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DESCRIPTIVE MODEL OF Sn GREISEN DEPOSITS 

By Bruce L. Reed 

DESCRIPTION Disseminated cassiterite, and cassiterite-bearing veinlets, stockworks, lenses, pipes, 
and br~ccia in greisenized granite (see fig. 44). 

GENERAL REFERENCE Scherba (1970), Taylor (1979), Reed (1982), Tischendorf (1977). 

GEOLOGICAL ENVIRONMENT 

Rock Types Specialized biotite and(or) muscovite leucogranite (S-type); distinctive accessory 
minerals include topaz, fluorite, tourmaline, and beryl. Tin greisens are generally post-magmatiq 
and associated with late fractionated melt. 

Textures ·Common plutonic rock textures, miarolitic cavities may be common; generally nonfoliated; 
equigranular textures may be more evolved (Hudson and Arth, 1983); aplitic and porphyritic textures 
common. 

I 

Age Range May be any age; tin mineralization · temporally related to later stages of granitoid 
emplacement. 

Depositional EnVironment Mesozonal plutonic to deep volcanic environment. 

TectoniC Setting(s) Foldbelts of thick sediments t volcanic rocks depOSited on stable cratoniC 
shield; accreted margins; granitOids generally postdate major folding. 

Associated Deposit Types Quartz-cassiterite sulfide lodes, quartz-cassiterite ± molybdenite 
stockworks, late complex tin-silver-sulfide veins. 

DEPOSIT DESCRIPTION 

Mineralogy General zonal development of cassiterite + molybdenite, cassiterite + molybdenite 
+ arsenopyrite + beryl, wolframite + beryl + arsenopyrite + bismuthinite, Cu-Pb-Zn sulfide 
minerals + sulphostannates, quartz veins t fluorite, calCite, pyrite. 

Texture/Structure Exceedingly varied, the most common being disseminated cassiterite in massive 
greisen, and quartz veinlets and stockworks (in cupolas or in overlying wallrocks); less common are 
pipes, lenses, and tectoniC breccia. 

Alteration Incipient greisen (granite): muscovite ± chlorite, tourmaline, and fluorite. 
Greisenized granite: quartz-muscovite-topaz-fluorite, t tourmaline (original texture of granites 
retained). Massive greisen: quartz-muscovite-topaz t fluorite t tourmaline (typically no original 
texture preserved) • . Tourmaline can be ubiquitous as disseminations, concentrated or diffuse clots, 
or late fracture fillings. Greisen may form in any wallrock enVironment, typical assemblages 
developed in alUminosilicates. 

Ore Controls Greisen lodes located in or near cupolas and ridges developed on the roof or along 
margins of granitoids; faults and fractures may be important ore controls. 

Weathering Granite may be "reddened" close to greisen veins. Although massive greisen may not be 
economic as lodes, rich placer deposits form by weathering and erosion. 

Geochemical Signature Cassiterite, topaz, and tourmaline in streams that drain exposed tin-rich 
greisens. Specialized granites may have high contents of SiO (>73 percent) and K20 (>4 percent), 
and are depleted in CaO, Ti02, MgO, and total FeO. They are enriched in Sn, F, Rb, Li, Be, W, Mo, 
Pb, B, Nb, Cs, U, Th, Hf, Ta, and most REE, and impoverished in Ni, Cu, Cr, Co, V, Sc, Sr, La, and 
Sa. 

EXAMPLES 

70 

Lost. River, USAK 
Anchor Mine, AUTS 
Erzgebirge, CZCL 

(Dobson, 1982; Sainsbury, 1964) 
(Groves and Taylor, 1973) 
(Janecka and Stemprok, 1967) 



GRADE AND TONNAGE HODEL OF So GREISEN DEPOSITS 

By W. David Menzie and Bruce L. Reed 

COMMENTS See figs. 45, 46. 

DEPOSITS 

Name 

Altenberg 
Anchor 
Archer 
Cinovec 
Clsta 

Metal zon;ng 
;n ve;ns: 
Ag Pb Zn -,-1 

Sn,Mo,B; 

Sn Mo -, 

Precursor 
gran;tu 

Country 

GRME 
AUTS 
AUTS 
CZCL 
CZCL 

400m 

Name 

Coal Creek 
E. Kempville 
Hub 
Potosi 
Prebuz 

Barrfn fractun~ 

Country 

USAK 
CNNS 
CZCL 
BRZL 
CZCL 

Rock altfrat;on 
Zoning: 

Quartz: + ch lorn. 

Figure 4~. Cartoon cross section of a Sn greisen. 

. Model 15 c --Con. 

11 



The University of Arizona 

Arizona 
Bureau of Geology and Mineral Technology 
Geological Survey Branch 
845 N. Park Ave., Tucson Arizona 85719 
(602) 621-7906 

Robert F. Poley, Jr. 
2020 Rockford Dr. 
Prescott, AZ 86301 

Dear Mr. Poley: 

April 2, 1985 

1885 

1985 
A Proud Beginning 

The pinkish fiberous sample submitted to the Arizona Bureau of Geology 
and Mineral Technology for examination is predominantly kyanite with, and in 
some areas mixed with, muscovite mica, quartz and limonite (hydrous iron 
oxide). A little tourmaline (complex silicate of boron, aluminum and iron) ' 
is also present in the sample. Microscopic analyses showed the optical prop­
erties which include birefringence, extinction angle, indices of refraction, 
optical sign (negative), orientation (fibers are length slow) and others fit 
perfectly for kyanite. Spectroscopic analysis showed the predominant mineral 
to be composed of aluminum and silicon with a trace of iron. Kyanite is an 
aluminum silicate. The trace of iron is just an impurity. No calcium nor 
lithium showed therefore, the mineral could not possibly be wollastonite, 
spodumene or amblygonite. I've been a mineralogist here at the University of 
Arizona for thirty years. I have found unless the mineral being tested by 
fusion, scratch, and other physical tests is pure, 'unaltered and of sufficent 
grain size these test can be misleading. This is why I rely on microscopic 
examination where I can separate good from bad grains and test only the good 
grains. 

Spectroscopic analyses made on the black minerals in the four different 
samples showed they were predominantly composed of iron and titanium. One of 
the black minerals contained a little chromium. No neodymium (Nd) or tantalum 
(Ta) was detected by spectroscopic analyses. 

I am returning your check as there is no charge for the testing work I 
performed. 

RTO:ef 

/.) ;er
y
17t .rul

Y
, . ,rll . 

()~r{)~ 
Robert T. O'Haire 
Mineralogist 
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64 
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<0.9 44.0 

o P 
<0.4 
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BONDAR-CLEGG 
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As Ba Br Cd Ce Co 
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------.. '- .-----.-
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] 
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NUMBER 
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R2 0-1 eu ORIG. PIT 

Sa SII 
PPM PPM 

14 2.1 

BO . :; . . . . It . " . . . ; 

DONDAn-CLEGG 

Sn Ta Tb 
PPM PPM PPM 

<200 <1 1 

Cy{~()Chrnl it-al 
Lab ){c.,o .. t 

~PROJfeT: eU/K-4 PAGF 1e 
_.J 

-I Te Th U - " Vb 1n 
PPM PPM PPM PPM PPM PPM __ 
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nORTH RmERICRn LRBORRTORIES, Inc. 
C E R T I F I CAT E ° FAN A l Y SIS 

Client Name: Robert Poley, Jr. 
Address: 2020 Ro~kford Drive 

Prescott, Arizona 86301 
Telephone: 445-0356 

Submitted by: Robert Poley, Jr. 
Date Received: 4/20/85 

Client 1.0. 

0008 Schist Ridge 
0015 Main 
0018 P.R.C. 
0065 Wire Spool 
0070 B.W.S. Wk Mag 
0071 B.W.S. Non-Mag 

lab #I 

1 
2 
3 
4 
5 
6 

Job Number: MA-1965 
Date: May 31, 1985 

Copies to: 

Additional Info: 

ICP . Anal~sis : 

Fe203 Ti02 

-----ppm------

91.76 11.92 
92.82 10.76 
74.66 5.92 
80.49 11.19 
81.02 4.27 
73.15 9.58 

These analyses are based on materials supplied by the client to whom and for whose 
exclusive and confidential use this report is made. North American Laboratories, 
Inc., and its officers and employees assume no responsibility and make no represen­
tations as to the productivity ·or profitability of any mineral deposit in connection 
with which this report is made. 

We will store the PULPS for ONE YEAR in case you desire further analysis. They will 
be returned to you if you so request or be discarded after one year. 

mineral and Water RnalYfif 

1022 Weft 23rd StreetoTempe,Rz. 85282 0 (602)894-0919 



FLUO RESCENT 

X RAY 

718 Shennan Street (rear) 

Denver. Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon. Manager SPEC TROGRAPHIC 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 

XXX X SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 
North American Labs J. Karolak 

32093 Job Number ______ _ 

1 3 Page ___ of ___ Pages 

Date 25 May 1985 

SAMPLE: 
MA-1965 #2 
0015 Main 

Copper _____ O_e 0_1_1_ Iroo'--________ 7_7_. __ __ Lanthanum~ _____ _ 

Silver ________ _ Cobalt~ ____________ _ Cerium<-_______ _ 

Gold~ _______ _ Nickel ________ _ Praseodymium ______ _ 

Zinc _________ O_e_O_1_4_ Cesium'---_______ _ NeodymiuID'-____ _ 

Cadmium'---______ _ Rubidium _________ _ Samarium'--_______ _ 

~ercury _______ _ Bariu .... m&....-_______ 0_._0_8_6_ EuropiuID'-_____ _ 

Gallium'--______ _ Stronth ..... J ...... m __________ _ GadoliniuID ______ _ 

Indium'--_______ _ Titaniuum..l.--_______ 2_._O __ _ Terbium'--_________ _ 

Thallium'--_____ _ Zirconiuum..l.--________ _ Dysprosium ______ _ 

Germani l~J ...... m..L.-_____ _ Hafnil ..... JumL-______ _ Holmium _______ _ 

Tio'---__________ _ ThoriuID ____________ _ Erbium ________ _ 

Lead ________ _ Vanadiu .... m.L...-_____ O_._1_3_ Thulium'--______ _ 

Arsenic _______ __ ColumbiuLLmL---__ 0_._0_2_0_ Y tterbium<-_____ _ 

Antimony ______ _ TantaluJLllm __________ _ Lutetium'--________ _ 

Bismuth _______ _ ChromiuLLmL...-___ 0_e_0_4_1_ Yttrium _______ _ 

Selenium'--_______ _ ~olybdenu.JLllm~ ______ _ 

Tellurium _______ _ Tungsteo'---______ _ 

Bromine _______ _ UraniUumL-______ _ 

lodine ________ _ 0.078 
~anganese __________ _ 

The values above are estimated elemental concentrations in: 
XXXX per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE A.OVE DATE . THE 
REMAINDER OF THE SAMPLE WILL liE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



X RAY 
718 Sherman Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Manager 

SPEC TROGRAPHIC 
Analytical Laboratory XXXX 

TO: 

__ QUALITATIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 
North American Labs 

MA-1965 #6 

32093 Job Number· ____________ _ 
3 3 Page ______ of Pages 
25 May 1985 Date: ________________ _ 

SAMPLE: 
0071 B.W.S. Non-Mag 

0.009 Copper ______________ __ 32. Iroo~ ____________ __ L th 0.35 an anumL--______ __ 
Silver ____________ _ 

Gol~~ ______________ ~-
0.043 Zinr~ ____________ __ 

CadmiumL-____________ _ 

Cobalt~ __________ ~ __ =-
Nickel. ________ 0_.0_9_5_ 

Cesium'---____________ ~-
0.027 RubidiuIDL-.-_________ __ 

0.87 CeriumL-______________ _ 

PraseodymiumL--___ _ 
0.027 N eodymium.L __________ __ 

SamariumL--_______ _ 
~ercury ______________ __ 

Gallium.l-______________ _ 

Indium~ ______________ _ 

ThalliumL--________ __ 

Bariu.uD1~ __________ __ 
0.023 Strontillu..&.ImUL..-__________ -=-_ 
0.87 Ti tani u ...... D1UL..-______ --:::---::--: 
0.14 Zirconiu.~D1~ _______ _ 

Europi umL--______ _ 

Ciado1iniu.J.JD1~ ______ _ 

TerbiumL-__________ ~_ 

DysprosiumL-_________ _ 
Ciermani1uJ uD1L-_________ __ Hafni1uJ uD1L-____________ __ HolmiumL-____________ _ 
TiOL-________________ __ 0.33 Thorium _____________ _ Erbium~ ______________ _ 0.082 Lead ________________ __ 0.064 Vanadiu~D1~ __________ _ Thulium'--___________ _ 
Arsenic ________________ _ Columbium'--__________ _ y tterbium~ ______ _ 
Antimony _________ _ 

Bismuth _____________ __ 

Tantalu ...... D1UL..-____ ~-__ ~ 
0.074 Chromiu~D1..1.-_________ _ 

LutetiumL--______ _ 
. 0.41 Y ttr1um~ _______ _ 

Selenium~ ________ __ ~olybdenu~mA_ ____ _ 
Tell urium~ __________ _ Tungsteo ______________ _ 
Bromine _____________ _ 
Iodine _______________ __ 

Uraniu~D1L-________ ~~--
0.11 Manganese __________ __ 

The values above are estimated elemental concentrations in: 
XXXX per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO VEARS FROM THE ABOVE DATE . THE REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM THE ADDRESSEE ABOVE. 



