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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____ N _____  

Can you record movies/images using your own microscope camera? (Y/N)____ Y  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____ Y ____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.3, 2.5, 3.2, 3.5, 5.1________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____5.2 ___ Computer screen video capture. 
E.  Will the filming need to take place in multiple locations? (Y/N) __ Y _____ If yes, how far apart are the locations? ___15 kilometers. 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE) 
The overall goal of this procedure is to analyze the in situ sulfur isotopic compositions of various pyrite generations by secondary ion mass spectroscopy in order to understand the diagenetic history of pyritization in methane-bearing sediments. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Zhiyong Lin: This method can help identify the biogeochemical processes that impact pyritization, like organiclastic sulfate reduction and sulfate-driven anaerobic oxidation of methane, which cannot be resolved by bulk sulfur isotope analysis. 
1.2. Yang Lu: The main advantage of this technique is its high resolution and precision, which allows for analyzing the sulfur isotopic composition of pyrite on micro scale.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.3. ** Zhiyong Lin: Demonstrating the SIMS (pronounced “sims”) analysis procedure will be Qing Yang, a technician from the SIMS laboratory at the Guangzhou Institute of Geochemistry.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Protocol: (read by voice talent at JoVE)  
2. Sediment Core Sample Collection

2.1. To begin, clean the surface of a sediment core and collect a set of samples across the entire length using a knife. [1-MED-TXT] Pack the wet samples individually in zippered plastic bags and label them using a marker. [2-MED Over the Shoulder]
2.1.1. Talent uncovers sediment core, cleans it, and collects a sample. (TEXT: Sediment samples: 15 cm in length, 1/4 of the sediment core, ~20 grams)
2.1.2. *Film as written
2.2. When ready to continue, transfer the wet sediment samples in pre-cleaned beakers [1-MED Over the Shoulder] and place them in an oven at 40°C for 24 hours to dry them out.  [2-MED] After drying, separate the sediments into two aliquots: one for the collection of pyrite aggregates and the other for bulk sulfur extraction.[3-MED]
2.2.1. Talent transfers the wet sediment into precleaned beakers.

2.2.2. Talent places samples in oven set to 40C and turns it on.

2.2.3. Talent sets sediment onto bench and divides it into 2 aliquots.
2.3. Add 400 ml distilled water to soften one aliquot of the sediment for 2 hours. [1-CU] Transfer the slurry into a 0.063 mm sieve and sift the sediment with distilled water so that all fine grains are washed through the sieve.  [2-MED]
2.3.1. Talent adds water to one aliquot and stirs the slurry.

2.3.2. *Film as written
2.4. Collect the coarse fraction in beakers and dry them in an oven at 40°C for 24 hours. [1-CU-TXT]
2.4.1. Talent transfers the course fraction into beakers and places the beakers into an oven.  (TEXT: Coarse Fraction: quartz grains, fossil shells, and authigenic minerals)

2.5. Once dry, place some of the coarse segment fractions on a glass slide [1-CU] and set the slide under a binocular microscope. Turn to the 20x objective [2-MED Over the Shoulder] and identify the pyrite aggregates. Handpick the identified pyrite aggregates using a needle [3-SCOPE-TXT] and pack them individually into zippered plastic bags.[4-CU] 
2.5.1. Talent sets the coarse segments on a glass slide. 

2.5.2. Talent sets the slide on the microscope, turns to a 20x objective, and looks through the optics. 

2.5.3. Microscope video showing pyrite aggregates.  Talent removes one of the aggregates with a needle. (TEXT: Most pyrite aggregates are black tubules) Authors: Please submit this video as 2.5.3_Scope_55970.mov/.mp4
2.5.4. Talent places pyrite into a plastic bag.
2.6. Pulverize a second aliquot of dry sediment sample into a fine powder using an agate mortar for further bulk sulfur extraction. Store the powder in zippered plastic bags.[1-CU]
2.6.1. Talent pulverizes the second aliquot and pours it in a zippered plastic bag.
3. Morphology Observation 

3.1. Select some representative pyrite tubes from the selected aggregates under a binocular microscope [1-MED Over the Shoulder] to examine the morphological and textural features of the pyrite aggregates. [2-SCOPE]
3.1.1. Talent places the tubes under a microscope and looks through the optics.

