
























































































































































































































































































































Late Pleistocene deltaic muds underlie an oxidized erosional surface with 
considerable relief. Overlying Holocene sediments are chiefly gr.ay and red-brown 
bay-estuarine mud and sandy mud. Entrenched valleys other than the Brazos valley 
are filled with gray mud that lies below highest elevations of drainage divides 
(Wilkinson and Basse, 1978). Red-brown mud deposited by the ancestral Brazos­
Colorado Rivers blankets the divides and climbs stratigraphically higher toward the 
northeast indicating time-transgressive deposition that persisted near the Brazos­
Co!orado delta. Red-brown de!taic mud is overlain by bay-estuarine mud that also 
occurs stratigraphically higher and thins northeastward (fig. 96). Uppermost sands of 
barrier-island tidal-inlet origin also thin northeastward even when greater sand 
thickness, attributed to inlet migration at Pass Cavallo (Wilkinson and McGowen, 
1977), is taken into account. These stratigraphic relationships suggest that Matagorda 
Peninsula and underlying bay and deltaic muds become progressively younger toward 
the Brazos-Colorado deltaic plain (Wilkinson and Basse, 1978, fig. 2, p. 1594). 

South Padre Island 

The history of development of south Padre Island is related to the construction, 
abandonment, and subsidence of the northern lobe of the Holocene Rio Grande delta. 
Several depositional events preceded development of south Padre Island and its 
associated lagoon. 

Holocene depositional history 

Holocene barrier-strandplain sands began to accumulate in the Pleistocene Rio 
Grande valley when sea level had risen to a position about 70 ft (21 m) below present 
sea level (fig. 97). Barrier island - strandplain sediments continued to accumulate 
until the sea level had risen to about 30 ft (9 m) below mean sea level (m.s.l.). At that 
time the Rio Grande began to construct a delta (Brown and others, 1980). 

Radiocarbon ages (McKinley, personal communication, 1977) indicate the follow­
ing age relationships: (1) the lower 10 to 15 ft (3 to 4.5 m) of deltaic sediment, which 
lies 25 ft (7.5 m) below m.s.l. , probably accumulated more than 4,000 years B.P .; (2) 
the distributary channel sand (approximately 2,600 years B.P .) may be younger than 
adjacent inte rdistributary bay - prodelta mud; and (3) lagoonal and tidal-flat environ­
ments developed (approximately 2,500 years B.P .) concurrently with the youngest 
deltaic deposits. '· 

The Rio Grande subdelta became inactive and began to founder approximately 
2,000 years B.P. South Padre Island, Laguna Madre, and wind-tidal flats began to 
develop at this time. 

After delta abandonment and subsidence, south Padre Island migrated toward the 
lagoon. The processes of compactional subsidence, shoreline erosion, and northwest­
ward sand transport continue today. Wind-tidal flat deposits are thickest near the 
present Gulf shoreline, and they thin progressively toward Laguna Madre. Laguna 
Madre grassflat deposits are thin, indicating a relatively young age for these deposits. 
Grassflat deposits, like wind-tidal flat deposits, thin in a westerly direction (fig. 97). 
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Figure 96. Strike section of late Pleistocene and Holocene sediments beneath 
Matagorda Peninsula (after Wilkinson and Basse, 1978). Decros Point Quadrangle. 
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Figure 97. Cross section south Padre Island area, Texas. South Padre Island is less 
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deltaic sediment (Brown and others, 1980). (Location on fig. 74). North of Port Isabel 
SW Quadrangle. 
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Two-dimensional geometry of south Padre Island 
and underlying Holocene Rio Grande delta 

An east-west cross section (figs. 74 and 97) depicts the depositional fades of 
south Padre Island and underlying older Holocene deltaic units. 

Holocene deposits that underlie south Padre Island from the Rio Grande to the 
vicinity of Port Mansfield Ship Channel accumulated in a valley cut by the Rio Grande 
when sea level was lowered between 390 and 450 ft (119 and 137 m) during the 
Wisconsin glacial stage (Curray, 1960; Bernard and Le Blanc, 1965; Brown and others, 
1980). 

Depositional fades 

Subsurface depositional fades are shown in figure 97. Two broad genetic units 
constitute the subsurface fades: barrier island - strandplain fades and deltaic fades. 

Barrier island - strandplain fades. The basal Holocene sand accumulated when 
sea level was some 30 to 70 ft (9 to 21 m) below present level. This sand is a 
transgressive unit that accumulated in a barrier island - strandplain depositional 
system. Sand that makes up most of this system was derived directly from the Rio 
Grande and was reworked almost immediately by marine processes. The process of 
formation is believed to have been analogous to that described by Curray, Emmel, and 
Crampton (1969) for the development of the strandplain of Nayarit, Mexico. 

