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Summary
Instrumentation for rapid, high precision size analysis of silt and
sand size particles has been acquired and/or developed by the marine
geology group of the School of Oceanography of Oregon State University,
A Cahn automatic electrobalance with particle sedimentation accessories
is used for size analysis of the silt fraction of pelagic sediment; a large
diameter settling tube developed at Oregon State University is used for
1 analysis of the sand size fraction. The data generated with these systems
are recorded by a strip chart recorder as well as by a high speed paper
tape punch. Computer programs to deal with large volumes of data and
to calculate various size parameters for each sample have been developed
| for this instrumentation and are documented in this report. Instrumenta-
tion has also been developed to permit specific size fractions to be separ-
ated from the bulk sediment to allow compositional studies of the different
size modes. All documentation necessary to understand this instrumenta-

tion system is presented in this report, and thus is available to all students

interested in textural classifications of pelagic sediments.
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1. Introduction

Size analysis of silt and sand size particles is a controversial
problem which has occupied researchers for many years (for an excellent
review of most methods, see Mllller, 1967). Since the component sizes
of many marine sediments range over a fairly wide spectrum of size classes,
different institutions have used different methods to study their granulometry.
Most frequently, size distributions of the material > 0. 063 mm have been
determined using sieving methods while size distributions of the fine grained
material have been investigated by measuring the rate of accumulation of
particles settling through a fluid medium. It is disadvantageous that two
different methods applied in separate steps have to be combined to obtain
a size distribution of the total sediment. Since both methods measure
different variables (settling velocity for the fine grained components, median
axis of the coarse components) these size distributions are not compatible
in many instances.

Size distributions of oceanic sediment samples are routinely
determined as part of the research programs carried out by the various mem-
bers of the marine geology group of the OSU School of Oceanography. To
avoid the above disadvantage, a system of settling tubes for size determina-
tions of pelagic sediments has been developed. It consists of a Cahn auto-
matic electrobalance with particle sedimentation accessories (Cahn Instru-
ments, Paramount, California) for determination of the size distributions
of silt sized material and a large diameter settling tube which has been de-
veloped by Mr. Milo Clauson at Oregon State University for the analysis
of the sand size fractions of sediments,

Both systems measure the settling velocities of particles. If
desired, the range of measurement for the large diameter settling tube can
be extended down to 40um while the silt analysis system can analyze particles
< 63um in diameter., Thus, the total system permits the overlap of coarse and
fine distributions, which allows proper matching of the individual grain size
curves.

Various procedures and attachments to the settling tubes, as
discussed in this report, allow the separation and subsampling of size classes
for compositional studies of various size fractions. The generation of large vol-
umes of data have forced us to develop computer programs to handle these data,
to calculate various size parameters as outlined below, and to plot size distri-
butions. The development of this instrumentation package and the accompanying
procedures is now largely complete. We have collected all pertinent informa-
tion about these instruments, all instructions on how to use the instrumentation,




details of the computer programs developed for data reduction, as well

as ideas on how to avoid mistakes when applying these methods, We feel
that this instrument package is going to be widely used within this group

as well as at other institutions, and therefore we want to share our successes
and failures with future students of textural properties of pelagic sediments.
This report is not consistent thr oughout in the detail used in describing and
discussing the various components of the whole package because descriptions
of some instruments have been detailed elsewhere. The Cahn balance is
delivered with a comprehensive manual describing many of its essential
features which need not be repeated here (Cahn Instrument Company, 1975).
The large settling tube has been developed in-house, therefore, it requires
more complete documentation. The development is the most recent stage

in the evolution of a system that began in 1958 with the design and construction
at Scripps Institution of Oceanography of a settling tube to measure auto-
matically the size distribution of particles coarser than 0. 06 mm (by T.H.
van Andel and J. D. Snodgrass). In 1966, van Andel and R.M. Beer, with
ONR support, added a fine fraction component based on the Cahn sedimenta-
tion balance. The system was transferred to Oregon State University in
1968 and used, with minor modifications, for various investigations including
the ONR-supported study of Panama Basin deep-sea sedimentation. The
current instrumentation is different from the previous ones because it is
more refined and has a higher resolution than before, it is completely auto-
mated and it has the added capability of subsampling the size fractions.

The responsibilities for producing this manual have been distributed
among the following colleagues of J. Thiede who is at present one of the
Principal Investigators under the contract from ONR to the School of Ocean-
ography of Oregon State University: Mr. S.A. Swift (size analysis of silt
sized material, section 6.1), Mr. M. Clauson (instrumentation for size
analysis and separation of size classes of coarse sediment component,
section 7.1), and Mr. T. Chriss (data reduction and presentation for the large
settling diameter tube, section 7.2).




2. Analysis of fine grained (mainly silt sized) sediment compoaents
of oceanic sediments

2.1, Size analysis of silt sized components through settling

The settling velocity of particles is a function of size, shape, fluid
viscosity, and the density difference between the particle and the fluid. The
principle of sedimentation analysis is that particles with higher settling
velocities will settle through a given length of column faster than those
with slower velocities. Sand and coarse silt particles are commonly intro-
duced at the top of a column, separate according to their relative settlinug
velocities, and produce an analog record of cumulative weight versus time
on a sensing and recording system. (See elsewhere in this report). Fine
silts and clays are introduced as a homogeneous suspension, particles
settle out according to their settling velocity and their original height in
the column, and a record of the accumulated weight vs. time is produced.

The results of sedimentation analysis are directly related to the settling
velocity distribution of particles in the sample . The results may be interpreted
also in terms of the sizes of spherical particles, of uniform density, which
would settle at some theoretically or empirically determined velocity in
distilled water at a standard temperature. Sedimentation diameter, here,
refers to the diameter of ttke quartz sphere with the same settling velocity
as the sample particle from nature. Size units used may be length units
or the dimensionless phi unit, where Phi= -logz(diameter(mm))

1. Omm
The major drawbacks to the technique is that it is not direct and that absolute
particle dimensions are very rarely obtainable. For certain purposes other
techniques which yield dimensional or volume results are preferable, but
sedimentation is generally the more efficient method for large numbers of
disaggregated sediment samples (see Poole (1957) and Swift et al. (1972) for
reviews of methodology for coarse and fine material, respectively ).

Characterization of the grain size distribution of a sample would, ideally,
give the distribution of sizes of the original particles either just before, just
at, or sometime after deposition. Such ananalysis would provide information
about the original material, about the depositional process, or about the
extent of post-depositional changes. It would also serve to characterize
the sediment for lateral correlation and for studies of changes in stratigraphy.
Unfortunately, much of the information in marine deposits is probably lost
due to post-depositional processes (bioturbation, chemical and physical
diagenesis, and winnowing or total erosion by bottom currents), to alteration
during sampling and analysis, and to random varibility inherent in the depo-
sitional regime. This loss of information and the limitationsof the settling
tube system with respect to reproducibility and accuracy should be conr idered
in any interpretations of size data determined by this system,
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There are essentially three conceptual steps in automated sedimen-
tation analysis which in practice may overlap: 1) pre-treatment of sample,
2) introduction of sample into settling column, separation by settling, re-
cording of analog output, and 3) analysis of output and interpretation. De-
tails of the hardware involved for analysis of fine silt to clay material are
fully described in Oser (1972a, 1972b), Dauphin (1972), and Cahn Instrument
Co. (1975). Procedural steps are described here because they may vary
with the investigator, because they have not been published elsewhere, and
because they are more closely related to the theory, limitations, and goals
of the technique.

2.1 1 Procedures for sample preparation
2.1.1. 1. General procedures

Ideally, pre-treatment should return the sample to its original size
distribution. Because the results of sedimentation analysis are interpreted
in terms of a hydraulic parameter, original size distribution in this case
refers to the distribution of all the material which fell below the critical
shear stress at the surface of the bed or was trapped during the interval
of time represented by the sample. Very often this size distribution is no
longer obtainable, especially with silts and clays deposited in aqueous en-
vironments, Syn- and post-depositional processes are active in most depo-
sitional environments other than restricted basins, which break down, build
up, or otherwise alter the particles individually or en masse. Sampling
and handling may further alter unconsolidated or water-indurated material.
Thus, the degree to which the measured size distribution approaches the
original pre-depositional distribution, which reflects the continued influ-
ences of source material, transport processes, and hydraulic conditions
at the time of deposition, is uncertain, For some materials and some
purposes this uncertainty is less than others. This is the case for workers
who may be interested only in the sand-sized carbonate fraction or the silt-
sized quartz fraction of a deep-sea mud, Pre-treatment then consists of
treatments intended to remove air and free material from cavities, to re-
move post-depositional cement, and to otherwise return the particles to
their pre-depositional hydraulic equivalents.

When some doubt arises as to the extent of alteration of material, pre-
treatment procedures should be developed to reduce the effects of post-depo-
sitional processes as muchas possible and to insure that valuable informa-
tion in the size fractions significant to the study remains unchanged. The
object of such procedures is to reduce the sample to hydraulically distinct
components without altering those components in any way. A hydraulic or
environmental interpretation can not be applied to the results of these an-
alyses. The analysis serves to further define compositional features of the
sediment and should only be used to these ends. These philosophical ideas

4




should serve as guidelines in designing a proper pre-treatment program
for one's samples. :

Pre-treatment may consist of one or more of the following: dispersal
of the fine-grained material; removal of post-depositional products; isolation
of a grain-size fraction or a compositional fraction to be studied; and deter-
mination of the weight proportion of the analyzed fraction with respect to
the sample as a whole.

Dispersal serves to disaggregate floccules. Techniques of sample
dispersal are: rinsing with distilled water to remove soluble salts; tumbling
sample in water; working sample through a fine-mesh sieve; removal of
organic binders; immersion in an ultrasonic bath; and rinsing with peptizing
agents (see Royse (1970) pp. 25-27).

Post-depositional products such as carbonate, silica, iron oxides,
and hydrocarbons may form by chemical alteration, diagenesis, or substi-
tution. To the extent that treatment does not alter the size of compositional
components of the sample important to the study, removal may be accom-
plished by various chemical means (Royse (1970) p. 9).

If a particular size fraction is to be studied, separation by repeated
shaking, settling through a measured height of water, and siphoning at
time intervals indicated by theoretical relations (see section 6.1.1.2 below)
are preferable to sieving. Whereas the settling method removes material
according to its least cross-sectional area., Size boundaries derived by
sieving may include or exclude material with higher or lower settling velo-
cities than that desired, producing a poor separation or a misleading size
distribution.

Particular compositional fractions, such as all the non-carbonate,
all the silica-free, or only the inorganic material, are commonly studied.
Removal methods include HF treatment for silica, HC] for carbonate, and
HZO or sodium hypochlorite (Anderson, 1963) for organics. Care must
be ta?'ken with the H O2 treatment to insure that the reaction is not so violent
as to break the sheﬁs of fragile marine microfossils. Also, solutions of
H_O. and distilled water should be buffered to near neutrality to prevent
dissolution of carbonate tests.

Measurement of the proportion of sediment which is to be analyzed is
done by drying and weighing the total sample and reweighing after material
has been removed, or by drying and weighing before and after each pre-
treatment step. The size distribution of fine silts and clays may be differ-
entially altered by the drying process. If there is suspicion that this is
occuring, an alternate procedure can be used. The sample suspension i3
diluted to a known volume, a small aliquot of known volume is removed y
pipette, the aliquot is dried, weighed, and a value for the total mass of the
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sample galculated. The remainder of the sample may then be used in the
sedimentation analysis. During this procedure, large errors may be intro-

duced.

2.1.1.2. Sample preparation for grain size analysis on the Cahn balance

Disperse sample.

1. Remove 3-5 gm. of sediment and place in an 8 oz. jar.
Fill one half full with filtered distilled water (FDW) and
add approximately one milliter of 0, 033M Calgon solution.

3. Gently break up large cohesive lumps with a spatula.

4. Allow to stand 1-3 days, swirling occasionally.

Remove organic matter.

