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A prtlHmtaUon to the Nuclear Waste Technk:J 
Revicw Board Panel on Structural Geology 

md Oeoonglneedng 

~kmplemher 111, 1 ~  
Vega. Nevada 

by 

Eugene I. BrOth 

CoMer for Volcanic mKI Tectonic 8t~llee 


Dei~en~ e( Gon~clonce 

uw~ .m~  of Smm~ I.m V~m 

L ~  Vega, ~ NtS4 
frO=) n s 4 m  

CVTS 

Purpose of Studies 

P r o ~ e  geological data that can be 
used in risk assessment studies 

CVTS 
Analo& ,.~udies 


-
 Reveme Range 

-Fortification Hill 

. a r e  thq, appropriate analogs to 
volcanic v~tenu ~ the Yucca 
MomaCalnarea? 

Structural Control of Volcanism 
-Northeast vs. northwest trends. 
-Are  northeast trends reglon~y 

~nmam; 

CVTS 

Analog Studies 
--) Structural  Control of Volcanism 

")  Vent Geometry 

-~ Estimate: 

volume of magma erupted 

volume of magma in subsurface 

CVTS 

At td '~og$  

S t r u c t u r a l  Se t t i ng  


V o l u m e  


C h e m i s t r y  


CVTS 

F o r t i f i c a t i o n  Hil l  V o l c a n i c  F i e l d  in  
n o r t h w e s t e r n  A r i z o n a  

3' Pliocene alkali basalt  field with a 
total volume of  about 1 km 3 

J¢ Total vents = 25 

Jf Individual volcanoes have volume 
of less than 0.05 km 3 

Page 1 



Presentation to the Nuclear Waste Technical Review 
Board Panel on Structural Geology and Geoengineering 
Las Vegas, Nevada--September 15, 1992 

CVTS 
T E C T O N I C  SETTING 

Fortif icat ion ! ~  Vokanlc Field 

In  N o r t h e r n  Colorado River Extemlonal  
Corr idor  

t /  Ez~'m/on 12-9 Ma 
. /  	 ~ n g  b~h u g k  m i n d  fault~ 

Mcthweet and necthea=t =tr~htg ~dk=-dlp 
fault=, west dlpldn8 detsclmNnt faults 

V' vok:mnoes art a=~chm~l ~ m~th-s~ndn8 

faults along w~t  md  e~t  n u t ~ m  of mKk 
Mountain herst. Vmts =Ira pre=eat la r'tnse 
Interior. 

CVTS 

Mantle Boundary 

During thinning and replacement of the 
l l thospheric  man t l e  (LM) Im the nor the rn  

Colorado  Ex tem/ona l  Corr idor  (NCREC~ 
L M  to the  no r t h  rmnalmed ~ t a c L  

Con t r a s t i ng  behavior to the no r th  and 
m u t h  o f  this  bounda ry  produced • mant le  

d o m a t a  boundary.  

CVTS 

Mantle Boundary 
Isotopic ¢ o m p o ~ o n s  o f  alkali basa l ts  define 

two mant le  donudnL 

The domain to the norOe is c h a d  by 

LM 


(£ Nd - -3 to .9, S~SrPSSr - 0.706-0.707). 

To the south mcf~c lems Aave an OIB.mmole 
signature and appear to &ave onb, a n~or LM 

component in their sourc~ 

( E N d  - 0 to +4; tnSrP~Sr - 0.703-0.705). 

Passive Ratter than Active Rifling 

OlB-type alkali basalt v o k a n h m  b focmcd  In 
a mudl  geog raphk  area for at  least  S Ma.  

CVTS 

Reveil le  Range in central 
Nevada  

)~ Pliocene alkali basalt field[5.9 
to 3.0 Ma]. Total volume of 
field is about 9 km 3. 

Volcanoes = 72 

,~ Individual volcanoes have 
volumes of 0.13 kn~ or less. 

