
Table 1. Analysis of variance. 

Grand mean: x= 76.54. Between segments variance: ^ = 6.33 (a fixed effect). Between outcrops 
within segments variance: ffy* ? 39.23. Between lines within outcrops variance: a-2 = 108.97. F 
= A/B = 1.70 (tabular values for 1 percent and 5 percent are 6.01 and 3.55). F' =B/C = 2.44 
(tabular values for 1 percent and 5 percent are 2.55 and 1.77). 

Beyond the third segment a granite 
gneiss, often not clearly distinct from 
the end members, was present. This 
made application of our original opera- 
tional definitions of country rock and 

granite impossible (without resorting to 
intuitive notions of the origin of the 

gneiss), so the population was truncated 
at that point. Our results apply to the 
first three segments only. 

The measurements of each line were 
reduced to percentage of country rock 

(M x 100/M -h G). The 84 lines 

range from 24.4 to 97.1 percent coun? 

try rock, with a mean of 76.5 percent 
and a standard deviation of 10.1. The 
measurements are approximately nor- 

mally distributed (3). 
An analysis of variance was run on 

the outcrop measurements with a two- 

stage nested classification: lines within 

outcrops and outcrops within segments. 
This enabled us to estimate the be- 

tween-segments variance, the between- 

outcrops-within-segments variance, and 
the between-lines-within-outcrops vari? 
ance. 

The segments were put into the ex? 

perimental design in order to deter? 
mine the magnitude of regional varia? 
tion. The between-outcrops variance is 
a measure of the smaller-scale areal 
variation. The between-lines variance is 
an attempt to quantify that real, local 
variation which is apparent when ob- 

serving an exposure. 
The analysis of variance table 

(Table 1) gives our results; it is a 
common model and more or less self- 

explanatory. The segments are not a 
random sample from a population of 
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possible segments and <r*2 is conse? 

quently the variance of a fixed effect. 
We consider the following as significant. 
The F-ratio A/B is very small, indicat- 

ing that the difference between seg? 
ments is no larger than might be ex? 

pected from three samples of seven 

outcrops each, with the outcrops ex- 

hibiting the variation which they do. 

Consequently era2 may not be signifi? 
cantly different from zero and no large- 
scale regional variation is established 
for this case. On the other hand, the 
F-ratio B/C is large: the chance of 
such a value's occurring by accident is 
less than one in 100; this indicates that 
there is a real variation between out? 
crops. 

It is this component of the variance 
(crb2) in which we are most interested, 
and we are presently making compo- 

sitional analysis of specimens in order 
to determine, by regression techniques, 
the reduction in ort>2 given the country 
rock composition. However, possible 
functional relationships to metamorphic 
grade (a measure of temperature or 
water vapor pressure or both), struc? 
tural position (position in stress field), 
or distance from exposed granite plu- 
tons are also to be considered. 

The very local (within outcrops) 
variance may also be associated with 
such variables as temperature, stress, or 

country rock composition, although it 
seems unlikely that these have or had 

steep local gradients. The local variance 

(cr2) is more likely to be related to 
textural or other fabric characteristics 
of the country rock. Our present plans, 
however, call only for tests against the 

mineralogical and chemical properties 
of the country rock (4). 

Richard F. Ward 
Sharon L. Werner 

Department of Geology, Wayne State 

University, Detroit 2, Michigan 
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Pleistocene Sea Levels, Southeastern Virginia 

Abstract. Detailed study of post-Miocene stratigraphy in southeastern Virginia 
reveals at least 13 formations which show six Pliocene (?) and Pleistocene cycles 
of emergence and submergence, with maximum submergent sea levels near +45, 
+45, +20, +25, +15, and 0 feet, respectively. The newly established stratigraphic 
framework disproves earlier interpretations of "terrace-stratigraphy" and sea level 
chronologies. 

