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ABSTRACT

Distribution of minerals and rock types, em- .

Jlacement structures, and postconsolidation
nistory are more complex within the Idaho
" sstholith than most published descriptions sug-
:»st. Hornblende occurs in some areas many
siles within the batholith, and planar structure
£50 is'present in some of its interior regions.

in the vicinity of the Cascade Reservoir in
west-central Idaho, field relationships and mo-

:il data for granitic rocks are inconsistent with
s¢ conclusion (Schmidi, 1964) that the bed-
«xk systemadically and gradatignally changes
oM SChx)l and gneiss © directionless granitic
¢k along 35-mi traverses west tO east across
s¢ border and interior of the batholith.

\{a)or fault blocks within the Idaho batholith
alidate the concept (Hamilton and Myers,
! 1966) of a resistant mass that defied internal
tormation during the Cenozoic evolution of
+stern’ North America.

Gabbro and norite typically occur west of the
s5olith. Granitic intrusions near the batholith
a western’ [daho are characterized by mega-
i -opic crysials of epidote. Interstitial zeolites
“.i50 occur in satellite masses rather than in gra-
wtic cocks of the bacholith.

Granitic rocks of southwest Idaho are cor-
whazed with, the Idaho bartholich primarily by
“¢location and trend of gneissic border rocks
ther side of the Snake River Plain. The
=d of §. 20° W. in the gneissic border zone
rth of the Snake River Plain also is present in
. 7k lying berween 40 and 55 mi to the south-
“rhwest where gneissic granitic rocks reap-
2 in the westernmost  exposures of

Tertiary rocks south of the Snake River.
755 mineralogical characreristics of granitic
“Xs near the Snake River in southwest Idaho
ey resemble those in the west part of the
“wrolith just north of the Snake River Plaia.
s ‘me«t structural trends in granitic rocks
x T uthwest Idaho near the Snake River begm
g '~~”te o the southeast about 25 mi due
§ 7 of Marsing. Farcher to the south, trends

e
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for 28 mi in the most westerly exposures of the
batholith are about S. 20° E. Southeast trends
also occur near South Mouauzin in pre-Tertiary
country rocks west of the southernmost expo-
sures of the batholith. The- southeast trends
within and outside the batholith indicate that a
significant change in structural direction oceurs
in southwest Idaho in the region near South

- Mountain,

The locations of the south and southeast con-
tacts of the Idaho batholith are uncermain, but
some inferences regarding thes position of the
batholith are possible from isolated occurrences
of Ordovician sedimeatary rocks south of Twin
Falls and from exposures of pre- Tertary sedit
mentary and igneous rocks near the Idaho-
Nevada state line.

Northward continuity of - the Sierra Nevada
batholith to the Nevada-Oregon boundary is

‘well established. The trend of the batholith

bends toward the northeast before the batholith
disappears under Cenozoic volcanic rocks in
southeast Oregon and northern Nevada. The
distribution and composition of the plutonic,
rocks near the Nevada-Oregon border suggest
that the quariz diorite boundary line is about

" 160 mi east of the inferred location (Moorce,
-1959) in northern California.

If the Idaho and Sierra Nevada batholiths are
coanected, the Idaho batholith southeast of
South Mountain must veer sharply west
beneath Cenozoic volcanic rocks. Any connect-
ing link berween the two batholiths must be.
confined 0 a narrow belt that extends east-
northeast for about 75 mi near the Idaho-
Nevada and Oregon-Nevada boundaries.

An appreciable change in: the’relative posi-
tion of the Idaho and Sierra Nevada batholiths
has occurred since Oligocene time. If the sug-
gested magnitudes of displacement from nor-

"mal faulting, dike intrusion, and right-lateral

faulting are approximartely correct, the east-
west change in the alignment of the batholiths
is as much as 50 mi.

Gravity and seismic data considered in terms
of surface geology and the distribution of gra-

F.tigs., July 1971
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Smittrocks are consistent with the interpretation

a granitic layer underlying nearly all of south-
west Idaho. :

INTRODUCTION;
Pﬁrpose

During 1967 field studies of post-Oligocene
dikes and dike swarms of the Basin and Range
_structural province (Taubeneck, 1969, 1970),
gneissic granitic rocks similar to the distinctive
border zone rocks of the west part of the Idaho
batholith were observed south of the Snake
River Plain in southwest Idaho. Moreover, the
structural trends in these rocks were found to
be on strike with trends in the gneissic border
rocks on the north side of the plain. These dis-
coveries in southwest Idaho focused my atten-
tion on the possible contnuity of Mesozoic
granitic rocks between the Idaho batholith and
the Sierra Nevada batholith.

This paper (1) presents new data on the
Idaho batholith, (2) recognizes a southward ex-
tension of the batholith that includes nearly all
granitic rocks of southwest Idaho, (3) discusses
a possible connection between the Sierra
Nevada batholith and the Idaho batholith, and
(4) concludes that models of crustal structure
should show a layer of low-velocity (“gra-

of southwest Idaho.

Methods

Field studies concentrated on relationships of
granitic rocks in Idaho and Nevada included 19
days in northern Nevada, 17 days in southwest
Idaho, and 34 days along the west border of the
Idaho batholith in west-central Idaho. In addi-
tion, observations of granitic rocks in. central
and south-central Idaho were made during 23
days of reconnaissance studies of Cenozoic
dikes and dike swarms within the Idaho bath-
olith. Knowledge of pre-Tertiary rocks in west-
ern Idaho, several miles or more west of the
batholith and between the Snake River Plain
and the Clearwater River some 150 mi to the
north, was acquired mostly in 36 days, during
which Cenozoic dikes were studied.

- Except in glaciated alpine areas, rocks of the
Idaho batholith commonly are deeply weath-
ered (Russell, 1902, p. 40; Larsen dnd Schmids,
1958, p. 3), especially near the Snake River
Plain where fresh specimens generally are diffi-
cult or impossible to obtain. Therefore, few
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that models of crustal structure should include

‘

nitic”’) continental crust underlying nearly all

specimens from near the plain were collec:
for modal analyses. [n northern Nevada, on .
other hand, excellent exposures of grani;
rocks imposed no restrictions on sampling
Each modal analysis (Tables 1-to 9) represes:.
at least 2000 points for each of two 0 seve
thin sections per rock; the number of thin s
tions for each analysis is a function of grain siz:
Structural trends (Fig. 1) in some areas ¢
granitic rocks in Idaho vary as much as [
within 100 ft or less. Such variations are moy
common in exposures in southwest idaho mo:
than 17 mi south-southwest of the Snake Rive:
Wherever possible, trends shown in Figure |
represent the average of 20 to 40 observatic:,
in an area of at least 1 sq mi. x

THE IDAHO BATHOLITH

The Idaho batholith is the léast known of i
large batholiths of the western United State:
Although hundreds of papers discuss varic:
aspects of the batholith, -almost no deta
petrographic studies are available (Ross, 19¢;
p. 45). R )

General knowledge of the batholith was sur.
marized most recently by Ross (1963), nearif: |
end of a lifetime devoted largely 0 the geoloz |
of Idaho. His conclusions were based pardy ¢ !
a reconnaissance of much of the batholith du: ‘
ing the summer of 1962, Ross (1963, p. 5: ,
correctly reported that “*both the border 20¢: ‘
and the interior mass are more complex in ¢x-
tai] than would be supposed from publishz:
descriptions.” .

The batholith traditionally has been ¢: |
scribed in terms of a gneissic shell of quar:
diorite that encloses quartz monzonite 2t:
granodiorite (for example, Ross, 1936). Sor
modern generalizations are rather mislead:
in referring to the rocks within the gneiss:j
shell as “continuous massive granodiorite 2. i
quartz monzonite” (Hamilton, 1962, p. 5i
Planar structure, in some areas many mi
within the bacholith, will permit deailed st
tural studies that ultimately will provide consi
erable information regarding its emplaceme™
history. ,

Another misconception regarding the 1dz":
batholith is that hornblende occurs only in b
der rocks. Actually, hornblende is present
some interior parts of the batholith, espec
south and southwest of Adanta (Fig. 1). M
Trinity Peak, about 21 mi southwest of Adan
granitic rocks contain several percent of h¢™
blende. The distribution of hornblende 13 -
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most immediate importance, for example, in
‘wilitating the radiometric investigations of
“ochronologists.

Modal dawa (Tables ¥ and 2) for granitic
“XXs in the area between the Cascade Reser-
“2r (Fig. 1) and the Snake River Plain illus-
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bered localities discussed in text.

trate that the petrography and the distribution
of rock types within the batholith are more
complex that implied by published statements.
This part of the batholith was swudied by
semireconnaissance methods that involved ob-
servations reszrilcted mostly to localities not




TABLE 1. MODES OF ROCKS FROM GNETSSTC BORDER NEAR NORTH STIDE OF SMAKE RIVER PLAIN*

(in volume percent)

Specimen Potassium Quartz Plagio- Biotite Muscavite “Horn- Accessories )
number feldspar clase blende Opaque : Nonopaque

122 0.1 25.5 ‘ 50.8 19.7

[N
<
()
<
<
S

1.5
123 0.0 26.1 54.7 14.5 ‘ 0.8 2.6 0.5 0.8
124 | 0.1 25.9 59.4 13.6 0.4 ' 0.2 0.0 ' 0.4
125 0.0 27.6 57.5 . 13.6 _ 0.7 0.2 0.0 0.4
126 0.0 26.7 58.2 ’ 14.2 0.4 0.1 V 0.0 O.d
127 0.1 29.2 ' 55;9 13.8 0.4 0.1 0.1 0.4
128 2.4 T 30.8 53.4 N9 0.9 0.0 . 0.3 0.3
129- 0.1 28.7 55.9 14.1 1.0 0.0 ‘ 0.0 0.2

130 3.5 31.8 54.0 : 9.8 - 0.8 0.0 _ 0.0 0.1

Sach madad o bhe averags ol twia Lhin seertione .
Tooo R vea et -

TABLE 2. HODES OF ROCKS FROM INTERIOR OF BATHOLITH NEAR NORTH SIDE OF SNAKE RIVER PLALN*

(in volume percent)

Specimen * Polassium fluartz Plagio- Biakita Muscovite Horne- Ao sories
¢ 1 ahaye Yo
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more than 0.5 mi from roads. The batholith in
this region is not amenable to easy investigation
because of much timber and brush, as well as a
heavy coating of lichens on most rocks in the
more open country at the lower elevations near
the Snake River Plain. The following discus-
sion of rocks 10 the east of the inferred conract
{Fig. 1) of the batholith includes no mention of
relationships between different rock types be-
cause the critical celationships are unknown.

