Cosmogenic Isotopes Lab

Guidelines for turning quartz-bearing rocks into 26Al and 10Be sample targets for Accelerator mass Spectrometry (AMS).

Part I: Quartz Separation
Crushing and Size Separation
This step reduces bulk field samples, rocks or mixed sand fractions into well- sorted sand fractions, which will be used in the chemistry phase of the sample preparation. 
The cleaning, crushing, and sieving in this step is done in a designated “grinding room” located in the basement of Fairchild Hall (room 004). This work produces relatively high amounts of dust compared to typical lab work. At a minimum a dust mask (NIOSH approved N95) and safety glasses must be worn while working in the grinding room.  Face shields and splash goggles are also available in the room.  You must also review safe operating procedures for the equipment and ventilation system with one of the faculty directors for the space (Arjun Heimsath and Mukul Sharma) before beginning work.
1. Start lab data sheet and lab notebook. Photograph and weigh the sample(s) as taken from the field.

2. Clean the work area with a HEPA filtered vacuum, brush and compressed air.

3. Clean the rock sample with a brush, pick, and scraper to remove loose material, moss, and large pieces of carbonate rind, etc. for soil and sand samples skip to the sieving process, step 5.

4. If the sample is thicker than 4 cm, use a rock saw or hammer and chisel to select pieces from within 4 cm depth of the exposure surface.

5. Use the mechanical jaw crusher or a hammer to reduce pieces to gravel size small enough to fit through the feed chute of the radial crusher.

6. Clean the contact plates of the radial crusher and collection box with a wire brush and HEPA vacuum or compressed air.

7. Adjust the gap between the plates to about 1 mm. This should produce sand sized grains. Close the plate cover and turn on the crusher. Be sure that the collection box is in place under the crushing plates! Feed one or two small sample pieces through the crusher chute. Sieve the resulting mix for fraction size between 0.25 and 1 mm. Shaking the sieves by hand is sufficient; a mechanical shaker is not necessary, but very handy. Check the grain size and adjust the crusher plates if necessary. The grain sizes produced for a given plate adjustment depends on the rock type. After a few test pieces use intuition to adjust plates in order to maximize 0.25 – 1 mm grain production. Repeat the crushing/sieving process with the > 1 mm grains until the 0.25 – 1 mm fraction size weighs between 400 – 500 grams.

8. Pour the fractions into separate labeled plastic zip-loc bags. Put away the > 1 mm and < 0.25 mm fractions into storage. Bring the 0.25 – 1 mm fraction to the chemistry lab.

9. Clean the work area and machinery after use using the HEPA filtered vacuum.

Quartz Separation
All lab workers at Dartmouth must attend the general lab safety course before working in a lab.  You must also complete the online chemical and waste management training at: www.dartmouth.edu/~ehs/.  In addition disposal of acid waste down the drains in Steele Hall is a unique privilege and must follow procedures for safety and documentation (see the attached procedure from EHS).  
All of the acids used (HCl, HF, HNO3, H2SO4) present skin and inhalation exposure risks, HF exhibits unique systemic toxicity and first aid requirements and HNO3 is a powerful oxidizer capable of violent reaction.  Review attached MSDS and fact sheets.  For all chemical work in the lab follow standard lab safety guidelines for handling strong acid which include:

General Requirements for work in Steele 213:

· wear splash goggles that seal around the eyes for all acid handling

· use a chemically resistant apron and closed toe shoes (no flip flops or sandals) for handling acid

· use a face shield with splash goggles for operations that might involve splashing (ex. acid disposal in the sinks)

· work inside fume hoods (6 inches in from face with the sash as low as practical) when handling volatile, concentrated or heated mixtures in open containers 

· Thin single use nitrile gloves only provide barrier protection from chemicals and acids.  They must be changed when they become contaminated followed by hand washing.  Heavy duty acid resistant gloves (neoprene or butyl for HF) are required when acid exposure is likely and must be kept handy for clean up of routine spills.  
· Acid boiling, digestions and heating must take place in the hoods in 213 Steele to utilize the acid scrubber in place in the penthouse.  If the scrubber is down or under repair you will be notified to suspend work.

· Keep access to the eyewash/safety shower clear at all times. 

· HF exposures must be treated as medical emergencies by dialing 911. Flush the area with water until EMS arrives and provide calcium gluconate gel to responders and/or Emergency Room personnel.  Review HF poster in lab.

· Small spills must be promptly cleaned/absorbed with spill pads.  Contaminated absorbents or materials must be bagged for disposal as hazardous waste through EHS.  Large spills or those escaping fume hoods should be handled as emergencies and reported to EHS and or the fire department by dialing 911.

· Hazardous Waste - Corrosive liquids with no solvent or heavy metal contamination (As, Ba, Cd, Cr, Pb, Hg, Se, Ag) can be drain disposed in Steele Hall laboratory sinks.  Review the attached acid waste disposal procedure and log acid disposal in notebook.  Remember all hazardous waste containers (corrosives with pH <2 or >12.5) with EHS labels, and fill in the date and chemical components on the label.  Liquid wastes must be stored within secondary containment bins, this is an EPA requirement.

