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ADDENDA

Amendments (1990) to this manual (starting with the blue page insert) by
C. T. Smith follow p. 43. They comprise revised and added sections that
replace the original Separation of Pollen from Unconsolidated Rock (p. 26-29)
and Preparation of Clay Slides for X-Ray Analysis (p. 34 and 37) sections.
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DELAWARE GEOLOGICAL SURVEY
LABORATORY PROCEDURES MANUAL

Michael G. Kramer

INTRODUCTION

Laboratory analyses of geologic samples are performed
on a regular basis at the Delaware Geological Survey (DGS).
These analyses produce valuable information used to assist
the production of geologic and hydrologic maps and reports.
Procedures used by the DGS for analyzing various aspects of
geologic samples are described in this manual. The purpose
of this manual is to standardize and document these
procedures.

Care and skill in laboratory operations are essential
to the quality of· the resulting interpretations. All
members of the DGS are expected to be familiar with this
manual. All samples will be treated according to these
procedures unless specific exception is made and noted.

LABORATORY SAFETY

For information on emergency procedures and standard
University procedures dealing with hazardous materials refer
to the Hazardous Material Safety Manual that is displayed
for public view in DGS laboratories. For information about
radiation hazards and precautions refer to the Radiation
Safety Manual that is also displayed in DGS laboratories.

Laboratory analyses involving hazardous materials will
not be performed unless the person performing the analyses
has completed Right-to-Know training and has read the
Material Safety Data Sheets (MSDS) pertaining to the
substances to be used. These sheets are displayed for
public inspection in DGS laboratories. All containers must
be properly labeled.

1



EMERGENCY PHONE NUMBERS

FIRE and AMBULANCE.................................. 911
UNIVERSITY POLICE................................... 2222
UNIVERSITY AMBULANCE................................ 2222
UNIVERSITY SAFETY DIVISION.......................... 8475
UNIVERSITY STUDENT HEALTH SERVICE................... 2226
POISON INFORMATION CENTER.........•..•..••.•......•. 655-3389

GENERAL LABORATORY INSTRUCTIONS

All laboratory procedures should be
care to ensure the accuracy of the results.
ensure that experimental results remain
reproducible.

conducted
This will
reliable

with
also

and

Guard against contamination of samples. Make sure
samples are clearly labeled and in proper containers before
making assumptions about their origins. Clean fume hoods
and lab benches well before starting work. Be sure the
equipment to be used is clean.

Specify the type of splitting
representative portion of sample. The
is preferred; quartering is acceptable
must be noted when used.

used to obtain a
"otton-type splitter
as an option but it

Place processed samples in proper containers and label
them with the DGS sample number and the type of process
used.

When weighing sample and reagents, use powder paper to
ensure accuracy after weighing. When using small portions
of fine-grained material, powder paper ensures transfer of
all weighed material from the balance.

Keep careful notes when processing samples. Use data
sheets when possible. Record all observation pertinant to
processing.

2



SAMPLE NUMBERING AND RECORD KEEPING

General Procedure

To enter samples into the DGS Sample Library and
database, first plot the site where the samples were
obtained, either on the DGS base maps in Room 103 Penny Hall
(for samples from borings or wells) or locate the site on
the appropriate topographic map quadrangle (for outcrop
samples) . Then, fill out the appropriate sample catalog
book (on a shelf in Room 103, Penny Hall) and annotate the
sample numbers to an appropriate well schedule form (except
for outcrop samples) as detailed in DGS Special Publication
No. 11 (Instructions for Preparation of Delaware Geological
Survey Data Base Schedules, Talley and Windish, 1981). Well
schedule forms are in Room 101 Penny Hall. Completed well
schedules should be given to the DGS Secretary in charge of
data entry who will make provisions for entry into the DGS
computer database. After completing entries in the sample
catalog books, the books should be returned to the
appropriate shelf in Room 103.

Sample Handling

Samples should be taken to the sample receiving room,
(Room 019, Penny Hall Annex I) and one of the DGS
technicians should be notified of their presence. All
samples should be properly labeled by the person who
obtained them to ensure accuracy of labeling. Unlabeled
samples will be discarded. Wet samples should be air dried
before storage. All samples (except cores) should be
transferred to the one-pint, lidded, paper containers
stocked for uniform storage si ze. Paper containers should
then be marked with the sample number and sample depth. The
containerized sample should then be placed on the
appropriate shelf of the DGS Sample Library (Room 018, Penny
Hall Annex I).

Core samples can be placed in the paper containers if
the size of the core permits. Larger core samples should be
placed in a plastic or wooden core box. Numbering and
labeling are the same for cores as for other samples, except
that the top and bottom directions of the core are to be
marked. Cores are also stored in Room 018, Penny Hall Annex
I.

In all cases take care to avoid contamination of
samples.

3



Determine the
initially between
then breaking down
method of recovery
Use the criteria in

Catalog Book Entries

proper book to use by distinguishing
in-state and out-of-state samples, and
the in-state samples according to their
(e.g. cores, ditch-auger, or outcrop).

Table 1 for entry.

Table 1. Sample numbers corresponding to sample types.

Sample Type

In-state: cores
In-state: auger-ditch

In-state: outcrops
Out-of-state

Sample Number Series

20,000
80,000

(continued from 30,000)
40,000
50,000

All sample catalog book entries should be as
possible. As laboratory analyses are performed
the sample book containing that entry should
Outcrop samples should have the latitude and
the sampling site entered in the sample book.
state samples will not have a DGS well number,
be referenced to another State's system.

The information to be entered is:

complete as
on a sample
be updated.

longitude of
Most out-of
but they may

1. Sample number: Assign the next unused number in
the book's sequence to the sample.

2. Date: Record the sample' s date of entry into the
books.

topographic
sample was

the S-minute
site where the

3. Location
a. Delaware 5' quad

quadrangle of the
obtained

b. Geographic location
descriptive location of
origin (e.g. 10 feet
crossroad).

the most
the sample's

north of a

exact
site of
specific

4



4. Well number: Record the letter-number designation
of the sample's site of origin as plotted on the
DGS base maps. This is not entered for outcrop
samples and can not be entered in for out-of-state
samples.

5. Depth below land surface: Enter the depths as
accurately as possible, although a range of depths
is acceptable (e.g. 4.5-6.0' for a split spoon core
sample; 2-4' for ditch or auger samples).

6. Land surface elevation: If available
in data; if not, use elevation
topographic map.

use surveyed
data from a

7. Sampling method: List the method such as augering,
ditch sampling, hand sample, split spoon, Shelby
tube, diamond core, carbide core, etc. by which the
sample was obtained.

8. Project: Specify the project for which the sample
was collected. If the sample is not associated
with a project, enter "DGS" to indicate general
information gathering.

9. Comments: List pertinent comments about sample.

1O. Laboratory operations: List tests done to samples
(e.g., microfossil separation, heavy minerals, size
analysis, etc.) as they are completed.

SIZE ANALYSIS BY DRY SIEVING

This method is used when the sample is of such a
nature that aggregates of clay will readily break up and
pass through the sieves. If the clay cannot be
satisfactorily disaggregated, employ wet sieving.

Sample Preparation

1. Select an uncontaminated sample of approximately
100 grams.

2. Dry the sample in an oven at no greater than 60 G C.

3. Record the weight of the sample to the nearest 0.01
gram.

5



4. Disaggregate the sample by gentle crushing of the
c lay and s i 1t aggregates. A rubber hammer or
pestle should be used. Be careful not to break the
natural sand grains.

Seiving Procedure

1. Weigh each clean, dry sieve to be used to nearest
0.01 gram.

2. Place sample in a nest of sieves made up of

2000 (u) micron
1000u

500u
250u
125u

62u

(unless otherwise specified).
sieves are clean.

Be certain that the

3. Place in Ro-Tap (or specify other shaking device)
for 10 minutes.

4. Weigh each sieve again and obtain the amount of
sample on each sieve by subtracting the weight of
the sieve. Record weights to nearest 0.01 gram.
(The sum of weights on each sieve and pan must
agree wi thin at least ± 1 % of the original sample
weight.)

