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Introductlon ;

As part of a passive contmental margm w1th a long deposmonal h1$tory, the Texas
B connnental shelf has been nchly endowed with rmneral resources. Exp101tat10n of 011 and

- gas resources on the shelf extends back decades and the economic value of these deposits |

“has long been recognized. Thel

deposmonal settmg that made the Texas offshore so rich in
hydrocarbons has left it barren of exotic nonfuel minerals (polymetallic sulﬁdes and
ferromanganese cobalt crusts) such as those found i in active tectontc settings near Hawaii

\‘ and at the Juan de Fuca Ridge along the Pac1ﬁc Northwest. Nonetheless, there are

significant accumulatlons of potenually economic nonfuel minerals in the Texas Exclusive

Economxc Zone (EEZ) The most promlsmg of these are sand and gravel depos1ted on the
‘ contmental shelf during the sea‘ -level fluctuations of the late Pleistocene and Holocene
Requirements for sand and gravel created by the burgeonmg Texas coastal population and
the need for compatible sands for beach nounshment projects such as those contemplated

- for rapldly eroding beaches at south Padre Island the Brazos delta, and Galveston Island

| combmed with the deplenon of nearby onshore sand and gravel resources could make shelf

L mlmng operauons econormcally fea51ble in the future Before economic feas1b1hty can be

determined, however, the lmahon s1ze, and character of potennally economic shelf

deposits must be assessed.

| Purpose of study | »
The primary objectlve of this study was to prepare a preliminary assessment of

nonfuel mineral resources of the EEZ (fig. 1) from the gulf shoreline to near the shelf edge

(approximately 200 m water depth) Several steps are required to satisfy thxs objective,

i mcludmg (1) inventory avmlable geologwal information, both published (a blbhography)

~and unpubhshed (hlgh-resolunon seismic surveys, piston cores, vibracores, seafloor '

samples, and foundation bormgs) (2) locate potentially economic offshore deposns | |

- (prospects) us1ng avallable data, (3) characterize these prospects as accurately as poss1ble

l

. :

| 1
| .
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with existing data, including areal extent, thickness, and sediment composition and texture;
and (4) determine whether expl;oitation of the prospect is economically feasible if sufficient
data exist; if data are insufficient, recommend a research program that would help determine

whether poorly-known prospects are economic.

Geological Framework ‘

Knowledge of the gcolbgy of the Texas continental shelf is helpful in predicting and
|

understanding the distribution of nonfuel minerals. Currently, very little deposition of

economically important minerzixls takes place on the shelf beyond the nearshore zone.

However, there are significant concentrations of sand and gravel that occur far offshore.

\
These relict deposits owe their placement to large-scale fluctuations in sea level during the

Quaternary (fig. 2); most impo}rtant for this study are the sea-level lowstand during last
glaciation (late Wisconsinan) and the subsequent sea-level rise as the glaciation ended (late

Wisconsinan and early to midqlle Holocene).

|

‘ Late Wisconsinan Lowstand

As sea level was falling during the onset of the late Wisconsinan glaciation, shelf-

phase deltas prograded across }the Texas continental shelf leaving relatively thin and
discontinuous deltaic dcpositsi. At the shelf edge, however, these deltas encountered
steeper gradients that allowed jthem to reach thicknesses of 90 m or more (Suter and
Berryhill 1985). These shelf-margin deltas are largely composed of sand and mud, with
sand more abundant in proxirrilal, shallow-water areas such as near distributary channels
and at distributary mouth bars Four major shelf-margin deltaic complexes have been
located offshore from Texas (Suter and Berryhill 1985); though they now occur in water

that is too deep (more than 901m) for the deposits to be economic, they represent substantial

sand resources that may somehay be eXploited.

|
|
|
|
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Figure 2. Late Pleistocene sea-level curve. Adapted from Moore (1982).
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Also during the late Wisconsinan lowstand, streams associated with the shelf-
margin deltas coursed across tﬂe Texas contmental shelf. As they do onshore today, these
streams transported and depos1ted largc quantmes of sand and gravel on the shelf. Similar
dcp051ts in the Texas coastal zone are commonly exploited for use in the construction

industry.

Late Wisconsinan and Holocene Sea-Level Rise

As sea level rose at the end of the last glaciation, thin transgressive deposits

composed of reworked deltaic sands capped the shelf margin deltas, and deltaic, estuarme,
and finally marine depdsits ﬁlled the late Wisconsinan streamcourses. These deposits -

' covered fluvial sands and grav;cls‘ that became the basal postglacial deposits. During minor
stillstands and reversals of sea-llevel rise, waves and longshore currents redistributed relict

sediment and sediment broughi to the coast by rivers to produce elongate, shore-parallel

sandy deposits that were subse‘quently submerged and partly reworked when sea level

began rising again. These shore-parallel sands represent a potentially compatible material

for nourishment of Texas beaches because they were formed from sediment similar to

beach sand and because they were transported by processes similar to those acting on .
beaches today. o
- |

| Existing Informatlon

Several types of data have been collected that can be used to directly or 1nd1rectly
determine the distribution, texture, and composmon of surface and shallowly-buned shelf
sediments. These data, inclucfing surface samples, pipe and box cores, foundation
 borings, and high-resolution seismic lines, each have advantages and disadvantages in
terms of asseSsing nonfuel mineral resources. More surface samples have been taken from

the Texas continental shelf than any other type of sediment sample, but penetration is only a

few centimeters and little information on the vertical extent of potential nonfuel mineral
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deposits can be gained from thejse samples. Pipe cores achieve slightly greater penetration
(up to a few meters), but are noit as widespread as grab samples. Foundation borings,
commissioned by petroleum cobpanies in preparation for drilling or production activities,
are perhaps best suited for detex}minations of vertical sediment distribution because they
extend 100 m or more into the ;ubsuﬁace. However, uneven distribution across the Texas
continental shelf and questionable visual descriptions of sediment reduce their usefulness.
High-resolution seismic profiles are most useful in locating structural elements and

constructing three-dimensional models of depositional systems, but they provide only
\

indirect information on sedimerslt texture.

