
ƛ 

 

2ÁÒÅ %ÁÒÔÈ -ÉÎÅÒÁÌÉÚÁÔÉÏÎ 
ÏÆ 3ÏÕÔÈÅÒÎ #ÌÁÒË #ÏÕÎÔÙȟ 
.ÅÖÁÄÁ 
 
 
 

*ÅÓÓÉÃÁ *Ȣ "ÒÕÎÓ  
'ÅÏÌÏÇÉÃÁÌ 3ÃÉÅÎÃÅÓ $ÅÐÁÒÔÍÅÎÔ 
#ÁÌÉÆÏÒÎÉÁ 3ÔÁÔÅ 0ÏÌÙÔÅÃÈÎÉÃ 5ÎÉÖÅÒÓÉÔÙ ɀ 0ÏÍÏÎÁ 
   

 2011 Senior Thesis  

Submitted in partial fulfillment  

of the requirements for the  

B.S. Geology Degree 



ƛ 

 

4!",% ÏÆ #/.4%.43 

!"342!#4...................................................................................................................................................................   ρ 

).42/$5#4)/. ........................................................................................................................................................   ς 

,/#!4)/. ÁÎÄ  !##%33)"),)49 .........................................................................................................................   τ 

#,)-!4% ÁÎÄ 0(93)/'2!0(9 ...........................................................................................................................   υ 

()34/29 ......................................................................................................................................................................   φ 

'%/,/'9  ....................................................................................................................................................................   ω 

2ÅÇÉÏÎÁÌ ................................................................................................................................................   ω 

-ÏÕÎÔÁÉÎ 0ÁÓÓ ....................................................................................................................................  ρπ  

.Å× 9ÏÒË -ÏÕÎÔÁÉÎÓ ......................................................................................................................  ρς 

2!2% %!24( -).%2!,):!4)/. .......................................................................................................................  ρυ 

2%3%!2#( ..................................................................................................................................................................  ρφ 

$ÁÔÁ !ÃÑÕÉÓÉÔÉÏÎ ÁÎÄ !ÎÁÌÙÓÉÓ ...................................................................................................  ρφ 

(ÏÓÔ 2ÏÃË 0ÅÔÒÏÌÏÇÙ .......................................................................................................................  ρφ 

!ÌÔÅÒÁÔÉÏÎ .............................................................................................................................................  ρω 

2ÁÒÅ %ÁÒÔÈ -ÉÎÅÒÁÌÉÚÁÔÉÏÎ ...........................................................................................................  ςρ 

$)3#533)/. ................................................................................................................................................................  ςτ 

#/.#,53)/.3 ...........................................................................................................................................................  ςω 

!#+./7,%$'%-%.43 ........................................................................................................................................  σπ 

2%&%2%.#%3 #)4%$ ...............................................................................................................................................  σρ 

!00%.$)8 !-82& ×ÈÏÌÅ ÒÏÃË ÁÎÁÌÙÓÅÓ ÏÆ 4ÈÏÒ ÈÏÓÔ ÒÏÃËÓ  ...................................................................  στ 

!00%.$)8 "-)#0 2%% ÁÎÁÌÙÓÅÓ ÏÆ ÈÉ-ÇÒÁÄÅ ÓÁÍÐÌÅ ÆÒÏÍ ÔÈÅ 4ÈÏÒ 0ÒÏÓÐÅÃÔ  ..................................  συ 

 

,)34 ÏÆ 4!",%3 ÁÎÄ &)'52%3 

4ÁÂÌÅ ρȢ  2%%3ȟ ÁÔÏÍÉÃ ÎÕÍÂÅÒÓ ÁÎÄ ÁÂÕÎÄÁÎÃÅÓ .......................................................................................   ς 

4ÁÂÌÅ ςȢ  #ÏÍÐÁÒÉÓÏÎ ÏÆ 4ÈÏÒ ÓÁÍÐÌÅÓ ÔÏ ÁÎ Ȱ!ÖÅÒÁÇÅ 'ÒÁÎÉÔÅȱ ............................................................  ρψ 

4ÁÂÌÅ σȢ  3ÅÍÉ1 82& ÁÎÁÌÙÓÉÓ ÏÆ Á ÈÉÇÈ ÇÒÁÄÅ ÓÁÍÐÌÅ ÆÒÏÍ ÔÈÅ 4ÈÏÒ 0ÒÏÐÅÒÔÙ ...............................  ςς 

 

&ÉÇÕÒÅ ρȢ   3ÕÐÐÌÙ ÁÎÄ ÄÅÍÁÎÄ ÆÏÒ ÒÁÒÅ ÅÁÒÔÈ ÅÌÅÍÅÎÔÓ  ...........................................................................   ς 

&ÉÇÕÒÅ ςȢ   )ÎÄÅØ ÍÁÐ ÓÈÏ×ÉÎÇ ÔÈÅ ÌÏÃÁÔÉÏÎ ÏÆ ÒÁÒÅ ÅÁÒÔÈ ÍÉÎÅÒÁÌÉÚÁÔÉÏÎ ÉÎ ÓÏÕÔÈÅÒÎ #ÌÁÒË 

 #ÏÕÎÔÙȟ .ÅÖÁÄÁ. ....................................................................................................................................   τ 

&ÉÇÕÒÅ σȢ   6ÉÅ× ÌÏÏËÉÎÇ ÓÏÕÔÈÅÁÓÔ ÔÏ×ÁÒÄ ÔÈÅ ÃÒÅÓÔ ÏÆ ÔÈÅ .Å× 9ÏÒË -ÏÕÎÔÁÉÎÓ ..........................   υ 



ƛƛ 

 

&ÉÇÕÒÅ τȢ   Contoured chemical composition values, derived from aerial gamma-ray surveys, of 

 rocks in the eastern Mojave Desert; .................................................................................   7 

Figure 5.   Tectonic map of southeastern California and adjacent regions, showing 

relationships among major structural and paleogeographic elements .............................   9 

Figure 6.   Simplified geologic map of the Mountain Pass carbonatite complex ..............................  11 

Figure 7a.  Biotite shonkenite from the Birthday Claim. 7b. Syenite from near Mineral Hill. 

 7c. Beforsite, (dolomite carbonatite) from the Sulphide Queen orebody . 7d. Sövite 

 (calcite carbonatite) from the Sulphide Queen stock .....................................................  12 

Figure 8.   Geologic map of the northern New York Mountains ......................................................  13 

Figure 9    Typical outcrop of leucocratic biotite granite from the north end of the Thor 

Property ...........................................................................................................................  14 

Figure 10a Plot of total alkalis vs. silica. 10b. Shandôs alumina saturation index. 

 10c. AFM diagram ..........................................................................................................  17 

Figure 11.  IUGS diagram for the Thor host rocks, and syenites and granites of Mountain Pass  ....  ρχ 

&ÉÇÕÒÅ ρςȢ  Google Earth image of pegmatite outcropping near the south end of the Thor 

claim block .....................................................................................................................  18 

Figure 13.  Outcrop of the unaltered albitite dike shown on the Google Earth satellite image ........  19 

Figure 14.  Thin section photomicrograph of albitite dike ................................................................  19 

Figure 15.  North-south  panoramic view of a highly mineralized rare earth prospect pit ...............  20 

Figure 16.  X-ray diffraction scan of a sample collected from the high grade zone of rare 

 earth mineralization in the New York Mountains ..........................................................  21 

Figure 17.  Thin section photomicrographs of high grade rare earth sample ....................................  22 

Figure 18.  Average rare earth concentrations for high grade samples from the Thor and 

 Mountain Pass rare earth deposits ..................................................................................  25 

Figure 19.  Chondrite normalized rare earth diagram for Thor and Mountain Pass .........................  25   

 

 

 

 



м 

 

 

!"342!#4 

Rare earth mineralization was first reported in the New York Mountains of southern Nevada and 

eastern California by Volborth (1962), 30 kilometers to the east of the rare earth carbonatite com-

plex at Mountain Pass, California. This research examines the northern portion of this mineralized 

trend lying within southern Clark County, Nevada. 

 The New York Mountains are comprised of orthogneissic granitoids emplaced in a north-south-

trending zone at about 1.80 to 1.65 Ga (Miller and Wooden, 1994). Greenschist to amphibolite 

grade metamorphism overlapped batholitic emplacement. XRF whole rock analyses indicate the 

host rocks are predominantly S-type granite to granodiorite typical of a continental arc. The rock 

suite is only slightly alkalic. 

Alkali metasomatism, Na2O addition and K2O depletion, post-dated emplacement of rare earth 

mineralization, perhaps creating the series of albitite dikes and pegmatite bodies that act as hosts 

for the rare earths.  The mineralization occurs along a 2.5 kilometer trend striking N20°E.  Con-

trols for the pegmatite bodies are enigmatic. Numerous northeast-striking normal faults have been 

mapped throughout the northern New York Mountains.  In addition, many dikes closely parallel 

regional foliation.  

XRF, XRD and thin section analyses reveal that mineralization occurs predominantly as rare earth 

fluorapatite with lesser monazite. A few grains of epidote (var. allanite) were present in hand sam-

ple.  Bastnaesite was not observed. Rare earth geochemistry reveals the southern Nevada occur-

rences are dominated by heavy REEs and that the mineralizing hydrothermal fluids were of crustal 

origin. 

Significant differences in host rocks, alteration, and rare earth mineralogy and  geochemistry exist 

between southern Nevada and the Mountain Pass carbonate in eastern California.  These differ-

ences make any link between the two areas tenuous at best.  Two possible genetic models are pre-

sented for the southern Nevada rare earth deposits.  The first links the mineralization to the Prote-

rozoic  Ivanpah orogeny.  Intrusion of the 1800-1650 Ma granites was followed closely in time by 

pegmatite and rare earth emplacement along northeast-trending faults.  The second model relates 

the rare earth mineralization, and perhaps the host pegmatites, to Mesozoic plate convergence and 

intrusion of the Jurassic-Cretaceous  Ivanpah Granite.  This model suggests the rare earth minerali-

zation may be significantly younger than the pegmatite host and perhaps controlled by a series of 

local faults trending N 65-80°W. 
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 ¢ƘŜ ǊŀǊŜ ŜŀǊǘƘ ŜƭŜƳŜƴǘǎ όw99ǎύ ƛƴŎƭǳŘŜ ǘƘŜ мр [ŀƴǘƘŀƴƛŘŜ ŜƭŜƳŜƴǘǎ ό½ Ґ рт - тмύΣ ŀǎ ǿŜƭƭ ŀǎ ǎŎŀƴŘƛǳƳ ό½ Ґ нмύ 

ŀƴŘ ȅǧǊƛǳƳ ό½ Ґ офύ ǿƘƛŎƘ ŀǊŜ ŎƘŜƳƛŎŀƭƭȅ ǉǳƛǘŜ ǎƛƳƛƭŀǊΦ  ¢ƘŜ ǘŜǊƳ άǊŀǊŜ ŜŀǊǘƘǎέ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ŦŀŎǘ ǘƘŀǘ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ 

ŜƭŜƳŜƴǘǎ ǿŜǊŜ ŬǊǎǘ ƛǎƻƭŀǘŜŘ ƛƴ ǘƘŜ муǘƘ ŀƴŘ мфǘƘ ŎŜƴǘǳǊƛŜǎ ŀǎ ƻȄƛŘŜǎ ŦǊƻƳ ǾŜǊȅ ǊŀǊŜ ƳƛƴŜǊŀƭǎΦ w99ǎ ŀǊŜ ŘƛŶŎǳƭǘ ǘƻ ǊŜπ