Rocks of the foliated border zone within 25
mi of the Snake River Plain are mostly quartz
diorite that is characterized by a comparatively
large amount of biotite, minor muscovite, and
little or no hornblende. Rocks more than 25 mi
north of the plain commonly contain garnet.
The general absence of phenocryses of potas-
sium feldspar is a distinctive feature of the fo-
liated rocks. Modal dawa for wypical border
rocks are given in Table 1. Except for a higher
percent of biotite, the rocks are more closely
related mineralogically- to  trondhjemite
(Goldschmidc, 1916, p. 77), than to quariz'di-
orite.

A porphyritic granodiorite with phenocrysts
of potassium feldspar occurs east of the gneissic
shell of the batholith. To the north, this rock
was called the “granodiorite near Cascade™ by
Larsen and Schmidt (1958, p. 6). A modal anal-
ysis given by Larsen and Schmidt (1958, Table
3, column 8) for a specimen of this granodiorite
collected about 30 mi north of the Snake River
Plain compares very closely with modal anal-
yses of two-porphyritic granodiorites (Table 2,
specimens 178, 287) from near the plain.

Within 30 mi of the Snake River Plain, any
west to east traverse through porphyritic

* granodiorite will pass within about 5 mi, or less,

into a northerly wending belt of more mafic
rocks that apparently are mostly hornblende-
bearing nonporphyritic  granodiorite and
quartz diorite with minor diorite. This elon-
gated belt of relatively mafic granitic rocks ex~
tends northward to within about 20 mi of

-Cascade Reservoir; the width of the belt is

probably not more than 7 mi. Table 2 contains
modes for six specimens (176, 179, 180, 242,
243, 244).

Porphyritic  granodiorite without horn-
blende occurs east of the zone of relatively
mafic rocks. Specimens 236 and 237 (Table 2)
were collected several miles to the east,
whereas leucocratic specimens 240 and 241 are
from typical exposures about 7 mi to the east.
The porphyritic granodiorite east of the zone of

&

i
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mafic rocks is more felsic (Table 2) than e
porphyritic granodiorite that extends south
southwest from Cascade Reservoir to the Snake
River Plain.

In summary, modal data in Tables |-and }
support the conclusion that the petrography
and over-all distribution of rocks within he

Idaho batholith are more complex than is ap.

parent from published descriptions.

Schmidt (1964, p. 8) concluded from recon.
naissance petrographic studies in Adams an¢
Valley Counties in west-central [daho that the
“bedrock
changes from schist and gneiss to directionle
granitic rock’ in 35-mi west 10 east travers

3

3
es

across the border and interior of the batholith. '

Schists and metasedimentary gneisses are pre-

senc, primarily to the west, but most rocks in the
area described by Schmidt (1964) are part of |

igneous plutons which commonly have ac leas:
some well-defined intrusive contacts. Figure !

is a reconnaissance map of the most pertinen;

part of the area coansidered by Schmidt (1964).
The rocks are discussed from west to east.
The quarrtz diorites of Council Mountain and
Deserette are satellites of the batholith and are
the most westerly pre-Tertary rocks in the e
gion. Both masses are of igneous origin. The
Council Mounrain pluton exhibits intrusive re-
lationships to adjacent country rocks. Although
contacts of the Deserette pluton with bordering
country rocks are concealed beneath Columbiz
River Basalt, xenoliths within the pluton show
evidence of transportation and iatrusion. Mosi
exposures of the plutons are good to excellent.
but poor exposures within 100 ft of their
mutual contact prevented 2 determination of
their relative ages. Both quartz diorites have
gneissoid to gneissic borders that grade inward
to rocks with a more nearly directionless fabric.
Although the quartz diorite of Council Moua-
tain is exposed in two areas (Fig. 2), all expo-
sures may be part of one large pluton.concealed
mostly by Columbia River Basalt. Likewise, 2
continuous mass of the quartz diorite of De:
serette may underlie the Columbia River Basalt
in the area between the main exposures of the
rock and the small outcrops about 1 mi to the
north (Fig. 2). )
Modal analyses of the quartz diorites of
Council Mountain and Deserette are given in
Tables 3 and 4. As one of two specimens of the
quartz diorite of Deserette from the restricted
northern exposure (Fig. 2) has the composition
of a granodiorite, part of the concealed rock

systematically and gradaticnally

i~=30' i______—v_,

Figure 2. Reco:
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Figure 2. Reconnaissance geologic map of part of the
Mesdows 30-min quadrangle and of part of the Cascade
May be granodiorite.

A zone of schist, gneiss, and minor pegmatite
“sends eastward for abour 2 mi from the bor-
=21 of the Council Mountain pluton (Fig. 2).
“atther 1o the east, in a zone about 3 mi wide,

and Council 15-min quadrangles. No faults are shown.

. graaitic intrusions of varied mineralogy occur
with gneiss, migmatite, and considerable peg-
matite. Dense timber and brush throughout
much of this belt (Fig. 2) will make derailed
mapping highly interpretative. The .western
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TABLE 3. MODES OF QUARTZ DIORITE OF COUMCIL MOUNTAIN*

(in volume percent)

Specimen number 133 134 135 137 142

Potassium feldspar 2.4 0.0 0.0 0.0 0.0

Quartz 18.4 "13.8 14.6 20.3 8.2 21, Lartz
Plagioclase 52.2 55.9 ‘ 53.5 52.2 59.4 ;

Biotite 9.2 10.6 8.2 13.6 3.2 ]E“?:f)t"te
Hornblende 12.5 15.6 18.7 9.9 21.8 c ! scovite
Epidote 4.2 2.9 3.6 3.3 A 1.2  isidote

Opaque accessories ‘ 0.1 0.1 0.1 0.0 0.5 £, {:gue accessovi
Nonopague accessories 1.0 1.1 1.3 0.7 0.7 ¢ !-iopaque acces:

*
Fach modal analysis is the average of two thin sections.

limit of lens-shaped (?) igneous intrusions is
selected arbitrarily as the western border of the
Idaho batholith. No two geologists will place
the “contact’ in the same location. The percent
of igneous rocks varies in a north-south direc-
tion with mostly hornblende-bearing types (Ta-
ble 5, specimens 136, 139) in the north, in
contrast to the common occurrence of garnet-
bearing types (Table 5, specimens 154, 155,
156, 161 ) in the south.

The quartz diorite of Donnelly, the major
unit of the batholith to the west of the Cascade
Reservoir, intrudes the east side of the 3-mi-
wide zone of mixed igneous and metamorphic
rocks (Fig. 2). The simplest and most clean-cut
contact of the Donnelly intrusion is about 4 mi
east-northeast of Indian Mounain (Fig. 2)

“where a marked color contrast occurs between

relatively mafic quartz diorite and adjacent
leucocratic country rocks.

The quartz diorite of Donnelly is an elon-
gated pluton that extends northward for many
miles, to a large extent beneath the surficial
deposits of Long Valley. The east contact of the
pluton in the vicinity of Figure 2 must lie
beneath Cascade Reservoir, because the
granodiorite of Cascade occurs along the east
shore of the reservoir. Therefore, the Donnelly
pluton is less than 6 mi wide in the vicinity of
the map area (Fig. 2). Presumably the granodi-

orite of Cascade intrudes the Doanelly piuw

beneath the reservoir in the same manner the

an interior-type granodiorite {or quartz monz
nite) intrudes a gneissic quartz diorite .
resembles the Donnelly unic near the secti
line between sections 3 and 10in T. 19 N,
4 E., some 32 mi north-northeast of Inc
Mountain.

Although the quartz diorite of Donnelly g

erally is gneissic near contacts, planar structur 5

is less strongly defined inward. In contrasi
the distinct planar structure of the Donne.
pluton, planar structure in the granodioritc -
Cascade is weak or absent.

In summary, field reladonships and roc
tribution within the area of Figure 2 necessi
a rejection of the conclusion that in west to ¢
traverses, the “"bedrock systematically and 2--
dationally changes from schist and gaeiss w0
rectionless granitic rock” (Schmidt, 1964 ¢
8). Moreover, the modal dara for quartz dic:
ites (Tables 3, 4, 5, and 6) show that no s;*
tematic mafic to felsic change occurs in west
east traverses across the area. '

Cenozoic deformation within the bath
also is more complex and widespread
some generalizers have implied. For exam;
the batholith is visualized by Hamilcon and M
ers (1966, p. 540-542) as a resistant mass &
defied internal deformation during the Ceo-
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IUNCIL MOUNTAIN* TABLE 4. MODES OF QUARTZ DIORITE QF DESERETTE*
) X {in volume percent)
137 142 14 { acimen number 143 149 150 151 152 133 172
. i : :
! 0.0 0.0 0.t sptassium feldspar 0.8 1.7 0.6 2.5 1.3 10.1 1.2
20.3 8.2 21,1 wartz . 30.8 30'.4 27.2 30.6 25.2 20.8 33.4
52.2 58.4 53 fagfoclase - 62.4 60.8 64.3 59.7 65.3 52.0 52.0
13.6 8.2 13.11 ijotite 4.4 5.0 6.1 5.1 6.1 3.4 9.4
9.9 21.8 d.:1 wscovite 0.7 0.8 0.6 0.4 0.6 0.5 1.2
3.3 1.2 3,71 Inidote 0.7 0.9 0.8 . 1.3 0.7 ¢.8 2.4
0.0 8.5 0.7 ) “pague accessories 6.2 0.2 0.2 0.0 0.2 0.3 0.3
: 0.7 0.7 0.:° %enocpaque accessories 0.0 0.2 0.2. 04 0.6 0.3 0.1
thons.
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Each modal analysis is the average of two thin sections.

v,

wic evolution of western North America. Ac-
cording to Hamilton and Myers (1966, p.
342), “young fault blocks lie north, west, and
east of the batholith, but none of consequence
break it.”” In a brief discussion of a major belt
of .north-trending faults in wesrern Idaho,
Hamilton (1962, p. 513) stated that “'the aver-
age throw on each of the long faults is about
1000 or 1500 fr.” Contrary to Hamilton and
Myers (19606, p. 542), the belt of north-trend-
iag faults discussed by Hamilton (1962) ex-
wends eastward into the interior of the bath-
olith.