5. Pour the material from each sieve onto a separate
large brown piece of paper and then into a separate
sand envelope. Turn the sieve upside down and
strike the rim down evenly onto the paper to remove
any remaining material. Place this in the envelope
also. Label each envelope as to sample number,
size range, and weight.

SIZE ANALYSIS BY WET SIEVING

Sample Preparation

1. Select a sample of approximately 100 grams. Be
certain that sample is clean and uncontaminated.

6



2. Dry sample in an oven at no greater than 60°C.

3. Weigh sample to 0.01 gram and record.

4. Soak sample for 12-24 hrs. in a solution of 1
milliliter 10% hexametaphosphate per 225
milliliters of distilled water. Use only 100
milliliters of this solution. Disaggregate sample
in dispersion jar (mixer) for 2-10 minutes.

Sieving Procedure

1. Weigh each sieve to be used to the nearest 0.01
gram.

2. Place sample in a nest of sieves made up of

2000u
1000u

500u
250u
125u

62u

and wash thoroughly with water until all clay lumps
are broken up and washed through.

3. Thoroughly dry sample retained on each sieve at
<60°C.

4. Weigh each sieve and obtain the weight of sample on
each sieve by subtracting the weight of the sieve.
Record the weights to the nearest 0.01 gram.

5. Pour the contents of each sieve onto a separate
large brown piece of paper, and then into a
separate envelope. Turn the sieve upside down and
strike the rim down evenly onto the paper to remove
any remaining material. Place this in the envelope
also. Label each envelope as to sample number,
size range and weight.

7



MECHANICAL AND MINERALOGICAL ANALYSIS
OF SANDS, SILTS, AND CLAYS

(Jordan, R. R., 1965)

It is essential to the success of any laboratory
operation that great care be exercised. Contamination must
be avoided by actively guarding against it. Splitting and
weighing must be done carefully and precisely. Label
samples and record all results promptly. No variation in
procedure is to be made unless specifically approved.

There are three primary methods for mechanical sample
analysis. These are:

a. Sieving - dry and wet.
b. Hydrometry.
c. Gallenkamp sedimentation balance.

There are many variations of these methods by using
one or more together such as hydrometry and wet or dry
sieving, or Gallenkamp sedimentation balance with dry or wet
sieving.

Procedure for Seiving

Dry Sieving

Follow procedure described in Size Analysis by Dry
Sieving (page 5).

Wet Sieving

Follow procedure described in Size Analysis by Wet
Sieving (page 6).

Hydrometer Analysis

Follow procedure described in Hydrometer Analysis
(page 1 4) •
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Mechanical Analysis Using the Sedimentation Balance
(GallenKamp)

Drying Samples

1. Samples on which mechanical analysis or X-ray
diffraction are to be performed must not be heated
above BO·C or treated with flocculants. Means of
removing large quantities of water include:

a. Filter candle-vacuum filtration
b. Paper filter-vacuum filtration
c. Long-term settling and decantation
d. Evaporation at low temperatures
e. Combinations of the above.

2. Samples which are not dispersed in water may be
oven-dried at temperatures under BO·C.

3. Carefully weigh dried sample and record to the
nearest 0.01 gram.

Preliminary Disaggregation

1. Disaggregate to fine powder by crushing. Use hands
in Saran Wrap, rubber mortar and glass pestle stir
rod with rubber policeman, or other gentle
technique.

Splitting

1. Fractions for mechanical analysis, X-ray
petrography, and reserve are required for
analysis. Use clean splitter with great care.

Mechanical Analysis

and
full

1. Mechanical analysis of small samples will be done
wi th the Gallenkamp Sedimentation Balance. Very
large samples may also be analyzed by hydrometry
according to AASHO procedures as discussed earlier.
Do not attempt to use the sedimentation balance
unless you are thoroughly familiar with the
apparatus and receive permission.

NOTE: Two identical samples are required - treatment
of both samples must be the same.

9



2. Sample Preparation

a. Soak samples
distilled H

2
0

for 24 hours in 10 milliliters
with hexametaphosphate.

b. Disperse sample
hexametaphosphate
hexametaphosphate
distilled water).

in 200 milliliters of
water (1 milliliters of 10%
per each 225 milliliters of

c. Transfer to the dispersion cup and stir for 1
minute mechanically.

d. Transfer sample for sedimentation balance to
transfer tube, add distilled water until the
225 milliliters mark is reached, then shake and
introduce to the balance. Proceed as per
balance directions, Section II of this manual.

3. Control Sample

a. This is only used in the short method.

b. Prepare in the same manner as the sample for
the balance.

c. Transfer control sample to tube
balance tube, bring volume
milliliters plus 2.5 centimeters.

identical to
up to 225

d. Place in water bath and control temperature to
equal that of balance water jacket.

e. After 2 hours and
suspension to within
bottom.

8 minutes, siphon
2.5 centimeters of

off
the

f. Remove, dry in an evaporating dish with Saran
Wrap and weigh sample remaining in the control
tube.

g. After completion of mechanical analysis,
thoroughly clean all apparatus. Record all
data and complete calculations promptly.

1 0
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Mineralogical Analysis

1. The split of the sample for X-ray and
petrographic analysis is to be treated in the
following manner. If the sample contains
considerable carbonate, it will be necessary to
remove this by special treatment. Otherwise,
proceed as indicated.

2. Follow the procedures described in Preparation of
Clay Slides for X-Ray Analysis (page 34).

3. Clay X-Ray Procedure

CAUTION: WEAR A RADIATION MONITORING FILM BADGE

Do not attempt to use the X-ray uni t
unless you are thoroughly familiar
operation. Log use of instrument.

(Phillips)
with its

Maj or machine settings are to be maintained for all
samples. Any variation is to be recorded. Use Cu
radiation and 2°/minute goniometer speed (low-high).

a. X-ray Mg slide to 40° 29

b. Saturate Mg slide in ethylene glycol

c. Place in 60° oven for 1 hour

d. Cool in desiccator

e. X-ray Mg-ethylene glycol saturated slide to 40°
29

f. X-ray AI slide to 40° 29

g. If dioctahedral vermiculite is indicated from
step 5 (above), and to check for kaolinite:

h. Heat 12 hours at 400°C

i. Prevent rehydration and X-ray to 30° 29

j. Heat for 12 hours at 550°C

1 2



k. X-ray to 30· 2Q

4. Petrographic Slide

Follow procedure described in Procedures For Making
Petrographic Slides from Sand Samples (page 38).

SIZE ANALYSIS OF UNCONSOLIDATED SEDIMENTS

Preliminary Treatment

1. Dry sample in air or in an oven at 40·C for one
hour.

2. Break all clumps using fingers and rubber pestle,
do not use a porcelain pestle.

3. Mix and split 100-200 grams if mainly sand, 25-75
grams if mainly silt and fine sand, 15-25 grams if
mainly clay.

4. Split out a 10-25 grams sample to use for moisture
determination if sample was not dried in an oven.

5. Weigh splits in steps 3 and 4 to the nearest 0.01
gram.

Moisture Determination

1. Dry the split to be used for moisture determination
at 100·C for one hour.

2. Immediately weigh to 0.01 gram.

3. Compute percent moisture and correct weight of main
sample (to ±0.3 gram) for moisture content.

Size Analysis

1. Follow the procedure described in Size Analysis by
Wet Sieving (page 6).

1 3



2. For the material that passes the 62-micron sieve,
follow the procedure described in Pipette Analysis
(page 20).

* An alternate method to this procedure is described
in Hydrometer Analysis.

HYDROMETER ANALYSIS
(A.A.S.H.O. Designation: T 88-49)

Sample Preparation

1. Weigh out approximately 150 grams of sample.

2. Sieve the sample as described in the procedure Size
Analysis by Dry Sieving, (page 6) collecting what
passes through the 2000 micron sieve in a pan.

