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ABSTRACT

The mineral composition of ttre 3- to 4-phi (0.125 to

0.063 mm) size fraction of 49 surficial grab samples,located
north and south of ttre entrance to Chesapeake Bay and of 38

surficial samples, located in ttre bay mouth, was determined
during ttris study. Although up to 17 minerals were identified,
principal components analysis indicated that seven minerals
accounted for 96 percent of the composition variance in the

bay samples. By using Q-mode factor analysis, three mineral

composition end-members (factors) were selected from the

sample data and provided an adequate description of the

spatial variation in heavy-mineral composition. The end-

members suggest possible mineral sources.

One end-member (amphibole, pyroxene, and epidote),

shows that the interior of the bay is a possible source for the

amphibole and pyroxene in the samples. A second end-

member, comprised of zircon, garnet, and amphibole, sug-

gests two different sources for the sediment, (one source is in

the lower bay and ttre other is south of the bay mouth). The

sample composition gradient of a third end-member, com-

prised of garnet, amphibole, and epidote, suggests sediment

transportinto thebay resulting from southerly littoral drift
along the Delmarva Peninsula. This sediment flux from the

north does not appear lo bypass the bay mouth and move

soutl, at least not in the sampled area extending up to 5 km

olfshore.

lFurg-Depto De'GeociQncias, CX Postal474, Rio Grande/Rs. CEP 96.200, Brasil
tvirginiainstituteof MarineScience, School of Marine Science, College ofWilliam and Mary,GloucesterPoint,Yirginia23062
3Virginia Department of Mines, Minerals and Energy, Division of Mineral Resources, Charlottesville,Yfginia 22903
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INTRODUCTION

FACTOR ANALYSIS

When dealing with a large number of samples and many
columns of observed measurements, such as heavy-mineral
data, it is commonly difficult to determine meaningful trends
related to geologic p(rcesses by merely inspecting the data.

Q-mode factor analysis, a mathematical procedure, can be
used in an attempt to simplify such multi-variable data.
Because this study relies on Q-mode factor analysis, defini-
tion of terms and a brief explanation of the mettrod is given
here; however, references and a more complete discussion is
given by Berquist (1986).

Successful use of Q-mode factor analysis can result in a
reduction of the number of variables in a large array of data to
a few new variables, called factors. The factors, just like
samples, have a defined composition in terms of the original
variables; the compositions of all samples are ttren redefined
in terms of a few factors instead of the many, original
variables. Forthe analysis of mineral-composition data in this
study (the minerals are the variables), we required ttrat the
composition of each of the factors (new variables) should
approximate tle composition of actual samples. For example,
if three actual samples are mathematically chosen from the
data, the result is called a 3-factor solution and the composi-
tion of each of the three chosen samples becomes ttre compo-
sition of a respective factor. The original compositions of all
the samples are then redehned, and instead of being com-
prised of garnet, staurolite, zircon, etc., the samples may be
comprised of, say, 80 percent factor I, 10 percent factor II, and
10 percent factor III. During the computation, the composi-
tion of each factor may be adjusted and then may only ap-
proximate ttre composition of its corresponding actual sample.
The "approximated" compositions are called "end-members".

At the completion of the method when applied to heavy-
mineral data, an imporfant relationship exists between the
factor composition and original variables. The two or three
minerals commonly making up the bulk of the composition of
each factor define a mineral suite, or mineral assemblage. In
other words, the use of Q-mode factor analysis defines min-
eral suites (factors) and redefines the composition of all
samples in terms of these mineral suites.

Successful use of factor analysis on mineral-composition
data is followed by more common approaches of explanation
and interpretation. Much the same as making a con[our map
of zircon concentration over a study area, we can make a
contour map of factor concenrations. A mineral suite defin-
ing a particular factor may be the mineral assemblage that
represents a geologic province. The factor composition
gradient in the study area should point to the local (as opposed
to ultimate) origin (area of highest concentration) of that
mineral assemblage. Also, the down-gradient direction should
reflect the direction of transport, or dilution, of the mineral
suite away from its source. Thus, sediment transport path-

ways are defined by the gradient patterns. An analogy is the
case where a small amount of dye is inroduced into a larger
amountof water; concentration of thedye will be highestatits
source of entry and decrease away from its source. In
summary, two reasons, or applications, for using factor analy-
sis on heavy minerals are, one, a geologic province may be
identified and, two, a local source and sediment transport
directions may be suggested.

