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THE CAROLINA BAYS AND A
PLEISTOCENE WEATHER MAP
HOWARD T. ODUM

LESTRJU:-'T A winter mean pressure pattern for a glacial winter
“was constructed by assuming & mean 10,000 ft. pressure pattern like the

“modern one for the month of January, by drawing a temperature patlern
‘parellel to the glacier margin, and by pressure-height extrapolation to
- sea level. The direction of the surface winds that result from the hypo-
“thetical surface pressure pattern coincide with the long axis of the
¢ (Carolina Bays. The strong pressure gradient on the hypothetical map
}:—,_J:;'hppom the idea that the oricntation of the bays and the FPleistocene
- ‘loess phenomena are a result of much higher mean winds in glacial times.

INTRODUCTION

TIHE elliptically shaped depressions that cover the Coastal
L Plain of eastern Georgia, South Carolina, and North
Carolina have been the subject of much discussion and con-
troversy during the last fifty years. These remarkable de-
‘pressions are all oriented in roughly a northwesterly to south-
sterly direction, and from aerial photographs a bay area
sembles cookie dough after the cookies have been cut out.
Most of these depressions, although once existing as lakes,
= 8re now filled with peat and support a thick swamp vegeta-
Sk :l_‘n'-:'D!l containing among other plants bay trees (Persea), from
thich these areas get their name. An aerial photograph of

§oe . S0me bays is shown in plate 1.
fﬂ%tThE extensive discussions and observations regarding the
orgin of these structures are summarized by Johnson (1942)
R atn book Presents the theory that the depressions wer
?rm':d by the combined action of ground water flow, artesiar
s -"t'frs-'- S“I“tiﬂ{l, and the action of winds. Johnson also sum
:lﬂn::B au;i -::hscus?es the rival theory of the origin due t
3{1933 ¢r of meteorites as presented by Melton and Schrieve
St ) Prouty (1935), and others. There is still no agree

LY e t.ﬂ the initial formation.
= '_':I“-dm_g the theory of Grant (1945) that the bays wer
that Pr:;:::i‘lgﬂsdeP;‘ESEinns, a review of the discussio_ns indicate
r_. . the acti:nu fthE. ]Jru::poged cause of the original depre:
e 0 factor iU wind is cnns1f1ered by nearly all authnrl
~bordered “mucern“at least rn_vurrdmg}he e:_lges of these sanc
i eompler iq., 55 i] or det.ermlmng orientation. Cooke’s (1945
o e details of the vortex-producing action «
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the wind is probably incorrect in view of the observations mi
figure 3 and criticisms by Grant (1945).

The recent work on pollen stratigraphy and morphometry:
by Frey (1949, 1950, 1951) and Buell (1939, 1946) and the
radioactive carbon dating by Arnold and Libby (1951) have
indicated that the depressions are at least older than the 3
last Pleistocene glaciation. The presence of endemic fish and
mollusks also indicates their age (Hubbs and Raney, 1946). @
The stratum of blue-gray mud that is found in all the bays %
has been postulated to be loess (Deevey, personal communica- %
tion, and Frey, 1951). The wind-oriented lakes in Alaska re- &
cently reported by Black and Barksdale (1949) have been
compared to the bays. In the case of the Alaskan lakes the '
orientation is with the strongest winds which at times blow 4
100 miles per hour. South African pans have also been com- =
pared favorably (Shand, 1946).

If, as many authors think, the orientation as well as the
rounded edges is due to prevailing wind direction, the bays
represent a wind direction observation from the Pleistocene. %
With this nhservatiun it is possible tn Iimit the possible pa!;-"'

is Lompahble with the ha} orientations the map may be con-- I"_;
sidered to have some validity. Or if the temperature and upper i
air pressure assumptions seem reasonable for the Pleistocene,
the role of the wind in determining the bays may be supported.