3. Weigh the portion on the pan and on the sieve.

Hygroscopic Moisture

1. Weigh out approximately 10 grams of the portion
which passes through the 2000 micron sieve.

2. Dry this portion at 110°C (230°F) until a constant
weight is obtained.

3. Record this final weight.

Dispersion of the Samples

1. Weigh out approximately 50 grams (100 grams if
sample is very sandy) of the portion that passed
through the 2000 micron sieve.

2. Place the sample in a 400-milliliter beaker and add
250-milliliter of hexametaphosphate solution (or
"Calgon," note commercial "Calgon" is not
hexametaphosphate) (1 milliliter of 10%
hexametaphosphate per 225 milliliter of distilled
H20). Stir thoroughly and soak overnight.

3. Pour the suspension in a mixer dispersion cup and
disperse for 5 minutes.

14



4. Transfer the sample to a specially scribed 1000
milliliter graduate cylinder. Add enough
hexametaphosphate solution to the cylinder to bring
the level up to 1000 milliliter. (The solution
added must have a temperature of 67· Fl.

Hydrometer Test

1. Place the graduated cylinder in a constant
temperature bath of 67· F until the contents of the
cylinder reach this temperature. Remove the
cylinder from the bath and shake the contents for 1
minute (use the palm of the hand as a stopper).

2. At the conclusion of the shaking, place the
cylinder in the bath and record the time. Take
reading with the hydrometer at the end of two
minutes. The hydrometer shall be read at the top
of the meniscus formed by the suspension around its
stem. Read the hydrometer to the nearest 0.5 gram
per liter (or 0.0005 specific gravity). Readings
shall also be taken at 2, 5, 15, 30, 60, 250, and
1140 minutes.

3. After each reading the hydrometer should be very
carefully removed from the suspension and placed
with a spinning motion in a graduate cylinder
containing clean distilled water. About 25 or 30
seconds before each reading the hydrometer should
be placed in the suspension without disturbing it.
Take the reading when the hydrometer has come to
rest.

4. At the conclusion of the final reading, the
suspension can be dried in the oven at a
temperature less than 60·C and then dry sieved, or
it can be wet sieved immediately after the final
reading. In order to save fines settle until clear
and add flocculant NaOH.

Calculations

1. Calculate the percentage of hygroscopic moisture
using the following equation:

15



where:

pm =~1 x 100w1

w = weight of sample after air drying

w
1

= weight of sample after oven drying

To correct
hydrometer
expression:

the weight of the
analysis, multiply

100

portion undergoing
its weight by the

100 + percentage of hygroscopic moisture

2. Calculate
remaining
equations:

the
in

percentage of the
solution at each

dispersed
interval

soil
using

for a hydrometer that reads density

p = R: x 100

for a hydrometer that reads specific gravity

p _ 1606 (R-l)a x 100
- W

where:

P = percentage of originally dispersed soil
remaining in suspension.

R = hydrometer reading (corrected if temperature
was not 67°F).

W = weight in grams of soil originally dispersed
minus the hygroscopic moisture, and

a = constant depending on the density of the
suspension.

The value of a for a hydrometer that reads density
is given by:

1 6



2.6500 - 0.9984
a = 2.6500

where:

x G
G - 0.9984

G = specific gravity of the soil dispersed.

The value of a for a hydrometer which reads
specific gravity is given by:

2.6500 - 1.0000
a = 2.6500 x

where:

G
G - 1.0000

G = specific gravity of the soil dispersed

Some values of a are shown in Table 2.

Table 2. Specific gravity constants for hydrometer

analysis.

Specific Gravity, G

2.95
2.85
2.75
2.65
2.55
2.45
2.35

3. Calculate the maximum
corresponding to each
first approximation is

Constant, a

0.94
0.96
0.98
1 .00
1 .02
1 .05
1.08

grain diameter in suspension
period of sedimentation. A
given in Table 3.

4. Apply the correction factor needed to compensate for
the posi tion of the hydrometer in the suspension
(the distance through which the particles fall
changes with the position of the hydrometer). For
the particular hydrometer used, a graph should be
drawn which determines the correction factor. Using
the following equation a graph of hydrometer
readings versus correction factors is obtained.
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Table 3. Grain diameter versus sedimentation time
for hydrometer analysis.

Time (min.)

2
5

1 5
30
60

250
1440

Max. Grain Diameter (mm.)

0.041
0.026
0.015
0.011
0.0074
0.0037
0.0015

KL =,Idistance to center of volume of hydrometer
~ 17.5

A typical graph is shown in Figure 2.

The corrected grain diameter is then given by the
equation:

d = d' x K
L

where:

d' = grain diameter obtained from table of values
(Calculated for specific gravity or density
hydrometer from equations on page 16).

5. Convert the percentages
percentages of total
percentage that remained

of soil in suspension to
test sample (including

on the 2000 micron sieve).

First calculate the percentage which remained on the
2000 micron sieve using the following equation:

Wc x 100
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where:

= weight of portion remaining on 2000
sieve

micron

W
t

= total weight of sample sieved.

From this multiply the percentage in suspension by
the expression:

100 - P
100 c

to obtain the percentage of total test sample.

PIPETTE ANALYSIS

Sample Preparation

1. Isolate the fines (less than 62 microns) by dry or
wet sieving (see other procedure descriptions)
depending on the characteristics of the sample:

a. Use dry sieving
satisfactorily
pestle) •

if the clay can be disaggregated
by hand (mortar and rubber

b. Use wet sieving
disaggregated.

when clay can not be

Analysis

1. Determine the weight of the fine fraction produced
by the sieve procedure and record to the nearest
0.01 gram.

2. Place the fines in a 1000 milliliter graduate
cylinder and fill to the 500 milliliter mark with
distilled water. Add 5.5 grams of dispersing agent
(Na hexametaphosphate).

3. Shake well by hand (wi th hand over opening)
minutes) then fill the graduate cylinder to
milliliter with distilled water.

20
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4. Shake cylinder vigorously by hand (with hand over
opening) for one minute.

5. At the end of one minute, set the cylinder down and
start timing.

6. One minute before settling time is complete, lower
the tip of a 20-millili ter pipette to the proper
depth. Brace the pipette against the side of the
cylinder and fill it at the proper time according to
Table 4.

7. Each time a sample is taken, empty the pipette into
a separate labeled and weighed 50-milliliter beaker.
Wash the inside of the pipette with approximately 10
milliliters of distilled water and empty this into
the beaker also.

8. Dry the contents of each beaker in an oven at 60°C
for 24 hours.

Table 4. Grain diameter versus sedimentation time for
pipette analysis.

Size
Finer than

4 0
5 0
6 0
7 0
8 0
9 0

10 0
11 0

Depth
(centimeters)

20
10
10
10
1 0

7
5
5

Time elapsed since
start of sedimentation

0:01:00
0:02:59
0:11:59
0:47:51
3:12:-
8:58:--

25:43:-
106:50:--

This is based on Wadell's modification of Stokes' Law
for a temperature of 25°C; therefore the analysis must
be done at this temperature.

9. Weigh each beaker after it has cooled and come to
equilibrium with the moisture in the room. All
weights should be recorded to the nearest 0.01 gram.
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MICROFOSSIL SEPARATION

The following sections can
manner, or separately depending
sought.

be
on

used in
the type

a
of

stepwise
fossils

Washing

1. Soak approximately 100 grams of the sample in water
to break up clumps and disperse.

2. Wash the sample through a G3-micron sieve.

3. Fines smaller than G3-micron need not be saved
unless requested by the investigator.

Quantitative Method

1. Split approximately 30 grams of sample and weigh.

2. Place the sample in a beaker with two
NaCO~ and add deionized water until
one-nalf to two-thirds full.

tablespoons of
the beaker is

3. Boi 1 the sample for two hours on
maintaining the proper water
occasionally to disperse sample.

low heat while
level. Stir

4. Wa~h sample with tap water in a G3-micron sieve and
transfer to a paper towel and air dry, or wash the
sample back into a beaker, decant, and dry under a
heat lamp.

