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The Fission-track lab at Union College has been in operation since 1990 with a primary focus on the
analysis of detrtial zircon for provenance studies. The lab has a complete mineral separation facility as
well as dedicated lab space for counting and analysis of data in the new Olin Building on the Union
College Campus. The Mineral separation Lab is in a wet room with a Gemeni table, Bico Pulverize,
Chipmunk Jaw crusher, Frantz Magnetic separator, and dedicated fume hood for heavy liquid separation.
The Etching and Sample Preparation lab contains hot plates for mounting, a fume hood, annealing
furnace, and an oven for etching. The Counting lab features an Olympus BMax 60 microscope with an
Kinetek automated stage driven by a Macintosh.
If you have ever prepared samples for fission-track analysis, you know how time consuming it and tricky
it can be. There are a number of steps that one needs to follow carefully to succeed. This manual guides
the user through the steps required to extract zircon or apatite from a rock, mount those grains in a stable
medium for analysis, and then etch the tracks for analysis. From this point, the mounts with etched
tracks need to be sent to a reactor for irradiation and subsequent counting. While many of the general
concepts of sample preparation are similar from lab to lab, please note that this manual was written
specifically for the Union Lab. You may find that if you are working elsewhere, you might have to
modify the protocol to suit your needs.
Finally, note that this procedure is not to be taken lightly. There are a number of potentially serious
pitfalls that one can encounter. It is advised that anyone starting a lab should spend some time in an
operating FT lab to learn the tricks of the trade. A one or two week visit to a host lab could save you
months of lab time. Check the latest edition of "OnTrack" (a newsletter for the FT community) to find the
nearest lab.

_______________________________
Mineral separation & sample preparation for
Fission-track dating: Overview
General outline
1) Crush and pulverize rock
3) Sieve sample (optional). Retain and process the -60 (or -80) mesh part of your sample (or -60 and
+180 or +200).
4) Separate sample using the Rogers table (a.k.a. Gemeni). This process concentrates the heavy minerals
(specific gravity greater then about 2.8 to 3.0) into three fractions. Continue the separation process with
the heaviest fraction. You may need to go back to the other fractions if you don't get enough the first
time.
5) Separate heavy minerals from light-mineral contaminates by passing the sample through
Tetrabromoethane. This procedure produces a heavy fraction with a density greater than 2.95. Rinse (in
acetone) and discard the grains that floated in the tetrabromoethane. Rinse the heavy fraction in acetone
and let dry.
6) Pass the heavy fraction through the Frantz magnetic separator. Clean the Frantz before starting a run
by blowing all the parts with forced air. Begin by passing a magnet over the sample several times; if this
step is omitted, magnetite will probably clog the tray in the magnetic separator. Pass through the
separator at increasingly higher field strengths until about 1.6 to 1.8. Save and label each magnetic
fraction.
7) Process the nonmagnetic fraction in Methylene iodide. The heavy fraction (sinks) will contain zircon,
pyrite, gold, and other minerals with a specific gravity greater than 3.3. The light fraction (floats) will
contain apatite, conodonts, and other minerals with a specific gravity between 2.95 and 3.3 g/cc. In
addition to the sample number, label each fraction as "nonmagnetic" and the density range (i.e. > 3.3 or
<3.3, >2.95).
8) Hand pick the sample using a binocular microscope - if needed. Place sample on a glass slide in a
small pile. From that pile, "pull" a string of the sample in a small line and pull good minerals and push
the rejects into separate piles using a single-haired paint brush. Carefully brush each separated pile onto
weigh paper and transfer to storage vessel.
9) Mount the zircon sample in a Teflon disk at 330º degrees on a hotplate.
10) Polish the sample using 600 or 800 grit adhesive-backed paper, 9 micron, 1 micron and alum. oxide
(0.3 micron) paste. Make sure that no scratches are visible on the grains (at a total magnification of
500x, preferably using reflected light).
11) Etch the grains in a NaOH-KOH eutectec at 228º C for 10-20 hours (older samples will etch for a
shorter time, younger samples etch for longer times). The etchant should be held in a Teflon dish. Apatite
are etched in HNO3 for 20 seconds at 21º C.

12) Affix the external detector. Place a trimmed low-Uranium mica flake - Ruby Clear - (about 0.80 mm
thick) over the etched (and pressed) grain mount. Tape it down with regular "Scotch" tape.
13) Irradiate the sample.
14) Pierce the mica and the grain mount with a needle - make three registration holes. The three holes
should form a backwards "L" shape.
15) Remove the mica and etch in concnetrated HF for about 18 minutes, rinse well. The tape will fall off
during etching, do not try to remove it prior to etching. Rinse in a base, then in water.
16) Mount the grain mount and mica (track-side up) adjacent to each other on a glass petrographic slide.
Line up the registration marks so that they are perfectly aligned. Affix with nail polish.
17) Count tracks.

_______________________________
Methodologies for detrital work and etching zircon are summarized below:
Practical consideration for using detrital zircon fission track thermochronology for provenance,
exhumation studies, and dating sediments
Detrital zircon fission track thermochronology: Practical considerations and examples (Italian FT
conference, July, 1999)
Detrital fission-track (FT) thermochronology applied to sedimentary provenance studies
Also see a Fission track survey of etching zircon in 2000 for the lowdown on etching zircon.

_______________________________
Mineral separation & sample preparation for
Fission-track dating at Union College
Step by step directions
Note that many steps are specific to the Union College Lab
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[1] JAW CRUSHER
When collecting rocks in the field break your sample into small pieces; it makes lab work much easier
and much less prone to contamination The Jaw Crusher takes small pieces and breaks them into even
smaller pieces through the grinding action of the two plates. The size of the crushed pieces depends on
the size of the opening at the bottom of the "jaw". A wedge behind one of the plates allows you to reduce
the size of the pieces. Please wear safety goggles while using this machine - some rocks are quite brittle
and they tend to shatter when crushed.
1) Place the crushed rocks into a shallow pan and remove organic material and large
fragments. Don't forget to remove a large hand sample, label it and put it in a marked sample
bag - this sample should be used to make a thin section for petrographic analysis.
2) Use forced air and a brush and completely clean the machine. In doing so, remove the
"removable plate" (on the outside edge) and clean behind it.
3) Place a pan under the outlet below the Jaw. Place a small amount (half a handful) of
material in the machine after you have assembled it and turned it on. Allow this material to
pass through the jaws. Discard this crushed rock - it is the only likely sample that is
contaminated with material from the previous run.
4) Continue by slowly, dropping small pieces into the moving crusher. If the pieces are too
large the crusher will jam. If this happens, turn off the power and remove the piece - turn the
flywheel backwards to simplify removal.
5) Periodically stop the machine and grease the fittings. The grease gun is hanging above the
machine. If you forget to grease the machine, the joints will freeze up and the machine will
'pop' apart. See Garver or Neubeck if this happens.

6) Once you have processed the entire sample, clean the machine and the work area. Even
though the machine should be cleaned after each use, do not assume that the cleaning was
adequate and therefore not necessary for the next sample.
7) Place the crushed samples in quart-sized Ziploc® bags and label the bags on both sides.
We use Ziploc® freezer bags which are made of realtively thick plastic and they have a
convienent white label area for marking the sample number using a Sharpie®.
Strategy overview: Keep the machine clean, and get sample pieces to the size of a pea.

[2] PULVERIZER
After a sample has been crushed, pulverizing reduces it to a fine powder. Zircon are very hard and
durable and it would be difficult to "overgrind" a sample, although your sample will become frightfully
fine-grained after this step. The dust collection system (DCS) are used to siphon off the dust-laden air.
Please make sure you wear earphones or some other sort of ear protection.
1) Thoroughly brush and clean all the parts with a shop vaccum. Remove the sample tray
and make sure that no powder from the previous sample remains. We use a Bico Braun
belt-drive pulveriser (below, right) and a Torit dust collection system (below, left): both
require 220V, so here in the US, that means they have special wiring requirements.
.

2) Close the machine and make sure you latch both sides of the hinged door.
3) Adjust the setting. Turn the machine on. Unscrew the cam lock (far right) and move the
cam forward until you hear the two plates hitting. Back off the cam until the plates just miss
one another. Lock the cam in place.

