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PHYSICAL AND CHEMICAL DATA FOR BOTTOM SEDIMENTS
SOUTH ATLANTIC COAST OF THE UNITED STATES

M/V THEODORE N. GILL CRUISES 1-9

by

Joseph E. Moore and Donn S. Gorsline

ABSTRACT

Detailed data are presented on the mechanical and chemical
composition of bottom sediments collected during nine cruises of the

M/V Theodore N. Gill off the south Atlantic coast of the United States.

Methods and procedures are given for the various analyses. The
pattern of the sediment textural types is discussed and presented
graphically.

INTRODUCTION

During the years 1953-54 the Bu-
reau of Commercial Fisheries Biologi-
cal Laboratory, Brunswick, Georgia,
accomplished nine cruises with the

M/V Theodore N. Gill off the south Atlantic
coast of the United States between Gape
Hatteras and Jupiter Light (Florida
Straits) extending from near the beaches
to beyond the axis of the Gulf Stream.
The basic station plan is shown in

figure 1

.

Background of the program; coop-
erating agencies; objectives; proce-
dures on station; chemical, biological,

and oceanographic methods and pro-
cedures; and processed physical

Note.- -Joseph E. Moore, Analytical Chemist, Bureau

of Commercial Fisheries, U.S. Fish and Wildlife Service,

Brunswick, Ga., and Donn S. Grrsline, Marine Geologist,

Oceanographic Institute, Florida State University, Talla-

hassee, Fla.

oceanographic, biological, and chemi-
cal data are given in nine basic cruise
reports (Anderson, Gehringer, and
Cohen, 1956a and 1956b; and Anderson
and Gehringer, 1957a, 1957b, 1958a,
1958b. 1959a, 1959b, and I960).

Information on bottom types is use-
ful in several types of fishery studies.
For example some species of shrimp
and fish prefer and are found almost
exclusively on mud bottoms, some
species must have coral or rock reefs,
while others prefer sand. Knowledge of

bottom sediments would then be in-

valuable in determination of distribu-
tion and possible abundance for certain
species. Likewise, certain bottom types
are much more productive generally
than other types, and knowledge of

bottom sediment types provides a clue
to the richness of an area. Such data
are also of value to marine geologists
as clues to origin of deposits and of

water movements, among other things.
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Figure 1.- -Basic station plan.



Bottom sediment samples were ob-
tained during the nine cruises on as
many of the stations as depths and
currents permitted the sampler to

function. These were taken by means
of an orange peel dredge - -modified in

weight by addition of lead to the arms,
and by welding covers over the blades
to prevent the sample being washed out

(fig. 2). At sea the samples were placed
in double polyethylene bags (without

preservative), tightly closed with
rubber bands, and stored in this manner
until analyzed. Half of each sample was
furnished to the Navy Hydrographic
Office.

This report (a joint undertaking
between the Bureau of Commercial
Fisheries and the Oceanographic Insti-

tute, Florida State University, Talla-
hassee, Florida) is to explain the

bottom sediment program, give methods
and procedures, present the assembled
chemical and physical data by station

(table 1, p. 28), and to outline the gen-
eral character of the bottom mate-
rials in the work area.

In the sections to follow, the "Chem-
ical Methods and Procedures" were
contributed by Moore and the "Geo-
logical Methods and Procedures" by
Gorsline.

CHEMICAL METHODS
AND PROCEDURES

GENERAL

Each half sample retained at the

Brunswick laboratory was air dried,
thoroughly mixed, and a representa-
tive portion ground in a ball mill and
stored in a glass bottle. A 3- to 4-gm.
portion of each ground sample was
dried at 110° C. for 3 hours and then
placed in a desiccator with dry calcium
sulfate until the portions to be analyzed
were weighed. All chemicals used in

the various analyses were analytical
reagent grade. All sample portions
were weighed to the fourth decimal
place.

METHODS

Loss on ignition

Procedure : Weigh 0.5 to 1.0 gm. of

sample into a dried and weighed No. 1

porcelain crucible and ignite for 45
minutes at 850° C. t 25° C. in an elec-
tric furnace. Transfer crucible and
contents to a desiccator to cool. When
cool, reweigh and determine loss in

weight. Results are reported as per-
cent loss on ignition on dry weight
basis.

Insoluble residue

Reagents:

1. 6N hydrochloric acid (HC 1) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

Procedure : Weigh 1.0 gm. of sample
into a 150-ml. beaker and add 10 ml.
of 6N hydrochloric acid. Evaporate
mixture to dryness on a hot plate at

medium setting and allow residue to

bake 10 minutes. After cooling, add
10 ml. of 6N hydrochloric acid, stir

thoroughly and filter mixture through a
dried, weighed, No. 3 Gooch crucible.
Dry crucible and contents in an oven
at 110° C. until constant weight is

reached, cooling in desiccator between
weighings. Results are reported as
percent insoluble residue on dry weight
basis.

Aluminum oxide

Reagents

:

1. Concentrated ammonium hydrox-
ide (NH4OH),

2. Concentrated nitric acid (HNO3).

3. Concentrated hydrochloric acid
(HCl).

4. 3N hydrochloric acid (HCl) - 1

volume of concentrated hydro-
chloric acid and 3 volumes of dis-
tilled water.



Figure 2.--Modifie<i orange-peel bonom sampler.



5. 6N hydrochloric acid (HC 1) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

6. Tartaric acid (C4H£,0£,) solution
(10 percent) - dissolve 100 gms.
of tartaric acid in distilled water
and dilute to 1 liter.

7. IN ammonium hydroxide (NH4OH) -

dissolve and dilute 67 ml. of con-
centrated ammonium hydroxide to

1 liter with distilled water.

8. Ammonium acetate (CH3COONH4)
buffer solution (20 percent) - dis-
solve 200 gms. of ammonium ace-
tate in IN ammonium hydroxide
(NH4OH) solution and dilute to 1

liter with distilled water.

9. IN acetic acid (CH3COOH) - dilute
58 ml. of concentrated acetic acid
to 1 liter with distilled water.

10. Oxine (CgHyNO, 8-quinolinol) solu-
tion (2 percent) - dissolve 20 gms.
of 8-quinolinol in IN acetic acid
and dilute to 1 liter with distilled
water.

11. Chloroform (CHCI3).

12. Aluminum oxide (AI2O3) standard
solution (500 mu gms. /ml.) - dis-
solve 4.4500 gms. of aluminum
ammonium sulfate [Al 2(804)3.
(NH4)2S04.24H2.0] in distilled
water and dilute to 1 liter.

13. Aluminum oxide (AI2O3) standard
solution (25 mu gms./ ml.) - dilute
25 ml. of aluminum oxide standard
solution (500 mu gms. /ml.) to 500
ml. with distilled water.

Procedure : Kenyon and Bewick ( 1952)
described a photometric method for
deternnining aluminunn as the oxinate in
a sample containing several other
metals, by complexation with 8-quino-
linol, manipulation of the pH and ex-
traction with chloroform to rennove
interfering ions and then to get the
aluminum oxinate. This is the basic
method used to determine the con-
centration of aluminum in sediments.

Weigh about 0.2 gm . of sample into
a 150-ml. beaker and add 10 ml. of 6N
hydrochloric acid and 5 ml. of con-
centrated nitric acid. Heat at medium
setting on an electric hot plate until
evaporation is complete, bake for 10
nninutes, allow to cool and add 3 ml,
6N hydrochloric acid. Heat on the hot
plate to near boiling and filter the
mixture using a medium-flow filter

paper (Whatman No. 4) catching the
filtrate in a 100-ml. volumetric flask.
Fill flask to mark with distilled water,
mix well and transfer 10 ml. of the
solution to a 150-ml. beaker. Add 50
ml. of distilled water and adjust to a
pH of less than 4. Add 3 ml. of 10 per-
cent tartaric acid solution, 2 ml. of

ammonium acetate solution and 2 ml.
of oxine (8-quinolinol) solution. Mix
thoroughly and adjust pH to 6.6 with
concentrated and IN ammonium hy-
droxide solutions, digest 15 minutes
in a water bath at 65° C. and let cool.
Adjust the pH to 2.8 with 3N hydro-
chloric acid and transfer the solution
to a separatory funnel. Extract with
two 10-ml. portions of chloroform and
discard extracts. Return aqueous
solution to a 150-ml. beaker, add 1

ml. of oxine solution, adjust pH to
5.7 with concentrated and IN ammonium
hydroxide and digest in water bath at
15° C. for 15 minutes. Return solution
to separatory funnel and extract with
two 10-ml. portions of chloroform,
shaking the first portion 2 minutes and
the second for 1 minute. Filter the
chloroform extracts through a chloro-
form-wetted filter paper and catch the
filtrate in a 50-ml. volumetric flask.
Wash filter well with chloroform, add-
ing washings to the flask and fill to
mark with chloroform.

Make a set of standards by placing
0-, 2-, 4-, 6- and 8-ml. portions of

the 25 mu gms. AI2O3 per ml. solu-
tion in a series of 150-ml. beakers
and diluting each to 60 ml. with dis-
tilled water. This gives solutions con-
taining 0, 50, 100, 150 and 200 mu
gms. of aluminum oxide. Adjust the pH
to less than 4 with 3N hydrochloric
acid and add 3 ml. of 10 percent
tartaric acid, 2 ml. of ammonium ace-
tate buffer, 2 ml. of oxine solution
and then adjust the pH to 5.7 with



concentrated and IN annnnonium hy-
droxide. Digest the solution 15 minutes
in a water bath at 65° C, let cool and
transfer to a separatory funnel. Extract
the aluminum oxinate with two 10 -ml.
portions of chloroform, shaking first

portion 2 minutes and the second por-
tion 1 minute. Filter extracts through
a chloroform -wetted filter paper,
catching the extracts in a 50-ml. vol-
umetric flask. Wash filter well with
chloroform, adding washings to flask
and filling to mark with chloroform.

Determine the absorbancy for each
sample and standard with a Beckman
Model DU spectrophotometer with the
tungsten lamp light source and settings
as follows: Photomultiplier - set to

null dark current; sensitivity control -

midpoint; wave length - 390 m mu;
selector switch - 0.1; phototube re-
sistor - 2000 megohms; slit width -

0.15 mm. Plot the absorption values of

the standards against their concentra-
tions and determine the slope of the

resulting line. Run a set of standards
at least once a day. Use the reciprocal
of the slope of the standard curve and
the absorption values of the samples
to find the amount of aluminum oxide
present and report as percent alumi-
num oxide on dry weight basis.

Ferric oxide

Reagents:

1. 6N hydrochloric acid (HC 1) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

2. Concentrated nitric acid (HNO3).

3. Ammonium chloride (NH4CI) 20
percent solution - dissolve 200
gms. of ammonium chloride in

distilled water and dilute to 1

liter.

4. Ammoniurh chloride (NH4CI) 1

percent solution - dissolve 10
gms. of ammonium chloride in

distilled water and dilute to 1 liter.

5. Concentrated ammonium hydrox-
ide (NH4OH).

6. Ferric oxide (Fe203) s t a n d a r d
solution (1000 p.p.m.) - dissolve
1.0000 gm. of oven dried (110° C.)

ferric oxide in 30 ml. of 6N

hydrochloric acid and dilute to 1

liter with distilled water. Store
standard solution in a polyethylene
bottle.

7. Methyl orange solution - dissolve
1 gm. of methyl orange in dis-
tilled water and dilute to 1 liter.

Procedure : A method reported by
Dean and Burger (1955) for the flame
spectrophotometric determination of
iron was used in developing this method
for iron in marine sedinnents.