ŬƴŜ ǘƻ ǇǳǊŜ ƳŜǘŀƭΣ ǿƛǘƘ ŜŶŎƛŜƴǘ ǎŜǇŀǊŀǝƻƴ ǇǊƻŎŜǎǎŜǎ ƭŀǊƎŜƭȅ ǳƴŘŜǾŜƭƻǇŜŘ ǳƴǝƭ ǘƘŜ нлǘƘ ŎŜƴǘǳǊȅΦ  

 
 !ƭƭ ƻŦ ǘƘŜ w99ǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ 

ōȅ мфпрΤ ǇǊƻƳŜǘƘƛǳƳ Σ ǘƘŜ ǊŀǊŜǎǘ ǿŀǎ 

ƛŘŜƴǝŬŜŘ ƭŀǎǘΦ /ƻƳƳŜǊŎƛŀƭ ƳŀǊƪŜǘǎ ŦƻǊ 

w99ǎ ƘŀǾŜ ŀǊƛǎŜƴ ƛƴ ƻƴƭȅ ǘƘŜ Ǉŀǎǘ рл 

ȅŜŀǊǎΦ 5ǳǊƛƴƎ ǘƘŜ мфтлΩǎ ŀƴŘ мфулΩǎ 

Ƴƻǎǘ ǊŀǊŜ ŜŀǊǘƘΩǎ ǿŜǊŜ ǎƻƭŘ ŀǎ ǇƘƻǎπ

ǇƘƻǊǎ ŦƻǊ /w¢ ǘŜƭŜǾƛǎƛƻƴ ǘǳōŜǎ ŀƴŘ ŀǎ 

Ǝƭŀǎǎ ǇƻƭƛǎƘƛƴƎ ŀƴŘ ǝƴǝƴƎ ŀƎŜƴǘǎΦ  ²ƛǘƘ 

ǘƘŜ ŀŘǾŜƴǘ ƻŦ ǘƘŜ Iƛ-¢ŜŎƘ ƛƴŘǳǎǘǊȅ ŘŜπ

ƳŀƴŘ Ƙŀǎ ŀŎŎŜƭŜǊŀǘŜŘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ 

ŘŜŎŀŘŜ όCƛƎΦ мύ ǿƛǘƘ ŀǇǇƭƛŎŀǝƻƴ ǘƻ ǘƘŜ 

ŦƻƭƭƻǿƛƴƎ ǇǊƻŘǳŎǘǎΥ 

 
¶ /ŀǘŀƭȅǝŎ ŎƻƴǾŜǊǘǎ 
¶ IȅōǊƛŘ ŀǳǘƻƳƻǝǾŜ ōŀǧŜǊƛŜǎ 
¶ ²ƛƴŘ ǘǳǊōƛƴŜǎ 
¶ aŀƎƴŜǘǎ 
¶ [ŀǎŜǊǎ 
¶ [/5 ǎŎǊŜŜƴǎ 
¶ 9ƭŜŎǘǊƛŎŀƭ ŜƴƎƛƴŜǎ 
¶ aŜŘƛŎŀƭ ƛƳŀƎƛƴƎ ŜǉǳƛǇƳŜƴǘ 
¶ {ǳǇŜǊŎƻƴŘǳŎǘƻǊǎ 

 
 w99ǎ ŀǊŜ ƴƻǘ ŀǎ ǳƴŎƻƳƳƻƴ ŀǎ ǘƘŜ ƴŀƳŜ ǿƻǳƭŘ ƛƳǇƭȅΦ CƻǊ 

ƛƴǎǘŀƴŎŜΣ ŎŜǊƛǳƳ όсп ǇǇƳύΣ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ w99 ό¢ŀōƭŜ мύΣ 

ŎƻƳǇǊƛǎŜǎ ƳƻǊŜ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘ ǘƘŀƴ ŘƻŜǎ ŎƻǇǇŜǊ όрл ǇǇƳύ 

ό¦{D{ CŀŎǘ {ƘŜŜǘ лут-лнΣ нллнύΦ aŀƴȅ w99ǎ ŀǊŜ ƳƻǊŜ ŎƻƳƳƻƴ 

ǘƘŀƴ ǝƴ ŀƴŘ ƳƻƭȅōŘŜƴǳƳ ŀƴŘ ŀƭƭ ōǳǘ ǇǊƻƳŜǘƘƛǳƳ ŀǊŜ ƳƻǊŜ ŎƻƳπ

Ƴƻƴ ǘƘŀƴ ǎƛƭǾŜǊ ƻǊ ƳŜǊŎǳǊȅ ό¢ŀȅƭƻǊ ŀƴŘ aŎ/ƭŜƴƴŀƴΣ мфурύΦ [ŀƴπ

ǘƘŀƴƛŘŜ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ƭƻǿ ŀǘƻƳƛŎ ƴǳƳōŜǊǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƳƻǊŜ 

ŀōǳƴŘŀƴǘ ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘ ǘƘŀƴ ǘƘƻǎŜ ǿƛǘƘ ƘƛƎƘŜǊ ŀǘƻƳƛŎ ƴǳƳπ

ōŜǊǎ ό¢ŀōƭŜ мύΦ ¢ƘŜ ƭŀƴǘƘŀƴƛŘŜ ŜƭŜƳŜƴǘǎ ŀǊŜ ǎǳōŘƛǾƛŘŜŘ ƛƴǘƻ ǘǿƻ 

ƎǊƻǳǇǎΥ ǘƘŜ ƭƛƎƘǘ ǊŀǊŜ ŜŀǊǘƘ ŜƭŜƳŜƴǘǎ ό[w99ǎύτƭŀƴǘƘŀƴǳƳ 

ǘƘǊƻǳƎƘ ŜǳǊƻǇƛǳƳ ό½ Ґ рт ǘƘǊƻǳƎƘ соύ ŀƴŘ ǎŎŀƴŘƛǳƳ ό½ Ґ нмύΤ ŀƴŘ 

ǘƘŜ ƘŜŀǾȅ ǊŀǊŜ ŜŀǊǘƘ ŜƭŜƳŜƴǘǎ όIw99ǎύτƎŀŘƻƭƛƴƛǳƳ ǘƘǊƻǳƎƘ ƭǳǘŜπ

ǝǳƳ ό½ Ґ сп ǘƘǊƻǳƎƘ тмύΦ ¸ǧǊƛǳƳ ƛǎ ƎǊƻǳǇŜŘ ǿƛǘƘ ǘƘŜ ŎƘŜƳƛŎŀƭƭȅ 

ŀƴŘ ǇƘȅǎƛŎŀƭƭȅ ǎƛƳƛƭŀǊ Iw99ǎΦ  

 
 w99ǎ ƻŎŎǳǊ ǘƻƎŜǘƘŜǊ ƴŀǘǳǊŀƭƭȅ ōŜŎŀǳǎŜ ŀƭƭ ŀǊŜ ǘǊƛǾŀƭŜƴǘ όŜȄŎŜǇǘ ŦƻǊ /ŜҌп ŀƴŘ 9ǳҌн ƛƴ ǎƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎύ ŀƴŘ 

ƘŀǾŜ ǎƛƳƛƭŀǊ ƛƻƴƛŎ ǊŀŘƛƛΦ ¢ƘŜ ǎƛƳƛƭŀǊ ǊŀŘƛƛ ŀƴŘ ƻȄƛŘŀǝƻƴ ǎǘŀǘŜ ŀƭƭƻǿ ǘƘŜ w99ǎ ǘƻ ǊŜŀŘƛƭȅ ǎǳōǎǝǘǳǘŜ ŦƻǊ ƻƴŜ ŀƴƻǘƘŜǊ ƛƴ ŎǊȅǎπ

Figure 1. Supply and demand for rare earth elements 2000-2012P (projected). 

Source: www.roskill.com 

{ǳǇǇƭȅ 

 
Table 1. REEs, atomic numbers and abundances. 

Element  Symbol 
Atomic 
Number 

Crustal 
Abundance 

ppm * 

Scandium Sc 21 22 
Yttrium  Y 39 22 
Lanthanum  La 57 30 
Cerium Ce 58 64 
Praseodymium  Pr 59 7.1 
Neodymium  Nd 60 26 
Promethium  Pm 61 n/a 
Samarium  Sm 62 4.5 
Europium  Eu 63 0.88 
Gadolinium  Gd 64 3.8 
Terbium  Tb 65 0.64 
Dysprosium  Dy 66 3.5 
Holmium  Ho 67 0.80 
Erbium  Er 68 2.3 
Thulium  Tm 69 0.33 
Ytterbium  Yb 70 2.2 
Lutetium  Lu 71 0.32 

* Source:  Taylor and McClennan, 1985  
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ǘŀƭ ƭŀǩŎŜǎΦ ¢Ƙƛǎ ǎǳōǎǝǘǳǝƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜƛǊ ǿƛŘŜ ŘƛǎǇŜǊǎƛƻƴ ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎ ƳǳƭǝǇƭŜ ƻŎπ

ŎǳǊǊŜƴŎŜǎ ƻŦ w99ǎ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ ƳƛƴŜǊŀƭΦ 

 
 CƛƎǳǊŜ м ǎƘƻǿǎ ǘƘŜ ŎǳǊǊŜƴǘ Ǝƭƻōŀƭ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ǘǊŜƴŘǎ ŦƻǊ w99ǎΦ /Ƙƛƴŀ ŎǳǊǊŜƴǘƭȅ ǇǊƻŘǳŎŜǎ фо҈ ƻŦ ŀƭƭ 

w99ǎΦ .ŜƎƛƴƴƛƴƎ ƛƴ нллр ǘƘŜǊŜ ǿŀǎ ŀ ǎƘŀǊǇ ƛƴŎǊŜŀǎŜ ƛƴ ŘƻƳŜǎǝŎ ŘŜƳŀƴŘ ŀƴŘ ƛǘ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƘŀǘ ōȅ нлмн /Ƙƛƴŀ ǿƛƭƭ ƴƻǘ 

ōŜ ŀōƭŜ ǘƻ ƳŜŜǘ ƛǘǎ ƻǿƴ ƛƴǘŜǊƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΦ  Lƴ aŀȅΣ нлмм ǘƘŜ {ǘŀǘŜ wŜǎƻǳǊŎŜ /ƻǳƴŎƛƭ ƻŦ /Ƙƛƴŀ ǎǘŀǘŜŘ ǘƘŀǘ ƛǘ ƎǊŜŀǘƭȅ 

ƛƴŎǊŜŀǎŜŘ ǊŀǊŜ ŜŀǊǘƘ ǘŀȄŜǎ ŀƴŘ ǊŜŬƴŜŘ ƛǘǎ ǇǊƛŎƛƴƎ ƳŜŎƘŀƴƛǎƳ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŜȄŎŜǎǎƛǾŜ ǇǊƻŬǘǎ ƛƴ ǘƘŜ ǊŀǊŜ ŜŀǊǘƘ ƳƛƴƛƴƎ 