Surface Samples |

Investigations of surfac“e sediment distribution along the northwest Gulf of Mexico

\
(Texas and western Louisiana continental shelves) during Project 51 of the American

Petroleum Institute (API) inclu}ded collection of about 1,350 dredge samples and short
gravity cores (Curray 1960). zjﬁbout two thirds of these samples were obtained by Scripps
Institution of Oceanography in Texas offshore waters out to depths of 200 m (fig. 1).
Analysis of these shallow scdix?ents included grain size determinations (Curray 1960) and
the heavy mineral suite (van A;ndel 1960; van Andel and Poole 1960). Textural data from
cores and dredge samples wer¢ combined to produce a sediment distribution map for the
Texas and Louisiana conﬁnen@ shelves.

In the mid-1970's, the iUnited States Geological Survey (U.S.G.S.) completed a
study of the south Texas outer} continental shelf, consisting of the South Padre Island,
North Padre Island, Mustang ﬁsland, and Matagorda Island areas (Berryhill 1976; Berryhill
et al. 1976). During this study%, many types of geological data were collected from near the
State-Federal ownership bounLiary out to a depth of about 200 m, including surface

samples, shallow cores, and s?isrnic reflection profiles. Surface samples were taken at 264

|
l
\
\
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stations along 27 dip-oriented transects; most of thcse-samplcs were analyzed for grain size |

distribution and heavy mineral content. -

Surface samples and seismic profiles on State-bwncd submerged lands (to 16 km
offshore) were collected and analyzed by the Bureau of Economic Geology in the rnid- o
late 1970's (McGowen and Morton 1979). About 3,500 surface samples were collected

\

1.6 km apart on the Texas continental shelf; these samples were analyzed for grain-size

|
distribution and for several geochemical constituents (White et al. 1983, 1985a, 1985b,

1985¢, 1986a, 1986b, 1987). |
There have been many other studies of surface sediment distributioh, but these
studies, such as the Sabine Bank area (Nelson and Bray 1970) and offshore from the
Brazos River (Nienaber 1963) cover relatively small areas. Adequate data exist for accurate
regional characterizations of sedi:hcnt texture only for the south Texas outer continental

shelf and the State-owned inner continental shelf.

Shallow Cores ‘

Pipe cores, piston cores, box cores, and vibracores are characterized by relatively

- shallow penetration into the subsurface, ranging from a few centimeters to a few meters.

- They are more useful than surface samples for determining vertical dimensions of

potentially economic deposits,i but few systematic studies of the continental shelf have been
_ 1 o

completed. Most notable among the completed studies are one covering the entire Texas
continental shelf (Curray 196(\}); see previous section), another covering the south Texas
outer continental shelf (Berryhill et al. 1976), and a third focusing on Sabine and Heald
Banks in th/c High Island area (Nelsou and Bray 1970). »

As a part of the South Texas Outer Continental Shelf study, the U.S.G.S. collected
pipe cores at 90 stations and box cores at 74 stations (fig. 3) within the South Padre Island,
North Padre Island, Mustang Island, and Matagorda Island areas (Berryhill et al. 1976).

Box cores penetrated about 40 cm of seditncnt, whereas pipe cores penetrated from less
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than 30 cm to more than 2 m. 'lj"extm'al analyses were not done on samples from these
cores, but sand lenses and other sedimentary features were noted.

In the Sabine and Heald: Bank area, Nelson and Bray (1970) collected numerous
short gravity cores as well as 1}2 rotary cores (8 of which were taken in the High Island
area of the Texas continental shelf). The rotary cores penetrated 1 to 25 m below the

1

surface, with sediment recovery ranging from less than 25 percent to 100 percent. Textural
\

analyses were completed for 750 surface samples; textural characteristics of cored
1

sediments were estimated from drilling characteristics and recovered sediment. In the same
|

general area, 18 vibracores weric collected in a single lease block during a study of potential

archeological resources (Pcarscim et al. 1986). These cores achieved penetrations ranging
from 5 to 12 m, with recovera‘i lengths ranging from 3 to 6 m. Many analyses, including

grain size and geochemistry, w%ere conducted on sediment from these cores.

