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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? Y Videographer: if scope kit is available
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 2.15., 3.3.-3.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Kimberly Genareau: Examining variations in mineral chemistry can shed light on changes in volcanic activity and allow researchers to obtain timescales of volcanic processes to better understand potential hazards [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Alberto Perez-Huerta: Atom Probe Tomography allows an unprecedented 3D visualization of mineral exsolved phases while measuring their chemical composition at an atomic scale [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Alberto Perez-Huerta: We are currently applying the technique to the characterization of pathological mineralization, for example, in the case of kidney stones [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Kimberly Genareau: This method can be applied to volcanic systems in which eruption transitions can occur over small time scales. These transitions are recorded in the minerals over very small spatial scales [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Introduction of Demonstrator (Said by you on camera):
	
	(Author Comment: Each person introduced themselves individually here)

1.5. Author Name: Demonstrating the procedure will be Rich L. Martens, a CAF technician, Chiara Cappelli, a Research Associate, and Taylor Woods, a Ph.D. student [1][2].  

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera (Videographer Comment: Rich & Chiara "looking up" added later in sequence)


Section - Protocol
2. Mineral Grain Sourcing, Selection, and Preparation
2.1. Begin by pouring 1 gram of the sample into a 10-centimeter glass Petri dish [1-TXT] and wrap a 3- x 3-centimeter sheet of weight paper around a 10-Gauss magnet [2].
2.1.1. WIDE: Talent pouring sample into dish TEXT: Samples obtained from MVO collection derived from fall deposits at SHV 10/05/09 (Author Comment: Sample was placed In petri dish prior to start of filming.) (Editor: The videographer did not note that this shot was removed, so I’m assuming something was filmed for this shot, I’m just not sure what due to the author’s note)
2.1.2. Talent wrapping sheet around magnet
2.2. Use the magnet to pull magnetite-rich grains between 100 and 500 micrometers in diameter from the ash sample [1] and place the grains in a 32-micrometer pore, 8-centimeter diameter stainless-steel sieve [2].
2.2.1. Grains being captured by magnet
2.2.2. Grains being placed into sieve
2.3. Use a squeeze bottle of deionized water to flush the smaller, adhering ash particles through the sieve for 20-30 seconds [1] and allow the grains to air-dry for 24 hours [2].
2.3.1. Particles being flushed through sieve
2.3.2. Talent placing sieve to dry
2.4. The next day, affix any clean and dry ash particles to sample mounts suitable for secondary scanning electron microscope [1] and image the particles in secondary electron mode at a 15-20 kilovolt accelerating voltage and at a working distance of 10 millimeters to select the 5-10 best candidates for further analysis [2].
2.4.1. Particle(s) being mounted Videographer: Important step (Videographer Comment: Also filmed a CU)
2.4.2. Talent loading sample onto SEM Videographer: Important step (Videographer Comment: Also filmed a MED)
2.5.  The selected grains should be predominantly magnetite [1].
2.5.1. LAB MEDIA: Figures 1a and 1b
2.6. Affix the selected ash grains to a piece of clear tape [1] and surround the samples with a 1-inch diameter hollow mold that has been internally coated with vacuum grease [2].
2.6.1. Grain being affixed to tape
2.6.2. Grain being placed into mold/surrounded by mold
2.7. Then fill the mold with epoxy resin mold [1].
2.7.1. Mold being filled
2.8. Once the epoxy has cured, remove the sample from the mold [1] and peel tape from the bottom [2]. The ash grains should be partially exposed [3].
2.8.1. Sample being removed
2.8.2. Tape being peeled
2.8.3. Shot of partially exposed grains
2.9. Polish the epoxy-cast ash grains with silicon carbide grinding paper of five different grit sizes [1] from the highest to the lowest grit size in a figure-eight motion for at least 10 minutes per grinding paper [2].
(Videographer Comment: Added MED) (Editor: The videographer did not say which shot they added a MED take for. Maybe both?)
2.9.1. Shot of 5 different grinding papers Video Editor: please label each grinding paper with the appropriate grit size 2000, 1500, 12000, 800, 400 
2.9.2. Grain being polished
2.10. In between grit sizes, sonicate the sample in a bath of deionized water for 10 minutes [1].
2.10.1. Sample being sonicated 
2.11. After each last polish, check the sample under a microscope [1] to ensure that no polishing grit is present and that the sample surface is free from scratches [2-TXT].
2.11.1. Talent at microscope, checking sample