About 25 mi north of Boise (Fig. 1), a small
remnant of downdropped Columbia River Ba-
saltatan elevation of 2800 ft dips about 20° W/,
an the east side of a prominent fault reported

% Anderson (1934a, p. 17). Three mi to the -

¥est, at an elevation of 4000 ft near the crest
of the uplifted block, Lindgren’s (1898) cross-
wction shows an extensive cap of Columbia
River Basalt dipping about 10° W. This fault
i‘{aliﬁes as a major break in the Idaho bath-
ahith, The faulr is about 6 mi east of the edge

"Efihe gneissic border (Fig. 1) of the batholith,

Abour 25 mi north-northeast of Boise, And-
500 (1947, p. 170) recognized a major faule
A trends slighely northeast along the west
ude of Boise Basin. On Hawley Mountain, the
“ault escarpment at an elevation of 7000 ft is

capped by Columbia River Basalt that digs
about 15° W. About 2.5 mi to the east, on the
downdropped side of the fault, a remnant of
Columbia River Basalt is at an elevation of
5400 fr. In the vicinity of Hawlev Mountain,
the fault displacement is at least 2000 fr. The
fault is about 15 mi-east of the edge of the
gneissic border (Fig. 1) of the, batholith. No
attempt was made to trace this important fault
northward, but the impressive alignment of hot
springs (Stearns and others, 1937, p. 138-139)
that trends slightly northeast about 45 mi is an
indication of the probable location of the fault,
or one of its branches.

No veneer of Columbia River Basalt is avail-
able as a horizon marker for determination of
post-Miocene - displacement along, faults else- -
where in the'interior of the batholith, but major
northerly trending faults have been reporred.
The Montezuma fault (Anderson, 1939, p. 17;
Reid, 1963, p. 11) near Adanta (Fig. 1), proba-
bly is one of the best documented. This fault
forms the west boundary of the Sawtooth
Mountain faulc block. Anderson (1939, p. 17)
suggested a vertical displacement of as much as
2000 ft; a cross section by Reid (1963, Fig. 19)
indicates a similar displacement.

Northwest drift of the Idaho batholich as an
unbroken plateis a basic part of the Hamilton and
Myers (1966) concept of Cenozoic tensional
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TABLE 5. MODES OF QUARTZ DIORITE WEST OF DONNELLY PLUTON*

(in volume percent)

Specimen number 136 139 154 155 ) 156 161 | Specimen number
Potassium feldspar 0.0 0.3 0.3 0.7 8.3 0.:1 2otassium feldsgo
Quartz 21.4 25.0 22.3 22.9 29.9 33| jertz
Plagioclase 62.9 59.4 63.3 64.5 58.4 59,31 ?lagioclase
Biotite 8.8 10.9 10.4 11.3 10.4 6.:) siotite
Hornblende - 5.7 3.2 1.0 0.0‘ 0.0 0.0t dornblende
Huscovite 0.0 0.0 0.1 . 0.1 0.4 0.0 lugite

Garnet 0.0 g.0 2.0 0.1 . 0.2 0.} dpaque accessorie
Opaque accessories 0.5 0.3 0.0 0.0 0.0 0.0 { tonopaque accessc
Nonopaque accessories 0.7 0.9 0.6 0.4 | 0.4 0.0

*
Each modal analysis is the average of two thin sections.

rifting and oroclinal bending in the Pacific
Northwest. Appraisal! of the entire concept
requires an extended discussion of relationships
throughout the Pacific Northwest, but the ma-
jor fault blocks mentioned in the three preced-
ing paragraphs invalidate the basic premise that
“young fault blocks lie north, west, and east of
the batholith, but none of consequence break
it" (Hamilton and Myers, 1966, p. 542).

SATELLITES WEST OF THE IDAHO

BATHOLITH

From the standpoint of the regional distribu-
tion of plutonic rocks in western Idaho, several
petrographic relationships involving satellites
of the batholith require comment as back-
‘ground for interpretations and conclusions re-
garding the location of the contact of the
batholith south of the Snake River Plain.

tPaleomagnetic dawa for Columbta River Basalt in south-
ern Washington and the over-all tread of basalt dikes in
western [daho, northeast Oregon, and southeast Washington
indicate that little or no post-Miocene oroclinal bending has
occurred in these regions (Taubeneck, 1970, p. 9295). Itis
emphasized that possible pre-Miocene rotation is irrelevant
to 2 tectonic model (Hamilton and Myers, 1966) in' which
normal faulting in the Basin and Range structural province
is supposedly accompanied by oroclinal bending in the Pa.

ciic Northwest,

The occurrence of discrete crystals of epi-
dote, as much as 3.0 mm across and commonly
associated with unaltered biotite and horn-
blende, is a notable feature of satellites which
are near (generally within 15 mi) the batholith.
Insofar as the writer knows, discrete crystals of
megascopic epidote occur in the granitic rocks
of eastern Oregon, southeastern Washington,
and western Idaho oaly in plutons and small
igneous bodies that border the Idaho batholith.
Rocks that contain the conspicuous crystals of
epidote range in composition from mafic quartz
diorite to leucocratic trondhjemite and
granodiorite. Some rocks contain as much as 6

‘percent epidote. The quartz diorites of Council
Mountain and Deserette (Fig. 2) are excellent
examples of the epidote-bearing rocks which
occur northward in satellites for at least 125 mi.
The unique epidote-bearing rocks occur as plu-
tons of trondhjemite (Hamilton, 1963) in the
30-min Riggins quadrangle, some 25 to 55 mi
north of Council Mountain. Farther two the
north, the rocks are conspicuous about 6 t© 10
mi south of Grangeville? in plutons sur
rounded areally by Columbia River Basalt

*Grangeville is about 84 mi N. 5° E. from Council Mour
win. ’

. .
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INNELLY PLUTQN* { TABLE 6. MODES OF QUARTZ DIORITE OF DONNELLY*
. (in vo]urﬁe percent)
153 156 161 ¢ ecimen number 157 158 159 160 162 173
0.7 0.3 0.1 :gtassium feldspar 1.0 1.0 2.3 0.1 0.7 0.0
22, 29.9 330 swartz | 19.9 20.3 22,4, 18.7 21.3 17.9
64.5 58.4 5911 »jagioclase a5 42.9 44.6 52.4 49,5 48.7
1.3 10.4 6. siotite 17.6 17.3 16.1 14.9 14.4 15.9
8.0 . 0.0 0. { -ornblende ' 14.4 17.9 12.4 13.4 13.1 17.1
0.1 0.4 0.1 wgite 0.8 0.3 2.0 0.0 0.0 0.1
0.1 0.2 0.0} paque accessories . 0.0 0.0 0.0 0.0 0.0 0.0
_G.O 0.0 0.0 " vanopaque accessories : 0.8 0.3 ‘ 0.2 0.5 1.0 0.3
0.4 0.4 0.:
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Each modal analysis is the average of two thin sections.

About 5 to 9 mi east-southeast of Grangeville,
he large crystals of epidote occur in a trondhje-
mite bordered by basalt on the west. Exposures

' of pre-Tertiary rocks are not common north of

Grangeville. Nevertheless, megascopic crystals
of epidote’in a tonalite about 27 mi due north

"of Grangeville indicate thart the belt of epidote-

searing rocks extends northward beneath the
Columbia River Basalt. Hietanen (1962, p. 59)
described large crystals of epidote in tonalite
sbout 40 mi north of Grangeville; the belt of
epidote-bearing rocks probably continues fur-
ther northward. South of the quartz diorite of
Council Mountain, Columbia River Basalt pre-
vents any determination of ‘the distribution of
¢pidote in concealed satellites that undoubtedly
occur berween Indian Mounsain (Fig. 1) and
e Snake River Plain.

The distribution of interstitial zeolites
{Taubeneck, 1967, p. 17-19) in the granitc
focks of western Idaho also is significant be-
cause zeolites apparently occur only in satellites
of the batholith. The zeolites (mostly heulan-
dite) -comprise less than 0.05 percent by
“olume of the rocks. Accordingly, the careful
ttamination of hundreds of thin sections will
¢ necessary to document the distribution of

. !aterstitial zeolites in the granitic rocks of west-

¢rn Idaho. The absence of interstitial zeolites in

N

.

thin sections of 71 rocks from the batholith and
the presence of zeolites in sections from 21 of

59 rocks from satellites, however, seem to jus- -

tfy the conclusion that zeolites characterize
granttic rocks of satellites rather than those of
the batholith. Interstitial zeolites occur near
Council Mountain (Fig. 2) in the Deserette piu-
ton and in satellites northward for 110 mi,
which is near the northern limit of sampling.
The common occurrence of gabbroic rocks
in western Idaho near the barholith is another
relationship that can be used as an indication of
the approximate location of the contact of the
batholith south of the Snake River Plain. The
gabbroic rocks generally include hypersthene-
bearing varieties. Near the northwest part of
the batholith, gabbro and norite in the vicinity
of Ahsahka occur in close proximity to horn-
blendite (Hietanen, 1962, p. 52). About 43 mi
o the south-southeast, gabbro and norite are
present near Harpster (Myers, 1968, p. 118).
Some 30 mi south of Ahsahka, gabbroic rocks
near Ferdinand include gabbro, hornblende
melagabbro, and hypersthene gabbro. In the
Cuddy Mountains, about 25 mi west of Council
Mountain (Fig. 2), gabbro and norite are pre-
sent in an area of plutonic and low-grade meta-
morphic rocks that is surrounded by Columbia
River Basalt. The disteibution of gabbroic rocks

g
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‘in each of the four areas cannot be determined
because of the widespread fows of Columbia
River Basalt that cover much of the pre-Terti-
ary basement near the west contact of the bath-
olith.

STRUCTURAL TRENDS NEAR THE
WEST CONTACT OF THE -
BATHOLITH

The west border of the Idaho batholith near
the Snake River Plain is exposed in greatest
detail in the area (Fig. 2) west of Cascade’
Reservotr. North of the area of Figure 2 for
about 10 mi, the border rocks are concealed by
Columbia River Basalt and the Quaternary
deposits of Long Valley. Southwest of the Cas-
cade Reservoir, much of the gneissic shell of
the batholith is covered by Columbia River Ba-
salt. Accordingly, the area of Figure 2 merits
special consideration in documenting structural
trends near the west contact of the batholith.

Over-all structural trends in the area west of
Cascade Reservoir are north-south (Fig. 2).
Most deviations more than 15° from north- -
south in trends of country rocks are attributable
to disruption by forceful emplacement of plu-.
tons such as the Couacil Mountain and Don-
nelly bodies. Trends in plutons closely parallel
wall rocks and are essentially north-south, ex-
cept along contacts that turn appreciably to the.
east or west. Within 10 mi to the south of Cas-
cade Reservoir, structural trends swing from
north-south to about §. 20° W.—a trend that
persists (Fig. 1) southward to the Snake River
Plain. .