Foundation Borings 1

Foundation borings are perhaps the most useful tool for documenting the vertical

|
distribution of near-surface sediment on the Texas shelf. These borings, commonly
!
obtained by engineering firms under contract to oil companies preparing to drill offshore

\
wells or build production platforms, may extend more than 100 m below the seafloor. A
\

computerized database created at the Bureau of Economic Geology contains 410 borings
|

from the Texas continental shc“:lf (fig. 4 and appendix). Reports of these borings were
obtained from the Houston ofﬁces of McClelland Engineers and PSI, two of the major

engineering firms operating orjl the Texas continental shelf. The reports include visual

descriptions, textural analyses, and various engineering properties of the sediments

|
encountered in the borings. Afttributes of the borings entered in the database include

\
location, water depth, length of boring, visual description of sediments encountered, and
1
depths of boundaries between sedimentary types. Water depths for borings in the database
\
range from nearshore borings in 5 m of water to shelf-margin borings in 132 m of water.
\
|
}
i
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\

Subsurface penetration ranges from S to 170 m, with most borings extending at least 30 m
below the seafloor. |

Drawbacks of the foun&aﬁon borings are (1) uneven geographic distribution and (2)
uncertainty about the accuracy 1of the visual sediment descriptions. Although foundation
borings are located in every 1c21;sc area on the Texas continental shelf, boring distribution is
controlled by hydrocarbon leas‘}ing and some lease areas have more borings than others.
The geographic distribution is most dense in the High Island, Matagorda, Brazos,vand
Galveston areas; foundation bdﬁngs are sparse in the North and South Padre Island areas
(fig. 4). Because sediment descriptions of the borings are commonly confirmed by textural
analyses, these records should be adequate for locating significant sand and gravel deposits
in the subsurface, but not for evaluating resource quality.
1
\

!
There are several regiopal geophysical surveys of the Texas continental shelf that

Geophysical Data

help locate potential nonfuel mineral resources. These surveys consist of high-resolution

1
seismic reflection data acquiret‘i by various State and Federal agencies and by oil

companies. The surveys are ujseful because features such as buried stream channels, filled

river valleys, and drowned shélf-margin deltas can be located with this information.
| .
Although lithologic informatio“n is not obtained directly from seismic data, knowledge of

the types of sediment characteristic of depositional systems located by seismic profiles

gives strong indirect information about lithology.

Approximately 6,500 km of high-resolution seismic data was collected on the Texas

inner continental shelf (ncarsh“ore to 16 km offshore) in a cooperative effort between the

!
U.S.G.S. and the Bureau of Ef:ononﬁc Geology in the mid-1970's (McGowen and Morton

1979). The seismic data collefcted during this project consisted of 232 dip lines spaced 2.4

|
km apart and tied together by 2 strike lines spaced 6.5 km apart. The primary energy
|

source was an 800 joule minisparker; some 3.5 khz subbottom profiler data were also

|
| 11
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collected. The U.S.G.S. also collected more than 9,200 km of high-resolution seismic

data on the south Texas outer continental shelf between 1974 and 1976 (fig. 5). Most of ’
this additional seismic coverag:c (8,900 km) was completed using either a 1,000 to 1,500
joule Acoustipulse source or a 10,000 joule sparker source (Berryhill et al. 1976).
Regional hlgh-l‘CSOlllthl’l coverage of the Texas shelf edge and upper slope (fig. 5)
was complcted by the U.S.G. S‘ as part of a gulfwide continental slope study. Using a 400

to 1,000 joule minisparker source and a subbottom profiler, Texas shelf edge and slope

- (200 to 1,000 m water depth) cbvemge was obtained on an approximate 9-km grid

(Berryhill 1987a; Suter and Be‘rryhill 1985).

Although most of the s#ismic coverage was acquired for the Louisiana shelf, two
high-resolution seismic surveyk commissioned by the U.S.G.S. in 1979 and 1980 covered '
~ part of the Texas continental sli'nelf (fig. 5). In 1979, a 400 joule sparker source and a 7 khz
subbottom profiler were used tfb collect shallow subsurface information from the mid shelf
to the upper slope in the High Island East Addition South Extension (Berryhill 1984b); in

1980, a similar system was use;d to extend the coverage from the mid-shelf to inner shelf in
the High Isiand East area (BexxLyhiH 1984a). North-south and east-west lines were
completed on a 5.5-km grid over this area.

Regional high—resolutic}n seismic coverage over most of the Galveston Area South
Addition was conducted by Te‘xaco in 1972 and 1973 (fig. 5). This survey consisted of 19
nérth-south and 5 east-west linjes covering an area of about 65 by 65 km (Lewis 1984).
Unlike other regional studies li‘sted above that used sparker or Acoustipulse energy
~ sources, this survey used a 659 cm3 airgun source.

Many other geophysicah studies have been completed on the Texas continental
shelf, including side scan son‘aZr, magnetometer surveyS, gravimetric surveys, a.nd a
multitude of other high-resolution seismic surveys. Most of these other seismic surveys,
such as those required for lease block gedhazard analysis, are of little practical use for

regional characterizations of p?tential nonfuel mineral resources because of the effort

12
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requlred to obtain them and the‘lr lmuted geographic extenL However, they could be

- extremely useful once promising sites have been located.
\
\
|

Iﬁonfuel Mineral Prospects

Several potentially eco;nomic nonfuel mineral deposits have been located in previous

investigations and through ana:ﬂysis of existing' offshore data. Because of the sparseness of
the data, the extent and quality} of the deposits are generally not well known. The
potentially economic deposits ‘can be subdivided by type and potential use (table 1). These
types include shore- -parallel dep051ts composed of sand and some shell fragments

(shorelme-hke deposits), tluck and lobate shelf-margm deposits composed of sand and

|
mud (shelf-margin deltas), predominantly shore-normal deposits composed of sand and, in

|
places, gravel (ancient fluvial systems), and heavy mineral concentrations on the south
Texas shelf (transgressive sheet sands). Possible economic uses for these deposits include

reconstruction of eroding beac‘lzhes ‘(beach nourishment), landfill, roadbase, and in the -
production of various concretc;e products. Potentially economic concentrations of heavy

minerals offshore from the Rl“o Grande have several industrial uses.