FLUO. RESCENT 

X RAY 

SPEC TROGRAPHIC 
Analytical Laboratory 

XXXX QUALITATIVE 

XXXX SEMI-QUANTITATIVB 

__ QUANTITATIVE 

ANALYTICAL REPORT 
TO: 

R. Poley, Jr 

SAMPLE: 
s-w Butt Spr Non Mag -20m 

Copper 0.014 Iron 11. 

Silver ~-"H';~;'_U Cobalt ,,.' ': ~ '~ 

Gold Nickel 0.004 

Zinc 0.019 Cesium 

Cadmium Rubidium 0.004 

Mercury Barium 0.047 

Gal1ium Strontium 0.006 

Indium Titanium 0.99 

Thallium Zirconium 0.047 

Germanium Hafnium 

Tin Thorium 0.13 

Lead 0.0,29 Vanadium 0.087 

Arsenic Columbium ,0.048 

Antimony Tantalum 

Bismuth Chromium 0.11 

Selenium Molybdenum 

Tellurium . Tungsten 

Bromine Uranium 0.007 

Iodine Manganese 0.15 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Mana,er 

Job Numbef, ___ 3_3_7_4_9_ 

Pal" 1 of ' 9 Paaes 

Date 11 Apr 1988 

Lanthanum 

Cerium 

Praseodymium 

' Neodymium 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

, Lutetium 

Yttrium 

0.34 
0.65 
0.018 
0.084 

0.21 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTEO SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD 0,. TWO VEARS FROM THE ABOVE DATE. THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO RESCENT 

X RAY 

718 Sherman Street (rear) 

Denver. Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon. Manqer SPEC TROGRAPHIC 
Analytical Laboratory 

XXXX QUALITATIVE 

TO: 

XXX X SEMI-QUANTITATIVE 

__ QUANTITATIVE 

~ : ANALYTICAL REPORT 

R. Poley, Jr 

33749 Job Number ________ __ 

Pap 3 of 9 Pales 

Date 11 Apr 1 988 

SAMPLE: 
BWWC -40m, digest 

Copper 0.008 Iro' ...... n ______ 1_3_._ Lanthant_Jm~ _____ 0_._3_6 

Silver_________ CObalt _______ _ Cerh ...... JmU.L. _________ O_.~8_3 

Gold~________ Nickel 0.005 Praseodymiu mO. 090 

Zinc o. OQ ~:. . Cesium ---------fliiI"~.;, ...... -,." 1Io&AoIIA-----._ .. _-~-... ~:.-.~fIIo- Neodymium 0.093 

Cadmiu~m~ _____ ~ Rubidh ..... J .... m"""---_____ _ Samarium 0 .049 
~ercury_~ _____ _ Barium 0.056 Europium ___________ _ 

Gallium'__ ______ _ Strontium 0.003 GadoliniuoLlom _______ _ 

Indiu~m ________ ~ Ti~niu .... mA_ _____ 2_.~8_ Terbit ...... JmoLlo&-________ _ 

ThalliuoLlom.L.-_____ _ Zirconium 0.064 Dysprosit ...... Jmo.&&.. ________ _ 

Germanil ...... Jmu.&-_____ _ Hafnh ..... J .... m"""---_________ _ Holmit ...... Jm~ ________ _ 
Ti,~n ___________ _ Thorium 0.096 ErbituJoLIom.&..-________ __ 
Lead~ ___________ _ Vanadh_Jm~ _____ 0_._2_0 ThulituJ~m.&.-_________ _ 

Arsenir~ _______ _ COlumbiu~m.L._ _______ __ Ytterbiu~m.&.-______ _ 

Antimony ______ _ Tan~1uJ~mL_ ______ __ Lutetiu,UmL_ __________ _ 

Bismuth'__ ________ _ Chromium 0.090 yttrit ...... JmUL ________ ~O~.~2~2 

Selenit ..... J .... m.&..-_______ _ ~olybdenl ...... Jm~ ____ _ 

Tellurit ...... J .... m ________ _ Tungste,~n'__ _______ ___ 

Bromine ________ _ Urani' ...... J .... m"""---__ -----_-
Iodine _______ _ Manganese _______ 0_._3_6 

The values above are estimated elemental concentrations in: 

x x )( )( per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF' TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO RESCENT 

X RAY 

SPEC TROGRAPHIC 
Analytical Laboratory 

xxx x QUALITATIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 
TO: 

R. Pol ey , J 'r 

SAMPLE: Red Basin .. 2 cu ft 
~"" " " . 

-16m 

Copper 0.004 Iron 12. 

Silver Cobalt 

Gold Nickel 0.013 

Zinc 0.011 Cesium 

Cadmium Rubidium 

Mercury Barium 

Gallium Strontium 0.011 

Indium Titanium 1.8 

Thallium Zirconium 0.053 

Germanium Hafnium 

Tin Thorium 0.11 

Lead Vanadium 0.21 

Arsenic 0.030 Columbium 

Antimony Tantalum 

Bismuth Chromium 0.047 

Selenium Molybdennm 

Tellurium Tungsten 

Bromine Uranium 

Iodine Manganese 0.25 

718 Sherman St.reet. (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Manaeer 

Job Number ___ 3_3_7_4-,-9_ 

p •• ,...,e __ 7_of __ 9 __ Pages 

Datec--..;;;.1..;:;.1-.,;..;.A..r;;.p...;-.r~1...;:;..9.=B.=8_ 

Lanthanum 0.26 

Cerium 0.63 

Praseodymium 

Neodymium 0.047 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Yttrium 0.17 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE A.OVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Manalet 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 
R. Poley, Jr 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 
33749 

Job Number _____ _ 

8 9 
Page of Pages 

D 
11 Apr 1988 ate ________ _ 

SAMPLE: 
S5 #1 -40m non mag 

Copper 

Silver 

Gold 

Zinc 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

0.002 Iron 

Cobalt 

Nickel 
o . OJ)JJ . ..:I.....,.~ Cesium 

Rubidium 

Barium 

Strontium 

Titanium 

Zirconium 

Hafnium 

Thorium 
0.028 Vanadium 

Columbium 

Tantalum 

Chromium 

Molybdenum 

Tungsten 

Uranium 

Manganese 

6.6 

~I - ".~ . , " .~.~ !.~.j 

0.010 
0.10 
0.017 
0.33 
0.080 

0.16 

0.022 

0.021 

0.14 

Lanthanu.umL-______ O_._7_5 

CerhuJumL-______ ~ ___ 1 __ ._5_ 
Praseodymium 0 • 0 54 

Neodymium 0 .084 

SamariumL--__ ~ __ 0_._0_12 

Europium~ _____ __ 

Gadoliniu,,umLL-__________ _ 

Terbiuml....-________ _ 

Dysprosium'--_____ _ 

Holmiuml....-______ _ 

Erbium 0.023 

Thuliu ..... m.&...-______ _ 

Ytterbium 0.013 

Lutetiuum.&-______ _ 

Y ttrhuJ umL-______ O __ ._3_9 

The values above are estimated elemental concentrations in: 
X X X X per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE. THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

718 Shennan Street (rear) 

Denver. Colorado 80203 

Phone(303)83~1396 

Merlyn L. Salmon. Manaler 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 
R. Poley, Jr 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 
33749 

Job Number _____ __ 

9 9 
Page of. ____ Pages 

nate 11 Apr 1 9 88 

SAMPLE: 
Deer Ear -20m non mag 

Copper ___________ O_._O_02 13. 
Iron~ ___________ _ Lanthanum 

0.12 

Si1ver _________ ~' :;.; · ···· , .. ··· .... ,'e .•. 
Cobalt~ ______________ _ Cerium 0.29 

. Golu.d _______ _ 0.012 Nickel. _______ _ Praseodymium 

Zinc~ _____________ 0_._O_11 Cesium'--______________ _ Neodymium 0.028 

Cadmiu.JJml.l..--______ _ 0.009 
Rubidium~ _____ _ Samariu01 

~ercury ______________ __ 0.054 Barh .... J~mL&_ ______________ _ Europium 

GalliumL--______ _ 0.006 Strontill ......... mL&_ ___________ _ Gadolinium 

Indiu~mL_ _______ _ 0.97 Titaniu ..... m""--______ _ Terbium 

ThalliUumA-__________ __ 
0.050 

ZirconhuJ ..... mL_ ___ ----,-___ Dysprosium 

Germani1uJ..um.l.-_____ _ HafnituJ ..... m..L.-__________ __ Holmium 

TinL--________ _ 0.022 Thorium&....-______ _ Erbiu01 

Lead~ __________ _ 0.075 Van ad iu ..... m""--_____ __ Thulium 

Arsenic _______________ _ 0.004 Col umbiu ..... mA--________ _ Ytterbium 

Antimony ______ _ Tan tal u .......... mL&_ __________ _ Lutetium 

Bismuth ______________ __ 0.022 Chromiu ...... me&..-_____ _ Yttrium 0.043 

Seleniu01L-____________ __ Molybdenl .... J~mL&_ ________ __ 

Tell uriu~m..L.-____________ _ Tungsten _____________ _ 

Bromine; ______________ _ Uranit .... J~mL&_ ____________ __ 

Iodine; ________________ _ Manganese; _________ O_._1_8 

The values above are estimated elemental concentrations in: 

X X X X per cent parts per million grams per liter ' 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO VEARS FROM THE ABOVE DATE. THE 

REMAINDER OF THE SAMPLE WILL liE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 

THE ADDRESSEE ABOVE. 



SKYLINE LABS, INC. 
SPECiAlISTS IN EXPlORATION GEOCHEMIsmv 

12090 WEST 50TH PLACE. WHEAT RIDGE, COlORADO 80033 • TEl.: (303) 424-n18 
REPORT OF ANALYSIS 

Rober1 Poley, Jr . . 
2020 Rockford Drive 
Prescott, Arizona 86301 

Analysis of 3 Concentrates 

ITEM 

1 
2 
3 

SAMPLE NUMBER 

0015 
0008 
XL 0000 

Ta 
(ppm) 

(20. 
(20. 
(20. 

Nb . 
(ppm) 

255. 
160. 
195. 