CVTS 

T E C T O N I C  SETTING 


Revem¢Range 


o f  Grea t  B * ~  
O 	 Mieccm n d  Plioce~ ~ 
O 	 Reveille and Pnncab P-dmSe nezt to R.ailraed 

VslkT, one *I' tlw deqxst l~ilm Is la~ ~ 
B s s ~  

0 	 Vok2nhm eccurs slong west and ~ slde of 
Re~Jlle Range and in raqe Interim'. 
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Geochemistry 

Ea r ly  Episode  1-£9-&O Ma -

l i thospher ic  mantle source 
(VSr/USr--0.707-0.706, ENd=0 

to+0.52) 

La te  Episode  1 and Episode 2 -S.0- 
&O M a  asthenospheric  mantle -

source  (~'sr~sr---0.703, ~ d = + 3 . 5 9  
to +5.3) 

CVTS 


Central Nevada Volcanic Belt 
Norlbern part o/belt 

Llthospherk mantle source early, 
asthenospherk mantle late-assodated 
with long peflod of extenslo~ 

Southern part of beN 
>-	 Llthospherlc mantle between 10.5 and 


present, extensloa bdtlates In late 

Miocene 


CVTS 

Central Nevada Volcanic Belt 

Originally described by Vaniman, 
Crowe and Gladney (1982) 

Belt of Pliocene volcanoes extending 
from Crater Flat to Pancake Range 

Little or no Pliocene volcanism between 
belt and margins of Great Basin 

CVTS 

Central Nevada Volcanic Belt 

Model 


A Pliocene zone of extension 


Zone of extension opening to the south 


CVTS 


Conclusion 
Reveille range and Crater Flat are In • 

JbnJhr tectonic Jettb~ 

Fortification HA and Crater Flat have a 

shn~r Jetting. 


Volumes of ~ ~ same order 
of magnltude (0.0S-0,13 kmJ) as those In 

Yucca Motmtaln area. 
Chendstr)"of volcard4: rocks In each field is 
sbnllar, 

CVTS 


Conclusion 


Reveille Range and Fortification ]Bill 

fields are suitable analogs to 

Volcanoes In Crater Flat, 
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Pliocene and Quaternary V ~  

in Great Basin 

r ro~ m s t r t ~  
ill) Emtt.m Marllln-(e.8., Grud Wmb sad S¢ 

C, eeqe lq,kh~ 
® We~.rn MN~t-O.S~ t e ~ e e d e ~  

Claytm Valley emte.b Death Wiley, Wtlker 
Lane). 

IX> Central Grest ]bsln-(e.l~ Ctmtrzi 
Volcsn~ Belt~ 

CVTS 

Location of Central Nevada Vok~nk Belt 
m b p a r J d  to 

Western margin of Precambrlan 
craton based on Nd data of Farmer 
and DePaolo (1983) just to west. 

CVTS 

Pliocent and Quaternary Volcanism 

tn Great Basin 

Lunar  Crater,  Reveille, Buckboard, 
Cra ter  Flat volcanoes (Centre! 

Nevada Volcanic Belt) are isolated 
relative to other volcanic fields of 

similar age in the Great  Basin 

CVTS 

Location of Central Nevada Volcanic Belt 

Correspondsto: 


. Concentration of Tertiary 
calderas 

. Pliocene volcanoes 

. Deepest basin in central Great 
Basin (Railroad Valley). 

CVTS 

Location of Cereal  Nevada Volcanic Belt 
Con~l~ads to: 

A bell o f e r m ~  thlclum/~ (Smmmum 
orogeny 0a te -Pmnlan- -a~  Trlmk), 
Antler orogeny (late l)¢v-tm/m--4~ly 
Mbdssippbm and J u r a s d ¢ ~  
thrmen~ 
• COCORP Ih~ scr~  mrthern/qevsda suae~ts 

Omt ~ Rmsim ~hlclmr la ¢es~d G¢~ 
Basin after Tertiary elhunJeL 

CVTS 

Location of Central Nevada Volcanic Belt 
Corresponds to: 

D'zsco "mtmu/t~ im sO-udura/~k 

East of lhtfl~mtd Va~.y, Cambrian rocks 
exposed in thrust sheetL West of Railroad 
Vs. 'y,  mid-Paleozoi¢ strata exposed. 
East of Railroad Vak,j, numerou~ Tertiary 
dctaclumm/faults. In Pancake and Reveille 
ranges, no detachment structurcL 
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Why are PUocene-Quaternary Volcanoes 

found along the axis of the Great Basin? 