Interglacial sea levels higher than 
the present one are recorded by char? 
acteristic morphologic features and by 
marine sediments along coasts in many 
parts of the world (1). Where coasts 
have not been subsequently deformed, 
such features and sediments are useful 
for correlation merely on the basis of 

their altitudes above present sea level. 
Although as many as seven inter? 

glacial sea levels have been inferred 
along the Atlantic Coastal Plain of 
North America, chiefly on the basis of 

morphologic features, only two have 
been confirmed by stratigraphic evi? 
dence: (i) a sea level near +25 feet, 
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based on the fossiliferous marine Cape 
May formation in New Jersey and the 
Pamlico formation in North Carolina; 
and (ii) a sea level near +90 feet, 
based on beach sand and lagoon sedi? 
ments in South Carolina (2) and at 
Trail Ridge, Ga. (3). 

Our stratigraphic study in southeast- 
ern Virginia (Fig. 1) has shown that 
seven deposits of marine and marine- 

lagoonal sediments are present east of 
the Suffolk scarp; these were laid down 

during five periods of submergence 
when sea level rose from below its pres? 
ent position to maxima which range 
from approximately 15 to 45 feet above 
it. We have completed 10 months of 
field work in a strip 4.5 miles wide 
which extends from Sandbridge on the 
east to Surry on the west. In the process 
of detailed geologic mapping, we ob? 
tained stratigraphic information from 
four sources: more than 220 natural 

exposures; more than 300 shallow bor- 

ings made with hand-auger and 2-inch 

plastic tubes, with cumulative footage 
exceeding 2500; 14 deeper drill holes 

totaling 686 feet; and numerous logs 
of deep borings made available by 
drillers (4). 

Well-developed scarps and "terraces" 
have been described by previous work? 
ers. Four "terraces," plains that slope 
gently eastward, were mentioned by 
Wentworth (5), from west to east; 
they include Sunderland, Wicomico, 
Dismal Swamp, and Princess Anne. 
These are separated by three east-facing 
scarps: Surry scarp (crest, +100 to 
+ 120 feet; toe, +90 feet) between 
Sunderland and Wicomico terraces; 
Suffolk scarp (crest, +50 to +70 feet; 
toe, +25 feet) between Wicomico and 
Dismal Swamp terraces; and Princess 
Anne scarp (crest, +15 to +30 feet; 

toe, +12 feet) between the Dismal 

Table 1. Table of post-Miocene stratigraphic units. 
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Swamp and Princess Anne terraces. 

According to Cooke (6) the Dismal 

Swamp terrace is the equivalent of 
the Pamlico terrace ia North Caro? 
lina. Several workers (3, 5-7) have 
inferred from morphology that the 

Surry scarp was cut by an interglacial 
sea whose level was +90 feet and that 
the Suffolk scarp was cut by another, 
whose level was +25 feet. Our study 
has indicated that stratigraphy provides 
the best evidence and control for for? 
mer sea-level positions, and that ex? 
tensive revision of previous ideas is 

necessary. 
The surficial sediments of southeast? 

ern Virginia range in age from Late 
Miocene to Recent. Our interest was 
centered upon the post-Yorktown 
(Upper Miocene) deposits; the pro- 
nounced unconformity at their base 
served as a convenient and easily lo? 
cated reference surface. 

Subdivisions are based on composi? 
tion and unconforrnities. Unconformi- 
ties between marine units east of the 
Suffolk scarp are marked by weathering 
and erosion. The deposits of each sub- 

mergence, therefore, are considered to 
be a genetic unit. During submergence, 
the beach zone may encroach upon the 
land or a barrier may form. A barrier, 
once formed, may prograde seaward, 
transgress landward, or grow upwafd 
in place as submergence proceeds (8). 
In the sheltered back-barrier region, 
lagoonal sediments typically accumu- 
late. Although rapid compositional 
changes occur near former barriers in 

Virginia, the back-barrier sediments are 

generally characterized by relatively 
thin, widespread, and distinctive mate? 
rials which can be followed in the 
shallow subsurface; this indicates that 
extensive erosion did not occur during 
times of emergence. 