4) Turn on the dust collection system (DCS) - this keeps the dust down by drawing off the
air from the pulverizing chamber. Slowly feed the sample into the machine. If you feed too
much too fast the machine may jam - avoid this.
5) Make sure that you remove the pulverized sample periodically so that it doesn't overflow.
6) Place the pulverized sample into the original bags that were used after the Jaw Crusher.
7) Upon completion of a sample - use the shop vaccum to clean the entire machine.
Strategy overview: Keep the machine ultra clean, and get sample reduced to a gritty flour.
[3] ROGERS TABLE
The Rogers Table (Gemeni® Gold table, Mineral deposits LTD, Queensland, Australia) is an efficient
method by which heavy minerals are separated from light minerals. Although the table is quite efficient,
there is some contamination of the light minerals even in the best of circumstances and as a result, the
"heavies" will have to be processed in heavy liquids afterwards. The sample is slowly introduced dry
(using a vibrating feeder) onto the top of the tilted and shaking table that has a slow but constant stream of
water flowing over it. Heavy minerals tend to get caught in the small grooves in the table and then travel
downslope toward the center of the table. Any mineral that is able to stay in a groove at the end of the
table probably has a high specific gravity. Generally one can tell if the heavy stream in the innermost
groove is rich in heavy minerals; a good operator wants to maximize this heavy stream and minimize the
light contaminants in this stream.
.

(Left - click to enlarge) The Gemeni Gold table as modified at Union College for the
separation of zircon from loose sediment (or crushed rock). The table sits on a frame that
imposes a ~10° tilt forward. This tilt is accomplished by the underlying wooden frame. The
feeder is a shaking hopper (close up is here) that slowly introduces the sediment into the
collection bin (gray galvanized). (Right- click to enlarge) close up of the table top. Note that
repeated use has stained the top with light colors between grooves at the approximate position
of where sediment should flow when the table is operational. Adjust water pressure, water
location, and sediment feed rate to modify sediment path.

1) Clean the table throroughly by running water over the table and scrubbing the table and
grooves with a scrub brush and sponge while the table is on.
2) Thoroughly clean collection buckets and racks.
3) Place buckets in racks in a C,B,A order left to right.
4) Connect all labeled tubes to proper buckets the D tube goes into the big tub.
5) Turn water on to weigh down and create steady buckets.
6) Turn the water on the table and turn the shaker to a point just below which the table shakes
off the ground. The water flow can be varied for each individual spigot for the entire length
of the table. In general there should be a greater flow at the top of the table and a relatively
lower flow at the bottom of the table. Adjust the flow rate for the lower half of the table to
be slightly more than a fast trickle. Adjust the upper valves so that they have a slightly
greater flow. There is an art to adjusting the flow, and once the sediment is introduced the
adjustments are easier.
7) Allow the sediment to slowly drip down onto the table. It should hit the "V"-shaped steel
plate; this plate can be used to direct the sediment so the it is equally split between the right
and left sides of the table. Much of the sediment is immediately washed off the table, and the
remainder will get caught in the grooves and work its way down the table. When sediment is
released from a "pick-up groove" (the first set) watch the trail and adjust the water so the flow
of sediment just misses the next groove; adjust all valves using the same criteria. Sand should
not be flooding the table, it should only be in the grooves.
8) The "Carrier groove", which feeds the ìAî bucket is your product, so keep a careful eye
on the material in that groove. Black (magnetite), purple/pink (garnet) streaks in this groove
are a good sign (especially if you are processing sandstones). White (apatite/barite) streaks
are a good sign if your are processing bentonite. Some labs use a pipette to suck off pure
zircon at this step.
9) When the sample has washed through the table, you may want to run the second and third
heavy buckets again. This second run may separate any heavy minerals that avoided the
carrier groove.
10) After the runs are complete, remove the buckets, drain water, and dump the sand into
labeled plastic bags. For the ìAî bucket, be sure to rinse it thoroughly so you do not leave
any grains.
11) Dry samples in the oven (at about 40° C). Never leave unlabeled samples unattended.

12) Completely clean the table:
• Rinse all containers thoroughly and let dry.
• Rinse and lightly scrub the table surface with a toothbrush. If let uncleaned,
some minerals will oxidize, stick to the table and discolor the surface. If they
remain stuck to the surface (or a groove) they reduce the efficiency of the table.
• Use the forced air to dry the table once it is clean and also rinse and air blow
the feeder and hopper.
13) Make sure that your work area is clean, the buckets are clean and rinsed, and the table top
is clean and dry. When finished, the table should be ready for use by the next person.
CAUTION: Unlabeled samples are worthless.
Strategy overview: Keep the machine clean, get a clear stream of heavies flowing down the center carrier
groove.
[4] HEAVY LIQUID USE
Heavy liquids are organic compounds that have a relatively high specific gravity. Because they are
liquid and have a low viscosity, they are used to separate different mineral fractions from a crushed and
pulverized rock. Heavy liquids are dangerous and harmful to your body if used incorrectly. Working
with protective clothing and gloves in a hood according to proper procedures insures your own safety.
Tetrabromoethane [(CHBr2)2], Methylene iodide [CH2I2] are commonly used in the separation of zircon,
apatite and sphene from a disaggregated rock. Both are very soluble in acetone, and acetone is commonly
used in both cleaning glassware and reclaiming the heavy liquids because the acetone has a very low vapor
pressure and is easily separated from the heavy liquids. An attempt is made to reclaim all heavy liquids
because disposal is difficult and because these chemicals are expensive. We purchase our heavy liquids
from Geoliquids.
If you use either of these heavy liquids, please see the warnings in the
U.S. Geological Survey publication entitled:
"The handling, hazards, and maintenance of heavy liquids
in the geologic laboratory"
by P.L. Hauff and J. Airey.
***** Warning *****
Tetrabromoethane [(CHBr2)2], Methylene iodide [CH2I2] (both are "heavy liquids"), and Acetone are
routinely used in the fume hood. All have certain levels of toxicity and are flammable.
• No smoking anywhere in the lab
• No eating or drinking in the lab
• Use of rubber gloves is required, rinse gloves with acetone if they come in contact with heavy
liquids - dispose of them after contact.
• Report all spills (x 6911)

• Wash thoroughly after handling heavy liquids
A) Tetrabromoethane [(CHBr2)2] - Density 2.96 grams/cc

1) Make sure sand is completely dry after removed from the oven (dry in an oven at ~40°
degrees in a metal pan). If the sand is not completely dry and has come from a salty
environment (i.e. ocean beach area) the sand will have to be rinsed with water to dissolve the
salt in an ultrasonic beaker. Acetone will not dissolve salt and therefore the sample will
never be able to completely dry.
2) Retrieve a separatory funnel and clean it thoroughly. Use a pipe cleaner to remove any
caught sand in the holes and valve and rise with acetone. Place small dabs of lubricator on
the valve and place it into the funnel securely.
3) Below the separatory funnel set up a funnel with filter paper and a beaker below the
funnel. Set up three other funnels with filter paper and beakers.
4) Carefully using another funnel pour Tetrabromoethane (TB) into the separatory funnel so
the liquid covers the bottom portion of the funnel. This is so the sand will not get caught in
this tight portion of the funnel.
5) Carefully using another clean funnel pour the sand into the separatory funnel. Add more
TB into the separatory funnel until the sand is drenched in the liquid. At this point place the
top on the funnel.
6) Swirl the sand and liquid around in the separatory funnel allowing the sand to loosen up
and have the ability to sink or float in the liquid.

7) At this point you must wait for the heavy minerals to sink to the bottom of the funnel. This
could take anywhere from 5 to 15 minutes. Once there is an adequate amount of heavy
minerals at the bottom of the funnel, release the valve and let the grains and some liquid fall
into the filter paper placed below. Close the valve before any light minerals are able to flow
out.
8) Squirt the tip of the funnel tube with acetone so no TB is able to drip off and pick up the
separatory funnel and swirl it around again. Repeat step 7 until there are no heavies falling
to the bottom of the funnel.
9) Rinse the heavies that are now in the filter paper thoroughly with acetone to dissolve the
TB. Carefully with tweezers pick up the filter paper containing the heavies and rinse them
into another filter paper/funnel/beaker set-up with acetone. Repeat this rinsing process until
it is visible that the TB has dissolved.
10) Once this step is reached, carefully removed the filter paper from the funnel and place the
paper on the counter of the hood and secure it with 2 sets of tweezers. The air from the fume
hood should evaporate all the acetone and dry, clean of TB heavy sand, should remain.
11) At this point, place another filter paper funnel into the glass funnel below the separatory
funnel and drain the remaining light grains. This process may be slow but be patient. When
all the TB has flowed out, use acetone to rinse the remaining grains. Be sure to rinse the
entire separatory funnel including the sides and top. Be sure that the TB has fully drained
before discarding the sand into the designated garbage bag in the back of the hood.
• Reclaim all used tetrabromoethane.
• Rinse separates with acetone several times; save rinse in a labelled beaker (TB
+ Acetone)
• Rinse light fraction in separatory funnel by gently stirring acetone in saturated
sand grains. Continue to rinse light fraction as it is slowly drained into filter
paper.
• ALWAYS filter reclaimed tetrabromoethane before putting it back into the
storage bottle. Determine density before returning liquid to stock.
• Never leave tetrabromoethane and sand together for more than 10 hours.
• Seal all contaminated filter paper and sand into labelled plastic bags; do not
remove them from the hood or lower storage.
• Rinse heavy minerals at least twice using two different pieces of filter paper
before removing them from the fume hood.
• Clean work space when you have finished.
Strategy overview: Only do as much as you need in this time consuming process. Seive
beforehand to reduce volume.

