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EXHIBIT 
SILICIC VOLCANIC ROCKS AND STRUCTURE OF 

THE WESTERN MOUNT BENNETT HILLS AND ADJACENT 
SNAKE RIVER PLAIN. IDAHO 

Spencer H. Wood 
Department of Geology and Geophysics, Boise State University, Boise, Idaho 

INTRODUCTION 

The western Mount Bennett Hills meet the 
Snake River Plain at the intersection of the 
northwestern trending western plain with the 
northeastern trend of the eastern plain 
a1ong the "track of the Yellowstone Hot 
Spot" (Fig. 28). These hills contain a 
greater than l km thi~k sequence of Miocene 
silici c volcanic rocks, perhaps the thickest 
along the margins of the Snake River Plain. 
This sequence is composed of many layers _of 
flow-banded rhyol ite. The widespread nature 
of each mappable unit suggests that the 
rhyolites were originally emplaced as hot 
ash flows that welded, remelted, and 
ultimately flowed as viscous lavas. Along 
U.S. Highway 20 are exposures of the 
controversial rhyolite nows and a rare 
occurrence of pyroc last i c materi a 1 ~11th i o 
the sequence , This occurrence provides an 
excellent place to ~ddress the controversy 
regarding origin and nomenclature of these 
rocks. 

Study of this area was initiated in 
support of the 11 hot -dry rock (HOR) geo­
thermal energy project" of Los Alamos 
National laboratory. Thi s immediate area 
had been selected as one with potent ial for 
an experiment involving dr illi ng and 
hydraulic fracturing of the rhyol1te or 
granite in deep wells, and circulating 
fluids to extract the heat energy of the 
rock (Arney et al . 1 1982; Arney, 1982). 
Selection of this area was based on a 1973 
petroleum exploration well 10 km south of 
the margin of the plain that encountered 
temperatur es of 195°C at a depth of 2950m 
(9.676 ft} and rock types similar to that at 
the prototype experiment near the edge of 
the Val les Caldera at Los Alamos> New 

, Mexico. Subsequent changes in government 
' funding and energy prices curtailed other 

HOR experiments, except fo r the project at 
Los Alamos . 

Geologic mapping was done by Wood and 
Gardner (1984} to identify structure and to 

1 determine tota l stratigraphic thickness of 
the silicic volcanic rocks deposited upon. 
granite of the Idaho batholith . This se­
quence of lithoidal and glassy rhyolite 

contains no sedimentary or basalt inter­
beds. It is difficult to develop a field 
stratigraphy in such s imilar appearing 
rocks. Features used to d]stinguish map­
pable units are: {a) feldspar phenocryst 
size and abundance, (b} recognition of a 
typical vertical zonation of rhyo1ite 
lithology and flow structures within each 
flowage unit, (c) magnetic polarity of the 
rocks dete1·mined with a field fluxgate 
magnetometer, and (d) aeria1 and vertical 
stratigraphic distribution and typical 
thickness of a unit. 

Rhyol i tes of th is area are a part of the 
Idavada group, a strati graphic name that 
includes many of the later Neogene silicic 
volcanic rocks of the western Snake River 
Plain (Malde and Powers? 1962; Malde, et al. 
1963; and Armstrong, et al., 1980). Struc­
ture and stratigraphy of the area ~s illus­
trated in Figures 29, 30 and 31. Principal 
subdivisions of the Idavada Group in thi s 
area are the rhyolites of the Danskin 
Mountains, a younger sequence, that onlaps 
the rhyolites of the Bennett Mountain fault 
block. The older Bennett Mountain sequence 
contains three magnetic polarity reversals, 
whereas the younger Danskin Mountains 
sequence is entirely of normal polarity. 
Several units thin to the north suggesting 
that the eruptive vents lay to the south 
either within Qr across the present plain. 

Many rhyolite layers of the sequence are 
mappable over a distance of at least ,IS km. 
Because they are widespread, most of the 
rhyolite layers are believed to be densely 
welded ash-flow tuffs even though most are 
dense, glassy and lithoidal rhyolite without 
megascopic features of a pyroclastic rock. 
If a unit is emplaced as an ash-flow, but is 
remelted and flows as a lava, how should it 
be named? Wood and Gardner (1984) chose to 
call map units in this area rhyolite flows 
rather than tuffs, sfnce they have features 
most characteristic of rhyolite lavas . 
Wolff and Wright {1981)~ describe rheomor­
ph ism of welded t~_ff s, but welded tuff s they 
describe have ablfndant remnant pyroclastic 
features . While many of the rhyolites in 
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FIGURE 28. Map of the northern basin and range province showing rhyol1 te fields and 
caldera systems younger than 17 Ma (after Stewart and Car1son, 1978), late Cenozoic normal 
fa ults , and the intersecting trends of the western Snake River Pla in graben with the 
eastern plain "hot-spot track" (modified from £kren et al., 1984) . Panorama of the 
intersecting trend w111 be viewed from the microwave-relay hill (Fig. 7) . A= Albion 
Mountains , K = Ketchum, B = Boise, MH = Mountain Home, J = Jarbidge Mountains, TF = 
Twin Falls. 