· Empty acid containers must be triple rinsed with water and labels should be defaced/crossed out prior to disposal in the trash.  Take care not to expose the custodians to harm.

· Training – In addition to EHS required training, all laboratory workers must review this procedure and the attached MSDS and fact sheets.

· Whenever possible purchase acids in plastic coated glass or plastic containers, the plastic coated glass bottles protect workers from splash and often do not leak even when broken.  Store acids in the vented cabinets beneath the hoods.

Remember: Hope for the best and plan for the worst…  Always keep work area clean and keep absorbent pads handy for spills. If you do have an exposure to strong acid, flush affected area with water immediately and remove contaminated clothing.  Call 911 and flush until EMS arrives.  Private safety showers are located in both rest rooms on the third floor of Steele to allow removal of all contaminated clothing. 

Remove Carbonate, Iron, and Organics in 12-Hour 6 N HCl, 0.03% H2O2 Leech
1. Weigh ~400 grams of 0.25 – 1 mm fraction into a labeled 4 L beaker. Record the sample weight on the “flow-chart” sheet. Rinse the sample well with DI water. Decant the rinse water down the sink. Dust and some of the lighter minerals will float off in the rinse. Repeat rinsing until the wastewater is clear.

2. Leave the sample in the beaker and add 1 L 6 N HCl, 0.03% H2O2/100 g of sample. To make 1 L of the solution, add 500 mL concentrated HCl to 499 mL DI water and add 1 mL 30% H2O2. (Do like you outta, add acid to watta!) Place the beaker on the hot plate, cover with a pyrex watch glass and heat to sub-boiling temperature (setting 3 on the hotplate). Wait for the temperature of the solution to stabilize before leaving it unattended especially if the sample contains limestone (carbonate). Otherwise you will have a volcano on your hands. Be sure that the acid does not boil otherwise the beaker will commit suicide and “walk” off the hotplate. Use a corral if available (a corral is a low guard that fits along the perimeter of the heated surface to keep the beakers from falling off). Heat for 12 hours. It is convenient to set a timer to turn off the hot plate. Safety tips: point spout of beaker to the back of the hood. Wipe any spills of the hotplate…this also helps the beaker to hop off the hot plate. Lift the watch glass away from you. Be careful of condensation drips. Test a small portion of the sample for limestone before you do this by adding a little HCl.

A typical mix:


400 g sample


2 L DI water


2 L 12 N HCl


4 mL 30% H2O2

Add the water directly to the sample and slowly add HCl. If the sample is rich in CaCO3 (limestone) the HCl will strongly effervesce for a while. Plan to watch it for the first 45 minutes to an hour. Right after adding the HCl, add the H2O2. The H2O2 will breakdown the organic material and turn the solution yellow.

Cover the beaker and heat 12 hours at sub-boiling temperature.

3. After 12 hours allow beaker to cool and carefully decant acid into the sink. This can ONLY be done in Steele Hall. Rinse and swirl with DI water five times until all HCl residue is removed. Use pH paper to monitor acid content or simply see that all the yellow residue is removed. Some of the lighter minerals, such as the micas, will float off in this rinse stage. Record the amount and concentration of acid disposed down the sink in the waste log book.

4. Transfer the sample to a crystallizing dish and place the dish into an oven set at 3. If there is no oven available, place the dish under a heat lamp and on hot plate at a very low setting. Do not allow the wet sample to boil, otherwise grains will spatter out of the dish!

5. Tare a new plastic storage bag. Allow the sample to cool. Place sample in bag and weigh. Record the weight.

The sample is now ready for the HF/HNO3 leech.

Remove non-Quartz Minerals and Meteoric 10Be in a Series of 9-Hour HF/HNO3 Ultrasound Leeches
First Leech

1. Read tank instructions. Fill ultrasound tank with DI water high enough to cover heating elements so as not to overheat elements, but not so high as to overflow the tank when the bottles are in place. Turn on tank heater set to 70(C. Allow tank to heat while you prepare your samples.

2. In a 4 L polypropylene bottle place:

30 g of HCl treated sample

3856 mL DI water

88 mL concentrated HF

56 mL Concentrated HNO3
This makes a 1% HF/1% HNO3 solution.


SAFETY TIP: READ THE POSTER IN THE LAB ABOUT HF!!!!!!

3. For larger samples, split the sample between several bottles, with 30 grams in each bottle.

4. Cover bottles and place in pre-heated ultrasound tank. Cover any unused beaker places in the tank to minimize water loss through evaporation. Turn on the sonicator. Set a control timer to turn off the heater after 8 hours and the sonicator after 9 hours of operation.

