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ABSTRACT

in classifying the settling velocities of sediment grains in a fluid
medium, it is important to consider grain shape as well as grain size and den-—
sity. For example, a spherical granule and a second platy granule of similar
size and properties will settle at distinctly different rates, (Xrumbein and
Sloss, 1963).

This experiment was designed to gain insight into the settling properties
of marine carkonate Sediments of various shapes and sizes. Carbonate sediment
samples extracted fféé'aieas surrounding Buck Island National Park, St. Croix, .
U.S. Virgin Islands, were examined to determine the ratio of rouna grains to

platy grains (R:P ratio) within samples seived at % phi intervals. Each of the

fifteen samples taken underwent standard seive analysis as well. Settling vel-

"ocities were than determined for each grouping for comparison with terrigenous

grains of similar size.

The results enable settling velocities of carbonate sediments to be ac-—
curately predicted, and subsequent terrigenous hydraulic equivelants be evalu-
ated, with visual observation of a carbonate sample size and respective R:P rat-
io. With this information, physical orain sizes of the seived Buck Island samp-—
les were adjusted to their hydraulic egquivelant for correlation to current energy

flow of the study area. Eefore adjusting the samples to terrigenous hydraulic

ecuivelants (Te), the mean. physical grain sizelof the fifteen samples was calcu-

(': HLE ry\v-\\

lated to be 1.178 (0.44rm) with an average standard deviation of 1.108 . S
After the samples were adjusted to hydraulic values the mean size and standard
deviation from that sized decreased to 1.79€ (0.2&rm) and .570 (2.30 »vQ) ves-
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Introduction:

Although marine carbonate sediments span the same size range as marine
terrigenous sediments (Ginsburg, 1974) they differ significantly in relation-
ship to their respective hydraulic properties, (Marine Geology, West Indies”

Lab, 1978). Carbonate sediments differ not only with comparable terrigenous

samples, but with other carbonate samples of dissimilar shapes as well. The

more any particle departs from a spherical shape, the more resistance it will
offer in a fluid medium, (Kruﬁbein and Sloss, 1963).

Fundaméntally, sedimentation in a marine environment depen@s upon the
interactions of gravity, the fluid medium, and its effects on the bgrticular
grains csettling. Further, basic theories state that the larger andihéa&iest
of grain types will settle more rapidly than smaller, lighter types, -(Sternbergq,
1875, as cited by Krumbein and Sioss, 1963). Marine sedimentation,,és stated
by Tettijohn, 1958, also depends on the actual sediment types, i.e}rcarbonate,
terricenous, etc. Until recently, these analysis have not considgfed the import-
ance of shape; i.e. platy, round, cylindrical, etc., and their resulting effeqts
in dealing with settling velocities in a viscous environment, (Pettijohn, 1958),
(Hubbard, pers. comm.). Sediment transport studies have generally assumed grain
shape as spherical, (Krurmbein and Sloss, 1963). In a carbonate setting, finding
spherical grains occurring naturally is an exception rather than ﬁhe rule, (Gins-
burg, 1973). Therefore the validity of using classic settling velocities in dir-
ect correlation with sieve analysis of carbonate sediments is questidned. ”
Preliminary studies (ficure 1) indicated that coral and terrigenous grains

of eguivelant sizes behave similarly,but NOT identically in relationship to their

relative settlinc velocities. Coral carbonate grains of 2.50mm (2.08) or larger,

(2)
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settle more slowly than similar sized terrigenOUS‘maferial. This difference is

probably due to density differences and surface irregularities of the carbonate

' . grains. Grains finer than 0.250mm (2.88) were found to settle at egual veloéities
' regardless of terricenous or carbonate composition.