the western Mount Bennett Hills may be rheo­
morphic tuffs, the pyroclastic features have 
been obliterated during welding and flow­
age. Controversial features and origins of 
similar rocks on the south side of the Snake 
River Plain were first described by Ekren 
et al. (1984) and Bonnichsen and Kauffman 
(1987). Some insight into the nature and 
origin of these unusual rhyolite rocks can 
be gained from study of features seen in 
roadcuts east of Tollgate Cafe (First Stop), 
where pyrocl astic rock is intimately asso­
ciated with dense rhyolite flow rock. 

STOP AT MILEPOST 107.5, EVIDENCE FOR 
ASH-FLOW ORIGIN OF THE RHYOLITE AT TOLLGATE 
I 

) At the Tollgate Cafe 1ocal1ty, one flow 
unit that shows features of both rhyolite 
ash-flo~ tuffs and rhyolite lava is exposed 

in the roadcut (Figs. 29, 32, 33). This 
material is not typical of the rhyolite of 
the area, but the variety of colorful 
rhyolite 1itho1ogies is worth collecting, 
and the relationships should provoke 
discussion on the origin and processes that 
formed this material. 

Orange breccia containing fiamme was· 
originally noticed as float rock near the 
top of a thick map unit called the rhyolite 
of Dive Creek (Fig. 30) . This roadcut is 
the only locality where the breccia is well 
exposed. Its distribution in the immediate 
area is shown in Figure 32 as a discon­
tinuous unit up to 80 feet (25-m) thick, 
always associated with vftrophyre. It lies 
between thick units of massive flow-banded 
lithoidal rhyolite that dip about a0 

northeast. Within the unit are zones of 
breccias and welded material composed of 
reddish orange matrix of ash and phenocrysts 
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FIGURE 29. Geologic map of the Mount Bennett Hills, Magic Reservoir area showing 
localities described in text. (Modified from Bond, 1978). 
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FIGURE 30 . Generalized stratigraphy of 
the western Mount Bennett Hills and the 
eastern Danskin Mountains from Wood and 
Gardner (1984). 

surrounding angular pieces of dense black 
vitrophyre. Breccias grade into thin zones 
containing fiamme of b1ack vitrophyre in an 
orange matrix, and these fiamme zones grade 
into massive black vitrophyre. This rela­
tionship is best seen in the roadcut at 
point "A" shown on Figure 33 . It appears 
that all stages of welding are represented 
at this locality. The variable dips of 
contacts between zones and steep inclination 
of banding within the dense vitrophyre mass 
suggest that the material was welding and 
undergoing flow deformation at the same 
time . 

Most of the unwelded breccia is composed 
of orange ash and angular black vitrophyre 
fragments. Pumice clasts are not abundant 
except at point "b" of (Figs. 33, 34). 
Fiamme could have formed by flattening of 
hot vitrophyre fragments (Gtbson and 
Tazieff, 1967) as l\1ell as from the collapse 
of molten pumice as is usually advocated. 

Lo\11 on the northeast side is fine clayey 
brown ash and wh1te ash. Some of the white 
ash is bedded . Steep coniacts and d·i scon-
t inuous nature of this fine material sug­
gests it may unconformable underlie the 
breccia and vitrophyre flow. 

This locality shows that dense black 
flow-banded vitrophyre can be derived from 
pyroclastic material . It raises the possi­
bility that much of the glassy rhyolite in 
this area is of pyroclastic origin . Much of 
the lithoidal rhyolite may have originated 
in a similar manner and then devitrified to 
a stoney appearing rock. Folded flowbanding 
in the dense rhyolite indicates that it 
flowed as a viscous lava . 

