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Section 1. Sample Processing 
Samples for analysis of critical minerals (CMs) including rare earth elements (REEs) were obtained primarily from archived samples at the U.S. Geological Survey (USGS) at Reston, Virginia (n=63 samples) and supplemented with additional samples collected during this study from San Miguel mine (n=12) and from outcrops in Alabama (n=12) and Arkansas (N-4). Samples from the coal mines were collected primarily by channeling exposed high walls of active opencast pits (Warwick et al., 1996, 1997)1,2. 
All samples were air dried and ground (0.25 to 0.47 mm particle diameter). Methods of sampling the coals at the mines are described in Warwick et al. (1996, 1997)1,2. All samples were run through a riffle splitter to obtain ~ 50 g of sample for CM and REE analysis. Samples were analyzed at Standard Laboratories, Inc. (Freeburg, Illinois). Prior to analysis, remnant moisture was measured. 
Analysis of REEs and CMs followed ASTM (2021) D63573 using Method B for Inductively Coupled Plasma Mass Spectrometry (ICP-MS) determination. In accordance with the method, samples were increased to 500 oC in a muffle furnace and maintained at that temperature for ≥ 2 h. The ash was then digested to dryness using nitric, hydrochloric, and hydrofluoric acids in a perfluoroalkoxy (PFA)/Teflon digestion vessel. A Perkin Elmer NexION 300× Inductively Coupled Plasma Mass Spectrometer (ICP-MS) was used to analyze the samples. A total of 11 standard reference materials (SRMs) were analyzed to verify the analytical technique; five National Institute of Standards and Technology (NIST, 5) SRMs (1632D, 1633b, 1633c, 2702, and 2711, 5), South African Reference Material (SARM, 2) standards (18 and 19), and USGS standards (AGV-2, BHVO-1, MAG-1, and SGR-1, 4) (written communication, 2023, Tim Hutchison, Laboratory Manager Standard Laboratories, Inc.). Concentrations of CMs and REEs are reported on a dry coal basis and on an ash basis by dividing by the ash content. 
Although the International Union of Pure and Applied Chemistry includes lanthanide elements, Y, and Sc as REEs (Connelly et al., 2005)4, in this study REEs are used to refer to elements only in the lanthanides, and REY is used to refer to REE + Y, and REYSc for REY + Sc.
Section 2. Extractability
Extractability of REEs was quantified using a sequential solvent extraction method in solutions of water, 1 molar ammonium acetate, and 0.5 molar hydrochloric acid. Samples were ground to ~ 75 μm (200 mesh) to ensure no REEs were encapsulated in minerals. A 100 g ground sample was then vacuum dried and the coal was stirred with 200 mL of deionized water to extract water-soluble minerals, including sodium chloride and sodium sulfate. The solution was stirred for 24 h at room temperature and then filtered. The filtered coal was dried and a portion was tested using ICP-MS to quantify the REE concentrations. The residues were then mixed with 200 mL of 1 molar ammonium acetate (NH4OAc) and stirred at 70 oC for 24 h to extract ion-exchangeable cations. The ammonium acetate extractions were repeated two times to ensure complete removal of ion-exchangeable cations. A portion was dried and analyzed using ICP-MS. The remaining residue after the ammonium acetate extraction was then mixed with 0.5 molar hydrochloric acid (HCl) at 70 oC for 24 h to extract chelated elements within the organic coal structure, in addition to acid soluble minerals such as carbonates, some oxides, and sulfates. The residue was then analyzed using ICP-MS. 
Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government. 
Section 3. References
1 Warwick, P. D., Crowley, S. S., Ruppert, L. F. & Pontolillo, J. Petrography and geochemistry of the San Miguel lignite, Jackson Group (Eocene), south Texas. Organic Geochemistry 24, 197-217, doi: https://doi.org/10.1016/0146-6380(96)00018-6 (1996).
