 sieve 
72 SBV-24-5.6 sieve 
73 SBV-24-7.0 sieve 
74 SBV-24-16.5 41 40 19 
75 SBV-25-0.4 sieve 
76 SBV-25-1.5 sieve 
77 SBV-25-11.2 sieve 



Sieve Analyses 
Heald Bank and Sabine Bank samples 

cumulative % 's 
Lab Sample -2.00 -1.50 -1.00 -0.50 00 0.50 1.00 1.50 2.00 2.50 30 3.50 4.00 pan 

# ID % % % % % % % % % % % % % % 
1 HBV-1-1.5 0.0 0.0 0.1 0.4 0.6 1.0 1.7 2.9 7.7 43.9 93.0 99.7 99.9 100.0 
2 HBV-1-5.5 0.0 0.8 4.0 10.5 20.3 31.3 38.9 43.4 48.7 69.4 94.9 99.5 99.8 100.0 
3 HBV-1-8.0 5.2 10.7 18.5 28.7 38.6 46.4 51.2 54.3 58.3 73.8 95.1 99.5 99.7 100.0 
4 HBV-2-1.5 0.3 0.4 0.7 0.9 1.2 1.6 2.0 2.3 2.9 7.0 41.9 87.0 97.4 100.0 
5 HBV-2-4.5 hydrometer 
6 HBV-2-7.5 hydrometer I 

7 HBV-2-10.2 hydrometer 
8 HBV-3-1.8 0.0 0.2 1.1 3.2 6.1 8.6 11.0 13.7 27.7 77.5 95.8 97.2 97.6 100.0 
9 HBV-3-2.6 0.0 0.0 0.0 0.1 0.5 1.0 1.8 2.6 3.8 14.1 68.8 96.8 99.2 100.0 
10 HBV-3-4.5 0.0 0.0 0.0 0.1 0.3 0.8 1.4 1.9 3.2 13.5 71.3 96.1 99.1 100.0 
11 HBV-3-6.5 0.0 0.0 0.0 0.1 0.2 0.6 1.2 1.7 2.8 12.3 68.7 95.1 98.6 100.0 
12 HBV-3-12.75 0.0 0.0 0.0 0.9 2.4 3.9 5.0 5.7 6.3 10.1 66.6 86.7 97.1 100.0 
13 HBV-4-1.0 0.0 0.1 0.5 0.7 1.1 1.8 4.0 8.3 16.6 48.4 81.8 93.0 95.2 100.0 
14 HBV-4-5.0 2.0 3.2 4.9 6.7 9.2 12.8 16.4 20.4 25.6 37.4 60.2 80.5 88.8 100.0 
15 HBV-4-6.5 hydrometer 
16 HBV-5-2.0 0.0 0.1 0.2 1.0 2.6 5.8 9.8 13.8 22.6 55.0 93.1 99.5 99.8 100.0 
17 HBV-5-5.75 2.3 2.8 4.0 6.2 9.7 14.8 19.5 23.4 30.1 58.7 93.2 99.3 99.7 100.0 
18 HBV-5-14.75 0.3 0.5 1.0 2.4 5.0 8.5 11.8 15.2 19.3 38.4 79.5 93.3 94.9 100.0 
19 HBV-5-19.1 0.0 0.0 0.2 1.2 3.4 6.5 9.4 12.5 16.4 28.5 69.9 91.0 94.4 100.0 
20 HBV-6-1.0 0.0 0.1 0.4 1.2 3.2 6.9 11.0 15.2 24.9 64.2 95.3 99.3 99.6 100.0 
21 HBV-6-4.5 0.0 0.1 0.6 2.3 6.1 12.3 18.4 23.7 33.8 70.3 96.0 99.4 99.7 100.0 
22 HBV-6-9.8 8.6 9.6 11.2 14.3 19.4 25.9 31.9 36.5 45.3 76.4 97.2 99.5 99.7 100.0 
23 HBV-7-2.5 1.3 2.4 4.8 10.6 20.5 34.1 47.8 54.7 68.2 84.8 97.2 99.7 99.8 100.0 