STOP AT MICROWAVE-RELAY HILL: 
MILEPOST 103 .8. 
VIEWPOINT OF JUNCTURE OF EASlERN AND WESTERN 
SHAKE RIVER PLAIN 

The top of the hill affords a panoramic 
view of the intersection of the eastern and 
western trends of the Snake River Plain 
(Fig. 35}. The hilly northern border of the 
p1ain is associated with northwest­
southeast-trending normal faults of the 
western plain graben st ructure which is here 
about 60 km wide. faulting of the rhyolite 
shows that foundering of the western-plain 
graben continued after cessation of rhyolite 
volcanism about 9 Ma. The top of the 
rhyolite section has been downfaulted and 
downwarped at least 1.4 km along the NE 
margin (fig. 31 and Wood and Burnham, 1987) 
and at least I km along the SW marg1n of the 
western plain {Ekren et al., 1981). Beyond 
Teapot Dome Hill (Fig. 35) to the southeast 
is the apparent end of th1s graben 
structure. 

Near this intersection of the eastern 
and western plain, fault blocks have an 
unusual 1s0 tilt to the north and 
northeast away from the plain. East of 
here, faults mapped by Malde et al. (1963) 
have a west-northwest orientation, and the 
upper volcanic section along the margin dips 
to the south toward the plain. Marginal 
faults northwest of here have not been 
studied, but in the Boise area, 50 km west 
of here, the volcanic section is tilted SW 
toward the plain. Only in this area is the 
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--GURE 31. Structure section -0f the northern margin of the western Snake River Plain 
:ok irig east from the rn1crowave-rela.Y hill. Idavada Y'hyolite rocks of M1 ocene age lie upon 

: ·.an itic rocks of the Idaho batholith . Sed1mentary rocks {no pat:te,rn) of the Neogene Idaho 
:: p 1ie upon Ida.vada rhyolites. Section is based on mapptn.g by Wood and Gardner (1984), 
:=-·p Sehl umberger resistivity soundings reported in Whitehead (1986) > and stltdy of the 
· '"i ffi t h-Bostic A-1 well by Arney (1982). 

~: anomalous and inconsistent with the 
.:: \•tarred structure of the plai n. 

Boundary f31ults on the NE marg in of the 
.: ·tern pla ii:i are parallel to a set 0f NW-SE 

: .. -:nditlg normal faults that have sliced the 
; : . thern Idaho bathol1tb into blocks about 
~ : "m wide during 1 ate Cenozoic time 

1
!tt , 1986; fig. 28) . Why the ~1estern 

• graben is SQ much wider than other 
-~J ~ t blocks of tfie system and vertical 
. : : set so mwifl greater ·1s unknown. 

::-.;aturas Seen on the Southt-1estern Skyline 

The high mountains t o the sou thwest are 
:·; Owyh~e Range composed primarily of 
--ozoic batholithic rocks sim4lar to the 

: :-ho Bathohth. Mino r li t holog.ies are a 
~ zll pendant of pre-Cretaceous ca1c-
~·: icate metamdrphic rocks, patches Qf 
:- ene Challis and Oligocene (26 to 30 Ma) 
:,:· c-alkaline vol can ic rocks (£kren et a1., 
. :~1; Nor ma'11 et al., 198.S), and a carap.ac~ 
. : iaceoo Idavada sil icic volcanic rocks 9 
- 15 Ha . 

The greatest physiographic reli ef (1 km) 
. rnoun tatns marginal to tbe pla1n is where 
:-anitic rocks 9f t he .bath.olith are exposed, 
•-:gesti ng that the western pla·in structure 
·:. greatest structural relief \'/here it 
-.. ~aks t he batho1 i th. Terrain underlain by 
;- a11ft~ 'is id.entified by, a lo111 Bouguer 
; avity anomaly ( - 150 mgal) i.ncficating deep 

t-s of lqw density granitic rocks (Ea-ton, 
·- ~l ., 1978) . Although the plain is a deep 
·~ · it has a relatively lligh Bouguer 

} (-SO rngals) because of the thick 
. .>ect ion that fil 1 s much of the graben 

-~Y, 1976). Considerati-on of the gravity 

v a 1 ues and kn own structure led Ma !J.ey to 
conclude that the plain is close to iso­
static compensation with re$p~ct ·to its 
margfns. 