1. Transfer sample to quart screwtop jars washing well with
distilled water.
2. Move samples into a well ventilated lab hood.
3. Add a small amount (25 ml) of basic HZOZ and note the degree
of bubbling.
**%Be careful not to lose small particles when large bubbles burst,
4, Add up to 200 ml of basic HZOZ if the evolution of CO2 is non-
violent.
5. Leave 1-3 days in hood with loose lids or with watch glass
covers, Stir occasionally by swirling the jar gently.
##%Hot plates and stirring rods are not necessary and only increase the chance
of selectively loosing fine material.
6. If left for more than one day make periodic checks on the pH of the

solution with pH paper. Solution should be basic. Add more basic
H_O, if acidic.

7. Test for complete oxidization of organics by addition of more
basic H,O,., Repeat 3 through 6 if CO,_ evolution occurs,
8. When oxidization is complete (or if sediment has been oxidized

for 3 days) rinse the sample 3 times by repeated candle filter-
ings and refillings with FDW. (Usually only 1l day is necessary
with 7' long candle filters, ) '
%x%%Be careful not to let filters dry out and not to lose significant amounts of
fine sediment due to adhesion on candle filters.

Sieve at 63u.

1. With liquid reduced by candle filtering in step 8, wash sediment
through a 63y sieve into a 1500 ml beaker.

2. Break up any remaining clay aggregates by gentle working
with a camel hair brush and a gentle FDW spray from a squeeze
bottle.

3. Backwash the > 63u fraction into a 250 ml beaker using FDW.

©




Allow > 63 fraction to settle out (5-10 min. ). Decant off
supernatant and transfer solids to a dry, weighed Teflon dish.
Dry the >63% material in a 60°C oven overnight (1-2 days),
cool in a dessicator the next day, weigh, and record weight
>63u. Transfer the dry sample to a labled vial.
Wash the < 63 fraction from 1500 ml beaker back into its
quart jar with FDW. (If quart jar is too small store excess
in an 8 oz. jar and candle filter both volumes until the quart
jar is sufficient,
The whole sieving procedure should take about 3 hrs. for 10
samples.

Decant at 4u (84).

1.

2.

Label all jars with a vertical strip of tape marked off in over-
lapping 8 cm, intervals.

Fill jars up to one of the upper marks with FDW. Add one milli-
liter of 0.033M Calgon., Shake or swirl to produce a homogeneous
suspension.

At the appropriate time (as calculated from the Stokes' equation)
decant off 8 cm. of liquid into a clean quart jar and rinse the hose
briefly by sucking FDW through.

Wash < 4y fraction into clean labeled gallon jugs.

Repeat until a clear supernatant is obtained. Use no less than

4 decantings; 7 is usually sufficient, Total time for separation
will depend on the number of decantings, on settling time, and

on the dedication of the worker. Record the number of decanta-
tions.

Add 50-100 ml of 0.5 M MgCl, solution to gallon

jugs containing the < 4 fraction. Let stand overnight.

Siphon down until the volume of liquid is small enough to be washed
with sediment into an 8 oz. jar.

Allow < 4y fraction to settle overnight.

Siphon off supernatant and transfer to a weighed, dry "Teflon
evaporating dish. Dry at 60°C (may take 2 days), cool in
dessicator, weigh and record weight <4, Transfer dry sediment
to a labeled vial.

Estimate weight of the 4-63p fraction.

Wash 4-63u fraction into a 500 ml Erlenmeyer flask and dilute
to 250 ml.

Swirl to produce a homogeneous suspension.

Pipette out 50 ml of suspension into a dry, weighed Teflon
evaporating dish,

Dry at 60°C overnight, cool in dessicator, weigh, and cal .ulate
weight of 4-63u fraction (multiply by 5). Transfer sample frcm




evaporating dish into a labeled vial.
5. Store remaining 4-63p fraction in an 8 oz. jar and add 1 ml
of 0.003M Calgon solution until ready to be run Cahn.

Warnings and Notes.

1. Do not store samples in water any longer than necessary.
The longer that samples are exposed to carbonate dissolving
water (either tap or FDW ) the greater the possibility that

| significant size alteration of the sample will occur.

| 2. Do not crush, grind, or ultrasonic sediment samples. Some
abrasion causing physical deterioration of the sample will
occur during the normal lab routines given above (eg. candle
filterings, sieving), but intentional alteration of the size
distribution should be avoided.

3. Be careful not to spill any of the sample while stirring, sieving,
oxidizing organics, or transferring suspensions between
containers., There is some selective removal of fines during
candle filtering and decanting., Careful work can minimize
the loss,

Preparation of reagents.

HZOZ (pH basic)

1, Work with gloves in a well ventilated hood.

2. Dilute stock 35% H O2 to about half strength with FDW.
3. Add concentrated I%H OH and adjust to pH 7.0/7.5 with

NH OH from a 50 m14beaker.
MgClZ(O. 5 l\i)

1. Weigh out 0.5 moles (about 101 gm) of reagent grade MgClZ-
6H_O and add to 1000 ml of FDW in an Erlenmeyer flask.
2. Cover with Parafilm and shake until dissolved.

#%%This solution is not intended to be used in quantitative analysis, so the
strength of the solution need not be exactly known. MgCl —6HZO is wet
and sticky. Do not bother with decimal places in weighing it out.

Calgon solution {0.033M).

1. Weigh out 20.4 gm of sodium Hexametaphosphate (NaLPO3)6
inl 1. of FDW.
2. Calgon is (NaPO3) with many impurities. If clay mineralogy

is to be performed, reagent grade (NaLPO3)6 should be used.
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Z.1.2. Calibration and use of the Cahn balance.

For material <30u a tube (25cm) shorter than is normally used for
sand-sized materials is necessary. A pan suspended from the arm of an
electrobalance is used as a sensing device. The speed of the analysis is
improved and problems of adhesion of clays and fine silts on introduction
are avoided by starting from a homogeneous dispersion of particles (Krum-
bein and Pettijohn, 1938, pp. 91-92).

These instructions are intended to provide a brief description and
stepwise procedure for running the Cahn Balance after it has been set-up.
These do not fully take the place of the Instruction Manual provided by the
Cahn Instrument Company. All the Cahn Manual should be examined and
the sections 1.2-1.8, 7, 5.7.3-5.7.5 studied. The instructions and instru-
ment settings listed below are used for a suspended sample weight of 0.080
to 0.500 gms.

Pre-operation set-up.

1. Use stirrup B on balance arm and set tabs on the MASS DIAL
RANGE (MDR) and the RECORDER RANGE (RR) to B. Set
dial on MDR to 500; set FACTOR on 1; and set FILTER on 3.

2. Switch power on in all Cahn units 24 hours before running.
Switch on Speedomax Recorder several hours before calibration,
3. Fill pump in Lauda Constant Temperature Bath and Circulator

to 1 inch from the top with distilled water. Insert hoses into
water bath and turn on CIRCULATOR and COMPRESSOR. After
water levels in pump and water bath have stabilized, add distilled
water to water bath until water level is about 3/4 inch from

top. Let pump and compressor run until water in sedimentation
column is at 20.0°C (30-60 min, before calibration). Put test
tube containing 50ml of slurry into pump well, so that it also
comes to temperature.

4, Check paper in recorder and change roll if necessary. Clean
pen and fill ink reservoir. When not in use leave pen in up
position so ink is not drained from reservoir.

5. After cleaning glassware, pan, etc., fill small closed cylinder
to 1 inch below red line (25cm column) with de-gassed distilled
water. Set this container in the larger water bath container
and fill bath to about 2 inches from top. Insert pan and sedi-
mentation column into the inner cylinder. Either add or remove
water from inner container until level is exactly on red line.
Align hangdown assembly beneath weighing mechanism and
connect hangdown assembly to hook, making sure the nylon lines
znd the collection pan are hanging free. Place wind shield halves
around the exposed strings.

6. Have ready: pipettes, beaker with rinse water, an empty beaker,
forceps, and a long spatula,




Calibration

1.

Operation

1.

When RR is in the Z position there is zero output to the

recorder. Switch RR to this position whenever changing the
weight hanging on electrobalance beam arm. '
Leave Automatic Range Expander (ARE) on DISABLED until

- a sample is to be run. Calibrate using FAST chart recorder

speed.,

Find zero on recorder by unplugging cable connection leading
from ARE and shorting out the recorder with alligator clips
across the double prongs in the cable plug. This will produce
the recorder reading to which the rest of the electronics

will be zeroed. Plug cable back into ARKE.

Zero ARE by unplugging, from the Control Unit, the cable
leading to range expander input, and inserting resistor wired
onto banana plugs. Make adjustments to NULL screw in front
of ARE with screwdriver and flashlight.

Suspend hangdown assembly from stirrup B as for a run and
lay a 250 mg weight on the pan below stirrup B. Turn MASS
dial to . 500 and RR to 100 mg. If weights on stirrup C have
not been changed since last run, simply adjust SET 5 until
pen reads zero on recorder.

If it is necessary to readjust weights on stirrup C, first read
sections 1. 5. 6 to 1. 5.11 in Instruction Manual. With a 250 mg
weight on Stirrup B, MASS dial on . 500 and RR on 100 mg, add
weights to stirrup C carefully until recorder reads on scale
or below scale. If below scale, remove weights. Continue
until recorder pen can be zeroed using SET 5 knob. k

Switch RR to Z, remove 250 mg weight from stirrup B, and
turn the MASS dial to .000. Flip RR to 10 mg and adjust SET
0/10 until pen is zeroed. Return RR to Z.

Place 250 mg on the left balance pan, set MASS dial to . 300,
and switch RR to 100 mg. Find chart paper marking 100 units
above recorder zero, and adjust CALIBRATE RECORDER knob
until pen stays on this line. Switch RR to Z, remove 250 mg
weight from stirrup B, and turn MASS dial to 0.

Flip RR to5 mg and readjust SET 10, if necessary, until pen
stays on recorder zero. If any adjustment is necessary repeat
5, 7, 8, and 9 until little or no adjustment is required. The
system will then be calibrated.

With RR on Z, unhook hangdown assembly from weighing
mechanism and slide glassware outward so slurry can be added.
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2. Using pipettes, remove an amount of water from the sedi-
mentation column equal in volume to the combined volume of
the sample slurry and the rinse water.

3. Hang stirrer on the edge of the water bath; shake the test tube
containing the 50 ml of sample slurry until the sediment is

| thoroughly dispersed.
| 4, While holding the bridle so that the pan is pulled snugly against
| the bottom of the settling tube, pour the slurry into the settling
| tube. Pour rinse water into the test tube, swirl to suspend any
particles adhering to the sides, and add to the settling tube.
| Stir until thoroughly mixed.
5. Immediately after removal of stirrer from column, quickly
slide glassware under balance, connect hangdown assembly
to hook, and free nylon lines if they are touching. Be careful
| not to lose any sediment out of the sedimentation column in
' the process of mixing and hanging the pan.

6. Flip RR to 10 mg, engage ARE, and replace wind shield halves.

7. The beginning of the run is the moment when the stirring stops
and the sample material begins to settle. Mark the strip chart
"Time = 0'" at this point.

8. After the pen has crossed the full scale of the recorder eight

| times (or less) increase the MASS dial until the pen pegs on the
‘ low end of the recorder. Quickly decrease MASS dial just
| B enough to bring the pen back on scale. If a sample with an
| immersed weight large with respect to the recorder range
| (RR) is run, then this procedure may have to be repeated 2
or 3times during a run.

9. Switch the chart speed to slow sometime in the period of 34

to 101 minutes after initiation of run.

2.).3.Data reduction of strip chart records

2.1.3.1. General procedures. |

The analog output of sedimentation analysis on the CAHN electro-
balance is a strip chart plot of accumulated weight vs. time (Oser, 1972a)
The transformation of the plotted output into a frequency distribution of
settling velocity or size is done by mathematically simple transformations.
Unfortunately, these transformations are based on assumptions about the
| material in the sample and about the dynamics of the settling tube method
‘ (see Blatt et al., 1972, pp. 52-55; Krumbein and Pettijohn, 1938, pp. 95-

f 119).

The assumptions made when the sample is settled out of a homogeneous
dispersion differ from those made when samples are introduced and ti aing

11




initiated at the top of the settling tube.