24 HBV-7-6.25 hydrometer 
25 HBV-7-9.3 hydrometer 
26 SBV-12-1.0 0.1 0.2 0.6 1.3 2.4 4.7 9.7 14.7 29.4 73.5 98.3 99.8 99.9 100.0 
27 SBV-12-4.5 20.2 23.8 28.1 32.5 36.7 40.2 43.5 46.6 55.4 81.0 98.7 99.8 99.9 100.0 
28 SBV-12-7.0 0.4 0.5 0.8 1.1 1.7 2.7 4.5 7.1 17.2 62.4 95.6 99.0 99.4 100.0 
29 SBV-12-11.0 0.0 0.0 0.0 0.0 0.0 0.5 1.2 2.3 7.2 35.8 86.3 92.5 95.6 100.0 
30 SBV-11-0.25 hydrometer 
31 SBV-11-4.5 hydrometer 
32 SBV-10-0.7 hydrometer 
33 SBV-10-3.2 hydrometer 
34 SBV-10-7.0 hydrometer 
35 SBV-10-11.2 hydrometer 
36 SBV-13-0.4 2.7 4.9 7.7 11.5 16.1 20.6 25.2 29.0 35.8 54.7 84.1 93.2 95.9 100.0 
37 SBV-13-0.75 hydrometer 
38 SBV-13-5.5 hydrometer 
39 SBV-13-14 hydrometer 
40 SBV-14-1.5 8.5 12.2 16.0 20.5 24.5 28.0 31.5 35.1 42.0 59.4 89.0 95.6 97.3 100.0 
41 SBV-14-4.2 0.3 0.4 1.3 4.3 8.5 12.8 16.6 19.9 25.9 42.2 67.2 76.7 84.4 100.0 
42 SBV-14-8.6 hydrometer 
43 SBV-15-0.5 hydrometer 
44 SBV-15-0.95 hydrometer 
45 SBV-16-0.2 0.0 0.0 0.4 1.4 3.3 5.7 9.3 13.1 21.0 37.0 80.8 97.5 98.7 100.0 
46 SBV-16-2.5 24.6 35.5 48.6 60.5 69.2 75.5 79.5 82.8 87.5 91.6 97.6 99.5 99.6 100.0 
47 SBV-16-4.5 0.0 0.0 0.0 0.5 1.1 2.0 3.9 4.7 7.5 19.4 58.8 93.6 98.8 100.0 
48 SBV-17-1.0 0.1 0.5 1.5 2.9 4.9 7.4 10.3 13.7 25.3 60.6 95.4 99.6 99.8 100.0 
49 SBV-17-5.8 2.1 3.9 6.6 10.5 15.4 20.1 24.2 27.8 38.2 66.3 95.7 99.6 99.8 100.0 
50 SBV-17-9.2 2.8 5.0 9.1 14.9 21.5 27.6 32.5 36.9 46.9 70.8 96.3 99.6 99.8 100.0 
51 SBV-17-14.0 0.9 1.7 3.1 4.4 5.7 7.4 9.6 11.9 23.4 58.4 94.7 99.4 99.8 100.0 
52 SBV-18-0.5 0.0 0.1 1.2 2.6 4.2 5.7 8.0 10.5 21.4 51.7 93.4 99.2 99.6 100.0 
53 SBV-18-5.7 2.4 3.7 5.7 8.9 12.5 16.3 20.3 24.3 30.7 50.8 84.4 92.7 95.0 100.0 
54 SBV-18-8.25 4.9 7.3 9.9 14.0 18.5 23.3 27.9 32.5 39.2 53.5 80.6 90.8 93.4 100.0 
55 SBV-19-0.8 hydrometer 
56 SBV-19-2.8 0.4 0.8 1.9 4.2 7.1 10.3 13.8 17.8 24.5 41.5 78.3 92.8 95.3 100.0 