IIEAVY MINERALS AND SEDIMENT TRANSPORT

Heavy minerals can be used as natural tracers to define
provenance or to assist with studies of sediment transport.
The relationship of bottom sediment movement between
Chesapeake Bay and the inner continental shelf has been
discussed by Firek (1975), Firek and othen (1977), Berquist
(1986), Colman and others (1988), and Hobbs and othen
( 1 986). In these studies provenance and transport direction of
sediment were identified, but more data were needed from the
inner shelf. The recognition of sedimentary provinces in the
lower Chesapeake Bay and inner continental shelf is compli-
cated by the existence of multiple sediment sources. Little
knowledge about the sediment transport processes make it
difficult !o separate the effects of the natural estuarine proc-
esses from anthropogenic influences in the sediment source
areas.

Previous studies (Firek, 1975; Firek and others, 1977;
Berquist, 1986) show that the spatial distribution of selected
heavy-mineral suites helps to identify the sedimentaryprove-
nance of the complex mineral assemblages. Firek and others
(1977), using the mineral distribution patterns in conjunction
with analysis of variance, were able to identify characteristic
mineral suites for arbitrary geographic areas within tle lower
bay. Firek and others (1977) also subjected seven major
heavy minerals to an R-mode factor analysis, using a 2-factor
solution, and proposed that sediment maturity and sediment
provenance may have contributed to the observed mineral
suites. Based on the relationships of the minerals in each

factor and on the way the minerals of the predefined areas

compared with one another, Firek and others (1977) found
evidence of a bayward influx of littoral and inner shelf
sediments.

Berquist (1986) combined Firek's (1975) data with new
data from near the bay-mouth area. Q-mode factor analysis
defined three suites or end-members. Concentration gradi-
ents of one of the factors (a mineral assemblage) were not
easily explained in terms of provenance. Of the other two
factors, one showed sediment transport into ttre bay, whereas

the concentration gradient of the other factor suggested a

source within the bay. These findings are in agreement with
Firek and oth er s (197 7). Firek's ( I 975) and Berquist's ( I 986)
heavy-mineral trends were based on data from the northern
inner shelf and the bay mouth.

The primary objective of the present study is to project
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the sediment transport pathways defined by Berquist (1986)

and Firek (1975) using the heavy-mineral variability in the

Chesapeake Bay mouth into the inner continental shelf of
Virginia. A second purpose is to provide more information on
particular mineral assemblages along the inner shelf, espe-

cially south of the bay. This study includes part of the data
previously analysed by Firek (1975) and Berquist (1986) as

well as 49 new grab samples from the Virginia inner shelf
(Figure 1). The study relies upon heavy-mineral composition
gradients obtained through Q-mode factor analysis. Figure I
defines the study area and shows the location of the samples

used.

METHODS

The 49 grab samples used in this study were obtained
while conducting a project funded by the Virginia Subaque-

ous Mineral and Materials Study Commission (Berquist and
Hobbs, 1988). Approximately 0.75 grams of the archived
heavy mineral samples were sieved tro remove the 3- to 4-phi
(0.125 to 0.063mm) size fraction. A portion of this fraction

was mounted on a glass slide with Caedax. The heavy

minerals were point-counted using a perographic micro-
scope. Seventeen minerals, including opaques, were identi-
fied. Based on their apparent variability in the samples only
seven transparent minerals were selected for this study. Point
counts continued until at least 2ffi Eansparent grains were
counted on each slide. This resulted in a total count of 300 to
600 grains per slide. This wide range is due to the variable

concentrations of the opaques in the samples. To check

reproducibility between individual observations, minerals on
two slides were identified and counted by two of us, and the

results compared. The results showed replication to within 3

percent in each mineral species.
The complete data set included the 49 grab samples and

38 additional samples analyzel with similar methodology
from Firek (1975) and Berquist (1986). The final data matrix
consisted of seven minerals (zircon, sphene, amphibole, epi-

dote, staurolite, pyroxene, and garnet) from 87 samples (Table

1). These seven minerals (Table 1) were chosen because
principal components analysis performed previously by Ber-
quist (1986) showed them to account for 96 percent of the

mineral variability among samples, in tle lower Chesapeake

Bay area. In order tiat ttre composition of all samples added

up to 100 percent, the composition of samples characterized

by more than the seven minerals were normalized.
These data were analyzed by Q-mode fac[or analysis.

