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ABSTRACT
There are five river and terrace complexes along the
Texas Gulf coast--the Trinity, Brazos, Colorado, Guadalupe,
and San Antonio rivers and associated terraces---which were
examined to determine differences in morphology of each
complex in order to relate the differences to regional
movement.

By using the relations of the rivers and terraces,

evidence has been found for the existence of local movement
in a trough-arch-trough complex.

The stable hinge area

between the uplifting Interior of Texas and the downwarping
offshore area has also been located where the complexes
cross it.
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RIVER AND TERRACE COMPLEXES
OF THE TEXAS GULF COAST

INTRODUCTION
This is the final paper in a series of studies of the
Trinity River of Texas (McEwen, 1963* Rice, 1966; Wantland,
1964).

A study of the subsurface foraminlferal facies of

the Trinity delta by Bethany Krawlec and a third dimensional
study of the sedlmentology of the Trinlty-Galveston complex
by Rehkemper are in progress.

The object of this paper was

to compare the Trinity River with four other rivers of the
Texas Gulf coast—the Brazos, Colorado, Guadalupe, and San
Antonio rivers (Figure 1)--in order to determine how the
Trinity River differs from the others and why the rivers
are different.

The five rivers were compared on the bases

of river gradients, terrace gradients, degree of development
of terraces where they do exist along the rivers, position
of the rivers within the terrace development, and responses
to geologic environment.

Of primary interest was the rela¬

tion between river and terrace morphology and regional move¬
ment.

Evidence of regional movement should be Indicated by

changes in geomorphology; uplifting and downwarping would
cause river and terrace gradient changes.

Older terraces

would not have the same relation to the rivers that the

—
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younger terraces have if there had been regional movement.
The rivers were studied from the Tertiary outcrop belt
down to the coast, a distance of about 150 miles.

The

Trinity, Brazos, and Colorado rivers have developed fairly
wide valleys and flox* across gently sloping terrain.

The

.

Guadalupe and San Antonio rivers have narrower valleys since
the gradient of the terrain in this area is relatively higher
than the gradient of the area of the other three rivers.
Pairing of the terraces--equal development of each terrace on
both sides of the river--is not prevalent (Stricklin, 196I).

METHOD OF Y/OHK
Maps of the five river valleys were made from seven and
one-half minute (scale 1:2*1,000) and fifteen minute (scale
1:62,500) quadrangle maps from the U. S. Geological Survey
(Plates 1 through 5).

The terraces of the Brazos, Colorado,

and Guadalupe rivers were picked on the basis of a study by
Deussen (1924) in which he listed the terraces of each river,
the elevation above river bed of each terrace in different
places on the rivers, and a description of how well the ter¬
races have been preserved (Table 1).

There was no comparable

study of terraces along the Trinity and San Antonio rivers,
so the two lowest terraces along the Trinity River and the
lowest terrace along the San Antonio River were picked on
the basis of experience developed in finding terraces along
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TABLE 1: Elevation of Terraces
(from Deussen, 192*0

H1 ver

Terrace elevation in feet above river
' V
II
ill
iv
~r
.

70

Brazos

0-30

30-35

40-55

Colorado

0-l6

16-28

24-45

52-75

Guadalupe

0-30

30-40

43-55

60-95

the other three rivers.

90-122
77-100

The elevation of the lowest terrace

of the Guadalupe River was used as a guide in locating the
lowest terrace along the San Antonio River.

The assumption

that the youngest terraces of the two rivers have about the
nar-o elevation was made since the rivers cross similar ter¬
rain and are close together in the area studied.

Terraces

I and II along the Trinity River are well developed.

Ter¬

race I Is from 0 to 35 feet above mean river water level
nr.d the second terrace is 40 to 80 feet above mean river
Hater level.

Terrace I highest elevation and terrace II

elevation on the Brazos, Colorado, and Guadalupe
rlver.'i are the same.

Terraces I and II can be delineated,

or. tha V-fiais of average elevation since terrace I is on the
nvirv" TO feet lower than terrace II along the Guadalupe
r.trcr.