Weigh 1.5 gms. of dry sample into a
150-ml. beaker and add 10 ml. of 6N
hydrochloric acid and 5 ml. of con-
centrated nitric acid. Heat at medium
setting on an electric hot plate until

evaporation is complete, bake 10 min-
utes, allow to cool, and add 10 ml. of
6N hydrochloric acid. Heat to near
boiling and filter through a medium

-

texture filter paper while still hot. Add
three drops of methyl orange solution
and 15 ml. of 20 percent ammonium
chloride solution to the filtrate and
washings. Add concentrated ammonium
hydroxide dropwise until the methyl
orange end-point is reached and then
add 2 ml. in excess. Heat solution to

boiling and immediately filter through
open texture filter paper. Wash gelati-
nous precipitate with hot 1 percent
ammonium chloride solution discard-
ing filtrate and washings . Wash precipi-
tate through the filter paper by adding
10 ml. of 6N hydrochloric acid drop-
wise, catch the resultant filtrate and
washings in a 100-ml. volumetric flask
and fill flask to the nnark with distilled
water. Set aside for flame analysis.
From the 1000 p.p.m. ferric oxide
standard solution prepare a series of

standards with concentrations of 0, 50,

100, 150 and 200 p.p.m. ferric oxide.

Measure emission intensities for
each sample as follows: unknown, dis-
tilled water, standard judged to be
below unknown, distilled water, stand-
ard judged to be above unknown, and
distilled water (the value obtained for
distilled water is subtracted from the

value obtained for each unknown and
each standard) using a Beckman Model
DU spectrophotometer equipped with
photomultiplie r and oxy -acetylene
flame attachment. Spectrophotometer



settings as follows: Photomultiplier -

set to null dark current; sensititivity

control - midpoint; wave length - 372
m mu; selector switch - 0.1; photo-
tube resistor - 10,000 megohms; slit

width - adjust to zero meter needle on
200 p.p.m. ferric oxide at 100 percent
emission; acetylene pressure - 4.3

p.s.i.; oxygen pressure - 9.3 p.s.i.

Bracket the net emission of the un-
known by reading the appropriate pair
of standards from the prepared series
of standards innmediately after read-
ing the unknown. Report the concentra-
tion as percent ferric oxide on dry
weight basis.

Manganous oxide

Reagents and Apparatus:

1. 3N hydrochloric acid (HCl) - 1

volume of concentrated hydro-
chloric acid and 3 volumes of dis-
tilled water.

2. 6N hydrochloric acid (HC 1) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

3. Concentrated nitric acid (HNO3).

4. Amberlite IRA 400 (OH) - anion
exchange resin (manufactured by
Rohm and Haas Company).

5. Manganese dioxide (Mn02) stand-
ard solution (500 p.p.m.) -dissolve
0.2500 grn. of manganese dioxide
in 20 ml. of 6N hydrochloric acid;
heat until dissolved and dilute to
500 ml. with distilled water.

6. Calciunn oxide (CaO) solution
(10,000 p.p.m.) - dissolve 4.4617
gms. of calcium carbonate (CaCO 3)

in 20 ml. of 6N hydrochloric acid
and dilute to 250 ml. with dis-
tilled water.

7. Anion exchange column - the col-
umn is made by placing a plug of

glass wool above the stopcock of a
50 -ml. buret and adding amberlite
IRA 400 (OH) anion exchange resin
to a depth of 30 cnn. in the buret.
(The column is recharged after

each third sample is passed through
by washing with 150 ml. of 3N
hydrochloric acid and rinsing with
150 ml. of freshly boiled and cooled
distilled water.)

Procedure : Dippel and Bricker ( 1955)
reported a rapid flame photometric
method for the determination of man-
ganese in a variety of materials, by
measuring the intensity of the man-
ganese line at 403.3 m mu. They found
the intensity to vary directly and lin-

early with the concentration of man-
ganese up to 200 p.p.nn., and that
interference was exhibited by phos-
phate, sulfate and chloride ions. We
used an anion exchange resin to re-
move interfering anions and added
calcium to all standards to give a
concentration of at least 1000 p.p.m.
calcium oxide to offset the effect of
that present in the samples.

Weigh about 1.0 gm. of dried sample
into a 150-ml. beaker and add 10 ml.
of 6N hydrochloric acid and 5 ml. of

concentrated nitric acid. Heat at

medium setting on an electric hot
plate until evaporation is complete,
bake for 10 minutes, allow to cool,
and add 1 ml. of 6N hydrochloric acid
and 15 ml. of distilled water. Heat
to near boiling and filter the mixture
using a medium -flow filter paper (we
used Whatman No. 4) letting the filtrate

flow directly into the anion exchange
column. Catch the effluent in a 100-ml.
volumetric flask and fill to the mark
with distilled water. Add 10 ml. of
calcium oxide solution to each of a set
of standards containing concentrations
of 0, 100, 200, 300 and 400 p.p.m. of
manganese dioxide (prepare from
standard solution).

Measure emission intensities for
each sample as follows: unknown, dis-
tilled water, standard judged to be
below unknown, distilled water, stand-
ard judged to be above unknown, and
distilled water (the value obtained for
distilled water is subtracted from the
value obtained for each unknown and
each standard) using a Beckman Model
DU spectrophotometer equipped with
photomultiplier and oxy-acetylene
flame attachment. Spectrophotometer



settings as follows: Photomultiplier -

set to null dark current; sensitivity
control - clockwise extreme; wave
length - 403.3 m mu; selector switch -

0.1; phototube resistor - 2000 megohms;
slit width - adjust to zero meter needle
on 400 p.p.m. manganese dioxide at

100 percent transmission; acetylene
pressure - 3.5 p.s.i.; oxygen pressure -

9.3 p.s.i. Bracket the net emission of

the unknown by reading the appropriate
pair of standards from the prepared
series of standards immediately after
reading the unknown. Report concen-
tration as percent manganous oxide on
dry weight basis. (We first determined
percent manganese dioxide, but subse-
quently found percent manganous oxide
would be a more useful expression.)

Magnesium oxide and potassium oxide

Reagents :

1. 6N hydrochloric acid (HCl) -equal
volumes of concentrated hydro-
chloric acid and distilled water.

2. Concentrated nitric acid {HNO3).

3. Magnesium oxide (MgO) standard
solution (2000 p.p.m.) - weigh
2.0000 gms. of ovendried (UOOC.)
magnesium oxide into a 400 -ml.
beaker. Dissolve in a minimum
volume of 6N hydrochloric acid,

transfer to a 1 -liter volumetric
flask, and fill to mark with dis-
tilled water.

4. Potassium oxide (K^O) standard
solution (1000 p.p.m.) - weigh
1.5828 gms. of ovendried (110° C)
potassium chloride into a 1 -liter

volumetric flask, dissolve and
dilute to 1 liter with distilled

water.

5. Aluminum oxide (AI2O3) standard
solution (4000 p.p.m.) - dissolve
in distilled water 4.4500 gms. of

alum inum amm onium sulfate

[Al2(S04)3.(NH4)2S04.24H20] and
dilute to 250 ml. with distilled

water.

6. Ferric oxide (Fe203) standard
solution (2000 p.p.m.) - dissolve

1.0000 gm. of oven dried (110° C.)
ferric oxide in 30 ml. of 6Nhydro-
chloric acid and dilute to 500 ml.
with distilled water.

7. Manganese dioxide (Mn02) stand-
ard solution (500 p.p.m.) - place
0.2500 gm. of oven dried (110° C.)

manganese dioxide in 20 ml. of

6N hydrochloric acid, heat until
dissolved and dilute to 500 ml.
with distilled water.

8. Calcium oxide (CaO) standard solu-
tion (10,000 p.p.m.) - dissolve
4.4617 gfms. of calcium carbonate
(CaC03) in 20 ml. of 6N hydro-
chloric acid and dilute to 250 ml.
with distilled water.

9. Phosphorus pentoxide (P2O5)
standard solution (500 p.p.m.) -

dissolve 0.5000 gm. of anhydrous
dibasic phosphate (Na2HP04) in

carbon dioxide (CO2) free distilled

water and allow to flow through a
cation exchange column. Catch
effluent in a 500-ml. volumetric
flask and dilute to 500 ml. with
distilled water.

Procedure : We have used the basic
system for the determinations of mag-
nesium and potassium in bottom sedi-
ments as reported by Roy (1956).

Weigh 1.0 gm. of dried sample into

a 150-ml. beaker and add 10 ml. of 6N
hydrochloric acid and 5 ml. of con-
centrated nitric acid. Heat at medium
setting on an electric hot plate until

evaporation is complete, bake for 10

minutes, allow to cool, add 2 ml. of

6N hydrochloric acid and 10 ml. of

distilled water. Heat to near boiling
and filter the mixture using a medium

-

flow filter paper (we used Whatman
No. 4) catching the filtrate in a 100-ml.
volumetric flask. Fill to mark with
distilled water and use for determining
magnesium oxide and potassium oxide.
To each of a series of six 100-nnl.
volumetric flasks, add 5 ml. of the 4000
p.p.m. aluminum oxide standard, 25
ml. of the 2000 p.p.m. ferric oxide
standard, 2 ml. of the 500 p.p.m.
manganese dioxide standard, 7 ml.
of the 10,000 p.p.m. calcium oxide



standard, and 4 ml. of the 500 p.p.m.
phosphorus pentoxide standard- -this

gives final concentrations of ZOO p.p.m.
aluminum oxide, 500 p.p.m. ferric
oxide, 10 p.p.m. manganese dioxide,

700 p.p.m. calciunn oxide, and 500

p.p.m. phosphorus pentoxide. Then add
0-, 5-, 15-, 20- and 25-ml. portions
of the standard 2000 p.p.m. magnesium
oxide solution to the flasks and in the

same order add 0-, 2-, 4-, 6-, 8- and
10-ml. portions of the standard 1000

p.p.m. potassium oxide solution- -this

gives concentrations in p.p.m. of mag-
nesium oxide and potassium oxide,
respectively of; and 0, 100 and 20,

200 and 40, 300 and 60, 400 and 80,

and 500 and 100.

Measure emission intensities for
each sample as follows: unknown, dis-
tilled water, standard judged to be
below unknown, distilled water, stand-
ard judged to be above unknown, and
distilled water (the value obtained for

distilled water is subtracted from the

value obtained for each unknown and
each standard) using a Beckman Model
DU spectrophotometer equipped with
photomultiplie r and oxy-acetylene
flame attachments. Spectrophotometer
settings for magnesium oxide and anal-
ysis as follows: Photomultiplie r - set
to null dark current; sensitivity con-
trol - about midpoint; wave length -

285.2 m mu; selector switch - 0.1;
phototube resistor - 10,000 megohms;
slit width - adjust to zero meter needle
on 500 p.p.m. magnesium oxide stand-
ard at 100 percent emission; acetylene
pressure - 3.5 p.s.i.; oxygen pressure -

9.5 p.s.i. Bracket the net emission of

the unknown by reading the appropriate
pair of standards from the prepared
series of standards innmediately after
reading the unknown. Report the con-
centration as percent magnesium oxide
on dry weight basis. Spectrophotometer
settings for potassium oxide analysis
as follows: Photomultiplie r - set to
null dark current; sensitivity control -

about midpoint; wave length - 766.5
m mu; selector switch - 0. 1 ; phototube
resistor - 10,000 megohms; slit width

-

adjust to zero meter needle on 100

p.p.m. potassium oxide standard at
100 percent emission; acetylene pres-
sure - 4.5 p.s.i.; oxygen pressure -

1 1 .0 p.s.i. Bracket the net emission
of the unknown by reading the appro-
priate pair of standards from the pre-
pared series of standards immediately
after reading the unknown. Report the

concentration as percent potassium
oxide on dry weight basis.

Calcium oxide

Reagents and Standards:

1. 3N hydrochloric acid (HC 1 ) - I

volume of concentrated hydro-
chloric acid and 3 volumes of

distilled water.

