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ABSTRACT

The Alpine Mountains, Churchill
County, Nevada, contain two sequences of
Tertiary rhyolite tuffs and flows which are
contemporaneous but markedly different in
structure and thickness. The sequence in the
porthern part of the range consists of about 500
m of well-stratified ash-ﬂ_clw__sb_clt_s_giggg_ggngc
7210.30.m.y.. The southern_part of the range

contains_an_assemblage of lava_flows,_domes,.

and ash-flow and_epiclastic_tuff_beds, which is
here subdivided into five mappable units.
Radiometric ages are 22 to 30 m.y. Based on
gravimetric analysis, the thickness of the
southern sequence is at least 3,000 m and per-
haps 5,000 m. The contact of the two rhyolite
sequences, which is now largely eroded, was
probably an abrupt gradation close to the
present northern margin of the southern
sequence.

Structural evidence indicates that the
voluminous eruptions of the southern sequence
were probably from Jocal sources and were con-
current with faulting such that the rocks were
deposited in one or more volcano-tectonic de-
pressions. Recognition of_the_north wall of at

least_one caldera within_the_southern sequence

seerns_clear. Age relations indicate that the
vents for the southern sequence were probably
the source of at least some of the ash flows of
the northern sequence. Similar age and struc-
tural relations between different sequences of
rhyolite tuffs and flows in the next range east,
the Desatoya Mountains, suggest that the
volcano-tectonic feature of which the southern
sequence is a part extended east of the Clan
Alpine Mountains.

INTRODUCTION

The Clan Alpine Mountains in west central
Nevada contain two sequences of Tertiary

Wcst-Cc_:ntral Nevada

rhyolite tuffs and flows which are contemporan-
eous but remarkably different in structure and
thickness (Fig. 1). The southern half of the
range (Figs. 2 and 3) is underlain byl rhyolite
that may be as much as 5,000 m thick aqd
which.occurs as lava flows, breccias, intrusive
domes, and welded tuffs, which at most places
are densely compacted. The age range of these
rocks is 22 to 30 m.y.

The northern part of the range (Fig. 2)
contains sheets of well stratified, variably com-
pacted ash-flow tuff in sections up to 500 m
thick. Most of these sheets can be traced to the
east of the porthern part of the Clan Alpine
Mountains (McKee and Stewart, 1971); on
the basis of reconnaisance mapping we con-
sider that some of the sheets probably extend to
the west and north as well. Ages of the ash-
flow sheets in the northern Clan Alpine Moun-
tains and of the correlative sheets in the north-
ern New Pass Range are 23 to 30 m.y. These
ash-flow sheets may have been derived in part
from the southern Clan Mlpine Mountains, the
previously unrecognized volcanic center.

This paper focuses on the lithic properties of
the southern sequence and its major structural
features to explain the apparently large dif-
ferences between the southern and the north-
ern sequences. The northern sequence is a
simple accumulation of widespread ash-flow
sheets. The southern sequence appears to be
derived from local sources in a volcano-tec-
tonic depression, probably a series of calderas
which were concurrent with volcanism. The
similar durations of eruption of the northern
and southern sequences support the proposition
that the ash-flow sheets of the northern Clan
Alpine Mountains and perhaps elsewhere had
their source in the southern Clan Alpine
Mountains. Lateral lithic changes in the ash-
flow sheets,” however, do not provide clear
support for this hypothesis.

Geological Society.of America Bulletin, v. 83, p. 1383-1396, 6 figs., May 1972
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TERTIARY UNITS OF THE
SOUTHERN CLAN ALPINE
MOUNTAINS

The Tertiary rocks of the southern Clan
Alpine Mountains are subdivided into eight
mappable units. The distribution of these units
is shown on Figure 3 and their sequence is
shown on Figure 4. Each unit_described.is
lithologically...heterogencous. and consists of
many rock types that have a spatial, temporal,
and petrologic association. Six of the units are
rhyolite in composition, and five of these con-
stitute the main mass of a volcanic center which
is the focus of this paper. Underlying the
rhyolite units of the volcanic center is a unit
composed of older andesitic rocks, and above
them is'a unit composed of younger rhyolite
tuff beds and a unit composed of still younger
basalt and andesite flows. A description of each
unit follows.

Andesite Unit (Tha, Fig. 3)

The basal Tertiary unit in the Clan Alpine
Mountains comprises hornblende and pyroxene
andesite lava flows and epiclastic rocks com-
posed mainly of andesite clasts. The unit lies
unconformably on pre-Tertiary rocks and is

overlain by rhyolite units. A K-Ar age on’

hornblende from a lava flow in the andesite
unit is 35 m.y. (Table 1): Similar basal Tertiary
andesite units are widespread to the east in
Lander County (McKee and Silberman, 1970)
and White Pine County (Blake and others,
1969), where their average age is also about
35 m.y.

The distribution and thickness of the ande-
site unit is highly irregular in the Clan Alpine
Mountains. At places, the unit wedges out and
younger rhyolite units lap over on pre-Tertiary
rocks; elsewhere, the andesite unit 1s as thick as

. 800 m. The stratigraphic sequence of lava

flows and intercalated epiclastic rocks varies
laterally. At Byers Canyon, hornblende
andesite lava flows lie below nonhornblendic
lava flows, and-still higher in the section,
epiclastic rocks are dominant. Conversely, at
Bernice Canyon, the lower 100 to 200 m of the
section are chiefly epiclastic rocks and pyroxene
andesite lava flows, and several hundred feet of
hornblende andesite lava flows cap the section.
The variability of thickness, stratigraphy, and
the large quantity of intercalated epiclastic
rocks indicates that the lava flows did not
spread great lateral distances and that rapid

thick heterogencous complex of lava flows, tuffs, and

shallow intrusive rocks.

photo) is characterized by a sequence of well-stratified
ash-flow sheets. The southern part is made up of a

Figure 1. Photo of Clan Alpine Mountains looking
west. The northern part of the range (right side of
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osion and fluvial redistribution of materials
curred during the etuptive episode.

: Andesite lava flows lie in places below
thyolite of both the ash-flow sheet sequence in
the northern part of the Clan Alpine Moun-
ins and the thick flow and intrusive complex
a the southern part of the range. There seems
o be no obvious relation between the occur-
fence or lithology of the andesite unit and the
lhology of the succeeding rocks. Moreover,
ithe wide distribution of andesite of similar age
o central Nevada supports the assertion that
Truption of the andesite unit in the southern
an Alpine Mountains was probably unre-
ihted to the later development of the rhyolite
Homplex there.