B) Methylene iodide [CH2I2] - Density 3.3 grams/cc
THIS STEP IS DONE AFTER RUNNING THE SAMPLE
THROUGH THE MAGNETIC SEPARATOR (next page)
Use and procedures:
1) Set up this procedure just as you would for TB, except you will use Methylene iodide
instead of TB and use the small separatory funnels rather than the big ones.
2) Follw the same steps as previously, however, you will save ALL sand grains and WILL
NOT dispose of any. Grains that sink in the liquid are presumably zircons, and grains that
float are presumably apatites.
3) Be sure to rinse all grains with acetone and also rinse them into new filter paper. Once they
are finished rinsing and the acetone has dissolved, carefully pour the grains into properly
labeled viles.
• Reclaim all used Methylene iodide, it is very expensive!! Save rinse in a
labelled brown bottle, or in the vacuum distillation unit.
• Rinse separates with acetone several times; save rinse.
• Rinse light fraction in separatory funnel by gently stirring acetone in saturated
sand grains. Drain into filter paper and rinse at least twice!!
• Never leave Methylene iodide and heavy separates together for more than 10
hours.
• Seal all contaminated filter paper into labelled plastic bags; do not remove them
from the hood or lower storage.
• Rinse all minerals at least twice using two different pieces of filter paper before
removing them from the fume hood.
• If sample is clumpy or sticky, place it in a small test tube or sample bottle with
acetone and clean in the ultrasonic for 15 to 20 minutes.
• Clean work space when you have finished!!
Light fraction will contain Apatite, conodonts and other minerals with a density between 3.3
and 2.95 provided the sample was initially processed in tetrabromoethane and subsequently
run through the magnetic separator.
Heavy Fraction will contain Zircon, Sphene, and gold, if you're lucky.
Strategy overview: Do all the sample, and carefully agitate to get all grains in liquid. Repeat several
times.

[4] FRANTZ MAGNETIC SEPARATOR
The Frantz® magnetic separator (S.G. Frantz Co., Inc, Trenton NJ, 08606,USA, Phone (609) 882-7100:
FAX (609) 882-3047 Telex 843-346) can be used to separate minerals that are slightly magnetic or
paramagnetic. Because the track that carries the minerals is very small, the feed rate must also be low and
therefore large samples will take a long time to run. Samples are placed in a feed hopper and the material
is lightly shaken down a small track that passes through a magnetic field. If the angle of the tray is
correct, magnetic minerals are pulled to the outside of the machine and non-magnetic minerals are
unaffected. The track splits into two grooves: the groove (and bucket) at the back end of the tray contains
the non-magnetic fraction, and the tray (and bucket) at the front end contains the magnetic fraction.
Because the tray is small, and because different minerals have different magnetic susceptibilities, the
sample must be passed though he machine numerous times at increasing amperage.
Suggested tilt: Horizontal = 5º; Vertical = 20º

1) Completely clean the machine with forced air. Remove the track and clean everywhere.
It is important to run a paper towel in the magnet (where the track goes) before each run otherwise you can get contaminates from the last run.
2) Spread the sample out on a piece of white paper and pass a covered magnet over the
sample several times. Use a piece of paper or plastic to cover the magnet - it cleans easier.
Repeat this process several times or until there is no more magnetite in the sample. This
procedure must precede use of the Franz or the sample tray will jam!
3) Load the sample into the hopper and adjust the Franz such that the meter reads 0.1
Amperes. There are two switches for the magnet located on the lower right side of the
machine. One allows very high amperage, and one allows for very low settings.
Experiment to determine which one you need.
4) Make sure the small buckets are clean and attached to the end of the tray. Turn the shaker

on and wait. Once the run is complete, remove the magnetic fraction and place in a small,
labelled sample bag. This is necessary so if you lose a lot of grains during a run and need to
re-do the run, then you can simply start from the most recent run.
5) Return the nonmagnetic fraction to the hopper and repeat the process using a slightly
higher amperage. Suggested settings are listed below:
0.1 amp (amphibole)
0.3 amp (biotite, amphibole)
0.5 amp (amphibole)
0.7 amp
1.0 amp
1.3 amp
1.5 amp
If little material is removed at each step, the increments can be larger.
6) Clean your work space, and make sure all fractions are properly labelled. Place non
magentics on a labeled vile. Be sure when pouring grains into the viles that it is done over a
piece of paper in case there are any spills the grains are saved. Always place the final
nonmagnetic fraction (i.e. zircon and apatite) in a labeled glass test tube. At this point the
non-magnetics are ready for Methylene iodide use.
Strategy overview: Run sample through several times, and go slowly so the seperation is clean.
[5] MOUNTING ZIRCON
Clean fractions of zircon are presses into Teflon® (we now use PFA) disks so that they are held firmly in
place for final analysis. The following direction assumes you are using a Corning® hotplate (Corning,
Inc). Practice this technique prior to trying it with real zircons. It is very easy to make a serious mistake on
this step because if the zircon get embedded in a bad Teflon mount, you cannot get them out. The key
issue in makeing sure you do this technique right is a careful regulation of the temperature.

General setup for embedding zircon in Teflon. To lower left, zircons are arranged on glass
slides. They are sandwitched between two petrographic slides at 330 degrees C on the left hot
plate (A). They are then allowed to cool on thin wooden sticks, and they are then put in hot
soapy water (right hot plate - B, kept at 80 degrees) to facilitate removal of the glass slides
from the Teflon.

1) Turn on Hotplate A and allow it to warm up for fifteen minutes, the surface temperature
should be about 330º C. Preheat glass slides to be used for mounting.
2) Turn on Hotplate B. Put a 500 ml beaker with 100 ml hot soapy water (hot tap water) on
the surface. The surface temperature of Hotplate B should be about 80º C
3) Once hot, remove the pre-heated glass slides and place on heat-resistant spacers (asbestos
pads or wooden stirring sticks) with a black (black sandpaper) background. Let cool. The
glass slides must be heated prior to using to weed out imperfect slides; some shatter/crack
when placed on the hotplate for the first time.
4) Empty a good quantity of zircon grains onto weighing paper (pour sample down to the end
of the tube and then open it). This will prevent a bias toward coarser grains. Place the
zircons on the center of the glass slide. Use a single- or multiple-hair paint brush (i.e. a #1
Sable) to heard the zircons into a circle with a diameter of about 1 to 1.5 cm. Gently tap the
glass with the end of the paint brush to jiggle the zircons and allow them to settle - make sure
the zircons are evenly scattered and not in one heap. Take your time with this step, a good
even distribution makes later counting easier.
5) With tweezers, gently pinch the edge of the glass slide and carefully place on Hotplate A.
Allow the slide to warm up for a minute or two. NOTE: if you wait too long, you risk having
the slide too hot when the Teflon is placed on the sample.