" Near the south end of Cascade Reservoir, the
width of the foliated zone within the batholith
is about 10 mi (Fig. 1). Although the "“contact”
of the batholith is concealed by Columbia River
Basalt south of Indian Mounzain (Fig. 1), fo-
liated rocks of the border zone are exposed -
almost continuously southward to within 8 mi
of the Snake River Plain. The inferred location
of the conract of the batholith south of Indian
Mountain is arbitrarily drawn'(Fig. 1) abour 10~
mi west of the east margin of the foliated bor-,
der rocks. The line denoting the east margin of
the foliated border rocks should be accurate to
within 0.5 mi, although the location of the line
south of Cascade Reservoir is based on only five

‘traverses across the border zone. A general ac-

curacy of 0.5 mi is probable because the inten-
sity of foliation diminishe$ rapidly near the
eastern margin of the foliated border zone.
Faint to good planar structure does occur, how-
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zone,

STRUCTURAL TRENDS IN GRANITIC ;

ROCKS NEAR THE SNAKE RIVER
PLAIN

|
%
ever, in some rocks east of the foliated bordc;g
|
§
!

The southern limic of the Idaho batholith trz. |
ditionally has been placed near the north edg:

of the Snake River Plain, although younge:

!

rocks everywhere overlie the batholith alon; |

this boundary. Larsen and Schmidt (1958, p. 3
noted that the batholith “may extend south.
ward for many miles beneath this cover.” Pla
nar structures trending roughly north-south s
granitic rocks near the plain strongly sugges
that the batholith does contnue southward
beneath the Cenozoic rocks. If the batholit
terminated near the plain, structures in the g
nitic rocks just north of the plain should be
more nearly east-west in close parallelism w2

concealed contdct along or near the northern |
edge of the plain. In six areas of granitic rocks |

that were examined eastward from the viciniy
of Boise, planar sttucture was not detected in

two areas, but northward-striking planar struc: !

ture was observed in the following four aress.

About 10 mi*aorth-northwest of Boise (Fig.
1), faint planar structure in granitic rocks near
the Snake River Plain trends about N. 5° W.
and dips 65° NE. Although the structure is
weak, the trends are consistent with a south-
ward continuation of the batholith under the
Cenozoic cover. : :

About 20 mi north-norchwest of Mountain
Home (Fig. 1), excellent planar structure in
rocks bordering the plain trends about N. ¥
W. with 70° dips to the west. About 14 mi north
of Mountain Home, rocks bordering the plain
trend mostly between N. 10°E. and N. 10° W.;
dips are generally 70° W. Trends in the areas
north and north-northwest of Mountain Home
indicate thar the batholith extends south under
the Cenozoic rocks of the plain:

Some 32 miles east-northeast of Mountuin
Home, good planar structure in grafitic Tocks ™
near the county line between Elmore and
Camas Counties has an average trend of N.
15° W. with"dips 80° SW. Planar scructure in
this vicinity also implies a continuation of the
batholith to the south.

General absence of gneissic rocks in the bath-
olith along the north edge of the Snake River
Plain also supports the conclusion that the bath-
olith continues south beneath the plain. If the

i =
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agrth edge of the plain, gneissic border rocks
rending more or less east-west should occur
slong the southernmost exposures of the bath-
Slith. Greissic rocks do occur in one area, but
rends are not parallel o the margin of the
sain. About 16 mi- northeast of Mountain
“ome, gneissic granitic rocks near the porth-
2rn edge of the plain occur with intensely meta-
morphosed country rocks in an area of at least
15 sq mi. One traverse across this goeissic ter-
mane indicates that trends are mostly within
15" of north-south; dips are, generally less than
45" E.

SOUTHERN EXTENSION OF THE
BATHOLITH IN SOUTHWEST IDAHO

Most of southwest Idaho is characterized by
Cenozoic volcanic formations, but many iso-
iated outcrops of granitc rocks southward 40
mi from the Snake River (Fig. 1) permit impor-
ant conclusions regarding petrographic and
sructural relationships of pre-Tertary rocks
throughout an area of about 1000 sq mi. Far-
ther to the south, toward the southwest corner
of Idaho, no pre-Ternary rocks are exposed.
Uncerainties regarding the characteristics of
concealed pre-Tertary rocks near the south-
west corner of [daho are increased by the cover
of Cenozoic volcanic rocks in adjoining parts of
Oregon and Nevada. _

Granitic rocks of southwest Idaho are cor-
related with the Idaho batholith primarily by
the location and trend of gneissic border rocks
on either side of the Snake River Plain. The
wend of S. 20° W. in the gneissic border zone
of the Idaho batholith on the north sidé of the
Snake River Plain is duplicated 40 to 55 mi
farther south-southwest where gneissic granitic

. tocks reappear. in the westernmost exposures of

pre-Tertiary rocks on the south side of the
Snake River (Fig. 1). Furthermore, the inten-
ity of planar structure in the westernmost gra-
sitic rocks south of the Snake River rapidly
diminishes to the east, in the same manner as in
-the westernmost granitic rocks north of the
slain. Coinciding structural relationships in gra-
nitic rocks on either side of the plain, strength-
ened by similar mineralogical characteristics,
warrant cthe conclusion that the granitdic rocks
near the south side of the Snake River in south-
west Idaho are a southern continuation of the
ldaho batholith.

Gross mineralogical relationships of granitic
rocks south of the Snake River resemble the
relationships in the west part of the batholith on

the north side of the Snake River Plain. Potas-
sium feldspar is less abundant in the gneissic
border rocks than in nongneissic granitic rocks
to the east. Although phenocrysts of potassium

feldspar occur in several areas within the gneis-

sic border zone, maany granitic rocks contain no
phenocrysts and only small amounts of potas-
sium feldspar. In contrast, phenocrysts of potas-
sium feldspar are characteristic of the
nongneissic granitic rocks to the east of the bor-
der zone. As.s true just north of the Snake
River Plain (Table 1}, biotite is more abundant
in the gneissic border rocks, whereas horn-
blende is confined either to the border rocks or
10 rocks a short distance to the east. Modal data
in Table 7 provide a general approximarion of
the mineral proportions in the exposed parts of
the batholith in southwest Idaho. Specimens
116, 117, 118, 249, and 256 are from the
gneissic border zone; the remaining specimens
are representative of interior rocks.

Location of the gradational coatact (Fig. 1) in
southwest Idaho between gneissic and non-
gneissic granitic rocks of the batholith poses
few problems in comparison with uncertainities
regarding the location of the “contact’ of the
batholith. Most of the westernmost exposures
of gneissic granitic rocks south of the Snake
River generally cannot be traced continuously
eastward into nongneissic granitic rocks. Nev-

‘ertheless, exposures are adequate in most

places 1o permit a confident location of the east
margin of the gneissic border rocks within a
distance of 2 mi or less (Fig. 1). No exposures
of pre-Tertiary rocks occur in southwes:t Idaho
west of the inferred “contact’” (Fig. 1) of the
batholith, except in the vicinity of South Moun-
tain. Pre-Tertiary rocks exposed theoughour an
area.of about 25 sq mi near South Mountain are
neither part of the Idaho batholith nor part of
a roof pendant, as was verified by six days of

reconnaissance supplemented by unpublished

mapping of R. L. Krueger, north of the moun-
tain. Metamorphic rocks composed mostly of
quartzite, schist, and marble (Sorenson, 1927,
p. 11) are intruded by small granitic bodies
and, on the south, by a gabbroic complex. East
and northeast of South Mountain, scattered
areas of gneissic and nongneissic granitic rocks
within the batholith permic the location of the
“contact” of the batholith with a maximum er-
ror of not more than abdut 5 mi. The inferred
width of the gneissic border zone northeast of
South Mountain is maintained arbitrarily in ex-
tending the “contact” of the batholith north-
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in sections each; other

otite
14.9
14.6
9.4
13.5
7.8
4.5
4.9
8.3

1.6

MODES OF ROCKS FROM SOUTHWESTERN IDAHO*
(in volume percent)
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57.3
51.9
57.8
58.6
491
45.0
50.9
46.2
52.5

TABLE 7.
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28.0
30.5
18.3
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i
i
'
s

Potassium
feldspar

2.7
1.8
3.1
0.0
3.6
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yard 1o the Snake River. The abundance of
cneissic granitic rocks in eastern Oregon in
snglomerates? in Cenozoic formations west of
s ufarsing (Fig. 1) suggests that the gneissic bor-
' zrzone is at least as wide as is shown in Figure

'+ Gravity data (Bonini, 1963) are consistent.
sith the general location of the inferred “con--
4t of the batholith throughout the 55-mi in- -

srval from east of South Mountain northward
-y the Snake River; the correlation seems best
sithin 23 mi of South Mountain,

Mineralogical and structural features of the
:aeous masses near South Mountain confirm
-3¢ the bodies are satellites of the Idaho bath-
‘th. Gneissoid quartz diorites characterized
-y discrete crystals of epidote occur as lens-
:taped intrusions'in schist along a ridge almost
: mi west of the lookout tower on South Moun-
-#a. The small igneous bodies have a consider-
ole range of color index, as shown by modal
i:a (Table 8, nos. 259, 261, 264) for rocks
m three intrusions. The large amount of epi-
= (average content 2.7 peccent) in the three

:ocks is typical of many satellites of the bath-

on the north side of the Snake River Plain.
However, as most epidote in the granitic rocks
~e5: of the lookour is less than 0.5 mm across,
2 crystals are not as conspicuous as in the
ueilites of . west-central Idaho.

- Tne largest granitic intrusion in the viciaity
= South Mounrain is a zoned stock about 6 sq
tinoutcrop area. This intrusion is north of the
nountain. Four specimens (Table 8, nos. 265,
06, 267, 268) from within 0.35 mi of the
-onzzcts of the mass are quariz diorites, whereas
0 specimens-(nos. 269, 270) from near the
enzer of the pluton are granodiorites. All rocks
:ry hornblende, but they are structureless,
-alike hornblende-bearing rocks of the border
wne of the batholith,

Gzbbroic cornplexes that occur as satellites of
ne batholith on the north side of the Snake
, “ver Plain have a counterpart near South
“founwin that supporss the conclusion that the
“ntact of the batholith lies to the east. On the
‘-‘{Jth zad southeast sides of South Mountain, a
sidbroic complex extends for S mi along an
werlazping contact of Tertiary volcanic rocks.

aglomerates also contain aonfoliated clasts of the
scovite-bearing granadiorite (Table 7) of the in-
batholith. The common occurrence of quart-
gneisses in the conglomerates, as well as many
ssic graniric rocks, indicates that the source area
ger region near the border of the batholith than
sasures of pre-Tertiary rocks represent.

CONTACT OF BATHOLITH

1913

About 4 sq mi of the complex are exposed;
dominant rocks apparently are hornblende gab-
bro, hornblende melagabbro, and coarse horn-
blendite. Hornblende-augite norite and
amphibolitized inclusions of country rocks also
are part of the complex. Locally, the gabbroic
rocks are intruded by quartz diorite.