(1' 

JOB NO. KGH 001 
March 28, 1985 

PROJECT NO. D-l 
SHIPMENT NO. ' 1 

~ Gordon H. VanSickle 
't Manager 



FLUO RESCENT 

X, RAY 
718 Shennan Street (rear) 

Denver. Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon. Mana&er SPEC TROGRAPHIC 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 
R. Poley, Jr 

XXXX SEMI-QUANTITATIVE 

--QUANTITATIVE 

ANALYTICAL REPORT 

0-1 

Job Number ____ 3_2_6_64 __ _ 

Page 1 of ___ l_3_Pages 

Datc..e _2_5_J_a_n_l_9_8~6 __ 

SAMPLE: 
II 1 

Copper _____ o_.O_O_4_ Iro ..... o ________ 3_4..;,.... --- Lanthanu ...... m~ ___ O.......;.;.....1_7_ 

Silver ___ -'--____ _ Cobalt ______________ _ Cerium'---________ O..:......::.....;3:......;6:-

Gold~ ______________ __ Nickel _____ O_._05_9_ ' Praseodymiu ..... Ol~ ____ _ 

Zinc ____________ O_._O_O_8_ Cesium~ __ ------ NeodymiuID'--__ O-=-.~O::....:2::...:8"-

Cadrniu~rn~ ____________ __ Rubidiurn'---__________ __ SanaariuOl'--____________ _ 

~ercury ______________ _ Baril .... 1~0l~ ______________ __ EuropiuID'--____________ _ 

Galliu .... Llm.L.-______________ _ . Stronti1o.&.lOl ........ ____ O....;;.._O_1_8_ Gadoliniu ..... Ol.L-_______ _ 

Indiu.~Ol~· ______________ __ Titaniu ...... 0l&...-____ 1.......;.;.....2 __ Terbiu ..... m~ ___________ __ 

Thalliu ...... m.L.-__________ __ Zirconil .... 1..ufn..&..--______ ....;.O...=.--:;O_7_4_ l)ysprosiu ..... Ol.L.-__________ __ 

Gernaanil .... 1~0l~ __________ _ Hafnil .... 1
L1
Ol.L.-______ _ HolnaiuOl'---__________ _ 

Ti ....... o'--__________________ _ Thorium'--______ O..:......::.....;O:......;8~9_ ErbiuID'--____________ _ 

Lead~ ________________ __ Vanadilo.&.l~m~ __ ~O~ • ....:.O~9=1_ Thuliu ..... m.&..--______ _ 

Arsenic~ ______________ ......... _ Columbiu~mL--___ O.:.....:.!:....:O=-=1:..:::2..:.... Y tterbiu ..... m.L..-____________ _ 

Antinaony ____________ ~ Tantall .... 1..L1Ol~ ______ _ . Lutetiuu.m.A.....-____________ __ 

Bisnauth __________ __ Chronait ..... J 0l~ ___ --=O...:::: • ..:....1....:.0 __ Y ttri u ..... m-L--______ ---'O:<...J.a...:2=2"--

SeleniuIn'--____________ __ ~olybdenl ..... ) ...... Ol~ ______ _ 

Telluriu&.aOl.&....-_______ _ Tungsten'--_________ _ 

Bronaine ________ __ Uraniu..LIOl~ _________ _ 

Iodine __________ __ ~anganese _____ O.....:.'_2-'-1 __ 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 
TROGRAPHIC 

Analytical Laboratory 

TO: 

SAMPLE: 
II 2 

Copper 

Silver 

Gold 

Zinc 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

0.011 

0.018 

0.022 

· .•. . " 

XXXX QUALITATIVE 
XXXX SEMI-QUANTITATIVE 
__ QUANTITATIVE 

ANALYTICAL REPORT 

Iron 28. 

Cobalt 

Nickel 0.046 . 
Cesium 

Rubidium 

Barium 

Strontium 0.023 
Titanium 1.0 
Zirconium 0.067 
Hafnium 

Thorium 0.044 
Vanadium 0.11 
Columbium 0.017 
Tantalum 

Chromium 0.084 
Molybdenum 

Tungsten 

Uranium 0.019 
Manganese 0.14 

718 Shennan Street (rear ) 

. Denver. Colorado 8020:­

Phone (303) 837-139(; 

Merlyn L. Salmon. Managel 

Job Number_---.::3~2=61<.36L.4L..__ 

Page 2 of 13 Pages 

Date· __ 2_5_J.::.....;a=-n~1..;:...98..::::...;6'"---_ 

Lanthanum 0.054 
Cerium 0.19 
Praseodymium 

Neodymium 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Yttrium 0.14 

The values above are estimated elemental concentrations in: 
IXXX per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE : A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE. THE REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

718 Sherman Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Manager 

Analytical Laboratory 
xxx X QUALITATIVE 

TO: 
.R.· Poley, Jr 

.~ ........ ;;....:. 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT Job Number __ 3;....;2;:;.,;6;;.....:6:;...4.:.....-_ 

Pag<;..e __ 3 __ of_-=1=3_Pages 

Date~_~25:::.........:J,-=a::.:..:n:....--::.l=-9=.;86",--_ 

SAMPLE: II 3 

Copper 0.008 Iron 36. Lanthanum 0.45 

Silver Cobalt Cerium 1.1 

Gold Nickel 0.015 Praseodymium 

Zinc 0.032 Cesium Neodymium 0.018 

Cadmium Rubidium Samarium 

Mercury Barium Europium 

Gallium Strontium 0.006 Gadolinium 

Indium Titanium 1.4 Terbium 

Thallium Zirconium 0.074 Dysprosium 

Germanium Hafnium Holmium 

Tin Thorium 0.12 Erbium 

Lead 0.028 Vanadium 0.12 Thulium 

Arsenic Columbium 0.025 Ytterbium 

Antimony Tantalum Lutetium 

Bismuth Chromium 0.11 Yttrium 0.37 

Selenium Molybdenum 

Tellurium Tungsten 

Bromine Uranium 

Iodine Manganese 0.21 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

BY~~ 
NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE. THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

Anal ytical Laboratory 

TO: 
'R. Poley, Jr 

SAMPLE: 

Copper_' ____ °_._°0_9_ 
Silver ________ _ 

Golud ________________ _ 

Zin~c ___________ O __ .0_3_2_ 

Cadmiu . .uml..l.-______ __ 

~ercury ____________ __ 

GalliumL--______ __ 

IndiuuOlL-_____ ~---

Thalliu.L&Ol.&-.-______ _ 

Germanil~luOl~ _____ __ 

1riuo __________ _ 

Lea~d ___________ 0_.O_3_2_ 

Arsenic _______________ _ 

Antimony _____________ _ 

Bismuth __ ~------

Selenilul~Ol~ ____________ __ 

TelluriuuOl.&-.-_____ _ 

Bromine ______________ __ 

Iodine _______________ _ 

... -:"'- ." .. '"-".' -
. ~ ~ ... 

xxx x QUALITA1rIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 

~..: .. ~ 

29. IrooL--______________ _ 

Cobalt~ ______________ _ 

0.032 Nickel. _____ ~ __ 

CesiumL---_________ _ 

0.020 Rubidiu,uOl"'--_____ _ 

Bari1u1 ...... mL.L-________ _ 

0.012 Strontil ..... 1 ..... m..&...-______ -'--__ 

Titanh ..... l ...... mL.L-______ __ 

0.045 Zirconit ..... l~OlL.L_ ____ ~ __ 

0.10 

0.10 

0.007 

0.093 

Manganese ______ O~._2_1 __ 

~. 

'718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Manalter 

Job Number ___ 3_2_6_64 __ 

Page 4 of __ 1_3_ .... Pages 

Date..e _2:...,:5:..........;:,J-=.an:...:........=1:.,=.9..::,86.:::.-_ 

Lanthanum 0.093 

CeriuOl 0.27 

Praseodymium 

Neodymium 0.009 

Samarium 

Europium 

Gadolinium 

1rerbiuOl 

Dysprosium 

Holmium 

ErbiuOl 

Thulium 

Ytterbium 

Lutetium 

YttriuOl 0.083 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

BY~~ 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

. 718 Sherman Street (rear) 

Denver. Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon. Mana&er 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE . 

ANALYTICAL REPORT 
Job Number __ 3_2_6..;:.,6..;:.,4 __ _ 

Page 5 of 13 Pages 

Date 25 Jan 1986 

SAMPLE: 
II 5 

Copper_" ____ 0_-_01_8_ Iroun ________ 3_4~. __ 

Silver ________ _ CObalt~ ____________ __ 

Golud ________ _ Ni&e~1 ________ 0~._O_59_ 

Zin~c ____________ O_.O_2_B_ CesiumL...-_________ ---'_ 

Cadmiu.l.JrnLL..-______ _ RubidiumL--_____ _ 

~ercury _______ _ . Barill"" ....... rnL.L.-_____ O_.;;;...O_6_0_ 

GalliumL....--______ _ Strontill .......... rn~ ____ O.....;:.'-O_1_2_ 

Indiu~rnL_ ______________ _ TitanilulLlrnLL-____ l......:.~4 __ 

ThalliUurn.L-______ _ . Zirconitu1..LIrnL_ _______ 0...:;._O_7_2_ 

Germanitu1..urnL_ _________ _ lIafnil ... J..LIOl~ _______ ~~_ 

Tin __ ~ _____________ _ Thorh ...... lrnLA.L... ____ O..;;",..=-1_2_ 

Lead~ ________ _ Vanadh .... l ...... rn&....-___ E)--'.~O_9_1_ 

Arsenic_· _______ _ Col umbiu . .u.rn"'--____ ~O.=..... 0,;..",,;3:.....:;0_ 

Antimony _______ __ Tantall ... J..LIrn~ ________ _ 

Bismuth _______ _ Chromil ...... 1 0lA£.L.-____ O~_=_O:....;.9._::0_ 

SeleniumL....--___________ _ ~olybdenl .... 1 ...... rn~ __ ----

Telluriuurn..l.....-_____ _ Tungste~n _________ _ 

Bromine. ________ _ U ranh ... J ..... rn..L.-____ O;:.,.,;.:....;O::...,:3::....=5:..,.... 

Iodine _______________ _ Manganese. ______ --.::O~.=2=2_ 

Lanthanu.~rn~ __ ~O~.~3=3_ 

CerhuJ..u0l"--_____ ---=O:....!.!...:8=1=__ 

Praseodymiu.urn"'--__ -"'O:.....,.-=O=.18=__ 

NeodymiumA-__ -'O"-".o....::O.=.37~ 

SamariUIDL....--_________ _ 

EuropiumL....--_____ _ 

Gadoliniu ..... rnL_ ________ _ 

Terbiu~rn~ ________ __ 

DysprosiUurn.L-_______ _ 

HolmiUurn.L-_______ _ 

ErbiuurnL-_~ _______ _ 

ThuliUurnL-______ _ 

Y tterbiumL..-______ __ 

Lutetiul.JrnLL-______ __ 

Y ttrium'-___ ---lOILa.A1 ..... 9L-

The values above are estimated elemental concentrations in: 

XXXX per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO VEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO RESCENT 

X RAY 

SPEC TROGRAPHIC 
Analytical Laboratory 

TO: 
R. 'Poley, Jr 

SAMPLE: 
II 6 

Copper ' 0.021 

Silver 

Gold 

Zinc 0.037 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 0.036 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

XXXX QUALITATIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 

Iron 51. 

Cobalt 

Nickel 0.073 

Cesium 

Rubidium 

Barium 

Strontium 0.014 

Titanium 1.2 . 

Zirconium 0.092 

Hafnium 

Thorium ' 0.20 

Vanadium 0.10 

Columbium 0.032 

Tantalum 

Chromium 0.12 

Molybdenum 

Tungsten 

Uranium o !II 070 

Manganese 0.22 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Mana&er 

Job Number_--=3:...=2:..::6...::;.6..,:.4 __ 

Page..e _....:6=--_of 13 Pages 

Dat.~e-=2~5~J~a~n~1~9=8~6~ __ 

Lanthanum 0.11 

Cerium 0.26 

Praseodymium 

Neodymium 0.009 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Yttrium O. ]6 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY 

TROGRAPHIC 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Mana&er 

Anal yrica! Laboratory 
XXXX QUALITATIVE 

TO: 
R. Poley, Jr 

xxx X SEMI-QUANTITATIVE 

--QUANTITATIVE 

ANALYTICAL REPORT 
Job Number __ 3_2_6_64 ___ 

Page 7 of __ 1_3_Pages 

Dat~e _2_5_J_a_" _1_9_8_6 __ 

SAMPLE: 
II 7 

Copper _____ O_.0_1_6_ Iro ....... o _______ 3_5_. __ Lanthanu ...... 0l~ ____ O_._2_8_ 
Silver ________ _ Cobalt~ ___________ _ Cerh~1 ....... 0l~ _____ O_._6_6 __ 
Gold~ ______________ __ Nide~I _______ O_.O_5_9_ Praseodymiu~Ol _________ _ 

Zin_c ____________ O_-_O_O_8_ Cesiu ...... Ol.&.-____________ _ N eodymiu.u.Ol.l.-______ _ 

Cadmiu .... m __________ _ Rubidiu ..... m~ _____ _ SamariuOlL......-______ _ 

~ercury _______ __ Barit~l~OlL_ ___________ _ EuropiuOlL......-_________ _ 

GalliuIDc--______ _ Strontitu.l~rnL_ ___________ _ Gadoliniu.u.Ol.A..-_____ _ 

Indiu~m~ __ ~----- Ti tani1u.1..LI0l'-A.-________ 1 __ • _1 __ Terbiu~OlL-_______ _ 

Thalliu~m.L__ ______ _ Zirconh~)£JIOl..L._ ____ O_._O_5_3_ Dysprosium'---_______ _ 

Germanil~l~Ol~ _____ _ Hafnil~l~Ol~ ____________ _ HolmiuOlL...-_______ _ 

Ti~n'---_________ _ Thorium'-____ O_.1_4_ ErbiuuOl~ _______ _ 

Lead~ _________ _ Vanadhu..1 ....... 0l.L....-___ O.-:.:....1_1_ Thuliu.l..l.Ol.&.--____________ _ 

Arsenic ________ _ Columbiu ..... Ol _________ _ ytterbium ______ _ 

Antimony _______ _ Tantall~l~rnL_ ____________ _ LutetiumL......-______ __ 

Bismuth'-___ -'--__ _ Chromiu.u.m.L....-___ O~._1_4_ y ttriu.u.0l.L--____ --,-__ ...;:,.O~ • .....;;2_4_ 

Selenil~)~rn __________ _ ~olybdenlu..Jm~ _____ _ 

Telluriu.~Ol.L__ _____ _ Tungsteo'---__________ _ 

Bromine _________ _ Uranilu.l~Ol~ ___________ _ 

Iodine _______________ __ ~anganese ____ O_._l_1_ 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



.' 

