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SUMMARY

This report is the first in a series of a three-phase study of the
effects of neotectonics upon the Mississippi River and tributaries. The
objective of this preliminary study was to evaluate the hypothesis that
gradual and presently continuing movements of the earth surface are
affecting Mississippi River and tributary channel characteristics to such
an extent that these effects should be included as design considerations
for navigation and flood control projects.

A review of literature indicates that several major rivers are
affected by tectonics. However, since alluvial channels are sensitive
indicators of change in hydrology and sediment load and type as well as
tectonics, the degree to which rivers are controlled by tectonics alone
has not previously been thoroughly investigated. The examples discussed
in the literature of tectonic control of river behavior deal primarily
with rather dramatic movements, earthquakes, and with the influence of
rocks of different resistance emplaced along the channel. The literature
has been less specific about the effects of gradual and continuing
crustal movements in a large alluvial river such as the Mississippt.

This report provides evidence to indicate that the effects of
crustal movement in a river system can be categorized as follows:

1.) Change in watershed drainage pattern

2.) Channel aggradation or degradation

3.) Change in channel pattern or sinuosity

4.) Channel diversion or avulsion

§.) Flooding due to subsidence.




This preliminary report demonstrates that at least three major geologic
uplift features continue to be active in the Mississippl Valley and that
influence of these features may impact present navigation and flood
control features.

Geologic and precise level surveys indicate that crustal uplift of
about 3 millimeters per year can be expected at some locations within the
Mississippi Valley. The average low water reference plane gradient of
the Mississippi River 1s only about 90 afll{meters per mile, or sbout
half the width of this page per mile. It i3 easy to uaderstand the
significance of a gradual lmm/year sovement that 1s accumslated over o
project 1ife of 50 years. Further, 1t can be seen that the same
accumulation of uplift could be a significant cause for peculfarities of
channel behavior which develop over & period of years in a channel reach
that otherwise has been free of prodlems.

This s the report for the prelfminary phase of this study.
Further phases of the study are to be directed to additional definition
of the effects of crustal movement, to & specific tavestigation of
particular Yocations, and to development of design Criteris encompassing
these 1ong term effects In planning for navigation and flood control
projects.
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CHAPTER 1

INTRODUCTION

Neotectonics is defined as "the study of the last structures and
structural history of the earth's crust” during the later Tertiary and
Quaternary (American Geological Institute, 1972, page 477). The
recognition of tectonic events and deformation of the earth's surface,
during the last few million years of earth history {s, of course, an
important function of the geologist and geomorphologist, but the
objective of neotectonic studies 1s to identify those areas where there
is deformation by uplift, subsidence, or faulting. Neotectonics has
affected the earth's surface as we know it, but 1ittle consideration has
been given to the subtler aspects of neotectonics, especfally as it
relates to rivers, river behavior and river morphology.
Geomorphologists have studied drainage network patterns and anomalous
reaches of rivers that are affected by geologic structure, but the
effect of neotectonics on alluvial rivers has recefved 1{ttle attention.
For example, Ollier (1981, p.180) states that "the degree to which
rivers control and are controlled by tectonics remains to be worked out
and the elucidation of the interplay of geomorphology and tectonics will
require a degree of geomorphic {input that {s not yet available.”

- The objectives of this study are: 1) to review the {nternational
Titerature and to determine the effect of neotectonics on alluvial
rivers, 2) to deduce the effects of neotectonics of varfous types on

alluvial rivers, 3) to determine if neotectonic activity is influencing




the Migssissippl River Setuser o179, 111 0epis o0 Uhe GulE of Waprre.

