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Presenter Notes
Presentation Notes
Good Afternoon, my name is Doug Watkins and I’ll be talking about Carolina Bays and their origin…


THE BARCHAN DUNE CAROLINA BAY MODEL

TYPICAL BAYS IN SCOTLAND CO, NC - 1938 USDA PHOTO SERIES 1938

LAURINBURG, NC



Presenter Notes
Presentation Notes
This is south of Laurinburg NC showing typical Carolina bays, the shallow elliptical depressions filled with dark, fine-grained, organic-rich sediments. Common elements include: a sandy SE lobe, sand rims, and sandy interbay areas. Bays exhibit same orientation,  with variable size and ellipticity. Note the conspicuous lack of evidence of aqueous transport of dark sediments into the Bays.


“THE BARCHAN DUNE CAROLINA BAY MODEL

150,000 YBP — A DESERT DEVELOPS ON THE PLEISTOCENE COASTAL PLAIN



Presenter Notes
Presentation Notes
Visualize a cold dry Pleistocene glacial episode with a peneplained coastal plain desert, an erg…


“THE BARCHAN DUNE CAROLINA BAY MODEL

150,000 YBP — BARCHAN DUNES DEVELOP ON THE DESERT (ERG) PENEPLAIN
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Presenter Notes
Presentation Notes
Upon which barchan dunes develop. Spoiler alert!
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CAROLINA BAYS WITH BARCHAN DUNE OVERLAY USDA PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
This is my hypothesis on Bay formation, the details of which I will demonstrate today, that Carolina Bays are consequent landforms created in the lee of Pleistocene eolian barchan sand dunes as shown here
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CAROLINA BAYS — ORIGINAL DESERT DEPOSITIONAL ENVIRONMENT - AN ERG
SCOTLAND COUNTY 150,000 YBP
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Presenter Notes
Presentation Notes
Such that this the original depositional environment of the model was a sand sea, or erg, featuring large sand dunes on a peneplained substrate, similar to this from the Rub al Khali in Saudi Arabia
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UNIFORMITARIANISM vs CATASTROPHISM

PRESENTING A NON-KINETIC
BARCHAN DUNE MODEL
FOR THE ORIGIN OF CAROLINA BAYS


Presenter Notes
Presentation Notes
Presenting a uniformitarian model for Carolina Bay formation


THE BARCHAN DUNE CAROLINA BAY MODEL

TOPICS TO BE PRESENTED
* A BARCHAN DUNE AND ITS INTEGRAL ADJACENT CAROLINA BAY

* A CAROLINA BAY PEAT-RICH SEDIMENTARY SEQUENCE EXPOSURE

A BARCHAN/BAY DEPOSITIONAL MODEL THAT EXPLAINS CAROLINA
BAY ORIGIN, SEDIMENTATION AND SUBSIDENCE

* EXAMPLES OF BARCHAN DUNE PRESERVATION, EROSION AND SAND
REDISTRIBUTION

* PINEHURST FORMATION REVISITED


Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

LOCATION AND
GEOLOGICAL SETTING
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SCOTLAND COUNTY LOCATION MAP NC TOPOGRAPHIC MAP 1972
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Presenter Notes
Presentation Notes
Scotland County is in south central NC, pretty much in the middle of nowhere…
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STUDY AREA LOCATION NC GEOLOGIC MAP 1985
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Presenter Notes
Presentation Notes
On the geologic map, we are at the edge of the Piedmont, older rocks to the northwest, swath of yellow is the Late Cretaceous Middendorf Fm outcrop


THE BARCHAN DUNE CAROLINA BAY MODEL
STUDY AREA OUTCROP: MIDDENDORF FORMATION NC GEOLOGIC MAP 1985

RELATED TERTIARY
STRATIGRAPHIC ; : PINEHURST FORMATION — Sand, medium- to coarse-grained, cross-
UNIT = 5 bedding and rhythmic bands of clayey sand common, unconsolidated

TERRACE DEPOSITS AND UPLAND SEDIMENT — Gravel, clayey sand,

and sand minor irnn-oxide cemented sandstone

CRETACEOQUS

Kp PEEDEE FORMATION — Sand, clayey sand, and clay, greenish gray to
olive black, massive, glauconitic, locally fossiliferous and calcareous.
Patches of sandy molluscan-mold limestone in upper partShelf Marine

Kb BLACK CREEK FORMATION — Clay, gray to black, lignitic; contains thin
SHEET SANDS beds and laminae of fine-grained micaceous sand and thick lenses of
BARCHAN/BAY . cross-bedded sand. Glauconitic, fossiliferous clayey sand lenses in

upper part Marginal Marine

iz 2 sldes MIDDENDORF FORMATION — Sand, sandstone, and mudstone, gray to
SUBSTRATE : pale gray with an orange cast, mottled; clay balls and iron-cemented
concretions common, beds laterally discontinous, cross-bedding
common Fluvial

CAPE FEAR FORMATION — Sandstone and sandy mudstone, yellowish
gray to bluish gray, mottled red to yellowish orange, indurated, graded
and laterally continuous bedding, blocky clay, faint cross-bedding, feld-

spar and mica common Fluvial and Floodplain



Presenter Notes
Presentation Notes
Stratigraphically, the study area substrate is the UK Middendorf (coeval with Tuscaloosa of the US Gulf Coast) which is overlain by cover sands, remnant barchan dunes and Carolina Bays
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SCOTLAND COUNTY CAROLINA BAY LOCATIONS (841, LAST COUNT) GRIDDED 2014 LIDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
Here are the Carolina Bays of Scotland County, 841 at last count, posted on gridded Lidar elevation data. Also shown are Cooke’s scarps and terraces. Note how bay distribution is controlled by topography and drainage pattern. Also shown are Cooke’s Pleistocene interglacial scarps and terraces
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STUDY AREA LOCATION LIDAR INDEX IMAGE NC GEOLOGIC MAP 1985
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Presenter Notes
Presentation Notes
Let’s look at the regional LiDAR to see what we’ll be looking at this afternoon
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STUDY AREA LIiDAR INDEX MAP GRIDDED 2014 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
We are between Cooke’s Brandywine and Coharie scarps on the Brandywine terrace. Yellow dots are the Scotland County Bays in the database
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STUDY AREA LIiDAR INDEX MAP GRIDDED 2014 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
I’m going to present Goose Pond Bay and Longleaf barchan in some detail, then have a look at the Carolina Bay sediments as exposed at School House Bay. Spring Hill barchans/Bays and  Hill Top barchans/Bays across the river in Hoke county also will be examined. Shown upper left is the mapped outcrop of the Pinehurst Fm which I will briefly cover at the end