The analysisandconclusions arebased on the assumption that

high concentrations of heavy minerals are found at or near the

source (or end-member) and that these concentrations de-

crease away from the source by dilution with other materials.

It is the concentration gradients that make the use of factor
analysis particularly suitable. For each faclor, the concentra-

tions of the factor in the samples were plotted on a map and

values were contoured. The frnal results are shown in Figures

2,3,and4 and in Table 2.

RESULTS AND DISCUSSION

We attempted 2-,3-, and  'frcnr solutions, but the 3-

factor solution was chosen as the most appropriate for the

problem at hand. The 2-factor solution showed high commu-

nality values foreach factor used to describe the samples,but
large negative end-member compositions made this solution

unrealistic. The 4-factor solution showed high communali-

ties and no negative values of end-member compositions, but

two end-members were redundant as they had nearly the same

composition. The 4-factor solution was rejected.
The best practical description was achieved with the 3-

factor solution because it accounted for 98.3 percent of the

variance, had positive composition loadings, high commu-

nalities for each sample, and provided good reproduction of
the raw-data matrix. Most importantly, the locations of the

end-members (Figure 1) represented by the 3-factor solution

provide a reasonable geologic explanation. The first end-

member (composed entirely of factor I material) is located

inside the bay midway between the mouth of the James River
and Cape Henry. The second end-member (composed en-

tirely of factor II) is located on tle inner shelf south of the

bay's mouth. The third end-member (composed entirely of
factor IID is located in the vicinity of Fishermans Island. The

compositions of the end-members are listed in Table 3.

Figures 2, 3, and 4 are contoured plos of the factor abundance

(listed in Table 2) in each sample from the 3-factor solution.

Factor I is comprised, in order ofdecreasing abundance,

primarily of amphibole, pyroxene, and some epidote (Table

3), and is an immature mineral assemblage' The plot (Figure

2) of factor I shows a trend of decreasing concentration

offshore suggesting sediment Eansport out of the bay and to

the south. This interpretation differs from what we should

expect from the circulation studies done in the inner shelf

adjacent to the bay mouth (Boicourt, 1981; Harrison and

others, 1967) and modern shelf andbay sedimentation (Swift

and ottrers, l97l ; Hobbs and others, 1986; Colman and others,

1988). However, relevant studies regarding sediment trans-

port and bottom types in this area were conducted by Ludwick
(1970,1974) and others, who estimated botlom shear stress

and found net sediment transport near the bed can be ebb-

dominated around Cape Henry. His studies support our

interpretation of offshore transport in this area. Furthernore,
Ludwick's (1978) study of coastal currents from the entrance

of Chesapeake Bay to south of Virginia Beach found thattidal

currents are rotary, with major elliptical axis nearly parallel to

the shoreline. These tidal currents produce a net southerly

curent at depths of 8 to 15 meters. Ludwick postulates tlat
wave motion superimposed on this net southerly tidal current

produces a souttrerly flowing stream of sand about 5 km wide

off Virginia Beach (Inman and Dolan, 1989).
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Tablc l. Raw-data mal.rix pcrccntagcs.