C e n t r a l  N e v a d a  Volcanic Belt Zone of Pllocene extension 

c o r r e s p o n d s  to an a r ea  of  the 
 Areas of significant changes in crustal 

G r e a t  Basin with a unique thickness 

tec tonic  and  magmat i c  his tory 
 Area where west dipping detachment 

faults enter middle to lower crust 

CVTS 

CONCLU$10~ 

, Reveille Range and Fortification Hi l l  
volcanic field are appropriate analogs 
to volcanoes near Yucca Mountain 

Crater Flat and Lathrop Wells 

volcanoes are part  of the Central 

Nevada Volcanic Belt 


North-northeast fault and vent 
alignments have regional significance 

Page 5 



37" 


~ 	 NEVADA ~ FORTIFICATION HILL 
~6.~~. ~~, ~ (CLARK CO.) 	 BASALTS 

CALLVILLE MESA- WEST ~ 
END WASH VOLCANICS 

HAMBLIN - CLEOPATRA 
VOLCANICS 

"~'~"~,,,,. ~-'~,~ ' ~ " ~ " ~  ~ ¢~ E A HIGH-ANGLE NORMAL FAULT 
~.. \ L  A;,k e .3(-( ,,; ,~.,,,. STRIKE-SLIP FAULT 

• I - DIKE 

'= VOLCANIC CENTER 

BOULDER / 

CITY 
 ! A R I Z O N A  

I (MOHAVE CO.) 
J ¢  

¢.) 

o 

I 

O0 

5 0 5 !0O 
P4  H E'~'I ~-- ! 

KILOMETERS 



8 
• Grand Wash  trough 


6 O Y A B  

• OAB Fortification Hill 
v OAB-hy ,
4 
• Low ENd alkali basalt 


0 Black Point 
2 
[] Las Vegas Range 


0 Tholeiitic basalt 

S CaUvflle Mesa 
C~ -2 

-4 O 

Lithospheric
-6 Mantle 

-8 TH 

-10 
Field of southern 


_ Nevada Basalts 
-12 
(Farmer et al., 1989). 

I ] I I [ I 
0.702 0.704 0.706 0.708 0.710 0.712 0.714 

87 86 
Sr/ Sr 



0.7063 • 
-7.2 0.707 ~1 ~ 87Sr/~Sr 

797073 0.70;:'~ ~ I~  ~" - - - ~ d  
" ~ . ~  " \-I0.69 ~ ~ f  0.705 

.o6,o: i.~ . ,  ~.o~,o 
0.709 
-9 	 N 

o 	 l O  2 0  
I I I k m  

Fortification Hill Volcanic Field 
Pre 9-Ma Mafic Volcanism 



S7Sr / 86Sr 

i i i 
0 . 7 0 4  e Nd 

i e N d = - 1  [ " ~ i  
•' ,  . . . . . . . . . . . . . . .  ; i 0.0 


° 

I I 
I D ° l I I ~ m ~ "  I 

i o r l =  , ~ i . i  0 . 7 0 3  
, ^ , - ~ r , ~  , ~ I 

, v.~vo, , 
 + 6 . 7I 
l 
I 
l w •I 

I 


$ 

I 

# " 
# 

0 . 7 0 4 4l 


° 

# 

¢ 
0 + 1 . 9  

• / /.0 046 
0 7 0 7  ¢ ," .- ^ " / ¢ ,.. -u.~ 
- 3 . 5  ' / .~ L t ^ .  0 . 7 0 8 9  - ~  ,." _ 0 . 7 0 4 1  

/,-7 - "  / \  +=.= 
._ - - e ~  

+ 3 . 1 8  / ~  .* i + 3 6 3  ~°~¢~ 
0.7056 / ~ • i__ :_ __i ~ 
- 0 8 4  / H 0 7 0 4 ~  - "- .

• / ~+1.42! 0"7055 ~ ,  
0 . 7 0 3 7  ~ i-:.O:-~...---i 
+ 1 . 5  N 

0 10  2 0  ['
I I I k m  

Forti f icat ion Hill  Volcanic Fie ld  
Post  9-Ma Volcani sm 



N S 
a. [AmagmaticZon~ [LMFS Magma

Las Vegas Range °°vemmenkl4! [NCRECI /Commingling 

Crust 1 1 ~ 1 ~  Extension 16"12 Ma LM • )~ Ductile 

Asthcnosphcre 


~agm~c Zone[ I[LMFS
b. 
 Gold Butte 
Callville Malp,ais RE~¢Mesa -,,A~,~ Brittle 

ExtensionCrust 
 12-9 Ma 
LM 


Asthcnosphere 


C. ~rnagmatic Zone] ~ AjlFS 
 Fortification Hill 
Bl~ckPoint [NCREC[ ~ /  VolcanieField 
/3,  ~ J N  i N .Crust 


LM 

Asthenosphere J HIM ~ 


do 
 %S cl
~,magmatic Zone[ 


Crust 
 I ~ I I I\,.,.L 4.3 Ma 
LM 


Asthenosphcre 

Fortification Hill Volcanic Field 




tie* II* I l l* 00' 
IS" 

F 
f 

f 

•
f 

f 1 "  B 

1 
Tonopoh I 

I 
I 

I I
! NORTHERN 

I 
I RANGE E 
I 

-li*OS' 

- ,  <~-~ , ~ . ~  I i~ , 

, .il ---- II \\ 

o 
, 

~ , hVolley 

= 
. . . . .  