- Zoned plagioclase grains compose from 20 to
T@pﬁrccnt by volume of the andesite lava
s; An contents of individual grains range
lom Ang to Ang. High-calcium clinopyroxene
RV, = 50°), which is usually altered, makes up
#om 5 to 15 percent of the rock, and horn-

%‘g‘:nde composes from 0 to 25 percent. A

“Hingle whole-rock analysis of a sample obtained
%m a hornblende-bearing andesite lava flow
4Bom Crescent Canyon is given in Table 2. This
%mplc contains 17 percent plagioclase, 21 per-
?n( hornblende, and 6 percent pyroxene in a
ely crystalline groundmass composed of
$agioclase grains and undeterminable inter-
Wial material. Its total iron content is less than
Percent, it is quartz-normative, and
gloclase phenocrysts are strongly zoned with
I¢s containing up to 60 percent An molecule.
bese features are characteristic of calc-alkaline

desite (Yoder, 1969).
sehyolite Units of the Volcanic Center

# Basal Composite Unit (Til, Fig. 3). The
\ -ayelite unit_of the southern Clan.Alpine
L an _assemblage of ash-flow_tuff
-epiclastic_tuff beds,.and dense homogene-
- rhypl;lisi‘hggiish._On the west flank.of_the
/ g‘—’;-& (E:)Jéni[ consists_predominantly_of.ash-
bp— Ul beds greater than 300, m. thick, locall
ik rlayered wih ool tff of probablye
trine origin. On the east flank of the range,
%’ "< lows of this unit consist predominantly
& ‘OUcular bodies of dense rhyolite, ap-
Otly restricted in areal extent. Such
te bodies display no compaction zona-
Suggesting that they are lava flows rather
! we d'ed.ash flows. They contain, however,
ll;l-su‘Ptxcal patches a few millimeters in
Interpreted as pumice clasts, and they

TERTIARY VOLCANIC CENTER, WEST-CENTRAL NEVADA
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lack the conspicuous foliation which exists in
massive rhyolite, more clearly interpreted as
lava in younger units in the range. Thus, the
mode of emplacement of the dense rhyolite
bodies is uncertain. In sharp contact with the
dense rhyolite bodies are lenticular_bodies_of,
noncompacted lithic tuff,_locally_well sorted
and.stratified._Such tuffs are probably of
Ig iclastic derivation;_ in other lenticular
bodies, however, local compaction variations
suggest a pyroclastic origin. The basal com-
posite unit is characterized by its lithologic
heterogeneity which contrasts with the rela-
tively uniform lithology of the rhyolite lavas
of the overlying unit.

The base of the composite unit is uncon-
formable with the andesite’ unit and pre-
Tertiary rocks. Above the andesite, interbeds
of sedimentary rocks composed largely of
andesite clasts occur in the rhyolite sequence
near its base. The thickness of the composite
unit varies from 100 to greater than 600 m. In
spite of the wide range of texture and type of
eruption among the rocks assigned to the com-
posite unit, they have a petrologic unity. The
phenocryst population _js _characteristically.
moderately_ high, 15.to 30 percent.of .the first
cycle deposits. Plagioclase is_relatively abun;
dant; oligocfase/sanidine_varies _from 1/1 to
3/1. Quartz seldom exceeds 5 percent. Chemi-
cal analyses of six relatively nonporous speci-
mens from the basal unit are in Table 2. The
normative feldspar composition, of these rocks
indicates that 3’16)’ are irhygl_i_ge (Fig. 5) ac-
cording to the classification of O’Connor
(1965).

The age of the composite unit in the central
Clan Alpine Mountains has not been obtained
radiometrically, but we believe this unit is
conformable with the overlying unit dated at
30 m.y.

Uniform Dense Rhyolite (Tr2, Fig. 3).
The second_rhyolite_unit_consists_predomin:
antly.of dense, foliated thyolite flows with only
local tuff intercalations between 15 and 100 m
thick. It is distinguished from the basal com-
posite unit by its comparatively..uniform,
dense,_well:foliated _rocks;_ in contrast, the
composite unit contains a large amount of non-
compacted pyroclastic rocks. Though the
uniform dense rhyolite unit is apparently
laterally continuous over much of the map area
(Fig. 3), the thickness viaries markedly, from
zero to a maximum of 200 m at War Canyon.
The contact between the composite unit and

busel Q’E*‘?’*’
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the uniform dehse rhyolite unit is conformable,
# and there is no evidence for an erosional hiatus
¥ between the two units.
Foliation in the dense rhyolite unit is a
B millimeter-scale lamination caused largely by
E. grain size changes in devitrification products;
" the individual laminae are generally continuous
" over several centimeters. The foliation attitude
- is highly variable in relation to the configura-
¥, tion of unit boundaries; changes of foliation
£ attitude occur over several tens to hundreds
£+ of meters. Foliations of rocks in the dense
' thyolite unit are distinguished from those of
E: the overlying unit, in which the foliations are
E continuous over several meters and variations
'3"‘ of attitude may occur over a few centimeters.
e There'is little evidence that the foliation of the
& dense rhyolite unit was originally a com-
s paction fabric, and we interpret_the foliation
i a8 resulting_from.shear.during flow of rhyolite
as,
Phenocryst contents of individual flows in
he dense rhyolite unit vary widely; some
Bows.contain less than 5 percent_phenocrysts,
£ whereas_others_contain_up_to 30 percent.of
Quactz, oligoclase, and sanidine phenocrysts. A
; Ar age on sanidine from the dense rhyolite
unit (Table 1) js 29.9 m.y. Two analyzed
*:gﬁCu_nens of the unit are both classified as
yolite (Table 2, Fig. 5).
 Foliated Rhyolite (Trd, Fig. 3). Remark-
)‘MY distinctive rhyolite occurs .in_intrusive
g domes between Grover and Cow Canyons on
% west side of the range. The most obvious
Haaracteristic of this rhyolite is the pronounced
£ \..,_t;_gcr-scale foliation.which_is_generally
ftecply.inclined and is locally highly folded on
Mavelengths of 1 ¢m to tens of meters; axes of
b Eﬂq!mau folds impart a conspicuous rectilinear
Qinttimn to the rock. The deformation of the
b on occurred during flow because the
3cent unit is undeformed.
Stratigraphic relation of the foliated
gJ 3! unit to the dense rhyolite unit is not
g Differences in the style of deformation of
fii.513ton in the rhyolite of the two units
"yrh n prc\{iously descyibed. In addition,
gityolites differ by their phenocryst con-

yane

i

f:ralizcd geologic map of Clan Alpine
. Shf)ng distribution of southern and
m rhyolite sequences,
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tents; the foliated rhyolite unit rarely has more
than 5 percent phenocrysts, predominantly
sanidine, whereas the dense rhyolite unit varies
from crystal-poor to crystal-rich with much
quartz in addition to sanidine.and plagioclase.
A fission-track age of an intrusive dome of
foliated rhyolite is 29.9 + 1.0 m.y. (Table 1).
Considering the analytical precision of the age
determinations, the dense rhyolite unit and the
foliated rhyolite unit are contemporaneous.

The foliated rhyolite is completely devitri-
fied, and the foliation consists of alternating
devitrification textures. Coarser laminae are
microcrystalline quartz and feldspar in series of
clusters ‘of radiating fibers. Quartz of possible
secondary (hydrothermal) origin occurs in
irregular patches up to 2 cm in diameter.

Outcrop patterns of individual domes are
equidimensional and are 100 to 500 m in
diameter. Portions of the domes consist of
breccia of foliated rhyolite; foliation in the
breccia clasts is randomly oriented in a matrix
of massive rhyolite. Vertical to subvertical
columnar joints cut- the flow fabric of this
unit.