FLUO 
X 

SPEC 

RESCENT 

RAY 
TROGRAPHIC 

718 Shennan Street (rear) 

Denver. Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon. Manager 

Analytical Laboratory 
XXXX QUALITATIVE 

TO: 
R. Poley, Jr 

XXXX SE~I .. QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT Job Number_--3113u.2o.l1o!6..w.6..;L4 __ 

Pag~e _ .... 9L--_of 13 Pages 

Dat.~e_~2~5~J~aun~19~8u6~ __ 

SAMPLE: III 7 

Copper~ ___ ....;;.O~.O..;;;;..;1=2~ Iro,.LIo ______ ~4~9~. __ LanthanuUm.L--__ --IO~.~3~7~ 

Silver ________ _ CObalt~ ____________ __ CeriluJ.LItnLL-____ ~O .... '"""8u.2~ 
Gol'-&d ________ _ Ni&el. ______ ~O~.~O~22_ Praseodymiu.umLL_ ________ _ 

Zin~c __________ ·_=O~.O~2~3~ Cesiu ..... tn~ _________ _ NeodynllUOl~ ___ ~O~.O~2~B~ 

CadDliu~tn~ __________ _ Rubidium'--_____ _ Samarium~ ____________ _ 

~ercury _____________ _ Bariuu~tnLL_ ____ __lo0'_4 ...... 0u.6u.8"- Europi UOl'---____________ _ 

Galliu.utn~ ______ _ Strontinu ..... tnL.l...-___ ---WO .... ~O~O ..... 8'_ Gadoliniuum-L.-_____ _ 

Indiuutn~ ______________ __ Titaniuutn _________ l ........ 5 __ TerbiuumL-___________ __ 

Thalliu.LItn~ ______ _ Zirconil~J~tn~ ______ ~O~._2-1-- 1)ysprosiuurn~ __________ __ 

GerDlanil~l~tn~ __________ _ Hafnil~J~tnLL_ ____________ _ Holmium~ ____________ _ 

Tin~ ________ _ Thorh~J~tnLL_ ________ ~O~ • ..L2~1- ErbiuOl ________________ _ 

Lea'-&d _________ _ \Tanadil~J.LItn ________ ~O~.~]~6- Thuliuu.rn~ ______ _ 

Arseni'-c ________________ _ COIUDlbh~J ..... tn~ __________ _ Ytterbium~ _____ _ 

AntiDlony _______ _ Tantall~J~tn~ __________ _ Lutetiu ..... ,.;,..L..-____________ _ 

BisDluth~ ______________ _ Chromhu.Jutn.&.-__ --IOoLo ...... 1 .... 1 __ y ttriu.LIm~--------___wOL.,..~2,..;;3~ 
Seleniutn~ ____________ _ ~olybdenl~J.LItn~ ______ _ 

TelluriumL--_____ _ Tungsteuo ______________ _ 

BrODline ______________ _ UraniuutnLL-____________ _ 

Iodine _____________ __ ~anganese--___ ~O~.-2_5-

The values above are estimated elemental concentrations in: 
XXXX per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE : A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO VEARS FR«;:IM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTV DAVS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE . 



FLUO RESCENT 

X RAY 
SPEC TROGRAPHIC 
Analytical Laboratory 

TO: 
R. Poley, Jr 
~'~ . .:...~.-'. -. 

SAMPLE: 
II 7 Mag 

Copper 0.011 

Silver 

Gold 

Zinc 0.024 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 0.082 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

xxx x QUALITATIVE 

xxx x SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 

Iron 63. 

Cobalt 

Nickel 0.046 

Cesium 

Rubidium 

Barium 0.037 

Strontium 

Titanium 0.69 

Zirconium 0.048 

Hafnium 

Thorium 

Vanadium 0.018 

Columbium 0.010 

Tantalum 

Chromium 0.18 

Molybdenum 

Tungsten 

Uranium 

Manganese 0.11 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837-1396 

Merlyn L. Salmon, Mana&er 

Job Number·_---=3:..=2:..=6;..=6....:.4-_ 

Page:_.:;;..10.=.-_of 13 Pages 

Date:----.::2::.::5::-....::J~a~n---"1=.:9~8 ..... 6<--_ 

Lanthanum 

Cerium 

Praseodymium 

Neodymium 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Yttrium 

The values above are estimated elemental concentrations in: 

xx xx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE . THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO 
X 

SPEC 

RESCENT 

RAY' 

TROGRAPHIC 

718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone (303) 837·1396 

Merlyn L. Salmon, Manager 

Analytical Laboratory 
XXXX QUALITATIVE . 

,TO: 
. R. Poley, Jr 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT Job Number __ 3~2=:;..;6~6=-4"---__ 

Page 12 of_-=1:.;3_Pages 

Date..e _=25~J-=a;:..:..n--=1~9~8~6--

SAMPLE: 
BW1~C I I 

Copper _____ °_.0_°_5_ Iron~ _________ 3_1~. __ _ LanthanUllmL-___ ~0~.9~2~ 

Silver ________ _ Cobalt~ ______________ _ CeriluJ.um..l..-____ ~2"....L...!4L--_ 

Golud ________ _ Nickel _____ O...;;....0_2....;;..6_ PraseodymiumL--._~O.JL' Ql~ 
Zin,-c ______ 0_, 0_1_8_ Cesi umL-_____ ---I.--.:...._ Neodymium 0.047 
CadmiumL---______ _ RubidiumL..--______ _ Samarium 0.012 
~ercury ________ _ Bariu . .l.JmL.l.-_____ 0~._1_1 __ EuropiumL-__________ __ 

GalliumL--______ _ Stronthu.J ..... m~ _______ O.....J.:.....O.....;O.....;6_ GadoliniumL---.;... ____ _ 

IndiumL---_______ _ Titaniu.LIm..L.-.. ____ 2-"._1~_ Terhium _______ _ 

ThalliumL---_....:....-___ _ ZirconiU.I..Lm.&-__ ~O~.:...=:1:...:::0..:..... _ DysprosiumL---_____ _ 

Germanilu.J~m~ _____ _ HafniU1DL--______ ~_ HolmiumL---______ _ 

TinL--___________ _ Thorium'--___ O---X-.4_5_ Erhium ________ _ 

Lead ______________ _ Vanadium ____ 0:::....o....::1=-=2'-- ThuliumL-______ _ 

Arsenic ________ _ Columbiu ...... mA--___ O....:..--"-0_S...;;....9_ Y tterbiumL--_____ _ 

Antimony ____________ _ Tantalu.umL.l.-______ _ Lutetium'---______ _ 

Bismuth _______ _ Chromiu.u.m.&--___ O.;:..,;.'"-.:0:;....=:9....:..7_ Y ttrium'--____ .... O .... -L06c.a.l __ 

SeleniumL--______ _ ~olybdenu . .LIm~ __ ~ __ 

TelluriumL--_______ _ TungstenL---______ _ 

Bromine ______ ~_ Uranium'---______ _ 

Iodine _________ _ Manganese; ___ --:O~.~2:..:...7_ 

The values above are estimated elemental concentrations in: 

xxxx per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE : A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO VEARS FROM THE ABOVE DATE , THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 



FLUO RESCENT 

X ·RAY 
718 Shennan Street (rear) 

Denver, Colorado 80203 

Phone(303)83~1396 

Merlyn L. Salmon, Manager SPEC TROGRAPHIC 

Analytical Laboratory 

TO: 
R. Poley, Jr 
. , 

XXXX QUALITATIVE 

xxx X SEMI-QUANTITATIVE 

--QUANTITATIVE 

ANALYTICAL REPORT Job Number ___ 3_2_6_6_4 __ _ 

Page 13 of_...;;;1;;..;:3~Pages 

Dat~e __ 2..;:...5...,;;J;;.....;:a::..;:..:n:...-...=..;19:;...::8:::..=6:...-.-_ 

SAMPLE: 

Copper _____ o_._OO_5_ 

Silver ________ _ 

Gol~~ ________________ _ 

Zinc _____________ O_.O_I_8_ 

Cadmium'---______ _ 

~ercury _______ _ 

GalliuIDI.-______ _ 

Indiu~rnL_ ______________ __ 

Thal1iu ...... rn~ ______ _ 

Germanil~l~rn~ __________ __ 

Ti ...... o _________________ _ 

Lea~u _______________ _ 

Arsenic_---:-______ _ 

Antimony _______ _ 

Bismuth _______ __ 

Selenium'--___________ _ 

Telluriu ...... rnL.l..--______ _ 

Bromine _______ _ 

Iodine ________ _ 

IroA.Lo ________ 6_3_. __ 

Cobalt~ _________ _ 

Ni~e~I ______ 0_._0_30_ 

Cesiu ....... rn~ ________ __ 

Rubidium _________ _ 

Barh041 ...... rn.&.-_____ O_.;:,...O_3_7_ 

Strontil~] ...... rn"""___ ______ _ 

. Titaniu ...... rn..L.-____ O--=.~9_1_ 

Zirconi]04J ...... rn.&.-___ ~O-=-._O_7.;..:.:;2_ 

Hafnh~] ...... rn~ _____ ~_ 

Thorium~ ________ _ 

Vanadh~J ...... rn.&.-____ ~O~.-=-O-=-8=2_ 

Columbiu ....... rn _____ O_ • .:;....O_I_0_ 

Tantabu.J.urn..L-______ _ 

Chromhu.1 LLm&.-__ ---.,;O~.:...:::2=2=___ 

~olybdenlu.l ...... m~---------

TungsteLlo _______ _ 

UraniuLlrn..L-_______ _ 

~anganese ___ __=O:....::!.:...:::1:....:::3 __ 

LanthanuLLrn~ ___ ~O~.O~2~2~ 

Cerhu..1 rnLLL-_____ O""'-'.a....;O:.....;:6::.....::8=_ 

, Praseodymiu~rn-"-------

NeodymiuID'---_____ _ 

Samarium'---______ _ 

Europiu~rnL_ ________ _ 

Gadoliniu~rn..L.._ _______ _ 

Terbiu ...... rn~ ___________ _ 

Dysprosiu ...... rn~ ________ _ 

Holmh~l~rn~ __________ __ 

Erbium'---_______ _ 

Thulhu.1Llrn..L-__________ _ 

Y tterbium ___________ _ 

LutetiuLlm.L..-______ __ 

Y ttriuLlrn~ ____ JojOr..e.~OE..otol..wOt-

The values above are estimated elemental concentrations in: 

xxx X per cent parts per million grams per liter 

No check was made for elements with atomic numbers less than 22. 

NOTE: A PORTION OF THE REPORTED SAMPLES WILL BE RETAINED ON FILE FOR A PERIOD OF TWO YEARS FROM THE ABOVE DATE. THE 
REMAINDER OF THE SAMPLE WILL BE RETAINED FOR THIRTY DAYS PENDING RECEIPT OF WRITTEN INSTRUCTIONS FOR DISPOSAL FROM 
THE ADDRESSEE ABOVE. 
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LAB JOB #: 

Client name: 

Billing address: 

Phone number: 

ClientID 
MSC01137 

Fe-Si Hill 

1/4 Corner Diss. 