5. Cool and weigh the sample. Subtract the weight of
the beaker to determine the sample weight to the
nearest 0.01 gram.

Procedure for CCl 4 Float

CAUTION: 00 NOT INHALE CCl
4

,
USE UNDER HOOD,

WEAR GLOVES AND EYE PROTECTION

1. Slowly introduce the sample, while stirring, into a
400 milliliters beaker filled 3/4 full of CCl 4 "
Forams will float in the CC1 4 "
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2. Filter forams by pouring (decanting) with sudden
action into a filter paper. Be sure to save the
CC1 4 during this procedure. Filter only the
material that is floating.

3. Dry the material, weigh (to the nearesst 0.01 gram),
and place in a glass vial or on a micropaleo slide.

4. Filter the heavy material, dry, and weigh. Place in
a sand envelope and label "residue."

5. Put the CCl 4 back into the stock bottle.

THIS WHOLE PROCEDURE~ BE CONDUCTED UNDER A HOOD!

Carbon Tetrachloride causes poisoning by
inhalation, ingestion, or skin absorption.
It can result in liver and kidney damage as
well as visual disturbances. CCl

4
has also

been found to be carcinogenic.

WEAR GLOVES AND EYE PROTECTION

Quaternary "0"

Purpose: This technique works
calcareous or only
shales. Preparation
reduced when numerous
at once.

well on most non
slightly calcareous
time per sample is

samples are processed

1. Equipment Needed:

a. Supply of Quaternary "0"
b. One washing pan
c. Beakers
d. One rubber washing pad
e. One 250-mesh washing screen with backing
f. One Waring (or other type) blender
g. Large hot plate (with temperature control)
h. Supply of Solox "Alcohol" (standard methanol is

OK)
i. One measuring cup (metric graduates can be used 

convert using 30 milliliters/ounce)
j. "Coke" bottle with sprinkler head
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2. Procedure: for a full batch (or a half batch).

a. Place 1-1/2 cups denatured alcohol (or "Solox")
in blender (3/4 cup or 180 milliliters).

b. Add 2 cups Quaternary "0" - mix at slow speed (1
cup or 240 milliliters of Quaternary "0").

c. Add 1 cup Quaternary "0" 
speed, for 5 minutes
milliliters) .

thoroughly mix at slow
(1/2 cup or 120

d. Add 20 ounces of above mixture to one gallon
distilled water. This is, and will be referred
to as, the Standard Solution*. (You have ±18
ounces of Quaternary "0" + methanol, so put this
into about 3400-3500 milliliters of tap water in
a brown glass jug.)

e. Rinse drilling mud from samples.

f. Place approximately 75 grams of sample in beaker.

g. Add 300 milliliters standard solution to beaker 
add enough to cover ("motor oil consistency").

h. Heat until shale has disintegrated - do not leave
unattended; check on amount of disintegration
after 1 to 2 hours. You can always wash it, then
recrush what's left and boil again - no need to
dry it out first. Add standard solution as
necessary to keep samples immersed. Stir
occasionally with a glass stirring rod. Do not
allow sample to boil dry. Do not permi t
temperature to exceed 123°C (adjust hot plate to
medium) •

* It has become necessary to vary the
concentration referred to in 2.d. due to an
apparent lack of quality control in the
manufacture of Quaternary "0." Users of this
substance have added as little as 15 ounces of
the 2.c mixture per gallon of fresh water and as
much as 25 ounces. This control is determined by
observing the viscosity of the solution after the
heating process is complete.
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i. Transfer sample to 250-mesh washing screen and
wash with rubber washing pad. Add methanol from
"sprinkler bottle" when necessary to reduce
sudsing.

j. Place sample in washing pan and dry in oven at
450°F or under a heat lamp.

k. Remove metal particles with magnet.

1. Place sample in labeled vial for examination and
filing (Figure 8).

CAUTIONS:

WEAR GLOVES AND LAB COAT
DON'T INHALE FUMES. DO OPERATIONS UNDER THE HOOD.
STORE SOLUTION UNDER THE HOOD.

If you get Quaternary "0" on:

clothes -

flush with running water immediately.
flush with running water for 15 minutes,
call the University Health Service.
wash before wearing again.

Separation of Radiolarians

DO NOT INHALE CC1
4

,
USE UNDER HOOD,

WEAR GLOVES AND EYE PROTECTION

1. Heat sample to dryness if necessary. Sample will
not react with solution very readily unless it is
dry. To facilitate chemical treatment of a highly
indurated sample, break it into small pieces (less
than pea-size) if it is highly indurated.

2. Weigh sample to nearest 0.1 gram (optional; check
with investigator).

3. Add sample to "Rad cocktail" in 600 milliliter
beaker. Use enough of the "Rad cocktail" to cover
the sample with 1-2 centimeters of liquid.
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Recipe for "Rad Cocktail":

Equal parts of:

(a) Deionized water with commercial
phosphate added (enough to make
gram hexametaphosphate/liter).

hexameta-
a solution of 1

(b) 27-30% H
Z

0 2 (hydrogen peroxide).
careful w1tb this strong oxidant.

Be extremely

Allow sample to react to completeness. Much
frothing will occur; to prevent spilling cover
beaker with watch glass and place in a large pan or
dish so any spills can be recovered. A wash bottle
of deionized water can be used to spray down the
foam. Stir mixture frequently.

4. Wet sieve (use fine spray of a hose from water tap)
through screen with mesh opening of 0.063
millimeters (63 microns). Use spray from hose to
break down clay lumps. Examine residue under
microscope; if clay has not broken down, return
residue to evaporating dish and dry it under
infrared lamps. Heat dry sample and add to "Rad
cocktail" thus repeating steps 3 and 4.

5. Follow the steps on page 22 for "Procedure for CC1 4Float."

Carbon Tetrachloride causes poisoning by
inhalation, ingestion, or skin absorption.
It can result in liver and kidney damage as
well as visual disturbances. CC1 4 has also
been found to be carcinogenic.

DO NOT INHALE CC1 4 ,
USE UNDER HOOD,

WEAR GLOVES AND EYE PROTECTION

SEPARATION OF POLLEN FROM UNCONSOLIDATED ROCK

This procedure can only be applied to samples that are
easily disaggregated by soaking in water.
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Sample Preparation

1. Select a single piece of the sample weighing 15 to
20 grams. Remove the outer layer by scraping the
sample with a metal spatula.

2. Crush the sample into several smaller pieces with a
mortar and pestle. The mortar and pestle must be
cleaned with an abrasive cleanser and dried with
compressed air before they are used.

3. Label and weigh a 50-milliliter plastic centrifuge
tube. Use tweezers to place 10 to 15 grams of
sample into the tube. Weigh the tube and subtract
the weight of the tube when empty to determine the
sample weight to the nearest 0.01 gram. Record this
weight along with the sample number. If more than
one sample is being processed, number the centrifuge
tubes, caps, and stir rods to prevent interchanging
these between samples. Record this number along
with the sample number and weight.

4. Add 20 milliliters of distilled water. Let the
sample soak (overnight if possible) to disaggregate
the sample. Cap the tube to avoid contamination.

5. Stir the sample vigorously to break up all clumps.

6. Centrifuge (International) the sample at 3000 rpm
for 5 minutes. This time and rpm will be the
standard throughout the entire procedure. If
supernatant is not free of suspended particles after
5 minutes, repeat this procedure. After
centrifugation decant the supernatant fluid.

Separation

WEAR GLOVES, FACE SHIELD, AND WORK UNDER A HOOD.
PLASTIC CENTRIFUGE TUBES AND STIR RODS MUST BE USED.
DO NOT DISPOSE OF HF. STORE IN PLASTIC CONTAINERS

WITH PROPER WASTE LABELS AND CALL SAFETY FOR DISPOSAL

1. Add 20 milliliters of 10% KOH solution. Stir
vigorously, centrifuge, and decant. Add 30
millili ters of distilled water, stir, centrifuge,
and decant.
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2. Add 10 milliliters of 10% HCl and 5 milliliters of
ethanol. Stir very slowly, this reaction may boil
out of the tube. If this begins to happen add
distilled water using a wash bottle. Centrifuge and
decant. If the initial reaction was very vigorous
it may be necessary to repeat this step to ensure
removal of all carbonate material.