6) Take precut Teflon squares and place them in a small beaker of alcohol: this reduces static
cling. Prior to mounting, remove a single Teflon square and allow the beads of alcohol to
drip off and dry. Do not touch the Teflon once removed from the alcohol bath. If you do
touch it, you risk having a static cling that will make the zircons jump up onto the Teflon
when you start the mount.
7) (Move swiftly!) Place a pre-cut (2 x 2 cm) piece of alcohol-washed Teflon on the zircon.
Before doing this, however, very lightly touch the corner of the Teflon to the glass. If the
Teflon is "tacky" and sticks to the hot slide, the slide is warm enough, if not, allow the slide to
warm up a little longer. Place the Teflon over the zircon (concave side down) and quickly
place a clean, hot glass slide on top of the Teflon - place the slide so that it is perpendicular to
the lower slide (i.e. one slide E-W and one slide is N-S). This arrangement of the slides
makes removal easier. With a blunt wooden stick (~1 cm wide working end: I use a 1.5 cm
wide and 20-cm-long piece of cedar or pine) and a pair of tweezers, hold down the slides and
press firmly - the melting Teflon should become clear and deform quite easily.
Immediately remove the mount from the hotplate and allow it to cool slowly. If you do not
do this step quickly, the Teflon will overheat and create bubbles. If you are doing several
mounts at once, label the glass slides with a Sharpie marker.
Warning: Bubbles ruin the mount. You must make sure that the temperature of the hotplate
is correct. If it is too low, you will have trouble getting the Teflon to melt, no matter how
hard you press the glass slides together. If the hotplate is too hot, you will get bubbles
almost immediately. You may get bubbles forming after you remove the slide from the
hotplate. You must practice on non-zircons and perfect your technique before moving to the
real samples.
Trouble shooting:
a) Bubbles form - Teflon too hot. i) turn down hotplate. ii) move more quickly;
iii) don't allow zircon to heat up too long (put Teflon on grains sooner).
b) Can't get Teflon to adhere. i) turn up hotplate. ii) leave on longer.
c) Cannot get glass slides apart after pressing zircons on hotplate: i) make sure
glass sandwitch is getting in the water while it is still hot. Just hot enough to
touch quickly. ii) make sure hot water bath has soap (dish soap). iii) pry two
glass slides apart with fingers. Work one corner, and watch to see when (and
where) Teflon starts to seperate - focus your energy on that corner.
8) When the slides are cool enough to touch but not too cool, gently pick up the glass
sandwich with tweezers and place it in warm to hot water (Hotplate B) with a small amount
of detergent ("Joy" or other hosehold dishwashing liquid). Once the samples have soaked for
a couple of minutes, remove the glass slides with tweezers. If the Teflon mount does not
come off easily, pry the glass slides apart with your fingers (be careful, because they
sometimes break). If the glass comes apart, scrape the Teflon mount off the remaining slide
at a low angle with a razor blade.
DO NOT to bend or cut the mount. If you have trouble getting the glass apart, you can take

the mount back to the hotplate (the mounting hotplate at 330º degrees C) and heat the mount
over the surface to warm it up, and then put if back in the hot soapy water.
9) Once the mount is free, use scissors to cut the edges of the Teflon to make a octahedral
shape (we use round Poly tubes for irradiation). Immediately scratch the sample number in
the backside of the Teflon with the tip of an Exacto knife.

Finished mounts of zircon grains in Teflon, trimmed and ready to be polished.

A note about Teflon. In the past many FT labs have used FEP Teflon which is available in
tape from Saunders Inc. In 1997, many labs switched to PFA Teflon which is composed of
"tetraflouroethylene-perflouroalkoxyethene." It was commercially available as Toyoflon
PFA from Toray Industries, INC., Osaka, Japan, but a query in 10/2001 revealed that they no
longer carry this product. For details, see Ontrack, v. 2, n.2, p. 17 (November 1992). The
PFA Teflon has a higher melting temperature, and is more resistant to chemical attack in the
etchant. However, it is more difficult to handle while mounting.
Strategy overview: Practice this technique and get good at it before you attempt on real
samples. This is one of the most difficult steps to master.
[6] MOUNTING APATITE
1) Preheat the hotplate to "low" or slightly below, and premix epoxy using a 5:1 ratio (by

weight). We use Hillquist brand thin-section epoxy.
2) place ~20 glass petrographic slides - prelabelled - on the aluminum block. Label the glass
slides with a diamond scribe.
3) Place or pour apatite grains on a single piece of weighing paper.
4) Place the correct slide on the front of the hotplate.
5) With mixed epoxy, use a clean wooden stick to spread epoxy in a ~1.5 x 1.0 cm area.
6) QUICKLY, pour grains on the epoxy and distribute them evenly with a clean wooden
stick. If you take too long with this step, the epoxy will harden and the grains will not be
distributed well.
7) Remove mount from heat and keep warm (~20-30º C) for 4 to 5 hours.
[7] POLISHING
Once the mounted zircons or apatite have been mounted in Teflon® or epoxy, they are ready to be
polished. This step accomplishes two objectives. First, the grains are cut so that the interior of the
crystal is exposed, and second, the fine polish provides a highly smooth surface on which the fission tracks
will appear after etching. It is critical that the polishing facilities are clear and debris free. Additionally,
it is important to wash the samples thoroughly after each grit in order to remove the coarse grit of the
previous grinding. We purchase diamond paste and extender from Beta Diamond Products Inc. in Yorba
Linda Inc. We purchase Aluminum Oxide powder and Texmet® polishing cloth from Buehler LTD.
1) Clean the polish wheel completely. Make sure no loose material is present around the
edges.

2) Mount the Teflon disks (zircon side up) on the bottom center of stainless-stell butter dishes
with double-sided sticky tape. Cut off the excess from around the mount - tape exposed to
the polishing compound may hold grit from one polish to another. Mount and prepare all the
samples and do the whole batch at once.

Simple polishing setup at Union includes a sinlge manual polisher with three lap wheels (9, 3
micron, and aluminum oxide) and a reflected light microscope for sample evaluation (left)

Wet grit (carbide sandpaper)
3) Prepare 3 strips of new sandpaper on a secure board (~25 x 25 cm square - plate glass will
do). Lubricate the sandpaper with water. The amount of Teflon® each mount has will

determine the number of times the mount should be sanded. If using new sandpaper the
mount should be sanded 3-5 times on both ends of the mount. As the sandpaper becomes
more and more used, more times can be added for sanding. It is CRITICAL that you do not
over grind the mounts ? grains can easily fall out. After the mounts have been sanded, dry off
the water and look at the grains under the microscope. If the grains look very dark and are
still imbedded underneath the Teflon, then more sanding can be done. If some of the grains
are exposed, then they are ready for the 9 micron polish.
9 micron polish
4) Start with the lap that is clearly labeled 9 micron. Place a 1.5 cm long bead of 9 micron
diamond polish paste on the lap. Dab it on the wheel in three places to ease distribution.
Smear the paste on the wheel using the diluted diamond lubricator (50% lubricator, 50%
water), be sure your hands are clean - especially your fingernails. Be careful and cautious
with the diamond compound - it is very expensive. Once the wheel is totally lubricated and
the diamond paste is evenly distributed, turn the wheel on and place and hold the sample on
the wheel, moving it continuously to keep the diamond paste evenly distributed. If the
sample begins to grab, add more lubricator. Keep the sample on the wheel for about sixty
seconds. Do not push too hard on the wheel or you may rip the pad. Do not over polish - it is
easy to grind away all of the zircons! Do all samples on the 9 micron grit before moving
on to the 1 micron.
5) Continuously check the exposure level of the zircons using the reflected light microscope.
You should be able to get about 90% of the zircons exposed. Do not grind past the points
(terminations) of the euhedral zircons. If you grind past this point, many of the zircons will
fall out later during etching. Be sure that all the scratches from the sandpaper have been
polished away and that there are not prominent scratches in the grains. Also look for pits
within the zircons. If the pits can not be polished out, move on to 1 micron. When done,
thoroughly wash each sample; ethanol will remove the oil extender.
1 micron polish
It is CRITICAL that the entire area is clean and that your hands and fingernails are
completely clean of 9 micron diamond paste. If this is overlooked, there could be
contamination on the 1 micron wheel ? therefore making this step of polishing ineffective.
6) Remove the 9 micron wheel and replace it with the 1 micron wheel. Distribute an even
amount of 1 micron paste on the wheel and lubricate it. Do not put 1 micron paste on the 9
micron wheel. Turn the wheel on and polish each sample for about 30 seconds - be careful
because there is still a danger of grinding too far.
7) Use the reflected light microscope to determine the quality of the polish. At 30 and 50 X
you should be able to see very few to no scratches in the zircon (there will be plenty of
scratches in the Teflon). If scratches remain, polish again. This step is finished when you
can see only very small scratches in at the most one or two zircons. The zircons should have
a smooth, milky-white surface ? simply beautiful. If there is an abundance of scratches or
pits, keep polishing. When done, thoroughly wash each sample.
0.3 Micron polish (Aluminum oxide)

8) Clean your hands. Remove the 1 micron wheel and replace with the aluminum oxide lap
wheel. Unlike the previous two modes of polishing, the aluminum oxide is a white powder
that is extended with water.
9) Polish each sample for about 30 seconds. Inspect under the petrographic microscope.
The zircons should be bright and scratch free, even at the highest power. Thoroughly wash
each sample and remove from the Lucite blocks.
10) Cover the polisher when done and make sure everything is neatly put back into place.
Strategy overview: The key here is pressure and diamonds. Increase both for a better and faster polish.
[8] ETCHING ZIRCON
Once polished, the zircons are ready to be etched to enlarge the spontaneous fission tracks. This is
accomplished by placing the zircons in a molten mixture (eutectic) of KOH-NaOH for about 5-100 hours.
You must use extreme care when doing this procedure. The etchant is extremely corrosive and will cause
severe burns - rinse continuously if you come in contact with the etchant. Additionally, the etchant must
be kept at 228º TO 230º C - hot enough to cause severe burns - run cold water over affected area if you
touch the inside of the oven. Use caution when taking samples in and out of the oven. We purchase
Sodium Hydroxide (S78605) and Potassium Hydroxide (S71978) pellets from Fisher Scientific.
NEVER ALLOW USED HOT ETCHANT TO COME INTO CONTACT WITH WATER

Etching oven used to etch zircon mounts at Union College. We etch at 228 degrees C in
small Teflon dishes (one covered and one open in photo). The Teflon dishes rest in a rotating
aluminum holder (on steel bearings). Temperature is monitored by an external thermometer,
but heating is controlled by a thermocouple.

