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SOUTHERN PROVINCE (# 1)

NORTHERN PROVINCE (# 2)

Cretaceous-Miocene Framework
Dominantly Rock Control

Steep Slopes (ave. = 10 ft/mile)

Coastal Plain-Draining Rivers (Many)
Black-Water Rivers
Low Sediment Input
Low Fresh-Water Input

Short Barrier Islands--Many Inlets (18)
Maximum Astronomical Tides/Currents
Maximum Salt-Water Exchange

Narrow Back-Barrier Estuaries
Regularly Flooded
Astronomical Tide Dominated

Pliocene-Quaternary Framework

Dominantly Sediment Control

Gentle Slopes (ave. = 0.5 ft/mile)

Piedmont-Draining Rivers (4)

Brown-Water Rivers
High Sediment Input
High Fresh-Water Input

Long Barrier Islands--Few Inlets (4)
Minimal Astronomical Tides
Minimal Salt-Water Exchange

Deeply Embayed Estuaries
Irregularly Flooded
Wind Tide and Wave Dominated

High Brackish Salinities Highly Variable Salinities



PROXY FOR THE ICE AGES:

GLACIATION—DEGLACIATION, CLIMATE
CHANGE, AND SEA—LEVEL FLUCTUATION

LAST INTERGLACIAL

TODAY'S INTERGLACIAL

Million Years B.P.
0.4 05 0.6 07 0.8 0.9 1.0 LI

1 {
INTER-GLACIAL EPISODES _
!

Jo:

COLD CLIMATES

MIDDLE PLEISTOCENE EARLY PLEISTOCENE

LAST GLACIAL
MAXIMUM

SHACKLETON & OPDYKE (1973)



NORTH AMERICA 18,000 YEARS

AGO: LAST GLACIAL MAXIMUM
THE ICE AGE RS

North Pole

Arctic
Ocean

¥

LEGEND:

2 lce sheet _‘%"'l Polar desert or tundra
Mountain glaciers Park tundra ; tundra

"-:,“ lce shelf E_,_[_ﬂ Coniferous forest -
aa ANDERSEN &
: Ice-dammed lake [@l RrBsk{nayed: loms BORNS, 1994
S| Pluvial lake !___J Sea-ice covered ocean

m Open ocean

Pacific Ocean

TARBUCK AND
LUTGENS, 1999




POST-GLACIAL GLOBAL CLIMATE CURVE
AND HUMAN POPULATION:
HISTORY OF WARMING & COOLING!

LATE PLEISTOCENE HOLOCENE

Old Stone Age Bronze Middle
(Prior to 10,000) New Stone Age Age Iron Age Ages

Holocene Maximum —— —— Medieval Warm Period
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Human Population (Billions)
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Industrial Revolution

rod | Dryas

Agricultural
Revolution Begins
by Babylonians
Coal Mined in China

Irrigation
< Christian Era Begins

<+— Metal Working

< Ploughing and

<«— Petroleum Use
_— Bubonic Plague

Hunters and Gatherers

16 14 10 9 8 7 6
Thousands of Years before Present (BP)

MODIFIED FROM UCAR/OIES, 1991 AND HOUGHTON ET AL., 1990




PRESENT
e INTER-GLACIAL

NC's MOVING COASTAL ZONE
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18,000 years ago
- 425 ft

Present Sea Level .~
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POST-GLACIAL SEA--LEVEL RISE
FLOODS UP AND ACROSS THE
CONTINENTAL SLOPE & SHELF
PRODUCING OUR MODERN
COASTAL SYSTEM
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Late Pleistocene Uplands

f Late Pleistocene Drainages
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NORTH CAROLINA SEA LEVEL CURVE
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LITTLE ICE AGE
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1900-2000
19.7 in/100 yrs

3.3in/100 yrs

1585

First Colonists

Settle on

Roanoke Island

1800-1900
12 in/100 yrs

Begin Industrial
Revolution




% SHORT-TERM FUTURE

ALBEMARLE SOUND

POCOSIN  f#i S Gt e POCOSIN
SWAMP A SWAMP
FOREST FOREST 4

OUTER BANKS

N
ot ATLANTIC OCEAN

CAPE HATTERAS

[ ] Eroded barrier island remnants Il New barrier islands
Eroded barrier island remnants
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COLLAPSE MAPS OF THE NORTHERN OUTER BANKS, NC