As soon as the sample is dispersed and the electrobalance engaged,
particles will begin to settle throughout the entire water column. At any
time the material accumulating on the pan is a combination of fractions of
the sample with high settling velocities which have completely settled out
and fractions with lower settling velocities for which there are portions still
in suspension. This necessitates the use of Oden's Formula (Krumbein and
Pettijohn, 1938, pp. 112-117) in order to determine the size distribution:

_ t dP
W= P

b

where weight of the totally settled fractions
P= weight of the pan at some time ¢t
dP

dt

= slope of the weight - accumulation vs. time curve.

This formula assumes that the conditions of Stokes' Law hold true. In
particular, the fluid should be of infinite extent and there should be no
particle-particle interactions. Wall effects and entrainment of small par-
ticles within the turbulence of faster settling particles undoubtedly occurs,
but no empirical assessment of the deviance from Stokes' Law in a fine
grained sedimentation system has been made. Stokes' Law is generally
assumed valid as the transforming function between settling velocity and
sedimentation diameter. An attempt to reduce the error associated with

the assumptions is made by running only dilute suspensions--.50 - .84 gm/1.
The errors will probably be greater in the fine end of the size distribution.

The composition, density, and shape of particles in the silt and clay
fraction varies and is usually unknown in geologic work. But particle sizes
calculated by Stokes' Law from setfling velocities are determined by assum-
ing a quartz density (2.65 gm/cm”) anda spherical shape. The size distri-
bution therefore, is that of the standard sedimentation diameter of Gibbs
et al, (1971). Thus, a complete size distribution for one sample over the
limits of sedimentation systems (2000u - Ijn) may be formed. Though the
units of the size axis remain the same across the boundary between large
and small settling tube data (in contrast to past distributions incorporating
the results of sieving with settling methods), the uncertainty of the points
does increase markedly at the size where Stokes' Law is used to transform
settling velocity to size.
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2.1,3.,2., Digitizing

Recommended set-up and materials:

; Task:

Light table with ample room to either side

Plastic base sheets inscribed with digitizing intervals
(phi or time lines)

Table of settling times (Table 1)

Data recording sheets

Ship's curves

See-through plastic rulers one of which is marked off in
01" increments

Several sharp #3 or harder pencils

Masking tape

Strip chart records

Patience

Accumulated weight values (short axis of strip chart) relative to
an arbitrary scale are picked off analog record at intervals on the time
axis which correspond to 0.1 phi increments. These intervals were
calculated using settling times of quartz spheres from Stokes' formula
and using the chart speeds of the recorder.

Procedure

Tape fast chart speed base sheet to light table with scale

increasing from right to left, Note the equivalence of

these terms Horizontal axis = long axis = time or phi axis
Vertical axis = short axis = weight axis.

Unroll strip chart and use masking tape to mount the strip
chart over the base sheet.

2.1 The point on the time axis of the strip chart corresponding
to the initiation of the settling of grains (withdrawal of
stirrer) should be placed over the vertical line (marked
Time = 0) on the base sheet.

13




Table 1. CAHN System Settling Times for P:Z. 65 and 25 cm column
at 20.0°C,

Based on Cahn equation:

K - (0.3)h r 108 _ (0.3) (25) (0. 01005)108 = 4656, 415
(ds = d.l) g (2.65 - 0.99823)980
Then: t(min) = K = 4656.415
d 2 d 2
(cm) (cm)
¢ pm Time () pm Time
(minutes) (minutes)
4.0 62, 500 1.19 6.6 10. 309 43, 81
1 58.314 1.37 .1 9.618 50. 34
.2 54. 409 1. 57 .8 8.974 57. 82
.3 50. 766 1. 81 .9 8.373 66, 42
.4 47. 366 .2.08 7.0 7.812 76.30
.5 44,194 2,38 .1 7. 289 87. 64
.6 41, 235 2. 74 .2 6. 801 100. 67
.7 38. 473 3.15 .3 6. 346 115.62
.8 35, 897 3.61 .4 5.921 132, 82
.9 33,493 4,15 .5 5.524 152. 59
5.0 31. 250 4,717 .6 5.154 175. 29
.1 29. 157 5.48 T 4. 809 201, 35
.2 217, 205 6.29 .8 4,487 231,28
.3 25, 383 7.23 .9 4,187 265.61
.4 23,683 8.30 8.0 3.906 305. 20
; .5 22, 097 9. 54 .1 3,645 350.48
‘ .6 20,617 10.95 .2 3.401 402. 56
T 19, 251 12,58 .3 3.173 462.50
.8 17.948 14. 46 .4 2.960 531.43
.9 16, 746 16. 60 .5 2.762 610. 36
6.0 15,625 19. 07 .6 2.5717 701. 16
.1 14,579 21.91 .1 2. 405 805. 05
i .2 13, 602 25, 17 .8 2. 244 924. 63
; .3 12. 691 28.91 .9 2.093 1062, 87
.4 11, 842 33. 20 9.0 1. 953 1220. 87
.5 11. 049 38. 14
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2.2 Vertical scale lines on strip chart should be aligned
parallel with vertical markings on base sheet.

3, With a ruler and sharp pencil scribe a straight line onto the
strip chart directly over each vertical line on the base sheet,
Continue out to the last line before the change in chart speeds.

4, Select portion(s) of a ship's curve(s) which will best fit smoothly
each segment of the analog record between scale changes and
scribe in pencil on the strip chart record a smooth line which
best represents the curvature of that record.

4.1 Noise in the record (unusual peaks and troughs) should
| be smoothed out. This includes noise associated with
| pan and string vibrations at the start of a run, short
period noise due to disturbances (door slamming, elevators,
| or air currents) while the CAHN is running, long period
| noise due to heating and cooling cycles during the night,
and any noise associated with scale changes, adjustments
to the automatic range expander, and changes in recorder
chart speed.

4.2 Near-vertical curves at scale changes and large amounts
of noise at the start of a run present problems. Scribed
curves should extend the smoothed record back to 4 phi
on the base sheet. Scribed curves on either side of a

| scale change should be extended far enough that they inter-
} sect an already existing vertical line or so that a vertical
line intersecting the two can be drawn.

5. Choose a convenient weight scale for the short axis of the
strip chart record and place zero at any horizontal line which
intersects the scribed line to the right of the 4.0 phi line.

6. Pick off weight values at each intersection of the pencil line
scribed on the weight accumulation curve with a vertical phi
line on the base sheet. Record the value opposite the corres-
ponding phi number in the data sheet.

15
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Where there is a scale change or a change due to an adjustment
in the MASS dial, the weight scale must be recalibrated to the
chart markings. An example of a scale change is given in
Figure 1.

7.1 A line (a) perpendicular to the time axis is selected
(could be a line on the base sheet or on the strip
chart) or constructed so that it intersects the
extensions of the pencil curves Q)l, b_) scribed on
the strip chart record to either side ozf the scale
change.

7.2 It is assumed that the weight at the intersection of b;
and a_(read off the old weight scale) is the same as
at the intersection of bz and a. A new scale is
started from this point (using the same ratio of unit
chart height to unit weight on the pan).

7.3 The same routine is used for changes in the strip
chart record due to adjustments in MASS dial.

When there is a change from fast to slow chart speed it is
necessary to replace the plastic base sheet with the sheet
marked for slow chart speeds and to proceed with digitizing

as in steps 2.0 - 7.3. In changing the base sheets, the location
of the time axis of the strip chart with respect to the new phi
scale must be calculated using the settling time tables (i.e.,
the horizontal scale must be re-zeroed.

8.1 Locate as precisely as possible the point where the
change in chart speeds was made. Draw a vertical
line, hereafter referred to as the Scale Line, through
the point.

8.2 If the line lies within 1 mm of a 0.1 phi line on the fast
chart speed base sheet, switch base sheets, lay the
line constructed in 8.1 over the corresponding 0.1
phi line on the slow chart speed base sheet, and
continue digitizing.
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Figure 1. An example of a scale change in a CAHN strip record.
Horizontal axis is time from T=0 increasing towards the
left. Record is digitized from right to left. Vertical
axis is accumulated weight, Line a is a vertical line
constructed perpendicular to horizontal chart markings.
Lines b, and b are pencil lines fitted to the analog record
(line c——lby the 1 use of ship's curves.



8.3 Usually the Scale Line is further than one mm away
from a 0.1 phi line. Look up in the data tables the
settling time, T , elapsed between the two 0.1 phi
values bracketing the Scale Line. Measure the
horizontal distance between the Scale Line and the
last vertical 0.1 phi line to the right. Convert
this distance to time, T, (30" = 60 min.,) Sub-
tract T. from T,. Convert the remainder from
time to distance at slow chart speed (3" = 60 min. ).

8.4 On the strip chart, measure off this distance to the
left of the Scale Line and construct another vertical
line. This vertical line corresponds to the 0.1
phi value at whick the next digitizing point should
be taken. Line up this vertical line over its appro-
priate 0.1 phi value line on the slow chart speed base
sheet and continue digitizing as in steps 2.0 - 7.3.

9. The matrix of 51 values of accumulated weight vs. 0.1 phi value should
be keypunched for storage and for computer processing using the program
SIZEBAL (see below). A description of the format for punching is contained
in the next section. Using this format eight cards will be required for
each sample. ‘

Problems:

1.

‘At present the base sheets are marked from 4.0 phi to 7.2

phi (fast chart speed ) and from 6.4 to 9.0 phi (slow chart
speed). Occasionally the switch in chart speeds during a run
is made at a point outside the overlapping phi interval, that
is, outside the interval of 33.2 to 100, 7 min. after Time=0
(6.4-7.2 phi). If the switch is made too soon then the position
of each vertical 0.1 phi line after the Scale Line must be
calcualted and marked on the strip chart by hand up to 6. 4
phi. First, the procedure for chart speed changes given
above (Step 8) is used to find the first 0. 1 phi line after the
speed change. Then, look up the difference in settling

time between the two 0.1 phi values, convert this to distance
(using 3" =60 min. ) and construct a vertical line at a point
this distance to the left of your last 0.1 phi line. If the chart
speed is changed too late, the same procedure must be done
from the 7.2 phi line up to the chart speed switch after which
digitizing may proceed as in Step 8 above,
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2. If too large a sample is introduced into the CAHN settling column,
if the sample contains a large amount of coarse silt, or if too sensi-
tive a full scale range (selected by the Recorder Range dials on the
control unit) is chosen, then rapid scale changes in the recorder may
occur at the start of a run. The near vertical analog record produced
by the pen is difficult to digitize because curves drawn through the pen
tracings to either side of the scale change do not overlap, Considera-
tion should be given to rerunning a smaller subsample or to rerunning
at a higher value of Recorder Range. If this is impractical, digitizing
across the scale changes can be made somehwat easier by extending
the vertical width of the chart paper. Fix a blank sheet of paper just be-
neath the chart record, extend the pen tracings on to this sheet using
the ship's curves until they overlap and proceed as in step 7 above.

2.1.3.3 Explanation and listing of computer programs

Data from both the CAHN settling tube (CAHN) and the large settling
tube (LST) can be analyzed through program SIZEBAL. SIZEBAL will
accept multiple data sets from either terminal or batch jobs, will calcu-
late cumulative and frequency distributions, will calculate descriptive
statistics, and will output the results on lineprint and as plotted curves.
An up-to-date version of SIZEBAL in Fortran and binary images is
stored on cards, The subroutines in SIZEBAL which analyze CAHN
"data use a modified version of Oden's Formula (see Krumbein and Petti-
john, 1938, p. 110-119) to calculate the cumulative curve. The user has
several options to choose from in selecting a differentiating algorithm
to transform cumulative to frequency data.

The CAHN reduction routines will force several types of error to new
values:

1) If the cumulative raw data is not strictly ascending, an error
message is sent to the line printer. Checks for reversal
of slope are also made before and after differentiation to
a frequency curve. Any aberrant points will be set e qual
to the value of the previous data point.

2) If the derivative of the cumulative curve is negative, the
derivative will be set equal to zero.

The last point on the fine end of the cumulative distribution is forced to
terminate in a straight line with the preceding two points.
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The subroutine LST (large settling tube, see below) does not check
the raw data for strict accension, therefore, be careful to check your
data during digitization. No forcing of the ends of the frequency distri-
bution ocaurs as in the CAHN subroutines, but the derivatives will be
set equal to zero if they are negative.