3.1.2. Talent points to an appropriate sample. Authors: Please submit this video as 3.1.2_Scope_55970.mov/.mp4 
3.2. Stick double-sided tape on a slide and place the selected pyrite tubes on the tape. [1-CU] Then, place a 25 mm diameter mounting tube on the slide to cover all of the pyrite aggregates. [2-CU] Mix 10 mL of epoxy resin with 1.3 mL of hardener at room temperature and pour the mixing liquid into the mounting tube. [3-CU]
3.2.1. *Film as written

3.2.2. *Film as written

3.2.3. Talent mixes the resin and then pours it into the mounting tube.
3.3. Then, place the slide and the mounting tube into a vacuum chamber.[1-MED] Pump the air out of the chamber until the pressure in the chamber is below 0.2 bar so that all the pore spaces of the samples are filled with epoxy. [2-CU]
3.3.1. *Film as written

3.3.2. Video of the sample bubbling as the air pressure drops.
3.4. Next, move the slide and the mounting tube out of the chamber and let the epoxy cure at room temperature for 12 hours.  [1-MED] Once the epoxy has cured, hand-grind the pyrite tubes on a fixed, 9-μm diamond mesh pad until the pyrite grains are exposed. [2-CU]
3.4.1. *Film as written

3.4.2. *Film as written
3.5. Then, hand-polish the pyrite grains to produce a smooth and flat surface. [1-CU-TXT] Observe the morphology and the texture of the pyrite under a reflected light microscope at 200X magnification, using a 3 mm working distance.[2-MED]
3.5.1. *Film as written (TEXT: Diamond polish: 5 μm, 3 μm, and 1 μm)  
3.5.2. Talent places the sample under a microscope, switches to the 20x objective, and looks into the optics.
4. Sample Preparation for SIMS Analysis

4.1. Select representative pyrite aggregates with characterized crystal habits from different sediment samples after the petrographic study, and then stick them to double sided tape. [1-MED-TXT][2-CU]
4.1.1. Talent looks through / opens the selected samples. (TEXT: Crystal habits: e.g. framboids, overgrows, and euhedral crystals)
4.1.2. *Film as written {Comment: This shot was not filmed because we don’t have such Sonora pyrite standard}
4.2. Then, position the samples within 5 mm of the center of a 25 mm mount and add epoxy. [1-CU] After the epoxy has cured, hand-grind the disc on a fixed 9 μm diamond mesh pad to the desired level so that pyrite grains are exposed. [2-ECU]
4.2.1. *Film as written

4.2.2. Talent removes the sample from the grinder and shows it to the camera.
4.3. As before, hand-polish the epoxy discs to produce a smooth, flat surface, successively using 5, 3, and 1-μm diamond pads.[1-CU]
4.3.1. *Film as written
4.4. Next, clean the surface of the epoxy disc with deionized water, followed by ethanol. [1-CU] 
4.4.1. *Film as written

4.5. Observe the sample under a reflected light microscope at 200X magnification and a 3 mm working distance.  [1-MED Over the Shoulder]  For greater magnification, gold coated the sample and image using an electron microscope. [2-LM]
4.5.1. Talent sets the magnification to 200x and looks through the optics.

4.5.2. 4.5.2_SEM Image_55970.tif/.jpg (Authors: Please submit an image showing the proper magnification for an SEM image and submit it to the server page (link on pg.1) as 4.5.2_SEM Image_55970.tif/.jpg.)
5. SIMS Analysis 

5.1. For SIMS analysis, use a caesium primary ion beam to measure the sulfur isotope ratios of pyrite. [1-MED-TXT]
5.1.1. Talent stands next to the analyzer and works at the computer. (TEXT: Sulfur Isotope ratio: 34S/32S)

5.2. Focus the caesium primary ion beam onto a 15 µm × 10 µm spot at an energy of 10 kV, with 2.5 nA current. [1-MED Over the Shoulder-TXT]
5.2.1. *Film as written (TEXT: 15 µm × 10 µm spot, 10 kV energy, 2.5 nA current)
5.3. Zhiyong Lin:  The identification of pyrite aggregates should be large enough for SIMS analysis, to avoid the mixing of different paragenetic phases. Besides, it is better to analyze sufficient number of sports to ensure the obtained isotope patterns are representative.[1-INT]
5.3.1. Author says the above statement interview style.

