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Critical and Industrial Minerals/Elements

g 1 Critical minerals (CM) — elements that are critical to US economic and national security because they 18
= IA have important uses, no viable substitutes, and face potential disruption in supply — 54 CM VI A
o
/ 1 +1 atomic # — (28 +2,1| «— ions commonly formed 2
-/ 101 H 2 atomic symbol — Cu 13 14 15 16 17 He
hydrogen A English element name — copper A VA VA VIA VI A helium
1.008 63.55 «— atomic mass (rounded) 4.003
3 +1(4 +2 . . . 5 +3(6 —-4(7 -3(8 -2(9 =110
, 9| Li Be cM M ¢———— | Industrial minerals (_IM) — naturally occurring » B = N 0o F Ne
Jithium beryllium element Of economic value — 9 IM boron carbon nitrogen oxygen fluorine neon
6.968 9.012 10.81 12.01 14.01 16.00 19.00 20.18
1 +1112 +2 13 +314 -4/15 -3|16 -2\17 -1(18
s 35| Na | Mg 3 a 5 6 7 8 9 10 11 12 | Al Si P s Cl Ar
sodium magnesium || =] VB VB VIB VI B Vil B Vil B Vil B 1B B aluminum silicon phasphorus sulfur chlorine argon
22.99 2431 26.98 28.09 30.97 32.07 3545 39.95
19 +1/20 +2 21 +3|22 +432|123 +5234(24 +326/28 23467(26 +32|27 +2,3|128 +23|129 +2,1|130 +2 kh | +3|32 +4,2|133 -3|34 -2|135 -1|36
a4 as| K Ca 3q| SC Ti Vv Cr Mn Fe Co Ni Cu Zn 4p| Ga Ge As Se Br Kr
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zine gallium germanium arsenic selenium bromine krypton
39.10 40.08 44 96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.97 79.90 83.80
37 +1|38 +2 39 +3/40 +4|41 +5,3|142 +6,3,543 +7 46|44 +4368(45 +3,4,6(46 +2.4|47 +1|48 +2 49 +3|50 +4,2181 +3,5|52 -2|53 -1(54
5 55| Rb Sr dl Y Zr Nb Mo Tc Ru Rh Pd Ag Cd sp| N Sn Sb Te I Xe /
rubidium strontium yitrium zirconium niobium molybdenum | technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine ¥enon
85.47 87.62 88.91 91.22 92.91 95.95 98 1011 102.9 106.4 107.9 1124 114.8 118.7 121.8 127.6 126.9 131.3
55 +1(56 +2 71 +3(72 +4(73 +5(74 +5,4|75 +7,4,6(76 +4,6,8(77 +43,6|78 +4.2179 +3,1|180 +2,1 81 +1,3(82 +2,4(83 +3,584 +4,2/85 86
6 6s| Cs Ba | ;59 Lu Hf Ta w Re Os Ir Pt Au Hg 6p| Tl Pb Bi Po At Rn
cesium parium lutetium hafnium tantalum tungsten rhenium asmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
132.9 137.3 175.0 178.5 180.9 183.8 186.2 190.2 1922 195.1 197.0 2006 204 .4 207.2 209.0 209 210 222
87 +1/88 +2 103 +3|104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7 75| FT Ra | 464 Lr Rf Db Sg Bh Hs Mt Ds Rg Cn 7| Nh Fl Mc Lv Ts Og \
francium radium lawrencium | rutherfordium dubnium seaborgium bohrium hassium meitnerium |darmstadtium| roentgentium | copernicum nihonium flerovium moscovium | livermorium | tennessine oganesson
223 226 262 267 268 271 272 270 276 281 280 285 284 289 288 293 292 294
57 +3|58 +3,4|59 +34|60 +3|61 +3|62 +3,.2|63 +3,2|64 +365 +3,4|166 +3|67 +3|68 +3|69 +32|T0 +3,2
lanthanides 4 4 La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
(rare earth metals) lanthanum cerium praseodymium neodymium | promethium samarium europium gadolinium terbium dysprosium haolmium erbium thulium ytterbium
138.9 1401 140.9 144 2 145 150.4 1520 157.3 158.9 162.5 164.9 1673 168.9 1731
89 +380 +4191 +54|92 +6345(93 +53465/94 +4356(95 +3456|96 +3/87 +3,4|98 +3|99 +3|100 +31101 +3,2|1102 +2,3
actinides 457 AC Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
actinium thorium protactinium uranium neptunium plutonium americium curium perkelium californium | einsteinium fermium mendelevium| nobelium
227 2320 231.0 238.0 237 244 243 247 247 251 252 257 258 259