Depth tG granite in the western plain 
g·aben is not kno'1m. A petroleum explora­
tion well 9 km west of Boise dri11!3d 4.4 km 
of late Cenozoic sediment and basalt and 

·bottomed in vo l canic rock that appears from 
the description of the wellsite geologist to 
be of intermedia te composi t ion. Rock cut­
tings from the bottom of ¥/ell have not been 

FIGURE 32. Geologic map of the ar~a aboµt 
the Tollgate st op (mile post 107.5) showing 
distribution of c.olorful reddish-orange 
breccia and black vitrophyr,e wHhin_ 
1ithoidal thyolite un jts (Tid and T1fs) of 
north-dipping fault blocks of the O~nsktn 
Mountains rhyo1ites. 
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FIGURE 33. Sketch from photo of roadcut at Te11gate stop. View is to the south. 
let ters "a 1

' and "b" are localHies of rocks iilustrated in Figure 34. 

geochemical'ly ana1yred, but the descriptions 
seem ~ons1stent with the occurrence of 
Eocene and 01 igocene ca1c-a1ka1 i-ne va1c1fnics 
t o the south in the Owyhee Range. Jn th is 
region of the northern Ba,sin and Range 
province, intermediate rocks of calc-
alkal ine compositi on are older than 22 J~a 
(Christiansen and Lipman, 1972). 

THE SOUTHERN SKYUNE 

The skyl i ne due south of the p 1 a i o ts 
the ·1owland of the Bruneau-Jarb1dge eruptive 
cent-er, presumably along the "track of the 
hot spot 11

, and p.ostulated by Bonnichsen, 
et al., (1987) to be the source of mud) of 
the Idavada thyolite fn this part of the 
Sn<ake Riyer Plai,n. On a clear day, one can 
see 150 km to the glaciated pea·ks of the 
Jarbidge Mounta ins i.n Nevada, a range of 
Paleozo·k and Mesozoic rocl\s partly covered 
9y m.ocene sil icic volcanic rocks. 

The d·i stant south\'!ast skyline is the 
basalt-l ava covered plain a't T\·lin falls, 
beyond w~ich is t he dimly visible Albton 
Range {elevation 10,335 ft.). 1 a Cenozoi-c core 
complex of Precamorian and younger roeks 
("Miller, l9~0). 

THE Pl.A IN TO HIE SOUTH 

Plio-Pleistocene Ba-salt Shields and Fl<:>ws 

The p 1 a in to t he soutb is mant1 ed by 
basalt lavas and shields which, based on 
their reversed magnet ic polarity> are older 

than the Snake River Plain Group , and 
therefore were assigned to the Bruneau 
Formation {l.O to 1. 9 Ma) by Mal<le (1987j 
and in press). Faults and fissures in the 
proNinent shtel d just south of here trenq 
N70 W, s19nificantly mere westerly than 
the marginal faults of the we.stern plain 
which trend N45°w. 

N7o0 1i1 is also the trend of a belt of 
Quaternary bas a 1t vents that extends 90 km 
across the plain to the west of here 
( illustPated on raute map for fidd trip) . 
This al1gnment is significant for two 
reason.s. First, it i s 25° more westerly 
t,han the N45°w trending marginal normal 
faults af t he western p1ain graben. 
Secondly, the alignment contrasts markedly 
wtth the a 1 i gnment s of the Quaternary basa.lt 
vents and fissures of the ea;stern ph1n · 
whi~h are sho1>m by Gr~eley (198l) to be 
NI06W to N4o0w. If these ~ent and fis-
sure alignments are ex-tensional features, 
then they indicate a change in the stress 
orientation since major faulting of thf 
western plain g'raben. Furthermore, tbese 
alignments indic~te that exten~iooal 
stresses duri.og the Quaternary are different 
from the eastern plain to the western plain. 

VIEW TO THE EAST, SIUCIC VOLCANIC ROCKS 
OF THE EA,STERH DANSKIN MOUNTAI"5 AND THE 
MOUNT BENNETT HILLS 

Mount Bennett Hills on the high eastern 
skyline are a normal-fault block composed of 
rhyolite resting upon M~sezoic and early 
Tertiary granitic rocks of the Idaho 
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batholith and a patch of Eocene Chai1is 
volcanic rocks. The nearby hills are a 
younger sequence of rhyolites that lapped 
onto the preexisting Mount Bennett rhyolite 
block. These relationships and the faulted 
nature of the northeast margin of the plain 
are shown in Figure 30. 