Experimentation with platy carbonate material further indicated that:car-
bonate sediment grains should be reevaluated to determine thgir hydraulic charac-
teristics with respect to size and shape. (fig.1l) Platy carbonate grains were de-
determined to behave hydraulically similar to ecuivelant terrigenous grains of
.354mm {1.508) or less, regardless of physical sizes. Hence, this study was ini-
tiated to generate information by whipb.éérbonate material could be compared to
existing | sedimentological modéis which classicly quantify terrigen-
ous -quartz spheres.

As figure #1 illustrates,iboth_;éﬁnd and platy carbonate grains can be cor-
related to the terrigenous curve to determine their respective terrigenous equivelant.
Eowever, natural carbonate sediments will tend to vary in:oontents from pure round
constituents to pure platy constituents, and various combinations of such in bke-
tween. Round arains designate a particle of generally spherical nature. Platy
was assigned to flattened,flaky grains, (fig.2). These ratios depend on many

round platy

(fig.2)

varisbilities within an ecosystem, such as current energies, and grain parent.
It was further hypothesized that as the Found to platy ratiordecreased
from 10:0 down to 0:10, average settling velocities of the round to platy ratios,

: (R:P), would Gecrease accordingly. Further, the curves generated in relation to
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the R:P ratio would vary predictably, as shown in figure 3. The predicted curves

were proposed to enable carbonate samples of any sample to be correctly evaluat-
ed in relationship to hydraulically equivelant terrigenous grain sizes. This
would prove to be an invaluable tool for determining actuval current energies of
a given carbonate marine environment, as found on Buck Island National Fark, St.
Croix, U.S. Virgin Islands.

The ensuing experimental observations wererdesigned to determine the val-
- idity of the settling velocity predictions, and subsequent terrigenous equivelants(
of carbonate samples of varying R:P ratios. Secondly, using the hydraulic equi-

velants, an analysis of the current energy flow around Buck Island will be made.

Study Area

Buck Island National Park is located off of the Northeastern coast of St.
Croix, U.S. Virgin Islands, at 37' O" N latitude, 47' 30" longitude. The island
is 1.8 kilometers long on its East to West axis, and .5 kilcmeters in width at
its maximum on its North-~South axis. The islands maximum elevation is 329 feet.

Morphclogically, it is characterized by a tapered shape, thin on the East
end and proportionately thicker on‘the VWest end. (figure-“4) The south shore is
further characterized by a verticél wall of eroded Cretaceous, Caledonian material.
This vertical wall suggests that Buck Island has undergone a general uplift and
tilting on the South side. The Southwestern portion of Buck Island is fringed by
natural beach. (fig.4) The Northern shores of the island are characterized by
a relatively steep 35' slope. This slope further indicates tilting of the bed
formation underlying Buck Island.

The significance of studying this area centered around the fact that the

(4)
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jsland was considered small enouch to facilitate sample analysis around the
entire land body in the limited amount of time alotted for research comple-
tion. More importantly, this area was selected because it offered the car-
bonate sediments needed for the carbonate settling velocity studies. Buck
TIsland is surrounded by coral reef formations, and hence, high production rates
of carbonate sediments.

Preliminary observations indicated that an abundance of Halimeda is
produced near shores of Buck Island, and probably in the reefs as well., Hal-
imeda flakes are platy in nature and were found to ;ct hydraulically similar
to silt size particles of terrigenous material. This example illustrates the

importance of standardizing the physical grain sizes with hydraulic correlations,

Methods and Materials:

Collection and analysis of data was completed in four seperate phases of
operation. Phase one of the experimental procedure determined the areas in which
coring was to be done. Through charts and aerial photograph survey, and subse-
guent observations of morphologic features of the study area, sample areas were
chosen that were predicted to exemplify best the sediment transport energies,
currents, of the lagoonal areas around Buck Island. (Lagoonal is defined in this
study as the area of Buck Island National Park, within the reef system. (fig.4)

The cores were taken with the help of SCURBA, using an 8" inch long, by V
2" inch diameter plastic core tube which was inserted into the sediments of
the sample area, and withdrawn. The subéequent step was to place the sample inté

15

a labeled plastic bag. Thelsamples were then brought back to lab for analysis.

