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1. Hello, I am Emily Jones and I will be presenting on marine sediment analysis using XRD, SEM, and blue light fluorescence.
2. To start, mineral fluorescence under different portions of the visible and invisible light spectrum has a long history of scientific study. In our study of marine sediments from the Georgia Bight, we have utilized the blue portion of the light spectrum in the 445 nm range. The use of fluorescence has proven very useful in microscopic analyses of carbonate minerals. While the sediment prism of the inner-to-mid continental shelf in the southeastern Atlantic is predominantly silicaeous, dissolution and deterioration of marine shell contributes a significant amount to the fabric of any sediment sample. Together with carbonate minerals such as dolomite, eroded from terrestrial rock and redeposited on the shelf, a potentially robust fluorescent response was expected and observed in samples. In an effort to identify specific minerals responsible for any observed fluorescence, x-ray diffraction and energy dispersive spectroscopy was utilized. This combined methodology of the study of luminescent excitation, x-ray diffractometry and spectroscopy has produced the results reported herein.
3. The objectives of our research are to examine mineral fluorescence in marine sediments under different portions of the visible and invisible light spectrum, and to identify specific minerals within the sediments exposed to blue light that may be responsible for the fluorescence observed. Our identification is not concrete, though in our discoveries section we do hypothesize as to what minerals could be responsible for the fluorescence that we have observed.
Background & Hypotheses
4. Let’s first look at background information and hypotheses that this research is built upon.
5. Here is some previous research done on blue light fluorescence of differing minerals. As you can see, a lot of it is on the older side, with a few breaching the 21st century. I’d personally like more research done on the subject, as it would better help us on identification of our fluorescence. This slide is mainly here to bring credit and acknowledgement to previous research, of which we cite and use as a basis. Mazel & Verbeek and Dracis & Yurewicz are cited a lot in my findings of fluorescence.
Methodology & Equipment
6. I like to do my presentation in order of how we do our research, so I like to start with background and move into procurement of samples and take the audience with me, hopefully to better understand the whole process. Methodology and Equipment will be brief before we head into discoveries.
7. First thing of note is how we get our samples to study in the lab. We have taken many samples during research expeditions off the Georgia Bight for other research, namely our study of scour nuclei. This study branched out of that research. Our two main ways of getting sediment samples are via PONAR grabs off of smaller vessels, and box cores taken from an expedition on the R/V Savannah.
8. Box coring was found to be the better of the two options as it really allowed us to penetrate past a lot of the palimpsest sediment on the seafloor.
This is an image of the box core from the R/V Savannah in the water. The following images are also of the box core in various stages.
9. Here is the crew of the R/V Savannah standing next to the box core and the contraption that it is attached to.
10. And here is an image of the box core hitting the seafloor and grabbing our sample.
11. And just another close up of the box core, this is after it came up.
12. And that is the box itself.
13. After we procure the sediment, we observe and study it. We started with blue light fluorescence, specifically in the 445-nanometer range of the light spectrum.
And after we saw the fluorescence, we wished to study the samples more to figure out what was causing the colors we observed. We did this by using x-ray diffraction and energy-dispersive spectroscopy using a scanning electron microscope.
14. The blue light equipment consisted of a SOLA Go-Be Nightsea blue light that we mounted to our ROV. We can take this on and off the ROV to also use regularly in the lab. The other part of it is the yellow-block filter we add that masks wavelengths below 445 nanometers. The yellow-block filter is integral to the process as to removes the reflected blue light. When we don’t have it, everything just looks blue. It is good to note here that all of our blue light images are taken through the yellow-block filter.
And the two images in the corner are of the mounted blue light and what a bone looks like with blue light fluorescence underwater…in our lab tank, not the open ocean.
15. Here are some pictures of our work in the lab. The top three pictures inside the box are of the same sample area of box core 8, from Reef KC Motherlode. On the left, in ambient light; middle picture with blue light but without the yellow filter; and the rightmost image being blue light fluorescence. The other images just show our process in excavating the box core as well as how we achieved these images.
16. Here is our blue light fluorescence that piqued our interest to study it further.
On the left we have a sample taken from Reef KC-Motherlode, which will be henceforth referred to as just ‘Motherlode’. The magenta sample in the middle is taken from J-Reef. And the rightmost image is taken from Reef J-Sagebrush, which we will refer to just as ‘Sagebrush’.
I will talk about this further into the presentation, but we hypothesize that J-Reef’s high dolomite concentration has correlation to its pink color; it has way less quartz than Motherlode and Sagebrush because it is an eroding fossilized seabed, and thus less sand = less quartz
Motherlode & Sagebrush have same minerals, mainly quartz, calcite, microcline, and apatite; Motherlode has more apatite, which we think might be causing the more intense blue color. We are not saying that the albite is causing the blue color, just that we hypothesize the intensity change could be correlated to the albite concentrations.
17. After blue light fluorescence, we went to UGA’s XRD lab in hopes to identify some of the minerals within our sediment grabs using a Bruker 8-Advance model. XRD stands for x-ray diffraction, which is a technique for studying the crystalline structure in composite material. The image in the slide probably does a better job of explaining the process behind x-ray diffraction than I could. The point is that this technique allows us to identify some of the more prevalent minerals within our samples in hopes that we could eventually make a connection to what mineral or element was causing a certain color from the blue light fluorescence.
18. Here is the XRD findings for our sample from J-Reef. The two very high peaks are Calcite in green and Dolomite in aqua/blue. J-reef is actually the outlier in the samples when compared to the Motherlode sample and the Sagebrush sample. It was also the only sample the fluoresced a more magenta color whereas Sagebrush and Motherlode fluoresced blue.