— - - —



Critical and Industrial Minerals/Elements
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https://www.usgs.gov/centers/nmic/commodity-statistics-and-information#I

Table 2 “World in-situ lithium resource

Average concentration  In-situ resource

Example CM: Lithium

Deposit Country Type (% Li) (MeLi)
Uyuni Bolivia Brine 0.0532 10.2 Gruber et al. 2011
Aracama® Chile Brine 0.14 6.3 ’ \ 4
Kings Mountain Belt  United States Pegmatite 0.68 5.9
Qaidam? China Brine 0.03 2.02
Kings Valley United States Sedimentary rock 0.27 2.0
Zabuye® China Brine 0.068 1.53 Kesler et al, 2012
Manono/Kitotelo Congo Pegmatite 0.58 1.145
Rincon Argentina Brine 0.033 1.118 i g
Brawley United States Brine - 1.0 Ullava Lﬁnltﬁf’ o ——
Jadar Valley Serbia Sedimentary rock 0.0087 0.99 '
Hombre Muerto® Argentina Brine 0.052 0.8 (gel ViSh“Vako"’Skae Goltsovo
Smackover United States Brine 0.0146 0.75 Freqenedn: ’ : Alakha 2
Gajika China . Pegmat%te - 0.591 Almendra L~ dad 8 Altai Tastyq
Greenbushes? Australia Pegmatite 1.59 0.56 7 5§ -?ﬂ % :
Beaverhill Canada Brine - 0.515 £ "] &
Yichun® China Pegmatite - 0.325 Tl v+ - Lo -
Salton Sea United States Brine 0.02 0.316 ' %“ 'Cltla“;gse ;
Silver Peak? United States Brine 0.02 0.3
Kolmorzerskoe Russia Pegmatite - 0.288 - o
Maerking® China Pegmatite - 0.225 . 0 L
Maricunga Chile Brine 0.092 0.22 o , !
Jizjika? China Pegmatite 0.59 0.204 \ I:‘.Mé ono-Kitolo ’ P
Dzoxian China Pegmatite - 0.182 Aracuai K}rnativi A q?’b & a
Dzngxiongeuo® China Brine 0.04 0.181 o 5 Jok0 ; .
Olaroz Argentina Brine 0.07 0.156 Puna u del Rei Karibib* i L
Other (producing)* 8 deposits in Pegmatite - 0.147 Plateau \

Brazil, Canada, ; Greenbushes

China, Portugal Mt Cattlin 77 é‘ﬁ’
Goltsovoe Russia Pegmatite - 0.139 /
Polmostundrovskoe ~ Russia Pegmatite - 0.139 - =, £
Ulug-Tanzek Russia Pegmatite - 0.139
Urikskoe RMSSI% Pegmat}te - 0.139 Fig. 2. Location of major lithium pegmatite (square) and brine (cross) deposits. Shaded rectangles are enlarged to show distribution of salars in the Puna Plateau [ Chile-Argenting
Koralpe Austria Pegmarice N 0.1 and China in Figs. 8 and 11, respectively.
Mibra Brazil Pegmatite - 0.1
Bikitz? Zimbabwe Pegmatite 1.4 0.0567°
Dead Ses Istzel Brine 0.001 -
Great Salt Lake United States Brine 0.004 -
Searles Lake United States Brine 0.005 -
Total 38.68
Note: Li = lithium; Mt = million tonnes. | _
aProducing. "We used the lowest estimate in the literature, although some estimates for Bikita were over 100,000 tonnes u \ / ( u
- \J
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Top Prospects in Brine of Oklahoma & Arkansas
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Zone Formation