Alone; the Brazos and Colorado rivers, however, it

tlfficuit to determine the boundary between the two low*"5’ *.

Terraces II and III on the Colorado River

appear to overlap but, again, the average elevations of the
two terraces are significantly different.
The elevations of terraces listed by Deussen are in
feet above the river bed.

Terrace elevations measured from

the mean river water level to the tops of the terraces on
the quadrangle maps were the same as the terrace elevations
measured by Deussen from the river beds to the tops.

There¬

fore it was assumed that Deussen measured from the water
level.
Two profiles were made of each river and terrace com¬
plex (Figures 2 through 6).

Profiles labeled ''straight line"

were constructed by drawing a tangent to the coastline near
the mouth of each river and taking a perpendicular from the
point of study farthest inland along each river down to the
tangent line.

Positions of cities and geologic contacts

were transposed to the perpendicular line.

This type of

profile allows study of the rivers in the total environment;
local changes are taken out.

The rivers are measured from

the coast even though the Trinity, Guadalupe, and San Antonio
rivers do not empty directly into the Gulf but into bays.
The purpose of measuring in this manner was to give a common
basis for comparison of changes along the rivers.

Since the

river mouths change over time and since locating the point
at which the rivers empty into bays requires the use of de¬
tailed and up-to-date maps, using the Gulf shore for the
base of measurement simplifies the problem since the shore

-
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is a fairly constant and easily determinable control line.
The profiles labeled "connected lines" were constructed
by connecting major bends in each river with a straight line.
This type of profile allows local changes to be seen.

The

connected lines profile and the straight line profile for
each of the rivers were much the same.

On the connected

lines profiles elevations were recorded every five miles
along the rivers so these profiles give a fairly good picture
of how the rivers and terraces are related in each locality.
The straight line profiles were constructed with more distance between points of recorded elevations; recorded points
are about 30 miles apart.

The straight line profiles give

an averaged picture of river and terrace changes.

The dif¬

ferences between the pi-ofiles for each river do not appear
to be significant.

The profiles Illustrate different aspects

of the rivers and terraces—-local changes and regional
changes--and are of equal interest.

The lines along which

the straight line profiles and the connected lines profiles
were taken on each river are indicated on Figure 1.

REGIONAL FRAMEWORK
Regional movement is the result of uplift of the in¬
terior part of Texas.

The line of reasoning followed to

reach this conclusion is based on the fact that sea level
is presently high (Shepard, I960; Bernard and LeBlanc, 1965)

«*£)«»

t

yet the depositional terraces from Paleocene through the
older formations are generally marine (Deussen, 1924).

The

marine character is seen in outcrops and subsurface data
from above sea level.
ing.

Therefore the Interior must be ris¬

Marine deposits are found offshore at greater depths

than the original depths of deposition (Kay and Colbert,
1965).

So the offshore area must be downwarping.

Some of

the change in depth can be attributed to compaction but
vertical movement resulting from isostatlc adjustments is
thought to be the primary cause of the change (Murray, i960).
Since the interior is rising and the offshore area is down¬
warping, there must be an area at which.no change in eleva¬
tion is occuring.

This stable area is the hingeline.

If

downwarping were occuring in large parts of the onshore area,
the sea would be encroaching.

There is evidence for encroach¬

ment only in a few places such as Galveston Island (Shepard,
1953) and in the Ingleside area (Graf, 1966).

Based on his

studies at the Ingleside pit, Quinn (1957) proposed that sub¬
sidence has taken place on the entire coastal plains area
but the Ingleside pit area is not representative of the
coastal plains area.

For more detailed discussions of the

deposits of the coastal plains see papers written by Bernard
and LeBlane (1965), Deussen (1924), Doering (1955), and
Weeks (1945)
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TABLE 2: Terrace Names
Fisk
(1944)

Bernard and
LeBlanc (1965)
Williana or
Willis

Williana

This paper
V
-

Bentley

Lower Llssle or
Bentley

IV

Montgomery

Upper Llssie or
Montgomery

III

Prairie

Prairie or
Beaumont
Recent

II
I

RIVERS AND TERRACES
The river and terrace gradients in the chart are aver¬
ages (Table 3).

