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show a better match with the normal distribution, but it still deviates when measurements 

are too big or too small. It means that results from peak fitting for Shelburne are 

somewhat close to the actual values in comparison of EVA. However, it could have 

overestimating issues when it comes to larger and smaller values.  The third plot of 

Fig.5a shows the agreements between two methods, and deviation is becoming larger for 

big values.  

a. b.
Fig.5a (left) is q-q plots for Shelburne. The top plot is results from EVA; the medium one is results from 

peak fitting, and the bottom one is FWHM from peak fitting versus EVA. Fig. 5b (right) is showing q-q 

plots for Etter. The top one is results from EVA, the medium one is results of main peaks from peak fitting, 

and the bottom one is results of total peaks from peak fitting. As shown in Fig. 5b medium plot, main peaks 

from peak fitting has better fit with standard distribution compared with EVA (the top plot in Fig. 5b). The 

total peaks plot has better fit of values near mean with standard distribution (the medium plot in Fig. 5b).  

Fig. 5b shows q-q plot of results for Etter. Similarly, the q-q plot of peak fitting of 

main peaks (excluded broadened peaks) is indicating a slightly better match with standard 

distribution for larger measurements. Rotation pattern is changed for peak fitting of total 

peaks (as in the third plot), but it has the better match for values close to mean.  

Fig. 6 is showing the comparison of two methods for Etter. Fig.6a is peak fitting 

of main peaks (excluding broadening peaks) versus EVA, and Fig. 6b is peak fitting of 

total peaks (including broadened peaks) versus EVA. Because of effects of broadened 
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peaks, measurements of FWHM for total peaks are increased; therefore Fig. 6b is 

showing larger deviation for measurements with bigger values. In contrast, Fig.6a shows 

better agreement with EVA.  

a.  

b.  

Fig. 6a (top) is q-q plot of FWHM of main peaks (excluding broadened peaks) and results from EVA. Fig. 

6b (bottom) is q-q plot of FWHM of total peaks (including broadened peaks) versus EVA, and it shows 

larger deviation for big measurements.  

4.2 Reliability of Peak Fitting for Pseudo-Symmetrical Peaks and Noisy Peaks 

4.21 Pseudo-Symmetrical Peaks 

As discussed in Method chapter, since no correlation is adapted to fitting function 

(Eq. 1), it is crucial to peak intensity. When the program starts to fit raw data, it does not 

have the ability to distinguish signal intensities from noise intensities, and it fit the 

apparent intensity. Therefore, theoretically, the fitting results should always be bigger 

than the real signal intensities. Nevertheless, when noise intensities are ignorable, it is 

safe to assume fitted peaks is approximately equal to signal intensity (As shown in Eq. 2, 

3, and 4).  
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Hence, peak fitting method is considerably reliable when handling with high-

intensity peaks especially for obviously overlapped peaks as shown in Fig1a. The results 

are becoming suspicious when dealing with “pseudo-symmetrical” peaks because the 

signatures for overlapped peaks are less distinguishable as they are merging.  The result 

is somewhat subjective and mostly depend on the person who is doing peak fitting. 

Criteria that are used in this project is based on peak shapes, bulk intensities, R-squared 

values and RMSE.  Following example shows effects of different numbers of fitting 

peaks on above criteria.  

Shelburne 20 A is a typical example of “pseudo-symmetrical” peak. It has high 

intensity (Imax >12000) with high SNR and smooth peak shape. The intensity 

contribution from noise is ignorable. Fig. 7a, b, and c have three, four and five fitting 

peaks respectively. Table 2 organizes the criteria that evaluate fit in this project. As 

shown in Fig.7a, three peaks result in overestimate of maximum intensity from the single 

peak. When increasing numbers of peaks, the overall intensities are starting to fit the 

original data, and the RMSE is dropping from 102 to 59.9. However, the potential issue is 

large FWHM measurements from overestimation by fitting too many peaks.  

Single peak fitting certainly produces smaller values compared with actual values 

(as the case in EVA). It is because, in this case, small bumps merged in the main peaks 

cannot be ignored as their intensities are considerably high and are great higher than 

noise intensities (e.g. Ibumps in Fig.5a are higher than 2000). It is arguable that how many 

peaks are adequate to gain a reasonable measurement, and a cut-off number is needed.   
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Fig. 7a, b, and c are showing effects of different 

numbers of peaks on bulk peak intensity, peak shape 

and evaluation criteria. It is a scan from Shelburne 

20 A, a typical “pseudo-symmetrical” peak. 

Numbers of fitting peaks are arguable in this case. 

Comparison of each criteria is organized in 

following table. 

 

 

Table 3. Effects of Numbers of Fitting Peaks. 

 

4.22 Noisy Peaks 

Noisy peaks are peaks with larger noise intensities, in this case, Eq.3 may fail. 

