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Thefollowing set of slideswere usedby ChrisMcLindonin a presentation givento the Metro section of the American
Planning Associationon August 31 2016 This presentation was made on behalf of the New Orleans Geological
Societyasa part of aninformal public outreach effort in which membersof the society mayfrom time to time make
public presentationson geology.

At the request of severalof those in attendance at the APApresentation these slideshave been annotated to allow
them to be sharedwithout a presenter. Thisset of annotated slidesis not to be considereda publication of the New
OrleansGeologicalSociety. It hasnot been approved for publication by the Board of Directors of the Society. As
with the presentation, this is strictly the work of ChrisMcLindon, and beyond the informal public outreach effort
encouragedby the New OrleansGeologicalSociety,he representsno other entity than himself.

ChrisMcLindon may be contacted at chris_mclindon@attnet
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Approach water from the ground up

Planning Layers

Inhabitation and Land Cover

Infrastructure Networks

Soils, Water, and Biodiversity

The Urban Water Plan is a model for sustainable
management of a delta city. This presentation seeksto
build on the 01 AOE O @BAapproach to water
management by considering the implications of what is
below the ground.

4 Metairie-Gentilly Ridge
< distributary

Adding a Dimension
below the ground down



New Orleans
beIOW the Surface The presentation will discussthese five essentialelements

of New/ O1 Adubs@facegeology above the Pleistocene
surface,which for this purpose canbe treated asgeological
OA A O Ad Elbwing for a brief discussionof the actual
geologicalbasement

™ Faults
Pleistocene
Barrier Island
River Channel:
Peat Deposits
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Building Louisiana
changes in geologic time

New Orleans is often
referred to as the northern-
most Caribbeanport and as
a delta city. It isalsoone of
the largest city within the
largest sedimentary basin in
the world z the Gulf of
Mexico Basin




An estimated 12 miles of
total accumulated sediment
thicknessliesin the center of
the basin just south of the
city. Thered line is location
of the profile on the

succeedingslides




220mya

Ron Blakey, Colorado Plateau Geosystems, Arizona USA, 2011

Thefollowing is a sequence
of paleo- geographic
reconstructions of the
continental plates showing
the opening of the Gulf of
Mexico Basin The age of
each reconstruction is
shown in the upper left as
myaz million yearsago.

Beginning in the Triassic
Period North  America,
Africa and South America
were all together and what
would become the basin
was set of faulted granite
blocksof continental crust

Stephens, B.P., 2009, Basement controls on subsurface geologic
patterns and coastal geomorphology across the northern Gulf of

Mexico: Implications for subsidence studies and coastal restoration,

GCAGS Transactions, v. 59, p. 731









As movement of the plates
progressed toward the
opening of the Atlantic
Ocean and the Gulf of
Mexico, there was a period
of limited ocean circulation
within the basin,and a thick
layer of salt formed due to
evaporation in the
restricted basinz shown in
purple










With open ocean circulation
mineral sediment
accumulation began. It was
slow at first without much
input from the North
American Continent  The
granite basement continued
to subside throughout this
time period, and new oceanic
crust began to form in the
center of the basin







92mya
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The first formation of the
Rocky Mountains at about
this time brought in the first
real influx of mineral
sedimentfrom the continent.
The Mississippi River
drainage basin began to
form, but most of the
sediments eroded from the
Rockies were entering the
basinthrough the Texasriver
systems







35mya




By the Miocene Epochin the
Cenozoic Era the Mississippi
Riverdrainagebasinwas fully
developed and its delta
systems  were mostly
centered over southern
Louisiana The sand layers
deposited by these deltas are
now the sites of oil and gas
accumulation miles below
the surface










Present

The present day Gulf of
Mexico basin was formed by
the continuous progression
of subsidencethat provided
the accommodation space
for the accumulation of
sedimentsbeing eroded form
the continent and carried by
the river system

The coastal wetlands of
Louisianaare the most recent
deposits of the river, and
they are being subjected to
the same processes of
subsidence that have been
active for millions of years



A more detailed view of the
subsurfaceof coastal Louisiana
shows the geologic feature
called the Terrebonne Trough
that underlies the coast The
original salt layer has been
squeezed up into domes, and
the sedimentary layers are
broken by geologic faults that
are primary mechanisms of
subsidence

Recent studies have indicated
that many of these faults
extend to the current land
surface and some have obvious
expressionsat the surface One
example is shown as a dashed
yellow line.

Surface expression
of ageologicfault
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measured iIn mm/year today

GPS technology has recently
allowed for the measurement
of rates of subsidence across
the land surface Dr. RoyDokka
of the LSU Geology Dept. 4
publishedthis map showing the
rates in millimeters per year.
One mmlyr is about 4 inches
per century.

The configuration mapped by
Dokka exactly conforms to the
shape of the underlying
Terrebonne Trough zindicating
that the same geologic forces
that have been active for
millions of years are in play at

the surfacetoday.

Dokka R.K., 2006, Moderlay tectonic subsidence in coastal
Louisiana, Geology, v. 34, p. 2884.