Produced H,O by Zone and County

Garber
Chase Brown Dolomite /
Council Grove Pontotoc | Ottawa
Admire Belveal
Wabaunsee Cisco Lime
Pawhuska
Endicott
Douglas Tonkawa
Lansing
Cottage Grove
Kansas City
Hogshooter
Layton
Cleveland
Marmaton - Deese Oswego
Cabaniss - Deese Skinner

Permian

o — ) \

[
Cimarron U Texas

Beaver,

!
Harper, / » (D ) (Grant] @ Nowata Craig

Washmgron 4 /'

Virgilian Shawnee

Lrd
Woodward Gatfield

Ellis (

A=/

~

|:| County

Faults, OGS OF3-2015
H20 (MMbbl) 2009-2014

[ ]oo-725

9 Prepared by:
Red Fork [:l S ERaes Kyle E. Murray, PhD

Burbank - 226.9-485.0 OGS Hydrogeologist

Bartlesvill
H:m‘if:;nz - 485.1 - 788.1 0 12525 50 ~\‘Beckham._
‘\

e Gilcrease B 7582 - 1764.1 EeT—

Dutcher -
Morrow Cromwell Miles
Springer Wamsley
Manning
Caney

25 ~ | N
Miss Lime f /
Miss Chat

1
- I Pushinataha |
Mississippian Meramec S lonis (\{ _ /y ‘ J/
R = X
N 1

Mayes a .
0] S .
Kinderhook Kinderhook Estimated H,0 Production by Zone and by Month Marshaffhsry

Woodford Upper Devonian Woodford
Middle Devonian Misener Key to Symbols
Frisco
Bois d'Arc ]
Henryhouse 400
Chimneyhil Carbonate ]
Sylvan
Viola
Bromide
Wilcox
McLish
Qil Creek
West Spring Creek
Kindblade
Cool Creek ]
McKenzie Hill ]
Butterly dolomite 1
Signal mountain

Missourian Hoxbar

W ash

Desmoinesian

Granite

Krebs - Deese

Atokan-Morrowan

Chester

Sandstone 0 ]

Hunton Multiple-Undifferentiated

B Other or Unspecified

B Permian

m Virgilian
[P

| Missourian

Dev to Mid Ord Cincinnatian Shale

Coal

B
=

Simpson
Desmoinesian

]
[=1
o

Granite
B Atokan-Morrowan

]
=

B Mississippian

H-OProduction [MMbbls)

=
[=]
(=]

B Woodford

Dev to Mid Ord
1 Arbuckle

w
o
I

Arbuckle Arbuckle Group

o

W Basement

lan-10 -
Sep-10-
Jan-11
Sep-12 -
Jan-13 -
Sep-13
Jan-14 -
Sep-14 -
Jan—lS%

May—m-;- - -

lan-09
May-09 ]

Sep-08+
May-10 -

May-13 -
May-15 -

Royer dolomite

Fort sill limestone
Basement & Cambrian Reagan
Crystalline Rock Pre-Cambrian Granite

C




Theoretlcally, there are about 15,000 PW sampleslanalyses
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tical and Industrial Minerals/Elements in OK dbase
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Critical and Industrial Minerals/Elements in OK dbase

‘Table 1. Halogens in Oklahoma brines, sea water, and organic concentrators.
Content (ppm)

All Zones (21) Sople Comy  FOmE Db s [.

N Chloride Bromide Iodide

. . Brine 1 Alfalfa | Mississippi 2164 1148 115531 768 215
Multiple-Undiff. (0) |y 2 Garfild ~ Mississippi 2377 1086 70124 552 464
Brine 3 Kingfisher  Oswego 1910 1137 111552 817 133

i = Brine 4 Major Mississippi 2225 1.046 37,677 319 443
Qther or Unspecified (4) ﬂ Other or Unspecified (0) |55 Stephens  Springer 1829 1.001 2% 450 145

All Zones (21)

Multiple-Undiff. (0)

Brine 6 Woodward  Chester 238 1026 21341 58 s19 R
i e wae o | Collins & Egleson, 1967
Permian (0) Seaweed (9)
Laminaria digitata 1380 510

(dry matter) 8000
Virgilian {0) L. saccharina

(dry matter) 340 2000

Desmaresta (ash) 6800 5200
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Gorgonellidae 19,800 22,100
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Critical and Industrial Minerals/Elements
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O&G H,0 Management Flowchart: Water Reclamation
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Treatment and Concentrated Brine
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Fig. 5. Proposed MF and two-stage RO or NF membrane treatment. Reprinted with permission from Ref. [109].
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Naturally Occurring Radioactive Materials (NORM)
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What are the median and
75%% concentrations for
total Radium?