2.11.2. SCOPE: Shot of sample free from scratches OR LAB MEDIA: To be provided by authors: image of sample free from scratches Videographer: If neither suggested shot is possible, can skip 2.11.2.; Video Editor: Please include text with scope or lab media shot or with 2.11.1. if no 2.11.2. able to be captured/included TEXT: If scratches, repeat w/ previous grit size before sonicating and polishing again
2.12. Next, use polishing cloths to polish the epoxy-cast ash grains with consecutive 1- and 0.3-micrometer alumina polishing suspensions in a figure-eight motion for at least 10 minutes [1], sonicating the sample in deionized for 10 minutes between suspension sizes [2].
2.12.1. Grain being polished 
2.12.2. Grain being sonicated
2.13. After the second suspension polish, check the sample under the microscope to ensure that no suspension is present and that the sample surface is free of scratches [1-TXT].
2.13.1. SCOPE: Shot of sample free from scratches OR LAB MEDIA: To be provided by authors: image of sample free from scratches OR Talent at microscope, checking sample TEXT: If scratches, repeat w/ previous suspension size before sonicating and polishing again
2.14. At the end of the polishing procedure, the epoxy surface should be smooth and the ash grains should be flat and well-exposed [1].
2.14.1. ECU: Shot of smooth surface and flat, well-exposed grains
2.15. Using an available sputter coating device, coat the sample surface with an approximately 10-nanometer thick carbon conducting coat [1] and obtain backscattered electron images of the ash grains with the electron microscope [2] at a 15-20 kilovolt accelerating voltage and a working distance of 10 millimeters to determine the location of exsolution lamellae in the magnetite [3].
2.15.1. Sample being coated Videographer: Important step
2.15.2. Talent placing sample onto microscope Videographer: Important step
2.15.3. LAB MEDIA: Figure 1c
3. Atom Probe Tomography (APT) Sample Preparation
3.1. Before beginning the focused ion beam procedure, sputter coat the sample surface with a 15-nanomter layer of copper to avoid electron charging and sample drifting [1].
3.1.1. WIDE: Talent coating sample surface
3.2. Next, use a focused gallium ion beam in a dual beam scanning electron microscope on the polished section of interest containing the lamellae over a 1.5- x 20-micrometer region at 30 kilovolts and 7 Pascals [1].
3.2.1. Talent loading sample onto microscope and/or using FIB on sample 
3.3. Use the ion beam to mill three wedges of material below three sides of the platinum rectangle [1] and insert the gas injection system to weld the wedge to an in situ nano-manipulator using gas injection system-deposited platinum before cutting the final edge free [2].
3.3.1. LAB MEDIA: Authors: please upload the image from Figure 1d to your project page in a new file without the arrow or dotted lines
3.3.2. LAB MEDIA: Figure 2a
3.4. Using the gallium ion beam, cut ten 1-2-micrometer wide segments from the wedge [1] and sequentially affix the wedges with platinum to the tops of silicon posts of a microtip array coupon [2].
3.4.1. Talent using beam/segments being cut Videographer: Important step (Videographer Comment: Added MED – extra-long statement)
3.4.2. LAB MEDIA: Figures 2b, 2c, and 2d: JoVE Video Editor please sequentially show/emphasize 2b, 2c, and 2d 
3.5. Shape and sharpen each specimen tip using annular milling patterns of increasingly smaller inner and outer diameters [1], starting at 30 kilovolts to produce the specimen geometry necessary for atom probe tomography [2] and finishing at an accelerating voltage of 5 kilovolts to reduce the gallium implantation and to obtain a consistent tip-to-tip shape [3].
3.5.1. Talent sharpening tip Videographer: Important/difficult step (Videographer Comment: Added MED – extra-long statement)
3.5.2. LAB MEDIA: Figure 3 left image 
3.5.3. LAB MEDIA: Figure 3 right image TEXT: Tip diameter: 60-65 nm; Tip shank angle: 25-38°
4. APT Data Acquisition 
4.1. For atom probe tomography acquisition, mount the micro-coupon with the sharpened tips welded to the silicon posts onto a specimen puck [1] and load the puck into a carousel for placement inside the local electrode atom probe [2].
4.1.1. WIDE: Talent mounting sample onto puck
4.1.2. Talent loading puck into carousel 
4.2. Insert the carousel inside the buffer chamber of a local electrode atom probe equipped with a pico-second 355-nanometer ultraviolet laser [1] and turn the head of the laser [2].
4.2.1. Talent inserting carousel into chamber
4.2.2. Talent turning head
4.3. After calibration, achieve a vacuum in the analysis chamber at or below 6 x 10-11 Torr [1] and use a transfer rod to insert the puck specimen into the main analysis chamber [2].
4.3.1. Talent setting vacuum conditions
4.3.2. Puck being inserted into chamber
4.4. Then move the specimen puck to align the micro-coupon with the local electrode to select the tip [1] and update the database to indicate the tip number [2].
4.4.1. Puck being moved/tip being selected
4.4.2. [bookmark: _GoBack]Talent updating database, with monitor visible in frame (Videographer Comment: Added WS)