ƛƴŘǳǎǘǊȅΦ /Ƙƛƴŀ ǿƛƭƭ ŀƭǎƻ ǊŀƛǎŜ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ŎƻƳǇŀƴƛŜǎ ŀǇǇƭȅƛƴƎ ŦƻǊ ŜȄǇƻǊǘ ǉǳƻǘŀǎΣ ǊŜŘǳŎƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǉǳŀƭƛπ

ŬŜŘ ŜȄǇƻǊǘŜǊǎ ό{ƻǳǊŎŜΥ ¢ƘŜ ²ŀƭƭ {ǘǊŜŜǘ WƻǳǊƴŀƭΣ aŀȅ мфΣ нлммύΦ  !ǎ ŀ ǊŜǎǳƭǘΣ ƻǘƘŜǊ ƴŀǝƻƴǎ ǿƛƭƭ ƴŜŜŘ ǘƻ ŘǊŀƳŀǝŎŀƭƭȅ ƛƴπ

ŎǊŜŀǎŜ ǇǊƻŘǳŎǝƻƴ ǘƻ ŦǳƭŬƭƭ Ǝƭƻōŀƭ ŘŜƳŀƴŘΦ 

 
 ¢Ƙƛǎ ǘƘŜǎƛǎ ŜȄŀƳƛƴŜǎ ŀ ǊŀǊŜ ŜŀǊǘƘ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ /ƻǳƴǘȅΣ bŜǾŀŘŀΣ ол ƪƛƭƻƳŜǘŜǊǎ Ŝŀǎǘ ƻŦ ǘƘŜ 

aƻƭȅŎƻǊǇ aƻǳƴǘŀƛƴ tŀǎǎ wŀǊŜ 9ŀǊǘƘ aƛƴŜΦ ¢ƘŜ ƻōƧŜŎǝǾŜǎ ŀǊŜ ǘƻΥ 

 
мΦ 9ȄŀƳƛƴŜ Ƙƻǎǘ ǊƻŎƪ ƭƛǘƘƻƭƻƎȅ ŀƴŘ ŀƭǘŜǊŀǝƻƴΦ 

нΦ LŘŜƴǝŦȅ ǘƘŜ ǊŀǊŜ ŜŀǊǘƘ-ōŜŀǊƛƴƎ ƳƛƴŜǊŀƭ ǎǇŜŎƛŜǎΦ 

оΦ /ƻƳǇŀǊŜ ǘƘŜ /ƭŀǊƪ /ƻǳƴǘȅ ƻŎŎǳǊǊŜƴŎŜǎ ǘƻ ǘƘŜ άōŜǧŜǊ ƪƴƻǿƴέ aƻǳƴǘŀƛƴ tŀǎǎ ŘŜǇƻǎƛǘΦ  

пΦ /ǊŜŀǘŜ ŀ ƎŜƴŜǝŎ ƳƻŘŜƭ ǊŜƭŀǝƴƎ ǘƘŜ ǘǿƻ ŘƛǎǘǊƛŎǘǎΦ 
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 ±ƻƭōƻǊǘƘ όмфснύ ŘŜǎŎǊƛōŜŘ ǎŜǾŜǊŀƭ ƻŎŎǳǊ-

ǊŜƴŎŜǎ ƻŦ ǊŀǊŜ ŜŀǊǘƘ ƳƛƴŜǊŀƭƛȊŀǝƻƴ ƛƴ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ 

/ƻǳƴǘȅΣ ƴŜŀǊ ǘƘŜ /ŀƭƛŦƻǊƴƛŀκbŜǾŀŘŀ ǎǘŀǘŜ ƭƛƴŜΣ ŀǇǇǊƻȄπ

ƛƳŀǘŜƭȅ тр ƪƳ ǎƻǳǘƘ ƻŦ [ŀǎ ±ŜƎŀǎΣ bŜǾŀŘŀ ŀƴŘ ол ƪƛƭƻπ

ƳŜǘŜǊǎ ǘƻ ǘƘŜ Ŝŀǎǘ ƻŦ ǘƘŜ aƻƭȅŎƻǊǇ aƻǳƴǘŀƛƴ tŀǎǎ 

aƛƴŜ ƛƴ {ŀƴ .ŜǊƴŀǊŘƛƴƻ /ƻǳƴǘȅΣ /ŀƭƛŦƻǊƴƛŀ όCƛƎΦ нύΦ  

!ŎŎŜǎǎ ŦǊƻƳ [ŀǎ ±ŜƎŀǎ ƛǎ Ǿƛŀ ¦Φ{Φ IƛƎƘǿŀȅ фр ǎƻǳǘƘ-

ǎƻǳǘƘŜŀǎǘ ǘƻ ǘƘŜ ǘƻǿƴ ƻŦ {ŜŀǊŎƘƭƛƎƘǘΣ bŜǾŀŘŀΤ ǘƘŜƴ 

ǿŜǎǘ Ǿƛŀ bŜǾŀŘŀ {ǘŀǘŜ IƛƎƘǿŀȅ мсп ŦƻǊ ŀ ŘƛǎǘŀƴŎŜ ƻŦ 

нс ƪƳ ǘƻ ŀ ǎŜǊƛŜǎ ƻŦ ǳƴǇŀǾŜŘ ǊƻŀŘǎ ƭŜŀŘƛƴƎ ŀ ŦŜǿ ƪƛƭƻπ

ƳŜǘŜǊǎ ǘƻ ǘƘŜ ǎƻǳǘƘŜŀǎǘ ǘƻ ƴǳƳŜǊƻǳǎ ǇǊƻǎǇŜŎǘ Ǉƛǘǎ 

ŀƴŘ ǘǊŜƴŎƘŜǎΦ  ¢ƘŜ ƭŀǧŜǊ ǊƻŀŘǎ ǊŜǉǳƛǊŜ п²5 ŘǳǊƛƴƎ 

ǇŜǊƛƻŘǎ ƻŦ ƛƴŎƭŜƳŜƴǘ ǿŜŀǘƘŜǊΦ  !ŎŎŜǎǎ ŦǊƻƳ /ŀƭ tƻƭȅ 

tƻƳƻƴŀ ƛǎ Ǿƛŀ LƴǘŜǊǎǘŀǘŜ мр bƻǊǘƘ ǘƻ ǘƘŜ bƛǇǘƻƴ wƻŀŘ 

9Ȅƛǘ όb± мспύΦ 5ǊƛǾƛƴƎ Ŝŀǎǘ ǘƘǊƻǳƎƘ ǘƘŜ ǘƻǿƴ ƻŦ bƛǇπ

ǘƻƴΣ /! ŀ ŘƛǎǘŀƴŎŜ ƻŦ нр ƪƛƭƻƳŜǘŜǊǎ ƭŜŀŘǎ ǘƻ ǘƘŜ ŀŦƻǊŜπ

ƳŜƴǝƻƴŜŘ ǎŜǊƛŜǎ ƻŦ ǳƴǇŀǾŜŘ ǊƻŀŘǎ ŀƴŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ 

ǊŀǊŜ ŜŀǊǘƘ ǇǊƻǎǇŜŎǘǎΦ 

 
 ¢ƘŜ ŀǊŜŀ ƻŦ ƻǳǘŎǊƻǇ ƭƛŜǎ ŀƭƻƴƎ ǘƘŜ ǿŜǎǘ ƅŀƴƪ ƻŦ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ǿƛǘƘ Ƴŀƴȅ ƻŦ ǘƘŜ ǇǊƻǎǇŜŎǘ Ǉƛǘǎ ƭƻ-

ŎŀǘŜŘ ƛƴ ǘƘŜ ōǊƻŀŘ LǾŀƴǇŀƘ ±ŀƭƭŜȅ ǿƘƛŎƘ ŜȄǘŜƴŘǎ ǿŜǎǘǿŀǊŘ ƛƴǘƻ /ŀƭƛŦƻǊƴƛŀΦ ¢ƘŜ ǘŜǊǊŀƛƴ ƛǎ ǘȅǇƛŎŀƭ ƻŦ ǘƘŜ ŜŀǎǘŜǊƴ aƻƧŀǾŜ 

5ŜǎŜǊǘ wŜƎƛƻƴ ŀƴŘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ .ŀǎƛƴ ŀƴŘ wŀƴƎŜ tƘȅǎƛƻƎǊŀǇƘƛŎ tǊƻǾƛƴŎŜΣ ŎƻƴǎƛǎǝƴƎ ƻŦ ǊǳƎƎŜŘ Ƙƛƭƭǎ ǊŀƴƎƛƴƎ ŦǊƻƳ мΣнлл 

ǘƻ мΣулл ƳŜǘŜǊǎ ƛƴ ŜƭŜǾŀǝƻƴ ǎŜǇŀǊŀǘŜŘ ōȅ ōŀǎƛƴǎ ǊŀƴƎƛƴƎ ŦǊƻƳ флл ǘƻ мΣнлл ƳŜǘŜǊǎ ƛƴ ŜƭŜǾŀǝƻƴΦ ¢ƘŜ ŀǊŜŀ ƻŦ ƪƴƻǿƴ ǊŀǊŜ 

ŜŀǊǘƘ ƳƛƴŜǊŀƭƛȊŀǝƻƴ ǎǘǊŜǘŎƘŜǎ ŦǊƻƳ /ǊŜǎŎŜƴǘ tŜŀƪ ŀǘ ǘƘŜ ƴƻǊǘƘ ŜƴŘ ƻŦ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ǎƻǳǘƘǿŀǊŘ мл ƪƛƭƻƳŜπ

ǘŜǊǎ ǘƻ ǘƘŜ .ƭŀŎƪ .ǳǧŜ ŀǊŜŀ ƛƴ {ŀƴ .ŜǊƴŀǊŘƛƴƻ /ƻǳƴǘȅΣ /ŀƭƛŦƻǊƴƛŀΦ 

 
 ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǎǘǳŘȅ ǿŀǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ǊŀǊŜ ŜŀǊǘƘ ƻŎŎǳǊǊŜƴŎŜǎ ƛƴ bŜǾŀŘŀΣ ŀǎ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ ǊŀǊŜ ŜŀǊǘƘ ƳƛƴŜǊŀƭƛȊŀπ

ǝƻƴ ƭƛŜǎ ǿƛǘƘƛƴ ǘƘŜ 9ŀǎǘ aƻƧŀǾŜ tǊŜǎŜǊǾŜ ŀƴŘ ƛǎ ƻũ ƭƛƳƛǘǎ ǘƻ ǇǊƻǎǇŜŎǝƴƎ ŀƴŘ ǎŀƳǇƭƛƴƎΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ƭƛŜǎ 

ǿƛǘƘƛƴ ǿƘŀǘ ƛǎ ǘŜǊƳŜŘ ǘƘŜ ¢ƘƻǊ w99 tǊƻƧŜŎǘ ƻŦ ǘƘŜ /ǊŜǎŎŜƴǘ aƛƴƛƴƎ 5ƛǎǘǊƛŎǘ ƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎΦ ¢ƘŜ 

ǇǊƻƧŜŎǘ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ мфу ǳƴǇŀǘŜƴǘŜŘ ƭƻŘŜ ŎƭŀƛƳǎ ŎƻǾŜǊƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΣпул ƘŜŎǘŀǊŜǎ ό{ŜŜ CƛƎΦ пύΦ ¢ƘŜ ŎƭŀƛƳ ōƭƻŎƪ 