Upon return to lab, the samples were flushed carefully with fresh water so as
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to not lose fine sediment that might be disturbed intg suspension. Flushing the
samples with fresh water prevents the samples from Ceéénting while dessicating in
an oven set at 110' C. The drying process tqok approximately 15 hours.

Next,’each sample was seived in its entirety into groupings of .5 phi inter-
vals from -1.08 to 1.58, after which .25 phi intervals were used up to 4.0+ 0.

Fach sample of each seive size was then weighed and archived per sample number per
seive size. The samples, 1-15, were then interpreted in reference to physical
grain size. Bistograms, Cummuiative frequencies, and accompanying statistics were
used for these analvsis. (app.1l)

The next task of the data collection phase of the experiment entailed ex-
amination of each archived sample. Each sample was microscopically examined (sample
in this case designates each sample,per seive size. ) to determine its ratio of
round grains to platy grains (R:P). Rcund grains were assigned to particles of
generally spherical nature, platy assigned to flattened, flaky particles. (fig.2)

The finel procedure involved determinationsof settling velocities to be
used to correlate the relationships between carbonate sediment types and terrigen-
ous types. The velocity determinations were conducted in a 2 meter settling tube
filled with fresh water. Samples to be subjected to the settling velocity trials
were scaked in fresh water prior to actual expérimentation., This step eliminated

trapped air aguired through dessication in the drying oven, and also guestions of

the drying process in dealing with the significance of the final results.

For each settling velocitv determination, multiple runs were run to streng-
then the statistical averages. Each individual "run" consisted of approximately
10 grains. The average settling velocity of which was determined by summing the
velocity of each individual grain of that run, and dividing that number by the

nurber of grains in the run. A tare recorder facilitated the timing of each indi-
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vidual grain per run. It is important to note that each run was conducted uéing
grains of equal physical size.(1l)

In order to determine the pure carboqate round and platy settling vel-
ocities as accurately as possible, those grains that best fit their respective
definitions were carefully selected. The selection process was determined
microscopically, and the velocities determined aé aforementioned.

Finally, the produced model of correlation relating platy carbonate sed-
iment grains to round carbonéte grains, to terrigenous grains, in reference to
hydraulic properties, was used to adjust the Buck Island samples from physical
values to their terrigendué‘hydraulic equivelant. This standardized the values
for each sample for more éécg;éte determination of the study area's energy

distribution.

Results:

Initial experimental procedures determined the settling velocities of
different grain types of simiiar sizes. The three grain types used were ter-
rigenous round, carbonaie rouﬁd, and carbonate platy. The average settling
velocities of terrigenous and carbonate round c¢rains were found to decrease
with size decrease. Platy carbonate grains creater than .58 were found to
decrease settling velocities, rather than increese duve to size increase. Grains
of platy.type-smaller tham €56 decreased settliagivelocities as did the round
grains. Grains finer than 2.086 settled at equal velocities regardless of terr-
igenous round, carbonate round, or carbonate platy. Table 1 compéres the average
settling velocities of each of the three types per seive size. Figure 1 illustrates
the working relationship between the three grain tvpes.

(7
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Tirincs rer grain were started as the grain passed "0", the starting
marky. Tris wmerk was 12cm. lower than the point at which the grains were intro-
éuced to the settling tube.