3. Add 10 milliliters of 52% HF (or a concentration
close to this) and 10 milliliters of distilled
water. stir very slowly. Fill the tube with
distilled water, centrifuge, and decant.

4. Repeat step 3, without adding the 10 milliliters of
distilled water (unless reaction becomes violent) 3
to 4 more times. During the last two repetitions,
place the sample in a hot water bath (boiling) to
speed the reaction. A beaker placed on a hot plate
works well.

5. Add 20 milliliters of 10% HCl and 10 milliliters of
ethanol, stir, centrifuge, and decant.

6. Add 30 milliliters of distilled water,
centrifuge, and decant.

stir,

7. Add 20 milliliters of glacial acetic acid, stir,
centrifuge, and decant.

8. Place 18 milliliters of acetic anhydride into a
beaker. Slowly add 2 milliliters of concentrated
H2S04 , Multiply these proportions by the number of
samples being processed.

9. Add 10 milliliters of the solution from step 8 and
stir slowly. Have a wash bottle with distilled
water ready to guard against boil-over. When the
reaction has slowed add 10 milliliters more of the
step 8 solution. Stir slowly, centrifuge, and
decant into the mixing beaker.

10. Add 20 milliliters of glacial acetic acid, stir,
centrifuge and decant into the mixing beaker.
Slowly dispose of this down the drain with running
water.

11. Fill the tube with
centrifuge, and decant.

28
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12. Fill the
safranin
decant.

tube with distilled water.
solution (stain), stir,

Add 10 drops of
centrifuge, and

13. Transfer the extraction to a 25 milliliter
bottle using a stir rod and distilled water.
little water as possible. Cap and label the

Slide Preparation

plastic
Use as

bottle.

1. Place a small drop of glycerin on a No. 0 cover
slip. Place a small drop of the extraction (taken
from the bottom of the storage bottle) in the center
of the glycerin. Mix well. Drive off the water by
heating the cover slip slowly on a hot plate.
Observe the viscosity of the solution on the cover
slip; when it returns to the viscosity of glycerin,
remove the cover slip from the heat and allow it to
cool.

2. Label the slide with the sample number. Place one
edge of the cover slip down on the slide and slowly
rotate the other edge down onto the slide to avoid
forming bubbles. Seal the cover slip with nail
polish or similar substance.

HEAVY MINERAL SEPARATION
(R. R. Jordan, 1968)

Sieving

Because the size distribution of different minerals in
a sediment varies, a standard size.range must be used. The
standard size range is 62-500U unless otherwise specified.

1. Disaggregate the sample by crushing wi th a mortar
and rubber pestle.

2. Sieve 50-100 grams (generally) on 50011
sieves. Shake dry for at least 10 minutes.

and 6211

3. Unless otherwise directed, discard the greater than
500 11 and the less than 62 11 fractions. These are the
fractions in the pan and on the 50Gll sieve.
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4. If mechanical analysis is performed, steps 1-3 above
may be omi tted by selecting the fractions on the
sieves between the pan and the 500u sieve.

5. Weigh this size range and split to approximately 20
grams and then weigh the split to the nearest 0.01
gram.

Cleaning

In order to remove surface coatings which modify the
bulk grain density and complicate the optical identification
a cleaning process is necessary.

1. Boil (gently) the size range sample in 10:1 HCl for
10 minutes. The HCl should just cover the sample.

CAUTION: WEAR GLOVES I WEAR EYE PROTECTION I

WORK UNDER A HOOD.

2. Wash thoroughly with water until all of
removed as indicated by litmus paper.
not to wash out any mineral grains.

the acid is
Be careful

3. Boil the sample in 10:1 HN0
3

for 10 minutes.

4. Wash with water until the acid is removed as
indicated by a litmus paper test.

5. Dry the sample under the infrared lights and cool.

6. Weigh the cleaned sample.

Separation

Two methods of separation are outlined. The choice of
methods will be specified for each sample. Tetrabromoethane,
with a permissible density range of 2.90-2.96, will be used
as the heavy liquid. Be careful as it is light sensitive.
Methanol is the only solvent to be used.
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Method 1

CAUTION: WEAR GLOVES, WEAR EYE PROTECTION
WORK UNDER A HOOD

1. Large funnel with rubber tube is placed on funnel
rack. Clamp the rubber tube, then fill funnel with
tetrabromoethane.

2. Place approximately 20 grams (not more in order to
avoid clogging) in the funnel. Record the weight of
this portion to the nearest 0.01 gram.

3. Stir sample at 5-10-minute intervals for first hour,
then every hour until the separation is complete.

4. Place the funnel over filter paper marked in pencil
with sample number and heavies.

5. Tap bottom of funnel for heavies by opening the
clamp. Do not leave clamp open too long as some
lights may be sucked down into the heavies.

6. The filter paper is transferred to another funnel
over a wash bottle marked tetrabromoethane and
methanol. Wash sample with methanol. Place filter
paper in third funnel over wash bottle marked
methanol and acetone. Wash sample wi th acetone,
dry, and weigh. Be careful not to mix acetone
methanol wash bottle with methanol-tetrabromoethane
wash bottle. The uncontaminated tetrabromoethane
can be returned to stock bottle. The (t-m) wash
material is placed in a large brown wash bottle for
separation. The methanol-acetone wash material can
be discarded.

7. Place the funnel containing the tetrabromoethane and
light minerals over filter paper marked with sample
number and light minerals. The filter paper is
placed in a funnel over a wash bottle of pure
tetrabromoethane. The clamp is released and the
material is allowed to flow into the filter paper.
To prevent clogging, stir while the clamp is open.

8. Place the uncontaminated tetrabromoethane in the
stock bottle.

31



9. Place the filter containing the lights in the funnel
for tetrabromoethane methanol and wash the lights
still in the separating funnel into the filter paper
using methanol. Wash the light minerals using the
procedure in step 6. Dry them and place in a sand
envelope marked with sample number and light
minerals. Place heavies (weighed to the nearest
0.01 gram) in a vial.

Method 2

CAUTION: WEAR GLOVES, WEAR EYE PROTECTION
WORK UNDER A HOOD

1. Almost fill a
centrifuge tube
than 5 grams of
centrifuge.

40 milliliters heavy-duty glass
with tetrabromoethane. Add no more
sample per tube. Stir and place in

2. Alternate 2-minute
samples at least
complete.

centrifuge runs with stirring of
5 times or until separation is

3. Remove tubes and freeze lower half of each tube in
solid CO2 , Wash light fraction out of top with
methanol Lnto filter. Retain wash fluid.

4. Allow tetrabromoethane to
fraction into another filter
wash fluid.

melt and wash
with methanol.

heavy
Retain

heavy fractions with additional
heavy fraction again wi th acetone.

each fraction to the nearest 0.01

5. Wash light and
methanol. Wash
Dry and weigh
gram.

6. Place heavy fraction in labeled vial. Place light
fraction in labeled sand envelope and return to
mechanical analysis splits if available.

Tetrabromoethane Recovery

1. Place all
bottle is
Let settle

wash in large brown bottles. When a
1/4 full add distilled water and shake.
24-48 hours.
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2. Decant the water-methanol mixture to near interface
with tetrabromoethane. Place remainder in
separatory funnel and drain off tetrabromoethane
through filter partially filled with Fuller's Earth.

3. Determine the density of the tetrabromoethane and,
if s.g >2.90, place in appropriate stock bottle.
Make sure all tetrabromoethane is recovered.

Slides

1. Follow
Making
38) •

instructions described in Procedures for
Petrographic Slides from Sand Samples (page

SEPARATION OF MAGNETIC MINERALS

Sample Preparation

1. Separate the sand fraction from the sample to be
tested by sieving. Obtain the -1 (/J to 4 (/J size
range, then weigh total sample and sand fraction and
record to the nearest 0.01 gram.