5. After 9 hours, allow the bottles to cool and decant waste solution down the sink. Record the amount and concentration of the acid disposed in the waste log book.

The sample is ready for successive 1% HF/1% HNO3 ultrasonic leeches.

Successive Leeches

1. Follow the same directions as above for the 2nd, 3rd etc leeches, except you can now place 60 grams of sample in a 4 L bottle and use ultrapure water for the 3rd leech onward.

60 grams of sample from 1st ultrasound (I usually combine 2 
bottles for each ultrasound round)
3856 mL DI or ultrapure water

88 mL concentrated HF

56 mL concentrated HNO3
2. It usually takes 3 ultrasounds to get pure quartz, sometimes more.

3. When the sample has been sufficiently leeched, transfer the sample to a crystallizing dish and rinse 3 times. Place the dish in an oven set at 3 then dry for ~2-3 hours.

4. Examine grains under a microscope. Re-leech the samples if they contain non-quartz minerals. Or perform a heavy liquid separation.

The amount of quartz necessary for an exposure age depends on the concentration of cosmogenic isotopes in the rock. If the rock has a young exposure age, thus low concentration of cosmogenic nuclides, then the sample has to be relatively large compared to a rock with an older exposure and higher concentration of 10Be and 26Al. Cosmogenic isotope concentrations can be estimated using production rate values combined with field data (Lal, 1991). Use enough quartz to produce a minimum of 25 million 10Be atoms.

Most samples take at least three 9 hour leeches, some take as many as six. Some samples need 1 leech in 2% HF. These samples generally contain high amounts of Al. When the samples are sufficiently leeched, they are homogeneous quartz sand with color ranging from white to gray. The quartz is now ready for dissolution and Be/Al extraction chemistry.

Heavy Liquid Separation (optional)

If your sample does not look like “salt” but instead contains small pink and blue hues, do not despair, you need to clean it up a bit using heavy liquid separation. Don’t worry it’s not hard and if you’ve had any Organic chemistry training, you’ll feel right at home.

The whole premise is based on density. Quartz will float on a “heavy liquid” of a density > 2.65. Other denser rocks will sink, hence heavy liquid separation. You can do two samples at the same time if they are small enough (< 50 grams). If you have more than 50 grams of sample you’ll have to split it up and run them at the same time. We can also separate samples that are lighter than quartz, namely feldspars by using the feldspar LST that is already prepared.
1. Set up 2 rings stands with open rings and CAREFULLY set a sep funnel (that’s short for seperatory funnel, kids, and be careful with them because they are VERY expensive) in the open ring. Make sure the stopcock is in the closed position. When using the ground glass stopcock, put a small dab of grease on it so that it moves more easily. You don’t want the heavy liquid to flow right thru…it’s even more expensive. In fact we recycle it.

2. Carefully pour some of the heavy liquid into the sep funnels around a third of the way up or so.

3. Take one sample and pour it into the sep funnel. Notice that some grains start to sink and most of it floats. That will change shortly.

4. Use a Teflon stir rod and stir up the contents. Use one stir rod for each sample, you don’t want to contaminate anything. Notice that a lot more grains are sinking. The quartz is heading up to float on top. Nifty isn’t it?

5. Wait a while for most of it to separate. If your quartz layer still looks like it might have other rocks in it, stir it up again. Still way cool.

6. In the meantime, you can set up the vacuum flasks (the ones with the side-arms) and funnels and filter paper. You’ll need 2 flasks and funnels for each sep funnel. Place the funnels into the flasks with a neoprene adapter in between. They should fit snuggly. Fold a piece of filter paper in half and then half again. Open one ply of the paper at the rounded end. You should see a cone. Place it in the funnel. It may not stay at first, but it will once the contents from the sep funnel go inside it.

7. Once you are satisfied that your quartz is as separated as it will get, rock the stopcock back and forth quickly and allow the bottom layer go through into the first filter papered funnel. Don’t fill the funnel all the way up…just until maybe a 1/4 to a 1/2 inch from the top of the paper. Hook up the vacuum hose to the side arm to help draw the heavy liquid through. Don’t crank the vacuum though or else you’ll rip the filter paper and rock will get into the heavy liquid portion. Remember we recycle this stuff. Allow most of the heavy liquid out of the sep funnel until the bottom of the quartz layer arrives at the stopcock. Close the stopcock, this is the stuff you’ve been waiting for. Remove the first flask from under the sep funnel and replace it with the second one.

8. Take a ultrapure wash bottle and wash down the inside of the sep funnel. You should have a layer of about 1/2 to 3/4 inch of water on top of the quartz. Neat, eh? The quartz is denser than water and now it has sunk. Place the Teflon stir rod you used earlier in the sep funnel right to the bottom. Carefully open the stopcock and use the stir rod to help quartz through into the second filter papered funnel.