Ia order 10 Provide tHe DM GrOunt ML Ldry far § STuly of The
possidle effects of 20otlectnnics o8 T 1auer M LILSIPPT River ¢ Foviae
of the seotectonic literatere will 3o preseated ta [Rgpler 2. 1a
Chapter ) the existing relationsnips MOCwees Flver MITPRR 0y 3nE 1he
effect of valley-flgor grediest oa chisnel pittorns will 20 yooe %o
deduce the types of CRISQES TRIL Caa De Csprtat of Myt rriyers
ddjust to deformation. o the Flagsl pertion of URIS repert ovidonce
will de preseated for geformation of toe i lgeial viltey of twe
Mississippi River ond o0n the effect of tals farmiion oa the
Mississipp! River and some of ity tridetaries.

Strecters!l Londforms

There are two types of strecteral losgforms [Twidsle, 1971): 1)
Prisary or tectonic tandforms, wRich are Gee directiy 00q only te
activities within the eerth’s crust, withost the Tatervention of the
forces of erosion. These primery 1andforms sre cledrly very young ond
erosional activity has aot sigaificantly medified thelir aprphelogic
characteristics; 2) Secondary landforas, which gre Gue to the
modification of the tectonic landforms by erosionsl forces. Distiaction
between the primary and secondery strecturel lendforms s cleorly one of
age. ECventually all tectonic lendforms will become secondsry l\andform
that have bdeen modified by erosions! and depositional processes.

Structural landforms can De readily recognrized 1n consolidated
rocks, where stream channels and drainege networks have Incised (nto and
have adjusted themselves to the varying resistance of rocks which

compose the earth's surface. The best examples are the variows types of

M
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CHAPTER 2
REVIEWS AND EXAMPLES OF NEOTECTONIC EFFECTS ON RIVERS

The clearest evidence for neotectonic effects on rivers will be
anomalous reaches showing dramatic changes of pattern and gradient that
cannot be attributed to other causes. Examples of such river changes
have been reported and in order to provide a background from which the
study of the Mississippi River can be considered, a review of the
world-wide Viterature is presented here. It should be noted that the
Interest of earth scientists in neotectonics is increasing rapidly, as is
the activity of the U. S. Geological Survey regarding earthquake studies
end neotectonics (Hadley and Devine, 1974 and Howard, et al., 1978). In
addition, the International Association for Quaternary Research (INQUA)
nes recently established a commission on neotectonics. In fact, the
firgt symposium on recent crustal movements was held in Moscow in 1936
end the sixth international symposium was held at Stanford University in
1377 {wnitten, et al., 1977). In 1967, Hiersmann (1967) published a 28
pege dDIdliography dealing with recent crustal movements (neotectonics) in
furope.

General Studies

Three dooks have been published in the last decade that deal with
structural landforms (Tricart, 1974; Twidale, 1971; Ollier, 1981). They
are perticularly weak, however, in the discussion of neotectonic effects
on rivers.

tricart's (1974) book was first published in French in 1968. It
tactudes a short section un "active faults and the hydrographic system".

the dfscussion centers on long-term effects of faulting and warping, the
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offsetting of river courses and the formation of lakes by faulting. He
stresses the effect of faulting on meanders, which may become very
angular in plan. He also cites the example of the Hutt River in New
Zealand (Tricart, 1974, p. 227) which incised from two to three meters
and ceased to be navigable, as a result of the 1855 earthquake and the
tilting that resulted.

Twidale (1971, p. 133-136) recognizes the effect of faulting on
drainage lines. He states that the rise of a fault block across a
stream causes either impedance of drainage and the formation of a lake
or swamp, or the diversion of the stream and the development of an
irregular or abnormal drainage pattern. The displacement along faults
is irregular and unequal, and sag ponds due to marked local subsidence
are a common feature of fault zones. Many of these features are
described from the San Andreas fault zone in California (Sharp, 1954).
Twidale refers to the Murray River in the Echucha district of Victoria,
Australia as a classic example of tectonic diversion caused by the rise
of the Cadell Fault block (Fig. 2-1). This impressive example of
channel pattern modification by tectonic activity is described by Bowler
and Harford (1966). An uplifted fault block in the Riverine Plain near
Echuca has converted the Murray River from a single channel stream to an
anastomosing system of channels that flow around the obstruction. The
abandoned segment of Murray River is preserved on the dipslope of the
fault block.