SAMPLE ZIRCON SPHENE AMPHIBOLE EPIDOTE STALIROLITE PYROXENE GARNET

139

140

t4l
142
r43
144
r45
r46
147

148

149
150

l5l
r52
r53
154
155

156

r57
r58
159

160

t6l
162
163
t&
r65
166

16ti

169
170

nl
t72
r73
174
r75
176
r77
G30
G34
G41

G45
G49
G58
G59
G65
G71

G84
Gr00
GI
G2

0.00
4.14
3.27
0.60
0.00
r.72
6.94
l.l6
1.39

0.56
3.52
2.40

14.86
6.67
1.40
0.58
4.03
2.35
5.00
2.2r
3.57
5.26

l1.80
0.58
1.35

l.l6
11.26

r.69
0.00
2.60
r.73

r 8.07
1.82
2.10
0.56
5.17
3.77
0.67
6.66
4.12
4.55
0.41
2.69

3.77
9.50
8.20

.4.95

41.94
13.61

2.81
6.30

2.90
4.14
1.96
1.80
2.65

3.45
1.55
l.l6
r.39
0.56
4.93
3.59

r6.57
2.78
4.90
3.47
6.1r
1.76
6.88
4.42
5.36
4.68
4.35
2.3r
0.68
3.47

11.26

2.8r
3.&
260
4.05
9.M
8.38
3.38
1.13

5.13
1.89

r.33
0.61

1.03

l.5l
0.00
1.61

2.15
r.60
r.09
r.r0
1.61

l.r 8

t.&
r.00

60.r4
47.93
47.06
56.29
48.34
55.75
24.24
56.98
6l.l I
56.50
58.45
55.09
17.71

36.61
42.66
53.76
36.24
51.76
35.62
52.49
36.31
48.54
32.30
59.54
52.03
41.40
41.06
56.18
55.15
49.35

50.87
24.70
35.20
41.97
62.71
35.90
54.09
61.33
4{t.4ti
31.96
42.05
42.72
43.01
41.93

37.40
54.&
44.51

r7.20
26.63
41.13
40.80

1.25
5.92
4.5u
5.99
3.91
5.11
4.48
4.65

6.25
4.52
5.63
2.40
5.14
2.22
4.90
4.05
3.36
4.11

6.25
,4.91

6.55
7.02

12.42
8.61
6.16
4.62
1.95
5.62
5.45
9.09
5.78
9.04
7.82

13.51

2.26
9.62
J.t I
t.J-t
3.03
9.28

12.50
r4.55
6.99
9.14
7.40

r0.93
12.&
10.22
r7.16
7.3tt
6.tt0

0.00
4.73
0.65
3.59
0.00
2.81
8.22
2.9r
2.08
4.52
2.82
5.99
4.00
4.44
3.50
3.47
5.37
2.35
2.50
4.42
2.98
5'.26

4.35
0.58
5.41

4.05
4.&
4.49
3.&
2.60
2.3r

17.47

6.15
4.05
2.26
7.05
1.89

2.61
0.61

0.00
0.00
0.00
0.00
0.00
0.50
2.19
0.55
3.22
4.14
0.00
0.00

13.77
12.43

14.38
10.78
r7.22
13.79
5.7r

13.95

15.91
22.60

7.15
19.16
t.t4

r7.22
6.29

2r.97
7.38

14.71

6.25
14.36
4.17

14.62
6.2r

18.50
7.43

30.&
5.96

23.60
25.45

5.84
24.28

5.42
25.14
9.46

20.90
7.69

2r.38
14.00
r0.91
7.22

15.15
19.12
16.67
15.59
14.10
14.21

3.51
4.84
7.10

r6.39
ltt.00

15.94
20.7r
28.10
20.96
27.8r
r7.24
43.57
19.19
11.81

r0.13
16.90
11.38

40.57
30.00
36.36
12.72

36.9r
22.35

31.50
17.r3
41.01
14.62
28.57

9.83
26.35

8.67
17.88

5'.62

6.67
21.92
r0.98
r6.21
9.50

18.92
10.17
28.85
13.21

12.61
29.70
46.39
aA aALA.LA

22.54
29.03
a1 A.'

28.90
8.14

18.68
20.91
30.r8
24.59
21.20
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Table 1- (continued).