Data summarized in Figure 1 indicate that
southwest structural trends in granitic rocks
near the Snake River commence a swing to the
southeast in an area about 25 mi due south of
Marsing. Farther to the south, wrends within the
batholith in the most westerly rocks are abour
S. 20° E.for 28 mi, beyond which the batholith

is concealed by Teruary volcanic rocks. Gra-

nitic rocks are éxposed for a total of only 10 mi
along the 28-mi interval, but the general S.
20° E. trend suggests that a similar southeast
trend characterizes theé intervening parts of the
batholith that are overlain by volcanic rocks.
Furthermore, structural trends in the meta-
morphic rocks nearSouth Mountain are also to
the southeast; dips are to the southwest. Treads
of schistose inclusions within the gabbroic com-
plex, as well as local banding in the gabbroic
rocks, are also to the southeast. Accordingly,
structural trends in the pre-Tertiary wall rocks
near South Mountain are similar to the south-
east trends in the Idaho batholith to the east and
northeast. The southeast trends within-and out-
side of the batholith prevail throughout'an area
of sufficient size to conclude:that a significant
change in structural direction occurs in south:
west Idaho in the region near South Mountain.

CONTACT OF BATHOLITH NEAR
IDAHO-NEVADA BOUNDARY

The Idaho batholith cannot be traced south-
ward from the exposures (Fig. 1) east of South .

Mountain by means of surface geology because
of a widespread cover of Tertiary' volcanic
rocks. The nearest known pre-Tertiary rock o
the south is a granodiorite (Fig. 1, loc. 1) that
crops out for several miles along Cottonwood
Creek near the headwaters of this stream. This
granodiorite, surrounded areally by Teruary
volcanic rocks, is exposed on either side of the
Idaho-Nevada state line. Paleozoic strata, in-
truded by.small granitic plutons, occur from 3
to 10 mi south of the state line. The pre-Terti-
ary rocks in Nevada suggest that the granodior-
ire along Cottonwood Creek is either part of
the border of the [daho batholith or part of 2
satellitic stock of the batholith.

Struceural and mineralogical features of the
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sranodiorite along Cottonwood Creek favor
‘he interpretation that the granodiorite is part
of a satellite of the batholith. Most granitic
-ocks along Cottonwood Creek are without pla-
qsar structure. Absence of planar structure is
svpical of border rocks of the batholith and
wggests, instead, that the rocks are part of a
atellice. The rather high percentage of potas-
sum feldspar in three specimens {Table §, nos.
319, 316, 317) also is not typical of border
«ocks of the batholith. Furthermore, mega-
wopic crystals of epidote (average content 1.8
percent) are characreristic of satellites rather
:nan border rocks of the batholicth. Also, the
:eee rocks contain about 0.1 percent of inter-
sitial zeolites (Taubeneck, 1967, p. 17-19),
~hich have been observed in Idaho only in
rocks satellitic to the batholith.

South of the southeramost granodiorite
sdong Cottonwood Creek, 4 10 5 mi, four speci-
mens from the elongated Hicks Mountain stock
.Coats and others, 1965) were collected for
:omparison with granitic rocks of Cotonwood
Creek. The specimens (Table 8, nos. 307, 308,
310, 311) contain megascopic epidote (rather
imall crystals and not abundant) and about 0.1
sercent of interstitial zeolites—minerals that
commonly distinguish rocks of the satellites of
ihe [daho batholith. .

A few hundred yards south of the drainage
divide between Cottonwood Creek and Little
Sidmon Creek, thermally metamorphosed gab-
broic rocks several miles norin of the Hicks
Mountain stock are overlain by Tertiary vol-
aanic rocks. Together with cited features of the
Hicks Mountain and Cotwonwood Creek
granodiorites, the presence of gabbroic rocks
sear the headwaters of Cottonwood Creek in
sorthernmost Nevada can be used as an argu-
Tient that the south contact of the Idaho bath-
olith is not far to the north. -

- The east to east-northeast trends of Paleozoic
‘ocks in the 15-min Mountain City and Row-
and quadrangles of northernmost Nevada are
“ompatible with the possibility that the south
-ontact of the Idaho batholith is not far north of
¢ Nevada-Idaho state line. Paleozoic strata
¢ exposed almost continuously between loca-
‘\3")“—5 2 and 3, Figure 1. Over-all trends in the
“ountun City quadrangle are nearly east-west
"R.R. Coats, 1967, oral comm.) although fur-
er east in the adjoining Rowland quadrangle,
“ends are east-northeast (Bushrell, 1967, PL.
‘. Where pre-Tertiary strata occur farther
“uth in Nevada, the regional trend is north-
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1) of the batholith near the north side of the

northeast to northeast. Trends of country rocks

. generally are more or less concordant with con-

tacts of bordering batholiths. Therefore, the .
P

anomalous deviation of the north-northeast re-

gional trend of the pre-Tertiary rocks of north- e
ern Nevada to east-west in the Mountain City .
quadrangle and to east-northeast in the Row-

land quadrangle may reflect the nearness of the

south coatact of the ldaho batholith.

\ T

EAST CONTACT OF BATHOLITH
NEAR SNAKE RIVER PLAIN

The inferred location of the east contact (Fig.

Snake River Plain is influenced by the character
of poor exposures of granitic rocks that are sur-
rounided near location 4 by Cenozoic forma-
tions (Malde and others,’1963). The granitic
rock near location 4 is a*porphyritic granodior-
ite or quartz monzonite of 4 type that character-
izes the interior of the katholith. Therefore, the
contact of the batholith is east of location 4.
About 12 mi to the north-northeast of location
4, in an area partly.covered by volcanic rocks,
the contact of the batholith can be located o
within a few miles. From this vicinity the con-
tact is arbitrarily extended almost due south w0
pass about 6 mi east of location 4.

The location of the east contact of the. bath-
olith on the south side of the Snake River Plain
involves by far the greatest unceruainty in the
attempt (Fig. 1) to define the approximate
boundaries of the southern part of the Idaho
batholith. Two small areas of Ordovician sedi-
mentary rocks (Youngquist and Haegele,
1956, p. 10-11; Crosthwaite, 1969, p. 10)
about 18 mi south of Twin. Falls (Fig. 1) imply
by their unmetamorphosed condition that the
nearest contact of any large batholith is maay—-- -
miles away. As ather Paleozoic strata also suc-
rounded by Cenozoic volcanic rocks occur
within 12 mi to the southeast of the Ordovician
sediments, the east contact of the Idaho bath-
olith must be west of the Ordovician rocks.
Exposures of the Ordovician strata are suffi-
ciently good, especially in the larger area to the
west, to assure that trends shown in Figure 1 are
representative throughout an area of at least
several square miles.. As a general parallelism
between the trend of the Ordovician sediments
and the contact of the bartholich is a reasonable
assumption, the postulated configuration of the
batholith, as suggested in Figure 1, is consistent
with the atttude of the Ordovician rocks.
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" SIERRA NEVADA BATHOLITH

Many comprehensive investigations during
the past 20 yrs by members of the U.S. Geolog-
ical Survey have made the Sierra Nevada bath-
olith the best known Mesozoic batholith of the
circum-Pacific belt. The most fundamental rela-
tionship from the standpoint of this paper is that”
the axis of the Sierra Nevada batholith does not
parallel the Sierra Nevada Mountains, which
trend north-northwest. The axis of the bath-
olith trends northerly across the Sierra Nevada
at an acute angle and continues northward into
Nevada (Bateman and Wahrhaftig, 1966, p.
107). .

Willden (1963, p. 6) reported that the Jack-
son Mountains of northwest Nevada *‘lie just
east of whar might be considered the east mar-
gin of the Sierra Nevada batholith.” The pres-
ence of the batholith in northwest Nevada was
established by chemical and radiometric studies
of the granitic rocks in western Pershing
County by Tadock and Marvin (1967) of the
U.S. Geological Survey and by reconnaissance
mapping of Willden (1964) in Humboldt
County. On a generalized geological map that -
showed the configuration of the Sierra Nevada
batholith, Bateman and Eaton (1967, Fig. 1)
extended the east border of the batholith as far
north as the Nevada-Oregon state line. Moore
(1969, Fig. 5) also extended the east limit of
the batholith northward to the Nevada-Oregon
boundary.

A recent analysis of radiometric age dara for
granitic rocks of  California and western
Nevada revealed thart the Sierra Nevada bath-
olith is composed of five belts of rock ranging
in age from Middle and Late Triassic to Late
Cretaceous (Evernden and Kistler, 1970). The
belt of Middle and Late Triassic age, not well
defined in the western United States, will be
ignored in this discussion. The four remaining
belts in the batholith are combined into a Juras-
sic belt and a Cretaceous belt, to permit sum-
mary statements of age relationships of granitic
rocks in areas to the north of the central Sierra
Nevada. The Cretaceous belt of granitic rocks
in the batholith extends northward across the
Sierra Nevada and into Nevada. The Jurassic
belt of granitic rocks diverges north-northwest
from the Yosemite region of the batholith and
extends into the Klamath Mountains of north-

ern California and southwest Oregon (Lan-
phere and others, 1968). Traditionally, the belt
of Jurassic plutons has dominated concepts re-
garding the location and trend of the major

W. H. TAUBENECK—IDAHO BATHOLITH AND ITS SOUTHERN EXTENSION

zone of Mesozoic granitic rocks in the western
United States. In any modern synthesis of the
Mesozoic evolution of western North Americy,
however, the northward divergence (Kistler,
1970, p. 597) of the Jurassic and Cretaceow
belts of granitic rocks from the general regior.
of Yosemite National Park must be evaluated.

SIERRA NEVADA BATHOLITH IN
HUMBOLDT COUNTY, NORTHWEST
NEVADA '

Knowledge of the granitic rocks of westers
Humboldt County in northernmost Nevada i
desirable as background for any auemprt
evaluate the possibility of a connection berweer,
the Idaho and Sierra Nevada batholiths. Ac
cordingly, reconnaissance studies were made of
the plutonic rocks in Humboldt County thatars
within 45 mi of the Nevada-Oregon boundary.

The approximate location of the east borde:
of the Sierra Nevada batholith* in northwes:
Humboldt County is shown by the dashed line

- in Figure 3. This line represents the east miargin

of a belt in which granitic rock is more abur-
dant than stratified rock in scatered areas of
pre-Tertiary terrane. Widespread Tertiary vol-
canic rocks and Quaternary alluvium necess:
tate that the dashed line be a generalized line
with a possible error of as much as 5 mi. The
west margin of the batholith cannor be deli-
neated-with assurance because Cenozoic forma-
tions extend continuously for scores of miles
the west of the granitic plutons (Fig. 3). How-
ever,Denio may be near the west bocder be-
cause only a few small granitic intrusions occur
in the pre-Tertiary rocks to the west and north
of this small community (Fig. 3). Low gracc
metamorphism of greenschist facies in the pre-
Tertiary rocks to the west and north of Denic

4+The belt of granitic rocks that extends from Baja Cal:
fornia on the south, northward through the Sierra Nev

- and into western and northwest Nevada customarily is subd-

vided into individual batholiths, but “'a single name, such =
Cordilleran batholith, could be applied” (Bateman and ot
ers, 1963, p. 2) w these pluronic rocks. Sierra Nevada bat
olith, however, is the name used in this paper for the bek o
granitic rocks in western and northwest Nevada, as well &
for the granitic rocks of the High Sierra in Californiz.