Table 1l: average settling velocities cm/sec. T=terrigenous C,= carbonate roundpr=p1at}
—_— I's

1.0 |-0.5 | 0.o | 0.5 1 1.0 | 1.5 2.01 25 130 }as 4.0
31.9 26.0 22.0 17.0 14.5 9.5 4.7 3.0 12.3 1.7 1.2
C, 22.0 19.0 16.0 11.0 9.0 | 6.5 4.7 3.0 2.3 1.7 1.2
Cp 9.0 9.6 9.0 7.0 5.0 4.8 4.7 3.0 2.3 1.7 1.2
‘
Figure 3 illustrates the theory that each R:P ratio in between the pure round

and pure platy samples, will have average settling velocities that are mathemati-
cally predictable, i.e. a 6:4, R:P ratio zsSicned to a sediment of a particulér

phi size, will have a settling velocity equalnto the 6 round grains multipiigd‘by
the settling velocity of the round grains for that phi size, added to, the‘pia;y
grains (4) multiplied by their respective settling velocity, and then diviaéé7gy

10, the total number of grains considered. (fig. 5) If the sample contained a

percentage of terrigenous the sample could be adjusted accordingly by using the

ecuation stated in figure 5.

To test the validity of this hypothesis, for use with direct correlation
with field work, each seived sample of each seive size was microscopically analyz-
ed to determine its R:P ratio. (table 2) The ratios were assigned on a ten grain
ratio basis, i.e. 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, and 1:8. 10:0 was assig-
ned to samples considered to have pure round cgrains, and 0:10 was assigned to
those samples containing conly platy grains. Variances within the ten grain limit
wexre expected, but were not considered significant in determining the accuracy of
the hyoothesis. In general, it was found that the physically coarser grain sizes
had the lowest PR;P ratio, less than 5:%, and phi sizes of higher values (finer)
of 1.5 or more were observed to have a dominant R;P ratio of between 9:1 and 10:0.

Efter the R;P ratios were assigned, 25 carbonate éamples were selected for

in size

settling velocity determinations. Fach samrle was greaterxthaua.oe. These coar-

(8) . . . ' 5




a. Given an R:P ratio for sample of x8 size
R,= Co3z round settlinc velocity € x6

R= #round agrains of R:P @ x8 size

P,= Co3 platy settling velocity

R:P,= avg. settling velocity for R:P @ x8
ecuation:

R*Ry +P *Py
10 = R:Py, @ x8

b. w/terrigenous percentage: ;

Ts= terricenous percentage of sample
P= unadjusted physical size of sample
T = adjusted terrigenous hydraulic eguivelant

e
C%= carbonate percentage of sample

BA s e e e

eguation:
T% * P + C% * T,
100 = actual T, of that sample

Figure 53.mathematical equation for prediction of settling velocities in
relationship to R:P ratios. b. corrective factor with % terrigenous.

se fractions were selected because the grains within the fraction vary hydrau-

lica11§ in their settling properties, i.e. grains smaller than 2.08 settle with
equal velocity regardless of grain type. Out of each fraction, sample, thirty
grains were randomly selected for three trial runs of ten grains each . The runs
were conducted and the average velocities determined as stated in methods and
materials and figure 5 respectively. The ensuing results comparing the expected
predicted velocities to the observed velocities are listed in table 2 and graph-
ically plotted in figure 6. This suhsequently proved that the theory of predic-
table settling velocities with krowledge of round grain settling velocities and
platy grain settling velocities, and the equation of figure 5, was significantly
accurate. The R/P/T.(equivelance) graph was then applied to the Buck Island sam-
ples for comparison of hydraulic¢ to physical grain sizes of each sample of each

seive size.

(9)




4:6) 3:7[3:7}9:114:6|p:10:0:302:8 |5:5:4 ) 4:613:7 |2:8F:5 '

5:5{ 5:5{5:5 }5:51 3:710:10J0:100 2:8 K:6 6:41 3:7{2:8 }2:8} 4:6 i

1.5} 8:23 8:2} 9:119:119:1] 7:3]1 9:1] 8:2|/6:4 |6:4} 7:3] 9:1[8:2 [10:006:4

1.75 ¢ 8:2 ¢ 8:2 9:1&0:0 9:1(9:1, 9:1} 8:2]/6:4 {7:3§19:1]-9:119:1 }10:04 7:3 H

2.00| 7:3{ 8:2] 9:100:0 [9:1 [ 10:q 9:1| 7:3[8:2 | 6:4 J1o:0 [1030pe:1 |10:d 7:3]