2. 6N hydrochloric acid (HC I) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

3. Concentrated nitric acid (HNO3).

4. Calcium oxide (CaO) solution ( 1000

p.p.m.) - dry National Bureau of

Standards argillaceous limestone
sample No. la (containing 41.32
percent calcium oxide) at 105° C.
for 3 hours, cool in a desiccator
over calcium sulfate (CaS04) and
weigh 2.4201 gms. into a 400-ml.
beaker. Add 25 nnl. of 6N hydro-
chloric acid and 12.5 ml. of con-
centrated nitric acid. Evaporate
to dryness on a hot plate at medium
setting and let bake 10 minutes
after dryness is reached. Allow to

cool, add 5 ml. of 6N hydrochloric
acid and 40 ml. of distilled water
and heat to near boiling. Filter,
letting the filtrate pass through
the anion exchange column and
catching the effluent and washings
in a 1000-ml. volumetric flask.
Fill flask to mark with distilled
water.

5. Amberlite IRA 400 (OH) - anion
exchange resin (manufactured by
Rohnn and Haas Company).

6. Anion exchange column - the col-
umn is made by placing a plug of
glass wool above the stopcock of

a 50-ml. buret and adding amber-
lite IRA 400 (OH) anion exchange
resin to a depth of 30 cm. in the
buret. (The calcium is recharged



after each third sample is passed
through by washing with 150 ml. of

3N hydrochloric acid and rinsing
with 150 ml. of fres'nly boiled and
cooled distilled water.)

Procedure : The method used in deter-
mining calcium is a modification of a
successful application of the flame
method to a complex material of fairly
high calcium content reported by
Standen and Tennant (1956), and uti-

lizing an anion interference removal
procedure described by Beckman
Instruments, Inc. (1955).

Weigh 0.1-1.0 gram of sample de-
pending upon the apparent CaO content)
into a I50-ml. beaker. (Insoluble
residue was determined previous to

CaO--and CaO content varies some-
what inversely to that of insoluble
residue.) Add 10 ml. of 6Nhydrochloric
acid and 5 ml. of concentrated nitric

acid. Heat at medium setting on an
electric hot plate until evaporation is

complete, bake for 10 minutes, allow
to cool and add 1 ml. of 6N hydro-
chloric acid and 15 ml. of distilled

water. Heat to near boiling and filter

this mixture using a medium -flow filter

paper, letting the filtrate flow directly
into the anion exchange column. Catch
the effluent in a 100-ml. volumetric
flask, fill flask to mark with distilled

water and set aside for flame analysis.

Make up a set of standards in con-
centrations of 0, 500, 600, 700, 800,

900, and 1000 p.p.m. CaO from the

1000 p.p.m. CaO standard solution.

Measure emission intensities for
each sample as follows: Unknown, dis-
tilled water, standard judged to be
below unknown, distilled water, stand-
ard judged to be above unknown, and
distilled water (the value obtained for

distilled water is subtracted from the

value obtained for each unknown and
each standard) using a Beckman Model
DU spectrophotometer equipped with
photomultiplier and oxy-acetylene
flame attachments. Spectrophotometer
settings as follows: Photomultiplier -

set to null dark current; sensitivity
control - clockwise extreme; wave
length - 554 m mu; selector switch -

0.1; phototube resistor - 10,000
megohms; slit width - adjust to zero
meter needle on 1000 p.p.m. calcium
oxide standard at 100 percent trans-
mission; acetylene pressure - 3.5
p.s.i.; oxygen pressure - 9.1 p.s.i.

Bracket the net emission of the un-
known by reading the appropriate pair
of standards from the prepared series
of standards immediately after read-
ing the unknown. Report the concen-
tration as percent calcium oxide on dry
weight basis.

Phosphorus pentoxide

Reagents and Apparatus:

1, 3N hydrochloric acid (HCl) - 1

volume of concentrated hydro-
chloric acid and 3 volumes of

distilled water.

Z. 6N hydrochloric acid (HC 1) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

3. Concentrated nitric acid (HNO,).

4. Dowex 50x8 - cation exchange
resin. (Dow Chemical Company).

5. Phosphorus pentoxide (P2O5)
standard solution (500 p.p.m.) -

dissolve 0.5000 gm. of anhy-
drous sodiunn dibasic phosphate
(Na2HP04) in recently boiled (CO2
free) distilled water and allow to

flow through a cation exchange
column. Catch effluent in a 500-
ml. volumetric flask and dilute to

500 ml. with distilled water.

6. Calcium oxide (CaO) solution
(10,000 p.p.m.) - dissolve 8.9236
gms. of calcium carbonate (CaC03)
in a slight excess of 6N hydro-
chloric acid (about 25 ml.), evap-
orate to dryness, redissolve in

6N hydrochloric acid and dilute to

500 ml. with distilled water.

7. Cation exchange column - the col-
umn is made by placing a plug of

glass wool above the stopcock of

a 50-ml. buret and adding 20 to

50 mesh Dowex 50x8 cation ex-
change resin to a depth of 30 cm.
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in the buret. (The column is re-
charged after each third sample
is passed through by washing with
150 ml. of 3N hydrochloric acid
and rinsing with 150 ml. of freshly
boiled and cooled distilled water).

Procedure : Dippel, Bricker, and
Furman (1954) reported that in flame
analysis "at the lower phosphate con-
centrations, the emission intensity of

calcium varies linearly and inversely
with the phosphate concentration." This
is the basis used for the determina-
tion of phosphorus pentoxide. A cation
exchange resin is used to remove inter-

fering cations.

Weigh between 0.5 and 1.0 gm. of

dried sample into a 150-ml. beaker
and add 10 ml. of 6N hydrochloric acid
and 5 ml. of concentrated nitric acid.

Heat at medium setting on an electric
hot plate until evaporation is complete,
bake for 10 minutes, allow to cool, and
add 2 ml. of 6N hydrochloric acid and
10 ml. of distilled water. Heat to near
boiling and filter the mixture using a
medium-flow filter paper (we used
Whatman No. 4 filter paper), letting

the filtrate flow directly into the cation
exchange column, and catch the effluent

in a 100-ml. volumetric flask. Wash
the filter and column with freshly
boiled and cooled distilled water until

about 80 ml. of effluent is collected
in the flask. Pipette 10 ml. of calcium
oxide solution into the volumetric flask
and fill to the mark with distilled water.
Add 10 ml. of calcium oxide solution
to each of a set of standards containing
concentrations of 0, 100, 200, 300 and
400 p.p.m. of phosphorus pentoxide in

100-ml. volumetric flasks.

Measure emission intensities for
each sample as follows: unknown, dis-
tilled water, standard judged to be
below unknown, distilled water, stand-
ard judged to be above unknown, and
distilled water (the value obtained for
distilled water is subtracted from the

value obtained for each unknown and
each standard) using a Beckman Model
DU spectrophotometer equipped with
photomultiplie r and oxy -acetylene
flame attachments. Spectrophotometer
settings as follows: Photomultiplie r -

set to null dark current; sensitivity

control - about midpoint; wavelength -

554 m mu; selector switch - 0.1;

phototube resistor - 2000 megohn^s;
slit width - adjust to zero meter needle
on p.p.m. phosphorus pentoxide
standard at 100 percent emission;
acetylene pressure - 3.5 p.s.i.; oxygen
pressure - 9-5 p.s.i. Bracket the net

emission of the unknown by reading the

appropriate pair of standards from the

prepared series of standards imme-
diately after reading the unknown. Re-
port the concentration as percent
phosphorus pentoxide on dry weight
basis.

Strontium

Reagents and Apparatus :

1. 6N hydrochloric acid (HCl) - equal
volumes of concentrated hydro-
chloric acid and distilled water.

2. 3N hydrochloric acid (HCl) - 1

volume of concentrated hydro-
chloric acid to 3 volumes of dis-
tilled water.

3. Concentrated nitric acid (HNO^).

4. Strontium (Sr) standard solution

(1000 p.p.m.) - dissolve 1.6849
gms. of strontium carbonate
(SrC03) in 10 ml. of 6N hydro-
chloric acid. Filter, using rapid-
flow filter paper, letting filtrate

pass through a column of amber

-

lite IRA 400 (OH) and catching the

effluent in a 1 -liter volumetric
flask. Rinse the column well with
freshly boiled distilled water, add
washings to the 1 -liter flask, and
fill to mark with distilled water.

5. Strontium (Sr) standard solution

(200 p.p.m.) - dilute 200 ml. of

strontium standard solution (1000
p.p.m.) to 1 liter with distilled

water.

6. Amberlite IRA 400 (OH) - anion
exchange resin (manufactured by
Rohm and Haas Connpany).

7. Anion exchange column - the col-
umn is made by placing a plug of
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glass wool above the stopcock of

a 50-ml. buret and adding amber-
lite IRA 400 (OH) anion exchange
resin to a depth of 30 cm. in the

buret. (The colunnn is recharged
after each third sample is passed
through by washing with 150 ml. of

3N hydrochloric acid and rinsing
with 150 ml. of freshly boiled and
cooled distilled water).

Procedure : Chow and Thompson
(1955) reported a procedure for deter-
mining strontium in seawater. This was
used as a guide in developing a method
for determining strontium in marine
sediments.

Weigh 1.0 gm . of dried sample into

a 1 50-ml. beaker and add 10 ml. of 6N
hydrochloric acid and 5 ml. of con-
centrated nitric acid. Heat at medium
setting on an electric hot plate until

evaporation is complete, bake for 10

minutes, allow to cool, and add 1 ml.
of 6N hydrochloric acid and 15 ml. of

distilled water. Heat to near boiling

and filter the mixture using a medium

-

flow filter paper, let the filtrate flow
directly into the anion exchange col-

>imn, and catch effluent in a 100-ml.
volumetric flask. Wash the filter and
column with CO^-free distilled water,
catching the washings in the 100-ml.
flask also, add 5 ml. of the 200 p.p.m.
strontium standard solution (repre-
senting 10 p.p.m. added strontium)
and finish filling to nriark with distilled

water. Set aside for flame analysis.

Make up standards of 0, 10, 20, 30,

40 and 50 p.p.m. strontium from the

200 p.p.m. strontium standard solution.

Adjust the Beckman Model DU spectro-
photometer to read 100 percent emis-
sion for the 50 p.p.m. strontium stand-
ard at 460.7 m mu wave length. Read
and record the flame intensity of each
of the standards, taking and recording
a reading on distilled water subsequent
to each standard. Set the wave length
at 454 m mu and determine and record
flame intensities of standards and sub-
sequent distilled water. Subtract flame
intensities of distilled water from those

of standards at both wave lengths, then
deduct the remainder of the flame in-

tensity taken at 454 m mu from that

taken at 460.7 and plot these remainders
against the concentrations. From this

standard curve determine the net flame
intensity representing 100 p.p.m.
strontium

.

Determine the flame intensities of

each unknown with a subsequent dis-
tilled water reading for each at 460.7
m mu and at 454 m mu wave length.

Subtract readings of water from those
of the unknowns, and then subtract
the remainder of the intensity of 454
m mu from that taken at 460.7 m mu
and from this remainder subtract the

net flame intensity representing 10

p.p.m. strontium to compensate for

the 10 p.p.m. strontium added to each
unknown. Use the net intensity from
the unknowns and the standard curve
to find the strontium concentration.
Report as percent strontium on a dry
weight basis. Spectrophotometer set-

tings as follows: Photomultiplier - set

to null dark current; sensitivity con-
trol - counterclockwise extreme; wave
length - strontium spectral line 460.7
m mu and also flame background at

454 m mu; selector switch - 0.1;

phototube resistor - 2000 megohms;
slit width - .01 to .02 mm.; acetylene
pressure - 3.5 p.s.i.; oxygen pres-
sure - 12 p.s.i.

Chloride

Reagents

:

1. Standard chloride solution [O. ION
sodium chloride (NaCl)] -dissolve
5.8460 gms. of sodium chloride in

distilled water and dilute to 1 liter.

2. Silver nitrate (AgNOs) - dissolve
7.5 gms. of silver nitrate in dis-

tilled water and dilute to 1 liter.

3. Indicator [8 percent potassium
chron^ate (K2Cr04) solution] -dis-
solve 8.0 gms. of potassium chro-
mate in distilled water and dilute to

100 ml.