'Whl]e the author was assmtmg David G. Frey on an in- -'-

tunﬂ y to observe wave patterns under appruxlmatefj 35 mph
wind. The pattern of waves was as one should have expecteﬂ
for a shallow depression. The action of wind waves in lakes %
to reduce surface area has long been known (Johnson, 1919]-_}.‘
The wave fronts, of course, turned parallel to shore as they 5§
approached, as in figure 3. The diverging wave fronts were |
undoubtedly associated with some underwater convergence al‘ld"
return flow due to some mass trantpurt of the surface waters.:
The oval shape of the depressions is a sort of resultant Wlﬂd
rose summing the stresses.

The present strongest winds usually occur during strnﬂg
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;-;.uld front passages from the northwest, but even under thes
conditions sustained winds rarely exceed 50 miles per hour
'Althuugh sufficient to keep the m’al shapes somewhat oval ir
J"..'-'f..'thﬂae bays still containing lakes, the winds do not seem capabls
. of radically changing the initially different shape of a lake
| However, it is very possible that during the Pleistocene, the
e winds were of a considerably greater order of magnitude. The
@ pﬁmnmenou of Pleistocenc loess has usually been attributec
" 'tp bare exposures making possible more collection by the wind:
- % (Flint, 1947). However, the possibility of much stronger wind:
- capable of bearing more matter is also very reasonable, a:
~will be shown.
~ These ideas about the role of wind in the Pleistocene are
qualitative and not at all new (Hobbs, 1926). Buell, for
g];amp]t, has compared Greenland winds to possible Pleistocens
flow over the Bay Lakes (personal communication). However,
__';__-'_bj"cqnstructing a weather map, these old postulates are shown
B to be harmoniously related quantitatively by hydrostatic and
.- geostrophic functions.

M.HUHPTIDNS IN CONSTRUCTION OF THE FPLEISTOCENE MAP

= :_.L--.'Il‘ht basis for construction of the Pleistocene map is an
._-;-_'5_-_lssumed 10,000 ft. pressure field superimposed on an assumed
.~ -mean temperature distribution for the layer of air between
-_i__-_._‘_the surface and 10,000 ft. levels. The surface pressures are
ﬂ."-“ ':!Etﬁrmined according to the familiar hydrostatic rela-
. tionships. In practice the calculations were made with a Bel-
F“mF pressure height slide rule.

e temperature field was constructed by drawing two
.t:.::j_!}?undurjr mean isotherms and filling in the space between them
"th approximately equally spaced isotherms. The northern
~:_'."-;3.?t]é“1rm_“’§5 drawn along the southern border of the Wiscon-
50 ﬂ]ﬁit aciation as taken from Flint (1947). Keeping in mind
i “t“ h::: ::]H-S_Einst ;;wer snow and ice cover in source _regiuns tend

ol g 1];0 ermal or more stable lapse rate in 1Eh-:. lower
e Hu,r S tEI:n teinperx?ture was assu!ned to he SlllTJllE.T to

M thers, o ;3:1'!1 l;fe in the winter t11rne nround‘ ice sheets
& teglected it angr n;- ortunately the tl?mkness of ice can he

bither e 1:0 iermal lapse rate exists. T!mfa a —20° C.
fure diﬂtrihutioncizznabh Greenland has a similar tgml?ern—
. ay. Over a snow cover the radiational
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heating from the ground is not great. Actually such tem.:"'-
peratures occur at the same latitude today during c¢P out-
breaks. Thus it is not unreasonable to expect —20° C. meap
temperatures at lower latitudes in the layer over an ice sheet, 3

The southern boundary isotherm of 15" C. was deter-E
mined by assuming that the land and sea surfaces in the areas §
south of Florida had similar temperatures then as now. I|-,-
is probable that these areas which include Gulf Stream source '}
were not much colder than at present since most of the modern
theories of glaciation postulate only small if any change in
equatorial temperatures. Thus, using the present sea surface ]
temperatures and assuming a moist adiabatic lapse rate for 3
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Fig. 1. Data used to construet Pleistocene surface pressure map-:
Pressures are the mean 10,000 ft. pressures for January from U.
Weather Bureau Normal Monthly Pressure charts. Isotherms are draw®
according to assumptions in the text. ]
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maritime tropical air masses, a mean tempe.mture 1sotherm
of 15 degrees is drawn south of Florida. The isotherms drawn
between the boundary isotherm were dl'a‘tlvn so as to resemble

resent day patterns especially in paralleling the coast line and
Gulf Stream position. Although approximate, these assump-
tions have the merit of objectivity and simplicity as a first