2 Warwick, P. D., Crowley, S. S., Ruppert, L. F. & Pontolillo, J. Petrography and geochemistry of selected lignite beds in the Gibbons Creek mine (Manning Formation, Jackson Group, Paleocene) of east-central Texas. International Journal of Coal Geology 34, 307-326, doi: https://doi.org/10.1016/s0166-5162(97)00028-1 (1997).
3 ASTM D6357-21b, Standard Test Methods for Determination of Trace Elements in Coal, Coke, and Combustion Residues from Coal Utilization Processes by Inductively Coupled Plasma Atomic Emission Spectrometry, Inductively Coupled Plasma Mass Spectrometry, and Graphite Furnace Atomic Absorption Spectrometry. ASTM International, West Conshohoken, PA, 16 pp.  (2021).
4 Connelly, N. G., Hartshorn, R. M., Damhus, T. & Hutton, A. T. Nomenclature of inorganic chemistry: IUPAC recommendations 2005. Royal Society of Chemistry (2005).
5 Warwick, P. D., SanFilipo, J. R., Crowley, S. S., Thomas, R. E., & Freid, J.,  Digital Compliation by Tully, J. K. Map showing outcrop of the coal-bearing units and land use in the Gulf Coast Region. U. S. Geological Survey Open File Report 97-172 (1997).
6 Seredin, V. V. & Dai, S. Coal deposits as potential alternative sources for lanthanides and yttrium. International Journal of Coal Geology 94, 67-93, doi: https://doi.org/10.1016/j.coal.2011.11.001 (2012).
7 Rudnick, R. L. & Gao, S. The Composition of the Continental Crust, In: Holland, H. D. and Turekian, K. K., Eds., Treatise on Geochemistry, Vol. 3, The Crust, Elsevier-Pergamon, Oxford, 1-64, doi: http://dx.doi.org/10.1016/b0-08-043751-6/03016-4 (2003). 
8 U.S. Geological Survey. 2022 Final List of Critical Minerals. Federal Register, vol. 87, FR 10381 - 10382, Doc. No. 2022-04027, https://www.govinfo.gov/content/pkg/FR-2022-02-24/pdf/2022-04 027.pdf (2022a).
9 U.S. Geological Survey. U.S. Geological Survey Releases 2022 List of Critical Minerals. U.S. Geological Survey National News Release. https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals (2022b).
10 Zygarlicke, C. J. et al. Rare-earth elements (REES) in U.S. coal-based resources: Sampling, characterization, and round-robin interlaboratory study. 247 pp. https://edx.netl.doe.gov/dataset/rare-earth-elements-in-u-s-coal-basedresources, rfp-10982-fe0029007-final-report-RRIS-UND.pdf (accessed 27 June 2023) (2019).
11 Hackley, P. C., Willett, J. C., Warwick, P. D., Law, S. J. & Nichols D. J. A review of the lignite resources of Arkansas. In P. D. Warwick, A. K. Karlsen, M. Merrill, and B. J. Valentine, eds., Geologic assessment of coal in the Gulf of Mexico coastal plain, U.S.A.: AAPG Discovery Series No. 14/ AAPG Studies in Geology No. 62, 313 – 325 (2011).
12 U.S. Geological Survey (USGS) Energy Resources Program. Geochemistry Database. U.S. Geological Survey (USGS) Energy Resources Program Website. https://certmapper.cr.usgs.gov/data/apps/geochem-db/ (2014).
13 Warwick, P. D., Crowley,  S. S., Ruppert, L. F. & Pontolillo. J. Petrography and geochemistry of selected lignite beds in the Gibbons Creek mine (Manning Formation, Jackson Group, Paleocene) of east-central Texas. International Journal of Coal Geology, 34(3-4), 307-326, doi: https://doi.org/10.1016/S0166-5162(97)00028-1 (1997).
14 Hower, J. C., Warwick, P. D., Scanlon, B. R., Reedy, R. C. & Childress, T. M. Distribution of rare earth and other critical elements in lignites from the Eocene Jackson Group, Texas. International Journal of Coal Geology 275, 104302, doi: https://doi.org/10.1016/j.coal.2023.104302. (2023).
15 Ruppert, L. F., Warwick, P. D., Crowley, S. S. & Pontolillo, J.  Tonsteins and clay-rich layers in coal-bearing intervals of the Eocene Manning Formation, east-central Texas, Gulf Coast Assoc. Geol. Soc. Trans., 44, 649-656. (1994).
16 Warwick, P. D., Crowley, S. S., Ruppert, L. F. & Pontolillo, J. Petrography and geochemistry of the San Miguel lignite, Jackson Group (Eocene), south Texas, Organic Geochemistry, 24(2), 197-217, doi: https://doi.org/10.1016/0146-6380(96)00018-6 (1996).