Hence, intensity contribution from noise function may not be ignored as signal intensities 

are not large enough and are less distinguishable. Peak fitting method always fits bulk 
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intensities; herein the results would be considerably bigger than real values. Broadened 

peaks also appear in this case, as discussed in Chapter 3, which would dramatically 

increase values of FWHM. The measurements made are becoming more suspicious. 

Fewer peaks should be used to fit raw data to avoid overestimation issue.  

;(() ≪ 	&(()	(34. F) 	→ ;(() < <K	~	&(()														 

 Broadened peaks require further investigation to determine the origin, however, 

based on current analysis, they are certainly related to peak intensities. In a post-process 

of peak fitting for Etter, these broadened peaks are separated from the total peaks, and 

FWHM for the rest peaks (so called main peaks) are re-measured. A ratio of new FWHM 

(main peaks) and total FWHM (total measurements) are generated. As the ratio is close to 

1, it means the contribution from the main peaks are getting bigger, in contrast, the 

effects from broadened peaks are becoming smaller. This ratio is plotted as a function of 

overall peak intensities. This is a preliminary analysis of the broadened peaks only based 

on current data. Improving intensity may help to avoid broadened peak issue and increase 

reliability of results from both EVA and peak fitting.  

Fig.8a (left) Plot of main/total FWHM ratio versus average intensity. Fig.8b (right) Plot of main/total 

FWHM ratio versus highest intensity. The red spot is an extreme example for low intensity peaks that other 

main peas are no longer distinguishable from broadened peaks, therefore, only one peak is used to fit the 

data.  

4.3 Summary and Tips on Peak Fitting 
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Based on the current study, some tips may help improve the reliability when one is doing 

peak fitting: 

• Overall, the number of fitting peaks should be as small as possible, because it is 
easy to have overestimation issue.  

• For high intensity and smooth “pseudo-symmetrical” peaks, numbers of fitting 
peaks are still arguable. However, small bumps on peak shoulders or limbs also 
have high intensities. If they are clearly higher than the background, ignoring 
would potentially have signal loss problem.  

• For noisy peaks, one should use as less as possible peaks to fit the raw data, 
because the assumption of noise function and signal function is no longer held 
(Eq. 3). Now it is becoming extremely sensitive to overestimation issue, add extra 
peaks will dramatically enlarge the measurements.  

• Improve peak intensities if one can. It can potentially avoid broadened peak issue, 
which makes results more reliable no matter for EVA or peak fitting.  

Peak fitting technique can be helpful to get close to true values. It is favorable for high-

intensity peaks, and asymmetrical peaks that overlapped peaks can be clearly 

distinguished individually, the results gained from these peaks should have a high 

reliability. Fig.9 shows the comparison of the measurements regarding the two different 

methods. In this plot, Etter is using FHWM from main peaks since the origin of 

broadened peaks is still not clear. Peak-fitting results for Shelburne may have higher 

reliabilities because of high SNR, and Eq.3 &4 are yielded.  

Fig.9 Scatter plot of FWHM from two methods. As demonstrated above, peak fitting always providing 

larger values. Peak-fitting results for Shelburne may have higher reliabilities because of high SNR and no 

occurrence of broadened-peak issue. Etter is using FWHM from main peaks in this plot.  

5. Future Work 

5.1 Time-Changing Micro-XRD Experiments on Known Shock Stage Meteorites 

 This is an idea being brought up during a face meeting with Dr. Phil McCausland 

and Dr. Roberta Flemming. Ideally, a series of micro-XRD experiments will be 

conducted on known-shock-stage meteorites with various targeting time. The peaks 

generated from these experiments would have various intensities with changing peak 

shapes. Because width and height determine shapes of peaks, by measuring FWHM and 

height of these peaks, it will help to develop a cut-off value to determine what kind of 
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peaks should be ignored during peak fitting or measuring FWHM.  It would help future 

work on thesis projectt.  

 

5.2 Quantify Shock Stages for Ureilite Samples.  

 This is a long-term goal for the thesis project. A suite of ureilite samples will be 

examined by micro-XRD, and shock stages will be determined by both petrographic 

observation and micro-XRD analysis. Olivine with multiple lattice planes will be 

primarily analyzed. If finalized peak-fitting method is proved to be efficient and reliable 

after time-changing experiments, it will greatly help to quantify the shock stages for 

ureilites or even for other meteorites.  

 

Reference: 

Chen, M., and El Goresy, A. 2000. The nature of maskelynite in shocked meteorites: 
not diaplectic glass but a glass quenched from shock-induced dense melt at high
 pressures. Earth and Planetary Science Letters, 179: 489–502. 
Van Drongelen, K., Tait, K., Clark, G., and McCausland, P. 2010. Petrographic and
 geochemical analysis of the Shelburne meteorite, an L5 ordinary chondrite fall.
 Journal of the Royal Astronomical Society of Canada, 104: 132. 