- approximation. The resulting temperature patterns are shown

in figure 1. The surface temperatures would vary somewhat
because of the steeper lapse rates expected in polar air moving
southward over land which is warmer than the air in contrast to
the more stable lapse rates over the ice and over the ocean.

The pressure pattern at 10,000 ft. was assumed to be the
same as the present mean 10,000 ft. pattern of pressure for
January. This is of course most certainly not exactly true
since the whole world circulation is interconnected and changes
as a whole when a part changes. However, it is to be expected
that if the general features of the world circulation are un-
changed, the presence of a dense cold layer of air due to cool-
ing over a glacier will affect the weight of the air above
10,000 ft. far less than it does the surface pressure. To be
sure, there will probably be some lowering of the tropopause
and pressures aloft, but by and large the effect of the dense
air in the lower layers will be to increase the surface pressures
far more than to change the upper air. This is reasonable
since this is the behavior of air masses over Greenland, over
Canada and Siberia in winter. The presence of a cold dense
air IRAND in a fairly low latitude so as to be under the weight
of relatively high 10,000 ft. pressures associated with the
horse latitudes will tend to create a much higher pressure over

North America than exists today. The use of the 10,000 ft.

Pressures as they are today in winter is probably the best
:E&:?lmﬂtwn that can be made at present without being

< ary. The map _tha.t will be constructed thus becomes
. C Map that will exist if a cold permanent air mass were
orth America under the present overall general

being constructed is a mean map for
to redyce P “r‘intr.er{ .the exisl.?nfre n.f the ice sheet will tenc
e variability by eliminating many of the fronta

o {‘;1;215 1s what has !}EEﬂ observed to happen on a smal
enland. There is a correlation hetween the amoun
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of ice in the Greenland sea and the frontal systems that reach .
this far north (Schell, 1940). Similarly the pressure patterns
in the winter over Siberia, Antarctica, and Greenland tend
to be less variable. If this point is correct, the mean map J
for the Pleistocene should actually represent the flow on a

good number of days.

THE MAPFP

Figure 2 is the result of the pressure height calculations
based on the mean temperature and 10,000 ft. pressure fields
in figure 1. Superficially it resembles eastern Asia in the winte~-
time. The pressures are quite high and the pressure gradients
very strong. Again this pattern resembles that of Greenland
and Antarctica where glaciers are in close juxtaposition to °
the sea. In general the eastern United States was probably |
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Fig. 2. Pleistocene mean sea level pressures in winter.
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dominated by anticyclonic conditions and a frontogeneti
~ trough off the coast. -

These interpretations do not contradict most of the inter
; pre'tﬂ.tiﬂﬂs of Pleistocene climate as summarized mm Brook
- (1949), but they provide an objective synoptic picture te
' supplement the climatic indications which are more a funectior
~of precipitation and temperature. means.

" If the Pleistocene map is somewhat near the correct answer
many deductions can be made about Pleistocene climate. Steey
 lapse rates, turbulent lower layers, low relative humidities
.- and unstable type clouds in the lower layer must have beer
~characteristic of much of the continent. Precipitation was
. possibly less, mostly of frontal type due to overrunning from
- eyclones off the coast, except south of the polar trough over
. Puerto Rico. With high winds, the possibility of spruce poller
- being blown great distances suggests caution in the interpreta-
- tion of conifer distribution from pollen analyses.

- In figure 2 the winds that result from the calculated pres-
_ sure pattern are drawn across the isobars at an angle of about
40 degrees. Although winds above 2000 ft. blow along the
isobars, the friction at the surface causes the winds to blow
across the isobars toward low pressure at an angle (Byers,
- 1944). Thus the surface wind direction seems to correspond
-roughly with the axes of the Carolina Bays. The frictional
act.mu also decreases 'the surface wind velocity below that
W}Ilﬂl'.l would result in free air from the map’s strong pressure
- gradient and anticyclonic curvature.