9. By this time you should have all the rocks in the filter paper. Rinse the quartz portion at least 3 times to remove all the heavy liquid. Attach the vacuum tubing briefly to the quartz flask to draw as much water out from the sample. Then carefully take the filter paper from the funnel and put it on a labeled (with the sample number) watch glass and dry the quartz in the oven for a few hours.

10. Empty the wash water fraction from the quartz flask into the dilute heavy liquid beaker that is nearby. This is how we recycle. Once the beaker is 3/4 full, we turn on the heat and boil off the water until the piece of quartz inside floats.

11. You should still have a flask with the “heavies” portion of rocks. Empty the undiluted heavy liquid back into the bottle where you got it in the first place.

12. Wash the heavies fraction at least three times with water. Apply the vacuum to draw all the water out. Take the filter paper out and place it on another labeled watch glass. Place this in the oven for a few hours. Pour the dilute heavy liquid into the beaker to be recycled.

13. Rinse the glassware with ultrapure water only. Take apart the stopcock and make sure there are not grains there. Rinse the funnels and the Teflon stir rods. It’s not necessary to rinse the vacuum flasks if you are going to use them again. If that was the last sample, rinse the flasks as well. 

14. Once your samples are dry, weigh them and record the mass.

15. If you need to separate the feldspar, after step 7, instead of water, add the feldspar LST and stir the contents of the sep funnel again. This time you should see the quartz sink and the lighter rocks float. Let the contents separate completely. Again, rock the stopcock back and forth and allow the quartz fraction run into the funnel. Let the feldspar LST run through until the bottom of the lighter rocks touch the stopcock. Once all the feldspar LST has been pulled though, pour it back into the feldspar LST bottle. Resume with Step 8.
By this point you should have a mixture of rocks that look like salt. Now you can estimate the amount of Al using the 1 gram aliquot.

Part II: Quartz Dissolution and Beryllium and Aluminum Separation Chemistry
This chemistry isolates the Be atoms and Al atoms from the other elements in the quartz. The Be and Al fractions are packed in “targets” which are analyzed by AMS (Finkel and Suter, 1993). The accelerator doesn’t consume the full sample, rather a portion is used and a ratio of cosmogenic to non-cosmogenic isotopes is given. Therefore, the total concentration of target element in the sample must be measured during the sample preparation in order to calculate the concentration of cosmogenic isotopes:

TotalAl(26Al/27Al) = 26Al mg/g quartz

Measuring TotalAl Concentration
The 1-gram Aliquot

Use only ultrapure water for all chemistry!

Small samples, 1 gram aliquots, of the clean quartz are used to get an approximation of the ppm of TotalAl in the rock. If the TotalAl concentration in the quartz is above ~200 ppm, it might be an indication that non-quartz minerals are still present and further leeching or heavy liquid separation is necessary. If the Al concentration stabilizes at a high level after several leechings, then the quartz is likely naturally high in Al.

If TotalAl is very low in the quartz, <1.0 mg, then the statistical count from the accelerator is worsened. in the case of low TotalAl ppm, an aluminum carrier of known concentration is added. Typically a sample going into the chemistry phase of preparation should have about 2.5 mg of TotalAl.

Total Be is always assumed to be very low, <0.1 ppm, thus Be carrier is always added and Be concentration is not measured in the 1 gram aliquot.

If suites of samples are similar in lithology then one 1 gram aliquot is sufficient per suite. More precise measurements are taken for each sample later in the sample preparation.

The 1-gram Aliquot Process
1. Weigh ~1 gram quartz into a 50 mL Teflon beaker.

2. Add 10 mL HF. Heat on a hot plate with Teflon watch glasses overnight.

3. If the quartz is not completely dissolved, repeat HF dissolution.

4. When all grains are dissolved, add 5-10 drops of H2SO4, dry down sample.

5. Add 5 mL HCl and 5 mL HNO3. Dry down. Repeat as many times as it takes to make the solution “bead-up” and move freely in the beaker. It usually takes 3 times. (This removes the F- which may cause measurement problems.

6. Add 5 mL HCl and dry down. Repeat this 2 more times.

7. Allow beaker to cool until warm to touch.

8. Add 1 mL concentrated HCl. Make sure sample is in contact with the acid. When sample is in solution, add 4 or 5 mL ultrapure water.

9. Pipette sample into a tared 15 mL centrifuge tube or small polypropylene bottle.

10. Rinse sides of beaker with 2 mL ultrapure water. using the same pipette from step 8, add rinse to solution already in the 15 mL centrifuge tube. Repeat twice until total volume in centrifuge tube is close to 12 mL.

11. Record solution weight.

12. Measure ppm of Al of 1 gram aliquot solution on ICPOMS or AAMS.

13. Calculate Al ppm in quartz:

Al ppmqtz = (Al ppmAS)X(Solution Volume)/(Aliquot Wt.)


example:
measured ppm Al of aliquot solution = 12.12 mg/L




aliquot solution volume = 11.75 mL




quartz aliquot = 1.01 g




Al ppmqtz = (12.12 mg/L)(11.75 mL)/(1.01 g)




Al ppmqtz = 141.0 ppm Al

Proceed to the sample dissolution if the 1 gram aliquot shows a favorable TotalAl concentration.