The granitic rocks of northwest Humboldt Couaty mich’
be subdivided into several batholiths in a detailed petrotes:?
investigation because continuity is uncertain ( Fig. 3). Raie
than introduce one or more new names for the mass o
masses of granitic rocks, Sierra Nevada batholith is used 2
convenience, but the writer emphasizes that the major 267%
of granitic rocks in Humboldt County could be a discontifi-
ous belt of small batholiths.
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Figure 3. Semireconnaissance map showing general-
1z¢ed subdivisions of batholithic rocks of northerq Hum-
Soldt County, Nevada. Map is modified slightly from

suggests that the rocks are not part of a large
reen or roof pendant of a batholich which
includes concealed granitic rocks a few miles to
the wegt, Therefore, the pre-Tertiary rocks near
Denio probably are a short discance west of the

tder of the Sierra Nevada batholith. Satellitic
plutons may lie beneath the Cenozoic volcanic
'ormations for scores
&ranitic clasgs partly verify, which occur in a
conglomerate near the base of the Warner
Mountain faule block about 9 mi west of the
alifornia-Nevada boundary.

of miles to the west, as

Willden (1964) and from Waiker and Repenning

(1965). Capical lerters indicate, plutons dominantly of
quarcz diorite.

Plutons with mesozonal attributes in north-
ern Humboldt County imply thar the dashed
line (Fig. 3) representing the east border of the
batholith cannor be invalidated by the possibil-
ity that inadequate erosion has exposed only
the upper part of a much larger batholith that
underlies country rocks to the east. The gneissic
to gneissoid texture of most of the quartz dior-
ite,"as well as some granodiorite, characterizes
mesozonal and catazonal plutons, rather than
plutons of the epizone (Buddington, 1959).
The regional metamorphism of the greenschist
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- facies (Willden, 1963; p. 17), however, is in-

dicative of the mesozone rather than the cata-
zone (Buddington, 1959, p. 714). Moreover,
the schistose structure in country rocks border-
ing the plurons and the absence of granophyre
confirm a mesozonal- classification for the plu-
tons. Mesozonal plutons provide an adequare
depth of erosion to permit an accurate assess-
ment of the approximare location of the east
border of the batholith.

In comparing Figure 3 with the reconnais-
sance map of Humboldt County by Willden
(1964), students of Nevada geology will note
minor differences. For example, granitic rocks
are not shown in Figure 3 in the Pueblo. Moun-
tains to the west and southwest of Denio be-
cause only two small intrusions were observed
In traverses across the pre-Tertiary part of this
range. Another difference in the maps is chat
Figure 3 omits a dioritic pluton in the pre-Terti-
ary rocks west of the Happy Creek Ranch. This
pluton, unlike the diorite and monzodiorite
plutons shown in Figure 3, was subjected to the
greenschist-facies  regional meramorphism
(Willden, 1963,.p. 16) that preceded emplace-
ment of the batholithic rocks. '

In the barren mountain ranges of northwest
Humboldt County, distinctcolor differences in

_the plutonic rocks as seen from a distance of

many miles permit a rough subdivision be-
tween dark-colored bodies on the west thart in-
clude much quartz diorite, as opposed to
leucocratic intrusions on the east that are com-
posed of granodiorite and quartz monzonite.
Because few contacts were- walked, derajled
field studies will necessitate changes in the
configuration of most bodies shown in Figure 3.
Moreover, as at least some of the intrusions are
composite, a subsequent subdivision of several
bodies will be possible. Enough samples were
collected, however, to confirm the abundance
of quartz diorite in the designated plutons. Ex-
cept for pluton B (Fig. 3), modal analyses of
rocks from ‘intrusions that are dominanty of
quartz diorite are given in Table 9. Additional
samples from pluton E- may disclose that
granodiorite comprises part of this body, as sug-

" gested by specimen 41. Diorite and gabbroic

rocks are associated with some masses of quartz

. diorite, as in pluton C. The diorite body west

of pluton E, as judged by thin sections’from

- four samples, contains an estimaced 1 to 6 per-

cent of quartz and from 0 to 4 percent of poras-
sium feldspar. Several dioritic rocks from
pluton C are of similar composition. Thin sec-
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tions of four specimens from the monzodior;
northeast of pluton G conrain an estimated 2 @
9 percent of quartz and from 6 1o 12 percens o
potassium feldspar. ‘

The distribution and composition of the pla.

tonic rocks of northwest Humboldt Cougg

suggest that the quartz diorite boundary line ¢
Moore (1959) may trend northeast to Denig,
although' Moore (1959, p. 199) placed th;
boundary about 160 mi- west of Denio. Lo
ton of the line in this parc of the Uniced States
is uncertain because of widespread Cenozoi
formations in northeast California, northwes
Nevada, and southern Oregon. Moreover, mg.
dal data for granitic rocks in northwest Nevads
were not available in 1959. Ralph J. Rober:
has informally suggested in recent years thy;
the quartz diorite boundary line is near Denijo,
approximately parallel with boundaries (Rob.
erts, 1966, Fig.-3) farther east for facies belts in
the Cordilleran geosyncline. Modal data in T
ble 9 strengthen the suggestion of Robers tha
the quartz diorite boundary line is near Denio.

A relocation of the quartz diorite boundary
line is supported by the occurrence of boulders
(as much as $ ft across) of quartz diorite among
the plutonic and meramorphic clasts in a con-
glomerate in the Warner Mounrains, about 90
mi west-southwest of Denio. Clasts in the con-
glomerate provide the only indicaton of the
character of the. pre-Tertiary basemen
throughout an area of more than 10,000 sq mi
Additional justification for a relocation of the
quartz diorite boundary line is the occurrence
of boulders of quartz diorite and epidote-bear-
ing wondhjemitic rocks (closely akin to the
rrondhjemite of west-central Idaho) in a basal
conglomerate of Cenozoic age about 5 mi north
of Denio. If the boundary line is moved abour
160 mi eastward to Denio, the line should

trend northeast through southeast Oregon .
jjuartz monzonite abox.

the vicinity of South Mountain before swinginz

north-northeast along the western margin of

the Idaho batholith. Southwest of Denio a relo-
cated line apparently should trend about S.

45° W. to the northernmost part of the Sierrz ;
fured. Perhaps the

Nevada Mountains, where Diller (1908, p. 89)
reported thar granitic rocks in the Taylorsville
region are “generally quartz diorite, but locally
the orthoclase may increase and the rock passes
into granodiorite.” If modern petrographic stu-
dies confirm a large proportion of quartz dior
ite among the granitic rocks in the Taylorsvillg
region, the boundary line in northern Cah:
fornia and southern Oregon should be moved

aseward 1o the vicinis
nd South Mountain,
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POSSIBLE CONNECTION BETWEEN BATHOLITHS

sastward to the vicinity of Taylorsville, Denio,
1nd South Mountain,
The probability that . the quartz diorite

soundary line is near Denio is another factor’
nat favors the supposition that Dénio approxi- .

nately marks the west border of the batholith.
The quartz diorite boundary line in east-central
{California is in the west margin of the Sierra
Vevada batholith, and the line in west-central
1daho is in the west part of the Idaho batholith
WMoore, 1959, p. 199). Accordingly, it can be
wrgued by analogy that the locarion of the line
in northwest Nevada coincides with the west
sorder of the batholith in Nevada. If so, the
sacholith in northwest Humbolde County is
anty about 40 percent as wide as in the central
Sierra Nevada Mounrtains. A much narrower
satholith in northwest Nevada is reasonable be-
sause the batholith does not include the large
slutonic belt of Jurassic age that contributes o
s mass in the region of Yosemite National
Park.

It does not follow froﬁ the northward diver-

" sence (Kistler, 1970, p. 597) of the Jurassic

and Cretaceous plutonic belts from the central
Sierra Nevada thar all granitic rocks in. western
Humboldt County are of Cretaceous age. Ran-
Zomly distributed plutons of Jurassic age are
oresent east of the batholith in north-central
Nevada (McKee and Silberman, 1970, p. 613),
and they also may occur in western Humboldt
County as small intrusive units that are early in
the emplacement sequence. Moreover, pre-
Cretaceous granitic rocks definitely occur in the
region as is demonstrated by clasts of metamor-
shosed granodiorite and quartz monzonite in a
basal Cenozoic conglomerate about 5 mi north

‘of Denio, by small bodies of regionaily meta-

morphosed granitic rocks in the southern Pueb-

5lo Mountains near Denio, and by restricted
_exposures of metamorphosed granodiorite and

quartz monzonite about §9. mi south-southwest

_of Denio. The metamorphosed granitic rocks

zre characterized by finely disseminated grains

of epidote. Small flakes of recrystallized biotite

e common, and some rocks are highly frac-
ured. Perhaps the metamorphosed granitic
ocks belong to the Lee Vining (Evernden and
Kistler, 1970, p. 19) intrusive sequence of Mid-
dle and Larte Triassic age. Regardless of the age

r ages of the metamorphosed granitic rocks, ‘

teir restricted distribution is in harmony with
'1e conclusion that the Cretaceous plutonic belt
dominates the Sierra Nevada batholith in.

orthwest Nevada.
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POSSIBLE CONNECTION BETWEEN
IDAHO AND SIERRA NEVADA
BATHOLITHS

Many earth scientists during the last quarter
century speculated on the continuity of Meso-
zoic granitic rocks between the Idaho batholith
in central Idaho and the Sierra Nevada bath-
olith in the High Sierra of California. If the
batholiths are connected, granitic rocks of the

connecting link must occur beneath the Ceno-

zoic volcanic rocks of southeast Oregon, south-
west [daho, and northernmost Nevada.
Structural data (Fig. 1) from exposures of
pre-Tertiary rocks in southwest Idaho weaken
the possibility’ of a connection between the
Idaho and Sierra Nevada batholiths. If the bath-
oliths are connected, the Idaho batholith south-
east of South Mountain must veer sharply west

beneath the Cenozoic volcanic formations and |

reach the Idaho-Nevada boundary between
long 116° and long 117° (Fig. 4). Between long
117°30" and long 117°45°, however, Mesozoic
metasedimentary rocks in the Santa Rosa
Range (Compton, 1960) extend northward w0
within 15 mi of the Nevada-Oregon boundary
(Willden, 1964). Accordingly, if the two bath-
oliths are connected, granitic rocks of the con-
necting link must be confined o a relatively
narrow belt (Fig. 4) that extends east-northeast
for about 75 mi near lac 42° N.