How do they compare to
MCL

Because of the human
health risks associated with
the ingestion of Ra and
inhalation of its daughter
products (e.g., Rn), total Ra
activity (226Ra + 228Ra) for
public water supplies is not
to exceed 5 pCi/L or ~11.1
disintegrations per minute
per kilogram (dpm/kg).
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Naturally Occurring Radioactive Materials (NORM)

Table 2
Compositional data for ground waters and brines®

Saline
County

> - [ox!
Anadarko Basin--
Northern extent
B [E==d Carbonate [—_] Sandstone
EIII]Evaporite M Shale ,
A E==] Red Beds Basement A
Cret. | Migs. [1600
z5 ) 1200
Perm. 553 - Nemaha Ri |
A1 800
Penn. . )A#Aﬂjﬁﬁgfgkg(ﬁ: 3
J, 4, ", RS I
= RSO0 25 90 A8 IE A8 A5 T-400
7 SASDy SRR ~ S SR SADY SR SACA SACN T
ITE] LSS USRS o - SIS T e S LSS IS eSS Loy P
T T T T | T
0 100 200 300 400 500 600
km
C _ Eastwood #2
>
KS o o0 8% [, MO
n »~,
m A A
4 A
[ ]
[ ] A A
. . sla s
[]
a OK
80 km
50 miles

Fig. 1. (A) Map showing location of study area in southwestern Missouri, southeastern Kansas, and northeastern Oklahoma (also
shown is area in Saline County, Missouri, from which four samples are included in this study). Contours of regional distribution of
ground water salinities in Cambrian-Ordovician rocks expressed in g 17! of total dissolved solids. Prevailing flow directions of re-
gional ground water in the northern western interior plains aquifer (NWIP), the southern western interior plains aquifer (SWIP),
and the Ozark Plateaus aquifer (OP) shown by arrows. (B) West-east geologic cross-section showing schematic stratigraphy. (C)
Enlargement of study area from Fig. 1(A) showing fluid sampling localities [symbols based on geographic-geochemical correlations
of Musgrove and Banner (1993) as summarized in Table 1: triangles, group 1; circles, group 2; squares, group 3]. This figure is
adapted from Musgrove and Banner (1993).

Sample Date®  Group/type® TDS Ca Sr
(mgl™)  (mgl™) (mgl™) (mgl™)

Ba (**Ra) dpm kg™’

(zizR a /zzsRa)