“THE BARCHAN DUNE CAROLINA BAY MODEL
THE HYPOTHESIS

e (Carolina Bays Are Consequent Landforms Created In The Lee (Wind Shadow)
Of Pleistocene Eolian Barchan Sand Dunes, Where Suspended Fine-Grained
Sediments Settled, Accumulated, Formed A Basal Aquiclude And Differentially
Compacted, Thereby Allowing Vegetation Growth To Anchor The Bay
Sediments

 The Barchans Formed During Glacial Sea-Level Low Stands, Part Of A Desert
(An Erg) On The Peneplained Upper Cretaceous Coastal Plain Substrate

* The Barchan Dunes Were Formed By An Onshore Southeast Wind Field, Thus
Orienting The Bays Southeast - Northwest


Presenter Notes
Presentation Notes
The main hypothesis, with many other elements not shown here, that will be presented today


THE BARCHAN DUNE CAROLINA BAY MODEL
THE HYPOTHESIS

Darker Finer
Grained Sediments
Accumulate In The

Barchan Wind
Shadows
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Presenter Notes
Presentation Notes
As an example shown here are dark, fine-grained sediments accumulating behind barchans from North Africa 
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METHODOLOGY

 Geology Is An Observational Science

 Growing Up, | Was A Keen Observer “The Sandhills” And “The Goose Pond”,
Literally Out My Back Door

* As A Young Geologist, | Observed Similar Barchans And Depressions Overflying
The Empty Quarter Of Saudi Arabia; It Was A Moment Of Enlightenment


Presenter Notes
Presentation Notes
Geology, more than anything else, is an observational science


“THE BARCHAN DUNE CAROLINA BAY MODEL
METHODOLOGY - DATASETS

* Vintage (1938) US Dept of Agriculture Air Photos
 USGS Quad Topos, NC State Geologic Map
 LiDAR, Global Mapper

e Google Earth

A Vast Array Of Carolina Bay Literature


Presenter Notes
Presentation Notes
Data used: Vintage air photos, LiDAR, Google Earth and literature, lots of literature
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SANDHILLS, GOOSE POND AND THE
DEVELOPMENT OF THE
BARCHAN DUNE CONCEPT


Presenter Notes
Presentation Notes
So, how did I come up with the Barchan dune concept?


THE BARCHAN DUNE CAROLINA BAY MODEL
BARCHAN DUNEOLOGY 101

Crescent Shaped Sand Dune

Gentle Convex Stoss Slope Faces Wind; Steep Concave Leeward Slip Face

Horns Point Downwind; Dune Migrates Via Slumping Of Slip Face @ Angle Of Repose
Forms Under A Consistent Wind Field

Develops Upon A Peneplained Surface

(=

DUNE MIGRATION
DIRECTION

WIND DIRECTION

(T

PENEPLAINED SUBSTRATE
NO SCALE INTENDED



Presenter Notes
Presentation Notes
Elements of a barchan, Read the bullets…
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LOCATION OF GOOSE POND BAY USGS TOPOGRAPHIC MAP 2016
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Presenter Notes
Presentation Notes
This  is where I’m from, next to two Carolina Bays and a very large sand body that I will now show you
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LOCATION OF GOOSE POND BAY USGS TOPOGRAPHIC MAP 2016
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Presenter Notes
Presentation Notes
Huge sand body includes the crescent shaped,  230 foot closed topo contour
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GOOSE POND BAY EARLY NOMENCLATURE USGS TOPOGRAPHIC MAP 2016
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Presenter Notes
Presentation Notes
As kids we knew it as the sandhills and goose pond, a giant fantastic playground
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GOOSE POND BAY LATER NOMENCLATURE USGS TOPOGRAPHIC MAP 2016
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Presenter Notes
Presentation Notes
As a grown-up geologist, I now know the Goose Pond to be a Carolina Bay and the Sandhills to be a barchan dune. The Bay overlay and dune overlay shapes in future slides are these as shown.
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LONGLEAF BARC.:ITIIA_.N ON OUTCR R us?A AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
This 1938 air photo still hangs in the family home…it fascinated me growing up


"THE BARCHAN DUNE CAROLINA BAY MODEL -
GOOSE POND BAY -LLEAF BAN ON OUTCROP | uspA AIR PHOTO SERIES 1938

Bays, Rims and Cover _ A7 Eluvial ﬁ\r"
Sands (Former Dunes) oW ;I Floodplain
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Upper Cretaceous o A0 R —

Middendorf Formation

Longleaf Barchan


Presenter Notes
Presentation Notes
Between the dashed lines are fluvial sediments of the Lumbee river; west of it are the Bays and related sand bodies overlying the Late Cretaceous Middendorf formation. 
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GOOSE POND BAY ND LONLEAF BARHAN . USDA AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
A closer look at the sandy hills of Longleaf barchan and Goose Pond Bay.
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ELEMENTS OF GOSE PON BAY LONEAF BAR.(.Z]?._-_!N USDA AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
Elements and dimensions of barchan shown on air photo: 2 horns, stoss slope and the slip face, the base of which defines the southeast lobe of the Goose Pond. Approximately 20 acres have been restored to the barchan overlay, compensating for fluvial erosion, agriculture
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GOOSE POND BAY AND LONGLEAF BARCHAN GRIDDED 2014 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
This is gridded Lidar image, clearly showing the barchan/bay integral landforms


"THE BARCHAN DUNE CAROLINA BAY MODEL
GOOSE POND BAY AND LONGLEAF BARCHAN GRIDDED 2014 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
Elements of barchan shown on LiDAR image. There are many such barchan dunes and remnants in Scotland county, but this is the most robust.
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SURFACE CONTOUR MAP C..=2FT GRIDDED, CONTOURED 2008 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
This is the gridded 2008 tiled  LiDAR data, contoured with a 2 foot contour interval


THE BARCHAN DUNE CAROLINA BAY MODEL

SURFACE CONTOUR MAP C..=2FT GRIDDED, CONTOURED 2008 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
Elements of barchan shown on the contour map. 
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SURFACE CONTOUR MAP; C. I.=2 FT GRIDDED, CONTOURED 2008 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
Let’s look at a dip cross-section through the Bay/barchan dune couplet


THE BARCHAN DUNE CAROLINA BAY MODEL <=
GOOSE POND BAY CROSS-SECTION A-A’ ELEVATION PROFILE

VERTICAL
EXAGGERATION=46x



Presenter Notes
Presentation Notes
This the elevation profile with a vertical exaggeration of 46x 
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GOOSE POND BAY CROSS-SECTION A-A’ ELEVATION PROFILE

A A
2N3\5A1,‘t SE

GOOSE POND BAY VERTICAL

EXAGGERATION=46x

230 ft
225 ft
220 ft

215 ft
GRIDDED, CONTOURED 2008
LIDAR ELEVATION DATA

A" D B WATKINS (2024 - IN PREP) CROSS-SECTION A-A’ THROUGH GOOSE

VERTICAL
_ . _ EXAGGERATION=46x

FLUVIAL

GRIDDED, CONTOURED 2008
LiDAR ELEVATION DATA



Presenter Notes
Presentation Notes
This is my interpreted Goose Pond stratigraphy, the justification for which we shall see


THE BARCHAN DUNE CAROLINA BAY MODEL
THE OLD AND THE NEW: A CROSS-SECTION COMPARISON

Fig. 3. Section ‘through a bay’® A B, general surface level; b, surface of ‘bay’; ¢, clay filling basin
of ‘bay’; d, sand ridge; e, loose sands and clays dipping gently southeast; f, unknown part; ¢, pump;

h, water level.