SAMPLE ZIRCON SPI{ENE AMPHIBOLE EPIDOTE STAUROLITE PYROXEM GARNET

103

G3
G4
G35
G36
G39
G40
G57
c60
G6l
G62
G&
G66
G67
G73
G74
G7s
G76
G78
G28
G33
G43
G47
G48
G51
G53
G68
G77
G79
G82
G86
G87
G89
G93
G95
G98
G101

2.30
4.90
3.44
3.00
5.00
5.70
5.90
r.69
2.60
3.49
5.00
3.85

17.10
4.90
6.50

29.7r
r7.30
55.4 I
2.20
3.20
3.50
3.40
8.60
9.04
1.50
8.50

11.34
13.10
30.60
12.30
25.83
4.28

31.60
r2.74
31.60

1.80

0.90
1.00
2.59
2.63
0.50
0.50
1.00
0.42
2.16
0.50
2.W
1.92
0.37
2.86
0.44
0.85
2.00
0.42
0.90
0.90
0.40
r.40
0.00
1.13

0.00
1.00
2.57
r.40
1.60
r.90
1.10
2.r4
0.00
t.r2
r.00
0.00

45.60
43.80
49.57
42.r0
43.30
42.40
43.30
50.2r
45.89
60.70
52.00
38.46
48.33
43.26
48.92
30'.r2
34.20
2333
52.60
42.30
43,50
45.70

34.40
46.89
49.50
58.50
50.00
50.50
25.90
41.50
34.07
5r.70
27.70
4t.20
18.10
46.10

1r.20
9.40
7.76
8.27

10.90
10.90
6.90
8.01

11.25

8.95
8.50
7.69
3.72
9.39
6.06
5.44

11.40
7.20
9.20

l1.70
13.00
8.60
8.10
7,34

12.60
15.00
12.37
10.20
6.70
9.40
8.24
8.11

3.03
7.49
9.80

16.00

0.00
0.00
0.43
0.00
0.50
1.00
0.00
0.00
0.43
0.99
0.50
0.96
0.74
0.41
0.86
2.09
0.00
4.24
0.90
0.40
0.90
0.50
0.50
1.13

0.50
0.00
3.10
1.00
1.60
2.40
2.20
2.56
3.03
4.r2
1.00
0.50

r7.20
t7;to
rI.&
12.42
11.40
12.90
11.80
18.57
15.59
tr44
14.50
16.83
13.38
17.96
tt.25
8;79

16.30
6.36
8.80
8.r0

17.80
13.00
9.60
5.66

r2.r0
4.50
3.10
7.80
3.60

10.40

3.84
11.97
4.74
4.87
6.70

13.20

22.80
23.20
24.57
31.58
28.40
26.70
31.00
2I.IO
22.48
13.93
17.50
30.29
16.36
2t.22
25.97
23.00
18.80
24.58
25.40
33.30
20.90
27.40
37.80
28.81
23.84
12.50
17.52
16.00
30.00
22.20
24.72
19.24
29.90
28.46
31.60
22.30
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Table2. Location and sample composition in terms of fac[ors for the 3-factor solution; negative values were converted to zero
before contouring. Factor composition sums may not equal 100 because of rounding.

SAMPLE LATITUDE LONGITUDE FACTOR I FACTOR II FACTOR III

r39
140

t4r
t42
143

r44
145
r46
r47
148

t49
150

l5l
r52
153

154
155

156

r57
158

r59
160

161

r62
163

I&
165

r66
168

169
r70
t7l
r72
r73
r74
175
t76
r77
G30
G34
G41
G45
G49
G58
G59
G65
G71
G84
Gl00
GI

37.06.8
37.06.0
37.05.7
37.M.9
37.04.0
37.05.0
37.O3.9

37.M.7
36.56.4
36.ss.6
36.s6.6
36.57.4
36.58.5
36.59.4
37.00.3
37.0r.2
37.02.0
37.02.9
37.02.8
37.0r.9
37.01.0
37.00.0
36.59.0
36.58.1
36.57.r
36.56.2
36.55.2
36,57.2
36.59.0
36.59.7
37.W.4
37.0r.2
37.01.8
37.02.5
37.03.4
37.04.2
37.05.3
37.05.0
37.26.&
37.22.&
37.06.56
37.08.46
37.13.68
37.N.49
36.55.63
36.51.15
36.44.4r
36.34.r0
36.41.05
37.03.03