2.2519:14§ 7:3} 9:11 8:219:1 lO:d 9:1] 6:4}9:1 | 7:3 ho:0|10:0} 9-1]10:d 7:3 fz

T

LR TS

42,501 9:1 1 7:3110:0110:0! 9:11310:d 10:¢ 8:2l9:1°{8:2 io-0 10-4 9-1 }oin 10:94 i

2,751 9:118:2 110:0110:0l10:0{9:1] 9:1] 9:1 9:1] 9:1 10:010:01 9:1}10:01 10; 1

3700°.110:0 | 9:110:0] 9:1{10:0/8:210:1 | 8:2)10:0{10:d 10:d10:09:1 10:0l 10:¢

3.25110:0 10:410:0 9:1] 9:1]9:110:0] 9:1| 9:1}110:0f 10:d10:0}10:0]10:0}10:0

3.50{10:0 1 9:1410:0{8:2 {9:1 ]9:11110:0} 9:1 1o:b 10:0} 10:q10:0}10:0}10:000:0

3.750:1 [0:0[10:0{8:2 |9:1 {8:2 10:0 iO:b 10:0{10:0{ 10:¢10:04{10:0{10:000:0

4.00 P:1 8:2]10:0] 8:2}10:0{8:2 j10:0110:0}10:0}10:0{ 10:d10:0}10:0}10:0h0:0

4.0+ N0:0 § 9:1110:0}8:2 |10:0}9:1 |10:0|10:0110:0410:0] 10:d10:0}10:0}10:C8.0:0

72&5 o> R:P ratios for each samrle size of each sample #1-15
FPhysical grein sizes were determined by seive analysis, and histograms,
. " cummulative freguencies and related statistics, i.e. standard deviation , méén,
and median, vere calculated. Examples of these analysis are found in Appendi? 1.
Cd g Tabié‘#q lists the calculated standard deviaticnm, mean, and median.of the pﬁ§s—
- ical values. The rap below the table places the values in proper perspecti?é in

relation to the respective sample sites. This table also depicts the terricenous
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arison with the physical values.

hydraulic equivelants

in relation to physical determinations.

The Te

were determined by the R-P'T graph of fig.3. The lover ficures on the Buck Is-

land chart, fig. 4, place these values in their respective locale for visual comp-

sample ¥ Phi size R:P Vo Vo serror

11 ~-1:0 6:4 16.63 18.24 8.00
8 -1.0 1:9 10.18 11.16 8.70
7 -1.0 1:9 10.18 10.83 6.00
6 -0.5 3:7 12.3¢ 12.40 0.08
8 -0.5 0:10 9.60 9.61 0.10
12~ -0.5 3:7 12.39 12.41 0.16
5 -0.5 " 5:5 14.25 13.10 8.00
7 ~-0.5 0:10 9.60 10.16 5.50
11 -0.5 6:4 15.18 13.3 12.30
4 0.0 6:4 12.45 “12.07 3.00
1 0.0 3:7 11.07 10.76 2.80
2 0.0 1:9 2.69 10. 46 7.40
7 +0.5 3:7 8.26 8.41 1.80
8 +0.5 4:6 8.68 9.63 9.80
12 +0.5 6:4 9.52 10.21 6.70
4 +0.5 9:1 10.78 10.22 5.20
5 +0.5 8:2 10.36 11.29 8.20
2 +0.5 6:4 9.52 8.62 9.50
4 +1.0 9:1 8.24 8. 32 0.96
7 +1.0 5:5 6.80 7.52 9.60
11 +1.0 7:3 7.52 8.00 6.00
5 +1.0 8:2 7.88 8.21 4.00
5 ! +1.5 9:1 5.88 6.74 13.3
10 E +1.5 6:4 5.52 5.89 6.28
i Average % error: 5.73

Table 3: Velocities expected (Vx) and velocities cbserved (V,) and % error,

of randomly tested carbcnate sediment samplés.