DIVERGENGE
OF suRFace
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Fig. - z
‘8. 3. Waves on Singletary Lake, North Carolina,




270 Howard T. Odum

ACENOWLEDGMENTS

The author gratefully acknowledges the stimulating as
socintion while nssisting Dr. David G. Frey with investips

the comm umcatmn,

REerFerENCES

Arnold, J. R, end Libby, W. F., 1950. Hadiocarbon dates: Sn::i..r::|:|,¢'gl'i
vol. 113, pp. 111-120. &
Black, R. F., and Barksdale, W. L., 1949. Oriented lakes of northe .'
Alaska: Jour. Geology, vol. 57, pp. 105-118,
Brooks, C. E. P, 1949. Climate through the ages, 2d ed., McGraw-
Book Company, New York. 3
Buell, M. F., 1939, Peat formation in the Carolina bays. Torrey Bot. -.‘

= Bull, vol. 66, pp. 483-487, i
— » 1946, The age of Jerome bog, “a Caroline bay™: Sciencel

7 vl ma pp. 14-15. :
Byers, H. R, 1944, General meteorology, MeGraw-Hill Book Co., le
York. :
Cooke, C. W, 1945. Neptune's racetracks: Sci. Monthly, wol. 60, prp
286-291.
Flint, R. F., 1847, Glacial geology and the Pleistocene epoch, John W
& Snns, Ine., New York. o
Frey, D. G, 1M9. Morphometry and hydrography of some natural laltu.
of the North Carolina coastal plain, the bay lake as a mnrphnmetrir."
type: Elisha Mitchell Sci. Soc. Jour, vol. 65, pp. 1-87.
, 1860. Carolina bays in relation to the MNorth Carolina coastal
plain: Elisha Mitchell Sci. Soc. Jour, vol. 66, pp. $4-52, i
,» 1951. Pollen succession in the sediments of Singletary L-Bltﬂn‘
M. C.: Ecology, vol. 82, pp. 518-533,
Grant, C., 1945. Biological explanation of the Carolina bays: Sei. Munthlﬁ.
val. 64, p. 187, :
Hobbs, W. H., 1926. The glacial anticyclone, Michigan Univ. Sci. Sa:riﬂ
IV, Macmllnn Company, New York. &
Hubbs, C. W., and Rany, E. C, 19486, Endemic flsh fauna of Lake Waces- j
maw, N. C.: Michigan Univ. Mus. Zoology Misc. Pub., vol. 65, pp. 1-30.3
Johnson, D. 1942. The Carolina bays, Columbia University Presty
New York.
Johnson, I, W, 1919. Shore processes and shoreline development, Jﬂh'g_“
Wiley & Sons, Inc, New York. }
MeCarthy, G. R, 19387. The Cauarolina bays: Geol. Soc. America Bull,*
vol. 48, pp. 1211-1225. 3
i
2

Melton, F. W., and Schriever, William, 1933, The Carolina “bays.” Ar
they meteoric sears?: Jour. Geology, vel. 41, pp. 52-66. =l
Phleger, F. B., 1949. Submarine geology and Pleistocene research: Geol
Soc. America Bull,, vol. 69, pp. 1457-1462.
Prouty, W. F, 1933. Carolina bays and elliptical lake basins: Jﬂ'“
Geology, vol. 43, pp. 200-207.
Schell, I. 1, 1940. Polar ice as a factor in seasonal weather: Muﬂ'hh'
Wcaﬂ:tr Rev., suppliment 39.
Shand, S. J., 1846. Dust devils? Parallelism between the South J‘Lf"“'“j
salt pans and the Carolina bays: Sci. Monthly, vol. 62, p. 95.
Umivemsity oF Fromioa
Garwesvinie, Fromioa

ol
e

Ak
R