1) Turn on the oven and let it reach and equilibrate to 228º C. This will take about 1-2 hours.
2) Measure 11.2 g KOH and 8 g NaOH and mix in a Teflon dish (do not use ceramic).
Place in the oven and allow the mixture to melt - this can be done while the oven is warming
up. We use a aluminum dolly that is made to hold seven dishes at once. It spins on stainless
steel ball bearings. (note: NaOH:KOH ratio was incorrect in earlier versions)
3) Place the Teflon dish in a ceramic dish (and place both in a ceramic tray or a premade
holder). The holder or the ceramic dish gives the Teflon stability at high temperatures, the
ceramic tray will help in the case of a spill.
4) With the oven at 228º C and the etchant completely melted, place the zircon mounts in the
etchant - make sure they are placed in the liquid zircon side down. Close the oven door and
wait. Temperature must be exactly known if you plan to compare your results to others.
Make sure you calibrate the temperature of the oven to the position in the oven where the
Teflon dishes reside.

5) The etch time is variable. The length of the etch is determined by the number of tracks
(actually the total radiation damage or alpha damage) but simply put, the etch time is more or
less proportional to the age of the sample. Typical etch ranges:
Cenozoic samples will etch for 10 to 120 hours and possible more.
Mesozoic samples will etch for about 5 to 30 hours.
Paleozoic samples will etch for 10-15 hours or less.
Start with a short etch (i.e. for an Eocene sample; start with 12 hours) in the beginning and
then etch in 5 hour increments until the tracks are widely present and of good quality. We
etch the Fish Canyon Tuff (28 Ma) for 26-28 hours.
6) After each etch period, remove the sample, allow it to cool, rinse it under hot tap water,
and wash it with mild detergent.
7) Make sure you keep track of all etch times. We use an Excel spread sheet.
8) When all etching is done, allow the etchant to cool for several hours (stone cold). It can
be discarded by setting it in the sink (once cold) and running hot tap water over it for 10-15
minutes. NEVER ALLOW THE HOT ETCHANT TO COME IN CONTACT WITH
WATER.
9) Clean all mounts in dilute HF in a shallow Teflon dish for 15 minutes. Rinse repeatedly
with water after HF wash. (see HF warning below).
Strategy overview: Keep careful track of etch times, and be patient.
******

Warning *******

Hazards of HF
HF is one of the most dangerous common reagents, and it is probably the most hazardous
material we use in the FT lab. We use HF to clean zircon mounts after etching (dilute
~5-10%) and to etch micas after irradiation (concentrated ~48%). Please note the important
warnings:
Exposure of only 2% of the body to concentrated HF can lead to death, and it is also lethal at
50 ppm in air. The fluoride ions bind rapidly to electrolyte ions in your tissues, causing
severe electrolyte imbalance. You will develop severe burns and excruciating pain. Death is
usually from massive organ failure (heart failure, paralysis etc.). The idea that HF primarily
affects your bones is a common misunderstanding. Severe bone problems only occur if you
survive that long.
1. Never work ourside the Fume hood and make sure the Fume hood is on.
2. Always pay close attention to yourself and your work. Do not allow
distractions in the lab when you are working with acid. Concentrated HF on
your skin may initially go unnoticed since it usually causes no initial sharp pain
like the strong acids do.

3. The HF will quickly penetrate your skin and you should rinse it off instantly
(in the lab shower if that is quickest). make sure you know where the nearest
shower is.
4. Immediately after rinsing the affected area, you should spread the HF antidote
cream over any possibly affected area (Ca-glauconate) - make sure this cream is
in the hood BEFORE you start working.
5. In case of serious exposure contact Ellis Hospital that you are coming to the
Emergency Room: (518) 243-4121. Be sure you repeat the fact that you have
been exposed to hydrofluoric acid, HF, not hydrochloric acid. The treatments
are completely different.
HF can be used safely. It is used in large volumes daily in industrial applications and in
commercial labs. HF does require a healthy respect and appropriate safety precautions.
1. Set up your workspace carefully. Get everything out of your workspace that
you do not need. Clutter can result in accidents.
2. Wear a lab coat, gloves, and goggles or a face shield. Use new gloves only
(green kind) or the orange rubber gloves, or both. Check gloves periodically for
holes. Discard all old gloves. Discard any glove that has had exposure to HF.
4. Be sure Ca-gluconate cream is handy as the first aid treatment. Check the
cream expiration date.
5. Review where you can quickly go to rinse off if you get any HF on you. Be
sure there is nothing obstructing the sinks or the lab shower.
6. Keep the hood sash as low as is convenient for your work.
7. After you are finished, clean up your area and put everything away. Put
anything contaminated with HF in the back of the hood and wait a day for the
HF to evaporate before cleaning or discarding (e.g. Teflon dishes, paper towels,
etc.).
[9] PRESSING ZIRCON MOUNTS TO FLATTEN
After etching, the zircon mounts will almost always have been deformed slightly and they will have a
slight curl. You need to flatten the zircon mounts so that the mica detector will make good contact with
the grains - this means the mount must be flat. The danger here is that you melt the disk and push the
zircons farther in the Teflon. Avoid this because it ruins the mount.
1) After etching, rinse the zircon mounts.
2) Place the zircons in between two pieces of plate glass. Allow even spacing.
3) Use black paper clips (the heavy duty ones that bind big manuscripts, use #50), on all
edges - use two per edge.

4) Place the whole plate glass sandwitch in the over (still at 228º degrees) for 15 minutes.
5) Remove and allow to cool (completely)
6) Remove mounts.
Strategy overview: Do not overheat because you will ruin the mounts. Let cool stone cold before opening.
[10] ETCHING APATITE
1) Prepare 5N HNO3 well before etching, you will need to get the solution to room
temperature before you start.
2) Place a 3/4 full 50 ml beaker of HNO3 into a 400 ml beaker partially filled with water - this
water is used to regulate the temperature of the acid. Maintain temperature at 20º degrees C.
3) Place another 400 ml beaker, filled with tap water, next to the acid set up. This beaker
will be for the rinse.
4) Use a photo timer, and dip the polished apatite mount in the acid for exactly 20 seconds.
5) Remove the slide from the acid and immediately dip in the water for about 30 seconds.
Remove and run under tap water for about 1 minute.
6) Take care not to touch the apatite surface after the etch is complete.
7) Inspect under transmitted light to see if tracks are visible.
Strategy overview: Maintain careful control on temperature and time.
[11] MOUNTING EXTERNAL DETECTOR - MICA
Once the mounts have been etched sufficiently, completely wash them with a mild detergent. Before the
mica flakes or the 'external detectors' can be affixed to the mounts, the mounts need to be flattened
because they curl from the heat during the etching process. Wehave obtained our mica from B&M Mica
Co. Inc. 35-32 Union ST. Flushing NY 11354.

General setup for preparing etched mounts for reactor. Here the etched mounts are lined up
and mica is affixed to the fresh-clened surface of the mount. The mica is then attached with
Scotch tape. The mica is trimmed (as shown) and we use another pair of sissors to trim the
tape from the mount.

1) Don't touch the cleaned surface of the zircon while mounting the mica. On a clean table,
arrange the cleaned mounts and precut mica so that mica squares are cut to cover the entire
zircon-bearing part of the Teflon®.
2) With tweezers, repeatedly affix the mica to frosted clear Scotch® tape, lift and remove
leaving a thin flake on the tape. Continue this process until the mica is about 0.18 mm (use a
micrometer early on to create a lab standard - use color and rigidity to determine if new ones
are correct) thick and you have one side of the mica that separated along a single flake with
no irregularities.

Method for getting a freshly cleaved mica after affixing to tape - figure shows mica being
carefully lifted from tape in one clean sheet. The fresh surface should be placed directly on
an alcohol-cleaned etched mount of zircons.