Section – Results
5. Results: Representative APT Analyses of Exsolved Mineral Phrases 

5.1. Like many titanomagnetite crystals from various stages of the Soufrière Hills Volcano eruption [1], the crystal analyzed here contains exsolution lamellae less than 10 micrometers in thickness that are visible in secondary scanning electron microscopy images [2].

5.1.1. LAB MEDIA: Figure 1d
5.1.2. LAB MEDIA: Figure 1d: JoVE Video Editor please add red dotted lines/emphasize lamellae as in original Figure 1d

5.2. In this analysis, four titanomagnetite specimen tips were successfully extracted from this single crystal and analyzed by atom probe tomography [1].

5.2.1. LAB MEDIA: Figure 5

5.3. Two of the specimens demonstrated homogenous concentrations of both iron and titanium throughout, indicating that lamellae were not intersected [1].

5.3.1. LAB MEDIA: Figure 5a

5.4. The other two specimens exhibited zones with variable concentrations in iron, oxygen, and titanium [1].

5.4.1. LAB MEDIA: Figures 5b-5e: JoVE Video Editor: no animation OR emphasize blue for iron, purple for oxygen, and yellow for titanium in Figure 5d when each are mentioned

5.5. 3D reconstructions of the atom probe tomography data permit a precise measurement of the interlamellar spacing and provide length scales that average between 14-29 nanometers with a 1 sigma value of 2 nanometers for both specimens [1].

5.5.1. LAB MEDIA: Movie 1

5.6. In addition to these measurements, atom probe tomography permits the extraction of chemical information across these lamellae at a high spatial resolution through the analysis of proxigrams [1], using the point 0 as the intersection between the lamella and the host mineral [2]. 

5.6.1. LAB MEDIA: Figure 6
5.6.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize dotted red line in each graph

5.7. Atomic concentrations of titanium in the crystal confirm that the fragment is indeed a titanomagnetite [1] and are consistent with previous petrologic analyses of Soufrière Hills Volcano eruptive products [2].

5.7.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize triangle data lines in the titanomagnetite portions of the graphs (from -6 to 0)
5.7.2. LAB MEDIA: Figure 6

5.8. These proxigrams also confirm that the composition of the lamellae matches that of ilmenite [1].

5.8.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize triangle data lines in the titanomagnetite portions of the graphs (from 0 to 6)



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Alberto Perez-Huerta: (Step: 3.2., 3.5.) Preparing the wedges to capture the lamellae is critical during FIB-SEM sample preparation, as well as sharpening the tips to the correct dimensions [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Alberto Perez-Huerta: Transmission electron microscopy can also be performed to verify the lamellae dimensions and the inter-lamellar spacing [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Kimberly Genareau: This technique could allow volcanologists to calculate the timescales of eruptive activity to better understand any potential hazards of active volcanoes [1].  
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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