Chemical analysis of a specimen of foliated
rhyolite (Table 2) indicates the rock is sub-
alkaline rhyolite, typical of Tertiary silicic
rocks of the Basin and Range province.

Dark, Massive Rhyolites (Trf, Fig. 3).

The dark, massive_rhyolite_unit_occurs_along,

the west flank of.the.range, in the vicinity of

P s T - T S

Grover Canyon (Fig. 3); the exact stratigraphic
position of this unit is uncertain. Chemically, a
sample of the unit is classified as rhyolite
(Table 2, Fig. 5). Petrographically, the rocks of
the unit most resemble dense, vaguely foliated
rhyolite of the basal composite unit exposed on
the east side of the range, because the total
phenocryst_content_ranges_from 10 to 25 per-
cent, and there is a uniformly high degree of
compaction. Bhenocrysts. are.predominantly
-Rlagioclase with lesser_amounts of quastz.and
sanidine. Conspicuous foliations are absent
and the origin of the massive rhyolite
unit as lava flows or pyroclastic deposits is un-
certain. South of Grover Canyon the massive
rhyolite unit is intruded by small domes of the
foliated rhyolite unit, thereby placing a
minimum limit on the possible age of the
massive rhyolite unit at about 29 m.y. (Table 1,
Trd 29.9 + 1.0 m.y.). At the present we can
suggest only that the massive rhyolite unit may
comprise lavas associated with, and slightly
older than, the intrusive domes of the foliated
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thyolite unit, or that the massive rhyolite unit
may correlate with the composite rhyolite unit.

Crystal Tuff of Cherry Valley (Trc, Fig. 3).
The southern half of the map area (Figs. 2, 3) is
underlain by a unit of thick, uniform, densely.
compacted crystal tuff. The exposed thickness

is about 1,500 m, but the base and top of the -

unit are missing. Within the map area the unit
lies above only the rhyolites of the massive
rhyolite unit; the unit of crystal tuff contacts
all other units along a steep fault which strikes
across the range. A K-Ar age on biotite from a
sample of the unit of crystal tuff is 24.5 + 0.8
m.y. (Table 1) indicating a distinctly younger
age than for other units. The fault occurred
after deposition of the uniform dense rhyolite
unit (about 29 m.y.) and before a younger
basalt flow (presumed to be less than 20 m.y.
old) that overlaps the fault. Considering the
thickness of the unit of crystal tuff unit its ap-
parent restriction to the area south of the fault
suggests that its distribution may be due to
deposition in a fault-bounded basin.

On the east side of the range, the crystal tuff
displays abundant eutaxitic textures, but other
than a few vitrophyre lenses, compaction
zonation is absent. Thus, to a first approxima-
tion, the unit here is a simple cooling unit
1,500 m thick. On.the.west.flank of.the_range,
however, boundaries between sucessive ash
flows_are_recognized.. There, the lower part of
the_secrion.isgenerally a more poory com-
pacted lithic_tuff, and the upper part 1s a.more
densely compacted_eutaxitic_crystal_tuff..The
stratigraphic equivalence of the lower parts of
the unit of crystal tuff on the west and east
sides of the range is uncertain.

Petrographically, the unit of crystal tuff. is
distinctive because of its uniformly. high
Phenocryst content (20 to 30 percent) and its
telatively_high biotite abundance (3 to 5 per-
Lent). Zoned plagioclase (oligoclase-andesine)
and sanidine phenocrysts together constitute
about 15 to 30 percent of the rock; quartz
-Phenocrysts are generally less than 5 percent.

he matrix consists of collapsed and devitrified
shards and pumice. Chemical analysis of a
Sample of the crystal tuff unit (Table 2) in-

¢

Figure 3. Geologic map showing distribution of
Cftiary units, southern Clan Alpine Mountains. See
text for description of units.

1389,

dicates that the rock is rhyolite, but the SiO,
content is lower and CaO content is higher than
other rhyolite units in the map area.

Rhyolite of War Canyon (Trw, Fig. 3)

A small unit of rhyolite crystal tuff occurs
near the head of War Canyon. The tuff is a
tabular body about 300 m thick which is un-
conformable on older rhyolite of the uniform
dense rhyolite unit. The rhyolite of War Can-
yon contains compaction zonations which indi-
cate the rock unit consists of two and perhaps
three ash-flow cooling units. A K-Ar age of
sanidine from this wnit is 22.} + 0.7 m.y.
(Table 1). The unit is the youngest silicic rock
in the southern Clan Alpine Mountains.

Phenocrysts consist of quartz, .10 percent;
plagioclase, 5 percent (andesine); and sparse
biotite, Distinctive flamme (ellipsoidal weather-
ing features), most likely devitrified pumice,
occur near the base of the unit. Analysis 11,
Table 2, shows that the composition of a sam-
ple of the rhyolite of War Canyon is similar to
the compositions of older rhyolites. '

Younger Basalt and Andesite (Tyb, Fig. 3)

Basalt flows which cap the range crest (Fig.
3) and small andesite flows on the east face of
the range are the youngest volcanic units in the
Clan Alpine Mountains. These flows are
equivalent to the relatively young mafic lavas
which constitute the uppermost beds in many
Tertiary sections of the Basin and Range
province. We have not dated rocks of this unit

~=——————— SOUTHERN SEQUENCE NORTHERN
SEQUENCE
Tyb; <l6 m.y.
rhyollte tulf of War
Canyon, Trw; 22 my.

rhyolita tuff of Bates Mountain

Cherry Vallsy, uff,
Trc; 24-25m.y. 23-25 my.
1
Cherry Creok 'p;lin'.mK Mc(zlosym.y.
fauit Edwards Vaolley
Tutt, 27 m.y.

rhyolite rhyolite flows,

;redl;‘ 'h':(;g:;:"' — in—zg'—“y— . . unnomed ash-fiow
. Y. 3] hyoiite tufts,epiclastic  tuff,26-30 my
|- """ ;’8,;‘* units, Trl;29-30m.y?

andesite,Tha;
I \ sim. \| ondesits
pre-Terhary 1l pre- ertiary

Byers Canyon foult

.Figure 4. Schematic stratigraphic relations of the
northern and southern sequences, Clan Alpine Moun-
tains. Dashed lines indicate uncertain maximum or
minimum ages.
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. ‘ TABLE 1. AGE DETERMINATIONS OF SPECIMENS FROM THE SOUTHERN SEQUENCE, CLAN ALPINE MOUNTAINS

i

. Rock type and designation  Location of Mineral K0 Ar0 rod percent Age,
(Figure 3) sample dated percent x 10-11 /g Ar40 rog my.