Fe Cube Vein 

Fe Cube Diss. 

Ky-Sulf. Diss. 

Main Cu Prospect 

N.E. Corn. Ridge 

IRON KING ASSAY INC. 

MSC01137 

Bob Poley, Jr. 

2020 Rockford Dr. 
Prescott, AZ 86301 

445-0356 

No. Samples: 
Date Received: 
Submitted by: 

INVOICE ATTACHED 

ANALYTICAL REPORT 

Lab ID 

1137-

1137-

1137-

1137-

1137-

Wallrock 
1137-

Diss. 
1137-

1 

2 

3 

4 

5 

6 

7 

FA/AA 
Au 

oz/ton 

0.0006 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

<.0003 

W. Ridge Vein Comp.1137- 8 <.0003 

NE Corn. Ridge Vein1137- 9 <.0003 

Main #015 Ti 1137- 10 <.0003 

P.O. Box 56 • Humboldt, Arizona 86329 • Phone (602) 632-7410 

29-Nov-8( 

10 
11-19-86 
same 
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Rare-Earth Minerals and 
Metals 

By James B. Hedrick l 

20~ - b3 Lf - /0 ~~ 

Domestic production of rare-earth con­
centrates in 1987 increased as a result of 
increased demand for television and light­
ing phosphors, glass-polishing compounds, 
and permanent magnets. However, mines 
continued to operate at about two-thirds of 
their rated production capacity. Foreign 
sources of rare earths obtained a smaller 
share of the U.S. market, while domestic 
exports increased from 1986 levels. Moly­
corp Inc. and Associated Minerals (USA) 
Ltd. Inc. were the only domestic mine pro-

ducers of commercial quantities of rare­
earth minerals. 

Domestic Data Coverage.-Domestic 
mine production data for rare earths are 
developed by the Bureau of Mines from the 
voluntary "Rare-Earths and Thorium" sur­
vey. The two mines to which a survey form 
was sent responded, representing 100% of 
total production. Production data are 
withheld to avoid disclosing company pro­
prietary data. 

Table I.-Salient U.S. rare-earth statistics 
(Metric tons of rare-earth oxides (REO) unless otherwise specified) 

1983 1984 1985 1986 1987 

Production of rare-earth concentrates l __ _ _ ______ ___ __ _ 17,083 25,311 13,428 11,094 16,710 
Exports:e 

Ore and concentrate ___ ________ __ _ ____ _ _ _ _ __ _ 2,684 4,304 4,419 3,433 4,534 
59 27 23 29 82 Ferrocerium and pyrofhoric alloys ___ _ _ __________ _ 

Imports for consumption: 
Monazite _______________ __ _ __ _______ __ __ _ 2,215 3,114 3,132 1,628 617 
Metals, alloys, oxides, compounds ___________ __ __ _ _ 1,857 2,926 1,124 1,155 625 

Stocks, Dec. 31: Producers' and processors' __ _ _ __ ____ ___ _ W W W W W 
Consumption, apparente ______ ____ _________ __ ___ _ 19,600 21,400 12,100 11,800 9,400 
Prices, Dec. 31: Dollars per kilogram: 

Bastnasite concentrate, REO basis _ _ _ ___ ___ __ __ __ _ _ $2.14 $2.14 $2.14 $2.14 $2.31 
Monazite concentrate, REO basis _ ___________ _ ___ _ $0.71 $0.64 $1.09 $1.06 $0.90 
Mischmetal, metal basis ___ _ __ _ __________ __ ___ _ $12.35 $12.35 $12.35 $12.35 $12.35 

. Employment, mine and mille 2 _ _ _____ _ _ _____ __ ____ _ 266 321 330 283 299 
Net import reliancee 3 as a percent of apparent consumption _ _ 12 (4) (4) 5.94 (4) 

eEstimated. W Withheld to avoid disclosing company proprietary data. 
lComprises only the rare earths derived from bastnasite, as reported in Unocal Corp. annual reports. 
2Employment at a rare-earth mine in California and at mineral sands operations in Florida and Georgia. The latter 

mines produced monazite concentrate as a byproduct of mining ilmenite, rutile, and zircon, and employees were not 
assigned to specific commodities. 

3Imports minus exports plus adjustments for Government and industry stock changes. 
4Increase in industry stocks exceeded net imports. 
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Legislation and Government Pro­
grams.-Sales of materials held in the Na­
tional Defense Stockpile (NDS), including 
rare earths in sodium sulfate, continued to 
be suspended during 1987 because the $250 
million limit imposed on the NDS Transac­
tion Fund was exceeded during 1985. Under 
the Department of Defense Authorization 
Act, 1987 (Public Law 99-661), no rare 
earths were authorized for disposal in fiscal 
year 1987. In fiscal year 1988, beginning 
October 1, 1987, the Department of Defense 
Authorization Act for fiscal years 1988 and 
1989 (Public Law 100-180) continued author­
ization in effect on September 30, 1987. It 
authorized the President to change the 
stockpile requirements by less than 10% by 
submitting an explanation and justification 
to Congress, to be effective on or after the 
first day of the next fiscal year. Changes 
greater than 10% were to require congres­
sional approval. Public Law 100-180 also 

directed the President to designate a single 
Federal office to have responsibility for the 
NDS. At yearend, it was expected that the 
Defense Logistics Agency, under the U.S. 
Department of Defense, would be directed 
to this task. 

Environmental Issues.-The California 
Desert Protection Act of 1987 proposed to 
close approximately 8 million acres of Cali­
fornia desert to mining exploration and 
development. Minerals known to occur in 
the region covered by the act include gold, 
rare earths, silver, and various industrial 
minerals. The proposed area is also border­
ed by the principal world producer of rare 
earths, the Mountain Pass Mine. The area 
has been identified as having high-to-mod.­
erate resource potential. Exclusion of explo­
ration in this area could be critical if the 
United States needs additional supplies of 
rare earths.2 

DOMESTIC PRODUCTION 

In 1987, rare earths were mined and 
concentrated at Molycorp's Mountain Pass 
Mine in California and Associated Miner­
als' Green Cove Springs Mine in Florida. 
Molycorp, Rhone-Poulenc Inc., W. R. 
Grace & Co.'s Davison Chemical Div., and 
Research Chemicals Div. of NUCOR Corp. 
were the principal processors of rare earths 
in the United States. 

Molycorp, the only domestic producer of 
the mineral bastnasite, a rare-earth fluocar­
bonate, announced a 5-year modernization 
and expansion program to increase its pro­
duction of refined oxides and metals, es­
pecially neodymium, for use in permanent 
magnets, and cerium for use in automotive 
catalysts. The company reported sales of 
rare earths were up 14% from that of 1986.3 

Australian-owned Associated Minerals 
was the only commercial mineral sands 
operation in the United States to recover 
the mineral monazite, a rare-earth phos­
phate. Monazite was recovered at Associat­
ed Minerals' Florida operations as a byprod­
uct of processing heavy-mineral sands for 
the titanium minerals ilmenite, leucoxene, 

and rutile, and for the zirconium mineral 
zircon. 

Neomet Corp., a joint venture of REMA­
COR and Mitsubishi Metal Corp., began 
commercial proquction of neodymium met­
al for use in high-strength permanent mag­
nets from its plant at West Pittsburgh, PA. 

Rhone-Poulenc continued engineering 
studies at its iron ore tailings deposit at 
Mineville, NY. Owing to the complex na­
ture of the ore, which is a rare-earth­
bearing apatite with magnetite and other 
iron minerals, a new separation process was 
being developed. Rhone-Poulenc had not set 
a date for production, but expected to sup­
plement its existing separation plants in 
Freeport, TX, and La Rochelle, France. 

W. R. Grace, Shin-Etsu Chemical Co. Ltd., 
and Mitsui & Co. Ltd. announced the open­
ing of a new plant to produce separated rare 
earths at the Davison Chemical Div. of 
W. R. Grace's rare-earth-processing facili­
ties in Chattanooga, TN. The new plant will 
reportedly employ separation technology 
licensed from Shin-Etsu. 4 
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CONSUMPTION AND USES 

Domestic rare-earth processors consumed 
an estimated 9,400 metric tons of equivalent 
rare-earth oxides (REO) in various forms in 
1987,20% less than was consumed in 1986. 
Bastnasite consumption was 9% lower and 
monazite consumption was 164% higher 
compared with those of 1986. 

Shipments of rare-earth products from 
domestic processors of ore, conceI:ltrates, 
and intermediate concentrates amounted to 
14,500 tons of equivalent REO, an increase 
of 10% from the 1986 shipments of 13,200 
tons. 

Consumption of mixed rare-earth com­
pounds decreased 88% from the 1986 level, 
while consumption of purified compounds 
increased 34%. Higher consumption of pur i­
fied compounds was the result of continued 
strong demand for dysprosium, neodymium, 
samarium, and certain other rare earths 
used in- high-strength permanent magnets, 
for yttrium and europium oxides used in 
phosphors, and for yttrium oxides used in 
high-temperature ceramic and refractory 
applications. 

The producers of mischmetal, rare-earth 
silicide, and other rare-earth alloys con-

sumed 4% more rare earths in 1987 than in 
1986, although shipments of these goods fell 
91 % during the same period. Shipments of 
high-purity rare-earth metals decreased 
18% during the year. 

The approximate distribution of rare 
earths by use, based on information sup­
plied by primary processors and some con­
sumers, was as follows: catalysts (including 
petroleum, chemical, and pollution), 530/0; 
metallurgical uses (including iron and steel 
additives, alloys, and mischmetal), 22%; 
ceramics and glass (including polishing 
compounds and glass additives), 18%; and 
miscellaneous uses (including phosphors, 
electronics, permanent magnets, lighting, 
and research), 7%. 

Major end uses were in petroleum fluid 
cracking catalysts, metallurgical applica­
tions, glass and ceramics, permanent mag­
nets, and phosphors. Rare earths were used 
in high-technology applications to produce 
synthetic crystals used in lasers, high­
strength permanent magnets, optical fibers, 
magnetic resonance imaging scanners, and 
high-temperature superconductors. 

STOCKS 

u.S. Government stocks of rare earths in 
the NDS, all classified as excess to goal, 
remained at 457 tons throughout 1987. 
Rare-earth stocks held in the NDS were 
contained in sodium sulfate and were in­
ventoried on a contained-REO basis. 

Industry stocks of rare-earth ores and 
concentrates held by six producing, process­
ing, and consuming companies increased 
28%. Bastnasite stocks held by the principal 
producer and four other processors increas­
ed 167% over the 1986 level. Yearend stocks 

of monazite increased 10%, while stocks of 
yttrium concentrates increased 21 %. Stocks 
of other rare-earth concentrates fell 86%. 

Stocks of mixed rare-earth compounds 
increased 23%, while stocks of purified 
compounds, mostly separated rare-earth ox­
ides, increased 17 % . Yearend stocks of 
mischmetal, rare-earth silicide, and other 
alloys containing rare earths were down 
96%, while inventories of high-purity rare­
earth metals were down 82%. 

PRICES 

The price range of Australian monazite 
(minimum 55% REO including thoria, 
f.o.b.lf.i.d.),5 as quoted in Australian dollars 
(A$),6 decreased from A$850-A$900 per ton 
at yearend 1986 to A$660-A$710 per ton by 
yearend 1987. Changes in the United States­
Australian foreign exchange rate in 1987 
caused the corresponding U.S. price to de­
cline a lesser amount, about 6 cents on the 
dollar. The U.S. price range, converted from 
Australian dollars, decreased from US$565-

US$5987 in 1986 to US$477-US$5138 in 1987. 
The average declared value of imported 
monazite increased in 1987 to $560 per ton, 
up $186 from the 1986 value. 

The yearend price quoted in Industrial 
Minerals (London) for yttrium concentrate 
(60% Y20 3, f.o.b. Malaysia) was $35 per 
kilogram. Domestic prices quoted for yttri­
um concentrate during 1987, developed by 
the Bureau of Mines from various sources, 
ranged from $55 to $65 per kilogram of 
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contained yttrium oxide. 
Prices quoted by Molycorp for unleached, 

leached, and calcined bastnasite in truck­
load or trainload quantities, containing 
60%, 70%, and 85% REO, were $1.00, $1.05, 
and $1.25 per pound of contained REO, 
respectively, at yearend 1987. 