(11)
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sample#
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ]
1.381.33 h.23 |0.97|1.30]|.78 | 0.88|1.15|1.04 1.07/1.01 0.259 1.49 0.86 0.9
H 1.16 0.60 .80 |0.35|0.96].38 | 0.33}0.31}0.50{0.58} 0.44 0.46} 0.76 0.42] 0.60
D 0.2210.73 P.43 ]0.62}0.34]1.40 | 0.55}0.8410.54}0.49(0.57 0.49 0.69 0.44 0.32
Mz-~P 0.9011.40 f.13 |0.56]0.85}1.58/0.75]|0.50{1.70}1.45]0.67 1.19 1.6 1.4 2,16
H 1.3612.21 .50 }1.50)1.41)1.97/1.74]1.59{2.03}1.93]1.53/1.78 2.07 1.93 2.35
- D 0.46 0.81 p.37 }0.94}0.56]0.39/0.99/1.03/0.33|0.48{0.86| 0.59{ 0.46| 0.45] 0. 19|
Md-P 1.051.35 f.10 10.70}0.90(1.60{0.95}0.60{2.00}1.50{0.70} 1.15] 1.55] 1.55| 2.25
|+ H 1.75 [1.87 N.45 J1.50]1.65}1.95/1.80}1.65|2.00]1.95]1.64] 1.78| 1.90] 1.90] 2. 25|
D 0.7010.52 pP.35 10.8010.75(0.35/0.85/1.05/0.0010.45}0.94! 0.63] 0.35| 0.35! 0.00;

table 4: statistics determined from physical analysi$ of the Buck Island samples (P)
and adjusted hydraulic values (H). Sd#*standard deviation Mz=Mean Md=median
the difference in 8 measurements is denoted by D.

= 5 ree syvtenn

o land

z
™

P L e curvent flod
St CeroiXk
Figure 4: 'Key to sample sites and numbers. b. topographical map of the study area.

top nurmber designates physical mean of sample, lower number designates
the hydraulic mean after adjustment usina thie R*P-T eguivelance curve.
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Conclusively, it has been determined that analyzation of physical
grain sizes extracted from a marine carbonate environment in reference to
interpretation of the areas relative energy relationship is inaccurate. To
accurately determine the relationship of current energy in a carbonate sys-
tem, in respect to 72%55f00?,4264 T, it is necessary to apply terrigenous
hydraulic ecuivelants to the grains. The T, may then be cuantitatively com-
pared to existing models which classicly exemplify terrigenous values. The
Hjulstrom diagram of figure¥7 illustrates such a model. With this in mind,
the equivelance curve comparing the hydraulics of round carbonate and platy
carbonate grains to terrigenous grains of spherical nature (R-P°T curve) was
nrepared.

Application of the R*P-T curve is necessary to ¢écrrectly evaluate car-
bonate sediment distribution in a marine environment. As shown by the R/P/T
curve, fig.3, a sediment ograin of carbonate platy nature of the -0.56 size
is egual hydraulically to a tarbonate round grain of 0.88, which in turn is
hydraulically egqual to a terricenous grain of 1.68. Hence, the importance of
determining such ecuivelance should not be underestimated. Illustrating the
point with an actual sample, sample number 14 was determined to be poorly sort-
ed in respect to physical grain size. The mean grain size was physically deter-
mined to be 0.568 with a standard deviation away from the mean of 0.97. After
the sample was hydraulically adjusted, the mean dropped to 1.508 and had a
standard deviation from that mean of only 0.35. This is guite a difference in
considering phi sizes decrease in size logarithmically. Further, after adjust-

ino the physically poorly sorted sample, the 2.08 fraction of the sample was de-
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termined to contain 61.6% of the entire sample, an obviously well sorted sanmple.
Using such adjustments, each sample obtained from Buck Island was reevaluated
hydraulically.