ƭƛŜǎ ǿƛǘƘƛƴ ǘƘŜ /ǊŜǎŎŜƴǘ tŜŀƪ ŀƴŘ IƻǇǇǎ ²Ŝƭƭ ¦Φ{Φ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅ тΦрΩ ǘƻǇƻƎǊŀǇƘƛŎ ǉǳŀŘǊŀƴƎƭŜǎ ŀƴŘ ƛƴŎƭǳŘŜǎ ŀƭƭ ƻǊ 

ǇƻǊǝƻƴǎ ƻŦ {ŜŎǝƻƴǎ оп ŀƴŘ ор ƻŦ wсм9Σ ¢ну{Σ ŀƴŘ {ŜŎǝƻƴǎ нΣ оΣ пΣ рΣ уΣ фΣ млΣ ммΣ мр ŀƴŘ мс ƻŦ wсм9Σ ¢нф{Φ ¢ƘŜ ŎƭŀƛƳǎ 

ŀǊŜ ǎǘŀƪŜŘ ōȅ 9ƭƛǎǎŀ wŜǎƻǳǊŎŜǎ [ƛƳƛǘŜŘ ƻŦ ±ŀƴŎƻǳǾŜǊΣ /ŀƴŀŘŀ ŀƴŘ ŀǊŜ ǘƘŜ ǎƛǘŜ ƻŦ ƻƴƎƻƛƴƎ ƎŜƻƭƻƎƛŎŀƭ ǇǊƻǎǇŜŎǝƴƎ ŀƴŘ 

ŘŜǾŜƭƻǇƳŜƴǘΦ  

 

 

 

 

 

 

 

Figure 2. Index map showing the location of rare earth mineraliza-

tion in southern Clark County, Nevada. 
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 ¢ƘŜ ŎƭƛƳŀǘŜ ƛƴ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ 

/ƻǳƴǘȅΣ bŜǾŀŘŀ ƛǎ ŀǊƛŘ ŘŜǎŜǊǘ όCƛƎΦ оύΦ 

¢ƘŜǊŜ ŀǊŜ ǘǿƻ Ƴŀƛƴ ǇŜǊƛƻŘǎ ƻŦ ǇǊŜŎƛǇƛπ

ǘŀǝƻƴΤ ƻƴŜ ŦǊƻƳ 5ŜŎŜƳōŜǊ ǘƻ aŀǊŎƘ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŜŀǎǘǿŀǊŘ ǇŀǎǎŀƎŜ 

ƻŦ ƭƻǿ ǇǊŜǎǎǳǊŜ ǎȅǎǘŜƳǎ ƎŜƴŜǊŀǘŜŘ ƛƴ 

ǘƘŜ DǳƭŦ ƻŦ !ƭŀǎƪŀ ŀƴŘ ŀ ǎŜŎƻƴŘ ƛƴ Wǳƭȅ 

ŀƴŘ !ǳƎǳǎǘ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘŜ ƴƻǊǘƘπ

ǿŀǊŘ ƅƻǿ ƻŦ ǎǳōǘǊƻǇƛŎŀƭΣ Ƴƻƴǎƻƻƴŀƭ 

ƳƻƛǎǘǳǊŜΦ  !ǾŜǊŀƎŜ ŀƴƴǳŀƭ ǊŀƛƴŦŀƭƭ  ƛǎ 

уΦо ƛƴŎƘŜǎ όнм ŎƳύ ό{ƻǳǊŎŜΥ ²ŜǎǘŜǊƴ 

wŜƎƛƻƴŀƭ /ƭƛƳŀǘŜ /ŜƴǘŜǊύΦ  aŀȄƛƳǳƳ 

ŀǾŜǊŀƎŜ ŘŀȅǝƳŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦ 

фтϲC όосϲ/ύ ƻŎŎǳǊ ƛƴ ƭŀǘŜ Wǳƭȅ ǿƛǘƘ 

ǘƘŜ Řŀƛƭȅ ƳƛƴƛƳǳƳ ƻŦ роϲC όммΦсϲ/ύ 

ŀǊƻǳƴŘ WŀƴǳŀǊȅ мǎǘΦ  ¢ƘŜ ǇǊŜǾŀƛƭƛƴƎ 

ǾŜƎŜǘŀǝƻƴ Ŏƻƴǎƛǎǘǎ ƻŦ ƳŜǎǉǳƛǘŜ ŀƴŘ ŀŎŀŎƛŀΣ ǿƛǘƘ ŎǊŜƻǎƻǘŜ ōǳǎƘŜǎ ŀƴŘ ƎŀƭƭŜǘŀǎ ƛƴ ǘƘŜ ōŀǎƛƴǎΣ ŀƴŘ aƻƧŀǾŜ ǎƘǊǳōǎ ŀƴŘ 

ǎǳŎŎǳƭŜƴǘ ǇƭŀƴǘǎΣ ƛƴŎƭǳŘƛƴƎ WƻǎƘǳŀ ǘǊŜŜǎΣ ȅǳŎŎŀ ŀƴŘ ŎŀŎǝΣ ƻƴ ǘƘŜ ƘƛƭƭǎƛŘŜǎΦ 

 
 ¢ƘŜ ƴƻǊǘƘŜǊƴ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ŀǊŜ ŎƻƳǇǊƛǎŜŘ ƻŦ ŀ ǎŜǊƛŜǎ ƻŦ ǇŜŀƪǎ ƻŦ ƳƻŘŜǊŀǘŜ ŜƭŜǾŀǝƻƴ рлл-тлл ƳŜǘŜǊǎ 

ŀōƻǾŜ ǘƘŜ ƅƻƻǊ ƻŦ LǾŀƴǇŀƘ ±ŀƭƭŜȅΦ /ǊŜǎŎŜƴǘ tŜŀƪ ŀǘ муну ƳŜǘŜǊǎ ƛǎ ǘƘŜ ƘƛƎƘŜǎǘ Ǉƻƛƴǘ ǿƛǘƘƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ bŜǿ ¸ƻǊƪ 

aƻǳƴǘŀƛƴǎΦ  5ǊŀƛƴŀƎŜ ƛǎ ǎƻǳǘƘǿŜǎǘǿŀǊŘ ǘƻǿŀǊŘ bƛǇǘƻƴΣ /ŀƭƛŦƻǊƴƛŀ ŀƴŘ LǾŀƴǇŀƘ ŘǊȅ ƭŀƪŜΦ  ¢ƘŜ ŀǊŜŀ ƻŦ ƻǳǘŎǊƻǇǇƛƴƎ ǊŀǊŜ 

ŜŀǊǘƘ ƳƛƴŜǊŀƭƛȊŀǝƻƴ ƛǎ ƎŜƴŜǊŀƭƭȅ ŀǘ ǘƘŜ ōŀǎŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ƛƴ ŀ ǎŜǊƛŜǎ ƻŦ ƭƻǿ Ƙƛƭƭǎ ŀƴŘ ƎŜƴǘƭȅΣ ǎƻǳǘƘǿŜǎǘ-ŘƛǇǇƛƴƎ 

ŀƭƭǳǾƛŀƭ Ŧŀƴ ŘŜǇƻǎƛǘǎ ŀǾŜǊŀƎƛƴƎ молл ǘƻ мплл ƳŜǘŜǊǎ ƛƴ ŜƭŜǾŀǝƻƴΦ 

 
 [ŀǎ ±ŜƎŀǎΣ bŜǾŀŘŀ όǇƻǇΦ руоΣллл {ƻǳǊŎŜΥ ¦Φ{Φ /Ŝƴǎǳǎ .ǳǊŜŀǳ нлмлύΤ ƭƛŜǎ млл ƪƛƭƻƳŜǘŜǊǎ ŦǊƻƳ ǘƘŜ ¢ƘƻǊ ǊŀǊŜ 

ŜŀǊǘƘ ǇǊƻǇŜǊǘȅ ōȅ ǊƻŀŘΦ Lǘ ƛǎ ŀ ƳŀƧƻǊ ƳŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀ ƻũŜǊƛƴƎ Ŧǳƭƭ ǎŜǊǾƛŎŜ ŦŀŎƛƭƛǝŜǎΣ Řŀƛƭȅ ŎƻƳƳŜǊŎƛŀƭ ŀƛǊ ƅƛƎƘǘǎ ǘƻ Ƴŀπ

ƧƻǊ ŎƛǝŜǎ ŀƴŘ ŀ ƎǊŜŀǘ ǿŀȅ ǘƻ ƭƻǎŜ ȅƻǳǊ ǎǇŜƴŘƛƴƎ ƳƻƴŜȅΦ ¢ƘŜ ǘƻǿƴ ƻŦ {ŜŀǊŎƘƭƛƎƘǘ όǇƻǇΦ мΣлллΣ ор ƪƛƭƻƳŜǘŜǊǎ ōȅ ǊƻŀŘύ 

ƻũŜǊǎ ƭƛƳƛǘŜŘ ŦŀŎƛƭƛǝŜǎ ƛƴŎƭǳŘƛƴƎ ŦƻƻŘΣ ƭƻŘƎƛƴƎΣ ŀƴŘ ŦǳŜƭΦ  bƛǇǘƻƴΣ /ŀƭƛŦƻǊƴƛŀ όǇƻǇΦ нсύΣ ŜƛƎƘǘ ƪƛƭƻƳŜǘŜǊǎ ǘƻ ǘƘŜ ǎƻǳǘƘǿŜǎǘ 

ƻŦ ǘƘŜ ¢ƘƻǊ ǇǊƻǇŜǊǘȅ ƻũŜǊǎ ōŀǊŜ ōƻƴŜǎ ƭƻŘƎƛƴƎ ŀƴŘ ǘƘŜ ōŜǎǘ ōƭǳŜ ŎƘŜŜǎŜ ŀƴŘ ōŀŎƻƴ ōǳǊƎŜǊ ƛƴ ǘƘŜ aƻƧŀǾŜ 5ŜǎŜǊǘΦ 

 
 aƻǎǘ ǊŀǊŜ ŜŀǊǘƘ ƻǳǘŎǊƻǇǎ ŀƴŘ ǇǊƻǎǇŜŎǘ Ǉƛǘǎ ŀǊŜ ƭƻŎŀǘŜŘ ƻƴ ǇǳōƭƛŎ ƭŀƴŘ ŀŘƳƛƴƛǎǘŜǊŜŘ ōȅ ǘƘŜ ¦Φ{Φ .ǳǊŜŀǳ ƻŦ [ŀƴŘ 

aŀƴŀƎŜƳŜƴǘ ό.[aύ ŀƴŘ ŀǊŜ ƻǇŜƴ ŦƻǊ ǇǳōƭƛŎ ŀŎŎŜǎǎ ŀƴŘ ƳƛƴŜǊŀƭ ŎƭŀƛƳ ǎǘŀƪƛƴƎΦ  ¢ƘŜ ¢ƘƻǊ ǇǊƻǇŜǊǘȅ ƛǎ ŎǳǊǊŜƴǘƭȅ ǎǘŀƪŜŘ ōȅ 

9ƭƛǎǎŀ wŜǎƻǳǊŎŜǎ ƻŦ ±ŀƴŎƻǳǾŜǊΣ /ŀƴŀŘŀΦ 

 

 
 
 
 
 
 
 
 
 
 