. The distribution of granitic rocks in northern
Humboldt County indicates that the Sierra
Nevada batholith does swing eastward near lat
42° N. As shown by Moore (1969, Fig. 5), the
east contact of the batholith swings through an
arc of abour 40° (Fig. 3) before it is covered by
Tertiary volcanic rocks.

Structural wends in gneissic and” schistose
country rocks about 11 mi east of Denio are
consonant with an eastward swing in the axis of
the batholith near the Nevada-QOregon bound-
ary. The highly metamorphosed rocks are ex-
posed in an area of slightly more than 2 sq mi
(Fig. 3) on the north side of a pluton of
granodiorite. The intricate contact has a gen-
eral wrend of about N. 60° E. (Fig. 3). Trends
in the country rocks vary within a range of N.
20°E. 10 S. 75° E.; the average of 27 determina-
tons is N. 59° E. The average trend is much
more easterly than the over-all wend of the
Sierra Nevada batholith in Nevada. Exposures
are inadequate to determine whether the in-
tensely metamorphosed counrry rocks east of
Denio are along the northern border of the
batholith or are part of a screen betwezn two

g
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Figure 4. Map showing possible connection berween
the Sierra Nevada batholith and the Idaho bacholich,

plutons. Either possibility is.consistent with an
eastward swing of the bacholith because screens
commonly strike parallel to the axis of a bath-
olith. The country rocks_probably are part of a
screen, as suggested by the intense metamor-
phism and by the geometry (Fig. 3) of the plu-
tons near the Oregon-Nevada boundary.

Structural trends in the large area of pre-

Tertiary rocks west and north of Denio are
compatible with an eastward swing of the bath-
olith, although more easterly trends in_ the
. rocks would provide stronger confirmation of a
change in direction of the batholith. The aver-
age trend of pre-Tertiary rocks west and south-
west of Denio is N. 42° E., as judged by
observations at 14 localities in an area of 3 sq
mi. Massive volcanic rocks north of Denio in
the northern part of the region of pre-Tertiary
rocks (Fig. 3) provided little evidence of struc-
tural treads during two traverses across the
area. However, isolated exposures of pre-Terti-
ary rocks that are not shown in Figure 3, abour
13 mi north of Denio, include a nearly vertical .
greenstone that trends abour N. 40° E.

In summary, relations in northernmost
Nevada indicate that the Sierra Nevada barth-
olith may extend eastward near lat 42° N. o
connect with the Idaho batholith in the manner
suggested in Figure 4. This possibility is fa-
vored by the virtual continuity of the Creta-
ceous plutonic belt, wherever pre-Tertiary rocks
‘are exposed, northward from the central Sierra
Nevada Mounuins to the Oregon-Nevada
boundary. Logic suggests that the belt of gra-
nitic rocks does not terminate beneath the
Cenozotc volcanic formations east-northeast of -
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- Denio, although coatinuity in the strict sense
may not persist for each mile of the concealsq
interval between the two batholiths.

POST-OLIGOCENE DISPLACEMENT
OF IDAHO AND SIERRA NEVADA
BATHOLITHS

The Idaho and Sierra Nevada batholiths
were more nearly in a north-south alignmen,
before post-Oligocene deformation in the Ba.
sin and Range strucwral province produced an
estimated east-west change of as much as 50
in the relative position of the two batholiths. &
positional change of such a magnicude is con.
sistent with the combined displacements from
normal faulting, dike intrusion, and rightla:
eral faulting, which are features of the Basin
and Range structural province.

[nterpretations of the Cenozoic evoludon of

the western United States in terms of plate ree.

tonics must €mphasize the tectonic significance
of the intersection of the North America plate
with the crest of the East Pacific Rise in lage
Oligocene ‘time. Annihilation of the eastern.
most sector of the rise with concomitant initiz-
tion of the northern portion of the San Andreas
fault system is closely related to collisior of the
North American and Pacific plates (Atwater
and Menard, 1970, p. 449). Extensional Basin
and Range faulting throughout much of the
western United States commonly is regarded a3
-a consequence of the subsequent interaction o
the two plates. . :
Extension in the Basin and Range structural
province must be a major factor in the east-wes:
change in alignment of the Idaho and Sier::
Nevada batholiths. Available radiometric ages
of dikes in the western United States suggest arn
age of about 25 m.y. for the inception of impor-
ant normal faulting of the Basin and Range
structural province (Taubeneck, 1970, p. 85).
Accordingly, Basin and Range extension is clas-
sified as post-Oligocene. The close agreement s
noteworthy between the 27 m.y. date (Arwater
and Menard, 1970, p. 449) when the No:th'
American conunent impinged on the crest of
the East Pacific Rise and the beginning of Basis
and Range faulting as determined by radiomer-
ric ages of dikes. :
The Sierra Nevada batholith in the vicinity.
about lat 36°45" N., of Fresno, California.
west of the Basin and Range structural prov:
ince; the Idaho batholith is mostly east of the
normal faults of the structural province. Re

_gional relationships can be visualized from 2
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map of Basin and Range faults (Gilluly, 1963,
p. 158). In addition to faults shown by Gilluly,

+he writer includes (see @/so Schmidt and Mac--

Lin, 1970, p. 4) within the structural province
the north-south faults of western Idaho (Ander-

son, 1934b, p. 23-26). Many of the larger

faults, mostly near the west side of the Idaho
patholith, were shown on a sketch map by

“Hamilron (1962, p. 512). The major fault ap-

parenty has at least 9000 ft of displacement as

“judged from gravity interpretations of valley fill

in the Long Valley graben (Kinoshita, 1962, p.
6). Farther south, on the southwest side of the
Snake River Plain, a detailed map by Kittdleman
ind others (1967) shows the abundance of
aorth-south normal faults near the Idaho-Ore-
zon state line.

The effect of Basin and Range faulting on the
position of the Sierra Nevada and Idaho bath-
oliths is readily seen from a map>® by Gilluly
{1970, p. 61) that shows the percentage of dis-
iention across the wideh of the structural prov-
ince. I[f an extension of 50 mi is assumed across
northern  Utah, northern Nevada, - and
northeast California, the distribution of faults in
the structural province implies roughly 30 mi of
post-Oligocene east-west change in the relative
position of the Sierra Nevada and Idaho bath-
oliths.

Part of the east-west flexure near lar 42° N.
in the possible connection (Fig. 4) between the
idzho and Sierra Nevada batholiths can be ex-
nlained by differential extension on either side
of the Idaho-Nevada state line. The rather
abrupt change in fault density (Gilluly, 1963, p.
138) in passing northward from northern
Nevada into southern Idaho would accentuate
un original flexure in the belt of plutonic rocks.

Post-Oligocene dikes and dike swarms of the

Buasin and Range structural province (Taube-
1

Cfeek, 1969) also have contributed to the

inge in position of the Idaho and Sierra
vada batholiths, but the magnitude of the
ange is uncerrain, partly because many of the
“ixes are so poorly exposed that they com-
monty escape detection (Taubeneck, 1970, p:

"1, 78). Basaltic dikes that cut pre-Tertiary
————————

s

map was compiled from the tectonic map of the
States by considering each 10-mi-long normal faule
- As pointed out by Gilluly (1970, p. 59-60), no
tion was given to fault segments shorter chan 10 mi,
he map provide for the many miles of normal faules
ad beneath the: alluvium of the intermontane basins.

agly, actual distention is greater than indicated by the

POST:OLIGOCENE DISPLACEMENT OF BATHOLITHS

1970, p. 2173) o even less in the southern

rocks generally are characterized by negative

_ relief; the dikes are not easily seen unless bed-

rock is well exposed. Even in Tertiary volcanic
rocks, in contrast to textbook concepts and
mental images, many dikes do not exhibit posi-
tive relief. For example, most dikes of a basaltic

. swarm near Lakeview, Oregon, not far from the

gorthwest corner of Nevada, would remain un-
known without roadcuts. A 75-ft-wide dike in
Warner Canyon, exposed only in a roadcut
along highway 140, is an excellent example of
a large dike that would not be noticed without
man-made excavations. The writer has found at
least some dikes in nearly every mountain
range in southeast Oregon, western Idaho, and
northern Nevada. Published and unpublished
data of many workers indicate that dikes occur
in most parts of the Basin and Range structural
province. Although dike swarms occur north of
the Snake River Plain in the Idaho batholith,

they apparently are absent in that portion of the

Basin and Range province that is east of the
batholith. Considering the distribution of dikes
of all compositions, rhyolitic as well as basaltic,
dike intrusion.in the structural province proba-
bly produced from 3 to 5 mi of east-west
change in the over-all position of the Sierra

Nevada and Idaho batholiths.

Westward displacement of much of the
Sierra Nevada batholith (mostly the part in
California) during right-lateral fauliing in the
western Great Basin also'is a factor that must be
evaluated in reconstructing the late Oligocene
position of the two batholiths. Major north-
west-trending structural zones that require con-
sideration are the Las Veégas-Walker Lane and
Death Valley-Furnace Creek systems. Dara
summarized by Stewart and others (1968, p.
1411) indicate about 30 to 35 mi of right-lat-
eral displacément (rotational drag as well as
fault slip) along the Las Vegas shear zone.
Bénding and faulting along the Las Vegas shear
zone are- post-Oligocene according to Fleck
(1970, p. 333). Nielsen (1965, p. 1303) re-
ported about 12 mi of aggregate right-lateral
displacement in the Soda Springs region of the

" Walker Lane, some 240 mi northwest of Las

Vegas. Lateral fauliing in the Soda Springs re-
gion probably began after middle Miocene
time (Nielsen, 1965, p. 13035, 1306). Estimates
of the amount of rightlateral displacement
along the Death Valley-Furnace Creek fault sys-
tem vary from 50 mi (Stewart, 1967, p. 133) o0
between 10 and 20 mi (Wright and Troxel,
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Death Valley region (Wright and Troxel,
1967, p. 947). McKee (1968, p. 512) sug-
gested 30 mi of right-lateral displacementalong
the northern part of the Death Valley-Furnace
Creek fault zone. Faults along the Death Val-
ley-Furnace Creek zone have been active in late
Tertiary and Holocene time, but present evi-
dence does not warrant a conclusion that all
strike-slip displacement is post-Oligocene. Ap-
praisal of dara for right-lateral faulting in the
western Great Basin, primarily along the Las

Vegas-Walker Lane and Death Valley-Furnace

Creek systems, permits a tentative suggestion of
as much as 10 to 15 mi of post-Oligocene east-
west change in the relative position of the
Sierra Nevada and [daho batholiths.