Grain Dissolution and Be carrier
Use only ultrapure water for all chemistry.

Label all tubes and beakers carefully.

1. Estimate the necessary sample size (enough for at least 5-7 million 10Be atoms) for an exposure age, weigh quartz into a Teflon beaker. Record sample weight.

The scientist should give you the estimated age.

Example:


Estimated age of surface = 50 ka


10Be production rate = 12 10Be/g-yr


10Be per gram quartz = 50 ka X 12 10Be/g-yr = 600,000 10Be/g


Grams of quartz needed for 25 million atoms 10Be:

 106/(6X105 Be-atoms/g qtz) = 41 g quartz

2. Add ~0.5 mg Be carrier. Record name, concentration and weight used of carrier.

Example: If carrier solution concentration is 1000 (g/mL, add 0.5 mL.

3. Add 0.5 mL/g quartz HF. Add 0.3 mL/g quartz HNO3 if needed if digestion is not going well.

4. Place beaker on hot plate and heat to sub-boiling (Setting #5).

5. Heat is generated during the initial phase of dissolution (activation) and the quartz grains often will vigorously froth and fume after about 15-20 minutes, or longer, of heating. Closely watch the beaker until the sample starts fuming. Be ready to remove the beaker from the hotplate once fuming starts and when it ends the beaker can be placed back on the hotplate at setting 3 overnight covered by a Teflon watch glass. You don’t want to cover the beakers too soon, otherwise a layer of Si-salt will build up. It may take several days for the quartz to completely dissolve especially if you are dissolving a large amount (>50 g). Undissolved quartz looks like a gray layer at the bottom of the beaker.

6. You may need to allow some of the liquid to boil off until there is about ½ inch left in the beaker. You can then add more HF if needed and keep the digestion going by covering with a watch glass for a few more days.

7. When all the quartz has dissolved, add 5-10 mL concentrated H2SO4. The solution will fume again. This is good, we are trying to get rid of the F- ions before we run the samples in the columns. Dry down the sample.

8. Now it’s time to “clean-up” the samples and convert the fluoride to chloride before the anion column. Allow the beakers to cool and add 5 mL concentrated HCl and 5 mL concentrated HNO3. You may need more of each acid depending on the sample size. This is aquaregia and will further help in removing the F- ions. Resuspend the “cake” at the bottom of the beaker by gentle heating and swirling. When the cake has dissolved, dry down on a hotplate. Do this as many times as it takes to make the dissolved soluion “bead-up” and cleanly move around the bottom of the beaker. This will take at least 3 treatments and possibly more. It depends on your sample.
9. After the last dry down, add 10 mL HCl to the sample and allow that to dry down. Repeat this 2 more times.
The succession of evaporations and re-dissolutions should have eliminated fluoride (as HF) almost entirely. Fe, Ti, Al, Be, alkalis and other metals present should now be in the form of chloride salts, ready for the anion column. The remaining solution is the bright yellow or deep yellow-green, due to FeCl3. By the end of this procedure, however, some samples may have a fine powdery white precipitate that will not re-dissolve. This is TiO2.  Little or no Al or Be co-precipitates with the Ti, which should be removed by centrifuging before anion exchange.

Whole Sample Aliquot (WSA) and Al Carrier
1. After the last HCl dry down, allow the beakers to cool to touch. Add 5 mL concentrated HCl and re-dissolve the cake. Add 5 mL ultrapure water. Cover beaker with Teflon watchglass and heat to near boiling. Allow to cool and transfer solution to tared 50 mL centrifuge tube. Or alternatively, add 10 mL 6 N HCL and cover the beaker with a Teflon watch glass and just allow it to sit at room temperature until everything has dissolved. This may take a while, maybe even overnight. This will ensure that a silica gel will not form. If you have a large sample, you may need more 6 N HCl to get everything into solution.
2. Add 15 mL 6 N HCl to beaker, rinsing the sides. Add the rinse HCl to the centrifuge tube. Do this in 2 or 3 rinses.
3. Sample is now dissolved in 25 mL 6 N HCl. Record solution weight.

4. Calculate how much of the sample solution represents 1/2 gram of quartz. Use this amount for the WSA.

Example:

Sample weight: 41.0000 g qtz

Solution weight: 25.0000 g sol

41.0000 g qtz/25.0000 g sol = 1.6400 g qtz/g sol

Solution needed for 1/2 gram quartz:

0.5000 g qtz/1.6400 g qtz/g sol = 0.3100 g sol

5. Pipette the WSA into a tared 15 mL centrifuge tube. Record the weight of the WSA. Without re-taring balance, add enough ultrapure water to bring HCl to 1 N. If necessary add enough 1 N HCl to the WSA to bring the dilute WSA solution to 10-12 mL.