The price of cerium concentrate quoted 
by American Metal Market was $1.40 per 
pound of contained cerium oxide at yearend 
1987, unchanged for the third consecutive 
year. The price of lantha'num concentrate 
was also unchanged at $1.40 per pound of 
contained REO. 

The mischmetal (99.8%, lots over 100 
pounds, f.o.b. shipping point) price for 1987, 
quoted in American Metal Market, remain­
ed unchanged from the 1986 price range of 
$4.90 to $5.60 per pound. 

Molycorp quoted prices for lanthanide 
(rare earth) and yttrium oxides, net 30 days, 
f.o.b. Louviers, CO, Mountain Pass, CA, or 
York, PA, effective July 1, 1987, as follows: 

Product Percentl Quantity Price per 
(oxide) purity (pounds) pound 

Cerium _____ 99.0 200 $8.00 
Europium ____ 99.99 25 725.00 
Gadolinium ___ 99.99 55 60.00 
Lanthanum 99.99 300 8.75 
Neodymium __ 96.0 300 5.00 

Do ______ 99.9 50 40.00 
Praseodymium_ 96.0 300 16.80 
Samarium ___ 96.0 55 85.00 
Terbium 99.9 55 375.00 
yttrium _ ____ 99.99 50 52.50 

lPurity expressed as percent of total REO. 

Molycorp also quoted prices for lanthan­
ide (rare earth) compounds, net 30 days, 
f.o.b. York, PA, or Louviers, CO, effective 
January 2, 1987, as follows: 

Product Percent Quantity Price l 

(compound) purity (pounds) per 
pound 

Cerium carbonate ___ 99.0 150 $4.00 
Cerium fluoride _____ Tech grade 250 3.00 
Cerium nitrate _____ 95.0 250 2.15 
Lanthanide chloride __ 46.0 525 1.00 
Lanthanum car-

bonate _________ 99.9 300 5.90 
Lanthanum chloride __ 46.0 525 .95 
Lan than urn-lanthanide 

carbonate _______ 60.0 200 2.15 
Lanthan urn-lanthanide 

nitrate _________ 39.0 250 1.50 
Neodymium car-

bonate _________ 96.0 300 4.00 

1 Priced on a contained REO basis. 

Rhone-Poulenc quoted rare-earth prices, 
per kilogram, net 30 days, f.o.b. New 
Brunswick, NJ, or duty paid at point of 

entry, effective January 1,1987, as follows: 

Productl Percent Quantity Price per 
(oxide) purity (kilograms) kilogram 

Cerium _____ 99.5 20 $21.25 
Erbium _____ 96.0 50 200.00 
Europium ____ 99.99 40 1,960.00 
Gadolinium __ - 99.99 50 136.50 
Lanthanum __ 99.99 25 18.10 
Praseodymium_ 96.0 20 38.85 
Samarium _ __ 96.0 25 132.50 
Terbium ---- 99.9 20 880.00 
Yttrium _____ 99.99 50 115.50 

lDysprosium, holmium, lutetium, thulium, and ytterbi­
um oxide prices on request from Rh6ne-Poulenc Inc. 

Rhone-Poulenc also quoted prices for rare 
earths produced at its Freeport, TX, plant, 
net 30 days, f.o.b. Freeport, TX, effective 
January. 1, 1987, as follows; 

Product 
(compound) 

Cerium carbonate __ 
Cerium hydroxide __ 
Cerium nitrate ____ 
Cerium oxide _____ 
Lanthanum car-

bonate ________ 
Lanthanum-neodymi-

urn carbonate 
Lanthanum nitrate _ 
Lanthanum oxide __ 
Neodymium car-

bonate ________ 
Neodymium nitrate _ 
Neodymium oxide __ 

Percentl 
purity 

95.0 
95.0 
95.0 
99.5 

99.5 

98.0 
99.5 
99.5 

95.0 
95.0 
95.0 

Quantity 
(kilo-

grams) 

20 
20 

200 
20 

20 

20 
200 
20 

20 
200 
20 

lPurity expressed as percent of total REO. 
2Priced on a contained REO basis. 

Price2 
per 

kilogram 

$8.90 
11.25 
11.05 
17.75 

12.60 

8.70 
11.90 
13.25 

9.25 
10.05 
11.05 

Nominal prices for various rare-earth 
oxides and metals were quoted per kilogram 
by Research Chemicals, net 30 days, f.o.b. 
Phoenix, AZ, effective November 1, 1986, 
and throughout 1987, as follows: 

Oxidel Metal2 
Element price per price per 

kilogram kilogram 

Cerium ________________ _ $40 $175 
Dysprosium ____ __________ _ 200 630 
Erbium ________________ _ 250 725 
Europium _______________ _ 1,900 7,600 
Gadolinium ______________ _ 140 500 
Holmium _______________ _ 600 1,600 
Lanthanum __ _ ___________ _ 20 150 
Lutetium ____ ___________ _ 4,900 14,200 
Neodymium _____________ _ 80 280 
Praseodymium ____________ _ 130 400 
Samarium ______________ _ 200 395 
Terbium _ _______________ _ 1,200 2,800 
Thulium _______________ _ 3,300 8,000 
Ytterbium ______________ _ 225 1,000 
Yttrium ________________ _ 118 510 

lMinimum 99.9%-pure, 1- to 20-kilogram quantities. 
2Ingot form, 1 to 5 kilograms, from 99.9%-grade oxides. 
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FOREIGN TRADE 

Exports of rare-earth concentrates origi­
nated mainly from Molycorp's Mountain 
Pass Mine in California. Exports of rare­
earth metal ores, including bastnasite and a 
variety of mixed and individual rare-earth 
concentrates, but excluding monazite, 
decreased from 6.0 million kilograms in 
1986 to 4.5 million kilograms in 1987. Ex­
ports of rare-earth metal ores, excluding 
monazite, were valued at $11.8 million in 
1987. Major destinations were Japan (60%), 
Austria (10%), and the United Kingdom 
(8%). 

Exports of ferrocerium and other pyro­
phoric alloys containing rare earths totaled 
81,626 kilograms, 146% higher than 1986 
exports. Major destinations for these ex­
ports were Japan (31 %), Canada (21 %), and 
Venezuela (12%). ' 

Exports of thorium ore, including mona­
zite, were essentially unchanged from the 
1986 level. France was the destination of 
almost all of the reported total of 582,995 
kilograms valued at $427,838, or $733.86 per 
ton. 

Table 2.-U.S. import duties on rare earths 

Item 

Ore and concentratel ____________________ _ 
Cerium chloride, oxide, compounds ____________ , 

Rare-earth oxides except cerium oxide __________ _ 
Rare-earth metals (including scandium and 

yttrium), 
Alloys wholly or almost wholly of rare-earth metals 

(mischmetal). 
Other alloys wholly or almost wholly of rare-earth 

metals, 

Ferrocerium and other pyrophoric alloys ________ _ 

Yttrium-bearing materials and compounds (includes 
yttrium concentrates), 

TSUSNo. 

601.12,601.45 
418.40,418.42, 

418.44 
423.0030 
632.38 

632,78 

632,79 

755.35 

907,51 

Most favored nation 
(MFN) 

Jan, 1,1987 

Free _______ _ 
7.2% ad valorem _ 

3.7% ad valorem _ 
____ do _____ _ 

32 cents per 
pound, 

20 cents per pound 
plus 2.4% ad 
valorem. 

22 cents per pound 
plus 2.6% ad 
valorem, 

Free _______ _ 

Non-MFN 

Jan, 1,1986 

Free. 
35% ad valorem, 

25% ad valorem, 
Do. 

$2 per pound, 

$2 per pound plus 
25% ad valorem. 

Do, 

25% ad valorem or 
30% ad valo­
rem,2 

lCrude or concentrated by crushing, flotation, washing, or by other physical or mechanical processes that do not 
involve substantial chemical change. 

2Tariff is 25% if previous import item classification was 423.00 or 423.96, part 2, schedule 4, or 30% if 603,70, part 1, 
schedule 6, 

Table 3.-U.S. imports for consumption of monazite, by country 

1983 1984 1985 1986 1987 

Country 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value tity (thou- tity (thou- tity (thou- tity (thou- tity (thou-(metric sands) (metric sands) (metric sands) (metric sands) (metric sands) tons) tons) tons) tons) tons) 

Australia _____ 3,726 $1,395 5,610 $2,156 5,694 $1,984 2,660 $978 
India ______ __ 300 128 
Malaysia ___ _ _ 302 122 527 $298 
South Africa, Re-

public of ____ 51 46 
Thailand _____ 594 329 

TotaL _____ 4,028 1,517 5,661 2,202 5,694 1,984 2,960 1,106 1,121 627 
REO contente 2,215 XX 3,114 XX 3,132 XX 1,628 XX 617 XX 

eEstimated. XX Not applicable, 

Source: Bureau of the Census, REO content estimated by the Bureau of Mines, 



6 MINERALS YEARBOOK, If~~ 

Table .t.-U.S. imports for consumption of rare earths, by country 

1985 1986 1987 

Country Quantity Quantity Quantity 
(kilo- Value (kilo- Value (kilo- Value 

grams) grams) grams) 

Cerium chloride: 
Mali 34,499 $39,240 
Moroc~~====================== 20,892 36,661 
Singapore _____________________ 34,500 $39,871 105,017 109,982 
United Kingdom _________________ 1,624 5,603 

Total --------------------- 34,500 39,871 162,032 191,486 

Cerium compounds: Canada ___________ ~ __________ ~ 11,987 8,328 
France _______________________ 1,770 $8,981 247,420 354,290 80 1,068 
Germany, Federal Republic of _________ 206 34,469 188 32,141 370 34,223 
Switzerland ____________________ 2 2,863 
United Kingdom _________________ 10 2,306 

Total --------------------- 1,986 45,756 259,595 394,759 452 38,154 

Cerium oxide: 
Austria _________ _ _____________ 91 1,195 91 1,142 
Canada _______ _ _______________ 117 7,561 
China _____ _ ______________ _ ___ 100 1,083 
France __________ . _____________ 5,327 81,670 4,595 76,014 2,336 37,542 
Germany, Federal Republic of _________ 94 2,283 Japan ________________________ 561 18,844 44,200 1,054,727 
United Kingdom _________________ 27 1,707 

Total --------------------- 5,448 85,660 5,464 104,697 46,627 1,093,411 

Cerium salts: 
France _______________________ 5,338 15,378 Japan ________________________ 11 4,099 
Netherlands- ___________________ 5,296 11,647 

Total --------------------- 5,307 15,746 5,338 15,378 

Rare-earth oxide excluding cerium oxide: 
Belgium-Luxembourg _____ _ ________ 110 46,342 963 31,269 Brazil ________________________ 500 15,383 Canada _______________________ 22 3,270 430 54,197 
Chile ________________________ 100 8,334 
China ________________________ 3,830 348,923 41,943 2,082,324 9,319 1,015,770 
France ______ . _________________ 170,556 11,132,432 200,601 12,535,724 216,869 13,995,531 
Germany, Federal Republic of _________ 811 266,213 1,839 486,350 10,848 263,889 
Hong Kong -------------------- 981 63,551 20 29,188 
Italy ------------------------ 3 3,750 
Ivory Coast -------------------- 514 90,074 
Japan ________________________ 7,814 872,783 10,130 1,094,614 5,595 611,937 
Malaysia ______________________ 6,210 186,534 5,980 119,364 
Netherlands ____________________ 513 36,372 3,815 915,912 
Norway ______________________ 5,996 655,382 2,478 402,216 3,073 426,143 
South Africa, Republic of ____________ 3 38,594 
Switzerland ____________________ 318 111,800 35 13,050 
U.S.S.R _______________________ 6,506 691,201 22,776 1,809,588 26,516 1,663,127 
United Kingdom _____ _ ________ _ __ 197 38,133 5,468 311,050 744 328,392 

Total --------------------- 202,861 14,386,115 288,253 18,942,213 283,312 19,470,378 

Rare-earth alloys:1 
Argentina _____________________ 2,000 14,231 BraziL _______________________ 162,998 817,875 47,359 239,274 129,632 609,135 Canada _______________________ 

4,535 72,551 China _ _ ______________________ 56 13,440 France _______________________ 1,062 9,946 
Germany, Federal Republic of ________ _ 17,211 167,343 3,665 49,148 3,194 63,388 Japan ________________________ 11 1,130 737 30,746 
United Kingdom _________________ 5,057 35,535 15,100 119,729 102 18,367 