Gradients of the Trinity, Guadalupe, and

San Antonio rivers were determined using distance from the
Gulf coast tangent to the point of study farthest inland
(Figure 1).

Many changes in slope of the rivers can be seen

in the profiles.

In general the points at which these changes

occur can be correlated with stratigraphic contacts.

For

example at the contact of the Oakville formation and the
Lagarto formation on the Brazos, Colorado, Guadalupe, and
San Antonio rivers,' gradients of the rivers and terraces
change, becoming less steep after crossing the contact.

Con¬

tacts and changes in gradient do not correspond exactly due
to dlfficiiltles in locating the gradient changes and the

8

TABLE 3:

***

Average River and Terrace Gradients
in feet/mile

River

Terrace Gradients
II
III

River
Gradients

I

Trinity

0.85

1.20

1.60

Brazos

1.40

0.56

1.68

1.33

1.71

Colorado

2.32

1.43

2.43

2.69

3.33

Guadalupe

2.31

2.4 5

2.92

3.75

3.75

San Antonio

3.15

3.63

points of river crossings precisely.

IV

Changes in gradient do

not occur at each contact because the lithologies of the forma¬
tions are in general very similar.

Stratigraphic contacts are

indicated on the profiles of the rivers (Figures 2 through 6),
The terrace gradients were calculated only if the same
terraces appeared along the rivers in more than two places.
Gradients were determined using the distance from point of
first appearance of each terrace to the point at which the
terrace was no longer traceable, • Terraces range in age from
early Pleistocene to Recent (Deussen, 1924) and are .correc¬
table with periods of glaciation (Bernard and LeBlanc, 1965).
The older terraces—those highest--are dissected and
are not continuous all along the rivers.

Only the points

where the terraces could be traced with confidence were
plotted on the profiles and indicated on the overall maps
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of the rivers.
Terrace I on the Trinity, Guadalupe, and San Antonio
rivers is well developed in most of the area studied.

The

Brazos and Colorado rivers, however, have terrace I only in
the lowest fifteen to twenty miles of the rivers.

The area

in which terrace I appears is the flattest part of the river
courses.

For this reason the first terraces on the Brazos

and Colorado rivers have lower gradients than the gradients
of each river and other terraces along each river.

Ter¬

races I and II merge in the lower parts of the Brazos and
Colorado rivers; there is no rapid change in slope between
the first two terraces.

Elevation of the terrace above the

river changes gradually from 40 feet to sea level.

There¬

fore the contact between the two youngest terraces is hypo¬
thesized and noted on the overall river maps by a dashed
line.(Plates 1 through 5).
Each of the first three rivers, the Trinity, Guadalupe,
and San Antonio rivers, is almost centered in the terrace
development--the area along each side of the river in which
terraces occur—with which it is associated.

The centered

rivers do not necessarily have paired terraces.

The por¬

tion of the Guadalupe River between Nursery and Hochhelm is
centered, but the same terraces do not occur on both sides
of the river facing each other.

On the other hand, the

Brazos and Colorado rivers are not centered at all.

Each of

these two rivers occurs on the western side of the terrace

10

development associated with It.
Terraces III and IV along the Guadalupe River have the
same gradient but there is a 20 to 40 foot difference in the
elevation of these terraces.

The gradient of terrace III of

the Brazos River is lower than the gradient of terrace II,
indicating that there may have been some local movement dur¬
ing the development of terrace III.

More study in the area

to the north of the area studied in this paper is needed to
determine the reason for the anomalous gradient.

The aver¬

age gradients of terrace I along the Trinity, Guadalupe, and
San Antonio rivers listed in this paper are lower than the
actual gradients since terrace I was measured from the coast
even though the terraces do not necessarily continue down to
the coast.

It would be impossible to determine the southern

extent of the first terrace of each river without detailed
field work.

Work of this type was beyond the scope of study

for the purpose of this Investigation.