Options available in running SIZEBAL

1. Differentiating routines are loaded separately from SIZEBAL. Four
options are available to the user:

- Routine *SMOOTH contains a cubic spline interpolation algorithm.
Use of *SMOOTH allows additional smoothing of the distributions.
Increasing the value of input variable SS will increase the smoothness
of the curves.

- Routine *CSLOPE estimates the differential at each point by calculating
the slope between the preceding and the following point, At the ends
of the distribution the slope is calculated using the first two and the
last two data points.

- Routine*LSLOPE is similar to *CSLOPE but the slopes at the first and
last points are set equal to zero.

- The user may prepare her/his own algorthm to obtain derivatives
by doing the following:

Write a subroutine named SMOOTH containing the algorithm
to generate derivatives. The calling string should be:
CALL SMOOTH (N, X, DY, SS,A, B, C, D) where:

N is the number of data points in arrays X and Y

X is the array of phi values at the digitized points

Y is the array of accumulated weights at each pointin X
DY, SS, A, C, and D are durmmy variables

B is the array of derivatives at each point in X,

This subroutine must be compiled and the binary loader
deck saved under a file name (e. g., *NEWSMOQOTH).

This is done by the following commands on the teletype:

#FORTRAN, I= <PRONAME>, X (CR)
<PRONAME?> contains the Fortran version of

the subroutine.
| NO ERROR FOR SMOOTH the teletype should respond with this

#SAVE, 56=*NEWSMOOTH (CR)
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See additional comments under deck makeup regarding use of this algorithm.

2. Any number of data sets may be run within the user's time limits, The
number of data sets must be input as a value of NJOBS on Control Card A.

3. The values of smoothing parameters and punch option in CAHN processing
may be specified only once for all data sets in a batch or may be read
in for each data set, Use variable KONTROL on Control Card A to
indicate which method you will be using. '

4. Either Cahn or large settling tube data digitized off strip chart records
can be run through the program. Use variable ITYPE on Control Card A
to specify which kind of data is being analyzed.

5. Descriptive statistics from the curmulative curve (according to Inman,
1952, and Folk and Ward, 1957) and from the frequency curve (moments
statistics from Friedman, 1961) may be requested using variable
ISTATS on Control Card A.

6. Routines for 3-point smoothing of the CAHN cumulative curve and/or
5-point smoothing of the CAHN frequency curve can be selected if
| desired using variables WT1 and WT2 on Control Card One. The same
| variables are used to control the use of routines which can do a
3-point smoothing of the raw data from the IST and/or a 3-point
smoothing of the LST frequency distribution. It should be noted that
3-point smoothing of the curnulative curve has the effect of also
smoothing the frequency curve from which it is derived.

7. The frequency percent data may be output on punched cards. For
| CAHN data use variable WT3 on Control Card One to select for this
option. For LST data equip LUN 44 to PUN. v

8. ©Plots of the cumulative curve and the frequency curve overlying each
other may be requested using variable IPLOT on Control Card One.

9. The high and low phi values of the distribution and the increment between
digitizing points may be changed for each data set using variables
LOPHI, HIPHI, and DELPHI on Control Card Three. The program
assumes that the increment between the data points within a data
set is constant. Default values are 4 to 9 phi at 0.1 phi increments
(51 data points) for CAHN data and 2 to 4 phi at 0.05 phi increments
(41 data points) for LST data.

10. The vertical scale of the plotted frequency curve is in weight percent

of the size fraction analyzed per digitizing unit. The magnitude of
these scale units is controlled in part by variable TOTLSILT.
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If percentages based on the total sample are desired, set TOTLSILT
equal to the percent silt in the bulk sediment. If percentages based on
the silt fraction only are desired, set TOTLSILT equal to L00. The
vertical axes of the curmulative curves are scaled from 0 to 100 percent.

The vertical scale of the frequency curve may be adjusted so that maxi-
mum height will occur at full plot scale (6 inches). Use variable ICHOOSE
to select this option. Alternatively, the frequency percent at full scale
may be specified using variables ICHOOSE and HISCALE.

Deck makeup for batch jobs: (For 0S-3 operating system at OSU)

Cover Card

7

8JOB, XXXXXX,BBB, NAME

7

8TIME=100

7

8LABEL, 62/<NAME> must be present whether or not punched option
is requested

7

8 EQUIP, 44=<FILE NAME> for output of LST data only. May also be

equipped to punch (44=PUN). For Cahn data
equip to NULL

LOAD, #SIZEBAL, *SMOOTH, L=%GLIB Note: the name of file con-
taining an alternative differentiating routine
may be substituted for *SMOOTH

7
8

RUN

data deck

ELOGOFF

Data deck makeup:
Control Card A
Control Card one 7
Control Card two
Control Card three
Data cards

must be repeated for each data set.
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Card description:

Control Card A

Cols. Numonic Format Explanation
2-3 NJOBS 12 Number of data sets
5-6 KONTROL 12 00 - if parameters SS1,
SSs2, WT1, wT2, WT3
are to be read once for
job.
01 - if parameters are
to be read for each data set.
8-9 ITYPE 12 00 - if data from large
settling tube
01 - if data from CAHN
11-12 ISTATS 12 0l - if requesting statis-
tics routine
02 - to suppress statistics
13-20 TITL(Z) A8 Default is <Heath> Name
under which plot is labeled
and saved at Computer
Center,
Control Card one
Cols. Numonic Description
1-7 ACCNO sample identification number
11-20 SS1 value of first smoothing factor in the cubic
spline fitting subroutine (Punch decimal).
21-30 SS2 value of second smoothing factor (Punch
decimal)
31-40 WT1 Controls use of smoothing average. See
below (Punch decimal)
41-50 WT2 Controls use of smoothing average. See

below (Punch decimal)
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Control card one continued:

Cols. Numonic Description

51-60 WT3 If WT3=0.0, then final CAHN frequency
distribution will not be punched. Any
other real number will produce a punch-
deck. (Punch decimal).

71-72 IPLOT 1f blank, cumulative and frequency curves

are plotted. If any other integer, then
plots are suppressed (No decimal).

For CAHN data reduction:

if WT1 = 0.0, then SIZEBAL will skip 3-point moving
average on the cumulative distribution.

if WT2 = 1.0, then SIZEBAL will skip 5-point moving average
on the frequency distribution

For large settling tube reduction:

if WT1 = 0.0, then SIZEBAL will skip the 3-point moving
average on the crude cumulative weight data.

if WT2 = 0.0, then SIZEBAL will skip the 3-point moving
average on the frequency distribution

If KONTROL = 0, then only values for ACCNO and IPLOT are required
on Control Card one after the first data set.

Control Card two

Cols. Numonic Format Description

" 1-40 TITL(4,5,6,7,8) 5A8 Descriptive label for each
plot. May be left blank.
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Control Card three (may be blank, see instructions regarding default

values above).

1-10 LOWPHI
11-20 HIPHI
21-30 DELPHI
31-40 TOTLSILT
41-42 ICHOOSE
43-52 HISCALE
Data Cards
1-8 SIZEBAL
9-71 CONWT
72-78 ACCNO
79-80

Program Listings:

F10.0

F10.0

F10.0

F10.0

T2

F10. 0

A8

7(X, F8. 4)

A7

A2

Smallest phi value digi-
tized (Punch decimal).

Largest phi value digitized
(Punch decimal).

Phi digitizing increment
(Punch decimal).

Total area below the
frequency curve. Default
value is 100. (Punch decimal).

1f ICHOOSE=00 or is blank
vertical scale of frequency
curve is adjusted so maxXimum
frequency occurs at full scale
(6 in.). If ICHOOSE is any
other two digit integer, fre-
quency at full scale is read
from HISCALE.

Percentage value at

full scale of frequency
plot, Default value is 20 when

ICHOOSE is not equal to 00
and HISCALE is blank.

Job iabel (not
required)

Cumulative sample
weights

Data set label (not
required)

Card number (not
required)