Total --------------------- 186,328 1,030,699 66,135 409,281 140,256 821,858 

Rare-earth metals including scandium and 
yttrium: 

Austria _______________________ 100 2,968 786 24,395 1,284 35,487 China ________________________ 5,655 299,929 6,619 392,069 
Germany, Federal Republic of _________ 1,541 114,011 
Hong Kong -------------------- 5 12,738 
Ivory Coast ---------------- - --- 97 15,611 Japan ________________________ 1,000 76,099 1,000 76,099 1,724 181,385 U .S.S.R _______________________ 2,061 183,044 9,666 805,497 500 32,469 
United Kingdom _________________ 24 22,642 2,354 615,271 1,817 581,821 

Total --------------------- 3,185 284,753 19,558 1,836,802 13,490 1,349,980 

See footnote at end of table. 
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Table 4.-U.S. imports for consumption of rare earths, by country -Continued 

1985 1986 1987 

Country Quantity Quantity Quantity 
(kilo- Value (kilo- Value (kilo- Value 

grams) grams) grams) 

Other rare-earth metals: 
Austria _______________________ 8,733 $97,314 
France _______________________ 329 $9,870 7,066 $149,562 17,971 593,959 
Germany, Federal Republic of _________ 655 15,275 2 1,207 469 13,211 Japan ________________________ 80 4,695 72 5,872 
United Kingdom _________________ 209 9,225 60 2,842 (2) 1,272 

Total --------------------- 1,193 34,370 7,208 158,306 22,245 711,628 

Ferrocerium and other pyrophoric alloys: 
Austria _______________________ 1,000 13,240 655 10,032 Brazil ________________________ 45,349 632,014 32,799 434,340 35,890 475,256 Canada _______________________ 10,142 75,057 
Fran~e _______________________ 66,771 641,505 50,123 640,986 43,701 656,671 
Germany, Federal Republic of _________ 765 15,092 890 24,633 
Hong Kong -------------------- 892 2,943 Japan ________________________ 20 1,699 796 14,953 202 5,203 
Korea, Republic of ________________ 8,778 21,276 
Netherlands ____________________ 58 1,153 3,280 43,434 
Tai wan _______________________ 319 1,273 
Thailand ______________________ 257 2,329 
United Kingdom _________________ 245 13,080 396 13,526 148 10,301 

Total --------------------- 113,385 1,301,538 95,262 1,154,301 94,829 1,294,157 

I Essentially all mischmetal. 
2Less than 112 unit. 

Source: Bureau of the Census. 

WORLD REVIEW 

Bastnasite, the world's principal source of 
rare earths, was mined as a primary prod­
uct in the United States and as a byproduct 
of iron ore mining in China. Significant 
quantities of rare earths were also recov­
ered from monazite, which was primarily a 
byproduct of mineral sands mined for tita­
nium and zirconium minerals or tin in 
Australia, Brazil, China, India, and Malay­
sia. Smaller amounts of rare earths, es­
pecially yttrium, were obtained from by­
product xenotime. Xenotime was recovered 
primarily as a byproduct of processing tin 
ore in Malaysia and Thailand but was also 
produced in Australia and China. Small 
quantities of rare earths, including yttrium 
(which reportedly is adsorbed on some resid­
ual clays), were also produced in China. 
Yttrium and rare earths were also recov­
ered from spent uranium leach solutions in 
Canada. 

World reserves of rare earths were esti­
mated by the Bureau of Mines at 48 million 
tons of contained REO, of which 23% is in 
market economy countries.9 China, with 
76%, had the largest share of world re­
serves. 

Australia.-The Mineral Sands Div. of 
Renison Goldfields Consolidated Ltd. (RGC) 

announced that exploration west of its Al­
lied Eneabba Mine, Western Australia, was 
successful in finding mineral sands re­
sources of 150 million tons grading 3.5% 
heavy minerals. Further exploration in the 
area was planned. To optimize mining at its 
Eneabba properties, RGC reportedly plan­
ned to mine selected areas by dredging 
rather than by its present dry mining meth­
od. RGC also completed redesign of its 
processing plant for mineral sands at En­
eabba, which allowed increased recovery of 
all minerals, including monazite. lo 

RGC continued exploration for heavy­
mineral sands on Moreton Island, Queens­
land. The Queensland government adopted 
the recommendation of a report that would 
allow mining on 1,200 hectares (6.4%) of the 
island as short-term use. 1 I 

The government of Western Australia 
announced that Rhone-Poulenc of France 
was to build a 6,000-ton-(REO)-per-year, 
rare-earth separation plant at Pinjarra, 
Western Australia. I2 The plant, scheduled 
for completion in 1989, reportedly will proc­
ess monazite by liquid-liquid solvent ex­
traction. Monazite feed for the plant will 
come primarily from RGC's mineral sands 
operations in Western Australia.13 
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Mineral Deposits Ltd., a subsidiary of The 
Broken Hill Pty. Co. Ltd. (BHP), announced 
the opening of a heavy-mineral sands min­
ing operation at Viney Creek, New South 
Wales, in 1987. Mineral Deposits recovered 
heavy-mineral sands, including monazite, 
using twin dredges connected to a floating, 
wet concentrator. Monazite and other 
heavy-mineral concentrates were produced 
at Mineral Deposits' nearby dry concentra­
tor plant at Hawks Nest.l. ' 

Ti02 Corp. completed feasibility studies of 
its heavy-mineral sands deposit at Cool­
jarloo, Western Australia, and declared it 
viable. The deposit reportedly contains 12 
million tons of ore with a cutoff grade of 2% 
heavy-mineral sands.15 

A rare-earth deposit was discovered in 
the Northern Territory 100 kilometers east 
of Alice ·Springs. The deposit reportedly 

-contains significant quantities of rare 
earths in the mineral allanite. As part of an 
Australian consortium formed to study the 
deposit, Australia's Commonwealth Scien­
tific and Industrial Research Organization 
is undertaking prefeasibility studies. 16 

West Coast Holdings Ltd. announced 
plans to install a pilot plant at its Brock­
man multimineral deposit in Western Aus­
tralia. The deposit reportedly contains co­
lumbium (niobium), gallium, hafnium, rare 
earths, tantalum, thorium, and zirconium. 
The Brockman deposit, 15 kilometers south­
east of Halls Creek, is a joint venture of 
West Coast Holdings and Greater Pacific 
Investments Ltd. If additional feasibility 
reports are favorable, a plant to ' process 
200,000 tons per year of ore was to be built.17 
West Coast Holdings estimated potential 
annual rare-earth production at 170 tons of 
yttrium, 37 tons of mixed heavy rare earths, 
24 tons of dysprosium, 17 tons of erbium, 6 
tons of samarium, and 3 tons of terbium.18 

Brazil.-Production of monazite concen­
trates in 1985 was 3,953 tons. The State of 
Espirito Santo produced 281 tons, a de­
crease from the 451 tons produced in 1984. 
The State of Rio de Janeiro produced 3,672 
tons, an increase from the 1984 production 
of 3,161 tons. 

Measured reserves of monazite were 
17,274 tons. Estimated REO content based 
on these reserves was 8,506 tons. Monazite 
reserves were in the States of Bahia, 
Espirito Santo, Parana, and Rio de Janei­
ro.19 

Canada.-Joint-venture partners Hecla 
Mining Co. and Highwood Resources Ltd. 

continued development of their beryllium­
yttrium-rare-earth-zirconium deposit at 
Thor Lake, Northwest Territories. The part­
ners have already completed pilot plant and 
market research studies. Funding from 
Hecla was reportedly allocated to improve 
chemical processing, full-scale plant design, 
and market development.2o 

China.-The China Rare Earth Informa­
tion Centre reported 1987 production of 
15,100 tons of REO, an increase from the 
11,860 tons produced in 1986. The record­
high level of production ranks China a close 
second to the United States in overall pro­
duction. China reportedly consumed 4,800 
tons of equivalent REO, up 13% from that 
of 1986. Rare-earth consumption in fertiliz­
ers and by the oil industry was 600 tons (250 
tons REO) and 900 tons, respectively. Ex­
port volume also reportedly increased to 
6,500 tons REO with an estimated value of 
$60 million.21 

Jiangxi Province announced the startup 
of a 170-ton-per-year refinery at Shangrao 
to produce heavy-group rare earths. The 
annual yttrium oxide capacity of the plant 
was estimated at 40 tOns.22 

Can-Pacific Rare Earths & Metals Corp. 
(Canada) announced plans to build a 1,000-
ton-per-year REO separation plant in 
Jiangxi Province. The joint-venture project 
with China was scheduled to commence in 
1988.23 

Gabon.-A columbium (niobium) deposit 
containing rare earths was discovered 40 
kilometers east of Lambarene in middle 
Ogooue. Although the deposit is reportedly 
sizable, no reserve figures were released.2• 

Japan.-Imports of rare earths in 1987 
were reported in the Japan Metal Journal, 
as follows: 

Product 

Cerium fluoride ________________ _ 
Cerium oxide _____ _ ____________ _ 
Ferrocerium and other pyrophoric alloys __ 
Lanthanum oxide ________ _ ______ _ 
Rare-earth chloride 
Rare-earth metals in~htdhtg Ytt~i~~ -a~d --

scandi urn _____________ _ _____ _ 
Yttrium oxide __ _ _ _ ____________ _ 

Quantity 
(kilograms) 

1,636 
257,880 

52,306 
101,922 

3,751,481 

278,405 
390,998 

Principal sources of imported compounds 
by weight were Brazil, China, India, and the 
United States. 

Data on Japanese demand for rare earths 
in 1987 was reported as follows: 25 cerium 
oxide, 3,150 tons; lanthanum oxide, 380 
tons; samarium oxide, 350 tons; mischmetal, 
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250 tons; yttrium oxide, 240 tons; rare-earth 
fluoride, 60 tons; europium oxide, 10 tons; 
and other REO's, 450 tons. 

Rhone-Poulenc announced that it will 
build a small rare-earth processing and 
separation plant on an island off the coast 
of Osaka. The plant is owned 59% by 
Rhone-Poulenc's Japanese company, Nip­
pon Rare Earths Co. Ltd., and 41% by 
Sumitomo Metal Mining Co. Ltd. Construc­
tion started in 1987 and was expected to be 
completed in 1988. 

A deposit containing rare-earth-bearing 
sphene was discovered in 1987 near Kamio­
ka, Gifu Prefecture. The silicate mineral, 
sphene, reportedly contains 0.5% rare 
earths. The Agency of Natural Resources 
and Energy, under the Ministry of Interna­
tional Trade and Industry, announced plans 
to develop technology to recover rare earths 
from sphene and determine its commercial 
feasibility.26 

Dowa Mining Co. Ltd. announced it would 
construct a rare-earth extraction plant at 
Hanaoka, Akita Prefecture. Planned capaci­
ty for the separation plant was 300 tons of 
REO per year. Dowa Mining reportedly will 
process Chinese concentrates purchased un­
der long-term contract.27 

Madagascar.-QIT-Fer et Titane Inc. of 
Canada announced that it had completed 
initial feasibility studies of a heavy-mineral 
sands deposit in southeast Madagascar. The 
joint-venture project was 51 % owned by the 
Government of Madagascar and 49% by 
QIT. The drilling program confirmed the 
existence of an ore body containing mineral 
sands, including monazite. Further drilling 
and the construction of a pilot plant at the 
site were planned.28 

Malaysia.-Environmental concerns over 
the processing and disposal of radioactive 
thorium hydroxide, produced as a byprod­
uct of processing the naturally radioactive 
mineral monazite for rare earths and yttri­
um, resulted in the 1985-86 closing of Asian 
Rare Earth's (ARE) refining plant near 
Ipoh. The ARE plant remained closed from 
October 1985 through February 1986, while 
ARE reportedly complied with 12 court­
ordered safety measures, including con­
struction of an above-ground temporary 
storage facility. Radioactive thorium hy­
droxide was previously shipped for burial to 

a storage site at Papan. A new, reportedly 
safer site, was selected 5 kilometers north of 
the city in 1986.29 The ARE plant is also a 
major producer of yttrium concentrate from 
the mineral xenotime. Production of xeno­
time from Malaysia through 1986 was as 
follows: 

Quantity 
(metric 

tons) 