With this approach, we have recog? 
nized numerous units east of the Suffolk 

scarp whereas previous workers de? 
scribed only a single marine unit which 
was supposed to have been deposited 
during a single episode of submergence. 
The units we have recognized and their 

relationships to one another are shown 

schematically in Fig. 2. Table 1 sum- 
marizes data on thickness, altitude of 

top and base, composition, and source 
of name of each formation. 

The Suffolk scarp is an important 
stratigraphic as well as morphologic 
boundary; it separates the post-Miocene 
units into a western group of weath? 
ered nonmarine formations and into an 
eastern group of much less weathered, 
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predominantly marine formations. The 
western group includes, from base to 

top, Sedley, Canal Run, and Kilby for? 

mations; the Benns Church sand over- 
lies the Kilby Formation at the Suffolk 

scarp (Fig. 2). The eastern group in? 

cludes, from base upward, Nansemond, 
North Landing, Great Bridge, Norfolk, 
Diamond Springs, Kempsville, London- 

bridge, and Sandbridge formations. 
The geologic age of these formations 

is post Late Mioeene and pre-Recent. 
Their relative ages are based on super- 
position of units, and the tentative age 
assignments shown in Table 1 are based 

chiefly on relative amounts of weath- 

ering. A few radiocarbon ages have 
been measured (Table 2). 

Recent sediments in the area consist 
of dune sand; near-shore fine sand and 

clayey sand; beach sand, gravel, and 

shells; lagoon clay and silt; tidal-marsh 

clay, and the Dismal Swamp peat. Of 

these, only the Dismal Swamp peat is 
of interest in this discussion. 

The Dismal Swamp peat underlies a 
low area east of the Suffolk scarp (ver? 
tical lines, Fig. 1). Previously the peat 
was thought to have accumulated in a 
former lagoon (9), but Whitehead's 

study of the pollen (10) indicates con- 

clusively that the peat is entirely of 
freshwater origin. Contours on the base 
of the peat (11) show a dendritic chan? 
nel pattern in the oxidized underlying 
deposits, which we believe to be evi? 
dence that the depression in which the 

peat accumulated originated in part by 
fluvial action. 

Stratigraphic evidence permits both 
direct and indirect determination of 
the altitudes of former submergent sea 
levels. Direct stratigraphic evidence 
consists of beach sediments. Indirect 
evidence consists of: water depths in- 
ferred from faunal criteria and compo? 
sition of near-shore marine or lagoon 
sediments, the lowest position of non- 
marine sediments, and indications of 
subaerial weathering and erosion be? 
tween successive marine units. 

Relative sea level positions inferred 
from the stratigraphic evidence are 
shown graphically in Fig. 3 and may be 
summarized briefly as follows. The 
nonmarine Sedley and Kilby forma? 
tions indicate an emergence to be? 
low +5 and +20 feet, respectively, 
during their deposition. The Surry 
scarp is cut into the Kilby Formation 
and may indicate a post-Kilby sub- 

mergence to between +90 and +100 
feet. We have not yet found any ma? 
rine sediments in southeastern Virginia 
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Table 2. Radiocarbon ages of samples taken 
from Dismal Swamp peat, Kempsville Forma? 
tion and Sandbridge Formation. 

Yale 
)orato 
No. 

laboratory Formation , ge v 
m? (years ago) 

Y-1146 Dismal Swamp peat; 7,670 ? 60 
basal part at +9 ft, 
where peat is thickest 
(11 ft) 

Y-l 194 Kempsville Forma- > 40,000 
tion; driftwood 

Y-l 272 Sandbridge Forma- > 40,000 
tion; wood in peat 

that can be attributed to* such a sub- 

mergent episode; the idea is based en? 

tirely on morphology. The Suffolk scarp 
cuts the Sedley and Kilby formations; 
the sea that fashioned this scarp 
is also thought to have deposited the 
Nansemond Formation and Benns 
Church sand. The altitude of the Nan? 
semond submergent sea level ranged 
between a minimum of +20 feet, the 

highest occurrence of Nansemond sedi? 