\
|
Shore-Parallel Sands “

Many shore-parallel sandy deposits on the Texas continental shelf (fig. 6) are

S ‘ | ‘ .
interpreted as shoreline or nearshore sands that mark late Pleistocene or early Holocene

| )
- positions of sea level. These sandy deposits are likely to be suitable for nourishment of
eroding Texas beaches becau;se they formed from processes, conditions, and sediments

similar to those forming Tex&?s' present-day‘ beaches. As such, they’ are probably relatively

mature sedlments composed ‘rnalnly of quartz

Heald and Sabine Banks, interpreted as submerged shorehne and shallow marine
sands, are located 40 to 50 hp offshore in the High Island area of the upper Texas coast in
water depths of 6 to 17 m (ﬁ‘g. 7). These elongate surface sand deposits roughly paxjallel'

|
!‘ 14
|
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the present shoreline; Sabine B@.nk occurs east of Heald Bank and extends into offshore
Louisiana. Much of what is known about the geology of the banks is based on short cores,
grab samples, and a sonoprobé survey (Nelson and Bray 1970). In addition, the eastern
part of Sabine Bank falls withi}n an area studied by Berryhill et al. (1984) using high-
resolution seismic data; the area north of Sabine Bank was studied by Pearson et al. (1986)
using seismic data and vibraC(S)res. Nine soil foundation borings also penetrate the area.
~ From these data, it is known t%lat sands associated with these banks cover more than 1,000
km? of the sea floor and rangé up to 8 m thick. Cores and seismic records indicate an
average thickness of about 3 m. Multiplying these values yields an estimated volume of
more than 3 billion m3 of sediimcnt within Heald and Sabine Banks. Grain size analyses
performed by Nelson and Bra}y (1970) indicate the deposit is composed dominantly of fine
to very fine sand, similar to most Texas beach sand (Bullard 1942).

@

Shelf-Margin Deltas J

Deltas constructed at the outer shelf margin and upper continental slope during late
Pleistocene lowstands of sea level contain significant accumulations of sand. Four major
shelf-margin deltas have been located at the edge of the Texas shelf (fig. 8), from the
ancestral Rio Grande delta tﬂ) the south to deltas 'A’, 'B’, and 'C' to the east (Berryhill
1987b; Berryhill and Suter 1987; Morton and Price 1987; Suter and Berryhill 1985; Lewis
1984). Although these deltas each cover hundreds of square kilometers, they each also
contain abundant silt and clay. Greatest concentrations of sand are likely to be found near

the top of the deposits and al{so in the more shallow proximal deltaic areas. All of the deltas

. . . .
are too distant from potential markets to be economic at the present time.
|

} Rio Grande Delta
\
The Rio Grande delt?, located in the South Padre Island East Addition area in water

\
depths of 45 to 200 m (fig. %), is the largest of the shelf-margin deltaic complexes on the
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- Texas continental shelf. Asa s?.nd resource, it has poiential uses in the construction
industry and, dependingon size»characteristics, could be used for beach nourishment along
south Padre Island. The nearest potential market is south Padre Island, which is 55 to 100
~ km away. | ‘| |

Knowledge of the Rio érande delta comes primarily from high-resolution seismic
surveys, box cores, and pipe cores acquired by the U.S.G.S. during the South Texas
Outer Contmental Shelf pro_]ect (Berryhill et al. 1976). Additional information on the distal
~edge of the delta was collected during a U.S.G.S. seismic survey of the Gulf of Mexico
contmental slope (Berryhill l987b Suter and Berryhill 1985). The shelf-margin part of the
delta covers about 65 km along the shelf and about 35 km across the shelf, not including |
the part extending into Mexico. Pipe cores extending as much as 2 m into the delta
/encOuntel'ed abundant shelly sand and interbedded mud and sand, but give no indication of
the maximum sand thickness. JThe only foundation boring that penetrates the shelf-margin
‘delta encountered 36 m of sand silty sand, and sandy silt overlymg a coarsening-upward
sequence of clay to sandy silt. l This sequence is probably typical of most of the shelf-
margin delta, although sedlments would tend to be thinner and generally coarser toward
shore and thicker and generally ﬁner toward the shelf margin. Interpretations from seismic
data indicate that the delta thickness increases seaward from 20 m near the landward limit to

more than 100 m near the edge of the continental shelf Most of the delta, however, is

probably composed of muddy sedJments (silt and clay).

\ : Delta'A"

Delta 'A' is the southwestemmost of three smaller deltaic complexes located on the
southem edge of the eastem Texas conunental shelf (fig. 8) and may represent lowstand
deltaic deposus assoc1ated w1th the ancestral Colorado or Brazos R1vers Water depths
over the shelf-margm phase of this deltaic complex range from about 60 mto 200 m. The

delta is pnmanly composed of sand and mud; as a potential sand resource for beach

l o
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|

\

|

! .
nourishment and the constructiPn industry, the nearest market is Galveston at a distance of

about 185 km. |

The delta is located within the Brazos South and Mustang Island East Addition
 areas, but few cores penetrate it. Knowledge of this delta mainly comes from high-
resolution seismic data collectjed by the U.S. Geological Survey (Berryhill et al. 1976;
Suter and Berryhill 1985). From these data, it is known that the delta is composed of two
vertically-stacked lobes with a;‘total thickness of up to 100 m covering an area of about 50
km along strike and about 16 km along dip. One core taken from the eastern flank of the
delta in about 200 m of water encountered a 50-m thick coarsening-upward sequence of
clay to sandy clay (Sidner et efl 1978). A sécbnd core, located updip from the delta,