Figure 3. View looking southeast toward the crest of the New York Mountains,  Dark 

hills in the background are underlain by Proterozoic granitoids. Light-colored area in 

the foreground is alluvium with scattered outcrops. 
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 ²ƘƛƭŜ ǘƘŜ DƻƻŘǎǇǊƛƴƎǎ 5ƛǎǘǊƛŎǘ ƴŜŀǊΣ WŜŀƴΣ bŜǾŀŘŀ ǿŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇǊƻŘǳŎŜǊ ƻŦ ƭŜŀŘ ŀƴŘ ȊƛƴŎ ŦǊƻƳ мурс ǘƻ 

мфртΣ ŀƴŘ ƎȅǇǎǳƳ ƳƛƴŜǎ ŀǊƻǳƴŘ [ŀǎ ±ŜƎŀǎ ŎƻƴǝƴǳŜ ǘƻ ōŜ ƳŀƧƻǊ ǇǊƻŘǳŎŜǊǎΣ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ /ƻǳƴǘȅ Ƙŀǎ ƴŜǾŜǊ ǇǊƻŘǳŎŜŘ 

ǎƛƎƴƛŬŎŀƴǘ ƳƛƴŜǊŀƭ ŎƻƳƳƻŘƛǝŜǎΣ  !ǎ ǎǳŎƘΣ ǇǳōƭƛǎƘŜŘ ƭƛǘŜǊŀǘǳǊŜ ƻƴ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ƳƛƴƛƴƎ ŀƴŘ ŜȄǇƭƻǊŀǝƻƴ ƛǎ ƳƛƴƛƳŀƭΦ 

 
 ±ŀƴŘŜǊōǳǊƎ όмфотύΣ ƛƴ ŀ Ŏƻǳƴǘȅ ǊŜǇƻǊǘ ƻƴ /ƭŀǊƪ /ƻǳƴǘȅ ƳŜƴǝƻƴǎ ǘƘŜ ƳƛƴƛƴƎ ƻŦ ǘǳǊǉǳƻƛǎŜ ƴŜŀǊ /ǊŜǎŎŜƴǘ tŜŀƪ 

ǘƘŀǘ ƘŀŘ ǇǊƻōŀōƭȅ ōŜŜƴ ƎƻƛƴƎ ƻƴ ŦƻǊ ƘǳƴŘǊŜŘǎ ƻŦ ȅŜŀǊǎΦ ¢ƻǘŀƭ ǘǳǊǉǳƻƛǎŜ ǇǊƻŘǳŎǝƻƴ ƛǎ ŜǎǝƳŀǘŜŘ ǘƻ ƘŀǾŜ ŜȄŎŜŜŘŜŘ  

ϷмΣлллΣллл όaƻǊǊƛǎǎŜȅΣ мфсуύΦ DƻƭŘ ŀƴŘ ǎƛƭǾŜǊ ǿŜǊŜ ŀƭǎƻ ŘƛǎŎƻǾŜǊŜŘ ƛƴ ǘƘŜ ŘƛǎǘǊƛŎǘ ƛƴ ǘƘŜ ŜŀǊƭȅ мфллΩǎΣ ǿƛǘƘ ŜƴǎǳƛƴƎ ǇŜǊƛπ

ƻŘǎ ƻŦ ƳƛƴƛƴƎ ŀŎǝǾƛǘȅ ƛƴ мфлр-мфлтΣ мфммΣ мфол ŀƴŘ мфоп-мфпм όIƻƎƎŜ ŀƴŘ ƻǘƘŜǊǎΣ нлмлύΦ tǊƛƴŎƛǇŀƭ ǇǊƻŘǳŎŜǊǎ ǿŜǊŜ ǘƘŜ 

bƛǇǇŜƴƻΣ .ƛƎ ¢ƛƎŜǊΣ ό[ƛƭȅΣ ŀƴŘ 5ƻǳōƭŜ {ǘŀƴŘŀǊŘ ƳƛƴŜǎύΦ ¢ƻǘŀƭ ǇǊƻŘǳŎǝƻƴ ǿŀǎ ƻƴƭȅ ŀōƻǳǘ ϷснΣллл ό[ƻƴƎǿŜƭƭ ŀƴŘ ƻǘƘŜǊǎΣ 

мфсрύΦ 

 
 Lƴ ƳƻǊŜ ǊŜŎŜƴǘ ǝƳŜǎΣ ǘƘŜ ŘƛǎǘǊƛŎǘ Ƙŀǎ ōŜŜƴ ƛƴǘŜǊƳƛǧŜƴǘƭȅ ŜȄǇƭƻǊŜŘ ŦƻǊ ƎƻƭŘΣ ǎƛƭǾŜǊΣ ŎƻǇǇŜǊΣ ƭŜŀŘ ŀƴŘ Ƴƻƭȅōπ

ŘŜƴǳƳΦ YŜƴƴŜŎƻǧΣ ƛƴ ǘƘŜ ŜŀǊƭȅ мфрлΩǎ ƛŘŜƴǝŬŜŘ /ǊŜǎŎŜƴǘ tŜŀƪ ŀǎ ŀ ǇƻǎǎƛōƭŜ ǇƻǊǇƘȅǊȅ /ǳ-aƻ ǘŀǊƎŜǘ ŀƴŘ ŘǊƛƭƭŜŘ ǎŜǾŜǊŀƭ 

ŜȄǇƭƻǊŀǝƻƴ ƘƻƭŜǎΦ ¢ƘŜ ǇǊƻǎǇŜŎǘ ǿŀǎ ǊŜ-ŜȄŀƳƛƴŜŘ ōȅ ¦ǘŀƘ LƴǘŜǊƴŀǝƻƴŀƭΣ !{!w/hΣ IƻƳŜǎǘŀƪŜ ŀƴŘ ¦Φ{Φ .ƻǊŀȄ ƛƴ ǘƘŜ ǇŜπ

ǊƛƻŘ ŦǊƻƳ мфрр ǘƻ ǘƘŜ ƭŀǘŜ мфтлΩǎ ōǳǘ ƴƻ ŘŜǾŜƭƻǇƳŜƴǘ ǿƻǊƪ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴΦ  5ǳǊƛƴƎ ǘƘŜ мфулΩǎ ŀƴŘ мффлΩǎ ¢ŜƴƴŜŎƻ 

aƛƴŜǊŀƭǎ ŀƴŘ ƻǘƘŜǊ ŎƻƳǇŀƴƛŜǎΣ ǎǇǳǊǊŜŘ ōȅ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ /ŀǎǘƭŜ aƻǳƴǘŀƛƴ ƎƻƭŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ IŀǊǘ aƛƴƛƴƎ 5ƛǎπ

ǘǊƛŎǘΣ ŜȄǇƭƻǊŜŘ ǘƘŜ ŀǊŜŀ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ŦƻǊ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ƎƻƭŘ ŘŜǇƻǎƛǘǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜǘŀŎƘπ

ƳŜƴǘ-ǊŜƭŀǘŜŘ ƎƻƭŘΣ ōǳǘ ƴƻ ŘƛǎŎƻǾŜǊƛŜǎ ǿŜǊŜ ƳŀŘŜΦ  Lƴ мфууΣ ǇƭŀǝƴǳƳ ƎǊƻǳǇ ƳŜǘŀƭǎ ǿŜǊŜ ŘƛǎŎƻǾŜǊŜŘ ōȅ ǘƘŜ bŜǾŀŘŀ .ǳπ

ǊŜŀǳ ƻŦ aƛƴŜǎ ŀƴŘ DŜƻƭƻƎȅ ŀƭƻƴƎ ǘƘŜ ƅŀƴƪ ƻŦ /ǊŜǎŎŜƴǘ tŜŀƪ ό[ŜŎƘƭŜǊΣ мфууύΣ ōǳǘ ǘƘŜ ŘƛǎŎƻǾŜǊȅ Ƙŀǎ ǿŀǊǊŀƴǘŜŘ ƴƻ ŦǳǊǘƘŜǊ 

ŜǾŀƭǳŀǝƻƴΦ 

 
 CƻƭƭƻǿƛƴƎ ²²LL ŀƴŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŀǘƻƳƛŎ ōƻƳō ǘƘŜǊŜ ǿŀǎ ŀ ǇǊƻǎǇŜŎǝƴƎ ǊǳǎƘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ aƻ-

ƧŀǾŜ 5ŜǎŜǊǘΦ  ²ŜŜƪŜƴŘ ǇǊƻǎǇŜŎǘƻǊǎ ǿƻǳƭŘ ƻƊŜƴ ƎŀǘƘŜǊ ŀǘ ǘƘŜ ƎŜƴŜǊŀƭ ǎǘƻǊŜ ƛƴ WŜŀƴΣ bŜǾŀŘŀ ŀƴŘ ǘƘŜƴ ƘŜŀŘ ƻũ ǘƻ ǘƘŜ 

ƴŜŀǊōȅ Ƴƻǳƴǘŀƛƴǎ όWŜǎǎŜȅΣ нлмм ǇŜǊǎΦ ŎƻƳΦύ  Lƴ !ǇǊƛƭ мфпфΣ ŀ ŎƻǳǇƭŜ ƻŦ ǇǊƻǎǇŜŎǘƻǊǎ ƴƻǘŜŘ ƳƻŘŜǎǘ ǊŀŘƛƻŀŎǝǾƛǘȅ ƻƴ ǘƘŜƛǊ 

DŜƛƎŜǊ ŎƻǳƴǘŜǊ ŀǘ {ǳƭǇƘƛŘŜ vǳŜŜƴ Iƛƭƭ ƴŜŀǊ aƻǳƴǘŀƛƴ tŀǎǎΣ /ŀƭƛŦƻǊƴƛŀΣ ŀōƻǳǘ сл ƪƛƭƻƳŜǘŜǊǎ ǿŜǎǘ ƻŦ WŜŀƴΦ  ¢ƘŜȅ ƎǊŀōōŜŘ 

ǎŀƳǇƭŜǎ ƻŦ ǘƘŜ ǊŀŘƛƻŀŎǝǾŜ ǊƻŎƪ ŀƴŘ ǘƻƻƪ ƛǘ ǘƻ ǘƘŜ ¦Φ{Φ .ǳǊŜŀǳ ƻŦ aƛƴŜǎ ƛƴ .ƻǳƭŘŜǊ /ƛǘȅΣ bŜǾŀŘŀΦ  !ƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǎŀƳπ

ǇƭŜǎ ōȅ ǘƘŜ .ǳǊŜŀǳ ƻŦ aƛƴŜǎΣ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǿƘƛƭŜ ǳǊŀƴƛǳƳ ŀƴŘ ǘƘƻǊƛǳƳ ǿŜǊŜ ǇǊŜǎŜƴǘ ƛƴ ǎƳŀƭƭ ŀƳƻǳƴǘǎΣ ǘƘŜ ǊƻŎƪ ǿŀǎ 

ǊƛŎƘ ƛƴ ōŀǎǘƴŀŜǎƛǘŜτŀ ǊŀǊŜ ŜŀǊǘƘςƅǳƻǊƻŎŀǊōƻƴŀǘŜΦ  ¢ƘŜ ǇǊƻǎǇŜŎǘƻǊǎ ǎǘŀƪŜŘ ŀ ŎƭŀƛƳ ŀƴŘ ƛƴ CŜōǊǳŀǊȅ мфрл  aƻƭȅōŘŜƴǳƳ 