New Orleans
below the surface

Metairie-Gentilly Ridge
distributary

With the foregoing
appreciation that the real
geological basementis miles
below the surface, and the
formation of the Gulf of
Mexico Basinhas imposed a
persistent  measure  of
this presentation can
proceed with treating the
Pleistocene surface as
geological basement for the
New Orleansarea

Pleistocene



Pleistocene Surface

\ Metairie-Gentilly Ridge

222 HIGHLY ORGANIC CLAYS AND PEAT
D77 ORGANIC AND HIGH WATER CONTENT CLAYS

If all of the sedimentsthat currently overlie the
Pleistocene surface were stripped away, the
surface would be revealed as an erosional
landscape with topography closer to that of
northern Louisianathan the coastalplain.

Thiswas in fact the surface topography of the
New Orleansareaabout 20,000 yearsago.




Holocene Sea Leve

TheHoloceneEpochbeganat the end of the lastice age of the
Pleistocene At its maximum the ice sheet on North America
was a mile thick and covered the continent from northern
Canadato central lllinois. The volume of water contained in
the ice meant that global sealevel was about 120meters (400
feet) lower than it is today. Melting of the ice in the
succeeding 14000 years meant that sea level rose at rates
approaching 2 inches per year. About 6,000 years ago the
rate of ice melting and global sealevel reach a stasis,and sea
levelhasbeen generallystable sincethen.
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Fisk, H.N., 1944, Geological Investigation of the Alluvial Valley of the

Lower Mississippi River, U.S.A.C.E., 170 p.
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SOUTHERN PORTION

ENTRENCHED MISSISSIPPI VALLEY SYSTEM
LATE WISCONSIN GLACIAL STAGE
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A 400-foot drop in sealevel meant that the Gulf of
Mexico shoreline was at the continental shelf edge.
All of southern Louisianawas covered by the firm clay
sediments of the Pleistocene, and it was cut by
ravinesup to 200feet deep.
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As sealevel rose, the Pleistocenesurface was submerged
and its topography filled in with sediment Therate of sea
level rise until 6,000 yearsago prevented the preservation
of deltas of that time as recognizablein the sedimentary
L'ate'Holocene Deltas record. During sea level stasis the delta deposits have
been preservedin great detail.

Late Holocene deltas

Early infilling
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New Orleans
beIOW the Surface The barrier island, river channel and peat

deposits below New Orleansare a part of the
well-preserved sedimentary record of the late
Holocene Interpretation of the sedimentary
environments combined with radiocarbon age-
dating hasallowed for the reconstruction of the
past 6,000 years of the New Orleansarea

Metairie-Gentilly Ridge
distributary

Barrier Island
River Channel:
Peat Deposits



Landscape in Flux
Mississippi River over time
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The seminal work of
Harold Fisk of the LSU
Geology Dept. in the
194@ Qrovided the first
indications of the dynamic
history of the Mississippi
River system and its
coastal plain. Fisk used
aerial photography to
interpret  the  surface
expressions of paleo+iver
channels z showing that
the river meandered back
and forth across its
floodplain before being
entrained to one channel
in the early 20" century.
Fisk also made the first ; T LT TR . _ : 4
attempt to define the L CNL ) 2 4 Y - TR S L i A7
historical deltas of the late P\ 7By T 5 : ‘ /

Holocene

Fisk, H.N., 1944, Geological Investigation of the Alluvial Valley of the
Lower Mississippi River, U.S.A.C.E., 170 p.



~ 7~ Thousand Years Before Present
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Building the Coastal Wetlands
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David Frazier of the Exxon ResearchLab NG L2
used hundreds of cores and borings of the : :
shallow subsurface to expand on & EOE &
initial work. Frazieridentified 16 historical
deltas, shown in colored overlay on & EOE & O
map. The bar chart shows & OAUEAO
interpretation of the lifespanof eachdelta z
about 700yearson average
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The succeedingset of slideswill show the
progression of channektswitching and delta
development worked out by Frazier Most
of the major historical channels of the
MississippiRiverare representedby present-
daybayousin the coastalplain.

MARINGOUIN
DELTA COMPLEX

The coastal wetlands were built up during
this period by the constant switching back
and forth (Or avulsing) of the river delta.
Major O A © O 113 EA Aadeonoted as red
circles

Frazier, D.E., 1967, Recent deltaic deposits of the Mississippi River: their development and
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BayouTeche




The first major avulsion of the MississippiRiver occurred
about 4,700 yearsago near the site of Old Riverforming

7 the precursorto the modern river channel
’(‘.’




The second major avulsion of the
Mississippi River occurred about 4,000
yearsago near New Orleans




upper BayouLafourche

The third major avulsion of the
MississippiRiver occurred about 3,500
years ago near the site of
Donaldsonville with the formation of
the channel that is now Bayou
Lafourche Fromthis point forward the
river switched back and forth between
these establishednodes.



BayoulLaloutre

BayouDesFamilles