17 Warwick, P. D. & Hook, R. W. Petrography, geochemistry, and depositional setting of the San Pedro and Santo Tomas coal zones: anomalous algae-rich coals in the middle part of the Claiborne Group (Eocene) of Webb County, Texas. International Journal of Coal Geology, 28, 303-342, doi: https://doi.org/10.1016/0166-5162(95)00022-4 (1995).
18 USGS Energy Resources Program, Geochemistry Database. U.S. Geological Survey (USGS) Energy Resources Program Website. https://certmapper.cr.usgs.gov/data/apps/geochem-db/ (2014).
19 Groves, S. J., Rozinek, T. R. & DeVera, C. A., Energy Geochemistry Database: U.S. Geological Survey data release, https://doi.org/10.5066/P1WNUHWO (2025).
20 Crowley, S. S., Warwick, P. D., Ruppert, L. F. & Pontolillo, J. The origin and distribution of HAPs elements in relation to maceral composition of the A1 lignite bed ( Paleocene, Calvert Bluff Formation, Wilcox Group), Calvert mine area, east-central Texas. International Journal of Coal Geology 34, 327-343, doi: 10.1016/S0166-5162(97)00029-3 (1997).
21 Seredin, V. V. & Dai, S. Coal deposits as potential alternative sources for lanthanides and yttrium. International Journal of Coal Geology 94, 67-93, doi: https://doi.org/10.1016/j.coal.2011.11.001  (2012).
22 U.S. Energy Information Administration. Coal explained, coal prices and outlook. U.S. Energy Information Administration website https://www.eia.gov/energyexplained/coal/prices-and-outlook.php (2024).
23 U.S. Geological Survey. Rare earths statistics and information. U.S. Geological Survey Minerals Yearbook. https://www.usgs.gov/centers/national-minerals-information-center/rare-earths-statistics-and-information (2024).
24 Shanghai Metals Market.  Latest Update in the SMM Rare Earth Oxides Market. https://www.metal.com/Rare-Earth-Oxides (2024).
25 [bookmark: _Hlk186458415]Statista. Praseodymium oxide price worldwide from 2009 to 2020 with a forecast from 2021 to 2030. Statista website: https://www.statista.com/statistics/450148/global-reo-praseodymium-oxide-price-forecast/ (2024).
26 Statista. Samarium oxide price worldwide from 2009 to 2020, with a forecast for 2021 to 2030. Statista website: https://www.statista.com/statistics/450155/global-reo-samarium-oxide-price-forecast/ (2024).
27 Statista. Holmium oxide price worldwide from 2011 to 2020 with a forecast for 2021 to 2030. Statista website: https://www.statista.com/statistics/1116371/global-reo-holmium-oxide-price-forecast/ (2024).
28 [bookmark: _Hlk186458659]Statista. Erbium oxide price worldwide from 2011 to 2020 with a forecast for 2021 to 2030. Statista website: https://www.statista.com/statistics/450172/global-reo-erbium-oxide-price-forecast/ (2024).
29 Statista. Ytterbium oxide price worldwide from 2010 to 2025. tatista website: Statista website: https://www.statista.com/statistics/450173/global-reo-ytterbium-oxide-price-forecast/ (2024)
30 Statista. Lutetium oxide price worldwide from 2011 to 2020 with a forecast for 2021 to 2030. Statista website: https://www.statista.com/statistics/1116376/global-reo-lutetium-oxide-price/ (2024).
31 Bagdonas, D. A. et al. Rare earth element resource evaluation of coal byproducts: A case study from the Powder River Basin, Wyoming. Renewable and Sustainable Energy Reviews 158, 112148, doi: https://doi.org/10.1016/j.rser.2022.112148 (2022).
32 U.S. Energy Informaiton Administration. Coal data. U.S. Energy Informaiton Administration website: https://www.eia.gov/coal/data.php (2024).
33 Railroad Commission of Texas. Surface Mining and Reclamation.  Railroad Commission of Texas  website: https://www.rrc.texas.gov/surface-mining/ (2024).
34 Reedy, R. C., Scanlon, B. R., Bagdonas, D. A., Hower, J. C., James, D., Kyle, J. R. & Uhlman, K. Coal ash resources and potential for rare earth element production in the United States. International Journal of Coal Science & Technology, 11(1), 74, doi: https://doi.org/10.1007/s40789-024-00710-z  (2024).
35 Esri (Environmental Systems Research Institute, Inc.). Globus3_WTL1. avialble online at https://www.arcgis.com/home/item.html?id=bc25c56c907a4e1aac39d35613af0c55 (2023).