RhyuH;e crystal tuff 1170 51° 4o* Sanidine 10.42 3407 58.5 22.1 £ 0.7
{Trw
390 35' Q5"
K Rhyolite tuff, near Dyer 17° 49° 20¢ Biof.ite 8.28 35.06 54.4 28.4 £ 1.0
N Canyon*
. 390 43' 40°
ée,‘ Rhyolite dome (Trd)™ 1170 53' 35 . Zircon fission track 29.9 £ 1.0
R ' 390 4¢0' 30" determination (5 grains)
! Rhyolite flow (Tr2)™* 1170 49* 30* Sanidine 8.36 37.17 7.2 29.9 £ 1.0
SLE ' 390 37' 15"
g
Andesite flow, basal 1170 47° 50" Hornblende 0.965 5.00 57.3 35.0 £ 1.2
Tertiary unit (Tha)
390 38' 40"
Rhyo“t).e crystal tuff 1170 54' 40" Biotite 8.36 30.46 47.1 24.5 + 0.8
(Trc .
399 35' 15"
Basal ash flow tuff 1170 45' 30 Biotite 6.69 29.82 65.2 29.9 £ 1.0
39° 48* 44"

*Rocks from the central Clan Alpine volcanic complex
Constants used in all K-Ar determinations age: Ag = 0.585 x 10710 yr~1
Ag = 4.72 x 10710 yr-1
40
. X%/ Xeotal = 1.19 x 104 mole/mole R
Fission track determination: pg - spontaneous track density, average of 5 grains = 7.2 x 108 tracks/cm’
1/2 py - induced track density, average of 5 grains = 9.3 x 108 r.racks/a:rz

! ¢.= neutron dose = 1.28 x 1015
o Decay constant used is 6.85 x 10717 yr-1 ;

in the study area; eruption of basaltic lavas
occurred as recently as the Pleistocene in the
T Carson Sink region to the west (Willden and
. Speed, unpub. data) whereas rocks of equi-
valent stratigraphic position to the east in
Lander County are dated 10 to 16 m.y. (McKee
and Silberman, 1970): Thus, 16 m.y. represents
a possible maximum age for young lavas in the
Clan Alpine Mountains.

Summary and Interpretation

QUARTZ
KERATOPHYRE

The southern Clan Alpine Mountains con-
tain an enormous volume of Oligocene and  ,,
. ite which the in- ' )
Miocene rhy()ht whic erupted i € " Figure 5. Rocks from southern sequence, Clan

terval 22 to 30 m.y. ago (Table 1). The rhyolite Alpine Mountains, classified according to O’Connor

comprises two main eruptive' phases, 28 to 30 (1965). Numbers refer to analyses given in Table 1.
m.y. and 24 to 25 m.y. Gravity models of the

subsurface indicate that the earlier phase }
produced much more than the 240 cu km of

rhyolitic lava and tuff now contained in the
range (Fig. 6). The major characteristics of the
earlier rhyolites are their obscure stratification
and irregular lithosomal configuration. The
older rhyolites consist of many small lava

flows, ash flows, shallow intrusive domes, and
volcanic sedimentary rocks. The occurrence of
rhyolite domes demonstrates that local sources
existed through at least part of the earlier
eruptive phase. The local, lenticular, bedded,

)
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TABLE 2. WHOLE-ROCK ANALYSES AND NEIGH'i' PERCENT NORMS OF SPECIMENS FROM SOUTHERN CLAN ALPINE MOUNTAINS, NEVADA
Q) (2)  (3) (4} (s) (6) (7) (8) (9) (10) on g2y (3)
Jap unit Tha Trl ™1 Trl Trl  Tr2 “Tr2 Trd Trf Tre Trw Tyb Intrusive dome,
— - Cherry Creek
lab no. MI11655W R-703 R-704 R-706 R-708 M111656W R-705 M111657W R-701 M111658W M111659W R-702  fault (R-707)
ield no. 14667-1* 70-21t 69-2t 69-44t+ 68-90+ 14667-2* 69-43t 14667-3* 70-15+ 14667-4* 14667-5* 70-18t  68-66t
Si0 57.8 73.8 4.7 7717 N4 N8 68.9 76.7 70.4 68.9 69.6 55.2 69.j
Alg04 . 16.5 14.7 ]_33 12.9 15.0 15.0 15.9 12.4 14.9 15.8 14.6 19.5 15.1
Fep0y 5.0 1.6 1.9 .6 1.7 1.4 2.1 1.1 2.6 ° 2.0 1.5 7.4 1.7
fel 1.80 Jd2 A2 .60 .22 .52 .06 - .50 .66 .68 .80
Mg0 3.60 .18 10 .10 .47 .27 .84 .06 .27 .45 .40 2.33 .25
Ca0 5.3 - .5 .4 1.4 1.6 2.1 3 1.0 1.8 1.8 7.1 - .8
Nay0 2.9 3.9 2.8 3.6 3.9 3.9 4. 3.7 4.3 3.5 3.7 4.0 4.7
KZO 2.8 4.8 5.5 4.7 4.1 4.4 4.0 4.8 4.8 4.6 4.8 2.2 5.0
Ha0+ 1.80 1.02 .44 .65 .52 .39 .87 .29 .54 .80 Nl .50 .43
Hy0- 1.10 n.d. n.d. n.d. n.d. .57 n.d. .21 nd. n.d. .49 n.d. n.d.
TiOz .99 .14 .12 .04 .26 .28 .34 .2 .53 .40 .29 1.17 .56
Py0g .37 .06 0 .03 .10 .04 .16 - .14 .08 .02 .53 .15
Mo .04 .04 .03 .02 .05 .08 - .03 - .04 .10 .05
Coz .05 <.05 <.05 <.05 .36 <.05 .20 <.05 .05 <. 05 .85 .05 <.05
Total 100. 101. 100. 100. 100. 100. 100. 100. 100. 99. 99. 10, 99,
Weight norm
q 15.0 32.3 3.6 37.9 29.7 29.3 25.1 36.6 24.5 27.1 25.8 7.0 21.6
or 17.0 29.0 32,7 27.8 246 26.0 23.8 28.4 28.9 27.8 29.0 12.9 29.6
—] . 25.3 33.3 24.0 30.3 33.3 33.0 34.8 31.3 37.0 30.5 3.2 3.1 40.3
an 24.5 .8 1.5 1.9 6.5 1.7 9.3 1.5 4.3 8.4 8.8 29.0 2.8
¢ - 2.81 2.2 1.3 1.8 1.2 1.5 g .9 2.0 .1 - .9
en 9.2 .4 .3 .2 1.2 .7 2.1 .2 .7 1.2 1.0 5.1 .6
hm 3.0 1.6 1.9 .4 .8 1.4 1.5 1.1 2.6 1.7 .5 7.5 1.0
ap .9 B .3 A .2 .1 .4 " .3 2 .1 1.2 .4
i 1.9 .3 WA 1 .5 .5 .7 A A 8 .6 1.7 1.1
- - - 1 - - - - q 5 - - - N
_J 4 B - - - - 1.6
t b - T - - .8 -
ot 3.1 A .3 1.3 1.0 - .5 1.4 "~ 1.1
Total 100. 101. 100. 100. 100. 100. 100. 100. 100. 100. 99, 101. 99.
*Analyses performed in Rapid Rock Analysis Lab. under L. Shapiro, U.S.G.S., Menlo Park, California.
TAnalyst: Max Budd, 5.U.N.Y. (Binghamton); methods of Shapiro and others (water-free basis}.
1-35
1-30
1-25
i-20 -
1-15 4
i-10 13
r 1t 1-5
Sor |y ~__T Tni,g
BENCH CREE DYER CANYON BERNICEY 3000
| ZNCHCREEK b CANYON] 2000
noof pre - == 1 1000 &«
S RS CAT N LI
— 23 4 -1000 E
— mode! § tifometers 1-2000
and J-3000
e of lFigurc 6. Geologic and gravity profile AA’, Figure  relative to a substrate of postulated ?rc-Tcniary rocks
1 i : Open circles: simple Bouguer gravity values; closed  and Tertiary andesite. Model 1: density contrast = 0.2
Jie! Ues: gravity values corrected for effect of Dixie  g/cc, solid linc. Model 2: density contrast = 0.4 g/cc,
f ld i Y. Gravity models are two-dimensional configura-  dashed line.
Jeo § %08 of the base of the southern rhyolite sequence
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tuffaceous rocks indicate the presence of small
water-filled basins during the earlier eruptive
phase. We envision that these characteristics
were most likely produced in a volcanic center
in which the topography was irregular and in
which local viscous flows (lava and breccia) and
more ubiquitous tuff could collect.