Procedure : A modification of the

procedure used by Anderson, Gehringer
and Cohen (1956a) for salinity (Knudsen
method) was employed on leachings of

sediments to determine their chloride

content.
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standardize the silver nitrate solu-
tion by titrating it against 10 ml. of

the O.ION sodium chloride solution,

using potassium chromate indicator.
Calculate the chloride equivalent per
ml. of silver nitrate solution from
this titration.

Weigh 2.0 gms. of dried sample and
place in a 200-ml. Erlenmeyer flask,

add 100 ml. of distilled water, stopper
flask and shake vigorously for 10 min-
utes. Titrate duplicate 25-ml. aliquots
of the decantate with standardized
silver nitrate solution using potassium
chromate as an indicator. Multiply
volume of silver nitrate solution re-
quired by its chloride equivalent to

find the weight of chloride in one
quarter of the weighed out sample.
Results are recorded as percent
chloride on dry weight basis.

GEOLOGICAL METHODS AND
PROCEDURES
GENERAL

Sample storage and catalogue
procedure

Representative portions of the total

original samples were transported in

cardboard 1-pint ice cream cartons
from the Bureau of Commercial Fish-
eries Biological Laboratory, Bruns-
wick, Georgia, to the Sediment Re-
search Laboratory, Florida State
University, Tallahassee, Florida. Upon
arrival, approximately one -half of each
sample was split quantitatively with a
Jones Splitter and sent to other labora-
tories for microfaunal analysis. The
remaining fraction was placed in a
corked glass shell vial. These served
as the sample containers during anal-
ysis. After laboratory examination the
various samples were placed in clear
plastic boxes and stored in the sedi-
ment sample collections of the De-
partment of Geology, Florida State
University, in order of Gill sample
number. Powdered fractions of samples
are stored in glass vials in the refer-
ence collections and may also be ob-

tained from the Bureau of Commercial
Fisheries Biological Laboratory,
Brunswick, Georgia. All stored sam-
ples have been dried at 100 C. prior
to storage.

General notes on methods and
calculations

Unless otherwise specified, all solu-
tions have been prepared with distilled
water and chemicals of reagent grade.
The determinations of organic carbon,
nitrogen and carbonate were made on
total sample. Heavy mineral deter-
minations were made for each size
fraction and then combined to give the
value for the total sample.

Bioclastic components were ex-
amined under a binocular microscope
at intermediate magnification. The
dominant percent component was esti-
mated visually. In all instances the
dominance was great and none of the
samples was found to be a problem
in classification.

The precision of the carbon, car-
bonate, and heavy mineral analyses is

probably at least one order of magni-
tude greater than the precision of

sampling. The very small organic con-
tent and the small samples available
brought the nitrogen analysis proce-
dure very close to its limits of pre-
cision. For this reason, the organic
contents should be estimated from
the carbon values.

Calculations of the textural param-
eters were made using a programmed
IBM 650 and punch card data entry.
The other computations were made
using a desk calculator. Variability
and trend surface analysis has been
performed on the data and will appear
in a paper in preparation by Drs.
Gorsline and Goodell of the Florida
State University. Persons interested
in obtaining copies of these data should
write to Dr. H. G. Goodell at the
Department of Geology of the Florida
State University.
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Formulae

Carbonate percentages :

,CaC03= 0.1605 |^-

where V = volume of CQj evolved, in ml.

P = atmospheric pressure corrected for water

vapor pressure, in mm. Hg

T = temperature in ° K

W= sample weight in gms.

Nitrogen percentages:

ajuf^ - (milliequivalents HCl) (1.4)

sample weight

meq HCl = (ml. HCl) (N^ci) " (ml. NaOH) (N^.^q^)

Carbon percentages:

i^oC:
(Average blank value - Burette rdg.)(20)(0.138)

(ml. blank) (taken from standardization)

If all reagents are exactly made then the ml. blank will

equal 20 and the equation will be a simple corrected

burette reading multiplied by 0.138.

METHODS

Textural analysis '

Reagents :

1. Dispersing agent - 40 to 50 gms. of

Calgon are dissolved in 200 ml. of

water and then added to 5 gallons
of water and mixed. A 50-ml. ali-

quot is drawn off by pipette and
dried at 100° C. The weight of

dispersing agent per 50 ml. is

noted on the storage bottle.

Procedure : A 20- to 30-gm. sample
is washed with dispersing agent through
a screen of 0.062 mm. mesh and the
fine material is caught in a 1000-ml.
graduated cylinder. The portion coarser
than 0.062 mm. in diameter is dried.
The finer fraction is brought up to
1 liter with dispersing agent and agi-
tated. During agitation a 50-ml. aliquot
is drawn by pipette and dried and
weighed. If an appreciable amount of

fine-grained material is present, sub-
sequent aliquots are removed accord-
ing to a previously computed time
schedule from a fixed depth below the

* Following Krumbein and Pettijohn, 1938

suspension surface (see Krumbein and
Pettijohn, 1938, pp. 135-181). This
pipette analysis will yield the size dis-
tribution of the fine fraction. The
coarser particles are graded by seiving
them through a nested set of screens
with meshes ranging from 4 mm. to
0.062 mm. The intervals are taken
from Wentworth's classification of

grain sizes (1922). The sand grades
are carefully removed from each
screen, examined under a binocular
microscope to check for possible aggre-
gation, and weighed.

After both distributions have been
determined the results of the separate
analyses are combined to yield the
gross size gradation in the entire
sample.

The weight percentages are tabulated
and punched into IBM code cards. The
parameters of the size distributions are
then computed by an appropriate pro-
gram on the digital computer.

After weight percentages in each size
grade have been computed, the totals
for particles of less than 0.062 mm.
diameter, 0.062 to 2.000 mm. diameter,
and greater than 2.000 mm. diameter
are calculated. These are the silt-clay,
sand, and gravel percentages respec-
tively.

Carbonate content'

Reagents:

1. l.ON sulfuric acid - 56 ml. of con-
centrated sulfuric acid are added
to distilled water and brought up to
1 liter in a volumetric flask.

Procedure : Approximately 0.300 gm.
of dried powdered sample is placed in

the sample tube of a carbonate appa-
ratus. The system is brought to the
room pressure and then closed. About
4 to 5 ml. of the acid are introduced
into the closed system via the acid
holder tube and a slight vacuum is

placed on the system by lowering the
mercury manometer. After the initial

reaction has ceased, the sample tube
is heated gently until the reaction is

complete. After the system has been
cooled to room temperature, the pres-

' Following Bien. 1952
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sure inside the system is equalized by
manipulating the mercury reservoir
and the evolved volume of carbon
dioxide gas is read from the graduated
glass reservoir tube. A correction is

made for the water vapor pressure in-

cluded in the barometric pressure and
then connected pressure, room tem-
perature and evolved gas volume are
combined with the sample weight to

calculate the carbonate content.

Organic nitrogen^

Reagents

:

1. O.OIN hydrochloric acid - 0.86ml.
hydrochloric acid is added to about
950 ml. of distilled water in a
volumetric flask and standardized
against the dried sodium carbonate
solution. Water is added until the

normality of the acid is 0.01.

Z. O.OIN sodium hydroxide solution -

a concentrated carbonate -free
solution of sodium hydroxide is

prepared by dissolving an equal
weight of sodium hydroxide in

water and then placing the

stoppered mixture in a water bath
at 80° C. for 12 hours. One-half
ml. of the clear supernatant liquid

is then pipetted into about 900 ml.
of freshly boiled water. This is

standardized against the hydro-
cloric acid using methyl red indi-
cator. ,^

3. Sodium carbonate solution - 0.0250
gm. of sodium carbonate which has
been dried in an oven at 250 C.
for 2 hours is added to 50 ml. of

distilled water. This is boiled and
then titrated against the fresh
hydrochloric acid solution using
methyl orange indicator in order
to determine the normality of the

acid. Weighing of the carbonate
should be done as carefully and
accurately as is possible.

4. Methyl red - 0.15 gm. of methyl
red is treated with 40 ml. of sodium
hydroxide solution and then stored
in a glass stoppered bottle.

Procedure : Samples are powdered
and dried overnight at 105° C. After

.cooling, 0.200 gm. of the sample is

placed in a Kjeldahl flask together
with two Hengars granules and 3 ml.
of concentrated sulfuric acid. The mix-
ture is heated gently initially and then
over a strong flame for a total of 1

5

minutes. After cooling slightly, three
drops of 30 percent hydrogen peroxide
are added and heating resumed for
another 10 minutes. If the solutions
are not clear amber or pale green in

color, then three nnore drops of peroxide
are added and heating resumed. The
cooled sample solutions are then washed
into a steam distilling unit of the

Kjeldahl type and mixed with 15 ml. of

40 percent sodium hydroxide. The two
solutions are mixed and the resulting
ammonia distilled over to the acid trap
by steam drive. The evolved gas is

passed through a carefully measured
10-ml. volume of O.OIN hydrochloric
acid. Ten minutes of distilling are
usually sufficient. The acid solution

is then brought to boiling and back-
titrated with O.OIN sodium hydroxide
to a clear pale orange end point using
three drops of methyl red indicator.

Organic carbon''

Reagents:

1. Potassium dichromate solution -

19.61 grns. of potassium dichro-
mate (K2Cr207) are ground and
dried at 110°C. After cooling in a
desiccator, the reagent is dis-
solved in water and made up to 1

liter in a volumetric flask.

2. Ferrous ammonium sulfate solu-
tion - 78.6 gms. of ferrous ammo-
nium sulfate are dissolved in water
containing 20 ml. of sulfuric acid
and made up to 1 liter in a volu-
metric flask. This solution should
be standardized frequently as it

deteriorates in the presence of air.

3. Diphenylamine - 0.5 gm. of di-
phenylamine is dissolved in 100 ml.
of concentrated sulfuric acid. This
is then poured slowly into 20 ml.
of cold water.

Procedure : A large pyrex test tube
is cleaned and dried and 10 ml. of

FoUouiiis X'iederl and Niederl, 1947 * Following Allison, 1935
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potassium dichromate solution is

pipetted in. This is evaporated to dry-
ness overnight at 80° to 85° C. After
drying, 0.500 gnn. of dried powdered
sediment is added and 10 ml. of con-
centrated sulfuric acid is drawn into the
tube from a burette. The sample and
solution are heated to about 1 75° C. with
constant stirring over a Bunsenburner
in a period of 90 seconds. The mixture
is air cooled to 100° C. and then cooled
in running cold water. The contents of

the tube are poured into about 50 ml. of

distilled water and the tube rinsed until

the volume of liquid is about 1 50 ml. Five
gms. of sodium fluoride is added and the

mixture titrated against ferrous ammo-
nium sulfate using diphenylamine indi-

cator. Three drops of indicator are suf-
ficient. The end point is a slow but
distinct change from blue to green.

Blank determinations should be run
together with each group of three or
four samples.

Sediment type

Reagents : None required.

Procedure : Following the mechanical
analysis of the distribution of grain
sizes in a sediment sample, the per-
centages of grains of clay, salt, sand,
and gravel size are determined follow-
ing Wentworth's classes of size grades
(1922). A textural type name is then
determined using the graphical method
of locating the position of the individual
sample in a tetrahedron whose quoins
represent 100 percent clay, silt, sand
or gravel (fig. 3). Except in rare in-

stances, marine sediments are usually
composed of no more than three com-
ponents. For this reason, a simple
triangle diagram is sufficient for the
classification procedure. If a sediment
sample is composed of 5 percent silt,

65 percent sand and 30 percent gravel,
then the position of this combination
on the triangle shown in figure 3 would

100%

100% 100%

Figure 3.-- leirahedroii for determining textural types.
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fall within the limits of gravelly sand.

A sample containing less than 5 percent
silt and sand and 95 percent gravel
would be termed a gravel.