19. Here is the XRD analysis for Motherlode. It has high quartz peaks, which is something we tend to expect when working off the coast, especially in Georgia. The other minerals were more interesting to us, including: quartz, Microcline, Albite, and calcite.
20. Finally we have Sagebrush, once again with a high quartz peak and similar minerals as in Motherlode, specifically quartz, microcline, albite, and calcite.
21. Our next step after XRD was to attempt to identify the elements within our samples using UGA’s electron microscopy lab using a scanning electron microscope after we made grain mounts of the sediment samples. Here in the slide is the Hitachi 3900 scanning electron microscope we used, and the next slides will show examples of the results. I go into further detail later on in the presentation about our elemental findings from the electron microscope.
22. Here are more examples. The top-most image is of a J-Reef grain mount under a regular microscope. The two images underneath are of the same area of the sample, the black and white one being taken in the middle of the process, while the colored image shows the different element makeups of the area, specifically Silicon in magenta and calcium in yellow.
23. This is a mosaic taken from the Sagebrush sample. The next slide breaks down all of the colors.
24. And here we have the color and element breakdown. The largest piece was mainly made up of calcium and phosphorus, and much of the other grains were silicon with some traces of chlorine, aluminum, and oxygen in there as well. 
We were hoping that the use of SEM-EDS would, like with the XRD, help us better understand just what was causing the fluorescence.
25. And here is the image again with a nice pie chart break down of its elements. We have 42.4% of the sample being calcium, with 28.8% phosphorus. Beyond the elements already talked about, there were minute traces of iron, potassium, and magnesium in the sample.
Discoveries
26. And now onto our discoveries.
27. The main minerals of note that we found in the samples were calcite, albite, and dolomite. Which is not to say that we didn’t find other minerals, like quartz, but these main three were of interest to us. Early on, we believed that these minerals could be behind the blue light fluorescence coloration we saw. Though it is important to say that these are just hypotheses of correlation.
28. To start, I wanted to give a quick refresher on our minerals of note. Dolomite gets to go first. Dolomite is a calcium-magnesium carbonate that comes from eroded rock taken to the Georgia Bight via river channels. In the SEM images on screen, we see that this specific area has high concentrations of calcium and magnesium—which is most likely the dolomite, and also a 7% makeup of silicon, which is to be expected with quartz and albite being found from XRD analysis.
29. Calcite is as expected a mineral as is quartz for us, given as our area of study is the seafloor. Calcite is a primary component in many shells and other marine life, so it is expected in our samples. There is not much else to say, but it is a mineral of note due to its high concentration in all of our samples, and that it has been recorded by Dravis and Yurewicz that it fluoresces yellow-to-green under blue light—which did take us for a loop with our findings.
30. We found albite in the XRD analysis of both Motherload and Sagebrush. And while it is not as prevalent as quartz, it has caught our interest in this study. Albite is a feldspar and is found in felsic igneous rocks, like granites. Georgia has large granite outcrops, of which can eventually find their way down river channels and into the Georgia Bight.
31. I wanted to include quartz in my list of noted minerals due to its high concentrations in the XRD analysis of Motherlode and Sagebrush, though we tend to look past it in the lab. Quartz is a very well-known and common mineral that we are very well-acquainted with in Georgia. The important thing to take away is that Mazel and Verbeek found that quartz fluoresces a more yellow/green color under blue light, which is important for our findings.
32. Now onto our elemental and mineralogical discoveries of our samples. We will start with Motherlode. As a reminder, here is it under blue light and its XRD findings with Calcite and Albite highlighted, and the highest peak is quartz.
Our study is trying to figure out what element or mineral causes the colors we see under blue light. As stated by Dravis and Yurewicz, calcite glows yellow-to-green under blue light. Furthermore, Mazel and Verbeek found that quartz fluoresces a similar yellow/green under blue light. Motherlode contains high levels or quartz, and calcite, yet glows a very vibrant blue, so we lightly hypothesize that the albite is creating the shift to blue rather than the calcite.
33. Sagebrush and Motherlode are quite similar, which means less for me to talk about on this slide, but better evidence as to what is causing the coloration. These images are of the Sagebrush XRD with calcite and albite highlighted, next to its blue light fluorescence image. Here, we came to similar conclusions with this as we did with Motherlode.
34. Onto J-Reef, which had peaks in calcite and dolomite, and fluoresced a magenta color. As previously stated, calcite is supposed to fluoresce a yellow-green, but our sample is fluorescing more pink. Here, we hypothesize that the dolomite of the sample is putting off the magenta coloration.
35. Here are SEM images from a J-Reef sample. As a reminder, yellow from the image on the right is calcium, which is found in both calcite and dolomite, and makes up around 32% of this sample area, as seen in the same picture—though probably unintelligible from this screen.
36. As I stated in the beginning, this study branched off from our study of scour nuclei off the Georgia coast. The areas where we took sediment samples we in the scour, which further helped get rid of newer palimpsest sediments, as we were looking for older sediments. A lot of our samples came from wishing to look at particle size analysis, but these samples could also be used to study blue light fluorescence after our interest in what the composition of the samples were.
37. To concisely wrap up our findings, we mainly found blue light fluorescence on the blue and red wavelength portions, and surprisingly little in the yellow/green portion. 
Our uses of XRD and SEM-EDS were successful as it identified mineral composites and elemental makeup of our samples. I personally think this was our strongest point in our research, proving that these are good methods in identification to further find out what is causing which color.
To end, we were less successful at determining exactly which mineral led to which fluorescent color, though I do believe that we are on the right track.
38. And that is the end. Thank you all for listening, and I would also like to thank the University of Georgia, the National Science Foundation, Grey’s Reef National Marine Sanctuary, and the UGA Skidaway institute of Oceanography for their help in our research. 