2. Place sand fraction in a beaker and add distilled
water.

3. Place the beaker in an ultrasonic cleaner for 10
minutes.

4. Decant the suspension from the beaker leaving the
sand fraction behind.

5. Dry the sand fraction using an infrared lamp.

Separation
(Hess, H. H., 1959)

1. Turn the magnetic
side) • Caution:
ferrous objects,
from vicinity.

separator
powerful
watches,

on (two switches on the
electromagnet remove
electronic items, etc.

2. Make sure the two grain catchers are attached to the
lower left end of the magnetic separator.
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3. Start feeding sand into the small metal funnel. Do
not feed too many grains at a time. Adj ust the
intensity of the magnetic field (large black knob on
the side of the separator) and read the intensity on
the dial. Refer to the charts at the end of this
section for the proper settings (Table 5 and Figure
3). Adjust the vibrator (small knob in front) until
there is an even flow of grains.

4. Run the sample two or three times for best results.

5. Weigh the separated fractions to the nearest 0.01
gram and record.

PREPARATION OF CLAY SLIDES FOR X-RAY ANALYSIS
( Spo1 j ar i c, N., 1 971 )

Sample Preparation

1. Separate the clay and silt fraction from the rest of
the sample by sieving. the material that passes
through the #230 sieve should be collected in a pan.
This is the clay and silt fraction.

2. Prepare a suspension with this material in a 400
milliliter beaker using distilled water. The sample
should be completely submerged. Add a few drops of
10% hexametaphosphate solution.

Separation of Silt-Sized Material

1. Place the suspension in an electronic mixer
(ultrasonic separator) for approximately 20 minutes.

2. Immediately centrifuge the suspension for 40 seconds
at 2100 rpm (Fletcher Size 12, 2100 RPM
Centrifuge). The silt-size material will be removed
while the less than 2-micron fraction will remain in
suspension.
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Figure 3. Side slope, current, and mass susceptibility
for the Frantz isodynamic separator.
(H. H. Hess, 1959).
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Preparation of Clay Slides

1. Decant the centrifuged suspension into a clean
beaker and again mix for 15 to 20 minutes.

2. Fold a piece of aluminum foil several times to make
a square piece approximately 1" x 1". Place this in
the bottom of a flat-bottom centrifuge tube. Place
the clay slide (27 x 46 mm), with the sample number
etched on it, on top of this. Add the clay-size
suspension to the centrifuge tube and centrifuge for
5 to 10 minutes at 2100 rpm.

3. After centrifuging, decant the remaining suspension
and remove the clay slide.

4. Place the clay slide in a desiccator under a vacuum
for 2 to 5 minutes. Remove the air slowly otherwise
the coating on the slide may be disturbed.

PROCEDURE FOR STAINING FELDSPARS
(Bailey, E. H., and Stevens, R. E., 1960)

This procedure can be used for petrographic slides and
thin sections which have not had the cover slip applied.
This can also be used best for large rock samples that have
been cut and have a flat surface.

Reagents

Hydrofluoric acid, concentrated, 52% HF.
Barium chloride solution, 5%.
Sodium cobaltinitrite solution, saturated.
Rhodizonate reagent. Dissolve 0.05 grams of rhodizonie
acid dipotassium salt in 20 milliliters of distilled
water. Make fresh daily in small dropping bottle, as
the reagent is unstable.
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Procedure

CAUTION: WEAR GLOVES, EYE PROTECTION,
AND WORK UNDER A HOOD.
00 NOT DISPOSE OF HF.
CONTAIN IN PLASTIC BOTTLES
(PROPERLY LABELED)
AND CALL SAFETY FOR DISPOSAL

1. Etch the rock surface by leaving it face down for 3
minutes over hydrofluoric acid. (Note: Rinsing the
surface after etching causes the stains to be
uneven. )

2. Immerse the slide in the saturated sodium
cobaltinitrite solution for 30 seconds. The K-
feldspar is evenly stained light yellow.

3. Rinse the slide briefly in tap water to remove all
of the cobaltinitrite.

4. Dip the slide quickly in and out of the barium
chloride solution.

5. Rinse the slide briefly with tap water and then with
distilled water.

6. Cover the rock surface with the rhodizonate reagent
from a brown dropping bottle. Allow to stand for 10
seconds. When the plagioclase feldspar has become
red, rinse the slide in tap water.

7. Allow the slide to dry at room temperature and cover
it in the usual way.

PROCEDURES FOR MAKING
PETROGRAPHIC SLIDES FROM SAND SAMPLES

Sample Preparation

1. The sample is split several times to ensure that a
truely representative sample is obtained and the
size of the sample to be sieved is reduced.

38



2. The sample is sieved using a #200 and a
the slide being made from particles
through the #200 but are retained on the
retains particles of 63 microns to
diameter.

#230 sieve,
that pass

#230. This
74 microns

NOTE: Before proceeding, it is wise to check and see
that the sample is representative. If there is
any chance of the sample being biased, then the
sample to be studied must be split several
times in a micro splitter until the fractions
are reduced to a size which is just enough to
make a slide. This process ensures that the
mounted sample will accurately reflect the
characteristics of the whole.

Slide Preparation

1. Heat slide on a hot plate according
instructions for the resin being used
balsam, Lakeside, CR4).

to the
(Canada

NOTE: Canada balsam is preferred because it is the
least hazardous.

2. Place a small drop of resin onto the slide and allow
3 to 5 minutes for it to spread out. The resin
should cover an area about 1 /3 smaller than the
cover glass before it spreads out and covers an area
slightly larger than the cover glass after
spreading.

3. Sprinkle a representative portion of the sample onto
the slide taking care not to overload the slide.

4. Place the cover slip (using tweezers) on the slide
to one side of the resin. Drag the cover slip
slowly across the slide into the resin. At this
point, only one edge of the cover slip is touching
the resin. Now swing the other end of the cover
slip slowly down onto the slide taking care not to
trap air bubbles.

5. Heat the slide according to the instructions for the
resin being used. When cooled, Canada balsalm must
be brittle.
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INSTRUCTIONS FOR MAKING THIN SECTIONS

Cutting Chips

1. Rocks thicker than around 3 cm should be cut on the
20-inch self-feeding saw.

2. Be certain that the rock is fastened securely in the
chuck.

3. Rocks that are less that 3-cm thick may be sized
into chips on the trim saw in the thin section room.

4. See that there is enough water in the saw to keep
the blade lubricated.

5. Chips should then be polished on the 45-micron plate
and finally on the 15-micron plate on the horizontal
polishing wheel.

6. Again, it is important to make sure that there is
enough water in the water bath to circulate and to
lubricate the plates. A circular motion of the chip
will ensure that scratches will be kept to a
minimum.

Mounting Chips

1. Chips should have a
should then be heated
moisture and air.

fine, glassy finish. They
10 to 15 minutes to drive off

2. Mix epoxy or balsalm on the slide or
(balsalm preferred) at approximately
(clear) to one part B (amber).

on the chip
two parts A

3. Place the chip on the slide and work it around until
the air bubbles are worked out.

4. Put this cemented conglomerate in the frying pan or
on the hot plate (at around 300' F) for around 10
minutes to make sure that the chip does not drift
off the slide. Then place it in drying oven at the
temperature specified by the manufacturer for 1-1 t
hours.

5. Mark the bottom of the slide with the diamond-tipped
engraver before proceeding further.
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Lapping

1. Place slide in the chuck and turn lapping saw motor
and water jet on.

2. Holding the chip with the right hand, feed the
assembly against the cut-off saw blade firmly and
evenly with the left hand.

3. While getting close to finishing the cut, overlap a
finger or two over the chuck and against the blade
so that when the cut is finished the slide does not
go shooting off into the saw housing.

4. Secure the slide in the li ttle brass vise of the
lapping wheel and redirect the water of the lapping
system toward the lapping wheel.