In addition to the textural term, ap-
propriate modifiers are added to indi-

cate composition. If a sample is com-
posed of 95 percent sand-sized
particles, and if these grains are prin-
cipally fragments of shells, then the

type name would be shell fragment
sand.

Heavy mineral contents

Reagents

:

1. Bromoform, density 2.9.

2. Ethyl alcohol.

Procedure : A dried sediment sample
of about 5 gms. weight is placed in a

central open-ended tube inside of a60-
ml. centrifuge tube. The sample is

stirred together with 40 ml. of heavy
liquid and then spun at 2000 r.p.m. for

5 minutes. The sample is stirred again
and the mixture spun for a second 5

minutes at 2000 r.p.m. After centri-

fuging, the inner tube containing the

light fraction is removed after

stoppering its upper end and then
drained into a paper filter. The heavy
liquid is caught and returned to use.
The filtered sedinnent is washed with
alcohol and the washings saved for

reclamation of the heavy liquid. After
the washing, the light minerals are
allowed to air dry. The outer tube con-
taining the heavy grains is poured into

a second paper filter and treated in

similar fashion. Both papers are folded
over and marked with the sample num-
ber. The weights of the light and heavy
mineral fractions are recorded and the

percentages of each calculated on the

basis of total sample weight.

GENERAL CHARACTER OF
BOTTOM MATERIALS

The pattern of the sediment textural
types is indicated on figure 4. It is

evident that the position of the Gulf
Stream has an important bearing on the

sediment character if one notes that

the boundary of the high carbonate

sediment (shown by the 50 percentile
contour) essentially lies along the

boundary of the north-flowing stream
and the inner mainly south-flowing
currents. The sedinnents seaward of

this approximate boundary are domi-
nantly composed of the tests of

Foraminifera. Inshore from this zone
the sediments are varying combinations
of quartz sands and shell fragment
sands. In general, the proportion of

shell fragments and of carbonate per-
centages increases from shore to the

shelf edge, and from north to south
along the inner shelf. Off Florida, the

shelf sediments are dominantly shell

fragment (shell hash) sands and gravels.

In a few of the stations closest to shore
a silty sand appears that probably rep-
resents the present sediment contribu-
tion from the land sources. The roughly
linear trend of gravelly sand patches
may indicate the approximate position of

old strand lines during lower sea levels

of the glacial ages. Finer sediments ap-
pear on the upper slopes and on the outer
portion of the Blake Plateau. However,
the coarsest bottom materials are pres-
ent along the inner margin of the Blake
Plateau and under the main portion of

the Gulf Stream. The finer sediments
present in this zone to the south may
represent finer materials lying behind
the gentle sill that fornns the terminus
of the Florida Straits. Beyond this low
barrier, the main current apparently
sweeps most fine nnaterial to the north.

Organic contents are very low over
much of the shelf and outer Blake
Plateau. This plus the large proportion
of mollusk fragments would appear to

be the result of slow rates of deposition
and long exposure at the surface. It is

probable that the major part of the shelf
sediment cover is relict or residual
from the pre -Recent. This same pattern
is evidenced on many shelf areas of the
world (see Emery, 1952, 1954, and
I960).

A striking feature of the Blake Plateau
is the presence of manganese nodules.
Bottom photographs in the files of the

Woods Hole Oceanographic Institute and
the Liamont Geological Observatory
show that much of the area of the Blake
Plateau is covered by cobble and pebble
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sized nodules. These are indicative of

slow rates of deposition in these areas.

Along the edge of the shelf, the

foraminiferal sands and silty sands
contain the mineral glauconite which
is an indicator of slow sedimentation
rates. These are also indicated by high
potassiunn values in the tabulated chem-
ical data.

Some of the shelf sediments are
iron-stained. Others contain some
small phosphorite grains. All indicating
that the present sediment surface is

either one of slow accumulation or is

an old pre -Recent sediment cover.

The association of foraminiferal
sands and the more normal shelf sedi-

ments is strikingly similar to patterns
along the shelf and slope of the South
and East China Sea, along which the

great Japanese Current flows. Niino
and Emery (1959) have illustrated pat-

terns from that area which are almost
identical with those of the area covered
by the Gill cruises.

The chennical data tabulated in this

report reflect the generally simple
composition of the sediments. Much of

the insoluble material is silica in the

form of detrital quartz. The carbonate
is predominantly in the form of shell

fragments and other organic debris.
Calcareous rock fragments of older
terrains are negligible or absent. Some
rock fragments are present in two or

three samples from the northern inner
shelf. Heavy mineral percentages are
usually less than 1 percent and rarely
as much as 2 percent.

The principal sources of the iron
and phosphorus is apparently the shell

debris. In the samples in which iron
staining and phosphorite are present
these values are markedly increased.
Potassium is low except where glau-
conite occurs. Alumina, strontium and
manganese are all present in very
small quantities in the organic debris
except in the samples containing man-
ganese nodules in which the manganese
percentages beconne very large por-
tions of the total sample composition.
In general, the strontium contents are

highest in areas of shell debris and
authigenic mineral concentrations, and
low in the foraminiferal sediments.
Magnesium is highest in the shell frag-
ment sands and low in the calcareous
foranniniferal sediments.

Modern sedimentation appears to be
active in the inner shelf and in the

slope areas but is absent or very slow
over the outer shelf, the inner Blake
Plateau and in the areas of authigenic
mineral formation at the shelf edge
and the central Blake Plateau.

STATION AND SAMPLE
LOCATIONS

The positions of the samples of

bottom sediments tabulated in this

report are shown in figures 5 through
7. When positions are identical for

several different samples, all are
shown in bold type immediately above
the station position. Sample data are
tabulated in order of station num-
ber in the data section of the

report.

The precision of station location is

not sufficient to place the individual
samples within an area smaller than a
3- to 5-mile circle; therefore, when
considerable variability is present in

sample textures it is not possible to

show these variations in their true
relationship. The variations are real

and are all larger than the margin
of error in the analytical procedure.
In those examples where the variabil-

ity is quite small, it will probably be
permissible to assign variability in

other parameters to seasonal changes.
At stations where textural variability

is large, seasonal variations will be
obscure and should be made with great
caution.

One additional caution with respect
to the interpretation of the tabulated
data is that patterns of sedimentological
characteristics should be described
in no greater detail than the mini-
mum sample spacing. It is not valid

to draw detailed or definite lines of
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demarcation for zones of less than 5 to

10 miles in any dimension.
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EXPLANATION OF TABLES

1. Station. Stations are numbered
consecutively, starting with one, at

the beginning of each cruise. The
station pattern and nunnbers as
shown in figure 1 were maintained
on each cruise. If a station or

series of stations was not occupied,
these station numbers are omitted.
Regular stations have numbers
only; standard and special stations
are specifically indicated.

2. Cruise . The first cruise over the

established station pattern (fig. 1)

was numbered 6' ;7/ 1, and subse-
quent cruises Gill 2 through Gill 9.

3. Sample number . This is the orig-
inal number placed on the plastic
bags at time sample was obtained.

4. Latitude and longitude . The posi-
tion of the station is given in de-
grees and minutes.

5. Depth (meters) . Is the observed
uncorrected sonic sounding for the
station, recorded in meters.

6. Date . Month, day and year are
given.

7. Sediment type . This is the textural
type as determined from the size
grade distribution and from the
triangle diagram of figure 3. Ab-
breviations are: CI = clay, Si -

silt, Sa = sand, Gr = gravel. As an
example, GrSa = gravelly sand,
SiSa = silty sand.

8. Loss on ignition . This is the per-
centage of dry sample that is

volatilized between the tempera-
tures of 1 10° C and 850° C. In sam-
ples containing a large percentage
of shell the major loss is carbon
dioxide from calcium carbonate.
Loss also derives from vegetable
material and inorganic hydroxides
and salts.

9. Insoluble residue . This is the per-
centage of dry sample that is in-
soluble in hydrochloric acid.

10. Aluminum oxide . This is the per-
centage of hydrochloric acid solu-
ble aluminum present on a dry
weight basis and reported as
aluminum oxide.
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11. Ferric oxide. Represents the per-
centage of hydrochloric acid-solu-
ble iron present on a dry weight
basis and reported as ferric oxide.

12. Manganous oxide . This is the per-
centage of hydrochloric acid- solu-
ble manganese present on a dry
weight basis and reported as man-
ganous oxide.

13. Magnesium oxide . This is the per-
centage of hydrochloric acid- solu-
ble magnesium present on a dry
weight basis and reported as mag-
nesium oxide.

14. Calcium oxide . This is the per-
centage of hydrochloric acid- solu-
ble calcium present on a dry weight
basis and reported as calcium
oxide

.

15. Potassium oxide. This is the per-
centage of hydrochloric acid-solu-
ble potassium present on a dry
weight basis and reported as po-
tassium oxide.

16. Phosphorus pentoxide. The major
portion of phosphorus in marine
sediments is believed to be from
apatite and the bodies and skeletons
of animals. This is the percentage
of phosphorus (soluble in hydro-
chloric acid) present on a dry
weight basis reported as phos-
phorus pentoxide.

17. Strontiunn. This is the percentage
of acid-soluble strontium present
on a dry weight basis.

18. Chlorides . These values are the

percentages of total soluble halides
present on a dry weight basis.

19. Organic nitrogen . These values are
in weight percent of total sample
and are an indication of the amount
of organic matter present in the

sediment. The nitrogen content in

these sediments is very much
lower than in most shelf sediments
and is close to the limits of accu-

racy of the Kjeldahl method. The
high carbon-nitrogen ratios may be
an indication of the relatively
greater age of some of the sedi-
ment.

20. Organic carbon. The organic car-
bon values are good indicators of

the organic content. Trask (1932)
has stated that an approximation
of the total organic content can be
calculated by multiplying the or-
ganic carbon by 1.8. These values
shown are in terms of weight per-
cent of total sample.

21. Calcium carbonate . This is ac-
tually total carbonate in weight
percent of total sample. Minor
amounts of magnesium and stron-
tium carbonate are always present
in organic carbonates. Variation in

carbonate content is probably great
because of the relatively small size
of the samples. A single shell may
fall into any representative split of

a small sample and affect the re-
sulting carbonate values by several
percent. The values are precise
for any one sample but variation is

high at any individual station.

22. Gravel . This is the weight percent
of total sample of particles having
diameters larger than 2 mm.

23. Sand . This is the weight percent
of total sample of particles having
diameters between 0.062 rnm. and
2.000 mm.

24. Silt . This is the weight percent of

total sample of particles having
diameters between 0.004 mm. and
0.062 mm.

25. Clay. This is the weight percent of

total sample of particles having
diameters less than 0.004 mm.

26. Median diameter. These are ac-
tually mean diameters as computed
by the IBM 650 digital computer.
The difference between the mean
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and median is quite small for most
of these well sorted sediments.
Medians can be calculated by plot-

ting the weight percentages of size
grades in cumulative curves if the

value is desired.

27. Sorting. The degree of sorting is

here indicated by the standard
deviation in phi units. These values
have been computed by IBM 650
digital computer programming.

28. First quartile. The quartile diam-
eter s are indicated for a group of

representative samples covering
the entire area, but not for all

samples. Persons interested in

quartiles for all samples may pick
these from cumulati\e curves de-
rived from the tabulated size data.

tribution in terms of weight percent
of total sample. These values may
be used to construct cumulative
curves of the size distribution of

each sample.

31. Heavy mineral . This figure is

actually a connposite of the weight
percentages of heavy minerals
in each of the three finest
sand sizes. The individual per-
centages indicate that all heavy
minerals are contained predomi-
nantly in the 0.062- to 0.125-mm.
range

.