\
sampled coarser sediments fro;m the contributing fluvial system. Surficial shelly sands

cover much of the delta (Suter and Berryhill 1985).
|
|

{ Delta 'B'

Delta 'B' is a Wisconsinan shelf-margin delta located mostly in the Galveston Area
South Addition (fig. 8) in water depths of 60 to 200 m. It is composed of sand and mud;
the nearest potential market for the sands contained in the delta is Galveston, which is
located about 135 km away. |

Knowledge of this delta comes from high-resolution seismic surveys conducted by
the U.S.G.S. (Suter and Berryhill 1985) and Texaco (Lewis 1984). In addition, four
foundation borings penetrate 1the seafloor on or near the delta. Delta B extends about 65 km
in an east-west direction (along strike) and about 16 km in a north-south direction (along
dip); maximum thickness is about 60 m. One boring in relatively deep water (130 m)
encountered clay from the su;i'facc to a depth of 130 m; other borings in shallower water (78
to 102 m) encountered silty fine sand with thicknesses varying from 2 to 40 m. Surficial

sediments of sand and silty ﬁne sand cover the shallower-water parts of the delta (Suter and
| \ .

Berryhill 1985). |
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\ Delta 'C'
\
This multi-lobe deltaic complex is located at the southern edge of the High Island

South Addition and High Island South Addition East Extension areas (fig. 8), extending
east-west (strike) about 65 km}and north-south (dip) about 16 km (Suter and Berryhill
1985). At least two U.S.G.S. ;seismic surveys have encountered part of this delta,
including the Gulf of Mexico continental slope survey and the 1979 mid- to outer shelf

survey which covered the eastern part of the delta (Berryhill et al. 1984). Direct knowledge

’ | . . .

- of sediments associated with this delta has been obtained from seven foundation borings
\ :

that penetrate it. Like the other shelf-margin deltas, this potential sand resource occurs in
\

water depths of 60 to 200 m and is relatively remote from potential markets. The nearest

\
local market is Galveston, about 160 km distant.
}

Analysis of seismic records indicates that this deltaic complex reaches a maximum
\

thickness of more than 140 mj(Suter and Berryhill 1985). Five of the seven foundation

borings in the area penetrate silty fine sand, with three borings encountering sands at the

surface. These surface sand d“eposits range from 4 to 12 m thick. These sands cap a

coarsening-upward sequence ‘é)f sediment that includes clays at the base, overlain by

interbedded clay and silty sanjds. The uppermost coarsening-upward sequence is 41 to 82

m thick. This sequence is typjical of deltaic depositional systems and reinforces the original
\

~ seismic interpretation. \

\
Foundation borings that penetrate the seafloor in the vicinity of the four shelf-

\
margin deltaic complexes indicate that substantial thicknesses of sand are found near the

‘ .
surface of these deltas (figs. 8‘ and 9). Most of the foundation borings that encountered
more than 7.5 m of sand in th{e upper 15 m of the boring are located within these deltas or

their updip stratigraphic cqui*ralents (fig. 9).
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Streamcourses and Valley\ Fill | v
Many sand and gravel quarnes in the Texas coastal zone are located along major
streams. During the Wlsconsman glac1anon, extensxons of these streams ﬂowed across the
. exposed contlnental shelf to the Gulf of Mexico. Along their courses these streams
deposited sedJments similar to‘those found in onshore quarries. At the end of the last
glamauon, nsmg sea level caused these lowstand channels and incised valleys to ﬁll witha
txansgresswe sequence of sednnent from relatively coarse fluvial channel depos1ts (sand
| ’and some gravel) to finer deltmc deposits (sand and mud) to generally fine estuarine
deposits (mostly mud) and ﬁnally to open gulf deposns (shelf muds and p0551bly ncarshore
sands).  Probably the only s1gmﬁcant shallowly- buned gravel deposits on the Texas
continental shelf will be found with the sands occurring in these submerged streamcourses. -
Unfortunately, these gravels v“/ill be at the base of the transgressive sequence, which may |
be tens of meters thick. The greatest chance for economically attractive sand and gravel
 deposits will be on the inner continental shelf, where shallow water, a relatively thin
| overburden, and proxirnity to potential markets will minimize the costs of extraction and
transportation. In addition to _’exploitation difficulties arising from greater water depths
farther offshore, gravels are likely to be less abnndant and more deeply buried under late
Pleistocene and Holocene delftaic, csfuarine, and marine sediments.

\ v
High-resolution seisnﬁc surveys indicate that many kilometers of ancient

streamcourses are preserved on the Texas continental shelf (fig. 10). Various seismic and
coring surveys of Texas bays} have shown where many of Texas' rivers entered the »
continental shelf during the last glaciation (Rehkemper 1969; Behrens 1963; Wright 1980)

~ but these streams generally d1d not flow stralght across the shelf to build shelf-margm

deltas (Suter and Berryhill 1985) Selsxmc reflection data collected and interpreted by the

\
U.S.G.S. on the south Texas outer continental shelf (Berryhlll 1980, 1981a, 1981b) show
several streams entering the shelf from the present-day Rio Grande to Matagorda Bay, all

the streams from Copano Bay southward flowed to the Rio Grande delta (ﬁg. 10). Seismic
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data collected by the U.S.G.S. jfrom the eastern Texas shelf also show numerous
submerged streamcourses (Be:}'ryhill et al. 1984; Suter 1987).