5.4. Use three off-axis Faraday cups for the simultaneous measurement of sulfur-32, sulfur-33, and sulfur-34 in multi-collector mode, with an entrance slit width of 60 μm and an exit slit width of 500 μm on each of the three Faraday cup detectors. [1-SCREEN-TXT]
5.4.1. Screen capture video showing the above step in the order listed.  Authors: Please upload the video as 5.4.1_Screen_55970.mov/mp4 (TEXT: Entrance slit: 60 μm, Exit slit: 500 μm) {Comment: This video was not taken, but we will upload an alternative figure as 5.4.1_sulfur signatures_55970.jpg to show the sulfur-32, sulfur-33 and sulfur-34 signatures}
5.5. Carry out the sulfur isotope analyses in automated sequences, [1-MED Over the Shoulder] with each analysis consisting of 30 seconds of pre-sputtering, 60 seconds of secondary ion automated centering, and 160 seconds of data acquisition and sulfur isotope signal integration. [2-SCREEN-TXT]
5.5.1. Talent performs the analysis on the computer. 

5.5.2. Screen capture video showing the above step in the order listed.  Authors: Please upload the video as 5.5.2_Screen_55970.mov/mp4 (TEXT: 40 cycles × 4 sec) {Comment: This Screen capture video was not taken by authors, however, videographer has shot this process}
5.6. Analyze Sonora pyrite as a standard at regular intervals, between every 5 to 6 samples. [1-MED]
5.6.1. Talent places the standard sample in the sample port.

6. Results: The Content and Sulfur Isotopic Compositions of Sulfide Minerals
6.1. Most pyrite aggregates hand-picked from the sediment are black in color and tubular in shape, varying from 3 to 8 mm in length and 0.2 to 0.6 mm in diameter. [1-LM]
6.1.1. Figure 1a

6.2. These longitudinal cross-sections of the pyrite tubes show typical hollow interiors and different wall thicknesses. [1-LM]
6.2.1. Figure 1c-d

6.3. When analyzed by secondary ion mass spectrometry, the pyrite found in shallow zones is mainly fabmoidal and depleted in sulfur-34.[1-LM] Meanwhile, overgrowths and euhedral crystals enriched in sulfur-34 are abundant in deeper zones.[2-LM]
6.3.1. Figure 2a-d (Video Editor: Highlight Figure 2a with the 2nd half of the first sentence.

6.3.2. Figure 2a-d (Video Editor: Highlight Figure 2b-d)

6.4. The amount of chromium reducible sulfur content ranges from 0 wt.% to 0.98 wt.% in the sample shown here. Below 50 cmbsf (pronounced: centimeter below seafloor), the sample shows minor fluctuations around the mean value of 0.44 wt.% and two distinct peaks of 0.98 wt.% at 490 cmbsf and 0.78 wt.% at 590 cmbsf are present. [1-LM]
6.4.1. Figure 3a (Video Editor: Highlight the area around the mean value when mentioned.  Also, highlight the peaks when mentioned.)

6.5. The sulfur isotopic composition of three types of pyrite and the delta-sulfur-34 values of chromium reducible sulfur content and hand-picked pyrite aggregates are shown here. [1-LM]
6.5.1. Figure 3b

6.6. The shaded portion of the graph refers to the area affected by the sulfate-driven anaerobic oxidation of methane. [1-LM] 
6.6.1. Figure 3a   
6.7. The dashed line separates a zone to the left, suggested to be dominated by organiclastic culfate reduction, and a zone to the right, suggested to be dominated by the sulfate-driven anaerobic oxidation of methane.[1-LM]
6.7.1. Figure 3b (Video Editor: Highlight the area to the left of the dashed line with the first half of the sentence and the area to the right with the 2nd half.) 
7. Conclusion (said by authors on camera) 
7.1. Yang  Lu: After watching this video, you should have a good understanding of how to prepare authigenic pyrite from methane-bearing sediment for in situ sulfur isotope analysis using SIMS.
7.2. Yang  Lu: Following this procedure, only a few pyrite material sample is needed for sulfur isotope analysis and you can obtain the results in a few minutes, which is much more effective than the traditional bulk sulfur isotope analysis.

7.3. Zhiyong Lin: This approach can serve as a sensitive tool for reconstructing the pyritization sequence that developed during diagenesis in modern marine sediments.

7.4. Zhiyong Lin: What’s more, it should also target ancient sedimentary sequences, aiming to resolve the effects of different biogeochemical processes on mineral formation when pore water data is lacking. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
2.5.3_Scope_55970.avi
3.1.2_Scope_55970.avi

4.5.2_SEM Image_55970.jpg

5.4.1_sulfur signatures_55970.jpg

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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