As determined through standard analysis, the mean physical grain size of
the samples cbtained, and subseguent analysis of this value in reference to the
sample site, produced trends which indicate the general relationships of current
energies moving around Buck Island. ﬁowever, applying the R/P/T equivelance
curve to the Buck Island sampies, the physical grain sized were adjusted to their
terricenous hydraulic equivelance, for better correlation to current energy flow
of the study area. Before adjusting fhé s§mples to the T the mean physical grain
size of the fifteen samples was calcuiatédfto be 1.17 (0.44mm) with an average
standard deviation of 1.108 (* 0.67mm). After the samples were hydraulically ad-
justed,the mean size decreased to 1.798  (0.28mm) and the standard deviation also
decreased to .578 (¥0.130 mm). The lower Sd indicates that the samples were better
. sorted than prhysical analysis indicated. After the adjustments were made, the
hvdraulic values of the fifteen samples were diagramatically plotted (fig.4) and
trends were noted.

Starting &t the eastern most samrle, #5, and moving to within 20m from the
eastern most shoreline of Buck Island at sample site #4, the hydraulic mean was
found to decrease in size from 1.418 to 1.508, denoting sample #5 to be the higher
energy area of the two. This indicates that the current, flowing in a Westerly
direction, encounters the effects of the island faufther out than site #4. The
current is hypothesized then tn split to move around the island mass at some point

further than samnle #5 which would then explain the resultant decrease in current

enercy depésiting finer sediments at Dpoints near the eastern exposure of the island.

(14)




Further, as one mcves along the Southeast coastline of Buck Island,

intersecting sample sites #3 and #1 respectively, it is observed that the

mean hydraulic size of the samples ~of sample #3 Stébilizes in respect to #4,"
then increases in size at sample site #1. The mean sizes-of samples #4,#3, and
#1, are 1.56, 1.58, and 1.368, respectively. This is interpreted as an ener-
gy flow of mid-strength, which is steady until past sample #3, after which it
becomes accelerated, shown by the increased coarseness in sample #1. Apparently,
the current is accelerated by the effects of the morphologic protrusion of the
Southern most portion of thelisland, which would éccount for the decraase of
mean phi size,.and the coarser sedimentary covering. Further from the shoreline,
mean grain size was found to be extremely fine in comparison to 1,3,4, and 5.
Sarmple #2 had anaveracge hydraulic sizevof 2.21, medium-fine by terrigenous stan-
dards. This size grain reflects a lower energy environment. In fact, this was
determined to be the second lowest energv area of the samples examined.

The Southwest portion of the island exhibited decreased grain sizes in
the mean. Mean grain size decreased to 2.366.-and 1.938 at sample sites #15 and
#14 respectively. This indicates that the current effecting the Southeast portion
of the island, i.e. samples 4,3, and 1, is effectively deflected by the afore-
mentioned land feature protruding Southward. (fig 4) Sample #15 is seemingly
sheltered best from the current as indicated by its fine hydraulic size. Andg,
though sample #14 was taken at a point almost parallel,latitudinally, to the
land mass supposedly responsiblé- for the current deflection, the mean grain size
of #14 still exémplifies a low eneray environment.

The Northern portion of Buck Island reflects similar trends in relating
hydraulic mean sizes of the samples taken to the current energies. In an East
to West direction, again starting at %5, moving through #4, and Korthward along

the coastline samples #7 and then #9, it was found that a steady decrease in
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hydraulic means indicate a decreasing amount of current energy, and thus an
increase in the amounts of fine sediment covering‘aléng this coast. The values =~
of the means of samples nurber 5,4,7, and 9 are 1.41, 1.50, 1.74, and 2.03 phi
respectively.