ments, and +42 feet, the highest occur? 
rence along the Suffolk scarp of the 

Benns Church sand, a beach and dune 

complex. 
An episode of emergence followed 

deposition of the Nansemond Forma? 

tion, during which sea level dropped to 
below ?80 feet. Thereafter, a sub- 

mergence raised relative sea level to a 

position between ?55 and ?80 feet, 
as indicated by the transgressive beach 

sand, gravel, and marine shells of the 
subsurface North Landing Formation. 
From this level a further transgression 
took place to about ?10 feet, during 
which the thick lagoonal Great Bridge 
Formation was deposited landward of 
an upgrowing barrier, judged to have 
existed farther east than the present 
shoreline (Fig. 2). This Great Bridge 
barrier is thought to have been drowned 

by a later rapid submergence that de- 

stroyed the old lagoon and shifted the 
surf zone to the vicinity of the Suffolk 

scarp for the second time. The Nor- 
folk Formation was deposited during a 
stillstand at this position. Southwest of 

Kempsville the fauna and sediments of 
the Norfolk Formation at +18 feet in? 
dicate near-shore open-shelf marine 

77*00* 

37?001 

36*30' 

36* 00' 

77?00' 

37?00' 

36*30' 

36*00* 

75*30' 

Fig. 1. Index map of southeastern Virginia which shows features that were studied. 
BC, Benns Church; CC, Cypress Greek; CR, Canal Run; DS, Diamond Springs; GB, 
Great Bridge; K, Kempsville; L, Londonbridge; LC, Lawnes Creek; LD, Lake Drum- 
mond; N, Norfolk; Sb, Sandbridge; Sf, Suffolk; and Sr, Surry. 
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Fig. 2. Schematic stratigraphic section at right angles to the present coast, southeastern 
Virginia, which shows relationships of the stratigraphic units. Topography schematized. 
Section is 60 miles long; lefthand side is appreciably foreshortened; distance from 
Suffolk scarp to Atlantic Ocean is 35 miles. Stippled, sand; black, Dismal Swamp peat; 
and wavy lines, unconformities between stratigraphic units. 

conditions with water depth of approxi? 
mately 25 to 30 feet. Accordingly, a 
minimum altitude of approximately 
+43 feet is inferred for Norfolk sea 

level. The maximum thickness of the 
Norfolk Formation is 30 feet, which 
indicates that the sea level and the land 
remained at a nearly constant relative 
level for a protracted period of time. 

The morphology of the Suffolk scarp 
and absence in areas west of it of any 
marine sediments or features of Nan? 

semond or Norfolk age are evidence 
that neither Nansemond nor Norfolk 

submergence reached higher than ap? 

proximately +50 feet. 
East-west valleys cut into the Nor? 

folk Formation near Kempsville and 

Great Bridge, and the fiuvial deposits 
of the Diamond Springs Formation just 
south of Chesapeake Bay, indicate 

emergence to below +5 feet after 

deposition of the Norfolk Formation. 

Possibly the alluvial fills found along 
Lawnes Creek and Cypress Creek were 

deposited in connection with this emer- 

gence and the subsequent submergence. 
Three successive post-Norfolk sub- 

mergent episodes, separated by two in? 
tervals of emergence during which oxi? 
dation and minor subaerial erosion 

occurred, are indicated by the marine 

Kempsville Formation and the marine- 

lagoonal Londonbridge and Sandbridge 
formations. 

An early Kempsville submergence to 

a maximum of +15 to +20 feet is in- 
ferred from the highest beach gravel 
and sand south of Kempsville. A later 

Kempsville relative sea level between 

+7 and +11 feet is inferred from pro- 
gradational beach sand east of the ear? 

lier, higher beach deposits. 
The barrier facies of the London? 

bridge Formation at Oceana Ridge indi? 

cates a gradual submergence from ?5 

to +25 feet. The highest beach sand 
and gravel here indicate a maximum 

submergence to +25 feet in London? 

bridge time. Eolian sand has built the 

G e o log Features 

= % $ ? i *- z 

s *? 5 s i 1 ^ ? 