1982 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 
1983 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13 
1984 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 384 
1985 __________ _ ____ ____ _____ 1,124 
1986 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 145 

Thailand.-A heavy-mineral sands mine 
at Chumphon began operation in November 
1986. Monazite production from the mine 
for the final 2 months of 1986 was 140 
tons.30 

Monazite and xenotime were produced as 
byproducts of processing mineral sands for 
tin. Monazite was produced in 1986 at 
Prachuap Khiri Khan in the central region, 
and at Chum phon, Phuket, Ranong, and 
Takua Pa in the southern region. Thailand 
reportedly exported 1,205 tons of monazite 
in 1986 to Canada, France, and the United 
Kingdom. During the same year, xenotime 
was produced only from the mine at Phu­
ket, and 33 tons was reportedly exported to 
France and the Netherlands. Production of 
xenotime concentrates through 1986 was as 
follows: 

Quantity 
(metric 

tons) 

1982 ______________ ___ ______ _ 46 
1983 __ __ __ __ __ ___ _ _ _ _ _ __ ___ _ 38 
1984 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 28 
1985 _ _ _ ___ __ __ _ _ _ _ _ _ __ _ __ _ _ _ 158 
1986 ___ _____ ____ _ __ ___ ___ _ __ 28 

United Kingdom.-Swift Levick Super­
magloy Ltd. (SLS), part of the rare-earth 
permanent magnet division of the Magnetic 
Materials Group of the United Kingdom, 
announced the commissioning of a new 
plant to supply magnets. SLS currently 
produces 12 tons per year of rare-earth 
magnets from a plant at Swindon. The new 
plant, to be built at Rotherham, has a 
planned capacity of 50 tons per year.31 
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Table 5.-Monazite concentrate: World production, by countryl 
(Metric tons) 

Country2 1983 1984 1985 

Australia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15,141 16,260 18,735 
Brazil _ _ _____ _ ______ _ _____ _ ____ _ _ _ " _ _ _ _ _ _ _ _ 5,256 3,622 1,895 
Indiae 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4,000 4,000 4,000 
Malaysia4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1,051 r4,980 5,808 
Mozambiquee _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 54 4 4 
Sri Lankae _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 300 5147 200 
Thailand _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 277 298 245 
United States _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ W W W 
Zaire _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15 2 

1986P 

14,822 
1,947 
4,000 
5,959 

4 
200 

1,609 
W 

12,000 
2,000 
4,000 
6,000 

4 
200 

1,500 
W 

-----------------------------------Total __ _ __________________ _ _____ _ ____ _ _ 26,044 r29,313 30,887 28,541 25,704 

eEstimated. PPreliminary. rRevised. W Withheld to avoid disclosing company proprietary data; not included in 
"Total." 

1Table includes data available through Apr. 29, 1988. 
2In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, Nigeria, and the U.S.S.R. 

may produce monazite, but output, if any, is not reported quantitatively, and available information is inadequate to make 
reliable estimates of output levels. 

3Data are for year beginning Apr. 1 of that stated. 
4tfhe 1983 figure is exports and the 1984-87 figures are production. 
5Reported figure. 

Table 6.-Rare earths: World production, by country 
(Metric tons of REO equivalent) 

Country 1985 1986P 1987e 

Australia ___ _ __ _ _______________ _ ______ _ ___ __ ___ _ _ _ _ 10,304 8,152 6,600 Brazil ___ _________ _ ______________ _ __ _ ______ _ ______ _ 1,042 1,071 1,100 Canada __ _______________ _ ______________ _ ___ ___ ____ _ NA NA China _ _______________________ _ ____________ _ _ _ ____ _ 8,500 11,860 15,100 
India e __ _ _ _ ______ ___ ____________ _______ __ __ ______ _ 2,200 2,200 2,200 Malaysia ___ _ _ _ ______ _ __________ _ __ _ __ _ __ _ _ _ _______ _ 3,869 3,364 3,300 
Mozambiquee _ ______ _ __________ _ ___ __ _ _ _ _ _ _ _ __ __ __ __ _ 2 2 2 
Sri Lankae __________ " _____ ____ _ ___ __________________ _ no no no Thailand _ ____________________ _ ____________________ _ 230 902 825 
United States1 ___________________________ _ __ __ ___ _ __ _ 13,428 11,094 16,710 

------~------~--------~ 
T~~ __ ___________________ _____________ ___ _____ _ 39,685 38,755 45,947 

eEstimated. PPreliminary. NA Not available. 
lComprises only the rare earths derived from bastnasite as reported in Unocal Corp. annual report, 1987. 

TECHNOLOGY 

The Rare-Earth Information Center at 
Iowa State University, Ames, lA, inaugur­
ated a limited circulation monthly newslet­
ter entitled "RIC Insight." The publication 
will deal with current technological ad­
vances and conferences related to rare 
earths.32 

Researchers at General Motors Corp. de­
signed a solar-powered car using rare-earth 
permanent magnets that won the 3,200-
kilometer World Solar Challenge in Austra­
lia. The high-efficiency (92%) electric mo­
tors used in the car each incorporated 6 
neodymium-iron-boron magnets and pro­
duced 2 horsepower at 4,000 revolutions per 
minute at a weight of 3.7 kilograms. 

A fiber-optic temperature sensor was de­
veloped using neodymium-doped glass bond-

ed to two optical fibers: one to deliver laser­
emitted radiation and the other to transmit 
the resulting fluorescence to a receiver. 
Based on the change of fluorescence decay 
time with temperature, the sensor used 
glass doped with 9% neodymium. It was 
operable in the range of -500 to 3000 C.33 

A magnesium alloy containing zirconium, 
along with yttrium and other rare earths, 
was developed by researchers at Magne­
sium Elektron Ltd. in the United Kingdom. 
Designated WE54, the new alloy has high­
temperature stability up to 3000 C, reported­
ly higher than any magnesium alloy now 
available. The alloy contains 0.5% zirconi­
um, 5.5% yttrium, and 3.5% other rare 
earths. The new alloy will probably be used 
in aerospace applications.34 
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Rare-earth fertilizers have reportedly in­
creased yields of wheat. Agricultural spe­
cialists in China's Henan Province con­
ducted experiments on more than 27,300 
hectares of land planted in wheat. Byadd­
ing rare earths over a 3-year period, the 
crop yield improved 5% to 8% and had 
higher contents of protein and lysine.35 

Researchers used rare earths to deter­
mine the source of an impact that occurred 
65 million years ago at the boundary of the 
Cretaceous and Tertiary periods (K -T 
boundary). The cause of the impact, which 
triggered a mass extinction, including possi­
bly that of the dinosaurs, remains in contro­
versy. The relative abundance of rare-earth 
elements produces patterns that reflect the 
origins of the rock. 36 The rare-earth pattern 
in the K-T boundary indicated material 
excavated near a continent, possibly in the 
eastern Pacific. If true, the location of the 
impact may never be found. Since part of 
the ocean crust has been subducted beneath 
North America.37 

A rare-earth laser system was developed 
that rapidly detects airborne beryllium par­
ticles, a known carcinogen. Scientists at Los 
Alamos National Laboratory in New Mexi­
co used a neodymium:yttrium-aluminum 
garnet (Nd:YAG) laser to perform laser­
induced spectroscopy to vaporize and ana­
lyze material on a target filter. The new 
rare-earth system can analyze for beryllium 
in 2.5 minutes compared to as much as 8 
hours for chemical analysis.38 

An Nd:YAG laser was also used in a 
recently developed measurement system for 
water depth. The system, known as a scan­
ning lidar bathymeter, is used for airborne 
hydrographic surveying down to depths of 
40 meters in clear coastal water. It operates 
by emitting a short pulse of infrared and a 
short pulse of visible (green) radiation from 
a dual frequency Nd:YAG laser. The infra­
red pulse is scattered from the water sur­
face, while the green pulse penetrates and 
is scattered by the bottom. Both pulses are 
detected by a receiver that computes the 
water depth based on the time elapsed 
between pulse scatterings.39 

Yttria-stabilized composite materials of 
zirconia bonded-zirconia fibers were pro­
duced with highly efficient thermal insulat­
ing properties. Able to withstand tempera­
tures up to 2,316° C, the insulation, desig­
nated ZZX-4200, was developed by scientists 
at Martin-Marietta Energy Systems in Oak 
Ridge, TN. Insulating efficiency was im-

proved by orienting the fibers perpendicu­
larly to the wall thickness of the structure, 
reportedly halving heat flow when compar­
ed to homogeneous and randomly oriented 
fibers. Comparable materials have been effi­
cient up to about 1,760° C.40 

A review of processes used to produce 
neodymium metal and certain neodymium 
alloys was published. Electrolytic and me­
tallothermic processes were discussed, in­
cluding calciothermic reduction for produc­
ing neodymium commercially for use in 
high-strength permanent magnets. U 
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Preliminary Geologic Investigation of the 

Tire-Tiky Lode Claim Groups Yavapai County, Arizona 

By Robert Poley Jr. 

Minerals Consultant 

Summary 

The Tire-Tiky claim group lies within Central Yavapai County 

between the Santa Maria Mountains and the Bradshaw Mountains. 

The area is within the Mountain Region, which lies between the 

Colorado Plateau to the northeast and the Desert Section of the 

Basin and Range to the southwest. The claim group is located 

about 20 miles west of Prescott, Arizona. Widespread disseminated 

kyanite,ilmenite, monazite, xenotime, sillmanite, and magnetite 

mineralization occurs in appreciable enough amounts to warrant 

further exploration to assure that an ore deposit exists . . 

The economic minerals present on the Tire-Tiky claim groups 

are ilmenite and other titanium minerals (leucoxene and rutile). 

Kyanite and sillimanite are A1 203 minerals which are used in the 

manufacture of ceramics and refractories. Magnetite occurs in 

large amounts throughout the claim group it is marketable to the 

Department of Energy in southern Nevada as packing for blastholes 

at the Nevada Test Site. 



during neutralization of acidic solutions by country rocks. The 

resulting altered rocks are alkali-poor and contain clay minerals 

such as kao10nite and pyrophyllite in place of feldspars and 

muscovite. Regional metamorphism, possibly related to the emplace­

ment of the Cornfield Mountain intrusive, then produced rocks 

consisting of the minerals previously mentioned. 

The rare earth bearing mineral monazite, found in metamorphic 

rocks participates in a metamorphic cycle whose chief feature is 

the loss of detrital monazite and the fonmation of authigenic 

metamorphic monazite. Detrital monazite is unstable in early 

stages of regional metamorphism. It breaks down and shares its 

components with other minerals. As the grade of regional metamor­

phism increases, an environment is reached in which monazite 

becomes stable. Metamorphic monazite begins to form at a few 

centers of crystalization; these centers multiply with increasing 

grade of metamorphism until the rock" finally contains far more 

metamorphic monazite than it originally had detrital monazite. 

The main sources for the metamorphic monazite are thorium, rare 

earths, and phosphorus held by other detrital components of the 

original sediments, chiefly hydrolyzates, clays, mica, and apatite. 

The rare earth minerals monazite and xenotime are most highly 

concentrated in biotite-rich pods, lenses and folia. These min­

erals are also concentrated in the kyanite-ilmenite-magnetite 

schists and gneisses. 



The results of field observations suggest that clastic sediments 

and possibly water-laid rhyolites were deposited in a shallow water 

environment; altered, leached,metamorphosed and subjected to 

metasomatic transport of selected mobile ions, some being con­

centrated others being removed. The environment in a back-arc 

basin would provide the clastic sediments from a continental 

source concentrated in a shallow water beach environment. The 

proximity to source areas for water-laid rhyolites and hydro­

thermal solutions capable of altering the clastic sediments and 

water-laid rhyolites. Long shore currents and wave action would 

concentrate the heavy mineral fraction in a similar fashion as 

beach sand deposites are today. A shallow water model for the 

deposits permits an oxidizing environment, the formation of the 

heavy mineral concentrations including rare earth minerals and 

the opportunity for weathering. The environment in a back-arc 

basin would provide the source for water-laid tuffs and rhyolites 

in a shallow water environment plus a probable source for acidic 

hydrothermal fluids which could alter and transport the mobile 

components and create an environment condusive for the concentra­

tion of the economic minerals found on the Tire-Tiky claim group. 

The emplacement of the Cornfield Mountain intrusive could have also 

provided the metamorphic-hydrothermal environment necessary to 

produce the mineral assemblage now present. 

• I 
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