 

 
257 

Flemming, R.L. 2007. Micro X-ray diffraction (uXRD): a versatile technique fo
 characterization of Earth and planetary materials. Canadian Journal of Earth
 Sciences, 44: 1333–1346.  
Hörz, F., and Quaide, W.L. 1973.Debye-Scherrer investigations of experimentally
 shocked silicates. Earth, Moon, and Planets, 6: 45–82. 
Izawa, M.R., Flemming, R.L., Banerjee, N.R., and McCAUSLAND, P.J. 2011. Micro-X
	 ray diffraction assessment of shock stage in enstatite chondrites. Meteoritics &
 Planetary Science, 46: 638–651. 
McCausland, P., Flemming, R., and Izawa, M. 2010. Quantitative shock stage
 assessment in olivine and pyroxene bearing meteorites via in situ micro XRD. p.
 3. 
Mierzwa, B., and Pielaszek, J. 1997. Smoothing of low-intensity noisy X-ray
 diffraction data by Fourier filtering: application to supported metal catalyst
 studies. Journal of applied crystallography, 30: 544–546. 
Pickersgill, A.E., Flemming, R.L., and Osinski, G.R. 2015. Toward quantification of
 strain-related mosaicity in shocked lunar and terrestrial plagioclase by in-situ
 micro-X-ray diffraction. Meteoritics & Planetary Science, 50: 1851 1862. 
Sato, A., Ninagawa, K., and Hyodo, H. 2000. Cathodoluminescence and Laser Probe
 Argon-40-Argon-39 Dating of Maskelynite in Ordinary Chondrite, Etter.
 Meteoritics and Planetary Science Supplement, 35: A142. 
Vinet, N., Flemming, R.L., and Higgins, M.D. 2011. Crystal structure, mosaicity, and
 strain analysis of Hawaiian olivines using in situ X-ray diffraction. American
 Mineralogist, 96: 486–497. 
Wilson, G.C., and McCausland, P.J. 2012. Canadian meteorites: a brief review 1.
 Canadian Journal of Earth Sciences, 50: 4–13. 

 

 

 

 

 

 

 

 



 

 
258 

Curriculum Vitae 
Yaozhu Li 

 
EDUCATION 
Sept 2018  Accepted into the Ph.D. program at Western University,  
2016-2018 MSc., Geology and Planetary Science, Western University 
2013-2016 B.Sc., Geology, University of Waterloo 
2011-2016 B.Sc., Geology and Geophysics, China University of Geosciences, Beijing 
 
RECENT PROFESSIONAL WORK EXPERIENCE 
2016 – Aug 2018       Research Assistant, Western University 
2016 – May 2018       Teaching Assistant, Western University 
2017 – May 2018       Proctor, King’s College at Western University 
May – August 2015    CMIC Field Exploration Assistant, University of Waterloo, 
 
SELECTED RECENT HONOURS AND AWARDS 
2018          Larry Calvert Travel Award 
2018           Mineralogical Association of Canada Student Travel Grant 
2016  Dean’s Honor List, University of Waterloo 
2012-2013 Outstanding in Program II, China University of Geoscience Beijing 
 
CONFERENCE ABSTRACTS 
Li, Y., McCausland, P. J. A., & Flemming, R. L. (2018, March). Quantification of Shock 
Stages in Ureilite Olivine by In-Situ Micro-X-Ray Diffraction. In Lunar and Planetary 
Science Conference (Vol. 49). Abstract#2947 
 
Flemming, R.L., Newman, J.D., Botor, R.J., Cao, F., Caudill, C.M., Galarneau, M.R., 
Geiger, J., Houde V.L., Jenkins, L.E., Li, Y., Maris, J.M., Metcalf, M.N., Tolometti, 
G.D., Rupert, A.N., McCraig, M.A., Osinski, G.R. (2018, March). Preliminary 
investigation of shocked carbonates from the Haughton impact structure, Devon Island, 
NU, using X-ray diffraction and Rietveld refinement. In Lunar and Planetary Science 
Conference (Vol. 49) Abstract#3000 
 
Li, Y., McCausland, P. J. A., & Flemming, R. L. (2017, April).  Quantification of Shock 
Stages in Ureilite Olivine in NWA 2221 by In-Situ Micro-X-ray Diffraction. In Advances 
in Earth Sciences Research Conference 2017 
 
Li, Y., McCausland, P. J. A., & Flemming, R. L. (2017, March). Quantification of shock 
stages in ureilite olivine in NWA 2221 by in situ micro-X-ray Diffraction. In Lunar and 
Planetary Science Conference (Vol. 48). Abstract#2509 
 
Bina, A., Cao, F., Li, Y., Poitras, J.T., Tornabene, L. L., Caudill, C. M., Osinski, G. R. 
(2017, March). 2016 CanMars MSR analogue mission: visible/near-infrared spectral and 
mineralogical results based on a “stand-in” spectrometer for the Mars 2020 supercam-
VIS-IR. In Lunar and Planetary Science Conference (Vol. 48) Abstract#1654 