The program listings for SIZEBAL and its subroutine can be

found on the following pages:
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i9. SUARQUT INE AL C{SS 24 WY WT2, WT3, IPLOT.TATLSILT
185 1 rrmnsg.mgc‘uéﬁﬂosi' i !
196 CO1IMON ACCHOvHOLSqTITLliU).INPUT,IOUTPUT FONNT( ADQ) +NY L300,
197 1 CUMKTO(300) ,FREQPA(3I00),XI{300) 4A(300),RL2 t00),C(300),0(300),
104 2 Xy(100),L0PHI HIFHI ,DFELPHILNPOINTS
1939 ozt Lopnt, MATLUSED
207 NIMENSTON FC(75)
201 ENCONE (8,20014,HNLS) SS2
207 2C6™1 FO2MAT (2 S=2,F5.1)
203 MM = NPOINTS
200 MT = NN = 1
20% NIT = NN - 2
295 TS=(0,I*INTLSILY
207 IFITSENLGY) TS = 10,
203 FF = 0,
207 c
217 N CALCULATFS FREQUENGCY NISTRISBUTTON AS THE DERIVITIVE
211 o NF THE GUMULATIVE CURVE,
212 $=S8S?
213 CALL SMOOYH (VNquﬂL‘MW'Tp’DYQSvAvq,vCQO‘
214 ng 2026 1.NN
21% FREQP(TY 31{1)
1A IF(FQEQP(I’ LT«0,) FRENPC(II=0.
21: 2024 COMTIMUE
21 G
219 o SHCOTHTS FREQUENCY DISTRIBUTION WITH 6-FOINT WEIGHTED
221 S AVERAGE IF NESIREDN,
221 IE(WT2.ENe1e) GO TN 2025
2?22 FO(NIY = (FREQOINII) ¢ 2,*FRENPINIYNI/Z.
22% Frni2y = {2,¥FREQP{2) + FRENP{R))/T3.
2724 FF = FGI?2) ¢+ TCAND)
22% ry 2027 «=3,MNMT1
226 FP(K!:(FRFO”(K-?)*2.‘FQEQ“(K'1)*3.‘FRFQ°(K\0
227 1 2 SFREDP I+ +FREQP (KA¥2)1) 79,
22% 2027 FF = FF & FCIK)
229 nn 2628 K=2,4NI
231 2028 FREAQPIK) = FOUKIZ(FF*,001)
23 cCoNTINUFE
232 [
233 s NOSMALIZES FREAUFMOY DISTRIZUTION TO 1010 PEQCENT
22y 2625 SUM={0,05%FRECP (1)) +(0,0S*FREQPINND)
235 nn 2030 I=2.NT7
23h 2030 SUM=SHM+Q (1*FRENSIT)
23 nn 203%2 T=1,4NN
53“ 2032 FROOP(T)=TS*FreEnP{I) /7SUM
39 G
240 r MOSMALTIZES GUMULATTIVE DATA TO 100 PERPCENT
241 MATLUSEN = CHUMHTDINMY % 1
242 rUMWTP (1) = 0.
2Lt CUMHTFEINM) = 100,
?hl NN RIE K=2 MI
gu? c CUMWTPIY) = CUMWTP(K)/ (MATLUSED®.1
LA
247 G SCES FATH POTNT OM CUMULATIVE CURVF 70O RE GREATER THAN
24" ¢ 09 FAAL TO THE PRECFEDING POINT,
243 IF{CUMWTR(K) (GT,.100.) CUMWTP(KYI=100.
2%1] IF(CUMMHTPIKY (LT, 0,) CUMNTP(K) = 0.
251 fa = PUMHTPIK) = CUMHTP (K
g?’ PS’U IC(CY LT 0y TUMHTO(KY = PUMNTD(K 1)
>3 ¥
7?54 ~ DUMAHES NUT SMONTHED FRINUENCY DISTRIRYTION IF DESIRFO.
25% TF(WTZ,FON, IR0 TO 2020
2F%h AN 2020 K=1,%
257 JJ) = ¥
269 17=1G*JJ - 9
251 ITT = 1n=3J
2RN J = 1C*x - 1
761 VRTTE (AP, 2021) (FREDP(T) I=TT,TITIYACONDWK
262 7?0?20 CONTIMOE
;23 EO?! FOARMAT T10F7 42 e X4A7,12)
%
2R I AYTPUTS ~rUDYTS TN LTIHEPIINT AND PLNTTER,
265 WRTTELINUTCUT L1300
267 10nAn (1”M”T(1u1,1@Y.iCUWant SX ¢ #FCTAUFNDNYZ /10X, 2PHIZ, CY,
26% 1 2OATAL,OX 4 NISTRT Y TIOV!
?F9 WRTITELTOUTHRIT, L0V X(K),PUWNT"(K\,FOFOD(K)'K 1 ,NN)
270 LRCL FARMATLIOX T 30l s OXWaFSal 6V F 7, 2
?71 TTVU» - 1
272 yr ()‘er\r A | aon Tr\qnn"
27 CALL r““\“‘(I\Y”’ YIHﬂO”C,HI\CHLF)
274 1002 cTiyoN
275 N
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79 cyaeQUTINE STATS(ITYRTY
381 rarQar ﬂrﬁNO.HOLS.TITL(lﬂ).INPUY.]OUT“UT.PONNT(°00)."Y(1GG),
181 2 CUNNTO(?TC).FQ*OF(SOO).X(SJU).n(300).R(SDJ).C(BOU).W(3GC).
IA2 3 XY(j“F),LOPH].NYPHI.DFLDHI.NDOTNTS
383 FEAL LNOPHIT
3R - SFEAL A ANT o MFNT (KURTT,KIRTF yMEANF
385 ”
245 I THIS SUIRNUTING CALCULATES THNMAH, MOMEMT ANP FOLK S WARD STATISTICS
kX4 G
24 c FAKRN N2 LST NATA TTYPI=1 FOR CAHN
231 PHTOTART = LOPHT
2490 P = QSLPHT
291 Moo= NPOIMTS
392 FFE = 0,0
393 nn 2620 Jy = 1, M
394 2030 FF = FF ¢ FREQP(JI)
335 NPO 20471 T=4,N
29h R=f , = TUMWTP (T}
397 TF(R.LTL0.) GO TO 2042
399 H=X
393 204L0  M=T
400 23042 PO=P¥H/ (H=R) X (M)
601 No 2045 I=M,M
L2 R=1H.=-CUMUTPLT)
(31 IF(2,LT.0) GO TO 2047
L4 H=R
405 20L%  M4=]
406 2147 PIA=PEH/ (H=R) X MM)
| Le” NO 2080 T='4M,N
| 409 R=26 ~CUMKHTPLT)
| [Nt} IF(2.LT.04) GO TO 2052
| 419 H="
| L1l 208¢C =1
612 2062 P25=P¥H/(H=R) +X{M)
413 DO 2055 T=M,M
Lih R=BN,=CUMWTP (T)
415 TF{R.LT.C.) GO TO 2057
L16 H=2
L17 206€  MU=T
419 2057 PSNz=PFH/ (H=R) X (MM)
413 no 2060 I=4MM
421 R=7E (=CUMKTP (1)
621 IF(2,LT.0.) GO T0n 2CAR2
42?2 H=R
u?23 2360 M=zT
L2y 2362 P75zP*H/(H=-R)&X (M)
L?25 no 2068 T=M,H
L28& O=2L ~CUMKTP(T)
L27 TF1e,LT.0.) GO TO 2067
423 H= @
4?9 206 Mu=-T
L33 2067 PAWzPYH/IH=-RIEN(NM)
31 nn 2070 T=“M,N
432 R=36,-CUMKTP (1)
L33 TF{R,LT.0.,) GO TO 2072
43 H=D
@35 2070 M=1
435 2072 POF=P¥H/(H=R) XM
L37 1]
34 o
h 39 C INMAN STATISTICS
LLn MEANT=0,5% (P1F+PBL)
Lol M-AT=P&1]
Lu? IEVIZA.5%(P84-P1R)
43 SKEWI=(MEANT-MEDT) /OEVI
Lt SKITZ (D .5* (P54+PAG) -ME0]) /MFEN]
Ly5S KU¢TI=(3.5'(095°P‘)-OEVI)IDEVI
Luh o FALK ANN WARD STATISTICS
L4L7? AN Y=6,5%(P75-P26)
Lu3 MEANF=(P16+05034°34L)/3,
Lt SODTF:(“ﬂh-Plﬁ)lu.F(PQS-PE)IS.R
459 SK’NF:(FlévP“u-?.'DEU)I(2.‘(PPQ-P16))&(DS&PQS-Z.'PED!I(Z.‘
651 ? (PAR=0G1)
t%; . Wik [F=(PAG=PE) /(2,44 * (P75-P25))
(375 C MOMENT STATLISTICS
[N o
LShK Y4 =(M2=X43=XMb=(,0
L57 IF (PHISTART.LT.0.0) GO YO 290
u54 =PHISTART
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2.1. 4. Discussion of some test runs

The effects of pre-treatment procedures of grain size analysis and
the reproducibility and accuracy of the Cahn sedimentation system were
studied using test runs of eight deep-sea sediment samples and four samples
of ground analytical quartz (Table 2). Each quartz sample contained a
narrow size range of particles which had been separated out by repeated
settling and decantation. The sediments used were near-surface samples
from cores taken from the Panama Basin, The techniques for sample pre-
paration and sample runs described in sections 6.1.1-6.1. 3 were used.

2,1. 4.1, Reproducibility

Reproducibility was assessed by recovering and rerunning the same
sample a number of times. The frequency curves of four to five natural
samples could be reproduced well (Figure 2a). For others, variations in
general shape, presence of peaks, relative heights of the peaks, and po-
sitions and shapes of the peaks may occur (Figure 2b). There seems to be
no way to generalize or systematize the variations observed. On the other
hand, the quartz samples show excellent reproducibility (Figure 2c). If
we can assume that the quartz samples received no preferential treatment
in analysis, then this high reproducibility suggests that the source of varia-
bility in the natural samples are actual variations in the settling velocity
distribution of the sample rather than analytical sources.

The possible sources of variations are:

1. Flocculation and/or disaggregation of cohesive particles while
settling or during storage prior to settling.

2. Changes in the shape and size of material during recovery or
resuspension.

3. Dissolution of silica or carbonate.

4, Losses of material during recovery.

Varying the amount of smoothing by either multi-point moving averages
or by the smoothing parameters in the cubic spline fit algorithm does not
significantly change these results.

While it seems reasonable to expect that careful laboratory preparation
and running of multiple splits of samples will on occasion produce closely
comparable frequency distributions, it is impossible to anticipate to what
extent, if any, the effects of flocculation of cohesive material, of mineral
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Table 2

Samples used in test runs on CAHN sedimentation balance.

Accession No. Core No. Depth in Number of Runs
Core cm HZO% Pre- No Pre-
treatment treatment
PO09729 Y69-108 MGl 0-1 3 0
PO09730 Y69-108 MGl 5-6 3 0
POO9731 Y69-108 MGl 15-16 4 0
GO09224 Y69-108 MGIL 0-2 0 1
GO09225 Y69-108 MGl 10-12 3 2
GO09226 Y69-106 MGl 2-4 3 2
GO09227 Y69-106 MGl 7-8 3 2
GO09228 Y69-106 MG2 0-2 3 2

Quartz Mode

Phi Interval

Number of

Decanted for runs
A 4,5 - 5.0 3
B 6.0 - 6.5 1
C 7.5 - 8.0 3
D 8.0 - 8.5 3
A,B,C Combination 1
A,B,C,D Combination 3
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Figure 2. Reproducibility of frequency
curves obtained when silt sample material
is recovered and rerun through CAHN sed-
imentation system. Data points are at 0.1
phi intervals. No smoothing of curves was
done. (a) Accession No, PO 09729 (b)
Accession No. GO 09227 (c) Quartz Mode D




dissolution or precipitation, and of sample splitting have altered a given
distribution. In light of this, it is unlikely that in the near future, the
techniques of sedimentation analysis of silt sized deep-sea sediment on the
CAHN will improve sufficiently that the graphical results can be used for
purposes other than qualitative comparison.

This limitation might be overcome in future studies in one or more

of three ways:

1) Flocculation effects might be reduced by running smaller
samples and by truncating the size range studied at a coarser
lower limit.

2) If the time required to digitize analog records could be reduced
more runs of the same sample would be feasible and statistical
comparisons of the curves might be possible.

3) The possibilities of quantitative comparison of broader portions
of the curve might be pursued.

2.1.4.2. Smoothing

Raw data from natural and quartz sampes were run through SIZEBAL
repeatedly to test the effects of moving multipoint smoothing averages and
of the smoothing parameters in the cubic spline fitting routine on the shapes
and positions of frequency curve models.

Use of the smoothing averages has the effect of removing small shoulder
and tail peaks and of lowering the curve as 2 whole. The effects appeared in
multiple as well as single mode runs (Figure 3).

Using the cubic spline fitting routine with the smoothing parameters
equal to zero rather than the point-slope differentiating routine increases
the roughness slightly, though no modes were moved, added or deleted.
(Figure 4). The half-height width of the peaks are slightly reduced.

Increasing the values of smoothing parameters has the effect of moving
coarse silt modes towards the fine end of the scale (Figure 4). At smoothing
values recommended by the spline fit algorithm this displacement ranges
from 0.2 to 0.5 phi units. Increasing the smoothing has the effect of filling
in valleys in the curvesand rounding the shoulders of peaks. Use of this
routine to differentiate and smooth grain size curves is not recommended.

2.1.4.3. Pretreatment

Oxidation of organic matter with hydrogen peroxide treatment did not
seem to effect the shape of the frequency curve in two out of four samples
(Figure 5). In the other cases the variability among the pre-oxidation curves
and among the post-oxidation curves precluded any comparison. The effects
of organic matter removal are probably disaggregation of fecal pellets and
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Figure 3. Effects of different smoothing functions on the frequency
curves of one run of Accession No. GO 09227. Data points
at tenth phi intervals, The frequency curves are attatched
to the appropriate vertical scale.

a) No smoothing
| b) 3-point moving average smooth of cumulative curve only.

c) 5-point moving average smooth of frequency curve only.

d) Both 3-point and 5-point moving averages used.
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Figure 4. Effects of different values of the smoothing parameter S in the
cubic spline fitting algorithm on the results of one run of Quartz Combina-
tion ABCD. Data points at tenth phi intervals, Vertical arrows show the
displacement of the peak of the coarsest mode with the increase in smooth-
ing parameter, S. a) S=0 b)) S=5 c) S=10




Figure 5.

Effects of pretreatment of a natural sample (GO 09225) with
hydrogen peroxide. Data points at tenth phi intervals; curves
smoothed with both 3-point and 5-point moving averages.

a) Two runs of the same split with no organic material

removed by HZOZ treatment.

b) Three runs of another split treated with HZOZ.
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unknown effects on the settling velocities of carbonate material and fragile
silt- sized tests,

2.1, 4.4, Accuracy

The accuracy of the CAHN analysis might best be tested by running
through the system a series of samples containing particles which have been
artificially manufactured out of material of known density to 2 known shape
and then size graded. Sizes predicted from settling velocity measurements
could then be compared with measured dimensions. This exercise might
assess to what extent the principles and assumptions of Stokes'Equation are
approached in the settling apparatus. Empirical corrections to the equation
might be derived. To date such anambitious experiment has not yet been
undertaken.

In a smaller scale experiment the size of ground analytical grade quartz
was measured in two ways. Subsamples of approximately one phi grain size
width were obtained by repeated settling and decantation. Two fine silt sized
subsamples were run through both the CAHN and a Coulter Counter. The
Coulter Counter produces a voltage proportional to the volume of each particle;
counts of particles within narrow volume limits can be made electronically
and a volume distribution computed. When the output from both instruments
is interpreted in terms of spherical quartz grains the frequency distributions
are essentially identical (Figure 6). It can be inferred from this that the
quartz grains have a high sphericity and that the effects of deviations from
conditions of pure Stokes' settling are minor. Thus, for inert, spherical
particles sedimentation analysis on the CAHN is a true predictor of grain
size. Unfortunately, such particles only vaguely resemble those mixtures of
cohesive and non-cohesive materials commonly found in marine sediments.
More experimental work is needed to understand the true size properties
of natural samples and their response in a settling tube.