32. Light mineral . This is the weight
percent of total sample nnade
up of materials with a density
of less than 2.9.

29. Third quartile . These values are
also shown only for a representa-
tive series as described above.

30. Sieve weight percent . The tabu-
lated data show the size grade dis-

33. Bioclastic. This symbol indi-
dominant bioclasticcates the

type. The symbols are: Fm :;; fo-
raminifera, Sh - shell fragments,
Co - coral fragments, Alg = algal
debris

.
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Table 1.—Chemical and physical properties of bottom sediments
by stations

Station 10 10 IQ iq
Cruise 2 1(- 5 6
Saii5)le No. 282 ll8i^ 509 Slk
latitude N. 28°l8' 28°20' 28°19' 28°20'
Longitude W. 80°10' 80°10' 80°12' 80°10'
Depth (meters) 35 38 31 38
Date (mo., day, yr.) l|-2l<-53 IO-13-53 2-1-514- ^--2^-^
Sediment 'Type gt Sa Sa 3a Sa

Loss on Ignition, ^ 38.35 39.35 36.09 38.16
Insoluble Residue, f, u_.2i 9.12 19.68 13.O9
AI2O3,

J 0.18 0.28 0.19 0.51
^^203^

* 1.^ 1.58 1.16 1.35
^0^

J 0.09 0.07 0.07 0.29
"8^'

J 1.63 1.98 1.92 I.7U
^^^'

J 14-7.58 21^.33 ^5.73 14-7.02

^^> f>. 0.25 0.21 0.20 0.18
^205^ 'P 10.81 k.lk 5.82 5.95
S^>

J 0.1+2 O.I46 0.1+4 0.67
^1'

*
. 0.61 0.1+7 0.63 0.50

Organic Nitrogen, f) 0.011
Organic Carbon, ^ o!325
CaC03, i> 35^3

Gravel,
<f> 18.23 l.hk 2.16 3.36'

lf^^> J 78.22 91.71 97.36 9^.1+1+

°^1*>
J 3.55 0.85 0.1+8 2.20

Clay, ^ Q^QQ Q^QQ 0.00 0.00
Median Diameter (ram} q^i^^ q^^^ q^33 o.l+O
Sorting (Trask)

^^55 1,29 1.17 1-^2
First Quartile (mm^

(mm)
0.93

Third Quartile (mm) 3?
Sieve Weight, ^ (mu)

+ 2000
18.23 l.kh 2.16 3.36

^ ^?^ 15.93 15.1^ 7.68 10.09
+ ^00 15,83 26.12 17.12 25.80

t ?^° 19. i+^ 37.05 33.81+ 36.13
"^ -4^ 18.69 11.13 33.30 16.57
+ 62
- 62

Heavy Mineral, ^

8.33 2.27 5.^2 5.85

3.55 0.85 0.1+8 2.20
O.OI+

Light Mineral, ^ 00*0^
BlOClaStlC, i gj^ g^ Q^ Q^
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Table 1. —Chemical emd physical properties of bottom sediments

by stations

Station
Cruise
Sample No.
Latitude N.

Longitude W.

Depth (meters)

Date (mo., day, yr.

Sediment Type

Loss on Ignition, ^
Insoluble Residue, $
AI2O3, I0

Fe203, ^
MnO, io

MgO, io

CaO, io

K20, i
P205, 10

Sr, io

CI, ^
Organic Nitrogen, ^
Organic Carbon, ^
CaC03, io

Gravel, ^
Sand, io

Silt, ^
Clay, ^
Median Diameter (ram)

Sorting (Trask)
First Quartile (mm)

Third Quartile (mm)

Sieve Weight, ^ (mu)

+ 2000
+ 1000
+ 500
+ 250
+ 125
+ 62
- 62

Heavy Mineral, ^
Light Mineral, ^
Bioclastic, ^

* not applicable-manganese nodules
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Table 1. —Chemical and physical properties of bottom sediments

by stations

Station 25 25 25 25
Cruise 1 2 U 5

Sample No. 253 208 150 528
Latitude N. 30°20' 30°20' 30°20« 30°20«

Longitude W. 80°35' 80*35' 80°35' 80°3^*

Depth (meters) 33 33 3I 33
Date (mo., day, yr.) 2-22-53 ^^-27 -53 10-15-53 2-5-5I+

Sediment Type Sa 3a Sa Sa

Loss on Ignition, ^ I8.89 23.1i-l 25.57 21.52
Insoluble Residue, ^ 55.14-8 1+6. 08 39-^9 ^9-97
AI2O3, ^ 0.17 0.09 0.15 0.12

Fe203, i 0.39 0.36 0.69 0.60

MnO, i> 0.6k 0.05 O.OI+ 0.05
MgO, ^ 0.83 0.95 0.82 0.88

CaO, i>
2I+.59 27.70 30.83 28.78

K2O, ^ 0.13 0.12 O.1I+ 0.114-

P2O5, i 5.11 3.22 I+.IO 5-8'+

sr, ^ 0.39 0.51 o.eh 0.61

CI, i> 0.3U 0.1+0 0.1+5 0.39
Organic Nitrogen, i>

0.012

Organic Carbon, ^ 0.121

CaC03, i>
k9.^

Gravel, ^ 0.1+5 2.3I ^+-06 O.5I

Sand, ^ 98.97 97.^6 95.73 99.39
Silt,

<f> 0.58 0.23 0.21 0.10

Clay, i 0.00 0.00 0.00 0.00

Median Diameter (mm) o.l+l O.5I 0.62 O.hh

Sorting (Trask) 0.86 O.9O O.98 0.82

First Quartile (mm) O.6I
Third Quartile (mm) 0.32
Sieve Weight, ^ (mu)

+ 2000 0.1+5 2.31 1+.06 0.51
+ 1000 3.27 9.50 17.91 7.56
+ 500 29.09 35.57 ^0.39 27.50
+ 250 5I+.65 U5.6I 32.03 53.59
-+ 125 10.95 6.36 1^.77 10.09
+ 62 1.01 0.1+2 0.63 0.65
- 62 0.58 0.23 0.21 0.10

Heavy Mineral, % O.5I
Light Mineral, ^ 99.1+9

Bioclastic, ^ Sh
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station
Cruise
Sample No.
Latitude N.
Longitude W.

Depth (meters)
Date (mo., day, yr.)
Sediment Type

Loss on Ignition, ^
Insoluble Residue, ^
AI2O3, ^
Fe203, io

MnO, i>

MgO, i>

CaO, io

K2O, I0

P2O5, io

Sr, io

CI, io

Organic Nitrogen, ^
Organic Carbon, ^
CaC03, i>

Gravel, ^
Sand, i>

Silt, ^
Clay, ^
Median Diameter (mm)
Sorting (Trask)
First Quartile ^mm^

Third Quartile (mm)

Sieve Weight, ^ (mu)

+ 2000



Table 1. —Chemical and physical properties of bottom sediments
by stations

Station 3I 31 31
Cruise 2 I*- 7
Sample No. 206 30 665
Latitude N. 31°00» 31°00« 31°00»
Longitude W. 79°59' 80°00' 80°00«
Depth (meters) 5I 5I1 55
Date (mo., day, yr.) 4-28-53 10-16-53 6-27 -5J+

Sediment O^e Sa Sa Sa

Loss on Ignition, ^ 6. 16 5.51 6.25
Insoluble Residue, ^ 87.56 88.1^3 86. O7
AI2O3. "P 0.08 0.09 0.11

0.32
0.00 0.10

0.51

Fe203, ^ 0.21 0.25
MnO, ^ 0.00 0.00
^^^

J 0.1+8 0.54 ..^^

S^°' J 6.13 5.93 6.87
^"' ^ 0.02 0.05 0.06
^20^, lo . 1.06 3.18 2.18
Sr, ^ 0.19 0.23 0.17
^^> ^

_, 0.15 O.i+3 0.50
Organic Nitrogen, % 0.002
Organic Carbon, ^ 065
CaC03, ^ 11^;

6

Gravel,
<f> 1^13 2.8O I.77

Sand,
J 58.1+1 96.74 98.23

^?-"-' J 0.1+6 0.1+6 0.00
Clay, ^ 0.00 0.00 0.00
Median Diameter (mm) o.l+2 0.1+6 0.M+
Sorting (Trask) o!89 l!oO o!78

0.58First q^artile ^ram^

Third Quartile (mm) 5' 32
Sieve Weight, 5^ (mu)

+ 2000
+ 1000

1.13 2.80 1.77
I+.96 6.99 4.61+

* 500 27.72 31.1+1+ 27.90
'^ ,1^ 54.1+9 45.77 56.39

: -^J 10.19 11.58 9.13
"^

?X 1-05 0.96 0.17

u ~ y.. . ni
0-^6 0.46 0.00

Heavy Mineral, % 28
Light Mineral, ^ qq'v?
BiOCl^StiC, ^ ^^;^

gj^ gj^
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station 32 32 32
Crvilse 12'+
Sample No. 2^k 205 18T
Latitude N. 31°li4-« 31*00' 31*00'
Longitude W. 80''32' 80'23» 80*23'
Depth (meters) 3Y 314. 36
Date (mo., day, yr.) 2-22-53 iv-28-53 IO-I7-53
Sediment O^ype Sa Sa 3a

Loss on Ignition, ^ 1.88 3.88 3.75
Insoluble Residue, ^ 96.25 9I.0I+ 91.OO
AI2O3, ^ 0.06 0.10 0.05
Fe203,

<f> 0.19 0.20 O.O9
MnO, i> 0.00 0.00 0.00
MgO^

^ 0.15 0.39 0.31
CaO,

J 1.79 2.1+3 3.81
K2O, ^ 0.00 0.08 0.02
^2^5^ 7> 0.00 0.00 1.14-5

Sr,
J 0.00 0.06 0.10

Cl^ ^
, 0.26 0.57 0.36

Organic Nitrogen, f, 0.OO3 O.OO6
Organic Carbon, ^ O.II7 0.133
CaC03, ^ 7.3 l^S.9

Gravel, ^ O.6I 0.26 5-23
^^^>

J 99.16 99.5^ 93.82
^^^^^

J 0.23 0.20 0.95
^^Lay, > 0.00 0.00 0.00
Median Diameter (mm;

C.i<-8 O.il-7 0.60
Sorting (Trask) o!93 o!77 l!28
First Quartlie (mm^ 0*72 1.15
Third Quartlle (mm) n%-5 0.^7
Sieve Weight, ?t (mu)

0.33 0.37

+ 2000
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station 35 35 35 35
CiTiise 12^5
Sample No. 257 35 '^Tl 535
Latitude N. 31°20' 31°21' 31°21' 31°20«
Longitude W. 80°52' 80°55' 80°52' 80°5^'
Depth (meters) 16 15 18 I6
Date (mo., day, yr.) 2-27-53 5-5-53 10-22-53 2-10-54
Sediment Type Sa Sa Sa Sa

Loss on Ignition, ^ 2.82 3.20 2. 8^4- 11.93
Insoluble Residue, ^ 92. 80 91.75 93.13 75.60
AI2O3, i 0.02 O.Oij- 0.03 0.04
Fe203, ^ 0.11 0.11 0.24 0.23
MnO, ^ 0.00 0.00 0.00 0.00
MgO, ^ 0.21 O.lU 0.20 0.38
CaO, i 2.38 3.59 3.67 4.45
K2O, i 0.02 0.03 0.03 0.04
P2O5;' ^ 0.78 1.16 1.45 5.78
Sr, ^ 0.04 0.09 0.10 0.09
CI, i> 0.37 0.30 0.35 0.37
Organic Nitrogen, ^ 0.044 O.OO3
Organic Carbon, f 0.219 0.123
CaC03, ^ 11.6 10.3

Gravel, ^ O.32 2.55 O.3O 7.6I
Sand,

^ 99.68 97.09 99.70 91.01
Silt,

'f> 0.00 0.36 0.00 1.38
Clay, ^ 0.00 0.00 0.00 0.00
Median Diameter (mm) 0.37 O.5I 0.35 0.49
Sorting (Trask) o.73 1.00 O.72 1.34
First Quartile (vcim) O.72 0.82
Third Quartile (ram) 0.34 O.3I
Sieve Weight, ^ (mu)

+ 2000 0.32 2.55 0.30 7.61
+ 1000 3^00 11.74 1.81 10.23
+ 500 1-^,88 33.06 17.68 28.63
+ 250 60.52 42.41 57.99 38.33
+ 125 IY.52 9.13 21.65 10.94
+ 62 Q^rj^ Q^^5 0.57 2.88
- 62 Q^QQ 0.36 0.00 1.38

Heavy Mineral, ^ 1^13 0.53
Light Mineral, f> 98.87 99.47
Bioclastic, ^ q-^ q^i Sh Sh

54
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Q2able 1.—Chemical and physical properties of bottqm sediments
fay stations

Station
Cruise
Sample No.
Latitude N.
Longitude W.