The later major eruptive phase of the south-
ern Clan Alpine Mountains (24 to 25 m.y.)
produced a single rhyolite unit remarkable for
its uniformity throughout great thicknesses
although its fabric seems one of a compacted
tuff. In theory, successive ash flows should con-
tain a discrete compaction reversal at each
boundary unless the time duration between
flows was very short, or succeeding flows were
anomalously thick (Riehle, 1970). On the basis
of this, we interpret the crystal tuff of Cherry
Valley as resulting from rapid outpouring of
large quantities of ash such that the com-
paction was effectively that of a single ash flow.
Clearly, a depression—probably a caldera—
allowed over 1,500 m of densely compacted
tuff to accumulate in a brief period of time.
The northern boundary of the unit of crystal
tuff is a fault cutting older rhyolite, and it
seems likely that this fault is the northern
boundary of a caldera which was rapidly filled
by the ash flows that produced the crystal tuff
of Cherry Valley. The southern boundary of
this caldera has not been mapped, but the
continuity of the crystal tuff to the south in
the Clan Alpine Mountains indicates the de-
pression had a north-south dimension exceeding
19 km.

The preserved volume of the younger (22
m.y.) rhyolite of War Canyon is too small to
indicate a major eruptive episode in the south-
ern part of the Clan Alpine Mountains at that
time. Moreover, this unit is an ash-flow sheet
that may be widespread. Mafic lavas were
extruded both earlier (35 m.y.) and later (16
m.y.) than the rhyolite complex, and owing to
the widespread regional distribution of such
lavas, there appears to be no relation between
their eruption and the eruption of the rhyolite

sequence of the southern Clan Alpine Moun-
tains.

TERTIARY UNITS OF THE
NORTHERN CLAN ALPINE
MOUNTAINS

The general sequence of Tertiary rocks in the
- northern Clan Alpine Mountains is broadly
similar chemically to that in the southern part

RIEHLE AND OTHERS

of the range; that is, andesite-rhyolite-basaly
andesite. : ..?'
The rhyolite sequence of the northern.
Alpine Mountains differs markedly from thy
of the southern region. The northern sequ@nc‘t
consists entirely of well stratified ash-flow
sheets in sections as much as 500 m thick,
Shoshone Creek (Fig. 2), the section is cop,
posed of at least 10 cooling units, most
which are correlative with units about 12

. southeast in the northern New Pass Rag

(McKee and Stewart, 1971). A tuff unit whig)
is widespread at or near the base of the Sk,
shone Creek section is correlated with the 26 to
28 m.y. Edwards Creek Tuff of the New Pag
Range. At most places north of Shoshope
Creek in the Clan Alpine and Augusta Moyy.
tains, the Edwards Creek Tuff is at the base of
the rhyolite sequences, but at Shoshone Creek,
thin lenticular bodies of older tuff beds ap
locally below the Edwards Creek Tuff. Cor.
relatives of the lenticular older tuff beds in the
New Pass section may have K-Ar ages of 285
+ 1.0 and 303 + 1.0 m.y. (McKee and
Stewart, 1971). Upper units in the Shoshone
Creek section have not been dated radiometn-
cally, but they are believed to be correlative in
part with the 23 to 24 m.y. Bates Mountain
Tuff and overlying 22 m.y. tuff unit in the
New Pass Range. ,

The northern rhyolite sequence is conting-
ous for 10 to 12 km south from Shoshone
Creck to Stone Canyon on the east flank of the
Clan Alpine Mountains and Bernice Canyon
on the west flank, where the rhyolite sequence
is faulted against older rocks (Fig. 2). The
thickness of the section of the ash-flow tuff
sheets is about constant throughout the north-
ern Clan Alpine Mountains, and the only
marked change is the southward thickening of
the pre-Edwards Creek tuff beds to about 100
m at the southernmost exposures. Here, the
basal tuff unit is largely poorly compacted, but
it contains several zones of moderate com-
paction which indicate the unit comprises mul-
tiple ash flows. A K-Ar age of biotite from the
basal tuff unit which is in depositional contact
with pre-Tertiary rocks 3 km north of Bernice
Canyon is 29.9 + 1.0 m.y. (basal ash-flow tuff,
Table 1). This age provides support for the
equivalence of the sections of ash-flow tuff
sheets in the northern Clan Alpine Mountains

and northern New Pass Range. The contact

between the basal unit and the overlying Ed-
wards Creek Tuff is everywhere conformable,
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which suggests that the basal unit .was not
widely eroded before emplacement of younger
wif units. Thus, the patchy distribution of the
basal tuff unit near Shoshone Creek is probably
due to infilling of irregular topography at the
distal end of an ash flow.

Rhyolite is absent over a 6 km interval of the
Clan Alpine Mountains between the northern
and southern rhyolite sequences, except along
the western margin of the range near Dyer
Canyon (Fig. 2). Here thin erosion remnants
of variably compacted ash-flow tuff beds lie
unconformably on the 35 m.y. andesite unit
and on pre-Tertiary rocks. Though the thick-
ness of the remaining section is small, the
thyolite rocks at the mouth of Dyer Canyon
and for 3 km south are structurally similar to
rocks of the northern sequence but structurally
different from most units in the southern
sequence. About 3 km south of Dyer Canyon,
the variably compacted tuff beds grade within
adistance of a few hundred meters to a massive
crystal lithic tuff bed assigned to the basal
composite unit of the southern sequence (Figs.
2 and 3). Here the basal composite is overlain
by the northernmost outcrops of foliated
thyolite which occur on the north flank of a
large bulbous dome. If the ash-flow tuff beds
near Dyer Canyon are correctly correlated
with the northern sequence, the gradational
contact between the ash-flow beds and the
massive tuff bed south of Dyer Canyon repre-
sents the transition of this rhyolite unit from
the southern to the northern sequence. Else-
where in the range, the contact has been
eroded, but evidence suggests that most other
thyolite units of the volcanic center in the
southern part of the range did not spread much
beyond their present location. They cannot be
correlated with ash-flow tuff sheets of the
Rorthern sequence. Moreover, thickness of
units and regional distribution suggests that the
ash-low tuff sheets of the northern sequence
originally were continuous in the Clan Alpine
Mountains only about as far south as the exist-
Ing northern boundary of the southern se-
Quence, This distribution of the two rhyolite
Sequences is also reflected by the exposure
Pattern of pre-Tertiary basement rocks. Ex-
Posure of the pre-Tertiary substrata occurs
only beneath the northern ash-flow sheet se-
Quence, The lack of a pre-Tertiary basement

eneath the southern rhyolites indicates a pre-
Gpitous thickening of rhyolitic rocks at the
forthern margin of the southern sequence,

