CEvEi  Distribution of ion-exchangeable rare earth elements and critical minerals in coal-hosted clays of the Powder River Basin, WY
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1. Why StUdy REE and CM? 4a. Geochemistry* Range of total REE 120 - 330 ppm (n=11); PGEs negligible 5. Discussion

Rare earth elements (REE) e Depth] | P p— Known correlation between REE and Al content®
el artiieal s (CM arget Critical Minerals for Investigation ith. pXRF - - - : .
Zsfeﬁt'igfiog':ga St(éns)i;:)en (ft.) Similar concentrations of Al in overburden and
technologies incl%in : . . Al (~wt%) LoriesniEiiom (pear) Concentration (wt%) carbshale parting
. git J = = = 0 15 | 0 250 10 40 0 200 2600 4600 | 10 30 , ,
- wind turbines i : - 30 7 - Overburden enriched in LREE and HREE
- Solar Ce”s W | S | Bl C 4 ® A o @ Al A o L 2 A & o A

Powder River
Basin

C
B @ s . : :
- electric motors and batteries — = '3 A o o a b oo . . o A REE in carbshale at or below crustal abundance
O °e
N g ..’ ® o e < ¢ A o £ o o A UCC Normalization Factor
C0a| and Coal byprOd UCtS may Light Rare Earth Element Heavy Rare Earth Element - C>> . ..°0. AA @ 0 : A“ % . 3 L\AA R ® :’ N ,. A R cto
be an unconvent|ona| source Platinum Group Element (PGE) Other Critical Element o ®e ° 0.1 1 10
. 6 . 30 oA
of domestic REE and CM". — & A o REE content
S Overburden . :
— 35 & e Aab 8 normalized to
B § P? e Upper
oo E Continental
° ° | ‘. . -
2. Location and Sampling ' . g cied b Crust (UCC)s:
— S, R ) A o
U . :'t Aa o o fa & e 3 Iy *$ o o o *4 A 40 Coilsclralz _1. .
* 5 core and numerous bulk samples | © * 5 o Dartings ' equ.lv;alent
collected from 3 PRB coal mines Z .-.'.’ : : v e : 5 ¢ ¢ ¢ A >1 : enriched
L— 40 - .‘, e /\ HREE AR <1: d@pl@ted
@, 8 ° 45
1 MT B s ° ) v 7t
oot L (e e W WY - o N & * A @ 4 * Physiosorbtion may not be primary binding
o % A e A O Aw As mechanisms5

\
&

e >40% of coal produced in the U.S. 30 km ' 6. N EXt Ste pS

comes from the Powder River Basin | *Critical element geochemistry of whole rock samples. Size of data points encompasses uncertainty values.
(PRB)2. B PRB coal mines4

Isolate clay minerals

| Sample locations

e Ore concentrations of REE (2.78% Bear Lodge Alkaline

> Perform sequential extractions

total rare earth oxide) in Bear Lodge Complex
carbonatites adjacent to PRB?. 4b. M|nera|ogy and Morphology Range of mineral abundances in overburden and carbshale parting > Quantify supernatant liquids
) > Determine relationship between clays
Y Rav Diff Quartz . : 5 and trace metal occurrence
o -Ray Diffractogram <
- L e .
3‘ Coal hOStEd Clay M Inera IS Kaolinite Group* g £ Analyze additional clay samples for increased
. ¢ 3 o
¢ T £ resolution
. . . o
Hc.)w.do REE and CM frgctlonate into clay minerals OVERBURDEN llite . S 5 N
within PRB coal deposits? < g Repeat for coal samples
\\,\te\'Stitia’ Clays Chlorite . ; g
. £ E
ite G 8 &
: — Zeolite Group* . c
Physmsgrbed = v N 4 . ¢ quartz P ’ Ovebr bhu rId - _’:5_ ke 7 R f
REE and Ci < ‘ ¢ ¢ o & e Carbshale > &
= w L Muscovite o g) 3 y e erences
= kaolinite v O . . . . N . .
.m ‘ n= '] ‘] + @ 1. Bagdonas, I?.A., I;nrlquez, AlJ, Cod.dmgton, K.A., Finnoff, D.C., McLa‘ughIm,J.F., BaZ|I|§n, M.D., Phillips, E.H., McL!ng,T.L. (2022). Rare earth element resource
c = = 2. Berry, R, Morey, M. (2015}, Sxteen mines nthe Powtler iver Basin produce 43% of US, coal. Today In Energy, U, Energy Information Administration
Q . . Sa n|d | ne ® o O 3. Van G,oslen, B. S.,, Verplanck, P. L., Emsbo, P. (2019). Rare earth element mineral deposité i.n the.United States (N.o. .1454). US Geological Survey. .
+ c g 4. Croft, G, Patzek, T. (2009). Potential for Coal-to-Liquids Conversion in the U.S. Resource Base. Nonrenewable Resources, 18(3), 173-180.
E CARBSHALE PARTl NG * d ICkIte *z >ll<\l 5. Fenfgo,nXI.(,a(())?iili:c(e);tc(s:sri\cci)lp—aroAcgsiiZl;,(l:\llgblsec,ig.r,]zgc;rg1Ri,1lg|§9r;ig,)J.R. (2021). A study of rare earth ion—adsolr)ption clays: The s(p)eciation of rare earth elements
e ' O 20 40 60 80 6. McLennan, S. M., Nance, W. B Taylor, S. R)f (1 980).(F’2a)re earth element-thorium correlations in sedimentary rocks, and the composition of the continental
S—— v i t ) ) crust. Geochimica et Cosmochimica Acta, 44(11).
= e Approximate Mineral Abundance (%)
. .
— s " 8. Acknowledgements
— e Backscattered electron SEM ° 9
—_— . This material is based upon work supported by the Department of Energy under
Overburden a0 2 20 0 60 80 images (20kV): Award Number DE-FE0032048.
Clay partin9° rtz an | miner | A special thank you to the UW School of Energy Resources, Kelsey Kehoe (WSGS),
y Par 20 (degrees) a) gua 3 d (c:jay b = j = Ellen Polites, Isaac Mantelli, Courtney Birdsall, Victoria Konieczka, Emily Clinkscales,
: : : : IN powdaeredad overpuraen and Gracen Wallen for your contributions and support.
HypOthESIS: REE and CM (plnk and green) WI” preferentla”y Re resentative X ra diffraCtO ramS ShOWin maoor b) intzrstitial Cla S in thin Section Disclaimer: This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the
sorb to the surfaces of clay minerals (aluminosilicates) (orange P . >]/c 9 2) el p | y N e Al o AL s s el
. . . . 1 disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product,
and purple) In Clay_rlch Sectlons Of the Coal d@pOSlt. phase m I neralogy O Overbu rden a nd Ca rbShaIe pa rtl ngS° O Coa Core process, or seryice bytrad(? name,trademark, manufacturer, or otherwise does not necessaril'yconstitute'or.imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency thereof.