Example: a) Pipette 0.3100 g sample solution into 15 mL tube


     b) Add ~1.5 g water


     c) Add ~10 g 1 N HCl


     d) Dilute WSA is 11.8100 g

6. Vortex. Measure the Al ppm of the dilute WSA, record See ICP instructions

7. Calculate Al ppm in quartz.

Example:
(total solution wt, g)(dilute WSA wt, g)(ppm dilute WSA) = Al ppmqtz


(sample wt, g)(WSA wt, g)

total solution wt = 25.0000 g

sample wt = 41.0000 g

WSA = 0.3100 g

Dilute WSA = 11.8100 g

ppm dilute WSA = 1.50 ppm

Be carrier added = 0.5234 g

(25.0000 g)(11.8100 g)(1.50 ppm) = 34.85 ppm Al


(41.0000 g)(0.3100 g)

8. Calculate milligrams (mg) of Al in quartz sample. Add Al carrier to sample if Al content of sample is less than 2.5 mg:

mg Al in qtz = (sample wt, g)(ppm Al qtz)/1000

There is a MS Excel spreadsheet that can be used to calculate all these numbers. An example is shown below:

	Sample
	Quartz
	Solution
	Aliquot
	Aliquot
	Aliq Dilute
	Quartz
	Al in Qtz
	Al in Qtz
	Al Carrier
	Al Carr
	Total Al
	Be Carr.
	Be Carr
	Total Be

	name
	wt. g
	wt. g
	wt. g
	Dilute, g
	ppm Al
	ppm Al
	before
	after 
	mg/g
	Added, g
	mg
	mg/g
	Added, g
	mg

	
	
	
	
	
	
	(mgAl/gQtz)
	Aliq, mg
	Aliq, mg
	
	
	
	
	
	

	Example1
	41.0000
	25.0000
	0.3100
	11.8100
	1.5000
	34.8446
	1.4286
	1.4109
	1.0000
	1.2321
	2.6430
	1.0000
	0.5234
	0.5234


To add Al carrier example:

Al mg = 1.4109 mg

Al carrier conc. = 1.0000 mg/g

Add ~1.25 g carrier

1.4109 mg + 1.2500 mg = 2.6609 mg total Al

Calculate Al ppm for sample after carrier is added:

New ‘sample weight’ = old sample weight –WSA




 = 41.0000 g – (0.3100 g)(41.0000 g/25.0000 g)




 = 40.4916 g

New Al ppm = mg Al/new sample weight


         = 2.6609 mg/40.4916 g


         = 65.71 ppm Al

Ion Exchange Column
Anion Column
1. Dry down the remaining solution after the WSA is taken.

2. While the sample is drying, prepare the anion column.

a) Set up a 20 mL column using AG1X 100-200 mesh resin. i.e. mount the column on a ring stand and fill the column with resin to the 20 mL mark. If a column is already poured, skip this step.

b) Be sure the stop-cock is attached to the tip of the column.

c) Place a 250 mL collecting polypropylene bottle under the column.

d) Condition column; pipette enough 9 N HCl into the column to just cover the resin. Insert stopper into top of column. Add 60 mL 9 N HCl to the sep funnel. Open the lower stopcock and then the upper one and allow the acid to drain through the column. This takes about 45 minutes. Discard the acid waste. The column is conditioned and ready for sample loading.

3. When sample dry down is complete, add 2 mL 9 N HCl to sample in Teflon beaker. Cover with Teflon watch glass and heat until sample is in solution, about 1-2 minutes.

4. Pipette, or carefully pour sample into a new, labeled 15 mL centrifuge tube. Rinse beaker with 2 mL 9 N HCl, add rinse to the sample. Repeat rinse until volume in the centrifuge tube is 6 mL. Vortex 10-15 seconds and then centrifuge 1-2 minutes at 4000 rpm.

5. Sample should be clear, maybe yellow, with very few or no particles at the bottom of the tube.

6. Place a clean labeled 50 mL Teflon beaker under the column. Open the lower stopcock. Carefully pipette the sample onto the top of the resin without disturbing it. Do this by placing the tip of the pipette just above the resin and slowly dispense the sample. Fill the column with the sample and allow it to drain completely into the column. Close the stopcocks.

7. Add 34 mL 9 N HCl into the sep funnel. Hold stopper and funnel assembly over the column and slowly open the stopcock. Carefully drip enough acid into the column until a 1-2 mL layer covers the resin. Insert the stopper into the column and open the bottom stopcock and the slowly open the upper stopcock. Drain the entire 34 mL into the Teflon beaker. The 40 mL solution in the beaker contains Al, Be and other cations which will be separated in the cation column.

8. Begin the dry down of the sample solution.

9. Close both stopcocks. Add 60 mL 0.1 N HCl to the sep funnel and drain into a clean, labeled polypropylene bottle. This is the anion fraction. Store this fraction until AMS successfully measures the sample, then discard.