The K-Ar ages of units in the southern
sequence and the single ash-flow tuff bed that
extends from the northern into the southern
sequence overlap within analytical uncertainty,
and suggest relatively rapid emplacement of
most of the older rhyolite units of the southern
sequerice concomitantly as the basal unit of the
northern sequence about 29 m.y. ago.

STRUCTURE OF THE
TERTIARY UNITS

Figure 2 shows the distribution of exposed
pre-Tertiary rocks in the Clan Alpine Moun-
tains; the youngest layered rocks in this group
are Middle jurassic (Speed and Jones, 1969) in-
dicating a significant hiatus between the pre-
Tertiary and Tertiary rocks. There is a clear
relation between widespread exposure of pre-
Tertiary rocks and the occurrence of Tertiary

ash-flow sheets of the northern rhyolite se- .

quence. In the region of the southern rhyolite
sequence, exposures of pre-Tertiary rocks are
sparse. Because the oldest rhyolite units of
both sequénces are contemporaneous, the base
of the southern sequence must be downset
substantially below the base of the northern
sequence. The minimum relative displacement
is about 1,200 m as indicated by the elevation
difference of the pre-Tertiary rocks on the
range crest at Byers Canyon and the lowest
level of the southern rhyolite sequence on the
range flanks. :

The southern edge of widespread outcrops of
pre-Tertiary rock (Fig. 2) is in part a north-
west-striking fault which brings the southern
rhyolite sequence and the andesite unit against
the older rocks. As presented earlier, the fault
trace is believed to be approximately the site of
the original transition between the northern
and southern rhyolite sequences. Near the
mouth of Byers Canyon, however, tuff beds of

the basal composite unit lap over the fault, ‘

indicating that faulting occurred during the
emplacement of this unit. There is thus a
temporal relation between downfaulting of the
basement and the first phase of rhyolitic vol-
canism in the central part of the Clan Alpine
Mountains; moreover, the fault marks the
boundary across which contemporaneous but
remarkably different rhyolite sequences de-
veloped. The evidence suggests that the older
rhyolite units of the southern sequence, inter-
preted previously to be of local origin, erupted
in a faulted-bounded depression, most likely a
volcano-tectonic feature. A thick assemblage of

{7
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deposits derived from local sources accumu-
lated in the depression.

The fault which cuts the earlier rhyolite
units of the southern sequence at their southern
boundary strikes northwesterly as does the
fault at their northern margin discussed above.
‘An hypothesis given carlier was that the fault
which separates the earlier rhyolite units from
the crystal tuff of Cherry Valley was the wall
of a caldera which was filled by the crystal tuff
unit at about 25 m.y. Thus, the two major
faults in the southern rhyolite sequence are
ostensibly similar responses to long-lived
magma transfer.

It is important to obtain a figure of the
actual depth to the bottom of the southern
rhyolite sequence to understand the structure
of this sequence as it applies to a volcano-
tectonic theory of origin. Toward this end,
G. A. Thompson of Stanford University has
kindly provided simple Bouguer gravity values
roughly in a northerly line between Bernice
Canyon and Cherry Valley. Gravity station
positions are on Figure 2, and a gravity profile
1s shown in Figure 6. Manual terrain corrections
of Hammer zones d to m at the northernmost
and southernmost stations are within 2 mgal,
and it is assumed that terrain corrections at
other stations are of similar values. Gravity
measurements near Dyer Canyon are further
corrected on Figure 6 for the effect of down-
faulted low density materials just west at the
range-front fault on the basis of other gravity
data of Thompson (1971, written commun.)
and refraction data of Meister (1967). Though
the number of stations is sparse, the gravity
values have grossly an arctangent distribution
with an inflection near the boundary between
the southern rhyolite sequence and the pre-
Tertiary rocks and an amplitude of —30 mgal
over the southern rhyolite sequence.

Figure 6 shows two model anomalies cal-
culated as two-dimensional slabs of rhyolite
with inclined northern edges by the method of
Talwani and others (1959). The model param-
eters are depth of horizontal base of the south-

ern rhyolite sequence and the density contrast
of the rhyolite and pre-Tertiary rocks; model 1
is 4,000 m, 0.2 g/cc; model 2 is 2,000 m, 0.4
g/cc. Mesozoic rock densities in the Clan
Alpine Mountains are 2.55 to 2.75 g/cc. Mea-
sured densities of the crystal tuff of Cherry
Valley and dense rhyolites of the southern
sequence are about 2.45 g/cc. The lacustrine
and uncompacted tuffs are probably as low as

RIEHLE AND OTHERS

2.0 g/cc. Most of the exposed rocks of the;
southern sequence probably exceed 2.40 g/,
and the quantity of exposed low density f(:i
decreases south from the northern boungd
of the southern sequence. Depths accordin 0
model 1 thus secem more likely than mode] 2
The principal uncertainty is whether densig;
of exposed rhyolite are representative of th

at depth. Thus, the gravity models indicy,:
basement depths increasing south to at leagy
2,000 m and most likely much deeper, perhap
4,000"m, below the level of the exposed pre-
Tertiary rocks (that is, 500 to 2,400 m belqy,
MSL). Taking the latter value as a depth
limit, the elevation difference between the
highest (2,700 m) and lowest (—2,400 m)
levels in the ostensibly continuous southerq
rhyolite sequence indicates a2 maximum thick.
ness of 5,100 m. Regardless of the uncertaintieg
in density of the rhyolitic rocks and the sparse
gravity data, the models indicate that the
southern sequence is enormously thick com.
pared to the northern sequence of ash-flow
sheets and gives strong support to the proposi-
tion that the southern sequence accumulated
in a depression, most likely akin to°a calder
collapse.

REGIONAL CORRELATIONS

The differences between the northern and
southern rhyolite sequences in the Clan Alpine
Mountains and the tectonic features in the
southern sequence are indicative of different
geologic histories.

McKee and Stewart (1971) have tentatively
correlated some of the ash-flow tuffs in the
northern New Pass Range with those near Sho-
shone Creek in the Clan Alpine Mountains,
The tuffs in both areas range in age from 22
m.y. to 30 m.y.; with groupings at 28 to 30
m.y., 27 m.y., 24 to 25 m.y., and 22 m.y. The
total duration of ash-flow tuff emplacement is
the same as the range of ages of rhyolite in the
southern Clan Alpine sequence, and individual
eruptive times are also concurrent. Thick ash-
flow deposits also occur in the northern Still-

water Range northwest of the Clan Alpinc

Mountains, and though we have no ages from
the Stillwater rocks, they are likely to be partly
contemporaneous with the northern Clan Al-
pine sequence.