 



Section 4. Figures

[image: A map of the united states

Description automatically generated]
Figure S1. Locations and names of coal power plants in the Gulf Coastal Plain coal-bearing region (highlighted area, adapted from Warwick et al., 19975). Active plants are shown in red and retired plants are shown in black. The location data are provided in Table S15. Base map from Esri35.
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Figure S2. Box plots of rare earth element (REE) concentrations, showing median (black bar), mean (red bar), 25th and 75th percentile (box), and 5th and 95th percentile (lower and upper bars) values with all sample points totaling 118. These data show that elements with even atomic numbers have higher concentrations than those with odd atomic numbers according to the Oddo-Harkins Rule. Data are provided in Table S3a. 
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[image: ]Figure S3. Distribution of rare earth element + Y (REY) concentrations in coal (gray bars) versus coal partings (red bars) in samples from the San Miguel mine and Gibbons Creek mine. Data are provided in Table S8.


[bookmark: _Hlk188277491]Figure S4. Rare earth element + Y (REY) concentrations relative to ash percentages in coal samples (n=118). Data are provided in Table S3.  
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Figure S5. Box plots of critical minerals, excluding rare earth elements, showing median (black bar), mean (red bar), 25th and 75th percentile (box), and 5th and 95th percentile (lower and upper bars) values and all sample points totaling 118. Data are provided in Table S3b.
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Figure S6. Results of sequential extraction of coal samples from Gibbons Creek (GC) and four samples from the San Miguel (SM) mine, including water soluble (WS, blue), ion exchangeable (IE, red), and weak acid (0.5 M HCl, gray). The vertical axis on each plot is percent extraction for the elements or coal ash listed on the horizontal axis. Data are provided in Table S9. 



[image: ][image: ]  Figure S7. Prices of rare earth oxides (REO) per kg. Data and sources are listed in Table S10. 
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Figure S8. Outlook coefficient based on Seredin and Dai (2012)6 for 118 samples. Outlook coefficients between 0.7 and 1.9 are considered promising. Data are provided in Table S3a. 
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Figure S9. Power generation based on fuel source for Gulf Coast states (AL, AR, LA, MS, and TX). Electricity generation from coal has been decreasing since ~ 2000 and replaced by natural gas and renewables (wind and solar). Data are provided in Table S16. 


Section 5. Tables
	List of Tables
	
	

	Table S1a. 
	Concentrations of some minerals and rare earth elements (REEs) in the upper continental crust (UCC).

	Table S1b. 
	List of critical minerals, including rare earth elements (REEs), published by the U.S. Geological Survey in 2022. 

	Table S2
	Details of samples analyzed for critical minerals, including rare earth elements (REEs), in this study. 

	Table S3a. 
	Concentrations of rare earth elements (REEs) on a dry coal basis. 

	Table S3b. 
	Concentrations of critical minerals on a dry coal basis. 

	Table S3c. 
	Laboratory number; field number; and available as received moisture, dry ash, sulfur, and calorific value (CV) for samples analyzed in this study. 

	Table S4a.
	Ratios of rare earth elements (REEs) (dry coal basis) relative to concentrations in upper continental crust (UCC). 

	Table S4b.
	Ratios of critical minerals (dry coal basis) relative to concentrations in upper continental crust (UCC). 

	Table S5.
	Correlation matrix of critical minerals, including rare earth elements (REEs), on dry coal basis. 

	Table S6a.
	Concentrations of rare earth elements (REEs) on an ash basis. 

	Table S6b.
	Concentrations of critical minerals on an ash basis. 

	Table S7a.
	Ratios of rare earth elements (REEs) (ash basis) relative to concentrations in upper continental crust (UCC). 

	Table S7b.
	Ratios of critical minerals (ash basis) relative to concentrations in upper continental crust (UCC). 

	Table S8.
	Concentrations of rare earth elements (REEs) in coal and partings (ppm on dry coal basis) in samples from the Gibbons Creek and San Miguel mines. 