Relatively little scismic€ data exist for the continental shelf in the Brazos, Galveston,
and western High Island areas J(ﬁg. 5) that would help locate ancient courses of the Trinity,
Brazos, Sabine/Neches, and possibly the Colorado rivers. The Trinity, Brazos, and
Colorado are currently three otiL the largest streams in Texas, and substantial shelf sand and
gravel deposits are associated 1Lavith ancient channels of these streams. Nelson and Bray
(1970), using cores and sonopx}'obe data, found an ancient valley of the Sabine/Calcasieu
system, which turns abruptly s}outhwestward near the confluence of the Sabine and
Calcasieu rivers (fig. 10). Pealrson et al. (1986) studied sediments associated with this

paleovalley with high-resolution seismic surveys and several vibracores. Using cores,
\

seismic surveys, and bathymc\try, Aten (1983) constructed a paleogeographic map showing
the late Pleistocene and early IrIolocene inner shelf courses of the Sabine/Neches, Trinity,
and Calcasieu rivers, and shovived the ancient Sabine/Calcasieu streamcourse merging with
the Trinity streamcourse 50 tc% 65 km southeast of Galveston (fig. 10). It is not known
where these combined stream:s flowed gulfward from this inferred confluence. Even less is
known about late Pleistocene Zand early Holocene streamcourses of the Brazos and
Colorado rivers, although one% ancient course trending southward from Matagorda Bay
(Berryhill 1981b) may be rela?ted to the Colorado River system. In summary, there is very
little regional seismic data in z‘m area of the shelf that has a high probability of containing
significant fluvial sand and gravel deposits.

In addition to inferredk fluvial sand and gravel deposits located along streamcourses
revealed by seismic data, gravels which are almost certainly fluvial in origin have been
encountered in foundation bo“rings on the Texas shelf. Of the 26 borings that encountered
gravels (fig. 11), 17 were loc%ued in the Brazos or Galveston areas and are probably -

associated with the ancient B]razos, Colorado, and possibly the Trinity rivers. All but two

1
of these gravel deposits were too thin or too deeply buried to be economical. One of the

\
\
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potentially economic deposits ‘is located in the Brazos Area and the other is in the Mustang
Island Area (figs. 11 and 12) J » '
- S
1 .
» “ Brazos Area Gravels
Although 9 of 75 fodn“dation borings in the Brazos and Brazos South Areas

encountered gravels, only om:‘1 of these borings penetrated a significant thickness of
gravelly sediment with less tl\‘an 30 m of overburden. This boring, located in Brazos Block

|
409 about 14 km offshore from Matagorda Peninsula (fig. 11), extends 113 m into the

- subsurface in 19 m of water. Fine to coarse sands containing gravel and shell fragments

. | . 4
~ occur between subsurface depths of 13 to 19 m; these deposits are overlain by clay

" containing wood fragments, sfandstone fragments, and calcareous nodules. The areal
, | ;
extent of this gravel-bearing c‘leposi; is not known, but nearby borings in adjacent lease

blocks to the northeast and so;u‘theast contain thin gravel lenses with overburden

R thicknessés of 8and 33 m. }

|
|
}‘ Mustang Island Area Gravels

| ‘P'erha»ps a more prom]ising gravel deposit was encountered in a foundation boring
located about 8 km offshore }of Mustang Island in Mustang Island Block 772 (figs. 11 and
12). This boring, taken in lé m of water, penetrated 12 m of sandy gravel underneath 16
m of a fining-upward sequence that inclﬁdcd 12 m of dominantly silty fine sand. This
boring apparently encountered basal transgressive valley-fill deposits near the conﬂﬁence of
ancestral Nueces, Aransas, and pdssibly Mission rivers, which were located t_hrbugh
interpretation of high-resolution seismic reflection surveys conducted by the U.S.G.S. = -
(Beri'yhill 1981a). Althdugh nearby foundation borings located off thé axis of these |

streamcourses did not encounter gravel, it is likely that similar deposits exist both upstream

and downstream from this boring. Numerous sand and gravel quarries are operating in
similar dcposits along the NlJlCCCS River near Corpus Christi.

3 ‘
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Heavy Minerals \
The only systematic de“temlination of heavy mineral content of Texas shelf
sediments was conducted by tﬁ‘le U.S.G.S. on the south Texas outer continental shelf
(Berryhill et al. 1976). During this survey, 276 grab samples spaced on an approximate 5-
km grid were analyzed for tot41 heavy mineral content in the sand fraction. Heavy mineral
concentrations determined during this study ranged from only a trace to 32 percent by
Weight. Heavy mineral concex‘m'ations generally increased southward toward the Rio
Grande delta, with most of the higher concentrations (greater than 2 percent by weight)
recorded off south Padre Islanjd (fig. 13). Heaviest concentrations are located 16 to 72 km
offshore in water depths of 20 to 100 m. The thickness of sediments w1th high
concentrations of heavy minefals is not known because grab samples only penetrate a few

| .
centimeters below the scaﬂoo“r. However, the heavy mineral deposits are probably

relatively thin (less than one meter) because they occur in transgressive sandy sediments
that cap the Rio Grande delta scomplex.