CONCLUSIONS
The depositional terraces of the Mississippi River have
been studied by Fisk (1939) and others, and, on the basis of
changes in gradient of the terrace slopes, the hinge line in
that area has been located.

Using this same approach, two

major conclusions were reached regarding the area through
which the five rivers flow: (1) there is enough evidence to

-
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locate the hinge line where it crosses the rivers, and (2)
there is evidence for a smaller trough-arch-trough complex
in this region.
On the basis of elevation of a Pleistocene beach, Graf
(1966) proposed that the hinge line in the Texas area appears
onshore and offshore in a sinuous route (Figure 7).

The

hinge line runs in an east-west direction in Trinity Bay and
does not cross the river.

In the Brazos Rlver-Colorado River

area the hinge line is approximately 25 miles inland.

The

two rivers develop terrace I only after crossing the hinge
line into the downwarplng area.

In the Guadalupe R.lver-San

Antonio River region the hinge line crosses through the San
Antonio Bay and does not affect either of the rivers.

If

the hinge line occurred farther inland in an area where it
would cross the river and terrace systems, the gradients of
the terraces would display evidence of the movement.

To the

north of the cross point, higher gradients on the older ter¬
races would be found than would be found to the south where
the land would be downwarping.
The Brazos and Colorado rivers are downcutting north of
the hinge line while the Trinity, Guadalupe, and San Antonio
rivers are depositing material on the lowest terraces.

The

downcutting appears to be the result of movement along a
small arch running north-northeast to south-southwest and
plunging south-southwest (Figure 7).

An arch would cause
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"both the positioning of the rivers on the western edges of
the terrace developments--the result of sliding off the side
of the arch--and the downcutting of the two rivers while the
rivers on either side are aggrading.

A trough on either side

of the arch is hypothesized because both the San Antonio Bay
and Trinity Bay are drowned river mouths (Shepard, 1953) and
because the Trinity, Guadalupe, and San Antonio rivers are
not downcutting.

The position of the western synclinal axis

is also hypothesized since thei-e is not enough Information
on the area to place it exactly.
Prom studies of the sediment load of the Trinity River
(Rice, 1966), the Trinity River has been shown to be carry¬
ing a greater volume of suspended material than is being de¬
posited in the delta or being carried out to the bay.

There¬

fore the Trinity River must be depositing part of the load
behind the delta on terrace I.

A river that is being uplifted

would not develop the broad first terrace that the Trinity
River has developed, nor would the river deposit behind the
delta if the land were stable.

The only conclusion is that

the Trinity River area must be subsiding.

A similar study of

sediment load was done in the San Antonio Bay by Shepard (1953)
with the conclusion that' the bay is subsiding.

Since the

Guadalupe and San Antonio rivers are aggrading, they may also
be in an area of local subsidence not related to the broad
regional movement of the coastal region.
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Figure 1
Index map showing Texas Gulf coastal area and lines
ong which profiles of the rivers were taken.

Figures 2 through 6
Profiles of the five rivers and the terraces of each.
The points at which the rivers and terraces cross strati¬
graphic contacts are marked on the profiles.

'Legend
River

—

Terrace I

—

Terrace II
Terrace III—-.
Terrace IV
Stratigraphic contact
Qb Pleistocene Beaumont clay
Q1 Pleistocene Lissie gravel
Qw Pleistocene Willis formation
Pg Pliocene Goliad sand
Ml Miocene Lagarto clay
Mo Miocene Oakville sandstone
Me Miocene Catahoula sandstone
Met Miocene Catahoula tuff
Sj Eocene Jackson group
Tec Eocene Claiborne group
Ey

Eocene Yegua formation

Ecm

Eocene Cook Mountain formation

Es

Eocene Sparta sand

Ew Eocene VJeches greensand
Eqc Eocene Queen City sand
Er Eocene Reklaw formation
Ec Eocene Carrizo sand
Ewl Eocene Wilcox group
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Figure 7
Tectonic map of the Texas Gulf coast showing the hinge
line and positions of the arch and troughs.
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