	Table S9.
	Extractability of rare earth elements (REEs) using water, ammonium acetate, and weak hydrochloric acid in samples from the Gibbons Creek and San Miguel mines. 

	Table S10.
	Rare earth oxides (REOs) mean annual prices, USD/kg, 2000 - 2024.

	Table S11a. 
	Rare earth oxide (REO) concentrations on a dry coal basis. 

	Table S11b. 
	Value of rare earth oxides (REOs) per tonne using prices in Table S10 for 2024. 

	Table S12a.
	Rare earth oxide (REO) concentrations on an ash basis. 

	Table S12b.
	Value of rare earth oxides (REOs) on an ash basis using prices in Table S10 for 2024. 

	Table S13.
	Coal production from mines in the Gulf Coast region during 1983 - 2022.  

	Table S14.
	Status of coal mines in Texas.

	Table S15a. 
	Source of coal for power plants (lignite [LIG], subbituminous [SUB], and bituminous [BIT]) from Appalachia, Powder River Basin [PRB], Western U.S. Basins, Gulf Coast, and Imported. 

	Table S15b.
	Disposition of coal combustion byproducts (CCBs) for Gulf Coast power plants during 1985 - 2021. 

	Table S16.
	Electricity generation by fuel source in Gulf Coast States (AL, AR, LA, MS, and TX). 








Ash %	35.83	34.89	86.99	84.05	13.51	70.88	11.25	6.66	12.99	17.14	85.2	58.43	12.32	58.16	29.89	49.26	12.61	17.440000000000001	5.0999999999999996	9.67	11.9	10.86	11.47	15.95	81.489999999999995	16.87	28.38	25.39	18.52	17.100000000000001	63.54	32.1	32.08	29.72	11.8	16.52	17.736738325397898	22.186147186147192	19.385330020525021	14.410253073970406	11.712386948483445	15.365300998224004	16.48332858364212	14.922307084540467	19.437786010023963	16.655907036797892	17.100000000000001	28.06	17.48	27.72	32.15	8.5	11.24	16.34	11.85	16.77	55.09	25.82	96.79	72.94	37.020000000000003	46.27	87.69	18.75	15.24	10	8.81	58.2	57.78	37.14	33.67	25.23	17.91	18	18.47	15.32	25.21	23.02	24.08	25.42	33.369999999999997	25.91	86.2	19.670000000000002	33.18	27.82	84.61	84.82	84.46	82.04	34.813761728746073	61.845682024116542	46.793064561601447	35.611318739989287	83.334161984785936	76.922448312494694	83.953581432573031	35.323622005229154	69.105964723306897	47.069755093913962	50.556302726494586	36.302454473475848	19.760000000000002	10.55	15.89	43.64	15.548430032064831	24.113475177305098	81.068358575521827	11.092140123638595	13.659135559921353	90.438509726343582	91.294099159267617	41.994871794871777	96.077312602524813	96.696107294733423	23.343311075293634	21.403218173213364	104.01000000000002	292.22000000000003	349.71	259.21000000000004	50.67	315.18999999999994	112.81	83.08	18.25	28.330000000000005	142.83999999999997	108.64999999999999	77.69	175.53000000000006	382.60999999999996	166.05000000000004	30.910000000000004	46.230000000000004	34.47	37.24	28.72	21.509999999999994	54.93	198.94000000000003	33.57	57.97	132.51	91.61	31.54	31.519999999999996	268.38	120.58000000000003	241.81	414.16000000000008	42.910000000000004	50.679999999999993	49.07359648345458	46.701264507694979	43.667883174521897	40.65281520329313	26.290666639256557	35.14643257628429	41.689274627486327	36.508304388983298	49.309651754576457	40.466399693573813	65.97999999999999	61.310000000000009	41.040000000000006	58.04999999999999	87.649999999999991	37.319999999999993	76.540000000000006	145.68999999999997	46.789999999999992	55.030000000000015	252.34	292.22999999999996	115.14000000000001	762.37000000000035	2861.8699999999994	1749	187.92	709.90000000000009	680.65	357.02000000000004	346.12	225.26999999999998	455.67999999999995	131.27999999999997	100.39	120.63000000000001	88.18	158.72999999999999	165.49	108.81	103.24999999999999	130.27000000000004	129.19000000000003	73.34	113.06	90.140000000000015	128.52000000000001	180.93999999999997	189.35999999999999	170.45	114.33999999999997	119.96000000000001	135.90000000000003	138.61000000000001	101.83177859948898	114.56045705595727	125.26662765592809	72.780297258398321	208.9750014259063	99.385243286272754	127.68830386598604	88.745780331958414	108.42306103693387	118.85403618104974	111.42052546687414	107.97017684701618	77.430000000000007	51.509999999999991	39.870000000000005	76.430000000000007	60.829536109837605	70.675393795857843	231.18391976274037	67.891742805461533	61.986266781370539	110.19554199078321	79.186954580905009	205.84026361716315	272.64280892767647	272.13320926378537	222.98060807004555	251.7125960275317	Ash %