VERTICAL
EXAGGERATION=46x

GRIDDED, CONTOURED 2008
LiDAR ELEVATION DATA



Presenter Notes
Presentation Notes
Leonidas Glenn in 1895  published this cross section in Nature magazine through one the Bays near his hometown of Darlington, SC. The water level, h, demonstrates a hydrodynamic seal (aquiclude) between the Bay sediments and the underlying substrate. For comparison: Goose Pond Bay A-A’ 
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A FIELD VISIT TO
LONGLEAF BARCHAN


Presenter Notes
Presentation Notes
Enough of the maps and cross-sections, let’s go up onto the barchan…




Presenter Notes
Presentation Notes
The next few slides show an index map with photo location, x, and viewshed. This is at the base of the stoss slope looking up toward the crest




Presenter Notes
Presentation Notes
This is the crest looking west, deep unconsolidated well-sorted sugary white quartz sand




Presenter Notes
Presentation Notes
On the crest overlooking slip face and Goose Pond Bay 15 feet below
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LONGLEAF BARCHAN — WEST HORN, SLIP FACE AND GOOSE POND BAY
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Presenter Notes
Presentation Notes
This is a drone view of the west side of Longleaf Barchan
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LONGLEAF BARCHAN — WEST HORN, SLIP FACE AND GOOSE POND BAY

Round Bay
Longleaf Barchan West Horn
(Surface Covered By Pines)



Presenter Notes
Presentation Notes
Most of west horn is covered with cultivated pine trees. Note how the base of the slip face defines the southeast lobe of Goose Pond Bay.
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LONGLEAF BARCHAN — EAST HORN AND SLIP FACE
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Presenter Notes
Presentation Notes
Longleaf barchan east horn. The majority of  the barchan is subject to a conservation easement with the Nature Conservancy
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Presenter Notes
Presentation Notes
The obligatory Swiss Army knife scale image of barchan dune sand


THE BARCHAN DUNE CAROLINA BAY MODEL
CONCLUSIONS SO FAR, BASED ON THE EVIDENCE

* LONGLEAF SAND BODY, FEATURING CRESCENT SHAPE, STOSS SLOPE,
SLIP FACE, TWO HORNS AND WELL-SORTED, CLEAN QUARTZ SAND,
IS A REMNANT LARGE EOLIAN BARCHAN SAND DUNE

* BASE OF SLIP FACE OF LONGLEAF BARCHAN DEFINES SOUTHEAST
LOBE OF GOOSE POND BAY; HORNS FORM PART OF LATERAL BAY
MARGINS

* DEPOSITIONAL ENVIRONMENT: COASTAL PLAIN DESERT
* WIND DIRECTION: ONSHORE FROM SOUTHEAST


Presenter Notes
Presentation Notes
So far, we have…


THE BARCHAN DUNE CAROLINA BAY MODEL

THUS FAR WE HAVE:

* A BARCHAN DUNE AND ITS INTEGRAL ADJACENT CAROLINA BAY
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CAROLINA BAY STRATIGRAPHY EXPOSED AT
SCHOOL HOUSE BAY;
A SAND/PEAT SEQUENCE REVEALED


Presenter Notes
Presentation Notes
I will now present the only exposure of Carolina Bay sediments that I am aware of…


THE BARCHAN DUNE CAROLINA BAY MODEL

CHANCE OUTCROP OF A CAROLINA BAY SEDIMENTARY SEQUENCE USDA AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
School House Bay is located about one mile north of Goose Pond Bay
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SCHOOL HOUSE BARCHAN/BAY USDA AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
School House Bay on the 1938 air photo. The arrow indicates the location of the exposure of the Bay sediments
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SCHOOL HOUSE BAY WITH DUNE OVERLAY USDA AIR PHOTO SERIES 1938
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Presenter Notes
Presentation Notes
School House Bay with dune overlay
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A HAPPENSTANCE OUTCROP OF BAY SEDIMENTS GRIDDED 2014 LiDAR ELEVATION DATA
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Presenter Notes
Presentation Notes
Bays may be under a veneer of sand cover (Bays NW of SHB). Note the railroad cuts and drainage cut on the barchan dune…which I will field check this summer.
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A TIMELY HAPPENSTANCE OUTCROP OF SCHOOL HOUSE BAY SEDIMENTS PHOTO AUTHOR
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Presenter Notes
Presentation Notes
Excavation site near Wagram
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EXCAVATION FOR FUEL TANK INSTALLATION PHOTO: PIEDMONT PUMP & TANK, LLC
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Presenter Notes
Presentation Notes
This is the excavation for the fuel tanks which encountered a strong water flow upon penetrating the iron-stained orange sand (Middendorf), thereby demonstrating a hydrodynamic seal between the Middendorf  and overlying Bay sediments
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TRUCK STOP I_R_ATI(_ERﬁAPH B HOTO: PIEDMONTUMP&TANK, LLC

o i 3 T R ey e g e = —7 o |\



Presenter Notes
Presentation Notes
Interpreted stratigraphy
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SCHOOL HOUSE BAY - BAY SEDIMENTARY SUCCESSION REVEALED pHoTO: AUTHOR



Presenter Notes
Presentation Notes
I crawled into the tank pit where this stratigraphy is exposed
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SCHOOL HOUSE BAY - DISTAL BAY STRATIGRAPHY REVEALED

© DBWatkins



Presenter Notes
Presentation Notes
A closer look at the rocks…note the clasts within the sands above the peat
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PEAT COMPACTION AND LAND SUBSIDENCE IN CALIFORNIA USGS 2014
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Presenter Notes
Presentation Notes
This from a USGS study on peat compaction in the Sacramento valley showing drastic subsidence resulting from compaction and oxidation of the peat beds. Similar compaction is proposed as a main cause of Bay subsidence


"THE BARCHAN DUNE CAROLINA BAY MODEL
PEAT AUTOCOMPACTION KAYE AND BARGHOORN 1964

AUTOCOMPACTION OF PEAT

Compaction of sediments beneath a weight
isa well-known geological process that in recent
years has been extensively investigated by
students of soil mechanics.! It involves the

collapse of the solid soil fabric and the squeezing
out of the interstitial water of the saturated
sediment. The theory of the compaction of
soils asa function of time, pressure, and physical
parameters was first worked out by Terzaghi
(1925) and has been confirmed and refined
manv times since.