5. Be sure that the vise assembly is well clear of the
wheel before attempting to grind the slide.

6. Very slowly advance the assembly closer to the
plate.

7. Move the slide assembly back and forth
it is in contact with the plate
minimized.

so that when
grooves are

8. Because the machine cuts a slight wedge, reverse the
slide end-for-end in the vise at about 10 on the
gauge.

9. At around 5 to 4 on the guage stop, and go on to the
next step which is polishing.

Polishing

1. Either using the 15-micron plate of the polishing
assembly or 600 grit on the glass plate, polish the
slide to the desired thickness.

2. This must be checked from time to time on the
microscope in the lab (check birefringence of quartz
or plagioclase to determine thickness; generally
black to white without yellow or amber colors is
correct) .
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Sections from a Grain Mount

1. Separate the sand from the silt and clay fraction
using the procedure described in Size Analysis by
Dry Sieving (page 5). Obtain the fraction of the
sample that falls between 2000 microns and 62
microns diameter.

2. Make a cardboard mold the size of a petrographic
slide in length and width and at least one-quarter
of an inch deep.

3. Fill the mold
sand fraction.
another resin.

with a representative portion of the
Saturate this with Canada balsam or

4. Follow the instructions for the resin used as to
heating and curing procedures.

5. Remove the cardboard mold from the slab by peeling
and lapping with a coarse abrasive powder.

6. Finish the slide by proceeding from step 3 of part
A.
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PREFACE

The amendments presented in this section of the notebook are procedures
that should entirely replace Separation of Pollen from Unconsolidated Rock (p.
26-29) and Preparation of Clay Slides for X-Ray Analysis (p. 34 and 37).
These sections have been revised to simplify the clay slide process and to
improve the pollen separation technique.

Additional procedures are also presented in the amendments that did not
appear previously in Special Publication No. 15.
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SEPARATION OF POLLEN FROM UNCONSOLIDATED ROCK

Preface

The following technique for the separation of pollen from unconsolidated
rock is one which will achieve results with most samples. Once experience has
been gained with the procedure and if recognition of the composition of the
various types of clay is possible, some of the steps of the procedure may be
omitted and good results still achieved.

An excellent reference for a detailed laboratory description and further
study of palynomorph processing can be found in Paleopalynology (A. Traverse,
1988: Boston, Unwin Hyman, 600 p.). The forty-page chapter dedicated to
laboratory techniques provides both insight into the techniques and alternate
approaches which could be applied to samples.

Review MSDS sheets and read procedure before starting.

Sample Preparation

It is noteworthy that it takes approximately 3 days to batch process 10
samples.

1. Select a single dry piece of the sample weighing 15 to 20 grams. Remove
the outer layer by scraping the sample with a metal spatula.

2. Crush the sample into several smaller pieces with a mortar and pestle.
The mortar and pestle must be cleaned with an abrasive cleanser and
dried with compressed air before they are used.

3. Label and weigh a 50-milliliter plastic centrifuge tube. Use tweezers
to place 7 to 8 grams of sample into the tube. Weigh the tube and
subtract the weight of the tube when empty to determine the sample
weight to the nearest 0.01 gram. Record this weigh~ along with the
sample number. If more than one sample is being processed, number the
centrifuge tubes, caps, and stir rods to prevent interchanging these
between samples. Record this number along with the sample number and
weight.

4. Add distilled water and fill tube. Let the sample soak (overnight if
possible) to disaggregate the sample. Cap the tube to avoid
contamination.

5. Stir the sample vigorously to break up all clumps. Place sample in
small beaker; ultrasonically mix to disaggregate all lumps for 15
minutes. Transfer back to centrifuge tubes with distilled water.
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6. Centrifuge (International) the sample at 3000 rpm for 5 to 7 minutes.
This time and rpm will be the standard throughout the entire procedure.
If supernatant is not free of suspended particles after 5 to 7 minutes,
repeat this procedure. After centrifugation decant the supernatant
fluid. (Note: On our centrifuge 3000 rpm - full power. Allow samples 3
minutes to come to a stop. Do not use the brake as it will again
suspend particles.)

Separation

The chemicals used in the pollen separation procedure as designated by
the MSDS sheets are corrosive to skin and will attack underlying tissue and
bone. Safety is stressed and all precautions should be instituted to avoid
contact with liquids and vapors.

WEAR GLOVES, FACE SHIELD, AND WORK UNDER A FUME HOOD. NALGENE
CENTRIFUGE TUBES AND STIR RODS MUST BE USED. DO NOT DISPOSE OF
HF. STORE IN PLASTIC CONTAINERS WITH PROPER WASTE LABELS AND
CALL THE OCCUPATIONAL HEALTH AND SAFETY DEPARTMENT FOR DISPOSAL.

7. Slowly add 20 ml of a solution of 10 ml distilled water and 10 ml 10%
Hel to remove carbonates. Stir slowly (to avoid excessive carbonation)
and thoroughly. Centrifuge and then decant.

8. Slowly add 20 ml 10% HC1; stir; centrifuge; decant.

9. Wash samples with distilled water by filling tube, stirring,
centrifuging, and decanting. Repeat wash until the sample shows neutral
with pH test paper. (Usually this will take about 6 washes).

a. This helps prevent a violent reaction with HF.

b. This helps prevent the formation of CaF2 precipitate which is
almost impossible to get rid of.

c. Without washing out HC1, HF will not attack mineral matter without
many HF baths.

10. Add 10 ml of distilled water and stir. Slowly add 52% HF and stir until
the tube is about 1/2 full. BEWARE OF REACTION while introducing HF and
stirring. It may boil over - take your time and BE CAREFUL!!
To control excessive reaction, rinse down outside of tube to cool down
reaction.

NEVER ADD WATER TO ACID!!!
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Stir tube to promote reaction (note heat given off from tube).
tube no longer becomes warm when stirred, cap, centrifuge, and
into reserve vessel to be disposed of by University Safety.

When
decant HF

11. Slowly add 52% HF until tube is 1/2 full. Again CAREFUL!! Stir,
centrifuge, and decant into reserve vessel.

12. Slowly add 52% HF, stir, heat at least 5 minutes in 98'C water bath and
stir again. (Heat will promote reaction of HF and the bath may be used
in step 11 if tube doesn't warm when stirred). Centrifuge and decant.
Repeat this step at least 3 more times or until no sand is present (grit
felt as stirring rod passes over the bottom of tube). It is advisable
to let samples sit in HF overnight for the third of the above baths.

13. Centrifuge off HF; decant.

14. Slowly add distilled water and fill tube (about 3/4 to 7/8 full), stir,
centrifuge, decant into reserve vessel. Repeat wash (you may now decant
in drain) until neutral by pH test paper. (Again, this takes about 6
baths. )

l4a. (Optional) Heavy Liquid Separation.

Note: The DGS has achieved results without application of this
technique and has not worked out the specific centrifuge times for the
procedure.

If minerals dominate the organic residue, remove them by using a
slightly acidic zinc chloride solution. The ZnC12 solution used should
have a specific gravity of approximately 1.2 and should have a few drops
of concentrated HCl added to make it acidic.

Add the ZnC12 solution to the test tube containing the sample.
Stir the solution thoroughly and centrifuge to separate the suspension.
The organic residue will remain suspended toward the top of the tube and
can be removed with an eye dropper for further processing.

It may be necessary to repeat this process in order to remove all
the organics if the suspension is thick.

After the organics have been removed, add 10% HCl to the solution,
stir, and centrifuge. Next, wash the residue with distilled water until
it remains neutral.

15. Wash with 10% KOH (approximately 20 ml or 1/2 test tube), stir,
centrifuge, decant into sink.

NOTE: 10% KOH solution - 1 gram KOH + 9 grams distilled H20
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16. Add 10% HCl (20 ml); stir, hot water bath; 'stir, centrifuge, and decant
into drain. (NOTE: if ZnClz heavy mineral separation is used as above,
this step may not be necessary.)

17. Wash with distilled water until neutral (again about 6 times).

18. Add 20 ml acetic acid (Glacial); stir, centrifuge, decant into reserve
beaker.

19. In a separate clean beaker, SLOWLY add 2 ml HzS04 to 18 ml acetic
anhydride. (Multiples of this mixture may be made if processing more
than 1 sample). Be careful! An exothermic reaction will occur as mixing
takes place. Allow to sit and cool momentarily.