Sand accumulated in shoreface, beach, and barrier-flat environments. The 
relatively coarse grain size of some sand, presence of wood debris, and high biotite 
content indicate a fluvial source. Foraminifers and fragments of Gulf molluscan 
species record the marine influence. Sand with thin, soft, mud layers containing plant 
debris and shell fragments has been interpreted as a shoreface deposit. 

Interpretation of mud as swale fill is based upon degree of induration of mud, 
high plant debris content, and its association with other facies. 

Deltaic fades. The Rio Grande constructed a delta characterized by distribu- · 
tary channels, delta-front sands, interdistributary bays, and a sparsely vegetated delta 
plain. This delta began its growth when sea-level rise diminished, or stopped briefly, 
some 30 ft (9 m) below its present position. Sea level resumed its rise after the 
temporary stillstand, but more slowly because the Rio Grande delta was able to 
prograde the shoreline. Temporary halts or reduced rates in sea-level rise are 
recorded by tough delta-plain muds. 

Distributary channel sands up to 30 ft (9.0 m) thick and 1.25 mi (2.0 km) wide are 
piano-convex in cross section. Sands are mostly brown, biotite and plant debris 
bearing, and fine grained. Distributary channel facies grade laterally into delta-plain 
and interdistributary muds. Crevasses are commonly associated with distributary 
channel deposits. 

Vertical accretion and emergence of the delta plain is recorded by a series of 
tough, predominantly red and brown muds. These muds were emergent for a time 
sufficient for (1) dewatering, (2) establishment of a dense vegetation cover, and 
(3) development of large populations of fiddler crabs. Delta-plain muds were derived 
by overbanking from distributaries. 
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Interdistributary bay and prodelta muds are laterally equivalent to all the other 
deltaic fades. On the basis of the thickness of interdistributary bay-prodelta muds 
between zones of tough delta-plain muds, it is suggested that water was about 5 to 
15 ft (1.5 to 4.5 m) deep during development of the Rio Grande delta. Inter­
distributary bay-prodelta muds are predominantly grayish brown with some greenish­
gray mud. Muds characteristically contain plant debris. 

Characteristics of surface fades 

Five surface sediment fades are recognizable on south Padre Island. From east 
to west these are beach, fore-island dunes, washover fan, wind-tidal flat, and 
grassflat. 

Beaches on south Padre Island are made up of a seaward-sloping forebeach and a 
gently lagoonward- or seaward-sloping backbeach. Forebeach slopes toward the Gulf 
at about 5°. Sediment composing the forebeach is pale-yellowish-brown, well- sorted, 
fine sand with common to abundant whole and fragmented shell material, and local 
heavy mineral placers. Shell material is derived from species that live in the 
nearshore Gulf of Mexico and from bay and lagoon species derived from erosion of 
older deposits that are exposed on the inner shelf and shoreface. Stratification of the 
forebeach is parallel inclined laminae or low-angle, wedge-shaped sedimentation units. 
Backbeach deposits are texturally similar to the forebeach; however, the backbeach 
may be locally covered with a shell pavement representing a lag, or wind-deflation 
deposit . Stratification of backbeach deposits consists of (1) parallel laminated sand 
and shell, (2) trough-fill cross-strata, (3) ripple cross-laminae, and (4) local channel- fill 
deposits. 

Fore-island dunes are discontinuous and low, 10 to 15 ft (3 to 4.5 m) above m.s.l. 
They have the same general characteristics as dunes on north Padre Island. Wide 
breaks occur between fore-island dunes. During tropical storms and hurricanes south 
Padre Island is readily washed over (and commonly deeply eroded) in these low- lying 
areas (Brown and others, 1974; Morton and Pieper, 1975a). Within these areas the 
backbeach grades westward into was hover deposits. 

Washover deposits are gradational with backbeach deposits on the Gulf side and · 
wind-tidal flat deposits toward Laguna Madre. These deposits are pale yellowish 
brown above the water table and medium dark gray below the water table, and consist 
of sand and shell with a few rock fragments. Washover depos~.ts range from poorly 
sorted, shelly, fine sand to well-sorted, fine sand. Stratification includes (1) 
horizontally laminated and foreset crossbedded shelly sand, (2) parallel laminated and 
ripple cross-laminated sand, and (3) massive sand with worm burrows, mud drapes, and 
mud clasts. 