Depth (meters)
Date (mo., day, yr.)
Sediment [lype

Loss on Ignition, ^
Insoluble Residue, ^
AI2O3, ^
Fe203, ^
MnO, ^
MgO, ^
CaO, ^
K2O, ^
P2O5, ^
Sr, ^
CI, ^
Organic Nitrogen, ^
Organic Carbon, ^
CaC03, ^

Gravel, ^
Sand, ^
Silt, i»

Clay, ^
Median Diameter (mm)

Sorting (Trask)
First Quartile ^ram^

Third Quartile (ram)

Sieve Weight, ^ (mu)

+ 2000
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Table 1. --Chemical and physical properties of bottom sediments
by stations

Station
Cruise
Sample No.
Latitude N.
Longitude W.

Depth (meters)
Date (mo., day, yr.)
Sediment Type

Loss on Ignition, ^
Insoluble Residue, ^
AI2O3, i>

Fe203, i>

MnO, i>

MgO, ^
CaO, ^
K2O, ^
P2O5, ^
Sr, ^
Cl, ^
Organic Nitrogen, ^
Organic Carbon, ^
CaC03, ^

Gravel, <jo

Sand, ^
Silt, ^
Clay, ^
Median Diameter (mm)

Sorting (Trask)
First Quartile (ma.)

Third Quartile (ram)

Sieve Weight, ^ (mu)

+ 2000
+ 1000
+ 500
+ 250
+ 125
+ 62
- 62

Heavy Mineral, ^
Light Mineral, ^
Bioclastic, ^

1^3



Table 1. —Chemical and physical properties of bottom sediments
by stations

Station IfJj. ]^^. 1^4

Cruise 2 jj- 5
Saii5)le No. o 459 con
Latitude N. 32°26' 32°24' 32°26'
Longitude W. 79°50* 79°50' 79°50*
Depth (meters) I5 y? 2.3
Date (mo., day, yr.) 5-6-53 IO-25-53 2-ll4-5l4-
Sediment O^pe Sa Sa Sa

Loss on Ignition,
<f, ilj..93 1^.55 20.914-

Insoluble Residue, ^ 58.89 89.06 53.23
AI2O3,

J 0.10 1.16 O.II+
Fe203, f> 0.30 0.27 0.35
^°'

J 0.03 0.00 0.02
^^'

J 0.39 0.31 0.50
^^°^

J 15.61^ h.6^ 29.07
^°' *. 0.09 0.07 0.13
^205^ ^ 1^.25 1.70 6.01
^^>

J 0.27 0.08 0.26
^^^ ^ ^ 0.32 0.58 O.kS
Organic Nitrogen, f> 0.OO9 0.004
Organic Carbon, ^ 0.IO6 O.lJ+8
CaC03, ^ 33^Q g8^5

Gravel, ^ 8.98 0.00 9-35

^^J' J 90.72 97.^2 88.81^

1.81
0.00 0.00

riiv' J °-30 2.58

M^' ''^ ^ , X 0.00 0.00 V..VU
Median Diameter (mm) q^qO O.I7 0.1^9
1°'"''?'^

^!^tf^ ^ 1-lT 0.88 1.56First Quartile (mm) ^
' ^ r,r,

^

OMrd Quartile (mm) ^io n Ti
Sieve Weight, ^ (mu) "'^^ "'^^

8.98 0.00 9.35
36.38 0.58 17.09

. pen 29.72 1.13 23.20

;: T|c 15.30 8.1+7 21.58
. "^ 8.60 79.90 24. 31

0.72 7.34 2.66
0.30 2.58 1.81
0.21 1.19

+ 2000
+ 1000
+ 500

- 62
Heavy Mineral, ^

Sh Sh Sh
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by stations

Station



I&ble 1.—Chemical and physical properties of bottom sediments

by stations

Station h-J k-J hi
Cruise 2 1^ 5

Sangjle No. 13 »4-55 500
Latitude N. 32 °k)' 32°l4-0' 32°lW«

Longitude W. 79°00» 79°00' 79°00'

Depth (meters) 29 27 29
Date (mo., day, yr.) 5-6-53 10-26-53 2-I5-5U
Sediment Type Sa Sa Sa

Loss on Ignition, ^ 3.142 3.69 '<-.65

Insoluble Residue,
<f) 92.06 92.21 81+.9^

AI2O3,
'f> 0.09 0.15 0.07

Fe203,
<f> 0.70 0.51 0,35

MnO, ^ 0.00 0.00 0.03
Mgo, i 0.36 o.ui 0.37
CaO, ^ 3.31 3.33 6.02
K2O, ^ O.OI1- 0.05 0.05
P2O5, i> 0.52 0.68 1.1+5

Sr, f, 0.08 0.08 0.12
CI, ^ 0.1+1 0.50 0.1+3

Organic Nitrogen, ^ 0.001
Organic Carbon, ^ 0.015
CaC03, ^ 13.1

Gravel, <jl> 8.I5 O.3O 2.13
Sand, ^ 91.1+2 99-37 97-39
Silt, i> 0.1+3 0.33 0.1+8

Clay, i 0.00 0.00 0.00
Median Diameter (mm) 0.53 0.1+0 0.1+8

Sorting (Trask) I.I5 0.8I I.05
First Quartile (mm^ 0.73
Third Quartile (mm) O.3I
Sieve Weight, ^ (mu)

+ 2000 8.15 0.30 2.13
+ 1000 8.52 2.1+8 11.1+3

+ 500 31.1^6 27.76 31.55
+ 250 l^^.l^ 5I+.OI 39-75
+ 125 9.81 1I+.I+3 13.85
+ 62 1^23 0.69 0.81
- 62 0.1+3 0.33 0.1+8

Heavy Mineral, f) O.56
Light Mineral, ^ 99. M+
Bioclastic, ^ Sh Sh Sh

63



Table 1. —Chemical and physical properties of bottom sediments
by stations

Station hQ k8 kQ k9
Cruise 2 If 5 k
Sample No. l4 14.53 501 ^5^
Latitude N. 32°2il-' 32°25' ^2°26' 32°11'
Longitude W. 78°i4-3« 78°44» 78°l+-2* 78°26*
Depth (meters) 366 210 238 332
Date (mo., day, yr.) 5-6-53 10-26-53 2-I5-54 10-26-53
Sediment I^pe SI Sa SI Sa Sa

Loss on Ignition, ^ 33.45 28.23 29.72 h2.k9
Insoluble Residue, ^ 21^.91 31^.32 32.78 3.86
^203,

J 0.78 0.90 0.83 0.38
^^203^ ^ 2.25 3.19 3.56 1.87

T?' J 0-07 0.05 0.06 0.17

^' ! 1.39 1.30 1.20 1.75

J^°' I 39.71 33.92 36.20 50.68
52°' \ 0.55 0.58 0.57 0-33

t2°5' ^ 4.15 3.18 5.96 3.27
Sr, ^
CI, %

^ iliS
0.39 0.36 0.36 0.51

1.05 1.09 1.13
Organic Nitrogen, ^ 0.059 * 0.026

CaC03, ^ 5^^5^ 21.8

?''T^i
^ °-00 3. '4-2 0.72

l^^' I 59.23 77.60 99.28

^, ' J 40.77 18.98 0.00

m"^' \. . / n
0-00 0.00

Median Diameter (mm) o.046 0.126 0.52

%T^l^^^f\ ^
2.20 2.30 0.64

First Quartlle (mm)
f. ,n n <^

Third Quartlle \J) ^'^^ °-g
Sieve Weight, ?& (mu)

°-°^ °*^-^

+ 2000
+ 1000
+ 500
+ 250"

0.00 3.42 0.72
0.i4 5.97 4.19
1.65 6.36 45.92
7.62 12.89 47.85

. Z 26.83 31.92 1.03

^ 22.99 20.46 0.29
rr~^ Jr , V ^0.77 18.98 0.00Heavy Mineral, ^ n ^A n iq
Light Mineral, $ °-g °-g
Biociastic,

i> ^ ^2: o^*2f' '^ Fm Fm Sh Fm
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Table 1. —Chendcal and physical properties of bottom sediments
by stations

53

7
669

173

Si Gr Sa

26.27
33.82
1.16
7.03
0.1+9

1.80
29.18
l.U
I+.07

0.31
1.08
0.019
0.597
50.5

16.97
73.03
10.00
0.00
0.27
2.33
0.71
0.12

16.97
2.03
13.17
22.67
19.89
15.27
10.00
0.21+

99.76
Fm

Station
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Table 1. --Chemical and physical properties of 'bottom sediments
by stations

Station 55 55 55
Cruise 2 k ^

Sample No. 16 k9k k36
Latitude N. 33°17' 33°l8« 33°l8»
Longitude W. 78°38« 78°38' 78°38«
Depth (meters) l8 l8 l8
Date (mo., day, yr.) 5-8-53 IO-27-53 2-16-5^
Sediment Type Sa Sa Sa

Loss on Ignition, ^ I.27 l.k2 0.99
Insoluble Residue, ^ 96.65 97-20 98.37
AI2O3, i> 0.02 0.09 0.01
Fe203, ^ 0.23 0.15 0.35
MnO, ^ 0.00 0.00 0.00
MgO, ^ 0.11 O.2I1 0.19
CaO, i> 0.87 I.OI+ 0.60
K2O, ^ 0.01 0.02 0.00
P2O5* /^ 0.00 0.00 0.00
Sr, ^ 0.00 0.00 0.00
ci^ i> . 0.25 0.37 0.38
Organic Nitrogen,

'f> O.OO8 O.OO5
Organic Carbon, ^ 0.120 O.OU6
CaC03, ^ 5.6 Y.6

Gravel,
<f, ^M O.73 2.20

Sand,
J 96,2.3 98.87 97.70

Sil't^
J O.l+O 0.1^0 0.10

Clay^ ^ 0.00 0.00 0.00
Median Diameter (ram) 0.51 0.37 0.6^^
Sorting (Trask) 1*06 o!9l4- o!93
First Quartlle ^ram^ ' o!51 0.88
Third Quartlle (ram) 0*25 k3
Sieve Weight, ^ (mu)

+ 2000
3^1^.^ 0.73 2.20

+ 1000 3j_,28 5.18 22.73
+ 500 3-^,20 20.09 39.99
+ 250 -^j^^Qrj kQ.Q2 30.02
+ ^5 11.83 23.65 ^.^1
^ g 0.95 1.13 0.55
" ^

. 0.1+0 O.lK) 0.10
Heavy Mineral, f» O.lli- 0.13
Light Mineral, ^ 99.66 99! 87
Bloclastlc, ^ gjj QYi Sh
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Table 1.—Chemical and physical properties of bottom sediments
by stations
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Table 1, —Chemical and physical properties of bottom sediments
by stations

61
1^

k&j
32053,

1J.-8-53

Gr 8a

31.55
25.90
0.16

11.05
0.09
1.36
37.58
1.60

3.95
0.30
1.26
0.020
0.25^

91.2

23.02
76.83
0.15
0.00
0.91
1.19
1.85
O.W

23.02
21. 9i^

21^.53

29. 61+

0.58
0.11+

0.15
0.003

99.997
Co Fm

Station



Table 1. —Chemical and physical properties of bottom sediments
by stations

Station 62 62 63 63
Cruise k Q 1^ 8
San5)le No. l^^g 533 1^35 684
Latitude N. 32°i4^0' 32°i+0' 33°li<-' 33°li<-'
Longitude W. 76°U6' 76^i^6« 76°22» 76^25'
Depth (meters) y^l 326 750 -JOk
Date (mo., day, yr.) ia-8-53 9-27-54 11-8-53 9-28-54
Sediment I^e q^ g^ Si g^ g^