REY (ppm, dry coal basis)





2

image1.jpeg
100°W

95°W 90°W &sw

] ! ]
A A » oz
Independence 5088 Capacity (MW)
35'N—} 4 <500 i
A A 501-1,000
White Bluff A 1,001-3,992
: Red Hills !
Monticello A4 Ve/sh Green County
A
Pirkey A
A Dolet Hills \
4 i A
Big Brown Martin Lake Lowman
A Brame JD Morrow = \S hol.
‘AA Limestone A e g = Barryc o o
Major Oak A& Oak Grove 19 VJ Danigl 5 Lansin i
2 » g-Smith
Sandow 4 A Gibbons Creek A Jack Watson & ’ @\{‘*{;;, b/r/;\
-~ Fayite A RS Nelson A
JK Spruce WA Pari ?/ﬁ 0 75 150
JT Deel| ) et :
Ay A R, mi
San Miguel ~ Coleto-Creek — 01
A A 0 120 240





image2.jpeg
103

T T T
o =] b
o o o o
¢z b -l

(wdd) siseq [20o Aip ‘I3

102

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y ScREY




image3.emf
0

500

1000

1500

2000

2500

3000

3500

4000

4500

REY (ppm, dry coal basis)

Coal

Partings

Gibbons Creek


image4.emf
0

100

200

300

400

500

600

REY (ppm, dry coal basis)

Partings

Coal

San Miguel


image5.jpeg
Critical Minerals, dry coal basis (ppm)

108
105
10¢

'
w0

102 i

5t % % ﬂiiiii §% %

100 i

EDJ

10—1 o

Li BeMg Al Ti V CrMnCo Ni Zn GaGe As Zr Nb Sn Sb Ba Hf Ta W U




image6.emf
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc Ash

San Miguel 4

SM-4 WS SM-4 IE SM-4 WA


image7.emf
0%

20%

40%

60%

80%

100%

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc Ash

San Miguel 5

SM-5 WS SM-5 IE SM-5 WA


image8.emf
0%

20%

40%

60%

80%

100%

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc Ash

San Miguel 6

SM-6 WS SM-6 IE SM-6 WA


image9.emf
0%

20%

40%

60%

80%

100%

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc Ash

San Miguel 7

SM-7 WS SM-7 IE SM-7 WA


image10.emf
0%

20%

40%

60%

80%

100%

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc Ash

Gibbons Creek

GC WS GC IE GC WA


image11.emf
 $1

 $10

 $100

 $1,000

 $10,000

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

ROE value (USD/kg)

Gd Tb Dy Ho Er

Tm Yb Lu Y Sc


image12.emf
 $0

 $1

 $10

 $100

 $1,000

 $10,000

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

REO value (USD/kg)

La Ce Pr Nd Sm Eu


image13.png
1.9

&
0.7

I

L
~

T
<
~

0 0
- o
1UBIDLJ90D 300[INQ

L "
o
=

0.0

120

100

80

60

40

20

Sample number




image14.png
500

>
=
w1
SA:
()
tL
pLi
N <
Y=
= -
>
Gl
o e o @ o © o © o o
n o 1 O 1’ O 1 o un
g & oo ™M N N - -
A,

(

JIUM 1) UOIRIBUSD) JBN

444

44

- v10T

4114

- 0T0C

- 800C

- 9002

00T

00T

- 0002

- 8661

- 9661

- V66T

- €661

Solar -----Other

Wind

Hydroelectric

Nuclear

Natural Gas

Coal