Southwestern Missouri

Lamar 910623 1/MWS 294 32 0.16 0.29 4.0+04
Webb City #7 891104 1/MWS 372 59 0.09 0.14 2.4+04
Fairview f§11 910621 1/MWS 286 38 0.09 0.14 22404
Miller {2 910622 1/MWS 278 36 0.04 0.01 0.8+04
Carthage 7 910622 1/MWS 368 101 022 0.11 43+04
Carthage #11 910622 1/MWS 303 39 0.09 0.14 2.4+04
Aurora #4 910625 1/MWS 328 42 0.06 0.04 0.7+04
Nevada {4 910713  1/MWS 1320 75 2.03 0.08 11.9+04
Saline County, Missouri
Sweet Spring 891105 1/AW 4680 333 789  0.04 6942
McCallister 891105 1/NS 6300 306 9.81 0.50 94+2
Blue Lick 891105 2/NS 25,500 1330 404 0.04 380+10
397 +13¢
Boone’s Lick 891105 2/AW 21,600 1120 364 0.03 32248
315+8¢
Southeastern Kansas
Pittsburg 1110 910620 1/MWS 609 63 0.88 0.18 58+04
Columbus {4 910626 1/MWS 666 48 1.37 0.12 10.5+04
Elmer 910627 1/OWS 2870 19 1.10 0.15 11.5+04
Campbell 2 910621 1/OWS 6720 110 5.14 0.71 39.4+04
Nelson 891104 1/OWS 3470 77 0.03 0.16 402410
McCoy 910628 1/OWS 14,100 208 153 1.26 186 +1
Althouse 1 910706 2/OP 22,200 1140 437 0.08 1060 + 20
Koenig 2A 910707 2/OP 26,300 794 54.7 325 258 +11
Perkins 2 910704 2/OP 63,200 3400 86.8 0.18 1520+ 20
Fuller #15 910623 2/OP 45,300 1635 103 428 783+ 14
Kimkbell §1 891103 2/OP 42,900 1721 83.0 2,17 1310 +30
1303 +39¢
Eastwood f12 891102 2/OWS 18,400 444 304 2.05 20845
202+5%
Minckley A 910627 2/OWS 13,300 262 153 2.93 179+1
Love 1W 910703 2/OWS 9400 173 941 0.65 11341
Perry 910704 2/OWS 25,300 937 275 3.02 331+12
Hyde 18 910704 3/OP 137,000 8132 1050 176 728+ 14
Short 910711 3/OP 114,000 5400 197 0.88 43149
Clubine 910629 3/OWS 68,800 2530 124 435 1743 +4
Sheik 910701 3/GP 79,200 2940 163 320 1260 +20
Peck 910701 3/OP 62,300 2280 136 453 590+13
Louk 1W 910703 3/OWS 72,900 2800 137 3.31 4190 +30
Northern Oklahoma
Jenkins {1 910709 3/OP 249,000 25,900 1510 6.04 2150 £20
E. McCullough 910710 3/OP 225,000 16,100 813 350 474413
Shoffner §1 910710 3/OP 138,000 8850 283 2.16 7660 + 50

0.22+40.05
0.18+0.17
0.26+0.06
0.124+0.12
0.7440.04
0.3240.05
0434022
0.20+0.02

0.12+40.02
0.20+0.01
0.31+0.01

0.095+0.005

0.24+0.03
0.1940.02
0.27+0.01
0.2740.01
0.26+0.01
0324001
0.08+0.02
0.62+0.10
0.1440.02
0.22+0.03
0.1140.01

0.8040.01

0.20+0.01

0.17+0.01

0.21+0.07

0.12+0.04

0.334+0.04
0.105+0.003
0.14+0.02

1.248+0.06
0.096 +0.007

0.22+0.01
1.1440.06
0.057+0.004

# Data for TDS, Ca, Sr, and Ba concentrations for southwestern MO, southeastern KS, and northern OK samples from Mus-

grove (1993), and for central Missouri samples from Banner et al. {1989).
® Date format is yymmdd.
°Groups 1,2 and 3 defined in Table 1; fluid sources: MWS =municipal water supply; OWS =ilfie

Sturchio, 2001

duction well; GP = gas production well; AW =artesian well; NS =natural spring.
4 Replicate analysis by Rn emanation method (Lucas, 1977).




Naturally Occurring Radioactive Materials (NORM)
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Fig. 2. Log (***Ra) (dpm kg ') vs salinity (log TDS in mg
171 for ground water samples. Solid line shows positive corre-

lation. Symbols represent ground water groups as in Fig. Fig. 3. Log Ca, Sr, and Ba (molar) vs log (226Ra) (dpm kg_l)
for ground water samples, illustrating positive correlation
(1987). among all elements.

1(C). Also shown (small filled circles), but not used to define
the correlation line, are data from Macfarlane and Hathaway
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Naturally Occurring Radioactive Materials (NORM)

'.___ e

- S Mﬁfﬂ

Figure 2. Radioactive scale deposits inside oil-field pipe (A) and the distribution of alpha-particle-
emitting radium and radium decay products in the same sample (B). Brighter regions on the alpha
emission image indicate areas of scale with higher concentrations of radioactive elements.
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~* Numerous Critical and Industrial Minerals/Elements (CM/IM) are present in
-~ produced water or brine at concentrations with potential for resource recovery

« Data collection, compilation, and reporting on PW quality would help for
development of domestic “recoverable elements”

« Research on the why — origin and enrichment of CM/IM in brine — is needed

Pairing produced water treatment with resource recovery: )
« CM/IM are already concentrated by treatment processes

« NORM are also concentrated in brine, scale deposits, and solid waste — so must
be carefully managed for health and safety -



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