A single K-Ar date of 11.6± 0.6 Ma is 
pub"I i shed by Armstrong et a 1 • ( 1980) on a 
flow unit in the Mount Bennett Block, mapped 
as t~e rhyolite of Windy Ridge by Wood and 
Gardner {1984). The younger flows of the 
Oanskin Range have not been dated; however a 
similar relationsh-lp is reported for the 
City of Rocks Tuff in the eastern Mount 
Bennett Hills. The City of Rocks Tuff also 
onlaps faulted topography of older Idavada 
rhyolite (Bonnichsen et al., 1988, p.259}. 
Pl agioclase separates from the City of Rocks 
Tuff have been dated by Honjo et al. (1986} 
at 9.1 ± 0.1 Ma, and this age seems 
reasonable for the flows in the Danskin 
Range, 

Ekren et al. (1984, p.51-52) exam1ned 
rhyolftes at this same hill and suggested a 
correlation of the lowest exposed unit, the 
rhyol1te of Frenchman Springs, to the Tuffs 
of Little Jacks Creek on the south s·ide of 
the Snake River Plain, based on similar 
phenocryst content. Two dates on plagio­
clase from the luffs of Little Jacks Creek, 
9.6 ± 2.0, and 10.0 ± l.5 Ma reported by 
Armstrong, et a1. (1980), support such a 
correlation. Howeve·r Ekren, et ·al. (1984), 
do not report that the younger Jacks Creek 
unit laps onto older faulted rhyolite 
topography. The Jacks Creek unit, however, 
1ncompasses many flow units and several 
Io1ar1ty reversals 9 and it does seem likely 
chat some units may eventually be correlated 
across the plain to this younger sequence of 

rhyolites of the Danskin Mountains that has 
entirely normal magnetic polarity. These 
prob1ems are being pursued with more 
detailed petrographic and geochemical work 
by Norio Honjo at Rice University (Honjo, 
et al. 1988). At the present time a best 
age estimate for rhyolite on the Mt. Bennett 
block is about 11 Ma, and for the younger 
rhyo11tes that onlap the block, about 9 to 
10 Ma. 

Rhyolite at the Top of the Microwave 
Antennae Hill 

· Rhyolite on the hill is a part of the 
Danskin Mountain sequence of younger rocks 
of normal magnetic polarity. Faulting 
confuses the relationships on the hill (Fig, 
35) but the upp~r lOOm (300 ft) of the hill 
is composed of the rhyolite of Rattlesnake 
Springs (103 phenocrysts} ~ resting upon the 
rhyolite of French-man Springs (4% pheno­
crysts). · On the .southeast side Of the hill, 
these units are juxtaposed by a fault, with 
the Ratt 1 esnake Springs unit on the north­
east side of the hill and the Frenchman 
Springs unit on the southeast side. 

One can descend from the Microwave relay 
hill and then walk in an easterly direction 
across the highway and up the creek to the 
flow contact between the Rattlesnake Springs 
unit and the overlying Dive Creek unit (fig. 
36) described as the Stop at Milepost 103.3. 

STOP AT MILEPOST 103.3: TURNOFF TO SEE 
CONTACT BETWEEN RHYOlITE OF RATTLESNAKE 
SPRINGS WITH RHYOLITE OF OIVE CREEK 

A dirt track turns east off the highway 
and crosses folded and contorted vitrophyre 
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FIGURE 35. Panoramic overview looking southeast across the Snake River Plain from 
microwave-relay hill. City of Twin Falls is on the southeastern hor izon, about 110 km {70 
mi) beyond Teapot dome. 

FIGURE 36. Photo of contact between 
rhyolite of Rattlesnake Springs (10 per cent 
plagioclase phenocrysts 1 1 to 2 mm in size) 
and rhyolite of Dive Creek {4 per cent 
plagioclase phenocrysts, 2 to 5 mm in size), 
as seen at Rattlesnake Springs Creek just 
east of microwave-relay hill. Uppermost 
part of the Rattlesnake Spr1ngs unit is 
complexly folded, flowbanded rhyolite and 
vitrophyre. Base of the Dive Creek unit is 
lithoidal rhyolite with sheeting and flow 
banding parallel to the contact. 

and devitrified 1ithoida1 rhyolite near the 
top of the Rattlesnake Spr ings unit . About 
200 m east of the highway is the contact 
with the overlying Dive Creek unit {fig .36). 
Notice the sign i ficant difference between 
units in phenocryst size and abundance, 
Also n-0te the folded flow-banded top of the 
Rattlesnake unit and the relatively flat 
sheeting and flowbanding at the base of the 
Dive Creek unit. Both of these units are 
thought to be densely welded ash-flow tuffs, 
but they are indistinguishable in hand 
specimen from a flow rhyolite. There is no 
megascopic pyroclastic material at the 
contact. This contact suggests that these 
units are densely welded from top to bottom, 
and that the lower unit has flowed after 
remelting. 
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