South of the New Pass Range in the Desa-
toya Mountains, volcanic rocks change ab-
ruptly from thin stratified ash-flow sheets to
poorly stratified, thick rhyolite beds which
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underlie most of the southern and central part
of the range (Fig. 2}; this change is remarkably
like that seen in the Clan Alpine Mountains,

Lithic units in the southern Desatoya Moun-
tains are as yet incompletely delineated, but
the range is dominated by a thick (1,200 my},
densely compacted crystal tuff which is
lithologically and structurally similar to the
crystal tuff of Cherry Valley in the Clan Alpine
Mountains and has the same age.

The north-south changes in Tertiary rhyoli-
tic rocks in the New Pass-Desatoya Moun-
tains that parallel those in the Clan Alpine
Mountains suggest that the volcano-tectonic
features of the southern sequence of the Clan
Alpine Mountains are closely related to similar
features in the Desatoya Mountains. These may
represent a  major east-trending  geologic
feature in west-central Nevada.

EVOLUTION OF THE
VOLCANIC CENTER

Evidence that the southern Clan Alpine
Mountains was the site of voluminous silicic
volcanism between 24 and 30 m.y., and that
the extrusion was concurrent with faulting and
. subsidence has been presented. The tectonism
was probably related to caldera formation, but
this feature has not yet been completely
delineated. In addition, it seems clear that
within the resolution of K-Ar dating, the two
major eruptive episodes of the southern
sequence of the Clan Alpine Mountains were
contemporaneous with emplacement of many
of the ash-flow sheets of the northern part of
the range and correlative ash-flow sheets to the
cast and probably to the west. Such evidence
by itself seems sufficient to propose that the
source from which some of the widespread ash-
flow sheets were erupted was in the southern
Clan Alpine Mountains and perhaps southern
Desatoya Mountains. A noteworthy exception
1s the 26 to 28 m.y.-old interval during which
no eruptions are recognized in the southern
sequence but during which several ash-flow
tuffs were emplaced in the northern Clan
Alpine and New Pass Mountains. A problem
for future study is to determine whether such
ash-flow sheets may also have been derived

om the volcanic center of which the southern

g Clan Alpine sequence is a part, or whether they

g Nad sources elsewhere.
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Inmrobucrion

mgcs consxdcxod an this 1mpcx are located in
e western part of the Basin and Range strue-
ral provinee and arc bounded approximately
W latitudes 39°20°N and 40°15’N and by longi-
ld(\ 117°30°W and 118°30°W (Figure 1).

% Since the earthquake of December 16, 1034;
xie Valley and the surrounding arcas have
#een the foci of numerous investigations. Effects
that dynamic display of tcctontc activity

y mﬂo structm 11 plohloms _
Magneiic data were co]lociml m Dixie thlm‘
ring 1964 for determining the structural his-

d the ﬂ\'ﬂil‘lhility 01' Sllpplemcm'n:y jnformng
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Aeromagnetic Measurements in Dixie Valley, Nevada;
Implications on Basin-Range Structure

THoyas E. Samrrint
Geo'[))‘zysics Department, Stanford University, Stanford, California 5.4305

i Interprelation of an acromagnetic survey flown during 1964 suggesls that the pre-Tertiary
J enmbnchc basement -under Dixie Valley, Nevadd, forms an asvmmctric composite graben-
” whose inner block is approximately 5 l\m wide and lies under the weslern half of the valley
at an average depth of 1.9 km. Steplike ‘shelf’ blocks bordering the narrow inner graben are
also downthrown with respeet to adjacent ranges, but to a lesser degree; the western shelf is
! approximately, 300 melers below the surface, whereas the eastern conjugale block lies about
500 mcters below the surface. The average depth of valley ill across the composite graben is
approximately 765 meters. Depth estimates imply, in addition, that the eastern shell block is
broken by several NW-trending transverse faulls of 300- to 600-meters displacement. The
- maguetic expression of contacts between a Jurassic gabbroic eomplex and other basement rocks
can be traced across both northern and southern Dixie Valley. An absence of appreciable hori-
zontal offset of this conlact across most of the mnjor Basin-Range faults indicates that post-
Jurassie displacements have been primarily dip-slip. An appavent right lateral offset of 2-3 kin
may exist along the castern side of the deepest graben. block, however. Models compulied from
' anomalies over the souther gabbro contact tcnd to verify (‘:Hl)[)l gm)lugu: inferences that this
} intrabasement complex is of lopolithic form. The appuarent, novthward displacement of the
gabbro outerops and contact in the Clan: Alpine Range from the subsurface position of gabbroic
basement in eastern” Dixie Valley may reflect an uplift of the range, relative to the valley
block, with subsequent eresional stuppmg of the tapered ]opohlh Satisfactory alternative
solutlons of an equidimensional anomaly in southeastern Dixie Valloy are cither a voleanic
cone or an cquidimensional valeanie remnant. Both computational models ov cxlm the gubbroie
complcx and l(‘([llllC a high total magnclization.

establishment and tracing, by meéans of mag-
netic measurements, of a geologic contact inter-
sceled by the major fault systems of Dixie
Valley:  The magnetic expression of displace-
ments on this contact cstablishes whether shal-
low crustal faulting throughout the Cenozoic
era has been principally of a normal sensc, as
the 1954 scarps and strain data suggest [Slem-
mons, 1957, and L. J. Meister, personal com-
munication, 19667, or, allernatively, movement

in a strike-slip sense has been of significance

[Sales, 1966; Roney, 10577

A sccondary  objeetive was- to  exmmine,
through  gradient analyses, the general con-
figuration of magnetic hasetnent under Dixie
Valley, hoth as an aid to progranmming subsc-
quent scismic refraction work and as a means
of extrapolating hetween seismic profiles. An
additional aspect, mvestigated through com-
putational models, was, the intrabasement ge-

-ometry of a gabbroic complex exposcd in ad-

jacent mountain ranges.
Previous geological work in Dixie Valley {md
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Index map of Nevada showing location of
the Dixie Valley avea.

ddjacent mountains has been primarily con-
cerncd with surface mapping, subsurface studics
being limited to. hydrologic investigations from
shallow well data [Cohen et al., 1963]. The
stratigraphy and structure of the extreme north
end of the project arca have heen discussed by
Muller et al. [19517]. Of particular value to the
present project has been reeent mapping of the
Stillwater Range and parts of the West Hum-
boldt and Clan Alpine ranges by Page [1965]

- and Speed [1963]. Previous geophysical studies

m-and ncar the region of interest have been
limited to a gravity survey.of Dixie . Valley
[Thompson, 1959, and -unpublished], a rccent
gravity survey of the Carson Sink-West Hum-

" boldt arca [Wahi, 1065], a complete geological

zeophysical investigation of the: Sand Springs

‘Range, Fairview Valley, and Fourmile ¥lat area

to the south of Dixie Valley [Nevada Burcau

tions of the December 1957 earthqml\cs [Rom-
ney, 1957 Cloud 105/]

CoLLE urm\' AND REPUCTION OF DATA

-Mngnchc total intensity measurements were

taken with a Varian model M-49 nuelear preces-

sion magnetometer adapted for aeromiagnetic
use. The instrument package, mounted 'in a

light aircraft, was comnected througly 31 meters:

of suspension and transmission line to the scus-
ing unit. It was found that this cable length
ceffectively eliminated maguetic interference of
the airplane, regardless of flight orientation.
Actuation of the polarization to readont cyele
was eflncied mannally by an operator ai 10-scc
intervals determined by a stop wateh. Station
values accurate to =*=5 gammas and pertinent

location information were recorded by a third,

person in the aireraft.