2.2. Separation of size classes of silt-sized material for composi-
tional studies

The separation of grain size classes within the silt range for composi-
tion studies has been mentioned in section 2,1.1.2. and can be done by decanting.

3. Analysis of coarse (> 0,063 mm diameter)sediment components
3.1 Instrumentation for size analysis and separation of size com~-
ponents

The analysis of the size distributions of material in the range of 2 mm
to less than 63 microns in hydraulic diameter is performed by settling
through a water filled column. This technique, although not new, has been




5 6 7 8 9
PH!

Figure 6. Frequency curves of Quartz Mode C produced by a) CAHN
Sedimentation System and by b) Coulter Counter. Data points in CAHN
frequency curves are at tenth phi intervals, Background noise from flu-
id in Coulter Counter runs was negligible, Data points in Coulter Counter
frequency curves are the spherical equivalent diameters at the mid- points
of the volume channels in which data was collected.




modified to reduce several sources of error and lower the amount of labor
invested in each sample. The errors typically found in this technique are:
1) concentration effects, 2) wall effects, 3) time error in the introduction
of the sample, 4) low mass resolution, and 5) inadequate definition of the
size of the distribution due to wide digitizing intervals. The equipment was
designed to minimize error contribution of each of these sources.

The analyzer consists of a polyvinylchloride tube 230 cm long with
an inside diameter of 20 cm (Figure 7). It is supported by a wall mounted
bracket at its top. The bottom 40 cm of the tube is removable and is inter-
changeable with the size separation unit described later. Attached to the
upper mounting bracket is the semiconductor strain element and the sample
introduction mechanism (Figures 8a and b), The sediment accumulation
pan, fabricated from low density polyethylene, hangs from the semiconductor
element by a length of cotton/dacron thread. The settling distance is approx-
iamtely 215 cm.

The sample introduction mechanism is mounted to a vertical shaft
which allows it to rotate in the horizontal plane as well as to slide vertically.
The holder may rest in one of three positions to facilitate sample loading.
The sample is introduced by placing it on a removable pan and placing the
inverted pan into the holder. The holder is later moved from the ready
position into the run position where the holder settles on a pneumatic damper.
As the holder reaches the end of its travel, the pan trips a micro-switch
activating the digitizing equipment and immerses the sample in the water
at the top of the column, releasing the sediment.

Size separation of individual modes in order to facilitate composition-
al examination is accomplished by interchanging the bottom portion of the
settling tube and rerunning a split of the sample. The size fractionation
unit (see Figures 9a and b) is designed to separate up to six size fractions
during a single settling of a sample. The unit consists of six conical cups
64mm in diameter and 65mm high. An externally rotatable disk is used to
occlude all but one of the sample cups during any selected time interval
(corresponding to a particular size interval). Information on the modal
distribution obtained from the cumulative weight versus settling velocity
data are used to calculate a collection time window for each size fraction.
At the completion of the size separation, a valve at the apex of each cup is
opened and the individual size fractions are flushed into separate beakers
for microscopical or chemical examination.

The digitizing system consists of a sampling rate programmer, an
analog to digital converter and a high speed paper tape punch (Figure 6).
The sample rate programmer has selectable digitizing rates from 400
samples per minute to one sample per minute. Additionally, the unit can
be programmed to change its sampling rate after reaching a selected number
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Figure 7. Large settling tube for size analysis and separation of size
components of coarse grained sediment. Strip chart recorder and high

speed paper tape punch are shown to the left of the 230 cm long and 20
cm wide settling tube (see section 7).
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Figure 8. a and b. Top assemblies of large settling tube.
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Figure 9. a. Details of bottom assemblies of large settling tube. The bottom assembly for size
analyses is attached to the settling tube; the one for subsampling size classes is standing to its right.

b. View from above into 6 outlets to collect the various subsamples for compositional
studies. The protecting disc which allows one to subsample has been removed,




of data points. The unit can be programmed for automatic shut-off after
any predetermined number of éiata points up to a maximum of 47,000, The
analog to digital conversion is 11 binary bits plus sign ( 2047 full scale).
Currently, calibration yields 3.125 counts per milligram true weight on the
pan. The system noise when referred to sample weight is 0.5 mg ma Xi-
mum deviation during a 10 minute period; however, this figure is dependent
upon the building vibration level.

Many oceanic sediments with particles in the size range 63 mm to
2 mm contain material of biological origin, These biogenic particles in-
clude foraminifers, radiolarians and pelagic gastropods. Foraminifers and
gastropods have internal cavities in their tests which retain air when placed
directly in water. The technique described below is an attempt to wet
the test cavity so that consistent mass estimates and settling velocities may be
calculated. Tests not wetted internally tend to float on the surface of the
column and fail to settle. Partially wetted tests settle much slower than their
wetted counterparts and, hence, give broader distributions.

The sample is dried at 80°C for a period of 24 hours and a split of
about 400 to 800 mg is placed in a 10 ml beaker. Approximately 5 ml of a
reagent grade acetone is added and the sample placed into a vacuum desiccator
which is then evacuated to 300 torr. The dessicator pressure is cycled
every 30 seconds for a period of 3 minutes between ambient room pressure
and 300 torr, after which time the remaining acetone is diluted with 3 to 4
ml reagent grade 959% ethanol and the pressure cycled as before., The super-
natant is decanted, 5 ml of 2% aqueous solution of sodium hexametaphosphate
is added and the pressure again cycled. The sample may be stored in this .
form in a closed container until the analysis can be run, Care must be
exercised during the entire process not to allow the material to desiccate.
Prior to placing the sample on the removable pan, excess fluid should be
decanted. The sample pan's surface is moistened with a 10% aqueous solution
of KODAK "PHOTOFLO.'" This treatment produces a surface tension
sufficient to retain large particles while the pan is inverted prior to release
into the column., Care must be taken to limit the amount: of fluid present
on the pan. Too much fluid may allow the sediment to drip off the pan while
the pan is in inverted position.

3.2. Data reduction and presentation
3.2.1, Explanation of computer programs

The raw data output by the large settling tube consists of a sequence
of integer numbers punched on to paper tape at varying time intervals. These
numbers are proportional to the output voltage of the strain gauge, and hence
are proportional to the weight of accumulated sediment on the collection pan
at each given time. The FORTRAN program *GRAINSIZ processes this
raw data for each sample, and produces the following types of final output
(see Table 3).
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system for size analyses of coarse (>0. 063 mm diameter)

Example of data generated by the large settling tube
components of pelagic sediments (compare Fig. 10).

Table 3
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1. Computer plotted cumulative and frequency curves of the
sample's grain size distribution (see Figure 10).

2. A table containing the cumulative and frequency percentages
at .05 phi intervals.

3. A table listing the grain size statistics calculated by the
techniques of Inman (1952) and Folk and Ward (1957).

In addition, the program prints out various types of intermediate data, and
has several options for punching raw data and/or frequency percent data on
cards.

The computer program is internally documented, hence computational
details need not be fully elaborated here. The following is a brief summary
of the primary functions of the program's subroutines:

SUBROUTINE READIN: This subroutine reads in the values
put out by the strain gauge and converts this sequence of
values (voltages) to a sequence of cumulative weight percen-
tages. It also reads in control cards which contain para-
meters which determine output and data smoothing options
used in subsequent subroutines. The subroutine is present-
ly designed to handle up to 1104 data points per sample. This
corresponds to approximately 32 minutes of data at the
present sampling scheme. Each data set may be larger than
1104 data points but the excess data will not be reduced.

SUBROUTINE SETIME: This subroutine associates a settling
time with each data point. It assumes that the first data point
occurs at 0.0 seconds, that the first 200 data points are taken
at 666 second intervals, and that all subsequent data points
are taken at 2. 368 second intervals.

SUBROUTINE GIBBSIZE: This subroutine calculates the grain size
associated with the settling times which correspond to each data
point, Grain sizes given are for spheres of density 2. 65

g/cm3, The following equation of Gibbs et al., (1971) is used to
determine grain size from settling velocit—y:——

0.055804v2 p; + | 0.00314v%p % + [g(ps- pp)][4.5nv +o0. 008705v% (]

[g(ys - gf)]
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Figure 10. Size frequency of grain size data listed in Table 3., Units in phi,
tick marks each 0,05 phi.




where:

velocity in cm/sec,

dynamic viscosity of fluid in poise
acceleration of gravity (cm/secz)
sphere radius in cm,

£¢ = density of fluid in g/cm

g = density of sphere in g/crn3

1l

\%
N
g
r

It should be noted that the equation in Gibbs et al.is incorrect due to
a printing error, The last term under the radical reads ve § g whereas
it should read sz ¢ (M.D. Matthews, 1974, personal communication)

These grain sizes (in cm) are subsequently converted to sizes in terms
of phi units, where

phi = - log2 (diameter in m.rn) (Krumbein, 1938)
Ilmm

SUBROUTINE FIXENDS: This subroutine searches the data set to locate

the start of significant accumulation of sediment on the collection pan.
It then rescales the raw data See comment cards 587 to 606 for details.

SUBROUTINE INTERPOL: This subroutine uses linear interpolation to
determine the cumulative percentages at even ., 05 phi intervals,
beginning at -2, 00 phi (4mm) and ending at 5. 05 phi (. 0302 mm).

SUBROUTINE PTSMOOTH: This subroutine is a program option which
may be used to smooth the raw input data, It uses an eleven point

(maximum) smoothing function described by the following general

formula:

A WV 5 tWoV g+ W3V 34+ Wa Vi ot W Vil 14W Vit We Vgt Wy V4ot W3V 13t Wa Vi 14 tW 1 Vies
Vi =

2W1+2W +2W3 +2W4 +2W5 +W6

2

where V. = unsmoothed value of variable V at data point i, and W;
through W, are weighting factors which the data points before and
after data point i are multiplied by and summed in order to return
the smoothed value V; for data point i.

If smoothing of the raw data is desired, the weighting factors are

read in on the program control card. See comment cards 737-759
for additional details.
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SUBROUTINE FVSMOOTH: This subroutine is a program opfion which
may be used to smooth the derived frequency distribution. It is
similar to SUBROUTINE PTSMOOTH except that it uses 2 five

point (rather than an eleven point) smoothing function., This function
is given hw

<>
i

ZWW1 + ZWW2 + WW3

where WW,, WWZ’ and WW3 are weighting factors,

See comment cards 791-796 for additional details,

SUBROUTINE HILOW: This subroutine limits the output data to the

size range for which sediment was present in the sample,

SUBROUTINE FREQCALC: This subroutine takes the sequence of cumulative

percentages from SUBROUTINE INTERPOL and differentiates this data
to determine the frequency percentages in each . 05 phi size class, It
also calls SUBROUTINE FVSMOOTH if smoothing of the frequency curve
is desired. See comment cards 864~ 872 for important details,

SUBROUTINE SETOUT: This subroutine prints out the final cumulative

and frequency percent data, This data is punched onto cards, or output
to a file, if desired.

SUBROUTINE GSPLOT: This subroutine plots the cumulative and
frequency curves on the Calcomp plotter. Note: the frequency
curve is plotted . 025 phi to the right of its proper position. (See
comment cards 864-872 for details. )

SUBROUTINE STATS: This subroutine calculates grain size statistics
for each sample by the Inman and the Folk and Ward techniques.
The following equations are used for these calculations:

Inman statistics:

Median = ¢50

+
Mean grain size :—216-2—(284—

Phi standard deviation = 2851;_'2_9].6_
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Mean - Median
Phi standard deviation

Skewness =

2 + } - Media
Second skewness measure = 1/ (¢95 95) ran

Phi standard deviation

Kurtosis = 1/2 (¢95 - ¢5) - Phi standard deviation

Phi standard deviation

Folk and Ward statistics:
$16 T 950 T P84

Mean =
3
Standard deviation = ¢84 - 916 ¢.95 - ¢5
(""'sorting") — L
Skewness = P16 T #84 = 2950 . ¢5 T ¢95 = 2950
2(pgq - 916) 2(¢95 - 9¢5)

Kurtosis = ¢95 - ¢5
2.44 (¢75 - ¢25)

where ¢ = the phi value for which x percent
of the sample is coarser,

Preparation of Control Cards

Two control cards per sample are required for program *Grainsiz.
The first of these cards contains the accession number for the sample, all
input parameters required for computation, and variables which control out-
put and computational options. Card 2 contains any 40 character descriptive
title for the sample. All input variables are integers with three exceptions.
The ACCNO (the accession number), TITL(2) (the user's name), and the 40
character descriptive title are all alphanumeric. The integer variables must
be right justified whereas the alphanumeric variables may appzar anywhere
in the designated field,
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The variables are:

TEMP: The temperature of the fluid during the settling tube run.
Must be an integer between 20 and 29°C.