Wind-tidal flat deposits are predominantly sand. The surface of the wind-tidal 
flat is generally covered with a filamentous blue-green algal mat. Depending upon 
how recently the flat has been inundated, the algal mat may persist unbroken almost 
continuously across the flat, or it may be severely desiccated with areas of the flat 
laid bare when the wind removes patches of desiccated algae. Wind-tidal flat sand 
exhibits several colors largely dependent upon the relative position of the water table. 
Above the water table well-sorted, fine-grained sands are yellowish gray, whereas 
below the water table sands are grayish green and medium bluish gray. Wind-tidal flat 
muds are mostly greenish gray but commonly contain thin (1 mm or less) white 
carbonate lamina. Muds are mostly sandy and commonly contain gypsum crystals. The 
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ratio of sand to mud varies over short distances, chiefly as a function of small 
differences in elevation across the flat. Mud uni ts are thickest in local ponds, scour 
features, and toward Laguna Madre. Sedimentation units in sands are approximately 1 
to 4 inches ( 2. 4 to 10 cm) thick. Mud uni ts range from less than 0:5 inch ( 1. 2 cm) to 
about 2.0 inches (5 cm) thick. Stratification in sands are parallel laminae, ripple 
cross-laminae, parallel but wavy laminae, and gas-filled cavities commonly referred to 
as "sponge cake" texture. Stratification is locally accentuated by opaque heavy 
minerals. Root mottling, shell material, and "U-shaped" burrows are common in some 
horizons. In some areas mud content increases with depth. Thicker mud units appear 
to have accumulated in ponds or depressions; these units are massive and commonly 
contain plant debris. Thinner mud units occur as mud drapes over ripple cross­
laminated sand, interlaminated with blue-green algae and sand. Mud units are 
commonly contorted and desiccated. 

The floor of south Laguna Madre that is adjacent to wind-tidal flats slopes gently 
westward. Grassflats occur in this area; their deposits are light-olive-gray to 
greenish-gray shelly, muddy, fine sand. Vertical roots of Halodule wrightii, with plant 
material intact, occur throughout the thickness of grassflat deposits. Whole and 
fragmented shell, present throughout the entire thickness of the grassflat, generally 
increases upward. 
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INNER SHELF 

Introduction 

Rapid sea-level rise ar.d attendant shoreline retreat significantly influenced 
surface sediment distribution on the inner shelf. Curray (1960) and van Andel (1960) 
recognized that relict sediments overlain by a thin veneer of Modern sediments 
(figs. 98 and 99) were typical over much of the northwest Gulf of Mexico. This 'is in 
accord with general findings of Emery (1968) and specific conclusions of McGowen and 
Morton (1979), 

Currents generated by wind forcing are primarily responsible for present-day 
transport of sediments. Currents not associated with wind forcing are generally weak 
and attributed to density gradients (temperature and salinity) and tidal processes. 
Strong bottom currents generated by storms most likely cause small-scale cyclic 
sedimentation (graded beds) preserved in shelf cores (fig. 99). Hayes (1967) first 
recognized that graded shelf deposits were products of sediment transport associated 
with storm-surge ebb; however, Hayes may have overstated the importance of flood 
runoff through washover channels. Strongest shelf currents occur near or within the 
bottom boundary layer just prior to storm landfall and are directed parallel to shore or 
obliquely offshore. Such large-scale flows are necessary to conserve large volumes of 
water transported onshore as storm surges. Velocities associated with bottom-return 
flows of nearly 6 fps (2 m/s) have been recorded by ForristalJ and others (1977) on the 
Texas shelf during tropical storm Delia and by Murray (1970) off the Florida Panhandle 
during Hurricane CamilJe. 

Sediment Textures 

Inner shelf sediments are generally fine grained; coarse clasts (> 0.5 mm) are 
uncommon (< 1 percent) over much of the area. Gravel fractions are predominantly 
whole shells and shell fragments with subordinate amounts of lithic clasts. Indigenous 
shelf fauna and relict brackish-water mollusks (Rangia sp. and Crassostrea virginica) 
make up most of the skeletal debris. Multicyclic sands and muds are widespread and 
parallel the coast south of the Brazos delta; elsewhere, mud is substantially greater 
than sand (figs. 100 through 103). 

The inner shelf can be divided into four areas according to (l) coarse fraction 
percent, (2) distribution of anomalous mollusks; and (3) occurrence of rock fragments 
(fig. 104). Three of these areas delineate ancestral deltas of the Rio Grande, Brazos­
Colorado, and Trinity Rivers (Morton and Winker, 1979). The fourth trend, between 
Pass Cavallo and Aransas Pass (fig. 102), is enigmatic. 

Coarse material (fig. 104) may be concentrated because of high productivity , low 
rates of sedimentation, selective sorting and deposition, and reworking of relict 
sediments with local concentrations of shell. None of these processes entirely explains 
the major trends, although low rates of sedimentation and delta-plain destruction 
during Holocene transgression are common to all areas (Morton and Winker , 1979). 
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Figure 98. Generalized distribution of surface sediment, track of Hurricane Carla at 
landfall, and location of inner shelf cores. Surface sediment map modified 
McGowen and Morton (1979). Pass Cavallo Quadrangle. 
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Figure 99. Segments of cores 4 and 2 from the Matagorda - San Jose trend showing 
(A) graded bedding interpreted as a storm deposit and (B) shelf deposits overlying 
relict estuarine sediments with abundant oystershells. Core locations shown in figure 
98. Section A (core 4) taken from a depth of 1.1 m, section B (core 2) taken from a 
depth of 3.6 m. 
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Figure 100. Maps of the Sabine - Bolivar area showing (A) surface sediment 
distribution, (B) coarse fraction percent by volume, (C) rock fragments, and (D) 
restricted mollusk species (after Morton and Winker , 1979). 
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B. 