Peat is the most compressible of all natural

‘ sotls because of its very high porosity and its .

weak skeletal framework of vegetable fiber.
Not only will it compress beneath an applied

load, but under certain conditions 1t will also
compress under its own weight, a process which

can be called autocompaction to distinguish it
from compaction by externallv applied loads.


Presenter Notes
Presentation Notes
Kaye and Barghoorn in 1964 documented peat autocompaction, a result of peat’s unique characteristics as a sediment type


THE BARCHAN DUNE CAROLINA BAY MODEL
SIGNIFICANCE OF SCHOOL HOUSE BAY EXPOSURE

* AS OTHERS HAVE DEMONSTRATED, PEAT IS CONFIRMED AS A
SIGNIFICANT ELEMENT OF LOCAL BAY STRATIGRAPHY, EXPLAINING
BOTH THE DARK ORGANIC SOIL CONTENT AND SUBSIDENCE

* PEAT IS THE MOST COMPACTABLE OF ALL SOILS

* COMPACTION OF PEAT LIKELY CONSTITUTES MAJORITY OF BAY
SUBSIDENCE

* DEPOSITIONAL ENVIRONMENT: INTERGLACIAL TEMPERATE
FORESTED BOG WHICH, IN SOME CASES, PERSISTS TO THIS DAY


Presenter Notes
Presentation Notes
Read the bullets…


THE BARCHAN DUNE CAROLINA BAY MODEL *

THUS FAR WE HAVE:

* A BARCHAN DUNE AND ITS INTEGRAL ADJACENT CAROLINA BAY

* A CAROLINA BAY PEAT-RICH SEDIMENTARY SEQUENCE


Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

BAYS WITH DUNE OVERLAY ‘ USDA AIR PHOTO SERIES 1938

Longleaf.
Barchan

1 MILE
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Presentation Notes
Local Bays with dune overlay


THE BARCHAN DUNE CAROLINA BAY MODEL

VEGETATION OBSCURES MOST OF THE BAYSBARCHAN REMNANTS GOOGLE EARTH IMAGE 2021

e e
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Presentation Notes
A recent Google Earth image shows the Bays have largely been obscured by vegetation


THE BARCHAN DUNE CAROLINA BAY MODEL

A MOMENT OF ENLIGHTENMENT: NOVEMBER 1986 FLIGHT PATH TO GHAFAH-1 WELL SITE
KINGDOM OF SAUDI ARABIA GOOGLE EARTH IMAGE 2015
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Presentation Notes
Let’s look at a moment of enlightenment. In November 1986 I flew from Dhahran to Ghafah 1 for two-weeks of wellsite  duty describing the rocks as drilled. We flew over some of the remoter parts of the planet, including…


THE BARCHAN DUNE CAROLINA BAY MODEL

A MOMENT OF ENLIGHTENMENT - RUB’ AL-KHALI, SAUDI ARABIA GOOGLE EARTH IMAGE 2021
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Presentation Notes
I’d never even seen a barchan dune before, but there they were, and in my mind’s eye…


THE BARCHAN DUNE CAROLINA BAY MODEL

IN THE MIND’S EYE — BACK IN THE SANDHILLS GOOGLE EARTH IMAGE 2021
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Presentation Notes
I saw the sandhills and the Goose Pond


THE BARCHAN DUNE CAROLINA BAY MODEL

A MOMENT OF ENLIGHTENMENT- RUB’ AL-KHALI, SAUDI ARABIA GOOGLE EARTH IAGE 2021
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At the time I thought to myself to write about this notion…and so finally, here we are!


THE BARCHAN DUNE CAROLINA BAY MODEL

GHAFAH-1 WELLSITE — TRANSVERSE DUNES, 450-500 FT IN HEIGHT

Rub’ Al Khali, Saudi Arabia
The Author November 1986
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Presentation Notes
Again, the Carolina Bay original depositional environment…and my 1986 Xmas Card


THE BARCHAN DUNE CAROLINA BAY MODEL

THE BARCHAN DUNE
CAROLINA BAY MODEL



THE BARCHAN DUNE CAROLINA BAY MODEL
BARCHAN DUNEOLOGY 101

Crescent Shaped Sand Dune

Gentle Convex Stoss Slope Faces Wind; Steep Concave Leeward Slip Face

Horns Point Downwind; Dune Migrates Via Slumping Of Slip Face @ Angle Of Repose
Forms Under Consistent Wind Field

Develops Upon A Peneplained Surface

{(——

DUNE MIGRATION
DIRECTION

WIND DIRECTION

—

PENEPLAINED SUBSTRATE
NO SCALE INTENDED
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Barchan elements…


THE BARCHAN DUNE CAROLINA BAY MODEL

PHYSICS OF THE FINE-GRAINED BAY SEDIMENT ACCUMULATION

B Simplified Longitudinal Cross Section B’
C-C'TIE

After: Barbara Horvat
Universa v Ljubljani, Slovenia

Suspended Load Of Fine Sand, Silt and
Clay Size Settle In The Separation Bubble

And Accumulate In Lee of Dune <:| PREVAILING
(Wind Shadow) WIND DIRECTION

Flow
Separation Bubble

Flow Reattachment
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Presentation Notes
Looking st the physics of the sediment accumulation in the barchan lee we see 


THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES

CAROLINA BAY EVOLUTION STAGE |
Pleistocene Glacial Low Stands Create A Broad Desert (Erg) With Barchan Dune Fields

Abundant Sand Supply (Marine Shelf, Arenaceous Substrate), Extensive Wind Fetch
Fine Grained Suspended Sediments Accumulate In Lee Of Barchan; Forms Aquiclude
Differential Compaction Of Fine Bay Sediments Initiates Topographic Low

Soil Development and Emergent Vegetation Anchors Soils Of Bay Floor

Dunes Cease Migration

B

Parabolic Margin of Barchan
Wind Shadow

Peneplained Arenaceous
Upper Cretaceous Clastic Substrate

NO SCALE INTENDED



Presenter Notes
Presentation Notes
The next few slides will summarize the model’s conceptual evolutionary stages, first in map view, then in cross-section B-B’. In the interest of time, C-C’ sections will not be shown. Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES

B CAROLINA BAY EVOLUTION STAGE | B’
* Pleistocene Glacial Low Stands Create A Broad Desert (Erg) With Barchan Dune Fields

Abundant Sand Supply (Marine Shelf, Arenaceous Substrate), Extensive Wind Fetch
Fine Grained Suspended Sediments Accumulate In Lee Of Barchan; Forms Aquiclude
Differential Compaction Of Fine Bay Sediments Initiates Topographic Low

Soil Development and Emergent Vegetation Anchors Soils Of Bay Floor

Dunes Cease Migration

Parabolic Margin of
Barchan Wind Shadow

Fine-Grained Bay Sediments Thin Away From Dune
Carolina Bay Barchan Dune

NO SCALE INTENDED



Presenter Notes
Presentation Notes
Low sea level brings expanded shelf sand source, broad wind fetch and desert conditions. Fine grained sediments settles in lee of barchan


THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES
CAROLINA BAY EVOLUTION STAGE Il

More Temperate Climate; Erosion And Deflation Commences

Fine Grained Bay Sediments Still Accumulate; Differential Compaction Forms Topo Low
Denser Vegetation (Including Ephemeral Peat Bogs) Develop And Indurate Bay Sediments
Compaction, Soil Development, Diagenesis, Anchor Soils Of The Bay Floor

Differential Compaction (Particularly Of Peat) Forms Topo Low

Bay Sediments, High In Organic Content, Include Silts, Clays And Peat; Perched Water Table

Parabolic Margin of Barchan
Wind Shadow Elongated Horn

C

Upper Cretaceous Clastic Substrate

Peneplained Arenaceous

NO SCALE INTENDED
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Presentation Notes
Read the bullets…


THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES
B CAROLINA BAY EVOLUTION STAGE Il B’

* More Temperate Climate; Erosion And Deflation Commences
Fine Grained Bay Sediments Still Accumulate; Differential Compaction Forms Topo Low
Denser Vegetation (Including Ephemeral Peat Bogs) Develop And Indurate Bay Sediments
Compaction, Soil Development, Diagenesis, Anchor Soils Of The Bay Floor
Differential Compaction (Particularly Of Peat) Forms Topo Low

Bay Sediments, High In Organic Content, Include Silts, Clays And Peat; Perched Water Table

Parabolic Margin of
Barchan Wind Shadow

Carolina Bay Compacts Barchan Dune
Erodes/Deflates

NO SCALE INTENDED
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Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES

CAROLINA BAY EVOLUTION STAGE Il
Multiple Inter-Glacial High Stand Marine Incursions (Cooke 1936)

Unconsolidated Dune Sands Easily Redeposited Laterally Into Interdune Aprons, Bars And
Bay Rims. Oblique Longshore Currents Elongate Barchan Remnants Along East Bay Margin
Bay Sediment Mat Resistant To Littoral Marine Erosion

Bay Becomes Mud-Prone Lagoon During Marine Incursions

Peripheral Marine B

o< Shallow Marine Bars

Emergent

Shallow Marine Bars

<

C

Peneplained Arenaceous
Upper Cretaceous Clastic Substrate

NO SCALE INTENDED
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Presentation Notes
Stage III are the various marine incursions as described by Cooke 1936. Were I an artist, this would show breaking waves, wind, tidal currents and other forms of littoral erosive action


THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES
B CAROLINA BAY EVOLUTION STAGE Il B’

Multiple Inter-Glacial High Stand Marine Incursions (Cooke 1936)

Unconsolidated Dune Sands Easily Redeposited Laterally Into Interdune Aprons, Bars And
Bay Rims. Oblique Longshore Currents Elongate Barchan Remnants Along East Bay Margin
Bay Sediment Mat Resistant To Littoral Marine Erosion

Bay Becomes Mud-Prone Lagoon During Marine Incursions

Peripheral Marine Bars Become Bay Rims

Sand Bar Indurated, Compacting Eroding Barchan Dune
Carolina Bay Sediments
Are Protected By Marine
Sand Bars

NO SCALE INTENDED
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Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES
CAROLINA BAY EVOLUTION STAGE IV

Present Day

Terrigenous Bay Ecosystem Reestablished

Remnant Barchan And Bay Rims Further Deflate, Bay Subsidence Continues
Ephemeral Perched Lakes Form Due To Bay Floor Aquiclude

Evolutionary Stages Are Likely Repeated Numerous Times During Pleistocene

C

/\"\Bl

Peneplained Arenaceous
Upper Cretaceous Clastic Substrate

NO SCALE INTENDED
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Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

CONCEPTUAL EVOLUTIONARY STAGES
CAROLINA BAY EVOLUTION STAGE IV

* Present Day

* Terrigenous Bay Ecosystem Reestablished

 Remnant Barchan And Bay Rims Further Deflate, Bay Subsidence Continues
* Ephemeral Perched Lakes Form Due To Bay Floor Aquiclude

* Evolutionary Stages Are Likely Repeated Numerous Times During Pleistocene

Bay Rim Compacted Carolina Bay Remnant Barchan
(Bay Rim)



Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

HOW THE MODEL FITS INTO THE LOCAL
SHALLOW SUBSURFACE GEOLOGY



THE BARCHAN DUNE CAROLINA BAY MODEL

REGIONAL CROSS-SECTION D-D’- ELEVATION PROFILE
D NORTHWEST

SCHOOL HOUSE COHARIE COASTAL REMNANT _ . ___. —
BAY/BARCHAN LONGLEAF SCARP HEADLAND BARCHAN
BARCHAN

VERTICAL EXAGGERATION: 63x 6.34 mi

FLUVIAL
FLOOD PLAIN
SEDIMENTS

| 0.0 mi 0L5 mi 1.0 mi 1.5 mi 2.0 mi,
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Presentation Notes
Elevation profile D-D’


THE BARCHAN DUNE CAROLINA BAY MODEL

REGIONAL CROSS-SECTION D-D’ SHALLOW SUBSURFACE INTERPRETATION
D NORTHWEST sOUTHEAST D’

UNCONSOLIDATED
COVER SANDS SCHOOL HOUSE COHARIE COASTAL REMNANT _ . _  _. _

BAY/BARCHAN LONGLEAF SCARP HEADLAND : BARCHAN
GOOSE POND BAY

VERTICAL EXAGGERATION: 63x

FLUVIAL
FLOOD PLAIN
SEDIMENTS

| 0.0mi 0L5 mi 1.0 mi



Presenter Notes
Presentation Notes
Bays show thinning away from barchans, which are grounded on or near the Middendorf substrate


THE BARCHAN DUNE CAROLINA BAY MODEL

REGIONAL CROSS-SECTION E-E’ ELEVATION PROFILE
E SOUTHWEST

MIDDENDORF FM SUBSTRATE MIDDENDORF FM SUBSTRATE
I |

VERTICAL EXAGGERATION: 56x 1.0 mi i i 4.0 mi

AT LEAST TWO SEPARATE BAY EPISODES

400 ft

190 ft

1000 ft

i 0.0 mi 0.5 mi 1.0 mi s
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Presentation Notes
E-E’ shows older Bays in Lumbee floodplain exhumed by the river.