/ƻǊǇƻǊŀǝƻƴ ƻŦ !ƳŜǊƛŎŀ όƭŀǘŜǊ ϦaƻƭȅŎƻǊǇϦύ ǇǳǊŎƘŀǎŜŘ ǘƘŜ ŎƭŀƛƳǎΦ  Lƴ мфрнΣ aƻƭȅŎƻǊǇ ōŜƎŀƴ ƳƛƴƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ 

ǘƘŜ ƻǊŜ ōƻŘȅΦ 

 
 hŎŎǳǊǊŜƴŎŜǎ ƻŦ ǊŀŘƛƻŀŎǝǾŜ ƳƛƴŜǊŀƭǎΣ Ƴŀƛƴƭȅ ǘƘƻǊƛǳƳ ǿƛǘƘ ŀǎǎƻŎƛŀǘŜŘ ǊŀǊŜ ŜŀǊǘƘ ŜƭŜƳŜƴǘǎ όw99ύΣ ǿŜǊŜ ŘƛǎŎƻǾπ

ŜǊŜŘ ƛƴ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎΣ ǎƻǳǘƘǿŜǎǘ ƻŦ /ǊŜǎŎŜƴǘ tŜŀƪΣ ŀƴŘ ƛƴ ŀƴ ŀǊŜŀ о ƳƛƭŜǎ ǎƻǳǘƘ ƻŦ /ǊŜǎŎŜƴǘ tŜŀƪ ŜȄǘŜƴŘƛƴƎ 

ǎƻǳǘƘǿŀǊŘ ƛƴǘƻ /ŀƭƛŦƻǊƴƛŀ ƛƴ ǘƘŜ ŜŀǊƭȅ мфрлΩǎΦ ¦Φ{Φ !ǘƻƳƛŎ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴ ƎŜƻƭƻƎƛǎǘǎ ǊŜǇƻǊǘŜŘ ŀ ǎŀƳǇƭŜ ŎƻƴǘŀƛƴƛƴƎ 

лΦмр҈ ¢Ƙhн ŀƴŘ мΦрп҈ w99Σ ŀƴŘ ŀ ǎŜŎƻƴŘ ǎŀƳǇƭŜ ŎƻƴǘŀƛƴƛƴƎ лΦутп҈ ¦оhуΣ лΦсо҈ ¢Ƙhн ŀƴŘ сΦум҈ ǊŀǊŜ ŜŀǊǘƘ ƻȄƛŘŜ 

όw9hύΦ 

 
 ±ƻƭōƻǊǘƘ όмфснύ ǿŀǎ ǘƘŜ ŬǊǎǘ ǘƻ ƳŜƴǝƻƴ ǘƘŜ w99 ǇƻǘŜƴǝŀƭ ƻŦ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ /ƻǳƴǘȅ ƛƴ ŀ ǿƛŘŜƭȅ ǊŜŀŘ ƧƻǳǊƴŀƭΦ  

²ǊƛǝƴƎ ƛƴ 9ŎƻƴƻƳƛŎ DŜƻƭƻƎȅ ƘŜ ǎǘŀǘŜŘΥ 

ñAllanite pegmatites similar to the Red Rock pegmatites are abundant near the California-

Nevada border in the Precambrian schists and gneisses of the Ivanpah quadrangle mapped by 

Hewett, and in the Precambrian porphyritic granites of the Gold Butte area north of Lake 

Mead. 

 



т 

 

A remarkable concentration of allanite pegmatites occurs on the northwestern slopes of the 

central New York Mountains about 2 miles southwest of Moore, California. Here six allanite 

pegmatite bodies were found in an area about one-half mile square in Precambrian biotite 

schists, migmatites, gneisses, and chlorite-bearing biotite schists......... 

 

Some fine-grained allanite was found in the xenotime-monazite dikes of the Crescent Peak 

area, which lies approximately 8 miles northeast of the NewYork Mountains allanite pegma-

tites also in Precambrian schists, close to a granite contact. An allanite-like mineral was also 

found in an aplitic dike near the Neppeno mine near Crescent Peak. Three more probable al-

lanite occurrences are known in this vicinity. According to Mr. R. Lopez, they are in the 

northwestern part of the McCullough Range; in the southeastern part of the same range, and 

in the northern part of the Newberry Dead Mountainsò. 

 

 ¢ƘŜ w99 ǇǊƻǎǇŜŎǝƴƎ ƘƛǎǘƻǊȅ ƻŦ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ /ƻǳƴǘȅ ƛƴ ƭŀǊƎŜƭȅ ǳƴƪƴƻǿƴΣ ōǳǘ Ƴƻǎǘ ƭƛƪŜƭȅ ŘŀǘŜǎ ŦǊƻƳ ǘƘŜ Řƛǎπ

ŎƻǾŜǊȅ ƻŦ ¦-¢Ƙ ƻǳǘŎǊƻǇǎ ƛƴ ǘƘŜ мфрлΩǎΦ  ¢ƘŜ ƅŀƴƪǎ ƻŦ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ ŀǊŜ ŘƻǧŜŘ ǿƛǘƘ ǇǊƻǎǇŜŎǘ Ǉƛǘǎ ŀƴŘ ōǳƭƭπ

ŘƻȊŜǊ ǘǊŜƴŎƘŜǎΦ  hƭŘ ŎƭŀƛƳ ƳŀǊƪŜǊǎ ŀōƻǳƴŘΦ  aƻƭȅŎƻǊǇ ōǊƛŜƅȅ ŜȄŀƳƛƴŜŘ ǘƘŜ ŀǊŜŀ ǎƻƳŜǝƳŜ ƛƴ ǘƘŜ мфтлΩǎ ƻǊ ŜŀǊƭȅ 

мфулΩǎΣ ōǳǘ ŜƴƎŀƎŜŘ ƛƴ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŜȄǇƭƻǊŀǝƻƴ ŀŎǝǾƛǘȅΦ      

 CǊƻƳ ǘƘŜ ƳƛŘ-мфтлΩǎ ǘƻ ŜŀǊƭȅ-мфулΩǎΣ ŀ ōǊƻŀŘ-ǎŎŀƭŜ ŀƛǊōƻǊƴŜ ǊŀŘƛƻƳŜǘǊƛŎ ǎǳǊǾŜȅ ǿŀǎ ƅƻǿƴ ƻǾŜǊ ǘƘŜ aƻƧŀǾŜ 

5ŜǎŜǊǘ wŜƎƛƻƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ b¦w9 tǊƻƎǊŀƳ όbŀǝƻƴŀƭ ¦ǊŀƴƛǳƳ wŜǎƻǳǊŎŜǎ 9Ǿŀƭǳŀǝƻƴύ ōȅ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊπ

ƎȅΦ /ƻƴǘƻǳǊŜŘ Ǉƭƻǘǎ ƻŦ ƳŜŀǎǳǊŜŘ ¢Ƙ ŀƴŘ ¦ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦǊƻƳ ǘƘƛǎ Řŀǘŀ ǿŜǊŜ ŎƻƳǇƛƭŜŘ ōȅ 5ǳǾŀƭ ŀƴŘ ƻǘƘŜǊǎ 

όмфуфΣмффлύ ŀƴŘ ƳŀŘŜ ŀǾŀƛƭŀōƭŜ ƛƴ ŘƛƎƛǘŀƭ ŦƻǊƳŀǘ ƛƴ нллр όCƛƎǳǊŜ пύΦ  ¢ƘŜǎŜ Ǉƭƻǘǎ ǊŜƴŜǿŜŘ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ǊŀǊŜ ŜŀǊǘƘ Ǉƻπ

ǘŜƴǝŀƭ ƻŦ ǎƻǳǘƘŜǊƴ /ƭŀǊƪ /ƻǳƴǘȅ ŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ¦-¢Ƙ ŀƴƻƳŀƭȅ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ 
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Figure 4. Contoured chemical composition values, derived from aerial gamma-ray surveys, of rocks in the eastern Mojave Desert; 

representative data for thorium and uranium in parts per million. Boxes show locations of Mountain Pass Mine and the Thor Pro-

spect. Data from USDOE (1979, 1980). 
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Figure 5. Tectonic map of southeastern California and adjacent regions, showing 

relationships among major structural and paleogeographic elements. Modified 

from Burchfiel and Davis (1988). 
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tǊƻǘŜǊƻȊƻƛŎ ŀƭƪŀƭƛƴŜ ǊƻŎƪǎ ŀƴŘ ŎŀǊōƻƴŀǝǘŜΦ ¢Ƙƛǎ ōƭƻŎƪ ƻŦ tǊƻǘŜǊƻȊƻƛŎ ǊƻŎƪǎ ƛǎ ōƻǳƴŘŜŘ ƻƴ ǘƘŜ ǿŜǎǘ ōȅ ǘƘŜ /ǊŜǘŀŎŜƻǳǎ 

YŜŀƴŜȅ-aƻƭƭǳǎƪ ǘƘǊǳǎǘ ŀƴŘ ƻƴ ǘƘŜ Ŝŀǎǘ ōȅ ŀƴ ƛƴŦŜǊǊŜŘ ƘƛƎƘ-ŀƴƎƭŜ Ŧŀǳƭǘ ōŜƴŜŀǘƘ ǘƘŜ ǿŜǎǘŜǊƴ LǾŀƴǇŀƘ ±ŀƭƭŜȅΣ ǘƘŜ LǾŀƴǇŀƘ 

Cŀǳƭǘ όIŜǿƛǧΣ мфрсΤ .ǳǊŎƘŬŜƭ ŀƴŘ 5ŀǾƛǎΣ мфтмΣ мфумύΦ ¢ƘŜ tǊƻǘŜǊƻȊƻƛŎ ǊƻŎƪǎ ŀǊŜ Ŏǳǘ ƭƻŎŀƭƭȅ ōȅ ¢ŜǊǝŀǊȅ ŀƴŘŜǎƛǘŜ ŀƴŘ ǊƘȅπ

ƻƭƛǘŜ ŘƛƪŜǎΦ 

 
 ¢ƘŜ ŀƭƪŀƭƛƴŜ ǊƻŎƪǎ ŀƴŘ ŎŀǊōƻƴŀǝǘŜ ŀǊŜ ǊŜǎǘǊƛŎǘŜŘ ǘƻ ŀƴ ŀǊŜŀ ŜȄǘŜƴŘƛƴƎ ŦǊƻƳ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н ƪƳ ƴƻǊǘƘǿŜǎǘ ƻŦ 

ǘƘŜ aƻǳƴǘŀƛƴ tŀǎǎ aƛƴŜ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ р ƪƳ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ όCƛƎΦ сύΦ ¢Ƙƛǎ ōŜƭǘ ƻŦ ŀƭƪŀƭƛƴŜ ǊƻŎƪǎ ŀǇǇŜŀǊǎ ǘƻ 

ōŜ ǘǊǳƴŎŀǘŜŘ ǘƻ ōƻǘƘ ǘƘŜ ƴƻǊǘƘ ŀƴŘ ǎƻǳǘƘ ōȅ ƴƻǊǘƘǿŜǎǘ-ǎǘǊƛƪƛƴƎ ƘƛƎƘ-ŀƴƎƭŜ Ŧŀǳƭǘǎ όhƭǎƻƴ ŀƴŘ ƻǘƘŜǊǎΣ мфрпύΦ ¢ƘŜ ŀƭƪŀƭƛƴŜ  