Heavy minerals in the grab samples collected by the U.S.G.S. were not identified
because extensive work with the shelf heavy mineral suite was done during API Project 51
(Curray 1960; van Andel 1960; van Andel and Poole 1960). Analyses of seven samples
(table 2) taken in the vicinity of the heavy mineral concentrations indicate that the suite is
dominated by hornblende, epidote, zircon, and garnet (van Andel and Poole 1960). Minor
amounts of staurolite, tourmaline, and kyanite are also present. These minerals have

largely been brought to the sﬁclf by the Rio Grande, which carries an assemblage of heavy
| .

minerals (table 2) similar to that found on the shelf (van Andel 1960).
|
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Table 2. Heavy mmeral suite in sand fraction of Rio Grande fluvial deposits and on the
continental shelf, South Padre Island Area. River abundances are averaged;
shelf abundance given as range among seven samples. Data from van Andel
(1960) and van Andel and Poole (1960)

‘ Rlver Abundance Shelf Abundance
Mineral ' " (percent) »
Epidote 22 : 4-19
Homblende - : \‘ 20 17 - 38
- Basaltic homblende ! 10 2-7
Tourmaline ST } 2 0-2
- Zircon } 5 4-17
Garnet | 6 2-17
- Staurolite 1 1 0-3
Kyanite ' ! 3 0-1
- Others ‘ : | 4 0-7

\

|

|
| ‘ L

Potentifal Markets for Nonfuel Minerals

| ‘ :
Many of the nonfuel m;ineral prospects located on the Texas continental shelf are

located too far frqm potential ﬂmrkets to economically compete with abundant local,

onshore deposits. However, two nonfuel resources that could be economically competitive
g

in the future are sand for beach nourishment and sand and gravel for use in the concrete and

' ]

~ construction industry.
: 1
\
|

\
Beach Nourishment (San}‘d)

\

Beach nounshment, the artificial restoratlon of a beach by addmg sediment to offset
beach erosion, can be attemptcd where substantial human investments in recreation,
residence, or industry would be damaged by continued erosion. Long-term erosional
trends of Texas beaches and 1:1eavy beach usevnéar population centers mékcs beach ’
hourishment an attractive alte;‘mative to ot_her methods of shoreline stabilization. Beach

_ | ,
nourishment has been considered for Galveston Island to re-create a beach that once existed

|

| %
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seaward of the Galveston seawiall, to offset high rétcs of erosion (averaging up to 3 m/yr
since the 1850's; Morton 1974) on beaches west of the seawall, to replace the estimated 1
million cubic yards of sand er&ded from the western part of the island during a recent
hurricane (Morton and Paihc 1985), and to replace contaminated beach sand removed from
the island after oil from the wr‘;ecked tanker Alvenus washed ashore in 1984.

Recent extensive devel‘opment along south Padre Island has placed hotels,
residences, and businesses near a beach that is eroding rapidly. Since 1867, average
annual rates of erosion at the southern tip of Padre Island have been as high as 5 m/yr
(Morton and Pieper 1975); mciant rates as high as 6 m/yr (Paine and Morton 1988) indicate
that erosion is likely to continue. As the shoreline retreats, endangered structures will
either be destroyed, moved (if possible), or will be protected by engineered structures such

\
as seawalls, groin fields, and l?reakwaters or by beach nourishment. Because the principal

industry in this area is tourism, beach nourishment will likely be the chosen alternative.

|
|
| »Sources and Cost
Size of the material to be added to an eroding beach is of critical importance. If the
i
material is too fine, it will ero&?e rapidly; if too coarse, the aesthetics of the beach will not be

preserved. One of the most pzromising sources of sand for nourishment of Texas' gulf
beaches are shore-parallel sand bodies formed from similar materials and in a similar
manner to today's Texas beac}jlcs and nearshore sands; thus théy are closer to ideal size
parameters than are onshore ﬂuﬁd or deltaic sands. In addition, sands dredged offshore
can be tranSportcd to the beach over water rather than hauled over land by trucks.

There are potential sources of beach-compatible sands located offshore from both
south Padre Island and Galveston Island. Sand is particularly abundant off south Padre
Island (figs. 6 and 9), where Hhc postglacial sea-level rise has caused reworking of the

sand-rich Rio Grande delta aAd produced a transgressive sand sheet across much of the

| 33
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south Texas shelf. Sand is not as abundant offshore from Galveston, yet potential sources
such as Heald Bank (65 km distant) and Sabine Bank (95 km distant) do exist.

Despite the amacﬁvenéss of some offshore sands for beach nourishment, recent

studies have shown that offshore sources are more expensive to exploit than are nearby
onshore sources. At Galvcstoh Island, offshore sources of sand much nearer Galveston

\ . .
Island than Heald Bank were ?onsidemd for a beach nourishment project, but were rejected

in favor of compatible sand that could be piped or trucked from a site at the eastern end of

the island (U.S. Army Corps $f Engineers 1983). Costs of sand obtained in this manner
\

were budgeted at $6.75 per cqbic yard; sand obtained by hopper dredge from nearby
offshore sources was more mé.n three times as expensive ($21 per cubic yard). Itis clear

|
that as long as nearby compati‘ble sands are available, use of offshore sand will not be

economically feasible for beaéh nourishment.
|
|
Construction and Industl"‘y (Sand and Gravel)
| Demand
\

There are diverse industrial and construction uses for sand and gravel. Industrial
\

sand is used as an abrasive, as a refractory material in metal casting, as a propping agent in
hydraulic fracturing of hydrogisarbon reservoirs, and in glassmaking. Sand and gravel are
also used by the construction industry in the making of concrete, as road base, and as fill;
together these uses make the sand and gravel industry the second largest nonfuel mineral
industry in the United States (Davis and Tepordei 1985).