THE BARCHAN DUNE CAROLINA BAY MODEL

REGIONAL CROSS-SECTION E-E’ SHALLOW SUBSURFACE INTERPRETATION

E SOUTHWEST NORTHEAST E’
COASTAL HEADLAND HOKE COUNTY BAYS

UNCONSOLIDATED

UNCONSOLIDATED
COVER SANDS
__________ i-___---_—_.—_—__—__—_-__—__!_ s e» o=
-
an o -

MIDDENDORF FM SUBSTRATE ' v MIDDENDORF FM SUBSTRATE
| |

VERTICAL EXAGGERATION: 56x 1.0 mi i . i 4.0 mi

400 ft
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Presentation Notes
Note the several Bays within the floodplain which have been exhumed by fluvial action, indicating more than one episode of bay formation


THE BARCHAN DUNE CAROLINA BAY MODEL

THUS FAR WE HAVE:

* A BARCHAN DUNE AND ITS INTEGRAL ADJACENT CAROLINA BAY

* A DEMONSTRATED CAROLINA BAY PEAT-RICH SEDIMENTARY
SEQUENCE

A BARCHAN/BAY DEPOSITIONAL MODEL THAT EXPLAINS BAY
ORIGIN, SEDIMENTATION AND SUBSIDENCE


Presenter Notes
Presentation Notes
Read the bullets…


THE BARCHAN DUNE CAROLINA BAY MODEL

TIMING OF
PLEISTOCENE DESERTIFICATION, BARCHAN
FORMATION AND DESERT EROSION



THE BARCHAN DUNE CAROLINA BAY MODEL

PLEISTOCENE GLACIAL CYCLES FROM ICE CORE ANALYSIS FROM PETIT 1999
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Presentation Notes
This is Petit’s 1999 work analyzed trapped air bubbles in the Antarctic ice for CO2, derived a temperature curve (also dust)


THE BARCHAN DUNE CAROLINA BAY MODEL

PLEISTOCENE GLACIAL CYCLES FROM ICE CORE ANALYSIS FROM PETIT 1999

PERIODS OF INTERGLACIAL HIGH STANIP
DUNE EROSION
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PERIC DS 'OF GLACIAL LOW STAND
DESERTIEICATION AND BARC
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Petit 1999 — Vostok Ice Core Analysis Thﬂusands Gf Yea rs Ag{j
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Presentation Notes
Interpreted periods of glacial desert formation are shown shown in brown and interglacial erosional episodes are shown in blue


THE BARCHAN DUNE CAROLINA BAY MODEL
INTERPRETED COASTAL PLAIN ERG (JOHNSON’S CAROLINA BAY DISTRIBUTION)
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Presentation Notes
This is from Johnson 1942,  his distribution of the Carolina Bays which I’m interpreting, by extension, as the distribution of Barchan dune fields; also shown is the expanded glacial shelf location @ 400’ BMSL


THE BARCHAN DUNE CAROLINA BAY MODEL

EXAMPLES OF BARCHAN DUNE PRESERVATION,
EROSION AND SAND REDISTRIBUTION;
REMNANT DUNES AS REVEALED BY VINTAGE AIR
PHOTOS, LiDAR IMAGING AND CONTOURING


Presenter Notes
Presentation Notes
Preservation being the rare exception. And here is a pet peeve…why is the i in Lidar lowercase? 


THE BARCHAN DUNE CAROLINA BAY MODEL ===
NC/SC PLEISTOCENE INTERGLACIAL TERRACES/SCARPS __ (after ooke 1936 Frey 1950)

MULTIPLE MARINE N J [ 40
INCURSIONS |
(INTERGLACIAL
SEA-LEVEL HIGH
STANDS) ERODE
AND REDISTRIBUTE
DESERT SANDS

Darlington, SC .'."".,x,o@e

Cape

Fear

Pamlico (25’)
ATLANTIC OCEAN



Presenter Notes
Presentation Notes
These are the scarps and terraces of Cooke and Frey and the layout of xsection F-F’. We’ll be looking at these erosional episodes and the impact on the barchans and Bays


THE BARCHAN DUNE CAROLINA BAY MODEL
PLEISTOCENE INTERGLACIAL HIGH STAND SCARPS AND TERRACES

AFTER COOKE 1936 USGS BULLETIN 867

Scotland County Base Of Scarp Elevations, In Feet Above MSL Horry County, SC )

Northwest Barchan Dunes 215’ Bays/Dunes (Projected) Southeast

270’ Projected :
Brandywine (Proj ) Coharie

170’
BRANDYWINE Z2=N 70 47’

COHARIE / Wicomico
Longleaf SUNDERLAND Penholoway Talbot
STUDY AREA Barchan WICOMICO =

PENHOLOWAY = TEOT
Sea Level S —

Increasing Degree of Erosion of Barchan Dunes And Desert Landforms



Presenter Notes
Presentation Notes
This is cross-section F-F’ from Cooke 1936, Unconsolidated sands are easily eroded and redistributed by multiple marine incursions. Terraces coastward experienced more erosion due to multiple incursions. The barchans on the Brandywine and Coharie terraces are less eroded than on the seaward terraces


THE BARCHAN DUNE CAROLINA BAY MODEL
STUDY AREA - TERRACES/SCARPS

450 ft

Scarp/Terrace Elevations
From Cooke 1936

0.0 mi 2.5mi 5.0 mi 7.5 mi 125 mi
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Presentation Notes
These are the contours of the Brandywine, Coharie and Sunderland scarps and corresponding terraces and the area we’ll now be looking at. 