~,,om.,.,. 

117" 

1_ \ i \
i ~ 

, . .  
" , 0 , ; , " , ~ , _  

; ~ ,~  ~.q^ , ""6,.~ 
I 116" " ~ ' .  

~ - .  /

il 'l 
Lo, v,,<io,l 

-~ /
/ 

0 
I 

~ 

5 
I 

MILLS 

Baiolt outcrops 

I0 
I 

Figure 13. 	 Location map of the northern Reveille Range. (A) Post 6 Ma belt 

of basaltic volcanism. (B) Northern Reveille Range and area of 

Fio'-" 1 4. 




116 

' ~ ~ ~ ~  Isotopic Data 
0.706 
0.71 / 

PAHROC 
RGE z 'NEEDLES~ ~ RG£ M I N E R A LMT$ ,~t~ 

~ONOPAH - / t  , 38 

MT$.JU 
TIMPAH~rT£ " 

0.707 
-8.88 

0.707 
-11.49 

CAIJENTE 
, CLOVER 

'MORMON 

: : : : : : : : : : : : : : : : :  

, , : .3:: .  . . . . .  ' O ~ i i ~ L . A . . . T . . E A . ~ . i l  
J 

LOCATION MAP 

PHYSIOGRAPHIC PROVINCE 
BOUNDARIES 

QUATERNARY-TERT|ARY 
SEOIMENTS AND ROCKS 

\ 

PRE-TERTfARY OUTCROP:. 

EXTENDED 

VEGAS 

u : ' , 'J 



1.1_.1t 	 ./11:1 f i ts/  \=-k. ( ! !  ~ W 111~4 l /  l;V...¢~, . . . . . . . . . .  " ,112 


Isotopic Data  
~:/ )~ ~ ~ % ~  "~~ Pos t  2.8 Ma ~,:" z'ox 	 ~il 1 

~'w.~DO~i!PLATEAU i 


ANTOI~IO 

0 .703  / ~  ~ 1 o~,,..~ / ~ v  
~sC ~''~'ff (2 

tllLIj O 
, , r , , . ; , (  

, ,  I tCGE'~..~,.~.':.~ 

( ; ~ O t 4  V.£ L , \ '  

O
~ 
I :~  

ALIENTE 
Cl.X3V~I~ 

~ r S  
l 
I 

~ANG£ : : i 13 : : : : : : : : : .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V-.~.__--_pAklXA/~A( iAz ,.~," 

i 

LOCATION MAP 

PHYSIOGRAPHIC PROVINCE 0 .709  	 - ~:~'~ ~ -~.~. ~,,o,~o~ BOUNOARIES 

" i  ) ; l ~ r i  t l  a }:~ I I QUATERNARY-TERT|ARY 
SEDIMENTS AND ROCKS 

PRE-TERTfARY OUTCROP:. 

\ 
E X T E N D E D  

115 ~ . ' / [  ~ 114 

38 



0.707 0.707 	 0.706 
-11.49 	 -8.88 0.71 


Reveille
Buckboard 
Crater Flat Mesa Range 

/X /'x 	 ...--, 

4.0 to 2.8 Ma 
LM 


Asthenosphere 

Reveille 0.703
70~ 

Crater Flat Ii0' 	 Range 4.51-9.68 I 

Crust ~ 	 x ..... ~LM 	 ~ - I \ Post 2.8 Ma 
/ 

Asthenosphere 

Interpretive Cross Section l~om Reveille Range to 
Crater Flat, Nevada showing changes in lithospheric thickness 
with time. 

I~~ ~ ~ 



Mafic Volcanic Rocks in the Western 
USA 16-5 Ma 
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Distribution of Mafic Volcanic Rocks 
in the Western USA 0-5 Ma 
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Distribution of Known or Suspected Calderas 
in the Great Basin and Adjacent Areas 
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(1987). 



C_ 

.2 

C>

qb 

0 
I ! 

1 
I 

km 

0.15 

Lathrop Wells Volcanic Center:  Trench Sites 



ARGON FROM QI5 


390 

370 

< 
t . . _  350 0 Turrin et al 

r,D 
O3 

Olivine< 
O 330 crush 

310 
/ AIR 

/ oo ~ o °o © 
I I I I290 


0 1 2 3 4 5 


~Arl~0Ar 
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