The possibility that sigmoidal bending in
western Nevada and eastern California is re-
sponsible for about 100 mi of horizontal dis-
placement (Albers, 1967, Fig. 4) must be
considered in any atwempt to determine the
original relative position of the two batholiths.
Between lats 37° N. and 39° N., some 40 to0 185
mi south-southeast of Reno, a generalized map
by Albers (1967, Fig. 4) suggests that sigmoi-
dal bending has displaced Paleozoic and Meso-
zoic rocks about 100 mi westward. Although
Albers (1967, p. 151) concluded that most of
the postulated sigmoidal bending occurred
before Miocene time, the effect of a horizonral
displacement of as much as 100 mi on the posi-
tion of the Sierra Nevada batholith justifies con-
sideration regardless of whether or not most of
the suggested displacement is pre-Miocene.

The east border (Moore, 1969, Fig. 5) of the
Sierra Nevada batholith between lats 37° N.
and 39° N. trends without deviation through
the west-central part of the area of suggested
sigmoidal bending. The border of the batholith
as shown by Moore (1969, Fig. 5) is a general--
ized boundary, rather than a contact, between
mostly granitic rock on the west and country
rock on the east, but the state maps of Nevada

and California indicate that the border of the .-

batholith between lats 37° N. and 39°.N. can be
drawn with an accuracy of about 5 mi. The
absence of distortion along the east border of
the batholith suggests that post-batholith orocli-
nal bending has not occurred. This conclusion
is strengthened by the N. 10° W. alignment
(Evernden and Kistler, 1970, Pl. 1) of the east-
ern margin of the Lee Vining intrusive se-
quence. Rocks of this sequence occur in eastern
California and western Nevada in a belt about
115 mi long betweén lats 37°12° 'N. and 38°
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 more than 35 mi regarding the location of the southern ¢

_topographic boundaries. Fenneman and Johnson (1946) is-

52" N. Geochronologic data indicate thar the
Lee Vining intrusive epoch is of Middle to Late
Triassic age. The trend of N. 10° W. of the east
margin of the Lee Vining rocks is in the same
region where 100 mi of bending involving
Jurassic formations (Albers, 1967, p. 151) is
postulated. Accordingly, westward displace-
ment of the Sierra Nevada batholith by sigmoi-
dal bending between lats 37° N. and 39” N is
not substantiated by the distribution of grarnitic
rocks in the eastern part of the batholith.

In conclusion, an appreciable change in the
relative position of the Idaho and Sierra
Nevada batholiths has occurred since Olign-
cene time. If the suggested magnitudes of dis-
placement from normal faulting, dike intrusion,
and right-lateral faulting are approximately cor-
rect, an east-west change of as much as 50 miin
the alignment of the batholiths has occurred
since the North American continent intersected
the easternmost sector of the crest of the East
Pacific Rise.

CHARACTER OF EARTH'S CRUST IN
SOUTHWEST IDAHO ‘

.Hjavmilton and Myérs (1966, p. 539) cited
interpretations of seismic refraction dara in an

abstract by Hill and Pakiser (1963..p. 890) as

justification for the conclusion that “‘low-
velocity (‘granitic’). continental crust is proba-
bly wholly lacking beneath at least the western
part” of the Snake River Plain, “which has 2
thick but high-velocity (‘basaltic’) crust.” The
seismic dara are for a north-south profile cha
extends approximately from Boise, Idaho.
through Mountain City (Fig. 1), Nevada, ©
Eureka, Nevada. Along the line of the seismic
profile, the Snake River Plain is considered by
Hamilton and Myers (1966, Fig. 1) and by Hill
and Pakiser (1967, p. 686) to extend south-
ward into northernmost Nevada. These work-
ers include a much larger area within the

plain® than is shown in Figure 1.

5Physioémpher$ (for example, Fenneman, 1931; Freem2?
and others, 1945; Hunt, 1967) commonly have differed by

of-thé: Snake River Plain, mostly because the region so
west.and west-southwest of Twin Falls has no well-define

cluded much of southern Idaho and all of southwest

within their Columbia Plateau province-—an unforius?

decision that influenced some workers to include most, orsil
of southwest Idaho in a western Snake River Plain subpro™
ince of the Columbia Plateau. As pointed our by Mk
(1965, p. 255), the Snake River Plain is not an appends?
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| some workers to include most.©
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Plateau. As pointed out Y
ake River Plain is not an appefives

! The preferred model of Hill and Pakiser
i (1967, p. .697) for crustal structure along the
1daho part of the seismic profile includes a 5.2-

ips-layer about 10 km thick above a 6.7-kps
laver about 40 km thick. The model includes no
granitic layer (6.0 kps) in Idaho; the granitic
iyer in Nevada pinches out northward near the
Nevada-Idaho border. Hill and Pakiser ( 1967,

p. 701) did note, however, ‘that “'It is not clear

o~

layer exists between the intermediate layer and
‘he 5. 2 km/sec layer under the Snake River
Plain.”” Significantly, Pakiser (1968, written
commun.) stated that the 5.2 kps layer in south-
west Idaho and the uppermost part of the un-
derlving tntermediate (6.7 kps) layer might be
graaitic, making it permissible to extend the
granitic layer under che Snake River Plain,
y  Surface geology in Idaho indicates that a gra-
nitic layer is present along at least part of the
wismic profile. The Boise shot point (Fig. 1,
t loc. 9) was in the batholith at Lucky Peak Reser-
i wir(Hill and Pakiser, 1967, p. 686). The bath-
;Z oith extends south from the shot point for
i
H

thout 2 'mi (Lindgren, 1898) before the gra-

atic rocks disappear beneath Cenozoic depos-
i5. Poor exposures of the batholith occur at
<ation 6 (Fig. 1), about 4 mi- south-southeast
"o the shot point, Where granitic rocks crop out
" song'and near the profile, as in the vicinity of
the Boise shot point, the exclusion of a granitic
layer from the crustal profile seems unrealistic.
“ineralogical and structural features in the gra-
aitie rocks souch and southeast of the shot point
2re consistent with the interpretation that the
ocks continue southward beneath the Snake
“Aiver Plain. Furthermore, as geophysical data
iHill, 1963, p. 5808) do not support the possi-
zility of a “'pull-apart” for about 18 mi south of
%e shor point, the granitic rocks south and

U

“ntinue southward beneath the plain for ar

.. =1 as far as the northern edge of a large
—— .

e Columbia Plateau. Descriptions by Malde and Powers
U192, p. 1200) and by Malde (1965, p. 255) suggest that
e geologists visualize the western Snake River Plain
2 ot less as shown in Figure 1. The Owyhee Mounsains, *
ik of Marsing (Fig. 1), form a natural boundary for the
A near the [daho-Oregon line. Along the northern edge
Snake River Plain, most workers agree on the bound-
Tiexceptin the area that is east of Mountain Home (Fig. 1).
8 ‘4“15 on either side of the Snake River where topography
Tnides ng unequivocal border for the plain, [ selected

i dartes (Fig. 1) that exclude pre-Tertiary rocks from the
va

ST 4wt

PYIRE N

CHARACTER OF EARTH'S CRUST

‘rom the seismic refracnon data if a 6.0 km/sec’

=utheast of the shot point can be inferred to- -

gravity high which could coincide with a postu-

lated " pull-apart.’
South of the Boxse shot point, 104 mi, gra-

nitic rocks near location 1 (Fig. 1) in southem-‘
most Idaho are several miles east of the line of

the seismic profile. Available geological and
geophysical data include no compelling evi-
dence for eliminating a granitic laver from the
seismic profile for at least 68 mi north of loca-
tion. 1. Farther north, the seismic profile crosses
the central part of a prominent gravity high
about 20 mi wide (Hill, 1963, p. 5808). The
preferred model of Hill and others (1961, p.
250) for explaining the gravity high is a tabular
body of basalt abour 90 mi long, from 4 t0 6 mi
in widrh, and extending from abour 5000 ft o
60,000 ft below sea level. Accordmg o this
interpretation, a.4 o 6 mi “pull-apart” of che
granitic layer would occur along the seismic
profile in the vicinity of the gravity high.
Exposures of gtahitic rocks 1o the west of the
seismic profile prove that a granitic layer
roughly parallels the profile for at least 35 mi.
Granitic rocks at location 7 (Fig. 1) are within.
14 mi of the. profile. Gravity data (Bonini,
1963; Hill, 1963) east and southeast of locartion
7 impose no restrictions on extending the gra-
nitic rocks eastward beneath the Cenozoic for-

. mations to the line of the seismic profile,

In summary, gravity and seismic data consid-
ered in terms of surface geology and the distri-
bution of granitic rocks are coasistent with the

?The Snake River Plain is interpreted by Hamilton and
Myers (1966, p. 533, 540) as a “lava-filled tensional rift
formed in the lee of the northwestward drifiing plate of the
Idaho batholith”” which supposedty is bounded on the north
by the Osburn fault system. The batholith is visualized as
drifting northwest accompanied by Basin and Range faulting

on the -east (Hamilton and Myers,. 1966, p. 535). Tension.—. -~ =+

was oblique in the northwest-trending western half of che
Snake River Plain and direct in the northeast-trending half of
the p!ain(Hamilton and Myers, 1966, p. 540). [f s0. a “pull-
apart” more logically would occur in the eastern pate of the
plain rachec than sin’ the western pact. The three on echelon
gravity highs, however; are confined to the western half of
the plain where strike-slip faulting is postulated ( Hamilton
and Myers, 19662‘45, 540) rather than extensionai thinning
and normal faulting. In addition to the anomalous lacation of
the gravity highs, the Hamilton and Myers (1966) model is
weakened by the failure of geologists o recognize strike-slip
displacement along the faults of the western Snake River

- Plain and, on the north, by lack of evidence for post-Miocene

strike-slip displacement along the St Joe fuult (R, R. Reid,
1968, oral commun.), the Osburn fault (Hobbs and others,

1965, p. 128), and the Hope fault (King and others. 1970,
p. 4).
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interpretation that models of crustal structure
should show a laver of. low-velocity (“gra-

. nitic”’) continental crust underlying most of the

‘western Snake River Plain and nearly all of
southwest Idaho. This conclusion is strength-
ened by the large volume and widespread dis-
tribution of arkose in Cenozoic formations in
eastern Oregon, as well as by the distribution in
Cenozoic formations in eastern Oregon of con-
glomerates that contain a more diverse suite of

pre-Tertiary salic rocks than is represented’

among the present exposures of continental

" crust in southwest Idaho.
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