THE BARCHAN DUNE CAROLINA BAY MODEL
|NDEX MAP—Dl'JVNE EROSl?N,'SAND REDlSTRlBUTlON GRIDDED 20.14..I..iI?IARI_E

LEVATION DATA

- OB 2

450 ft

 lLessErosionOn -
. Brandywine Terrace

More Erosion On
Coharie Terrace

i 0.0 mi 1.0 mi 2.0 mi 3.0 mi


Presenter Notes
Presentation Notes
More erosion on lower scarps, described by Prouty as “blurred bay rims”. Let’s look at Goose Pond and Round Bays


i

Longleaf Barchan
Largely Intact

"/ Round Bay Barchan
Completely Eroded By Marine
And Fluvial Action. Resistant
Bay Sediments Remain



Presenter Notes
Presentation Notes
Round Bay Barchan has been completely eroded by the combined erosion of Coharie Scarp marine and Lumbee River action. Erosional coastal - estuarine headlands on westward facing scarps with eolian dunes atop


THE BARCHAN DUNE CAROLINA BAY MODEL
|NDEX MAP—Dl'JVNE EROSl?N,'SAND REDlSTRlBUTlON GRIDDED 20.14..I..iI?IARI_E

LEVATION DATA

wi- OREE 4

450 ft

Gt -i:'”j'-':l-.e_és ErosmnGm
_ Brandywine Terrace

More Erosion On
Coharie Terrace
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Presentation Notes
Let’s look at Stewart Bay near the airbase


THE BARCHAN DUNE CAROLINA BAY MODEL
DEFLATING STEWART BARCHAN DUNE/BAY RIM GRIDDED 2014 LiDAR ELEVATION DATA
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Presentation Notes
What appear to be parabolic dunes (SW wind) deflate the east bay rim of Stewart Bay


THE BARCHAN DUNE CAROLINA BAY MODEL

GRIDDED 2014 LiDAR ELEVATION DATA
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Presentation Notes
Stewart barchan eroded by Coharie scarp (aka Round Bay), sand remnants being transported downslope into Shoe Heel Creek. Note the conspicuous barchan remnants NW of Stewart Bay


THE BARCHAN DUNE CAROLINA BAY MODEL

ERODING/DEFLATING STEWART BARCHAN DUNE USDA AIR PHOTO SERI 1938
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Presentation Notes
1938 air photo, looks very much like Longleaf Bay but more eroded


THE BARCHAN DUNE CAROLINA BAY MODEL

ERODING/DEFLATING STEWART BARCHAN DUNE USDA AIR PHOTO SERI 1938
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Barchan remnant,


THE BARCHAN DUNE CAROLINA BAY MODEL -«
ERODING/DEFLATING STEWART BARCHAN DUNE USDA AIR PHOTO SERIES 1938
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Dune remnants being transported downslope into Shoe Heel Creek
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LOCATION MAP SPRING HILL, NC NC GEOLOGIC MAP 1985
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Just west of Wagram are the Spring Hill Bays


THE BARCHAN DUNE CAROLINA BAY MODEL

SPRING HILL BAYS 1:24,000 TOPO - SILVER HILL QUAD
BAY RIMS AND REMNANT BARCHAN EXPRESSED AS 250’ TOPO HIGHS
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Presentation Notes
See the remnant barchan and bay rims on the topo map


THE BARCHAN DUNE CAROLINA BAY MODEL

SPRING HILL BAYS - NOTE SANDY INTERBAY AREAS | USDA AIR PHOTO SERIES 1938
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1938 air photo shows hints, ghosts, of barchan dunes


THE BARCHAN DUNE CAROLINA BAY MODEL

SPRING HILL BAYS - WITH DUNE OVERLAY USDA AIR PHOTO SERIES 1938
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With the dune overlay
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Presentation Notes
Gridded Lidar elevation data clearly shows crescent shaped barchan remnants, note the northeast Bay has been breached and drains into Shoe Heel Creek.
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SPRING HILL BAYS CONTOUR MAPC.I.=1FT  criooeo



Presenter Notes
Presentation Notes
Mapped at a 1 ft contour interval, the barchan remnants are evident; note how the northeast bay has been breached and is eroding into Shoe Heel Creek


THE BARCHAN DUNE CAROLINA BAY MODEL
SPRING HILL BAYS - REMNANT DUNES AND SAND BODIES GOOGLE EARTH 2022 IMAGE
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Center Bay has been timbered but never cultivated, has standing water (perched water table) and remains a peat bog
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LOCATION MAP HILL TOP BAYS — HOKE COUNTY NC GEOLOGIC MAP 1985
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And finally let’s  look at Hilltop Bays across the river in Hoke County
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HILL TOP BAYS - BAY RIMS/REMNANT BARCHANS NOT EVIDENT ON TOPO
1:24,000 TOPO — WAGRAM QUAD
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Closed contours define the Bay outlines but remnant barchan and Bay rims are not evident on topo map
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Remnant Barchan/Bay Rims Not Evident
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No joy on Google Earth either…


THE BARCHAN DUNE CAROLINA BAY MODEL

HILL TOP BAYS - BARCHAN DUNES AND RIMS GRIDDED 2014 LiDAR ELEVATION DATA
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But the Bays and sand rims are well-illuminated by LiDAR; hints of bays beneath the cover sands abound


THE BARCHAN DUNE CAROLINA BAY MODEL
HILL TOP BAYS - CONTOUR MAP
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Presentation Notes
The remnant barchan dunes are evident when the LiDAR data is contoured at 2’ contour interval
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A COMPARISON WITH
COOKE’S 1954 BAYS IN HORRY CO., SC



THE BARCHAN DUNE CAROLINA BAY MODEL
PLEISTOCENE INTERGLACIAL HIGH STAND SCARPS AND TERRACES

AFTER COOKE 1936 USGS BULLETIN 867

Scotland County Base Of Scarp Elevations, In Feet Above MSL Horry County, SC )

Northwest Barchan Dunes 215’ Bays/Dunes (Projected) Southeast

270’ Projected :
Brandywine (Proj ) Coharie

170’
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COHARIE / Wicomico
Longleaf SUNDERLAND Penholoway Talbot
STUDY AREA Barchan WICOMICO =

PENHOLOWAY = TEOT
Sea Level S —

Increasing Degree of Erosion of Barchan Dunes And Desert Landforms
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Presentation Notes
Unconsolidated sands easily eroded and redistributed by multiple marine incursions. Terraces coastward experienced more erosion, as we will now see in Horry Co, SC on the Penholoway terrace
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BAYS ON THE PENHOLOWAY TERRACE — HORRY CO, SC

GS PP254 PLATE 48
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Presentation Notes
Near Myrtle Beach…Extensively reworked bay rim sands. Note the exact same orientation as Goose Pond and surrounding Bays
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BAYS ON THE PENHOLOWAY TERRACE — HORRY CO, SC_

COOKE 1954 USGS PP254 PLATE 48
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“ _ SAME ELLIPTICITY AND ORIENTATION AS
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S5 IN HOHRY