In strong HCl, Fe(III) forms a range of anionic Cl- complexes: [FeCl4]-, [FeCl5]2-, and [FeCl6]3-, which bind tightly to the anion exchange resin. These will form a brown band at the top of the resin column. Al and Be do not form strong Cl- complexes and elute from the column with the HCl. Titanium is more problematic; some Ti in the form if [Ti(IV)Cl6]2- will bind, but a sizeable fraction always drains through in the form of cationic or neutral species, ending up with the Al and Be.

Conversion to Sulfate
1. Once Al and Be have been eluted, add 1 mL of 0.5 H2SO4 to each beaker and dry at #3 on a hotplate. The dried residue from this step may turn an alarming dark-brown to black color. This is due to charry reaction products formed from organic compounds, which bled from the anion resin. Don’t worry, it will disappear gradually over the next couple of steps.

2. Cool the vials and moisten the dry cakes with 8-9 drops 2% H2O2 and ultrapure H2O until the bottom of the beaker is covered. Then add 1-3 drops of 0.5 M H2SO4. The cakes will begin to dissolve, taking on an amber/gold color (TiO[H2O2]2+) if Ti is present. Reheat the beakers. The black charry material will disperse and disappear after a while. Dry the samples down again.

3. Cool, repeat the H2O2/ultrapure water/H2SO4 addition, and dry the samples again. At the end of this procedure, the samples should end up either as compact white cakes or small, syrupy droplets in involatile H2SO4. If they remain charry or discolored or do not dissolve in the acid easily, repeat the peroxide/water/H2SO4 additions and dry downs until the sample behaves as it should.

4. Warm the beakers slightly on a hotplate, and add 2-3 drops 2% H2O2, 2 drops 0.5 M H2SO4. Swirl this around and heat gently until most of the material dissolves. Then add 3 mL ultrapure water and dissolve all the sample. The samples are now in ~0.2 M H2SO4, ready for loading on the cation exchange columns. They can be stored indefinitely in this form. 

5. Pour the sample into a 15 mL centrifuge tube. Rinse the beaker twice with 1-2 mL 0.2 M H2SO4 with a trace of peroxide. Pour the rinses in the centrifuge tube.

6. Centrifuge the samples for 2 minutes just to spin down any solids left over.

This step gets rid of any residual F-. Fluoride can really mess up the cation ion so it’s important to get rid of all of it.

Cation Exchange Column

You can use the 5 mL columns for samples up to 7 (g of Al and Be as determined from the WSA. For more than 7 (g, use the 20 mL column.

1. Prepare the cation column:

a. Set up a 5 mL or 20 mL column using 50W-X8 100-200 mesh resin.

b. Be sure that a stopock is attached to the tip of the column

c. Place a 250 mL collecting bottle under the column.

d. Condition the column; pipette enough 4 N HCl into column to just cover the resin. Insert the stopper of the sep funnel assembly into the top of the column. Add 50 mL (5 mL column) or200 mL (20 mL column) 4 N HCl to the sep funnel. Open the bottom then the top stopcock and allow the acid to drain through the column. This takes about 45 minutes for the 20 mL column. This step strips the resin from earlier use. 

e. Then add 25 mL (5 mL column) or 100 mL (20 mL column) 1.2 M HCl to the sep funnel and allow that to drain through. Lastly add 25 mL (5 mL column) or 100 mL (20 mL column) 0.2 M H2SO4 with a trace of H2O2 to the sep funnel and allow it to drain. Discard the waste acid. The column is conditioned and ready for sample loading.

2. Place a 125 mL (20 mL column, 50 mL bottle for the 5 mL column) polypropylene bottle under the column and label it with the sample ID and Ti.

3. Load each sample onto its column using a clean disposable pipette. Ti will form a narrow, brown band at the top of each resin bed, then begin to move down the columns.

4. Once the samples have moved into the columns, gradually add 6 column volumes (30 mL for the 5 mL column or 120 mL for the 20 mL column, use the sep funnel if needed) of 0.5 M H2SO4 containing a trace of H2O2 to each column. Allow the acid to run into the bottle. Watch the Ti move down the column and elute from the columns. For Ti-rich samples, it may be necessary to add 1/2 to 1 more column volume of the 0.5 M H2SO4 with H2O2 to completely remove the Ti. Take care not to exceed this amount and risk losing the Be.

5. Remove the bottles from under the columns and replace them with 50 mL (5 mL column) or 250 mL (20 mL column) Teflon beakers labeled with the sample ID and Be. 

6. Elute the Be from the columns with 7 column volumes for the 5 mL columns (35 mL) or 6 column volumes for the 20 mL column (120 mL) of 1.2 M HCl. Use the sep funnels of necessary.

7. After the Be fraction has drained through, remove the beakers and add 20 drops (~1 mL) for the 5 mL column or 60 drops (~3 mL) for the 20 mL column of 8 M HNO3 to each. Dry them on the hotplate at setting 3. Dry down could take over-night.