3) Carefully place the clean side of the mica face down on the zircon mount. With tape,
completely cover one half of the entire disk (mica and underlying Teflon®). With the sharp
point of an Exacto® Knife, scratch the sample number on the remaining exposed backside of
the mica. I write the number on the mica twice, once on opposite ends. Obviously this
number should match the sample number on the back of the Teflon® mount.
4) With another piece of tape cover the remaining half of the mount. Use a razor to trim
away all excess from the mount.
5) Use a dark pen to place the sample number on the tape ("up") side of the mount. Leave
room for the package number, which should put inscribed on the tape when the order of the
stack has been determined.
6) Stack them up and send them off to the reactor. Note, we poke holes in the mounts (for
registration on the computer) after they return from irradiation.
7) When this is finished, the Irradiation list provides the details of the sample order, and etch
times.
Strategy overview: Keep clean and place and trim carefully. Poorly placed mica will ruin the mount.

[12] ETCHING MICA AFTER IRRADIATION
1) After irradiation, remove mica from mount. We use tape to affix the mica, so to remove
the mica and tape, we trim the grain mount exactly along the edge of the mica. Before you
do this, you may need to poke hole in the mica for alignment between mount and mica: we do
this with the tip of an Exacto knife (razor blade tip).
2) Doing five or six at a time, remove the mica, and insert the corner of the mica into Tygon
tubing (this keeps all mica together for etch. Half fill [1] a Teflon dish with concnetrated HF
(40-48% reagent grade), [2] dionized water and 2 g NaOH pellets, stir andallow pellets time
to dissolve, [3] pure dionized water. Place mica into concentrated HF for 18 minutes. Make
sure HF is at room temperature (20-23°C). Use a timer to ensure time is exact. Remove
when done.
3) Rinse etched mica in sodium hydroxide (a strong base), and then in water. Keep in each
rinse for 2-5 minutes. Check this water frequently with a pH test strip to ensure that it does
not get acidic. (It is crucial to make sure the all HF is removed from samples, because any
lingering HF may etch microscope objectives.)
4) Rinse each mica with alcohol and dry vertically on a hotplate (prop next to a beaker) with
the temperature on low. Avoid temperatures high enough to cause spatter of the alcohol.
4) Check track quality. Be careful with etch quality, because the HF strength will decrease
with usage. If you are etching quite a few mounts, you may need to etch for slightly longer.
Strategy overview: Keep track of temperature and time. Rinse, rinse, rinse.
[13] MAKING SLIDE MOUNT
1) Return etched micas to original mount making certain that the sample number for both the
mica and the mount match.
2) Put the mica back track side down, and align reference holes.
3) On a glass petrographic slide, scribe all slides (with a carbide or diamond scribe) with
sample information. On the left, sample number. On the right, irradiation number and
position.
4) Lay the mount and the mica on the edge of an unused glass slide, place them exactly how
they will be placed on the slide (mica with tracks up).
5) Use epoxy (or nail polish) and coat both sides with glue. With fine tweezers, put both
mount and mica (plus cover-slip stopper to raise level) on glue. Align. Let dry completely
before counting.
Strategy overview: Align carefully to aid counting.
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The first published paper to describe sample preparation, etching, and track density determination in
zircon crystals for fission-track dating used cleaved (split) crystals immersed in boiling phosphoric acid to
reveal tracks (Fleischer et al., 1964). Since the introduction of mounting zircon grains in Teflon and
etching with a strong base (KOH:NaOH, NaOH and water, or KOH:NaOH:LiOH), there have not been
any dramatic changes in the basic methodology for handling zircon for routine fission-track analysis (i.e.
Gleadow et al., 1976; Naeser 1976; Gleadow, 1978; Zaun and Wagner, 1985). By the early 1980's most
labs had settled on using a technique where zircon grains are embedded in Teflon¨ and etched in a
KOH:NaOH eutectic between ~200-230 C, but most studies lacked a quantative criteria for track
revelation. Our group has been dating detrital zircon suites using a KOH:NaOH eutectic at exactly 228oC
and the following discussion assumes these etching conditions. For full discussion of etching zircons at
different labs around the world see Methodology for etching zircons .
Three principle techniques are used for etching zircon. The Muti-Etch technique assures both random
selection and optimal etching by repeatedly etching and counting a single mount at regular intervals
(Hasebe et al., 1993). This method provides an unbiased distribution of grain ages, but it has a major
drawback in that it is very time intensive an operationally difficult (see Hasebe et al., 1993, p. 124). The
Multi-Mount technique optimizes the total range of countable grains by insuring that all grain
populations are well etched by etching several mounts different times and counting grains from both
(Naeser et al. 1987). The principal advantage of this technique is that it quickly and reliably provides the
full fission-track grain age (FTGA) spectrum, but results in an inadequate quantative samplling of the
FTGA distribution. The optimal etch technique attempts to maximize a certain population of grains from a
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single sample (e.g. Garver and Brandon, 1994b; Kowallis and others, 1986). This approach requires that
a particular population is optimally etched at the expense of all other populations, and it has largely been
used to date the young population of grains so mounts are given a long, rather than short etch. This
technique is particularily useful when only a certain population of grains is of interest and other grains can
be safely ignored, as is the case in dating the young population of grains to constrain the depositional age
of sediments.
Detrital zircon suites are characterized by their complex distribution of fission-track cooling ages and
variable U content of the zircon grains. To reveal countable fission-tracks in as many grains as possible,
it is necessary to select reseaonable etch times. We give here a first-order orientation for selecting the
correct etch time. Therefore, we show the FT age - U content data from over 1000 zircons, etched for
different intervals (Fig.1). Theses samples include zircons from modern river sediments and acients
sandstones from all around the world (European Alps, Apennines, Southern Alps of New Zealand,
Himalayas, Mississippi etc.).

Fig. 1) U content versus FT age with respect to etch time. Zircons were etched at exaclty 228oC in a
KOH-NaOH eutectic melt.
In general zircons should be etched slowly, which means it is better to start out with a short etch time and
then increase the etch time progressively until a satisfactory result is obtained. After each etching step the
zircons should be carefully inspected to see if the zircons are still under etched, if they are well etched or
over etched. Etch times should be selected with respcet to the expected FT ages. Long etch times tend to
reveal tracks in grains with "young" cooling ages and high U content, while short etch times should be
used for grains with "old" cooling ages and lower uranium content. Table 1 gives approximate etch times
that should be selected to reveal tracks in certain FT age groups.
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Table 1. approximate etch times for certain FT age groups
expected FT age
(m.y.)
1-10
10-100
100-1000

etch time
(hours)
40-60
15-30
5-10

Nervertheless, it is important to note that there is a good deal of overlap between different etch times and
the FT ages that are revealed in these etches. Therefore, it is not necessary to worry too much about "the
absolute exact etch time".
Any further questions? Please contact matthias.bernet@yale.edu or garverj@union.edu .

Back to detrital fission-track home page
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Detrital fission-track grain age (FTGA) populations can usually be decomposed into several grain age
components, using binomial peak fitting (Galbraith and Green, 1990). Probability density (PD) plots are a
convenient way to show the observed grain age distribution and the binomial fitted peaks. The statistical
background for constructing PD plots is given in Brandon (1996). This chapter only explains the data
handling after counting, including all the steps using various programs from Brandon, to create PD plots in
Sigma Plot All programs by M.T. Brandon (Zetaage, Zetafactor, Binomfit, Chi2comp, etc.) are currently
available free of charge at:
ftp://love.geology.yale.edu/pub/brandon/FT_PROGRAMS/FT_Peaks/
Just click onFT peaks.zip or FT peaks.exe Note that these are PC-based applications.
1) Evaluating counting data with the program Zetaage
Using the zeta factor method, to get started one needs to know:

●

Effective track density (tr/cm2)
The relative standard error (%) for the fluence monitor
The effective uranium concentration (ppm) of the monitor standard

●

Zeta factor (yr cm2/tr)

●

Standard error of zeta factor (yr cm2/tr)

●
●

Counter square size (cm2)
● Spontaneous track density
● Induced track density
● Number of squares counted
Data input is usually done in a simple text editor like Notepad, Ultra edit, Word pad etc, where it is
possible to save the text files. ATTENTION: the extension *.ftz (zircon) or *.fta (for apatite) should be
used instead of *.txt. Figure 1 shows a typical data file.
●

Fig. 1
Explanations to Fig.1
Information about Sample - this line is for indentifying the sample, it is
not used in the calculations, but it is printed at the top of the results.
_____________________
Effective track density - this is the track density of the fluence monitor,
not that because this is the first line of the the data file, it is
preceeded by a negative sign.
Relative Standard Error for the fluence monitor, give here as percent.
This value can be calculated manually, but it is given in the program
"Fluence."
________________________
Zeta Factor - regardless of monitor glass, enter Zeta value here, the glass
value appears on the previous line.
Standard Error of Zeta Factor - Give as 1 SE
Counter Square size. - given in square centimeters. Most microscopes are
fitted with a 10 x 10 grid - a total of 100 squares. This is the value of
one square.
________________________
Spontaneous tracks - the number of tracks counted on a grain.
Intuduced tracks - the number of tracks counted on a grain image on the mica.
Counted Squares - number of squares counted for that grain.
________________________
The file should end with the last grain analyzed, do not leave blank lines
after the last data set.
Files from the same sample, but from different mounts can be put together
in this file. to do this, start the new mount information from line two

onwards. The negative sign flags the data and tells the program that these
are new parameters.