ƛƎƴŜƻǳǎ ǊƻŎƪǎ ŀǘ aƻǳƴǘŀƛƴ tŀǎǎ ƛƴŎƭǳŘŜ ǎƘƻƴƪƛƴƛǘŜΣ ǎȅŜƴƛǘŜΣ ŀƴŘ ŀƭƪŀƭƛ ƎǊŀƴƛǘŜΦ ¢ƘŜǎŜ ǊƻŎƪǎ ŦƻǊƳ ƘǳƴŘǊŜŘǎ ƻŦ ǘƘƛƴ ŘƛƪŜǎ 

ŀƴŘ ǎŜǾŜƴ ƭŀǊƎŜǊ ƛƴǘǊǳǎƛǾŜ ōƻŘƛŜǎΦ ¢ƘŜ ƭŀǊƎŜǎǘ ƛƴǘǊǳǎƛǾŜ ōƻŘƛŜǎ ŀǊŜ ƻǾŀƭ-ǎƘŀǇŜŘ ƛƴ ƳŀǇ ǾƛŜǿ ŀƴŘ ǊŀƴƎŜ ŦǊƻƳ нлл ǘƻ 

мΣулл ƳŜǘŜǊǎ ƛƴ ǘƘŜ ƭƻƴƎŜǎǘ ŘƛƳŜƴǎƛƻƴ όhƭǎƻƴ ŀƴŘ ƻǘƘŜǊǎΣ мфрпύΦ ¢ƘŜ ƭŀǊƎŜǎǘ ƻŦ ǘƘŜ ƛƴǘǊǳǎƛǾŜ ƻǳǘŎǊƻǇǎ ƭƛŜǎ ƴƻǊǘƘ ƻŦ ǘƘŜ 

aƻǳƴǘŀƛƴ tŀǎǎ aƛƴŜΦ /ŀǊōƻƴŀǝǘŜΣ ŎƻƴǎƛŘŜǊŀōƭȅ ƭŜǎǎ ǿƛŘŜǎǇǊŜŀŘ ǘƘŀƴ ǘƘŜ ŀƭƪŀƭƛƴŜ ǊƻŎƪǎ ŦƻǊƳǎ ŀōƻǳǘ нлл ǎƳŀƭƭ ŘƛƪŜǎ 

ŀƴŘ ƻƴŜ ƭŀǊƎŜ ƛƴǘǊǳǎƛǾŜ ōƻŘȅ ƛƴǘǊǳŘƛƴƎ ōƻǘƘ 9ŀǊƭȅ tǊƻǘŜǊƻȊƻƛŎ ƎƴŜƛǎǎ ŀƴŘ ǘƘŜ aƛŘŘƭŜ tǊƻǘŜǊƻȊƻƛŎ ǎƘƻƴƪƛƴƛǘŜΣ ǎȅŜƴƛǘŜΣ 

ŀƴŘ ƎǊŀƴƛǘŜΦ ¢ƘŜ ǎƛƴƎƭŜ ƭŀǊƎŜǎǘ ŎŀǊōƻƴŀǝǘŜ ōƻŘȅΣ ŎŀƭƭŜŘ ǘƘŜ {ǳƭǇƘƛŘŜ vǳŜŜƴ ŎŀǊōƻƴŀǝǘŜΣ ǎǘǊƛƪŜǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ƴƻǊǘƘ-

ǎƻǳǘƘ ŀƴŘ ŘƛǇǎ ŀōƻǳǘ плϲ ² ό.ŀǊƴǳƳΣ мфуфύΦ Lǘǎ ǇǊƛƴŎƛǇŀƭ ƳŀǇ ŘƛƳŜƴǎƛƻƴǎ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тлл ōȅ нлл ƳŜǘŜǊǎΦ  

 
 ¢ƘŜ ƎŜƴŜǊŀƭ ƛƴǘǊǳǎƛǾŜ ǎŜǉǳŜƴŎŜ ƻŦ ǊƻŎƪ ǘȅǇŜǎ ƛƴ ǘƘŜ aƻǳƴǘŀƛƴ tŀǎǎ ŀǊŜŀ ƛǎΣ ŦǊƻƳ ƻƭŘŜǎǘ ǘƻ ȅƻǳƴƎŜǎǘΣ όмύ ǘƘŜ 

Ƴŀƛƴ ǎƘƻƴƪƛƴƛǘŜ ōƻŘƛŜǎΣ όнύ ǎȅŜƴƛǘŜΣ όоύ ǉǳŀǊǘȊ ǎȅŜƴƛǘŜΣ όпύ ŀƭƪŀƭƛ ƎǊŀƴƛǘŜΣ όрύ ƭŀǘŜ ǎƘƻƴƪƛƴƛǘŜ ŘƛƪŜǎΣ ŀƴŘ όсύ ŎŀǊōƻƴŀǝǘŜ 



мм 

 

ƛƴǘǊǳǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŘƛƪŜǎ ŀƴŘ ǘƘŜ {ǳƭǇƘƛŘŜ vǳŜŜƴ ōƻŘȅΦ  5Ŝ²ƛǧ ŀƴŘ ƻǘƘŜǊǎ όмфутύ ŎƻƴŘǳŎǘŜŘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ¦-¢Ƙ-

tō ŀƴŘ пл!Ǌκоф!Ǌ ƎŜƻŎƘǊƻƴƻƭƻƎƛŎ ǎǘǳŘȅ ƻŦ ǘƘŜ ƛƴǘǊǳǎƛǾŜ ŎƻƳǇƭŜȄΦ ¢ƘŜ ǎƘƻƴƪŜƴƛǘŜ ȅƛŜƭŘŜŘ ¦-tō ŀƎŜǎ ƻŦ мΣпмл-мплл aŀΤ 

ǘƘŜ ǎȅŜƴƛǘŜ мΣпло aŀ ŀƴŘ ǘƘŜ ŎŀǊōƻƴŀǝǘŜ мΣотр aŀΦ /ƻƭƭŜŎǝǾŜƭȅΣ ǘƘŜǎŜ Řŀǘŀ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜ ǳƭǘǊŀǇƻǘŀǎǎƛŎ ǊƻŎƪǎ ŀǘ 

aƻǳƴǘŀƛƴ tŀǎǎ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΣпмл ǘƻ мΣплл aŀ ŀƴŘ ǘƘŀǘ ǘƘŜ ǊŜƭŀǘŜŘ ŎŀǊōƻƴŀǝǘŜ ǇǊƻōŀōƭȅ ǿŀǎ ŜƳǇƭŀŎŜŘ ǎƻƳŜ мр 

ǘƻ нр Ƴƛƭƭƛƻƴ ȅŜŀǊǎ ƭŀǘŜǊ όIŀȄŜƭΣ нллтύΦ 

 
 ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǇŜǘǊƻƎǊŀǇƘȅ ƻŦ ǘƘŜ ŎŀǊōƻƴŀǝǘŜ ŎƻƳǇƭŜȄ ƛǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ǎŜƳƛƴŀƭ ǇŀǇŜǊ ōȅ hƭπ

ǎƻƴ ŀƴŘ ƻǘƘŜǊǎ όмфрпύΦ  {ƘƻƴƪƛƴƛǘŜ Ŏƻƴǎƛǎǘǎ ǘȅǇƛŎŀƭƭȅ ƻŦ ƎǊŜŀǘŜǊ ǘƘŀƴ рл҈ ōƛƻǝǘŜ ǿƛǘƘ ǎǳōŜǉǳŀƭ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ƳƛŎǊƻπ

ŎƭƛƴŜΣ ǇȅǊƻȄŜƴŜΣ ŀƴŘ ǎƻŘƛŎ ŀƳǇƘƛōƻƭŜ όCƛƎΦ т!ύΦ  tŜǊǘƘƛǝŎ ŜȄǎƻƭǳǝƻƴ ƻŦ ŀƭōƛǘŜ ƛǎ ŎƻƳƳƻƴ ǿƛǘƘƛƴ ǘƘŜ ƳƛŎǊƻŎƭƛƴŜΦ vǳŀǊǘȊ ƛǎ 

ŀōǎŜƴǘΦ ¢ƘŜ ǇȅǊƻȄŜƴŜǎ ŀǊŜ ŀǳƎƛǘŜ ŀƴŘ ŀŜƎƛǊƛƴŜΦ  ²ƛǘƘ ŘŜŎǊŜŀǎƛƴƎ ōƛƻǝǘŜ ŎƻƴǘŜƴǘ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŦŜƭŘǎǇŀǊ ŀƴŘ ǇȅǊƻȄŜƴŜΣ 

ǎƘƻƴƪƛƴƛǘŜ ƎǊŀŘŜǎ ƛƴǘƻ ǎȅŜƴƛǘŜΦ ¢ȅǇƛŎŀƭ ǎȅŜƴƛǘŜ Ŏƻƴǘŀƛƴǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ср҈ ǘƻ тр҈  ŀƭƪŀƭƛ ŦŜƭŘǎǇŀǊ όƳƛŎǊƻŎƭƛƴŜ ŀƴŘ κƻǊ 

ƻǊǘƘƻŎƭŀǎŜΣ ŎƻƳƳƻƴƭȅ ǇŜǊǘƘƛǝŎύΤ ƭŜǎǎ ǘƘŀƴ мл҈ ǇƭŀƎƛƻŎƭŀǎŜΤ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ŀŜƎƛǊƛƴŜΣ ōƛƻǝǘŜ ŀƴŘ ƭŜǎǎ ŎƻƳƳƻƴƭȅ 

ŀƳǇƘƛōƻƭŜ όCƛƎΦ т.ύΦ vǳŀǊǘȊ ǎȅŜƴƛǘŜΣ ƎǊŀŘŀǝƻƴŀƭ ƛƴ ŎƘŀǊŀŎǘŜǊ ōŜǘǿŜŜƴ ǎȅŜƴƛǘŜ ŀƴŘ ƎǊŀƴƛǘŜΣ ƛǎ ǇŜǘǊƻƎǊŀǇƘƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ǘƻ 

ǎȅŜƴƛǘŜ ōǳǘ Ŏƻƴǘŀƛƴǎ р-мл҈ ǉǳŀǊǘȊΦ ¢ƘŜ ƎǊŀƴƛǘŜǎ ƻŦ ǘƘŜ aƻǳƴǘŀƛƴ tŀǎǎ ƻƊŜƴ Ŏƻƴǘŀƛƴ ƭŀǊƎŜ ŀƴŘ Ŝŀǎƛƭȅ ǊŜŎƻƎƴƛȊŀōƭŜ Ǉƛƴƪ 

ŀƭƪŀƭƛ-ŦŜƭŘǎǇŀǊ ǇƘŜƴƻŎǊȅǎǘǎΦ ¢ƘŜ ǇƭŀƎƛƻŎƭŀǎŜ ƛǎ ǉǳƛǘŜ ǎƻŘƛŎ ό!ƴсύΦ aŀŬŎ ƳƛƴŜǊŀƭǎ LƴŎƭǳŘŜ ōƛƻǝǘŜΣ ƘƻǊƴōƭŜƴŘŜΣ ŀƴŘ ǎƻŘƛŎ 