OCEAN SHORELINE IN NE NC W

DURING THE LAST INTERGLACIAL \ \

PERIOD (~125,000 YEARS AGO)
N A T

SUFFOLK SHORELINE o e s 7
G el g 7 (s Atlantic
CHOWAN RIVER ESTUARY g

Ocean

ALBEMARLE SOUND
PAMLICO RIVER
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Estuarine Facies

Barrier Island
Facies
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ROCK-FLOORED
ONSLOW BAY

APPROXIMA

OB-14 0B-29




Geologic Provinces
Onslow Bay, NC

Analysis of Potential Cross-Shelf” Corridors for the Shallow Water
Training Range (SWTR), Onslow Bay, North Carolina

Stanley K. Riggs and William J. Cleary
October 1997
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PLIO-PLEISTOCENE
CARBONATE PLATFORM




EVOLUTION OF HARDBOTTOM
RUBBLE RAMP

A UPPER FLAT HARDBOTTOM
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ONSLOW BAY
HARDBOTTOMS




PLATT
SHOALS

KINNAKEET
SHOALS

RODANTHE #§

WIMBLE
SHOALS
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HATTERAS | SHOALS
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Net Sediment Transport Direction

-88 Oregon Inlet

-24.6

Pamlico Sound
New Inlet

Hatteras Inlet Cape Hatteras

Ocracoke Inlet

" Poorly-sorted sand deposit ~

| 0

100-2000

Variable Horizontal Scale (m)

Pamlico Sound

New Inlet

(cut during Isabel)

Ocracoke Inlet Hatteras Inlet

VE=250X
Sidescan Sonar Survey, June 2003

m)

Approx. Vertical Scale (



SEDIMENT
" TRANSPORT

ATLANTIC OCEAN

MAJOR SEDIMENT
SOURCES FOR
DOWN-DRIFT
BARRIER ISLANDS




Geologic Provinces
Onslow Bay, NC

Analysis of Potential Cross-Shelf Comidors for the Shallow Water
Training Range (SWTR), Onslow Bay, North Carolina

Stanley K. Riggs and William J. Cleary
October 1997
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ONSLOW BEACH ROCK SUBMARINE HEADLAND

NORTH TOPSAIL BEACH
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Geologic Provinces
Onslow Bay, NC

Analysis of Potential Cross Cor ¢ Shallow Water
Training Range a1 [ 1 Carolina

Stanley B, Riges and William J. Cleary
October 1997
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INLETS AND OVERWASH: CRITICAL PROCESSES

THAT BUILD ISLAND WIDTH & ELEVATION

|~




HATTERAS ISLAND: 1998 DOQQ
ISLAND NARROWING!
SOUNDSIDE EROSION RATE e 8 | &«a...\ .
AVE = 1 FT/YR (1860-1998) R - % b

2003 ISABEL
INLET

0.4
miles

OCEANSIDE EROSION RATE
AVE = 7 FT/YR (1860-1998)




HATTERAS VILLAGE

AND ISABEL INLET 9-03

ISABEL INLET AND MARSH PEAT
“GOING—TO— CROPING OUT
SEA” HIWAY 12 ON BEACH




INLET CLOSURE

e T, | -t
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A NEWLY
CONSTRUCTED DUNE
RIDGE & HIWAY 12

A SMALL BAND-AID
FOR A CONTINUING
PROBLEM AREA!




WHAT IS THE =
FUTURE OF PEA
ISLAND NWR &

NC HWY 127




CONSTRUCTED BARRIER DUNE RIDGES ARE LIKE “FORT
WALLS TO PROTECT AGAINST THE INVADING ENEMY”




SAND BAG THREAT TO NC'S BARRIER ISLAND BEACHES!

ALL NC BEACHES ARE
ERODING AT LONG-TERM
AVE. RATES UP TO
-15 FT/YR!