I 1 ^ 
I I 
1 / 
1 f 

rl50 

-100 

-50 

0 

?50 

Late Radiocarbon dates 
Miocene (years ago ) 

??- TIME 

-100 
>40,000 >40,000 11,580 725?70 
(Y-II94) (Y-1272) (*'*?9) (Y-924) 

Present 
(Not to Scale) 

Fig. 3. Diagram of relative positions of land and sea level, based on stratigraphy of 
southeastern Virginia, showing geologic features and radiocarbon dates. 
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top of the ridge up to +30 feet locally. 
The barrier facies of the Sandbridge 

Formation at Pungo Ridge shows that 
an early Sandbridge submergence pro- 
gressed from ?5 feet to between +10 
and +15 feet. A maximum stand at 
this level is inferred from the highest 
beach sand and lagoon clay of the 

Sandbridge Formation and from the 

morphology of Pungo Ridge. A later 

Sandbridge relative sea level between 
0 feet and +5 feet is demonstrated by 
beach sediments and beach-ridge mor? 

phology east of Pungo Ridge. 
A major emergence after the Sand? 

bridge submergence is indicated by the 
cross-axial and parallel stream network 
that developed on the Sandbridge For? 
mation. The freshwater peats described 

by Harrison and Rusnak (12) from the 
mouth of Chesapeake Bay are also 
related to this post-Sandbridge emer? 

gence. Radiocarbon ages and altitudes 
of the peats are shown in Table 3. 

The freshwater Dismal Swamp peat 
and its radiocarbon age indicate that 
the area has not been submerged to as 

high as +10 feet during the past 8000 

years at least; a sea which reached such 
a height would have found easy access 
to the Dismal Swamp through the 
stream valleys that drain it (Fig. 1). 
A recent submergence of at least 8 feet 
is marked by fresh-water stumps rooted 
in clay near mean low tide; these are 

generally overlain by modern beach 

sand, but are exposed during storms. 
A radiocarbon age of an in situ stump 
from near False Cape is 730 ? 70 

years (sample Y-924, Yale Univ.) 
(13). 

In summary, six post-Miocene epi- 
sodes of submergence are indicated by 
seven marine and marine-lagoonal for? 
mations and the Recent sediments east 
of the Suffolk scarp. Six episodes of 

emergence are indicated by the sub? 
aerial weathering and erosion of the 
marine deposits. These six episodes 
of submergence and emergence proba? 
bly have been caused chiefly by glacio- 
eustatic changes of sea level during 
Pleistocene time, although the possibil? 
ity of crustal movement as a modifying 
factor has not been dismissed (12). 
The maximum altitudes reached by the 
sea during episodes of submergence 

range between +15 and +45 feet. 
Three major episodes of emergence 
are indicated, following deposition 
of the Nansemond, Norfolk, and Sand? 

bridge formations, respectively. The 

Sandbridge, Londonbridge, Kempsville, 
and Norfolk formations are so little 
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Table 3. Radiocarbon ages and altitudes of peat 
samples from Chesapeake Bay borings (12). 

^oratory Ahtote 
(yea^ago) 

ML-91 -89 14,870 * 200 
ML-89 -85 11,180 =*= 150 
ML-90 -82 9,930 =*= 130 

weathered that their age may be no 

older than Sangamon. 
Our detailed mapping verifies the 

hypothesis of Moore (14) that in 
southeastern Virginia the Wicomico 
and Sunderland "terraces" of Went- 
worth (5) are both underlain by the 

Sedley and Kilby formations. Moore 
believed that the Kilby Formation un? 

derlying the Wicomico "terrace" is 

of marine origin, but we believe that 
the Kilby Formation is of fiuvial 

origin throughout. It can be traced 

through the Surry scarp, the boundary 
which Moore used between supposedly 
marine Kilby and supposedly nonma- 
rine Kilby. No changes other than a 

gradual increase in altitude of the basal 
cobble zone and a slight increase in 

grain size occur from east to west 
across the scarp. Because the Surry 
scarp is cut into the Kilby Formation 
it must be younger than the Kilby. 