ŀƳǇƘƛōƻƭŜΦ 

 
 ¢ƘŜ ŎŀǊōƻƴŀǝǘŜ ōƻŘȅ ƛǎ ŎƻƳǇǊƛǎŜŘ ƻŦ ǘƘǊŜŜ ǳƴƛǘǎ όƻƭŘŜǎǘ ǘƻ ȅƻǳƴƎŜǎǘύΥ ŦŜǊǊǳƎƛƴƻǳǎ ŘƻƭƻƳƛǘŜ ŎŀǊōƻƴŀǝǘŜ 

όōŜŦƻǊǎƛǘŜύ όCƛƎΦ т/ύΣ ōŀǊƛǘŜ-ŎŀƭŎƛǘŜ ŎŀǊōƻƴŀǝǘŜ όǎǀǾƛǘŜύ όCƛƎΦ т5ύΣ ŀƴŘ ǎƛƭƛŎƛŬŜŘ ŎŀǊōƻƴŀǝǘŜΦ .ŀǊƛǘŜ-ŎŀƭŎƛǘŜ ŎŀǊōƻƴŀǝǘŜ ƛǎ 

ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ǊƻŎƪ ǘȅǇŜ ǿƛǘƘƛƴ ǘƘŜ {ǳƭǇƘƛŘŜ vǳŜŜƴ ōƻŘȅΦ {ǀǾƛǘŜ Ŏƻƴǎƛǎǘǎ ƻŦ пл ǘƻ тр҈ ŎŀƭŎƛǘŜΣ мр ǘƻ рл҈ ōŀǊƛǘŜΣ 

ŀƴŘ р ǘƻ мр҈ ōŀǎǘƴŀŜǎƛǘŜ όǊŀǊŜ ŜŀǊǘƘ ƅǳƻǊƻŎŀǊōƻƴŀǘŜύΦ ¢ƘŜ ǊƻŎƪ ǘȅǇƛŎŀƭƭȅ Ƙŀǎ ŀ ŬƴŜ-ƎǊŀƛƴŜŘ ƎǊƻǳƴŘƳŀǎǎ ǎǳǊǊƻǳƴŘƛƴƎ 

ōŀǊƛǘŜ ǇƘŜƴƻŎǊȅǎǘǎ м ǘƻ п ŎƳ ƛƴ ŘƛŀƳŜǘŜǊΦ ¢ƘŜ ŘƻƭƻƳƛǘŜ ŎŀǊōƻƴŀǝǘŜ ƛǎ ŬƴŜ ƎǊŀƛƴŜŘΣ ŎƻƴǎƛǎǝƴƎ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƻŦ Řƻƭƻπ

ƳƛǘŜ ŀƴŘ ōŀǊƛǘŜ ǿƛǘƘ ŀŎŎŜǎǎƻǊȅ ŎŀƭŎƛǘŜΣ ōŀǎǘƴŀŜǎƛǘŜΣ ƳŀƎƴŜǝǘŜΣ ŀƴŘ ǇȅǊƛǘŜΦ ¢ƘŜ ǎƛƭƛŎƛŬŜŘ ŎŀǊōƻƴŀǝǘŜ ƛǎ ǘŜȄǘǳǊŀƭƭȅ ǎƛƳƛƭŀǊ 

ǘƻ ǘƘŜ ōŀǊƛǘŜ-ŎŀƭŎƛǘŜ ŎŀǊōƻƴŀǝǘŜ ōǳǘ Ƙŀǎ ŀōǳƴŘŀƴǘ ǉǳŀǊǘȊΦ ¢ƘŜ ǎƛƭƛŎƛŬŜŘ ŎŀǊōƻƴŀǝǘŜ Ŏƻƴǎƛǎǘǎ ƻŦ ōŀǎǘƴŀŜǎƛǘŜΣ ōŀǊƛǘŜΣ ŀƴŘ 

Figure 6. Simplified geologic map of the Mountain Pass carbonatite complex.  Modified from Olson and others, 1954. 



мн 

 

  
  

ǉǳŀǊǘȊΣ ǿƛǘƘ ǎǳōƻǊŘƛƴŀǘŜ ŎŀƭŎƛǘŜΣ ƘŜƳŀǝǘŜ ŀƴŘ ƎƻŜǘƘƛǘŜΦ .ŀǎǘƴŀŜǎƛǘŜ ŎƻƴǘŜƴǘ ƛǎ ŀǎ ƳǳŎƘ ŀǎ сл҈Φ  

 
 CŜƴƛǝȊŀǝƻƴ όŀƭƪŀƭƛ ƳŜǘŀǎƻƳŀǝǎƳύ ƛǎ ǿƛŘŜǎǇǊŜŀŘ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ ŀƭƪŀƭƛƴŜ ǊƻŎƪǎ ŀƴŘ ŎŀǊōƻƴŀǝǘŜ ōƻŘƛŜǎΦ CŜƴπ

ƛǝȊŀǝƻƴ ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ǊŜǎǳƭǘŜŘ ƛƴ ŜƴǊƛŎƘƳŜƴǘ ƻŦ Ƙƻǎǘ ǊƻŎƪǎ ƛƴ Yнh ǿƛǘƘ ƭŜǎǎŜǊ bŀнh ŀƴŘ ŘŜǇƭŜǝƻƴ ƻŦ /ŀhΦ  !ƭǘŜǊŀǝƻƴ 

ƳƛƴŜǊŀƭǎ ƛƴŎƭǳŘŜ ƳƛŎǊƻŎƭƛƴŜΣ ŀƭōƛǘŜΣ  ōƛƻǝǘŜΣ ǊƛŜōŜŎƪƛǘŜΣ ŀŜƎƛǊƛƴŜΣ ŀƴŘ ŎƘƭƻǊƛǘŜΦ ¢ƘŜ ƴŜǘ ǊŜǎǳƭǘ Ƙŀǎ ōŜŜƴ ǘƻ ŀƭǘŜǊ Ƙƻǎǘ 

ǊƻŎƪǎ ǘƻ ŀ ǊƻŎƪ ǇŜǘǊƻƎǊŀǇƘƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ǘƻ ŀ ǎȅŜƴƛǘŜΦ 

 

bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎ 

 ¢ƘŜ ŜŀǎǘŜǊƴ aƻƧŀǾŜ 5ŜǎŜǊǘ ǊŜƎƛƻƴ ƛǎ ǳƴŘŜǊƭŀƛƴ ōȅ tǊŜŎŀƳōǊƛŀƴ ŎǊȅǎǘŀƭƭƛƴŜ ōŀǎŜƳŜƴǘ ǊƻŎƪǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘŜ 

ǿŜǎǘŜǊƴ ƳŀǊƎƛƴ ƻŦ ǘƘŜ bƻǊǘƘ !ƳŜǊƛŎŀƴ ŎǊŀǘƻƴ ŘǳǊƛƴƎ ǘƘŜ 9ŀǊƭȅ tǊƻǘŜǊƻȊƻƛŎΣ мслл ǘƻ нрлл aŀΦ ¢ƘŜ ǊŜƎƛƻƴ ƛǎ ŘƻƳƛƴŀǘŜŘ 

ōȅ ŀƴ мулл aŀ ǎŜŘƛƳŜƴǘŀǊȅ ŀƴŘ ǾƻƭŎŀƴƛŎ ǊƻŎƪ ŎƻƳǇƭŜȄ ǘƘŀǘ ǿŀǎ ƛƴǘǊǳŘŜŘ ŀƴŘ ƳŜǘŀƳƻǊǇƘƻǎŜŘ ŀǘ мтул aŀΣ мтол aŀ 

ŀƴŘ мтлл aŀΣ ŀƴŘ ƛƴǘǊǳŘŜŘ ŀƎŀƛƴ ŦǊƻƳ мсфл ǘƻ мсрл aŀ ōȅ ƎǊŀƴƛǝŎ Ǉƭǳǘƻƴǎ ŀƭƻƴƎ ŀ ƴƻǊǘƘ-ǎƻǳǘƘ ȊƻƴŜ ƛƴ ǘƘŜ bŜǿ ¸ƻǊƪ 

ŀƴŘ aŎ/ǳƭƭƻǳƎƘ aƻǳƴǘŀƛƴǎ όaƛƭƭŜǊ ŀƴŘ ²ƻƻŘŜƴΣ мффпύΦ 5ǳǊƛƴƎ ǘƘŜ tŀƭŜƻȊƻƛŎΣ ǘƘŜ ŜŀǎǘŜǊƴ aƻƧŀǾŜ 5ŜǎŜǊǘ ōŜŎŀƳŜ ǇŀǊǘ 

ƻŦ ŀ ƎŜƻǎȅƴŎƭƛƴŀƭ ǘǊƻǳƎƘ ƛƴǘƻ ǿƘƛŎƘ ƭŀǊƎŜ ǾƻƭǳƳŜǎ ƻŦ ƳŀǊƛƴŜ ǎŜŘƛƳŜƴǘǎ ǿŜǊŜ ŘŜǇƻǎƛǘŜŘΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǊŜƎƛƻƴ ǿŀǎ 

ǳǇƭƛƊŜŘ ŀƴŘ ŘŜŦƻǊƳŜŘ ōȅ ǘƘŜ !ƴǘƭŜǊΣ {ƻƴƻƳŀΣ bŜǾŀŘŀƴ ŀƴŘ [ŀǊŀƳƛŘŜ ƻǊƻƎŜƴƛŜǎ ŦǊƻƳ ǘƘŜ ƭŀǘŜ tŀƭŜƻȊƻƛŎ ǘƘǊƻǳƎƘ ǘƘŜ 

aŜǎƻȊƻƛŎ ό.ǳǊŎƘŬŜƭ ŀƴŘ 5ŀǾƛǎΣ мфууύΦ  

 
 ¢ƘŜ ǊŀǊŜ ŜŀǊǘƘ ƳƛƴŜǊŀƭƛȊŀǝƻƴ ƭƛŜǎ ƴŜŀǊ ǘƘŜ ƴƻǊǘƘŜǊƴ ŜƴŘ ƻŦ ǘƘŜ bŜǿ ¸ƻǊƪ aƻǳƴǘŀƛƴǎΣ ǇŀǊǘ ƻŦ ŀ рл ƪƳ ƭƻƴƎΣ b9-

ǘǊŜƴŘƛƴƎ ŎƘŀƛƴ ƻŦ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜǎ ǘƘŀǘ ŜȄǘŜƴŘ ŀŎǊƻǎǎ ǘƘŜ ŜŀǎǘŜǊƴ aƻƧŀǾŜ 5ŜǎŜǊǘ ŦǊƻƳ /ŀƭƛŦƻǊƴƛŀ ƛƴǘƻ ǎƻǳǘƘŜǊƴ bŜǾŀπ

ŀΦ ōΦ 

ŘΦ ŎΦ 

Fig. 7a. Biotite shonkenite from the Birthday Claim. 7b. Syenite from near Mineral Hill. 7c. Beforsite, (dolomite carbonatite) from 

the Sulphide Queen orebody (Long and others, 2010). Barite phenocrysts (bar), fine-grained bastnaesite mixed with calcite (b+cc) 

and brown to yellow mineral is dolomite. 7d. Sövite (calcite carbonatite) from the Sulphide Queen stock (Castor and Hedrick, 

2006),. Abundant, tabular to irregular, light-gray to cream phenocrysts of barite surrounded by a  medium-grained matrix composed 

of calcite, barite, and bastnaesite (Haxel, 2005). 