20. Add 20 ml of the solution from step 19 to sample tube SLOWLY while
stirring. A violent REACTION (boil over) may occur so be prepared.
(Cooling the tube may control excessive reaction). The more material
present, usually the greater the initial reaction. After the solution
has been stirred thoroughly and the tube is cool, place in hot water
bath for 5 minutes Stir, centrifuge, and decant into the reserve beaker
containing waste acetic acid from step 18. Reserve beaker waste can now
be disposed of safely in drain with water.

21. Add 20 ml acetic acid, stir, centrifuge, and decant.

22. Wash with 2 ml ethyl alcohol and distilled water, stir, centrifuge, and
decant.

23. Wash with distilled water, stir, centrifuge, and decant.

24. Add distilled water and 5 drops of safranin stain. Stir, allow to sit 5
minutes, centrifuge, and decant.

25. Using a slight amount of distilled water, transfer to a bottle, label,
make slide.
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THE PRESERVATION OF FRESH POLLEN SAMPLES
FOR REFERENCE

Fresh pollen can be collected and preserved so that a reference
collection can be made. The following technique should be used.

1. Pollen-containing plant parts should be collected from the plant and
labeled, preferably in a glass vial. As soon as possible after
collection, acetic acid (glacial) should be introduced to the vial to
prevent oxidation of the organic specimens.

2. Transfer the plant material to a 30 ml nalgene centrifuge tube using
acetic acid. Stir the sample, cap it, then centrifuge it at 3000 rpm
for 3 minutes. Decant the acid into a reserve vessel to be disposed of
later.

3. In a separate clean beaker, slowly add 2 ml H2S04 (concentrated) to 18
ml acetic anhydride. This solution will be used for acetolysis. Be
careful because mixing the solution will create an exothermic reaction.

4. Transfer the acetolysis solution to the centrifuge tube containing the
organic sample. Next place the tube in a 70-80°C hot water bath and
slowly bring the water temperature to the boiling point. At the boiling
point remove the tube from the bath and stir the contents with a glass
rod. Cap the tube.

5. Centrifuge the tube at 3000 rpm for 30 seconds.

6. Decant the liquid slowly from the tube (such that the pollen will
remain) into the reserve vessel in step 2. The contents of the reserve
vessel can now be disposed of safely in the drain with running water.

7. Add distilled water to about the 10 cc line of the tube, cap, and shake
tube until the contents foam. Add a few drops of acetone or alcohol to
get rid of the foam. Cap the tube, centrifuge (3 minutes at 3000 rpm),
then decant.

8. Wash the sediment with distilled water again.

9. Because treating the pollen as above will essentially leave them clear,
it is desirable to stain them with safranin stain so they can be viewed
under a microscope. Add 5 drops of safranin with 20 ml of distilled
water, stir, cap, centrifuge, decant.

10. Transfer the sediment to a vial using distilled water. Cap and label
the vial.

11. Slides can now be made.
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BLEACHING OF POLLEN SAMPLES

Purpose:

To be performed if pollen are too dark due to excessive staining.

Procedure:

1. Pour 5 ml of Clorox bleach (sodium hypochlorite) in a vial. Let it set
5 minutes in sunlight or until it appears to have a yellow tint.

2. Transfer specimen material from its storage vial into a centrifuge tube.
Centrifuge (3 minute, 3000 rpm), decant distilled water.

3. Add 5 ml of Clorox from step 1.

4. After soaking about 1 minute, centrifuge off Clorox, and wash sediment
with distilled water.

5. Centrifuge off wash water, transfer the pollen back into labeled storage
vial.

THE MAKING OF POLLEN SLIDES

1. Label slide with diamond or carbide scriber.

2. For fresh pollen or with sparse material in vial, use open end (1.5-1.8
x 100 mm Kimax 51) capillary tube to obtain sample from bottom of vial
containing settled pollen.

For vial containing dense material: shake vial, use capillary tube to
obtain random sample (don't hold finger over capillary tube end as the
capillary tube is placed in the vial).

3. Empty capillary tube in center of slide and use tube to spread material
uniformly over approximately 3/4 inch of center slide (enough so cover
slide will be filled)~

4. Place wet slide in 60'C oven until slide is dry.

5. Place one drop of Norland UV optical adhesive
slip. Invert cover slip and place on slide.
slip to spread adhesive. Place slide under a
minutes.

in the center of the cover
Gently press down cover
UV lamp for 2 to 3

6. Place paper label on slide so that it can quickly and easily be read.
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PREPARATION OF CLAY SLIDES
FOR X-RAY ANALYSIS

Samole Preparation

1. Place 10 to 15 ml of unconsolidated sample in a sO-ml beaker. Add
distilled water to the 30 ml mark and also add a few drops of 10% Na
hexametaphosphate solution, (a few Alconox flakes may be substituted as
Alconox currently is produced containing Na-hexametaphosphate). This
will help to bring the clay into suspension.

2. Use a stirring rod to agitate the sample and then ultrasonically agitate
the sample 5-10 minutes.

3. Decant the suspension into a lsO-ml beaker, leaving the heavier material
in the sO-ml beaker. Add 15-20 ml of distilled water to the sO-ml
beaker and agitate with a stirring rod so as to wash it. Repeat
decanting and saving the suspension in the IsO-ml beaker until you have
at least 100 ml of suspension.

Separation of Silt-Sized Material

Stir the clay suspension and decant it into two sO-ml centrifuge tubes.
Immediately centrifuge the suspension 40 seconds at 2100 rpm (Fletcher size
12, 2100 RPM Centrifuge). Silt-sized material will settle while 2-micron
fraction will remain in suspension.
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Preparation of Clay Slides

1. Decant the centrifuged suspension into a clean 150-ml beaker and
ultrasonically mix for 5-10 minutes.

2. Place a paper clip into the bottom of a flat bottomed centrifuge tube.
Now lay a 1 x 1 1/2-inch glass slide with the sample number etched on it
upon the paper clip. Repeat this in a second matching centrifuge tube.
Add the clay suspension to the tubes and centrifuge about 5 minutes at
2100 rpm for a heavy suspension. For weak clay suspensions 15-20
minutes is recommended.

3. After centrifuging, decant the remaining suspension and remove the clay
slide.

4. Three methods can be used to dry the clay slide.

a. Place it for 2 to 5 minutes in a vacuum desiccator, slowly
removing the air.

b. Place the slide in a 40·C oven for approximately 10 to 15 minutes.

c. Set the slide on a table in the lab (not recommended because
contamination could be a problem).
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PREPARATION OF POWDERS FOR X-RAY ANALYSIS

The Philips Compact X-ray Diffraction Analyses System #PW 1840 that is
in the DGS lab can accommodate powder samples. A homogeneous sample with
grain sizes from 1 to 25 pm and in which no preferred orientation or any
micro- or macro-crystalline change has been created is the preferred Ilideal ll

sample.

The penetration of the x-ray beam is on the order of 20 pm, so the
grains should be ground to a size of 5 to 10 pm to ensure that sufficient
grains of the various compounds present contribute to the beam reflection.

Two methods can then be used to mount the powder to be analyzed. The
first technique is found in the Philips operating manual #949930023711, 840601
section 4-1. This entails the use of the Philips sample holder as described.

The second technique which will be described here is also acceptable.
Take a 1 x 1.5-inch glass slide and apply a thin, uniform coating of UV
curable adhesive along 7/8 inch of its length. The adhesive can be spread
evenly using a second slide.

Next apply a thin coating of powder upon the adhesive. Inverting the
slide and dipping into the powder may work. A 1/32-inch thick uniform coating
is adequate.

Cure the adhesive from beneath the glass such that the adhesive faces
the UV lamp and not the powder. Proper curing time should take a few minutes
(Norland UV; 2 to 3 minutes).

Now the sample can be loaded into the x-ray unit for analysis.
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