C. 

Figure 101. Maps of the Brazos - Colorado area showing (A) surface sediment 
distribution, (B) coarse fraction percent by volume, (C) rock fragments, and . (D) 
restricted mollusk species. Symbols explained .in figure 100 (after Morton and 
Winkler, 1979). 
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Winker, 1979). · 
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Figure 104. Surficial features, relative abundance, and distribution of restricted 
mollusk species, rock fragments, and caliche nodules in each of the four trends (after 
Morton and Winker, 1979). 



High concentrations of shell in marine sediments are significant precursors of 
fossil shelf assemblages. Modern shell deposits are analogous to basal transgressive 
sequences with abundant nearshore fauna that overlie or rest slightly above fluvial­
deltaic sediments. Thus, their areal distribution may be useful for interpreting patchy 
occurrences of shell in subsurface samples or outcrops. 

Relict Sediments 

By definition, relict sediments are not in equilibrium with extant physical 
processes, but are sediments deposited _under conditions different from those charac­
terizing present-day environments (Emery, 196&). Reworking and mixing of relict and 
modern sediments, however, creates a transitional group of sediments (palimpsest) 
that cannot be distinguished from some relict sediments. Those relict sediments most 
easily identified are generally firm oxidized muds and sandy muds with root casts. 
Exceptions are clean, well-sorted, gravel-sized deposits composed of shell, caliche 
nodules, and rock fragments. These clean gravels are interpreted as relict beach _ 
deposits because of their similarity to present-day beaches east of High Island, at 
Sargent Beach, and west of the Colorado River on Matagorda Peninsula (McGowen and 
Morton, 1979). 

Encrusted or thinly veneered outcrops of calcite-cemented sand, mud, and shell 
are also common in areas where highly irregular bathymetry has been charted. · The 
pinnacles, knolls, and ridges represent erosional remnants of relict sediments that have 
been preferentially cemented. Some linear trends of rocks are clearly related to 
potentially active faults, whereas others are not. The most thoroughly studied 
indurated outcrops on the inner shelf are Freeport Rocks (Curray, 1960; Winchester, 
1971) and the 7.5-fathom reef (Thayer and others, 1974) north of Port Mansfield Ship 
Channel. Despite the lack of confirming data, similar rocks probably crop out over 
much of the inner shelf southward from the vicinity of Port Mansfield Ship Channel, as 
suggested by irregular bathymetry and occurrence of rock fragments among backbeach 
sediments on south Padre Island. 

Depth to relict sediments on the lnner shelf varies from area to area. Offshore 
from deltaic headlands, relict sediments are exposed on the seafloor or covered by a 
thin veneer (< 3 ft) of mud. Modern shelf sediments are thickest between the Brazos­
Colorado and Rio Grande deltas; however, thicknesses are generally less than 20 ft 
(6m) (fig. 99). 

Stratification 

Homogeneous mud, sand, and shelly sand, graded beds, interbedded sand and mud, 
and bioturbated sand and mud are typical shelf sediments (fig. 99). Primary bedding 
may be partly or completely destroyed by burrowing organisms that impart a mottled 
appearance. Seaward of the shoreface, mud and sandy mud predominate (fig. 9&) in 
surface samples (McGowen and Morton, 1979) as well as long cores. Alternating 
parallel laminations and beds of sand and mud are the most conspicuous stratification 
types. Some beds are normally graded and show distinct fining-upward sequences from 
0.7 to 1.5 ft thick (20 to 40 cm); a few beds are reverse graded. 
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Erosional bases of graded beds are commonly overlain by comminuted shell 
debris with rare rock fragments (fig. 99). Coarser sediments grade upward to fine and 
very fine sand that, in turn, is overlain by homogeneous mud .. Flaser-lenticular 
bedding, present in some mud intervals, is subordinate to other primary structures. 
Graded beds and alternating beds of sand· and mud are the most common stratification 
types. Although present in a few cores, alternating sand and mud laminae are rare. 

Muddy intervals contain numerous sand-filled burrows from 0.25 to 0.5 inch 
(0.5 to 1 cm} in diameter. These burrows were formed by polychaete worms that are 
abundant in bottom sediments. High rates of sedimentation, disruption of feeding 
patterns, and recolonization are shown by gradual increases in burrow density above 
some graded units. 
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