Presenter Notes
Presentation Notes
Note Bare Bone Bay has the exact same orientation and ellipticity as Goose Pond and surrounding Bays
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BAYS ON THE PENHOLOWAY TERRACE — DUNE OVERLAY

COOKE 1954 USGS PP254 PLATE 48
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Adding the Longleaf dune overlay which fits nicely with these Bays


THE BARCHAN DUNE CAROLINA BAY MODEL

THUS FAR WE HAVE:
* A BARCHAN DUNE AND ITS INTEGRAL ADJACENT CAROLINA BAY

* A CAROLINA BAY PEAT-RICH SEDIMENTARY SEQUENCE

A BARCHAN/BAY DEPOSITIONAL MODEL THAT EXPLAINS BAY
ORIGIN, SEDIMENTATION AND SUBSIDENCE

* EXAMPLES OF BARCHAN DUNE PRESERVATION, EROSION AND SAND
REDISTRIBUTION
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MODERN BARCHAN
DUNE ANALOGS



THE BARCHAN DUNE CAROLINA BAY MODEL
MODERN BARCHAN DUNE FIELDS — WIND SHADOWS  WESTERN SAHARA — NORTH AFRICA
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Presentation Notes
These are barchans from Western Sahara in North Africa
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MODERN BARCHAN DUNE FIELDS — BAY OVERLAY WESTERN SAHARA — NORTH AFRICA
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Overlaying the Goose Pond Bay overlay
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MODERN BARCHAN DUNE FIELDS — SOME DAY?  WESTERN SAHARA — NORTH AFRICA
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Presentation Notes
Hypothetical erosion of the barchans results in a hypothetical field of Carolina Bays.
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MODERN BARCHAN DUNE FIELDS — WIND SHADOWS  WESTERN SAHARA — NORTH AFRICA
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Presentation Notes
Another example from North Africa  shows dark fine-grained, dark sediments accumulating leeward of the barchans
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MODERN BARCHAN DUNE FIELDS — BAY OVERLAY

¢eaaq '
112018 . ¢



Presenter Notes
Presentation Notes
Applying the Goose Pond Bay overlay…


THE BARCHAN DUNE CAROLINA BAY MODEL

A RELATED OBSERVATION...

THE PINEHURST FORMATION:
MAPPED AS PLIOCENE, HOWEVER AUTHOR INTERPRETS IT TO
BE THE UPLAND EOLIAN EQUIVALENT TO THE COASTAL PLAIN
PLEISTOCENE BARCHAN DUNES, PART OF THE SAME ERG
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PINEHURST FM: UPLAND EQUIVALENT OF COASTAL PLAIN BARCHANS, ABOVE THE PENEPLAIN?
NC GEOLOGIC MAP 1985
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Presentation Notes
Pinehurst Fm is highlighted, found only above limit of the bays and their barchans and is restricted to ridges and topographic highs. Limit of Bays shown in green line
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STUDY AREA LIiDAR INDEX MAP GRIDDED 2014 LiDAR ELEVATION DATA

190 ft

| 0.0 mi 0.5 mi 1.0 mi 1.5 mi 2.0 mi 2.5 mi



Presenter Notes
Presentation Notes
These are the Bays and Barchans in this study shown with the Pinehurst Fm outcrop, which I am interpreting as being part of the same erg. Pinehurst sands have been eroded by the drainage courses, leaving only ridge top remnants


THE BARCHAN DUNE CAROLINA BAY MODEL

CONCLUSIONS



THE BARCHAN DUNE CAROLINA BAY MODEL
STUDY CONCLUSIONS

 Bays Formed In The Wind Shadow Of Barchan Dunes On The Coastal Plain
Desert During Glacial Low Stands

* Finer Grained Sediments Accumulated On The Bay Floor Creating A
Separate Landform Behind the Dune; Dune Migration Ceased; Bay Peat
Bogs And Forests Developed

* Differential Compaction Of Fine-Grained Sediments, And In Particular
Peat Beds, Created The Bay Structural Depression

 Compaction, Diagenesis, Soil Formation and Vegetation Anchored The
Bay Sediments, Making Them Resistant To Submarine and Subaerial
Erosion


Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL
STUDY CONCLUSIONS

* Multiple Marine Inter-Glacial Incursions Removed Most Evidence Of
Barchans Leaving The Bay, Barchan Dune Remnants, Sand Rims and
Widespread Sheet (Cover) Sands

* The Carolina Bay Sediment ‘Mat’ Remained Intact Amidst The
Erosion/Redistribution Of Unconsolidated Desert Sands

* Bay Size Is Directly Proportional To Parent Barchan Dune Size; Ellipticity
Proportional To Wind Velocity

* Bays Likely Extend Into The Submerged Shelf Offshore


Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

ISSUES RAISED

* Nomenclature Issue: One Landform Creating Another?
 Barchan Removed, Is The Bay An ‘Ichno-Landform’?

* Pinehurst Formation: Upland Eolian Sands Laterally Equivalent To
Downdip Pleistocene Scotland County Barchans?


Presenter Notes
Presentation Notes
Read the bullets…



THE BARCHAN DUNE CAROLINA BAY MODEL

DOUGLAS JOHNSON “THE ORIGIN OF THE CAROLINA BAYS” - 1942

“THE HYPOTHESIS OF COMPLEX ORIGIN”

“the artesian-solution-lacustrine-aeolian hypothesis”

DOUGLAS WATKINS (THIS STUDY) - 2024
AN ALTERNATIVE ‘HYPOTHESIS OF COMPLEX ORIGIN’:

“the eolian barchan-wind shadow-peat bog-differential compaction-dune
deflation-marine/eolian overprint hypothesis”


Presenter Notes
Presentation Notes
Douglas Johnson in his 1942 study coined the phrase Hypothesis of Complex Origin. Sounds like all geological work! his being artesian solution lacustrine aeolian hypothesis, which I have modified to fit this model, specifically eolian barchan wind shadow peat bog differential compaction dune deflation marine/eolian overprint hypothesis


THE BARCHAN DUNE CAROLINA BAY MODEL

OR, MORE SIMPLY PUT:

“..BARCHANS BEGAT BAYS...”


Presenter Notes
Presentation Notes
Three words can summarize this model!


THE BARCHAN DUNE CAROLINA BAY MODEL
DEDICATED TO MY TWINS, LOVE YOU GUYS!

/U
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Presentation Notes
Dedicated to my twins, and my 2023 Xmas card. Go Tar Heels!


THE BARCHAN DUNE CAROLINA BAY MODEL

WITH THANKS TO

R L McMILLAN

MARY MAC ZEIGLER

JOHN COOLEY

BOBBY CREECH
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Presentation Notes
Thanks to these folks…
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QUESTIONS?
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