By far the largest sand and gravel market on the coast of Texas is the Houston
Metropolitan Area (HMA). I%)uring 1985, the HMA consumed an estimated 19.3 to 25.0
million tons of aggregate (Bu{reau of Mines 1987a). Other Texas population centers that
consume smaller but substantial quantities of aggregate are Corpus Christi on the central

|

coast and Brownsville on the‘ southern coast. As abundant local supplies of sand and

| 34
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gravel are exhausted, each of these areas may look to nearby offshore sources of sand and
1 (

gravel. \ \
|
|

11 Sources and Cost
Houston, Corpus Christi, and Brownsville are all located within major stream

basins (Trinity/San Jacinto, Nueces, and Rio Grande). Fluvial sand and gravel similar to
|
deposits found along these streams on land can also be expected to occur offshore along the

‘downstream continuations of tihcse streams. Many of these drowned streamcourses have
been located by seismic surve)}'s (see section on streamcourses and valley fill) and the
presence of sand and gravel hz%ls been verified in some areas by coring.

Cost of sand at onshorie pits and quarries is relatively low, ranging from $1 to $3
per ton in Houston (Bureau of; Mines 1987a) to about $4 per ton in the Corpus Christi area.
Gravel is more expensive, ranging from $4 to $8 per ton in Houston to about $8.50 per ton
in Corpus Christi. The relativ“cly low cost of sand and gravel at the quarry is offset by high
transportation costs, making ljocal sources much cheaper than distant sources. As nearby
sources are depleted, delivered costs of sand and gravel to each of the metropolitan areas

will rise and may increase interest in offshore sand and gravel deposits.

\
Despite the probable abundance of near surface sand and gravel on the Texas

|
continental shelf, these deposits must be competitive with equally abundant sand and gravel

|
on land. In a recent study of the potential for offshore sand and gravel production in the
Houston area, it was estimateid that despite the large consumption rate, more than 40 years
of on-land supply remained (IFureau of Mines 1987a). Similar abundances in areas of

lower demand, such as Corpljis Christi and Brownsville, will last even longer.
!
|

\
{ Conclusions

There are abundant sa“md, gravel, and heavy mineral deposits on the Texas

|
continental shelf. Signiﬁcantﬁ sand accumulations at or near the seafloor occur as shore-
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| .
parallel sands and transgressive sheet sands that were deposited during the post-

|
Wisconsinan rise in sea level and in shelf-edge deltas built during the late Wisconsinan sea-

level lowstand. Fluvial sand ind gravel occur along Wisconsinan streamcourses across the

|
continental shelf; however, the“se basal valley-fill deposits may be covered by tens of

meters of overburden. Surfacé accumulations of heavy minerals occur on the south Texas
‘continental shelf offshore frorln the Rio Grande.
Potential markets for sand and gravel mined offshore exist in Texas. Sand such as

that contained in drowned shoreline and nearshore deposits have the greatest near-term
economic potential because they can be used for beach nourishment projects which would
not require expensive overlanﬁd transport. Industrial and construction sand and gravel,

though abundant offshore, an‘l, also abundant onshore. With onshore supplies adequate for

‘ .
40 years or more, near-term exploitation of offshore sand and gravel for industry and

construction is not likely. |
|
\

i Recommendations

It is not anticipated thét nonfuel minerals on the Texas continental shelf (principally
\

sand and gravel) will become generally economic in the near future because the onshore
supply is adequate for many Tycars. As long as this remains true, demand for offshore

!
deposits will be low. However, specific local accumulations, such as sand particularly

\
suitable for nearby beach no@sMent, could become economic at any time. Uneven
distribution of sediment sam;ichs, cores, and high-resolution seismic coverage makes a
comprehensive inventory of potentially economic deposits impossible, but has led to the
discovery of some deposits. Me following recommendations reflect the combination of
low and sporadic demand, sparse data, and marginal economics for nonfuel minerals on the

Texas continental shelf. \
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Reco'mmendatior'l;l. Leasing the Texas continental shelf for nonfuel mineral extraction
should be done in a manner that will accommodate anticipated sporadic, single-user |
demand for speciﬁé offshore deposits rather than multi-user competition for widely-

. distributed resources.

Recommendation 2. Fill existing data gaps with a regional high-resohition seismic

survey of the Brazos, Galveston, and wé‘sterh- High Island areas. Seismic coverage is

|

~adequate for the remainder of thc continental shelf. The recommended seismic survey will
reveal potentially significant aécumulaﬁons of sand and gravel along Wisconsinan courses

of the Brazos, Colorado, and f'I;‘rinity rivers.

| |
Recommendation 3. If the Minerals Management Service a_ntic;ipates needing to
demonstrate the economic poteintial of offshore deposits, then characterization studies are

recommended for three sites: 'heald Bank sands, sand and gravel offshore from Mustang

Island, and sand and heavy mlpcral cbncerit‘rations off the Rio Grande. These studies

should be tailored for each sité; but would include surface samples,‘ cores, and high-

“ resolution seismic surveys. Ot" these three sites, Heald Bank has the highest potential for
use. Heald Bé.nk sands are atq'active for béach nbun'shment b‘ecause‘ (1) thereisa nearby
markét at Galveston Island, (21) sizé requirements for beach nourishment are strict, suitable
~ on-land deposits are limited, alld Heald Bank is composed of sediment similar to that on

4 Galvestbn Island, and (3) offsljxore sand may have a transportation advantage vc‘>verl truck-

hauled sand from distant on—lz‘md borrow sites.
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