2) Getting results
After the data are entered correctly it is possible to evaluate them with Zetaage. The first step it to start
zetaage and change to the appropriate directory, if it is not in the same one as the Zetaage program.
Because Zetaage is a DOS-based program it is necessary to change the directory in Zetaage using DOS
commands like ..\ to get one level up and so on. To facilitate file transfers in the DOS shell, it is helpful
to keep file names under 8 characters (not including extension).
When the correct directory is found and the right *.ftz files are listed, type in the complete file name (e.g.
"99_23.ftz") and hit return. Next follows a selection between different output options. In general only "F"
for full output and "P" for probability density data are used. "F" should be selected and the output can be
given in an *.asc file (e.g. 99_23.asc) and viewed in Notepad etc.
3) Binomial peak-fitting
Using the information from the new *.asc file it is possible to proceed to the peak-fitting procedure. First
start the Binomfit program and change into the directory where the *.ftz files reside. Type in the filename
(e.g. 99_23.ftz) and hit return.
The program asks how many peaks should be fit. It is good always to start with one peak and in the next
iteration add the next peak and so on, up to ten peaks. In general it is not necessary to fit more then 3-4
peaks (when 50-100 grains were dated). To get an idea where to start with the peak fitting the zetaage
output gives some help because it already provides information about Gaussian-fitted peaks. These help as
an orientation, which peak ages could be entered. Furthermore the plot (histogram and PD plot) given at
the very end of the *.asc file can help to estimate the ages. The program evaluates the data, it just needs a
starting point but not the exact peak age.
It is useful to have the output in file form, which comes with the extension *.bft, and each new iteration
(adding another peak) can be attached to the previous data file. The *.bft file can be viewed in Notepad,
Word, etc. We typically fit peaks successively (i.e. 1-5 peaks), and then evaluate the results (see below).
After all peaks are fitted, it is necessary to evaluate, which is the optimal solution. Do 3 peaks better
represent the data than 4 peaks or the other way around? Sometimes it is obvious because you want to
choose the optimal log-likelihood value, but in general the "F test" should be run, using the Chi2comp
program. This program asks for the Chi^2 value and the degrees of freedom for the first fit. This
information is available form the *.bft file. The program then compares the first fit against the second and
evaluates if adding another peak improves the model. If "F" is large and "P(F)" small, it indicates that
more peaks better fit the data. This has to be tested for all peaks and in the next step the Chi^2 value and
degrees of freedom of 2 peaks have to be compared to 3 peaks and so on. When "F" gets small (less then
5) and "P(F)" >10 it is a good indication that fitting another peak didn’t improve the model anymore and
the previous solution should be used.
Lets say 3 peaks were the best solution and fitting 4 peaks wasn’t an improvement, one can go back to the

binomfit results and check the data for the 3 peak solution. This data includes the mean peak age for each
peak, the peak width W, and the fraction of grains belonging to each peak. This information is necessary
to generate the data for creating the PD plot in Sigma Plot.
3) PD plot data
Knowing the mean peak age, peak width, and grain fraction of the best fitted peaks it is necessary to run
the zetaage program again and select the appropriate *.ftz file again. This the P for probability density data
should be selected and printed to a file that will have the extension .prb. When the program asks how
many peak should be included, enter the best-fit solution (e.g. 3 peaks) and then the mean peak age, peak
width and grain fraction, for each peak.
4) PD plots in Sigma Plot
To generate the PD plots in Sigma Plot example Sigma Plot notebook files are available from
matthias.bernet@yale.edu on request. It is necessary to import the *.prb file that contains the PD data into
Sigma Plot. This is done by clicking on file in the taskbar and selecting “import”. The next step is to select
“,” as the delimiter and skip the rows that contain text. This is all, if using an example notebook file,
because than the PD plot is already set up.
5) References
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Collecting detrital samples in the field
Detrial zircon fission-track analysis can be done on modern river and beach sediment as well as on ancient
sandstone.
However, sampling techniques are different for both kinds of samples and sampling strategies depend on
the purpose of the intended study.

Sampling modern river and beach sediments
For exhumation and provenance studies one should carefully consider where in the field samples are
collected. Consulting geologic maps usually provides reasonable information about the potential zircon
yield that can be expected in a given drainage area. Lithologies with usually low zircon yield are
carbonate, mafic and ultramafic rocks etc., while areas with siliciclastic sedimentary rocks,
metasediments, and felsic volcanic rocks should give a reasonable zircon yield. The highest yield can be
expected from granitic rocks and orthogneisses. In many river basins the selection of gravels will provide
a quick overview about the lithology in the sediment source area. The variety of garvels, if available,
should therefore always be recorded.
Collecting detrital zircon samples from modern sediment can be very easy. By using gold washing pans
(Fig.1) it is possible to enrich the sample's heavy mineral content already in the field. This allows to
reduce sample material to 200-300g instead of several kg. In general it is sufficient to pan between 12-14
pans of material, but the final outcome depends on the zircon yield in the drainage.
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Fig. 1: Gold pan with heavy mineral enrichment, indicated by garnet and magnetite.

Preferably samples should be collected from sand bars and beaches with medium to fine sand grain sizes.
They can be directly processed in the gold pans. However, it is also possible to collect samples from
gravel bars. In this case garvel and all finer grained material inbetween can be run through a sieve. The
fine fraction (coarse to fine sand size and smaller) should be caught and processed further in the gold pan,
while all coarse material can be discarded. All clay content in the fine material should be washed out first.
Then simply by "gold washing" the lighter material (quartz, feldspar, micas etc.) is removed and heavy
minerals like zircon, garnet, magentite and even gold (if one is lucky) are enriched (Fig.1).
It is worthwhile to look for heavy mineral placer deposits, which can be easily recognized by black and
reddish colors from magnetite and garnet (Fig. 2). If placer deposits are available it is sometimes not
even necessary to use gold pans. If they are enriched enough, like in Fig. 2, the top layers can be scraped
from the surface using a plastic card for example (but not credit cards) and put directly into a sample bag.
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Fig. 2. Gold pan on sand bar of the Toce River in Italy.
The sand shows strong enrichment in heavy minerals
like garnet and magnetite (red and block colors).

If neither gold pans are used nor placer deposits can be found, one should take at least 2-7 kg of sample
material. However, even this size of sample may not have sufficient zircon if the lithology is not
zircon-bearing (see lab manual).

Sampling sandstone
Collecting detrital samples form sandstone outcrops is very straight forward: locate the correct unit, and
collect enough sample for analysis. However, it is unfortunate when you go to all the trouble of getting to
an outcrop, taking the sample, and processing the sample and in the end you don't have enough zircon for
analysis. This is a common problem, because most geologists inexperienced with FT dating tend to
collect samples that are too small and perhaps the wrong grain size. The best samples are
medium-grained arkosic sandstones, but many sandstone compositions are appropriate for collection and
zircon extraction. In general you should look for quartz in the sandstone, and quartz-rich lithologies
require smaller samples. Our rule of thumb is the following:
(A) Arkose - 2-4 kg
(B) Quartzo-feldspathic sandstone - 4 kg
(C) Quartz-bearing volcaniclastic sandstone - 4-7 kg
(D) Lithic sandstone - variable, but collect 4-7 kg
(E) Silicic volcaniclastic (2-4 kg)
If you are uncertain about the sample, 4-7 kg is a good starting point. Note that this is a big sample,
bigger than most geologists would consider taking. As you can imagine, one can run into a number of
logistical problems in the field with samples this size. To be certain in the field, we over-collect in the
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field on daily traverses. We then break up the samples (at camp for example), into pieces that are 10x10
cm or smaller. We fill a large sample bag, and then weigh out a pre-determined amount for each samples
to be carried out of the field. To do this we use a durable hand-held scale (used for fishing - available
from Bass Pro in the USA for under $10) that goes to 25 kg. Sandstones can be coarse- to fine-grained, but
the best are medium grained. Zircon is a minor accessory mineral in sandstones (> 0.5%).
Our studies have shown that there is little difference between beds in a sequence deposited at the same
time (i.e. sandstone beds in a turbidite sequence close to one another will give a similar result). It is
important that you collect medium to coarse sandstone and try to avoid the fine sandstones, when
collecting turbidites. For turbidites, this observation requires that you take only part of the bed. Take
your time when collecting the sample and make sure that all included pieces have visible grains - a good
rule of them that it is coarse enough. We like to wash all samples in the field.
If you plan to extract zircon and apatite, it is important to avoid altered sandstones, especially those with
excessive iron oxide ("rusty weathering"). These samples may have very poor yields of apatite if they
have experienced interstratal dissolution, and there may be an annoying amount of heavy secondary
minerals (pyrite, siderite, barite, etc.) that slow down the separation process. Zircon is very durable, and
as far as we know, we have not run across any common diagenetic or metamorphic condition that
fundamentally alters zircon concentration in a sandstone.
Any further questions? Please contact matthias.bernet@yale.edu or garverj@union.edu .
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Fission-track Lab

