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Coastal Geology...

How to learn about the geology in a
coastal plain and offshore?

 Almost no outcrops

* \Very high groundwater table
* No gradient

e Stratigraphy horizontal(?)
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Methods to Explore the Geology: Monitoring
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Methods to Explore the Geology: Sediment Coring




Methods to Explore the Geology: Seismo-Acoustic Surveying
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Seismic
source Multibeam

swath bathymetry

Side-scan sonar,
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. 1 Sub-bottom profiler

Penetration: tens of metres
Resolution: < 1 m

Seismic reflection
Penetration: hundreds of metres
Resolution: > 1 m




Methods to Explore the Geology: Shallow-Subbottom Sediment Echosounding

PINCH HAZARD |




South Carolina’s Coastal Plain
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Field Trip Outline:

a) The Geological Framework Since the Cretaceous.
b) Quaternary Coastal Architecture.

c) Coastal Dynamics.

d) ...in a Changing World.



Onshore-Offshore Stratigraphic Architecture

The Geological Framework:

High sedimentation rates from
the Cretaceous until the
Quaternary.

Deltaic to shelf environments.

Progradational cycles.

Unit  Age
Q | Quaternary

- Neogene

Pg Paleogene

-

36°

Rift basins associated with the
Brunswick Magnetic Anomaly

|ECMA East Coast Magnetic Anomaly

/v Post-rift unconformity

depth in kilometers

Van de Plassche et al 2014



/ Onshore-Offshore Stratigraphic Architecture

Piedmont
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The Geological Framework: Embayment -
* High sedimentation rates from 1o
the Cretaceous until the
Quate rnary. Albemarle 3000
Embayment
. . —13,500
[
Deltaic to shelf environments. X PLANATION
. Quaternary and late Tertiary Late Cretaceous
* Progradational cycles. (Miocene and Pliocene) —
. . ] Early Cretaceous
[] Early and middle Tertiary
Paléocene, Eocene, and [] Late Jurassic
ligocene)

Bernhardt et al 2009



Onshore-Offshore Stratigraphic Architecture

Piedmont

Newberry

' Coastal '

~_Plain A -
(}/
o e "',;"'/ /

. N

The Geological Framework:

* Faults extend probably offshore.

e Coastal plain rivers may follow
these fault zones. ¢ 50 100 km

* Dike systems perpendicular to
the overall continental margin
orientation.

Gray: Faults
Brown: Dikes

Clendenin et al 2016



Onshore-Offshore Stratigraphic Architecture

The Geological Framework:

The strata are tilted, folded,
without clear orientation.

When did this deformation
happen?

Wheaton, 2018



Quaternary Coastal Architecture

The Coastal Geology:

 Modern barrier island —
marsh — lagoon systems.

 Fluvial and tidal wetlands.

e Sand ridge systems.

GEOLOGIC MAP OF THE BROOKGREEN QUADRANGLE, GEORGETOWN AND HORRY
COUNTIES, SOUTH CAROLINA

SCDNR, Doar 2013



The Beach Ridge
Systems:

 Lines of old dune
systems.

e Witnhesses of old
shorelines.

Quaternary Coastal Architecture
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Wicomico Fm

Hayes, 2010; Doar and Kendall, 2014



Quaternary Coastal Architecture
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Quaternary Coastal Architecture
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The Sea Level Cycles:

= most of the time.

 Beach Ridge Systems developed during sea level highstands.

* The coastline was far off the modern coast during lower sea level

Siddall et al 2003
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Quaternary Coastal Architecture
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Thickness of Quaternary
Deposits:

e Often less than 10 m.

* Only substantial inside
paleo-channels.
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Quaternary Coastal Architecture
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The Thickness of Quaternary Deposits:

e Often less than 10 m.

* Easily erodible as (semi-)soft deposits.




Quaternary Coastal Architecture

The Thickness of Quaternary i~ e i Gl
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Continental Shelf Geomorphology
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Offshore Paleo-Landscapes:
 Sediment starvation characterizes our coastal ocean.
* Old fluvial and coastal systems preserved at the seafloor. Harris et al 2013



Continental Shelf Geomorphology
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/.. Union Lancaster

Quaternary Coastal Architecture
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The Thickness of
Quaternary Deposits:

e Often less than 10 m.

* Only thicker inside
paleo-channels.
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Quaternary Coastal Architecture

Paleo-channel records — onshore:

e Gravelly base, sandy filling.
e Overlying old limestone formations.

* Position controlled by fault lines?
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Continental Shelf Paleo-Geomorphology

Paleo-channel records — offshore:

e Substantial, locally confined deposits.
* Beach-quality sand resources?
e Strategic-mineral resources?
* Groundwater conduits?
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Continental Shelf Sedimentary Records
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Continental Shelf Paleo-Geomorphology
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Reconstructing shoreline change:
* Comparing historic maps; dating barrier islands.

* Tidal inlets are the most dynamic coastal element.
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Coastal Dynamics

Dune breaching and overwash

Hurricane
Isaias
June 2020




Coastal Dynamics
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Overwash deposits:

* Transport of beach
and dune material
in landward
direction.




Coastal Dynamics

Hory Barrier island

> <—Mainland Bay Marsh Ocean
4 ////I/z,/..

\ / \ D ‘\/”
| Bamberg .~ Dorchester ‘K

L

Overwash fans

Former Peat exposed
overwash fe‘ans - on beach

Overwash deposits:
* Essential process to keep barrier island systems alive.
 Mechanism to adjust to a changing sea level.

Warner CNR, Colostate



A Changing World — Pressure on the Coastlines
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A rising sea level — What is required for an intact coastline?

* Space to retreat.

e Sufficient sediment available.
A natural rather than hardened coastline allowing for dynamic response.




A Changing World — Pressure on the Coastlines

Tidal record 1889 to 1905
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T 290w A Changing World — Pressure on the Coastlines
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Newberry

Hurricane Florence 2018

A rising sea level — What is required for an intact coastline?
* Space to retreat.

e Sufficient sediment available.

* A natural rather than hardened coastline allowing for dynamic response.
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A Changing World — Pressure on the Coastlines

River damming:

 Up to 90% of
natural sediment
supply to the

ocean interrupted.
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| S ) A Changing World — Pressure on the Coastlines
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A Changing World — Pressure on the Coastlines

Coastal Development, Garden City
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A Changing World — Pressure on the Coastlines

Cape Hatteras, 2018, 2019
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A Changing World — Pressure on the Coastlines

Myrtle Beach

Pawleys Island