Oflier (1981) devotes a chapter to drainage patterns, rivers and
tectonics, and he discusses the effects of warping and faulting on
drainage systems (Fig. 2-2; 2-3). Figure 2-2 illustrates some of the

results of warping fn an area of dendritic drainage patterns. At 1 an
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Figure 2.1 Disruption of Murray River by Cadell Fault

(from Ollier, 1981)

Figure 2.2 Effects of Warping On Drainage
(from Ollier, 1981)

Figure 2.3 Effects of Faulting on Drainage

(from Ollier, 1981)
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upwarp has disrupted the drainage. Downstream from the bulge, the river
flows with a reduced discharge. At 2 on the flat crest of the bulge, {f
it 1s broad and gradient is low, swamps or shallow lakes may develop.
The drainage is reversed at 3 and flows away from the uplift.
Tributaries still flow into the main channel but they are oriented
upstream and form a barbed drainage pattern at 4. The original drainage
direction is maintained at 5 and drainage into a lake at which 6 formed
on the upstream side of the uplift. Flow from the lake follows the
depression at 7 and parallels the uplift. If the stream had been able to
maintain itself across the uplift, it would be an antecedent stream, as
shown at 6 on Figure 2-3.

Figure 2-3 shows the effects of faults (Fig. 1-4) on a stream with
drainage disruption at 1 and 2. A lake has formed at the base of the
fault scarp at 2, and the drainage is diverted along the fault at 3. The
faults have beheaded the river at 1 and 4, but the fault at 5 has only
steepened the headwaters. The disruptions of drainage networks, as shown
in Figures 2-1, 2-2, and 2-3, are extreme examples of the effects of
deformation, and they are easily recognized as such.

During geologic time, the effects of faulting and folding can be
substantial. Freund, et al., 1968, have evidence that movement along the
Dead Sea Rift in Israel has disrupted streams draining from Jordan.
These streams crossed what s now the Dead Sea Valley to the
Mediterranean Sea. Portions of the channels of these rivers are now
displaced about 43km laterally due to movement along the boundary faults
of the Dead Sea Rift Valley.

Changes of an entire drainage network, as a result of tilting, are

described by Sparling (1967) who notes that fsostatic adjustment in




Ottawa County, Ohio has increased the gradient of some streams and
decreased the gradient of others. lIncision of the steepened streams
permitted them to capture the streams that were aggrading as & result of
reduced gradient.

Doornkamp and Temple (1966) descride the forwmation of lakes as @
result of gradient reduction on the eastern side of the rift valley near
Lake Victoria. Other streams {n the sresd have been steepened and their
longitudinal profiles show a series of nick points as & result of thet
rejuvenation.

Russell, (1936) describing the various drainage patterns found in
the flat alluvial lands of Loutistiana, recognizes & network pattera of
poorly developed drainage that is then converted to a dendritic pattern
as a result of tilting and steepening of the gredient (Fig. 2-4).

Valleys and Terraces

Deformation will affect valleys and terreaces as well as drainage
patterns. The most convincing evidence of deformation s the tilting of
3lluvial terraces in a valley. 1If the deformation persists, the oldest
terrace is the most deforwmed by uplift or subsidence, and 1t will show
the greatest offset by faulting.

VALLEY DEFORMATION

Deformation of the bedrock floor of a valley will be indicated by
bedrock configuration and the thickness of overlying alluvium. For
example, Kowalski and Radziokowska (1968) note that alluvium will de
thickest over down faulted blocks (graben) and thinnest over areas of
uplift, as expected.

In areas of subsidence, streams may have broad valleys with well

developed flood plains and meandering channels (Sizkov and Zfumster,
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