Similarly, Wentworth supposed that 
the sea which cut the Suffolk scarp also 

simultaneously fashioned a wave-cut 
bench seaward of it and deposited upon 
this bench a single marine formation, 
the Pamlico "terrace-formation," pre? 
sumably in a shallow open-shelf en? 
vironment. Although marine deposits 
do lie east of the Suffolk scarp, only 
one unit, the Norfolk Formation, can 
be ascribed to shallow open-shelf con? 
ditions. Furthermore, the Norfolk 
Formation is overlain by sediments of 
two younger depositional cycles which 
are products of barrier-island and la- 

goon environments, the Londonbridge 
and Sandbridge formations, and by the 

Kempsville Formation, a beach deposit. 
The Norfolk Formation also overlaps 
two other formations, the Great Bridge 
and North Landing formations, which 
are lagoon and littoral deposits con- 
fined entirely to areas east of the Dis? 
mal Swamp. With the possible excep? 
tion of the surface underlying the Nor? 
folk Formation near the Suffolk scarp, 
and the surface underlying the Kemps? 
ville Formation near the Hickory scarp, 
no wave-cut "bench" can be identified 
between these formations; instead, their 
surfaces of contact are irregular and 
show evidence of oxidation. Undoubt- 
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edly they are depositional surfaces mod? 
ified by stream erosion. 

Our stratigraphic studies, based on 

outcrops and drilling, show that the 
older concept in southeastern Virginia 
of terraces and open-shelf, shallow- 
marine "terrace-formations" is com? 

pletely erroneous. The area formerly 
thought to comprise the Pamlico and 
Princess Anne terraces is actually un- 
derlain by a complex of at least seven 

marine, littoral, and lagoon formations. 
The so-called Wicomico and Sunder- 
land terraces prove to be underlain by 
the non-marine Sedley and Kilby for? 
mations which extend under both of 
them. 

The term "terrace," as used in a mor? 

phologic sense along the Atlantic Coast? 
al Plain, has acquired a genetic impli- 
cation which is invalid in the area we 

studied. We believe that the term 

"plain" (15) is more appropriate than 
the term terrace, and that different 
names should be used for stratigraphic 
units to distinguish them from morpho? 
logic features such as plains, swales, 

scarps, and rises. In line with this prin? 
ciple we have not used "Pamlico," 
"Wicomico," and "Sunderland" as for? 
mation names. In our judgment further 

application of these terms will hinder 

progress in study of Pleistocene coastal 

stratigraphy because of the genetic im- 

plications which have become associ? 
ated with them through long usage 
(3, 5-7, 16-18). 

Finally, we emphasize that study of 

stratigraphy gives better control on the 
extent of Pleistocene submergences and 

emergences, and produces a more ac- 
curate and complete geologic history 
than can be obtained from morphologic 
study alone (19). 

Robert Q. Oaks, Jr. 
Nicholas K. Coch 

Department of Geology, Yale 

University, New Haven, Connecticut 
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Fatty Acids: In vivo Synthesis 

by the Green Peach Aphid, 

Myzus persicae (Sulzer) 

Abstract. After feeding through an 

artificial membrane on an 18 percent 
sucrose solution containing either ace- 
tate-l-Cu or uniformly-labeled glucose- 
Cn, Myzus persicae incorporated 75 

percent of the carbon-14 into palmito- 
leic, stearic, and oleic acids. Small 
amounts were incorporated into myris- 
tic, linoleic, and linolenic acids; no 

significant amounts were incorporated 
into the short-chain fatty acids. 

A recent technique (1) for feeding 
aphids substantial amounts of liquids 
through an artificial membrane now 
makes the study of aphid nutrition feas- 
ible. The use of radioisotopes to study 
an insect's nutrition provides results in 

general agreement with the classical 
deletion method (2), and it has been 
used to determine the amino acid re? 

quirements of an insect which cannot 
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