Loss on I^ition, ^ 35.86 35.88 33-91 35-94
Insoluble Residue,

<f, 18.67 19-05 24.14 18.IO
5^203^

J 1.43 1.20 0.87 1.15

f^X^i ^ 1-T9 2.48 2.80 3-33
^' I 0.07 0.30 0.05 0.38
^' I 1.04 1.38 1-26 1.31

i^' J ^1-07 43.33 ^0.03 44.18

(ram^

(mm)

- 62
Heavy Mineral, ^
Light Mineral, 56

Bioclastic, %

^2°' \ 0.48 0.47 0.47

^f54> 5.34 3-61 5.69 3-71

r^' I 0.30 0.39 0.26 0.35

n 4 «4^ ^ 1.60 1.52 1.59 1.32
Organic Nitrogen, ^ Q^^Qg O.OgO
Organic Carbon, ^ ^ ^^q l^OQg
CaC03, ^

sorting (Trask)
^ sS 249First Quartile (mm)
^.SO 2.49

0.02 0.03

0.00

l^l' I 49.15 53.88 96.29

Clay' J ^2.95 ^6.02 3-71

iaIZL -HA + / \ 7-90 0.00 0.00Median Diameter (mm) ' ^^ ^ ^. ^
SnT'+ir,o- ('tvo=i,'> 0.061 0.047 0.26

1.32

Third Quartile
Sieve Weight, ?& (mu)

+ 2000
+ 1000
+ 500
+ 250
+ 125
+62 9.52 17.50 26.64

0.00 0.00 0.00
4.01 0.39 1.35

19.48 4.84 15.64
16.14 17.70 44.16

15.57 13.45 8.50
50.85 46.12 3.71
0.02

99.98
Fm Fm Fm Fm
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by stations
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Table 1. --Chemical and physical properties of bottom sediments
by stations

Station S6 66 66
Cruise 2 Ii- 5
Sample No. 21 14-82 'kh2
Latitude N. 33°5T' 33°57' 33°57'
Longitude W. 77°13' 77'^12' 77^13'
Depth (meters) 28 32 27
Date (mo., day, yr.) 5-9-53 11-9-53 2-20-5i+
Sedijnent I^pe Sa sa Sa

Loss on Ignition, $ 10.09 9-11 IU.6I
Insoluble Residue, ^ 75.^3 ^9.0? 66.01
AI2O3, I0 0.08 0.13 0.16

62

0.50
0.00 0.02

Fe203, io 0.1+2 0.50
^°^

J 0.02 0.00 s..^^
^^>

l 0.60 0.61+ 0.81
^^°'

J 17.39 10.25 21.18
^°' * 0.07 0.08 0.09
^2^5' ^ 6.20 3.16 6.53
Sr, 'p

0.32 0.20 0.36
^/-> ^

. 0.35 0.1+6 0.1+3
Organic Nitrogen, ^ 0.OO3 Tr O.OI7
Organic Carbon, ^ 0.O98 Tr 0.069
^^°3' *

23.1 15.1 3^.6

?T^i ^ 6-36 0-^7 8.53

s^J; ^
93.37 99.53 91.16

Clay, io

I \ X.XJ. '-'. (J i.ilHJ

™/ 0.87 0.82
(.mm; ^ -,-, ^ -,,

0.27 0.00 0.31

„ ,. ^, ^ , X 0.00 0.00 0.00
Median Diameter (mm) p. <-), f.

^r, ^ ro
sorting (^as.) °:i

°:3T 0;|0
First Quartile '—

^

'

Third Quartile
Sieve Weight, ^ (mu)

+ 2000
+ 1000
+ 500
+ 250

\ "^ 9.78 18.00 ll+.OO

0.33 0.31

6.36 0.1+7 8.53
Il+.IO 3-01+ 10.70
25.26 19.00 22.07
i+3.i+5 59.23 J+3.31

0.78 0.26 1.08

Heavy Mineral, ^ %'% I'f. I'f.Light Mineral, ^
°*53 0-26 O.36

BiSlastic, 1:
^ 99.i^7 99.7^^ 99.61+

Sh Sh Sh
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station G\ 6? 6? 68 68

Cruise 2^525
Sample No. 23 l+8l l<-38 '2^ ^1
Latitude N. 3l+°ll« 3i+°ll' 3^°11' ^^""^V 3»+°22»

Longitude W. 77°30' 77°30' 77°29' 7T°10' 7T°09'
Depth (meters) 16 20 l8 20 22

Date (mo., day, yr.) 5-9-53 11-9-53 2-17-5*+ 5-9-53 2-20-5^

Sediment Type Gr Sa Sa Gr Sa Or Sa Sa

Loss on Ignition, ^ 10.11 9.37 10.1? 7-92 ^-50

Insoluble Residue, ^ 72.57 78.85 68.12 78.57 85.69

AI2O3, i 0.09 0.11 0.13 0.12 0.09

Fe203, ^ 0.38 0.14-9 0.70 0.3*+ 0.23

MnO, ^ 0.02 0.01 0.00 0.00 0.00

MgO, ^ 0.72 0.57 0.65 0.14-0 0.31

CaO, i> 11.31 11.^2 12.53 6.87 5.95
K2O, ^ 0.12 0.08 0.08 0.08 0.05

P2O5, i> 5.25 3A2 5.26 1.1+7 5.61
Sr, ^ 0.26 O.II+ 0.18 O.ll^ 0.22

CI, '^ 0.1+6 0.1+8 0.51 0.33 0.1+2

Organic Nitrogen, ^ 0.002 0.013 O.OOI+

Organic Carbon, ^ 0.020 0.153 O.O8O

CaC03, ^ 36.0 26.7 9A

Gravel, ^ I3.67 2.55 13-50 19-31 0.00

Sand, ^ 79.I19 96.29 85-13 80.35 99-91

Silt, ^ 6.81+ 1.16 1.37 °-3^ 0-09

Clay, ^ 0.00 0.00 0.00 0.00 0.00

Median Diameter (ram) 0.25 0.32 O.38 0.68 0.31

Sorting (Trask) 2^00 1.13 1-53 1*38 °-^5
First Quartile (mm) 0.1+5 ^-50 O.i+0

Third Quartile (ram) 0.21 0.35 0.21^-

Sieve Weight, ^ (rau)

+ 2000 13.67 2.55 13.50 19-31 0.00

+ 1000 2 10 3 77 3.17 II+.38 0.68

500 l,;91 13A6 12.36 23.06 9-98

250 18,83 1+3-78 31.i+7 30.71 61.86

+ 125 l,l,.l,2 32.38 35.li+ 11-19 26.37

+ 62 Q.23 2.90 2.99 1-01 1.02

- 62 6.81+ 1.16 1.37 0-3^ 0-09
Heavy Mineral, ^ 29 O.6I 0.29
Light Mineral, ^ 99 [^1 99-39 99-71
Bioclastic, ^ gj^ 3I1 g^ Sh Sh

+
+
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station
Y2. 71 71 72

Cruise 2 5 y 7
Sample No. 2 600 676 677
Latitude N. S^^Olf' 3l4-°03» 3k°0k^ 33°50»
Longitude W. 76°15' 76°15» 76°l4' 75°59'
Depth (meters) 118 11^5 ^35 ggy
Date (mo., day, yr.) 5-10-53 2-22-54 7-10-54 7-10-54
Sedlinent I^e

Sa Si Sa

Loss on Ignition, ^ 28.O3 33.29 31.02 33.01
Insoluble Residue, ^ 35.93 2O.38 30.36 24.36
^203, J 0.06 0.20 0.12 0.86
^^203^ ^ 1.60 i.n 1.00 2.90

SS' I
^'^^ °-°^ 0.30 0.37^' J 2.57 2.55 1.96 1.10

2.f' i 35.86 44.52 37.^4 40.74
g°' \ 0.14 0.19 0.19 0.53

If^i ^ 5.34 5.56 3.88 4.32
Sr, ^
CI, ^
Organic Nitrogen, ^

Sieve Weight, ^ (rau)

+ 2000
+ 1000

0.43 0.47 0.35 0.38
0.30 0.47 0.45 1.41

0.011 0.077
organic Ca..on, ^ ^;- -

|^
^^°3' ^ vn q 66-R70.5 66.8

0.00TZ"\ ^ 6.21

S^t'i 93.69 64.87
0.10 31.23
0.00 3.90

Clay, <fc

Median Diameter (mm) ^'^^l ^'^^
Sorting (Trask) °-5^ ^-^f
Flrst Quartile (mm) ;!;'^i;

Third Quartile (mm) J^*,J
0.20

0.33 0.05

6.21 0.00

+ 500 15.05 0.10

I 1^ 26.16 5.04

+ T^,- 40.29 16.14

+ 6^ 11-75 23.26

_ g 0.44 20.33

Heavy Mineral, ^ O'lO 35.13

Light Mineral, ^ °-13 O.O9

BlSlastlc, < 99.87 99.91
' '^ Sh Fm
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Table 1. —Chemical and physical properties of hottom sediments
by stations

Station
Cruise
Sample No.
Latitude N.
Longitude W.

Depth (meters)

Date (mo., day, yr.)
Sediment Type

Loss on Ignition, ^
Insoluble Residue, ^
AI2O3, ^
Fe203, 'jo

MnO, ^
MgO, I0

CaO, ^
K2O, i
P2O5, i
Sr, ^
CI, ^
Organic Nitrogen, ^
Organic Carbon, ^
CaC03, io

Gravel, ^
Sand, ^
Silt, ^
Clay, ^
Median Diameter (mm)

Sorting (Trask)
First Quartile (mm^

Third Quartile (mm)

Sieve Weight, ^ (mu)

+ 2000
+ 1000
+ 500
+ 250
+ 125
+ 62
- 62

Heavy Mineral, $
Light Mineral, ^
Bioclastic, ^

75
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Table 1. —Chemical and physical properties of bottom sediments
by stations

Station 77 77 77
Crvilse 2 k ^

Sample No. 155 ^8 603

Latitude N. 35°01' 35°02« 35°01«

Longitude W. 75°^5' T5°^6' 75^^'
Depth (meters) 21 23 2k
Date (mo., day, yr.) 5-11-53 11-13-53 2-23-5^
Sediment Gl^pe Sa

Loss on Ignition, ^ I.85 I.98 2.27
Insoluble Residue, ^ 96.21 95.83 9^-9^
AI2O3, i>

0.ll4- 0.19 0.17
Fe203, io 0.38 0.1^0 0.53
MnO, ^ 0.01 0.00 0.00
MgO, ^ 0.26 0.37 0.31
CaO, i 1.39 1.V+ 3.60
K2O, ^ 0.04 0.10 0.01+

P2O5, i> 0.21 0,10 0.64
Sr, ^ 0.01 0.07 0.05
CI, i> o.kk 0.50 0.50
Organic Nitrogen, ^ 0.010
Organic Carbon, ^ O.O97
CaC03, ^ 11.0

Gravel,
<f> O.I5

Sand, i 99.52
Silt, ^ 0.33
Clay, ^ 0.00
Median Diameter (mm) O.19
Sorting (Trask) 0.62
First Quartile (ram^ 0.23
Third Quartile (ram) O.I6
Sieve Weight, ^ (mu)

+ 2000
+ 1000

0,15
0.56

+ 500 1.28
+ 250 13.33
+ 125 77.43
+ 62 5.92
- 62 0.33

Heavy Mineral, f) O.38
Light Mineral, ^ 99.62
Bioclastic, ^ gh
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