ACCNO: The sample's accession number, or any other identifier.
May be any seven characters, including blanks.

ISAVE: A one digit integer which reduces control card preparation
in computer runs involving more than 1 sample.

If ISAVE is zero, all the required input variables must be input
for each sample.

If ISAVE is non-zero, only TEMP, ACCNO, and the 40

character title must be input for the second through last
samples. All other variables will be assumed to be the
same as for the first sample.

TITL(2): The user's name. May be up to eight characters long,
If left blank, the output will be labeled with the name Chriss.

ISMOOTH: A one digit integer which determines whether data is
to be smoothed, as well as when in the program the smoothing is
to occur.

If ISIMOOTH is zero (or blank), no smoothing is performed.
If ISMOOTH is 1, raw data is smoothed.

If ISMOOTH is 2, frequency percent data for each. 05 phi
interval are smoothed.

If ISMOOTH is 3, both the raw data and the frequency data
are smoothed.

W1 through Wé6: Two digit integers. These are the weighting factors
used in smoothing the raw data, They may be left blank if ISMOOTH
is zero, blank, or 2. At least one must be non-zero if ISMOOTH
equals 1 or 3 (raw data to be smoothed).

WWI1 through WW3: Two digit integers. These are the weighting
factors used in smoothing the frequency percent data. They may

all be left blank if ISMOOTH is zero, blank, or 1. At least one must
be non-zero if ISMOOTH is 2 or 3 (frequency data to be smoothed).
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NOSTATS: A one digit integer. If non-zero, calculation of grain
size statistics is suppressed. If zero (or blank), statistics are
calculated.

NOPLOTS: A one digit integer. If non-zero, plotting of cumulative
and frequency curves is suppressed, If zero (or blank), plotting is
done.

IFPUNCH: A one digit integer which controls punching of data or
output of data to a file, Equipping LUN 40 to the card punch
produces punched output whereas equipping LUN 40 to a file out-
puts the data to a file.

If IFPUNCH is zero (or blank), data is not punched onto cards
or output to a file,

If IFPUNCH is 1, raw data only is punched or output to a file,

If IFPUNCH is 2, phi values and corresponding frequency per-
centages are punched or output to a file.

>

If IFPUNCH is 3, both raw data and frequency data are punched
or output to a file.

IMPORTANT: If punched output is desired, the punched output
must be labeled. See section regarding this under program
execution,

Control Card Set Up

Card 1:
COL. VARIABLE
1-2 TEMP
4-10 ACCNO
12 ISAVE
14-21 TITL(2)
23 ISMOOTH
25-26 w1
28-29 w2
31-32 w3
34-35 W4
37-38 W5
40-41 Wwé
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Card 1 continued:

COL. VARIABLE
43-44 Ww1l
46-47 Ww?2
49-50 WWwW3
52 NOSTATS
54 NOPLOTS
56 IFPUNCH

Card 2:

COl. VARIABLE
1-40 Descriptive title for sample. Up to 40 characters,

REPEAT CARDS 1 AND 2 FOR EACH SUBSEQUENT SAMPLE

Program Execution

Prior to execution of *GRAINSIZ, the raw (unformatted) paper tape
data must be run through the assembly language program *SJRUN
in order to produce data in a format compatible with FORTRAN

programs. See writeup on *SJRUN for instructions on use of this program.,

Execution of *GRAINSIZ itself is most conveniently performed from
remote teletype terminals. For teletype operation, the control cards must
be stored under some file name, and the actual data set must be stored under
another file name. Running procedure from teletype is as follows:

#Equip, 7 = (Name of file containing 2 control cards per sample)

#Equip, 6 = (Name of file containing raw data output from *SJRUN.
A ''nines card' must separate the data sets from separate samples.
This '"nines card' will automatically be supplied by *SJRUN and
consists of the integer 9999 in any position of the data field. It
may be in the last field of the last card containing true data, or
may be on a separate card following the data set,

#Equip, 40 = PUN (if punched output is desired)

(see Note below regarding labels. )

or #Equip,40 = ("'some file name') if output is to be directed to a
saved file., Note: This file name must have been created prior
to program execution, |
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#LOAD, *BGRAINSI, L=*GLIB (CR)

RUN (CR)

(Computer will now respond by typing RUN again)
(Finally, it will respond ""End of FORTRAN Execution')

# LOGOFF

Note: (CR) means '"press carriage return."
#*BGRRAINSI is the binary version of *GRAINSIZ

*GLIB is a program library containing plotting subroutines sp=cific
to the OS-3 operating system,

The following commands are required if punched and interpreted output
is desired. The last two may be omitted if the output is to be punched
but not interpreted, '

#LABEL,40/ <USER NAME>
# LABEL,40/ <JOB NUMBER>
#LABEL,40/INTERPRET

3,2.2.Program listing

The program listings for GRAINSIZ and *SJRUN can be
found on the following pages:
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*SJRUN

The program SJRUN takes the raw, unformatted punched paper
tape data and converts it to a BCD format so it can be accessed by the
data reduction programs. This program is in CDC-3300 COMPASS
language and is compiled as an overlay for ease of operation. During
the conversion two output files are generated, one for the formatted
data and the second for abnormalities present in the raw data. Equip
LLUN 11 to file containing raw data. The output files are equipped to
LUNS 20 and 21 (formatted data and errors data respectively). To run
the program, type *SJUN on teletype while in control mode. A listing
of the first line of data points and the number of lines of data points
of each sample is output to help monitor the program.




HAUMSINOAOT oMM INONCOONMFNONOTE AN SO 501012314557890123'456760;0123:4567390123 FLUNON OO
.U00000000111111111122222222223333333333““b1414'4-4:4'4“55555555555666666665 N N N
.U0000000000000000000000000000.UU.UU000000000000UUUUU0000UUUQC«UO0000000000000000000
U000000000000000000000000000000000000UU.UUUUUUUUUUUUUUOUDUOUUUDQUUDUUUGOUUUUOUUUU
nuUUUO0000000000000000UOUUUUUUQOOUOUUUUOUUUUUUUUOU.UUU.LGGOUUBUUUUUQUUUOUUUUUUUUUDU

o © (&)
Wwwx O (& (& © (& . . [&] [&] (& [ .
o «a [¥7] (TR’ oed ., o0 ol uiet Wit Uik (Y3 "N 1.9 o it
gl X o € w2 X oo - > > o > e (=220 8 3 ce - x> wo pat=
-0 =2 O es: W ¢ W o Lt e WO e Wl s LIO o EOrAC —HE LG ¢ i e Lt e Lo e Wit
x> o » -8 - s esense T ox F ex X ex T ox I ox T ex < e e e s e I ex X ex F ex X ex T ex
[l ITSIN %) b2 =z Teaaaaa i s bt bl e -l TE MO O b= b D e T
wunrnN - $ OO0 #OCAACAA AU S LUt T - IL L L *C % CODODOOO* DU ¥ DU * ~Ouk -TL s FTL
w
LW
[ I
> D o
Zoy 2 -
Wi O <« O Daa D=WoatooadDm 63D 42D a>" aDm 42D o Sa D™aaaascaD™ 629D adD™ aD= a>"™ o
ozz Z = N CZk OrDmmTDNCRNNCRNDIORN DOENDORM DOK M7 T CET=mm™RNCEFNDOHR DIOFNDICEADOENT
[ LVEIVY I o B 7o) D n .—.p\”UUUUU_._O.\wlU—LD\7J—ZD\7UEQwIJ—tQ;?Jr:D\wIU [13179) ...D\U.‘JUUUU_:Q?Ut_D\7U.r_a4\7UE_Dw7UE_Q.7MJ
78]
8 o - w u Y] u Lt
a N [=] [~ -t x > x > o (=] o -t > b3 >
- . . (=] -t -t o -l [ =] . . o - - [ -
> » . . . . * . > x . . 3 . .
[ - < 1 « « < < — — o o o o .4
w W 'S <t < <t < < < w 'S [=e] @ -] [22] o




125&.557590123“56750;0123“567590123“5678901235567390123 FNON OO ONMIVON 0O AMMINCN a0 oMY
OOCTECLOTCC OO 0190;O)O)UU00000000111111111122222222223333333333““bhbbbbbbssssssssssaﬁvﬁﬁﬁ
000000000000000000011111111111111111111111111111111111111111111111111111111111111111
03000000000000000UDUUUODUUUUU0000000900000000UUUUUUUUUUUU000000000000000000000000000
UUUUUOUUUU00000000000000000000000000000000000000UUUOUUUUU000000000000OUUUUUUOUUUCUUD

80

[ 5 (& &) [ &7 (&3

L4 © (5] (&) (&) . . [&] o (& [&] - -
LN ~v Wil ot X 4 o -~ [ u:~ [ o0 o~ . -~ win s
> w [=T\] O o 33X X oo -o > e > e > > @ €3 o ¢ 3¢ D on e > b N~ > >
Wo » (4 [ 2B Y DO ArAOwe W s L s L s WO e Dl @ L o EOHADED L e Wl s Livi e LI e el e e »
T ex C O e oo vee T oX JF o3 X o> F ex F ex ¥ eXx < s s e ve e T o> X ex ¥ ex I ex X ox I ex
ot O o [\ ol Z Z0Om— TOCOOOCO HOMH HOH HOF  HOM  HOR =0 TOOCCCOO HOH b O O O SO
¥ = Ol * O R OeOALL * OCOOOOOW FOL* FOLN oL FOLR -OLY FOL *» OOOOO0OD* FOUL K FOW* FOLWR FOW® Ol [ =T
> o DA™ DadgQtoo DT0.00400D5T 05T 029 a>" o> o> o omeceoeoo>D™ 6D o5 a>™ 0”59 029 [+8
[T N O TOZF05m ChF=o5099CKkN 0N ICENDICKN DIO-N D0K-~T Cr P90~ DICEHNSO SO0 RN DO A0 D
[T81. 4 ) wiiry L h-na T ED\UUUUUthhD\q!UC,R-/U_E?\-/UF:K?UC_R?UE)\?U WD DD TSN DY R DUIY ™ U N DUIY S DWWV D

c

cr, 1XE

W
>
[

.
[&]
(&)

FIXa21
N, 1XE
D0e ¥

Cl. 0X
07. 00
07, 11
0N. 1X
IN.0X

>
-t
-
[ %]
©

33, 0XE
FIX.0%
FIXe12
FIX.07
CC.00
CC.11




567890123“567890123h567890123“567893123“567390123“567590123%567%90123b567590123h5678
66666777777777735888888859999999999000000000011111111112222?222223333333333&&bbbkhbb
11111111111111111111111111111111111222222222222222222222222222222222222222222222222?
00“00000000000000000000000000000000000000080000000000UUDnU00“000000000000000000000000
0nUﬂ.anUDUUUDUOQ000000000000000000000000000000000000Donuu0ﬂUunUEon\.000000000000000000000000