75.58.5
75.58.8
76.00.2
75.59.2
75.58.9
75.58.2
75.57.r
75.s6.9
76.02.6
75.59.5
75.59.3
75.59.0
75.58.6
75.58.4
75.58.2
75.57.8
75.57.6
75.57.3
76.00.1
76.N.9
76.01.8
76.02.6
76.03.4
76.U.2
76.05.1
76.06.0
76.06.8
76.09.0
76.10.8
76.09.2
76.07.9
76.M.4
76.05.1
76.03.7
76.02.r
76.W.7
76.02.2
76.43.6
75.36.13
75.38.84
75.47.70
75.44.32
75.42.8r
75.53.23
75.52.89
75.54.85
't5.5r.5r

75.48.t6
75.47.94
75.5r.69

78
62
55
68
59

73

T2

72
83

86
7I
82

0
44
40
82
JJ

65
3r
7T

28
70
33

87

58
89
52
93

94
53

83

34
7l
63

89
40
79
82
51

2l
54
62
52
52
43

77
63
tz
25
59

a

7
2
-1

-4
I

11

0
1

0
5

4
30
10

-2
0
a
J

2
5

J
2

ll
24

0
0
2

24
4

0
2
J

51

22
6
0

11

6
0
8

2
8

0
I
4

t6
t7
10

88
30
2

25
32
43
J5
46
26
78
29
r6
13

24
T4

70
46
62
l8
&
34
&
26
70
19

43
l3
42
10

24
J

7

45
I4
15

7
3l
t2
49
l5
18

4l
77
38
39
+t
44
4l

5
27
0

45
38
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Table 2. (continued).

SAMPLE LATITUDE LONGITUDE FACTOR I FACTOR II FACTOR III

G2
G3
G4
G35
G36
G39
G40
G57
G60
G61
G62
Gg
G66
G67
G73
G74
G75
G76
G78
G28
G33
G43
G47
G48
G51
G53
G68
G77
G79
G82
G86
G87
G89
G93
G95
G98
G10l

37.03.55
37.05.99
37.07.85
37.07.22
37.A7.90
37.07.30
37.06.97
37.03.10
36.55.60
36.53.16
36.52.8r
36.51.56
36.49.52
36.48.51
36.44.82
36.45.26
36.41.88
36.40.31
36.37.99
37.26.01
37.23.45
37.07.91
37.r0.3r
37.13.09
37.16.37
3',1.r7.95

36.43.16
36.38.42
36.34.72
36.34.36
36.32.70
36.33.r7
36.33.42
36.39.38
36.39.82
36.40.4r
36.43.32

75.52.19
75.50.49
75.48.65
75.51.55
75.50.e
75.48.49
75.48.04
75.53.3r
75.55.39
'15.56.46

75.58.36
75.57.r8
75.55.s6
75.49.83
75.53,83
75.56.16
75.52.33
75.53.22
75.5439
75.33.01
75.38.55
75.4r.73
75.45.44
75.44.7r
75.$34
75.42.15
75.49.55
75.52.75
75.5r.73
75.50.05
75.46.39
75.48.56
75.49.84
75.39.29
75.4r.54
75.44.47
75.55.2r

5l
61

58
59
46
49
50
46
67
61

76
68
46
59

60
55

30
47
20
59
43
61

53

30
47

61
"70

57
60
t7
49

31

65
T9

40
08
60

9
J
8

4
2
1
I

9
I
I
J

6
8
4

31

8

9
57

JI
67

1

3

6
5

13

t4
1

t7
22
25
58
24
49

7

58
23
63

J

40
36
34
38
52
44
4L
46
32
35
18

24
49
10

32
36
13

16

l3
40
55

J5
+J
58
40
38
l3
20
l5
25
27
20
z8
23
37
28
37
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Table 3. Composition of end-members (factors) from the 3-
factor solution

as a source of garnet. Our plot of factor III (Figure 4) suggests
an influx of sediment into the bay from the inner shelf off ttre
Eastern Shore, the concentrations decreasing towards the bay.