Grain Mount

Mica

4

FA2'

3

2

FA2

U18Z-11

FA1

BLK-1

Sample number
always on left

5

FA1'

Irradiation number
always on right
(last number is
position in run)

1
This edge toward counter

Sequence for Aligning a sample
1. Initial registration mark (circular hole from diamond scribe, circled or shaded blue)
2. First registration hole in grain mount (made by Exacto knife)
3. Corresponding first registration hole on mica
4. Secondregistration hole in grain mount
5. Corresponding second registration hole on mica
6. First fine alignment image on mica
7. Corresponding first fine alignment image on grain mount
8. Second fine alignment image on mica
9. Corresponding second fine alignment image on grain mount.
10. Check alignment and repeat 6-9 if needed
11. Save file and start marking grains
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Marking grains using reflected light
Zircon grains in reflected light
ready to be marked with the
cursor and the digitizing tablet.
a) Scan downward and mark
all grains that are countable in
the 10 x 10 grid.

A
Too small

B

X
For detrital samples, it is a
good idea to mark all of the
grains that have a large
enough counting area.
For samples with a single
cooling history, you can mark
just the best grains (i.e. A and
B in the diagram).

C
Hole (zircon
fell out)

D

X

No scratches

b) Place the green diode light
on the center of the grain and
mark it. Make sure the settings
indicate that you are using the
proper magnification (we do all
marking at 125x.

Too small

X

You will have to turn the lights
down to see the green light on
the puck, it is pretty faint if the
reflected light is too high.
We use reflected light to mark
because it allows instant
identification of good surfaces,
polishing scratches, and large
enough counting areas.

X
E

Good: A-E
Bad: any "X"
(Shown are grains of the Fish
Canyon Tuff: u18z, 26)
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Aligning Grain and Mica
[A] Zircon grain from the
Fish Canyon Tuff with an
apparently even
distribution of fission
tracks and therefore
uranium (u18z, 26, g91)

[A]

[B] Image of the same
zircon grain from the
corresponding mica
(image here has been
rotated 180 degrees so
that it corresponds to the
grain above). Note two
things. First, the grain
shows zonation of
uranium because the
center part of the grain
has a relatively low track
density. Second, the
edges of the grain are
indistinct and do not
correspond exactly to the
exposed grain edges.
This is due to the fact
that induced tracks are
derived form the entire
grain, not just the
exposed surface.

[B]
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Determining where to count on a grain
A B C D E F G H I

J

1
2

1
2

3
4
5

3
4
5

6
7
8

6
7
8

9
10

9
10
A B C D E F G H I

J

This diagram shows an apatite grain and the 10 x 10 counting grid
superimposed on top of it. Note that the grid has the two center lines in
black to facilitate identification.

Tips for chosing where to count on a grain:
1. Align grid on the center of the grain or make sure grid is registered
to a distinctive point
2. Keep count area at least one row away from the edge of the grain
3. Keep count areas simple
4. Avoid any areas with inclusions, or other optical obstructions
5. Avoid areas with clear heterogeneous track (uranium) distribution
6. Avoid strongly zoned crystals

In the example above, row 4,5,6,7 would be reasonable to count.
Rows 3 and 8 could also be counted as well.
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Grain to Mica: Rotation of counting grid
Zircon on grain mount

Image on mica detector

[a]

[b]

These diagrams show the relationship between the zircon grain with tracks which will be
counted (a) and the corresponding image of that same grain on the mica detector (b). Note
that the mica is a mirror image of the grain.

[c]

[d]

Area
counted

Area
counted

Same images as above with the 10 x 10 counting grid shown for reference. Note that when
you line up the grain for counting, center the grid on the grain (c). Make a quick sketch of the
grain on the grid, and note distinctive points that will be obvious on the mica image
(especially corners: see red arrows) - use these distinctive points to make sure alignment is
perfect on the mica (d). Note that in this example, there is high uranium (many tracks) along
the upper right side of the zircon (and on the corresponding upper left of the image on the
mica). You can use this attribute to further check your alignment (red line).
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Sample irradiation list - zircon

Zircon irradiation list for
fission track analysis
Designed to be constructed on a spreadsheet.
* Column explanation:
1) Reactor run (we use "Z" and "Y" for zircon, "A" and "B" for apatite)
2) Position in irradiation tube (note we often have two tubes in one reactor run)
3) Sample number
4) Unit name or indentifier of sample.
5) Material being irradiated (for the reactor)
6) Target etch time - initial guess of etch needed
7) Actual etch increments - first is the pre-etch which is 1 or 2 hr
8-10) etch increments
11) quality of entire mount, based on visual estimation of tracks
12) total etch time (sum of #7-10)
1
Position
U20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20Z-

2
#
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39

3
Sample
CN5-E
FCT-5
FCT-4
BLK-2
BLK-1
98PRGB04
98PRGB09
98PRGB12
98PRGB14
98PRGB16
PF91-09
PF91-10
PF91-12b
PF91-12
VM89-05
VM89-06
VM89-10

4
Unit
Glass monitor
Standard
Standard
Standard
Standard
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte
Gold Butte

5
6 7 8 9 10
11 12*
Material etch hr hr hr
Qual Total
U. Glass x
x
0
Zircon
24
excell. 24
Zircon
24
excell. 24
Zircon
30
good
30
Zircon
30
good
30
Zircon
20 2 18
good
20
Zircon
20 2 18
good
20
Zircon
20 2 18
good
20
Zircon
5 1 4 5
fair
10
Zircon
5 1 4
fair
5
Zircon
20 1 4 15
good
20
Zircon
20 1 4 15
excell. 20
Zircon
20 1 4 15
fair
20
Zircon
20 1 4 15
poor
20
Zircon
5 1 4
poor
5
Zircon
5 1 4
poor
5
Zircon
5 1 4 2 3 poor
10
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U20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20ZU20Z-

38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

VM90-04
VM90-05
VM90-06
Fo-4
G-3
CIM5
CIM4
CIP3
AR2
00MB57C
00MB57B
00MB57A
00MB56B
00MB56A
00MB55B
00MB55A
00MB54B
00MB54A
00MB53B
00MB53A
00MB52D
00MB52C
00MB52B
00MB52A
00MB50C
00MB50B
00MB50A
00MB47B
00MB47A
00MB46B
00MB46A
00MB45B
00MB45A
00MB44B
00MB44A
FCT-2
FCT-1
CN5-B

Gold Butte
Gold Butte
Gold Butte
Apennines
Apennines
Apennines
Apennines
Apennines
Apennines
German molasse
German molasse
German molasse
German molasse
German molasse
La Poste Fm
La Poste Fm
Molasse rouge
Molasse rouge
Gres verts
Gres verts
Annot sandst.
Annot sandst.
Annot sandst.
Annot sandst.
Borella sandst.
Borella sandst.
Borella sandst.
Toce
Toce
Maggia
Maggia
Ticino near LM
Ticino near LM
Reuss
Reuss
Standard
Standard
Glass monitor

Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
20
Zircon
24
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
24
Zircon
24
Zircon
10
Zircon
24
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
10
Zircon
24
Zircon
24
U. Glass x
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
x

4
4
4
5
5
5
5
5
5
23
23
9
23
9
23
9
23
9
23
9
23
23
23
9
23
23
9
23
9
23
9
23
9
23
9
24
24

15
15
15
15
15
15
15
15
15

3

5
5
5
5
5

good
good
good
good
good
good
good
fair
fair
fair
poor
fair
fair
fair
poor
poor
fair
fair
fair
fair
fair
fair
poor
poor
fair
poor
poor
fair
fair
fair
fair
fair
fair
fair
fair
excell.
excell.

20
20
20
21
21
21
21
21
21
24
24
10
24
10
24
10
24
10
24
13
24
24
24
10
24
24
15
24
15
24
15
24
15
24
15
24
24
0
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