57 SBV-19-5.5 hydrometer 
58 SBV-19-8.5 hydrometer 
59 SBV-20-0.5 0.0 0.0 0.0 0.1 0.2 0.7 2.0 3.5 8.2 41.2 87.9 99.0 99.7 100.0 
60 SBV-20-2.7 0.1 0.1 0.2 0.3 0.6 1.6 4.4 8.7 33.6 77.9 97.2 99.7 99.9 100.0 
61 SBV-20-4.1 32.7 56.9 71.0 79.0 84.0 87.4 89.3 90.3 92.6 96.6 99.1 99.6 99.7 100.0 
62 SBV-21-1.0 3.3 8.4 15.2 21.4 26.9 31.2 34.8 38.8 45.6 54.1 66.0 82.8 91.2 100.0 
63 SBV-22-2.0 1.6 2.3 4.1 6.9 10.6 14.4 17.9 21.5 32.0 55.3 86.6 97.4 98.6 100.0 
64 SBV-22-5.75 0.0 0.2 0.5 1.9 5.2 9.8 13.9 16.6 23.5 52.8 82.3 92.0 95.0 100.0 
65 SBV-22-10.95 1.4 2.6 3.8 6.3 9.6 13.8 18.0 21.7 27.3 39.5 58.6 70.6 78.8 100.0 
66 SBV-22-13.5 0.1 0.1 0.1 0.8 3.0 7.5 12.8 17.1 21.0 28.5 43.7 63.6 74.8 100.0 
67 SBV-23-0.5 0.1 0.2 0.5 1.1 1.9 3.2 5.2 7.4 20.5 51.0 81.7 91.9 94.9 100.0 
68 SBV-23-5.5 1.3 1.7 2.1 3.2 5.3 8.1 11.4 15.2 23.9 50.5 74.9 87.5 93.3 100.0 
69 SBV-23-12.4 0.1 0.3 0.9 2.7 6.9 12.5 17.6 21.5 26.7 41.4 61.7 72.9 80.3 100.0 
70 SBV-23-17.8 hydrometer 
71 SBV-24-2.2 0.4 0.4 0.8 1.5 3.0 5.6 8.8 12.1 17.8 41.2 80.3 91.8 94.5 100.0 
72 SBV-24-5.6 0.4 0.6 1.2 2.5 5.3 9.4 13.4 16.7 21.2 35.7 65.8 80.7 88.0 100.0 
73 SBV-24-7.0 0.0 0.9 1.4 3.1 6.5 11.1 15.2 18.4 22.8 37.0 65.1 80.7 87.1 100.0 
74 SBV-24-16.5 hydrometer 
75 SBV-25-0.4 5.9 16.6 31.5 45.3 56.4 66.3 73.6 77.8 83.5 92.7 98.0 99.0 99.3 100.0 
76 SBV-25-1.5 1.8 2.2 2.9 4.8 7.8 11.7 15.4 18.6 23.2 39.2 76.8 91.2 94.4 100.0 
77 SBV-25-11.2 0.0 0.0 0.1 1.1 3.7 8.3 13.6 17.9 21.4 26.0 40.4 56.9 67.2 100.0 
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APPENDIX E. LITHOLOGIC PROFILES OF VIBRACORES 
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Shelly sand 
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Fine sand 
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Muddy sand 

F Clay 
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Sandy mud 
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Shelly sand 
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Fine sand 
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Muddy sand 
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Sandy mud 
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Muddy sand 
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A 
Fine sand 

8 
Shelly sand 

A 
Fine sand 

0Ab1976c 



Depth 
ft m 
0 ---, 0 

3 

6 

2 

9 

3 

12 

HBV-6 
Coarser-

//\:-/l\)Ji\ 
Facies 

A 
Fine sand 

QAb1977c 



Depth HBV-7 
ft m 
0 0 

Coarser-

3 

6 

2 

9 

3 

12 

4 

15 

Facies 

A 
Fine sand 

8 
Shelly sand 

A 
Fine sand 

E Sandymud 

A 
Fine sand 

F 

Clay 

Pleistocene clay 

QAb1978c 