CONCLUSIONS

The results of this study in the northern section of the bay
mouth are consistent with those of Berquist (1986) and Firek
(1975). However, the influx of sedimentinto thebayfrom the
inner shelf is not evident in the southern part of the bay mouth
especially around Cape Henry. Three end-members define
three sediment sources around the Chesapeake Bay mouth
and nearby inner continental shelf. Factor I represents a
source from inside the bay where the percent composition
decreases towards the bay mouth. Factor II shows the influ-
ence of two older sediment sources (possibly Pleistocene),
one inside the bay and the other south of the bay mouth on the
inner shelf. The gradient patterns do not suggest sediment.
transport between the inside and outside of the bay. Factor III
represents a source located !o the north, along the Eastem
Shore, and is in agreement with other studies in the northern
part of the bay mouth.

The gross sediment transport patlorns based on the min-
eral compositions shown in our work are not entirely consis-
tent with the general model of sediment transport for estuar-
ies. If our defined ftansport pathways reflect. active move-
ment of sand-sized materials, then the generalized models of
sediment transport based solely on current studies are insuf-
ficient to explain our observations. This suggests a need for
more detailed studies in sediment transport that consider
spatial variability of bottom types (roughness and sediment
composition) and flow regimes. Wright and orhers (1987)
showed that the lowerbay and inner shelfare characterizedby
appreciable spatial variability in both bottom types and ben-
thic flow regimes, which are key factors in controlling ttre
shear stress on the bottom and consequently sediment trans-
pon processes.
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FACTOR III
sample 145

64Vo arnphibole
22Vo plroxene

8Vo epidote
3Vo gamet

zEo statJtolite
l7o sphene

-.l%o zttCOn

47Vo zircon
23Vo garnet
117o amphibole
9Vo epidote
67o staurolitn
3Vo sphene
l7o plroxene

57Vo gatnet
247o arnphibole

8% epidote
57o sphene
4Vo zircon
27o stavolite
l7o plroxene

Factor II is comprised primarily of zircon, garnet, and
amphibole and is a more stable mineral assemblage. It is
important to visualize the extreme differences in gradients
along the inner shelf as well as the middle bay @igure 3). The
highest composition loading values are found south of the
bay's mouth with a small area of slightly lower values located
in the lowerbay. Factor II probably represents reworked de-
posits of Pleisoocene age.

Results of other studies compiled by Berquist (19g6)
showed that. zircon is abundant in ancient coastal plain sedi-
ments. Swift and others (1927) have shown through seismic
data and vibratory coring that older sediments are exposed on
the inner shelf commonly in the troughs of the sand ridges.
Recent seismic data provided by Hobbs (this volume) and
side-scan sonar results obtained by Green (1936) shows that
south of the bay mouth older sediments crop out in tle troughs
of sand ridges and at other places.

Some of our samples with high concentration of factor II
are located in ttre vicinity of older @leistocene?) sediments.
The high concentrations of zircon found in Firek's and
Berquist's data in samples from the lower bay can be ex-
plained by the reworking of ttre older sediments and erosion
of the nearby shoreline. Colman and others (198S) showed
that, south and westoftheChesapeakechannel, a thin layerof
modem sediment covers an irregular Tertiary surface. We
believe the two areas of high concentration are related only in
that they involve reworking of the older sediments. Gradients
do not indicate sediment transport between the two areas.

Factor III is comprised primarily of garnet, amphibole,
and some epidote and is also an unstable mineral assemblage.
FactorIII concentration gradients show trends similarto those
shown by previous srudies (Figure4). Firek and orhen (1977)
reasoned that erosion of the east side of Delmarva peninsula
(a source of gamet) was a source of sediment to thebay mouttr
province. Berquist's (1986) factor III was comprised of the
same components (gamet, amphibole, and epidote) as our
factor III. Goodwin and Thomas (1973) studied rhe 0- ro-4 phi
(1.00 to 0.0625mm) fraction and found high concenrrarions
of gamet, hornblende, and epidote on the shelf between As-
sateague Island and the Chesapeake Bay mouth. Studies done
by Swift and others (1971) also support the idea of the shelf

FACTOR I
sample 166

FACTOR II
sample G84
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