8. Place a 25 mL (5 mL column) or a 100 mL (20 mL column) Teflon beaker under the column labeled with the sample ID and Al.

9. Elute the Al from the column with 3 column volumes (15 mL for the 5 mL column or 60 mL for the 20 mL column) of 4 N HCl. Use the sep funnel if necessary.

10. After the Al fraction has drained through, remove the beakers and add ~ 1 mL (5 mL column) or ~5 mL (20 mL column) of 8 M HNO3 to each and dry on the hotplate at setting 3 over-night.

Al and Be Recovery
1. For each sample, label two clean 15 mL centrifuge tubes – one for the Be fraction and one for the Al fraction. 

2. Once the Be and Al fractions have dried, cool and remove them from the hotplate. The Be fractions should have contracted to a tiny, clear droplet of concentrated H2SO4. Occasionally they will form a small white cake. This usually indicates an impurity or Al Cross-over. You may have to run the sample through the cation column again if you have too much Al in the Be fraction. The Al fractions will vary in size from sample to sample, but they should dry to a fairly dense white cake in the hollow of each beaker.

3. Pipette 2 mL 1% HNO3 into each beaker. If pure, both Al and Be fractions will dissolve easily. If necessary, warm the beakers for a few minutes to help dissolution.

4. Carefully pipette or pour each solution into its correct centrifuge tube.

5. Pipette a second 2 mL 1% HNO3 into each beaker as a rinse. Warm it, run it around the beaker and add it to the correct centrifuge tube.

Precipitate Al and Be Hydroxide
1. Add ~2 mL 1:1 NH4OH to each tube. Vortex. Add NH4OH drop by drop until precipitate appears. Vortex.

2. Centrifuge the tubes for 10 minutes at 4000 rpm.

3. The precipitate should be a milky gel at the bottom of the tube. If the precipitate is present, carefully decant the liquid down the drain and continue to step 4. if the precipitate is not present, add more NH4OH and repeat step 1.

4. Add 10 mL ultrapure water to the centrifuge tubes. Vortex to resuspend everything. Centrifuge for 10 minutes. Look for the precipitate. Decant the liquid and repeat rinse 2 more times.

Sample is now rinsed and ready to convert to the oxide.

Convert Sample to an Oxide through Ignition and Target Packing
1. Add 1-2 drops ultrapure water to the sample in the centrifuge tube. Slurry the sample with a disposable pipette. Pipette the slurry into a clean, labeled 2 mL quartz vial. Avoid trapping air under the sample.

2. Place the quartz in a heating block. Dry down at sub-boiling. This takes several hours. Check that the sample is completely dry.

3. When the sample is completely dry, carefully place the quartz crucible in the center of a platinum crucible held on a ring stand by a ring and metal triangle. Place a Bunsen burner under the platinum crucible. Light it and allow the hydroxide form the oxide, ~2 minutes. Make sure the platinum crucible is in the hottest part of the flame, right above the blue cone. Do one sample at a time in the platinum crucible, the label on the quartz crucible may burn off and you don’t want to confuse the samples.

4. Allow the quartz crucible to cool and take it to the proper station for target packing.

5. There are targets made of stainless steel and targets made from aluminum. Use the stainless steel targets for the AL sample. Use the aluminum targets for the Be sample. The only reason some of the targets are made from aluminum is that aluminum is less expensive and easier to mill. Do not use the targets made from aluminum to load the Al samples.

6. Label the targets with the sample ID and either Al or Be.

7. Place the target onto the peg in the center of the target packing base.

8. The samples and targets must be kept within the Plexiglas chamber while being packed.

9. Choose a drill blank (small stainless steel rod) that fits into the small hole in the target. Clean one end of the rod with good quality, very fine ~300 grit sandpaper followed by isopropanol and a kimwipe. Clean a small spatula with isopropanol and kimwipe. The rods are used for dozens of samples, with careful cleaning between each sample.

10. Use the clean end of the rod to gently scrape the sample from the inner walls of the crucible. Crush the sample into a fine powder. Al oxide is very difficult to crush. Be careful not to lose the sample.

11. Add silver powder to the Al sample to make a 1:1 mixture. Use niobium powder for the Be sample and that mix can be 1:5 or 1:10 if needed.

12. Carefully pour or use the spatula to transfer a small amount of sample onto the funnel shaped end of the target. Use the rod to push the sample into the small hole. Place the end of the rod into the hole and gently tap it with a hammer to pack the sample.

13. The target is completely packed when there is space at the top of the hole that is roughly the diameter of the rod deep or when all the sample is in the target.

14. Place the target into a labeled cryovial. Place any leftovers in another cryovial for storage.

CONGRATULATIONS! After weeks of work and starting with 400 g of rocks you end up with a very TINY amount of sample packed into a target for AMS analysis.