Sample site 9, determined to have a mean hydraulic grain size of 2.038,
sits on the Westward side of a land protrusion jutting Northward, similar to the
protruding land feature existing on the South shore, but of a much smaller scale.
The difference in hydraulic values of sample #7, on the East side of the point,
and sample'#é, on the West side, is explaired as a similar situation to the de-
flected cﬁrient.discussed in consideration of the Southeast shore sediment trends.
Further, ;§;théAdeflected Northern shore current joins the current already seemin-
gly acceléraﬁed on the "offshore” sector of the area due to the effects of the
massive feéfg parelleling the island, on the passing ocean current,an increase
in sediment éi;es in samples 8 and then 11 indicate an added acceleration as well.
The resulting effects show a trend from sample #7 at 1.748 tgwancreasgﬂin size at
the proposed meetings of the currents, sample #8, which has a mean hydraulic size
of 1.596. Sample #11, in turn, exemplifies a higher energy environment with an
average hydraulic grain size of 1.530. These increases in sediment size increase
the strength of the current energy hypothesis.

The Western side of the island seems to be vstarved" of current energy of
any relative strencth in comparison with the East side. The two land protrusions
which seem to direct current flow away from the islands effectively reduce the
energies of the West side of the island, at the points the samples were taken.

The hydraulic mean sizes of the samples taken on this side, samples #10,#13 and

212, all exhibit orain sizes of the finest values of those taken around the island,

ma)
except: sample %#2. The mean sizes of camrle £10, #13, and #12, are 1.938, 2.076, and
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1.78 respectively. Sample #10, although a fine sediment, is coarser in relation
to samnle #13 because of their relative exposures.. gample #10, as illustrated in
figure #8 , is less sheltered fyom the Westerly flowing current than the evene:
more "secluded" sample sitg #13. Noting the increase in coarseness of the most
Vesterly sample taken, i.e.#12, it seems to indicate an increase in currente

doete '
strencgth. This micht bejthe two deflected currents rejoining,having passed the
effects of the land mass. Thé completed profile of current energies as related
to the hydraulic grain size determinations is found in Figure #3. Further stud-
ies should be initiated to determine the accuracy of these current determinations.
The direction of current flow, and its relationship to energy flow, as construct-
ed from the hydraulic values of the samples extracted from Buck Island National
Park,éi;playé the significance of using the R/P/T curve in carbonate sediment
studies.

Further application of this hydraulic eguivelancy curve should be con-
sidered in the field of Paleontology, dealing with carbonatg sgdiments. By
hydraulically examining stratified, undisturbed core samples, fluctuations of
current eneragies throughout the past may be accurately determined. If one lay-
er is dominated by hydraulically coarse sediments, and the successive layers
become hydraulically finer, it could be safely hypothesized that the system has
undergone a general decrease in energies. Conclusions can be drawn from there
for contribution to the actual environmental model of the past.

In contrast to the prior example, if the same core were to be examined
th;ough visual observations considering only physical size of the particles,
errors are inevitable. Perhaps one physically coarse layer of the undisturbed

core sample is dominated by large platy granules, Giassifying this particular
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layer as coming from a high energy environment would be grossly misinterpretive.
In fact, the large platy granules will represent an extremely low energy environ-—
ment. Con€lusively, -in apalyzring carbonate sedimentary environments,for rela-

tive energy intensities, it is imperative to consider hydraulics of the dissimi-

lar grain- types.

Conclusion:

In examining the standard seive analysis of the samples taken around
Buck Island National Park, St. Croix, U.S. Virgin Islands, it becomes evident
that there are dominant physical grain sizes. However, by determining the.
hydraulic: differences between carbonate grains of the same size, but of dif-
ferent shapes, and comparing them to terrigenous hydraulic equivelants, it
is determined necessary to further adjust the samples:to standardized hydrau-
lic values. Only after the hvdraulic adjustments are made can an accurate
evaluation of the energy restraints of a carbonate system be confidently de- .

fined.
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figure 7: Hjulstrom diagram
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