81

[&] (&) - [ o

[&] [ & [&)] (5] . . > L . 4 (&g [3) [&] (&
Wil -™ o~ oo oh- wn uin - eQ z [FEXa] Fw . -t o ol .o
£ XX XX [ =1V -0 pey =] & > e xe x > < - g o © XX X [=X V) - g =] >
GCrerA@eD WO & W e et o W e U o LO e et - Vi Ul o WV e OO A W& e el o v o LC o
T o e meee T aX F e>x I ex I ex T ex Z ex (AL e e I ex ¥ oX < ®eee e e X ex 3 o> T eXx I o>
TUMLLIL LY el el Ut L L ZO0Q el = el -~ TOVCELELE HOH O O O
» QW wuwe FLil® Fuile® =l s Ll il Wil » OCOa * Ol =l =l * L * COCCCOO FCL oL it FoL s
c
— ul
L d L
o=macaaoo>D™ DD aDOm 4ADm a>™ a>D™ o DHHaag DOo™D™ aD™ o Da om™matcgaaa>X™ 4D L= eI a>
OF ™™™ mC DO~ BO-NDICHRDICENDCRND  CDZED COOCKHNDCHND T CrD999m00RNICKHNDOENDORNDO
—._._QUUUJUU:_D\_/UC‘_D\7UC§(7UC..QT!J:_P\7U:.J»7U wSaInmD L dTUIYA DLW D wo :_D\”Uu.u.ll.U..Ur:.v\-lUrZO\_fnllt_3\7.U_ZD\7UPC
o u W L] o w x> ~ « L'
o o - > b3 ba > o o - =8 o o o - > bl ba
. (=) - Lol (= -i (= . . [y v . . (=2 - - [ Lol
> 1] . - . . . > > . . x > . . . . .
— ut u w w b’ u [l - [ 'S - — o (S (S (&) (S
u '] w w uw 'Y W 'S w 'S W 'S 'S (L] (&) o (&) (8]




o [&]
. .
we uweo
>0 PV}
Livd » WO »
3 ex F ex
[ LS=L e Gl
e ol

R s N b B 4%
(ol le-Tok e ]
o Dy s T

GhaCXE

FIX,.24

[&] [
(&} [&) < [&] . .
b -~ (e o -~ [FY )= wes
0w < 3 2 X [=14V) Ll O >l >0 o

OO WC e Ll e Weles WCEC » L.vl®» L e
e eveee F o> F ex T oex ¥ ex X ex F e
TTTTTLTT +T HI Tk Tt T T
* OFITITIT* FIU®-TU®—TL® -IWd-IuriIU

SmooceeD™ OAD™ 6D &a2D 027 42D o
G ™™ IO N O NIC-NICHANDIOFNDICENT
LY I T DS YN S N SN WY N DU YN DN N T

H4, 0 X
HH. 1 XE
HH, 0XE

FIX.17
HH,. L1
HH, 11
HH, 1 X

o

Ww Lol

o -

(o >
M-
» COHCOGW

Dana<ad
Cr+r "
uteney et

FIXa?5

[

(&) (& (& &) .
[T oot o ['s [T.4 un~
[=2 P B & PN [T — - > €0 > o e
OO HE W e Lv e Livie WO e Lwle
© e o0 o8 3 o3 X ex X ex F ex T eXx

-l o g ereyer eSS TR I i la L B ol e L Ll ot
‘C‘CIIIIXI!TIFITIF!YIF‘ TIF!TIF

Sa DMELECOGGST D™ 6D 42D 40D &
G OF"T7P99CFNDICHFNDC-NDICHNDIO-ND
I U DRSSO WA N DWW DU YA DU N DL D

FIX.04
FIY.11
ItT.00
IT.11
IT.1X
IT.CX
IT.1X

82




3&967390123%567890123%567390123%567890123h567890123h567890123h567890123&567n90123%56
3333333hhhhhhhhhh5555555555666666666677777777778888888888999999999900DUOUCOUGlllll]l
3333333333333333333333333333333333333333333333333333333333333333333%%%hhhhbhhhhbhhhb
nUnUnuﬁunU0000000000000000000000000000000000000000000000000000000000000000000000000000000
nﬂvcooUDDODU«UB000000000000000000080000000000000000000000000000UGUUUDUDODGUOOHUCQOUOOUU

83

- -
X o X e
e X & X
o -l — e O -
. = : - o =N X
u.nm~ 79 -~ ul ™ ~ - ~ - we o Wz vz ke ul
xo & bt ol o o ] > L] ] G e = o O e [+
L o > d Ve R4 <1 Y S e o Cw Do I o - g O o «cuo o D whe ik i O C eC C «C pund
T ex o oTC¢ o [T g o o N L > x e M o < oD O . o << g << ax¥s% IFTI ca [s R a1s] [+ Ted G
b et TACKAENS HOCZTO T i TT NI TI T e eMé sjoumTI X I &I ITIIX F oAbt Fuo oWirls wotul ¥
* -l US OMNEVD | Uay? HZW OO MOACOE ONONR ok Xoune » N (TR TETAT & e e aal il od o ANON® NCR* N -
i w -
wv) - [Sal (S - L] L] -
c [ad - - - - [ - - -
o a cacqaaaawo-Cao A:PJDUEPPUCpﬂOpUFTIAJIQAAJADUADAHJAOP oassCaC <o CraaOrraac c
(e ] o e ] ¢OZFCZITIOVOOFT UJTJEC.,JJOSJHAJQJNNHZMJIHZNAQNAUHZ\I’AJ =-Ozaac™ SZoEDIZEDD -
(TRl 3 Pgpan] =S N > D :NU?\UAAUU:.AU:,D\UEU_:::\,AIITSA_:D;:::.\::)A‘_:?\U DUy T b YU TRY Sal e LU VIR 7 Khon ’}
=
U -
x L 7S
(=] (i [+ o - o [vS) (=] -
. o < . . - X o x
— - T I I X [ (YR U
(3] 78 [ & (&) (&) C - ~N =z




AT ORMNM I ONCPRRUM INOMNTTRCENMINONCNOAIM FNDON OO =AM I ONC T ORNMINCEN T TOWANMIINOAC DO AN IO oD
AN NN NNRURUMMMM MMM M3 S 3333 333 I ININNNINDINMNINN OO OLC O LD OLON AR AN NA AR DL OCA. T X0 T 00000 000
T TIIIIII IS IIIIITII I IS I II S IIITI I IS I IIIIFIIIIISIIIIIINIIIIIIINILIIIIIIIIIIIIIISIIIIISIIISI NN
00ODU00000000000000000000000000000000000000000000000000000000OUOQUCUOONuODnUDGO0000000
00000OUDUUUUUUUUQUDODUOUOUGUUDOUDOOUUODUUﬂuonoﬂoou00000UUUOO.UOOOUOGUOGUUUUUDUOOOUOUUC

84

[
- L od -
-~ Lt o -~ Lol Lalal Lol -t
> - - TS > > > > > ]
~y o © - - - - w -
U >Q o w X X > > > [3¥e 4 -
U uLDOura Wi ot Cow a et L - [Tale) —
(o] ool -4 [ g w o C cCo c w x Xx oo [
ZZ LI < T =Z x © Zo z o W U (1893 [14
(ST T TR =L O a ¢ el D i - - - >z Z [T w [
.. od o e e e e o0\ o . of.D o b S > o > > Ui e ~ [=
D AU IO el KON O™ e 2 -t X< > @3 uw o W u b 2 R [AV[ V{1 ] [
ZZZECZICHLIWT ICNITOZ #2112 R ZZMZd w2 Z s CT LoD T Uil % v v i B ot O vt v v e v v e e v v e et
- =
2] — — (] o
C e es C . - - . o
IO OAAOCd IUETO0OCaHF Dad DHCaHHDIOA0 Db caICHR OV Dunwvivinnd IOV NG rnviny v
VDCUIMZTWININCIZIIZZ- COI™D COCOZZ-OWZAaD™ OIM _Zak T Quwn cnVNVNNC CCULINVYINNVIVINVANL L LIVNVVIL)
T DL AN NS N > e NIV UL MAD () AT LI LD (D D oD C Mo LT merul QUIMEE LT (T I MM P 0 e D T e e
pve - TR -t (&1 8 e (&
o w (=) - Ul -« - o CLOO @ oL LU o oCOLC @
7y o et c = > OO < z [ e e o oiiili) ® 0 o wiiilt) o @ e el
T — < -© < W ZZTY H e o (8] (SR -2 P b & b AT b o B & N--1 b O O3
(&) L. o (L) [¥5) =z Ol C bl zZ0O C QOO0 C OO e
. . . . . > e v e XFTY L4 XY o o6 8 ¢06 060 soeeoscaes
> b > b x - e T ST X U] HZyddagadaer Mmoo er
z 4 . Z 4 z - ZZZ NeEFQOUOWN NOAIa A LA O00CC0




HOAMFUWOMN B O EHAIM . FNON COCHAM I DN OO =AM FUWON
ocoooco 00001111111111222222222233333333
c.,555555555555555555555555555555555555
e Y= Y e e = Lo L L= e e e Y e bt nabntapnd
COLEOCODOOOOOOONOOPEONOOOOONONDOO0C0o

85

-2EROTIT2~1

111111111111111!.-.111111111111111111'

v.nununnnrnuernen NGNGB Ny nnunnnunneno
nnunny: SSSSSSSS<~SSSSSSSSSSSSSSSSSSQ.SQ
n!):3.)38R;:;Q,,Q..BB\33@388%83%53333%333QJQ,BQ,:_

& [ &7 [ Al &] &2 cO [ &gl 387 [Ad &1 ]
P OOEL ¢ sLCOOL e o 00 COLL » LWL @ dCLOO & ok
y) s e e ol'tyl @ e @ sLILE e o o olilla) o0 o olilli) o o & *LWWZ
I O v 3 3¢ I IO vt 2 3 3 pd L © v 2 IO 3 I IO w4 I I X
COHHC O Hw OO DY) e OO ERHHOHE O
e e 0 e v 0 s0 00000 o0 e s oo es s e v se s s e v oY
Voo ccu wuuLk L GOCCOOTITITIT ettt
oocoooowuwbiwbb b COOOOOIITI It

END




REFERENCES

Anderson, J.U., 1963, An improved pretreatment for mineralogical
analysis of samples containing organic matter, in Clays
and Clay Minerals, v. 10. Proc. 10th National Conf. on
Clays and Clay Minerals, 1961, pp. 380-388.

Blatt, H., G. Middleton, R. Murray, 1972, Origin of Sedimentary Rocks.
Prentice-Hall Inc., New Jersey, 634 pp.

Cahn Instrument Company, 1975, Instruction manual for the Cahn auto-
matic electrobalance, Cahn Division, Ventron Instruments
Corp., Paramount, California.

Dauphin, J.P., 1972, Size distribution of chemically extracted quartz
used to characterize fine-grained sediments. Unpublished
Master's Thesis, Oregon State University, Corvallis, Oregon,

Folk, R.L. and W.C. Ward, 1957, Bra;/zos River Bar: a study in the
significance of grain size parameters. J. Sed. Petrol. 27:
3-27.

Friedman, G.M., 1961, Distinction between dune, beach, and river
sands from their textural characteristics. J. Sed. Petrol.
31:514-529.

Gibbs, R.J., M. D, Matthews, and D. A. Link, 1971, The relationship
between sphere size and settling velocity, J. Sed. Petrol.
41:7-~18.

Inman, D. L., 1952, Measures for describing the size distributions of
sediments., J. Sed. Petrol. 22:125-145.

‘Krumbein, W.C., 1938, Size frequency distribution of sediments and the

normal phi curve. J. Sed. Petrol. 8:84-90.

Krumbein, W.C. and F.J. Pettijohn, 1938, Manual of Sedimentary Petrology,
Appleton-Century-Crofts, Inc., N.Y., 549 pp.

Mtlller, G., 1967, Methods in Sedimentary Petrology. Hafner Publishing
Co., New York - London, 283 pp.

Oser, R.K., 1972a, Textural analysis of fine- grained sediments: pelagic
sediments of the northwest Pacific. Unpublished M.S. thesis,
Oregon State University, Corvallis, Oregon.

86




|
|
[

Oser, R.K., 1972b, Sedimentary components of northwest Pacific
pelagic sediments. J. Sed. Petrol. 42:461-467.

Poole, D.M., 1957, Size analysis of sand by a sedimentation technique.
J. Sed. Petrol. 27:460-468.

Royse, C. F., 1970, An Introduction to Sediment Analysis, Arizona
State University, 180 pp. -

Swift, D.J.P., J.R. Schubel, and R. W. Sheldon, 1972, Size analysis of
fine grained suspended sediments: a review. J. Sed.
Petrol. 42:122-134.

87