MEIEE

500 1,000
s NET SHORELINE
RECESSION 1849-1998
~1000 FT (S) TO

~750 FT (N)




PINWR 2003
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NO WORRIES--WE'LL INCREASE
THE “"ARMY” AND HARDEN THE

BUT

et

THE OCE

1 FORT WALLH !
AN KEEPS COMING!
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L

PINWR 2003




| SHORT-TERM FUTURE

o

ALBEMARLE SOUND

POCOSIN
SWAMP
FOREST

OUTER BANKS

CAPE HATTERAS

[ ] Eroded barrier island remnants

lokm | |20km

LONG-TERM FUTURE

POCOSIN
FOREST 4

»’ BACK-STEPPING
4 BARRIER ISLANDS

ATLANTIC OCEAN
ROLL-OVER BARRIER ISLANDS

- New barrier islands

Eroded barrier island remnants

okm | |20 km

COLLAPSE MAPS OF THE NORTHERN OUTER BANKS, NC




EROSION RATES FOR DIFFERENT SHORELINE TYPES:
NORTHEASTERN NORTH CAROLINA ESTUARINE SYSTEM

SHORELINE TYPE MAXIMUM AVERAGE
(% OF SHORELINES) RATE FT/YR RATE FT/YR
SEDIMENT BANK (38%)
LOW BANK (30%) - 8.9 -3.2
BLUFF/HIGH BANK ( 8%) - 26.3 -2.4
STRANDPLAIN BEACH -2.4 +0.2

ORGANIC SHORELINE _(62%)

MARSH (55%) -18.3 - 3.5
SWAMP FOREST  ( 7%) - 5.8 - 2.2
OVERALL WEIGHTED AVERAGE - 3.2

HUMAN MODIFIED ( ?) -6.6 -0.3




MARSH SHORELINE EROSION:
STORM = -85 ft
LONG-TERM AVE. = - 3 ftlyr




EVOLUTION OF IRREGULARLY-FLOODED, WAVE-
DOMINATED PLATFORM MARSH SHORELINES

Upland Transitionlq Marsh >|< Open Estuary

CONSTRUCTIVE PHASE:
Marsh migrates upslope with rising
sea level displacing upland forest,

If slope is low enough, rate of
expansion = rate of erosion.

SHORELINE
RECESSION

DESTRUCTI‘U’E F’HASE

e et Erosion supplies organic
S A HGLEE‘JEI_NE wp detritus to estuarine muds.
= P Ny h' SRRy v WAL SEA-LEVEL
._“_' ,PLEISTDCENE;-“ il RISE
=" SEDIMENTS J

-
'

METERS
0 =




ERODING
PLATFORM MARSH
SHORELINE

STABILIZED
PLATFORM MARSH
SHORELINE




FILLING & HARDENING

WETLAND SHORELINES




ING LOW-SEDIMENT

EROD
BANK SHORELINE BANK SHORELINES




CHOWAN RIVER ESTUARY:
HIGH SEDIMENT BANK

PRE-HURRICANE
ISABEL 9/18/03

SHORELINE EROSION:

STORM = - 80 ft
LONG-TERM AVE.
= - 3 ftlyr

POST-HURRICANE
ISABEL 9/18/03




TOPOGRAPHIC MAP OF NE NORTH CAROLINA COASTAL

ELEVATION
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SCHEMATIC TOPOGRAPHIC PROFILE OF NE
NORTH CAROLINA COASTAL PLAIN

L]
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| LINE I
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e e : aey Sound Banks Terrace
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Ocean
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Crystaline Basement Rocks Riverine, Pocosin and Coastal Marine Sediments




SCHEMATIC TOPOGRAPHIC PROFILE OF THE
LOWER ROANOKE RIVER VALLEY

PIEDMONT LOWER ROANOKE RIVER ALBEMARLE SOUND

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5

;Fall
:Zone Riverine Zone

Supra-Tidal

S Embayed Riverine Zone Drowned River Estuary
Riverine Zone

© Roanoke
& Rapids

Weldon
Halifax

5

Roanoke

Dape Hamilton illi
Basement Williamston Plymouth

Controlled J, J, \], Bachelor Bay

Riverine Sand and Gravel Estuarine Mud

Crystaline Basement Rocks Sedimentary Rocks

50 100 Miles
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TO PRESERVE THE SHORT-TERM
HEALTH & ALLOW Tk

EVOLU

E LONG-TERM

ION OF OU

R COASTAL

SYSTEM, WE MUST ALLOW IT TO
RESPOND TO THE NATURAL
DYNAMICS!



THE CLIMATE IS
CHANGING!

SEA LEVEL IS RISING!

STORMS ARE INCREASING
IN FREQUENCY &
INTENSITY!

WE BETTER GET SERIOUS
ABOUT THE FUTURE OF
OUR VITAL COASTAL
ECONOMY AND CRUCIAL
COASTAL RESOURCES
NOW!
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