10637, and scismological investiga-

Tositioning of flight lincs was controlled ¥y
establishing a serics of ground referénce potdly
over which the pilot would fly, indicating °

© the recorder when these points were crossed.

the subscquent plotting .of data, station yeisth

bihbroic it

te a str
proxinit!

Yait of sic

rders the

were lincarly distributed between refercice km he norih.

“tions, compensating for variations in gtwm\ o

speed. Locations accurate to approximy
#=100 meters were established by this methedy:
With minor exceptions, flight lines were flowy
at a barometric elevation of 1280 =15 meteexi]
above sea Jevel. This elevation corresponds &
an approximate height of 215 meters above thy §

qllq floor. i
were necessary only over isolated alluvial (ma :
at-the basinal margin. g

During periods of nmonmfrnehc nieas nrcmm&,
a continuous monitor of total infensily was rev
corded hy Vurian Associates in Palo Alte, Calye
formia (37°30'N,
sient variations
compensated for m-all survey data.

A linear gradient of 1.2 gammas/km in thy

dircetion N 30°I5 was assumed as a regiond

correetive factor for all magnetic data [U. X

Coast' and Geodetic Survey, 1955]. After appé

cation of space and titmhe dependent correetions,
crossing profiles’ gencrally agreed to within 13

~gammas, This value elascly approaches the is.

herent standard deviation error- in“the survey,
and, in view of the 50-gamua map contour io.
terval desired, no further statistical adjustments
were made to data within the survey grid.

Generinizep Groroay anp Macneric Usire
A comparigon of the mapped geology (Figuee

2) with a magnetic profile flown along the enss

_ol the Stillwater Range (Figure 3) and with the

total intensity 1soanomalic map of Dixie Valley
(Figure 4) reveals that the numerous roel

units mapped by Pn(]e [1963] and Speed [1983]

in that and other rabges form three prinsjul
magnetic mega-units. The southermmost of these
includes sedimentary rocks of Upper Triassie

Departures from this clevatay §

122°05W). Dinrnal and traze §
appearing on those records werg |

ga-unit,
fief, sugge
bbroic co

age and overlying welded tufls, latite, and. %4

thyolite. An average total intensity anomaly
over this unit is approximately 200 gammas
ahove the magnetic base level of 33,130 gammas
observed in the area. farther south [U..8. Coast
and Geodetic Survey, 1055]. Bordering these
rocks on the north, a sccond magnetic unit, of
late Jurassic age, 1s composed of heterogencous

Fig.
Tanges,
structu
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i "xound reference 1"""“ gate a- strongly undulatory- anomaly averaging
~ would fly, indicating 18, Zjpm\umwtely 500 gnmmas. The third magnetic
“se points were crosscd.,l it of significance, unexposcd in the ranges,
ne of data, station p_o'm rders the aforementioned gabbroic suite on
o between reference loca=sflle north. The magnetic expression of this

for variations in gmuml% a-unit; of comparable magnitude but lower
curate to  approximatdyy

it 1|)l|~hcd by this methoed
, llight lines were flows
‘il()n of 1280 =*=15 mum: B
clevation corresponds o d -

bbroic complex. -

whbroic intrusive rocks ‘and basalt, Wthh gen-

lief, suggests 1t is more homogencous than the

1323

Triassic rocks of the southern magnetic unit-
in -the Stillwater Range are exposed gencrally
south of latitude 39°5(YN. They occur as gray-
black, grayish weathering slates and phyliites.
Over the greater part of the exposute, only in-
cipient recrystallization is evident, although ex- .
ceptions do oceur near granite contacts. Com-
plex déformﬂtion of these rocks precludes direct
measurement . of their thickness; however,

i of 215 meters above lhq"“
nres from  this (‘lv\ahw. ’%
nver lsolltcd alluvial f.\m ‘

cromagnelic measurement, |
of total intensity was ]
-ciates in Palo Alto, Cafis
0153W). Diurnal and lmb;
ring on those records wes
Il survey data, 17';
o 1.2 gammas/km in the'
+z assumed as a regions
“all magnetic data [U. 8
wrvey, 1955, After appliv
ime dependent, correetions.
rally agreed to within 1%
vlasely approaches the i
afion error in the sutvey,

hier statistieal adjustment
ithin the survey grid, -
v AND NAGNETIC U.\'n'ﬁ,

ER

e mapped gcolo y (Flg!m%
rofile flown along the ereit
w (Figure 3) and iith the S

:’ '

that the numerons reek -
' [1965] and Specd [1963} 3
nges form’ three principed
The sonthernmost of this |
rocks of Upper Triashe
welded  tuffs,  latite, ard

total intensity anomsly
‘proximately 200 gammass
rse level of 53,150 gamme
i'.-nrthcr south [U. 8. Coaﬂ

MAGNETIC SURVEY BOUNDAR'
FAULT BY SEiSMIC REFR.
FAULT INFERRED FAOM MAD.

oo _Kioutiens

PLERSTocEN DESALT AL BASILTIC ANDESITE

PLIQCENE(?) NOW-MERINE SEDIMENTS AND TUFFS,

VOLCANIC TUSES, BRECCIAS, B FLOWS
OF RMICLITE, DACITE, L ATITE, AMDESITE|
UNDIFF. bRE-LAHONTAN SECINENTS
{AND VOLCANICS
GRANITE, GULATZ, MONIONITE,
= GRANODIORITE :
7,71 PEVITAIFIED WELOED TUFF, RNYOLITE,
%, LANTE FLOWS, TUFFS B BRECCIAS ~

MIOCENEL!)

Pracies BASALT FLOWS, TUFFS, 8 BRECCIAS

wern
Amatec GABBROIC & DIORITIC INTRUSIVES
JURassIC METAVOLEANIC TUFFS, BRECCIASL $LOWS,
veeER -
TRIASEIC LIMESTONE

SLATE 8 PHYLLITE, LOWER PLATE

LPPER
TRIASSIC SEDIMENTS

Fig. 2. Generalized - geologic map of the West Humboldt, Stillwater, and Clan Alpine.
ranges, Ne\.ul:\ Surface geology adapted from Page [1965]1 and Speed [19631. Subsurface
_structures inferred from geophysical data. oo’ dcnotcs ‘location of section shown in Figure 3.
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Tig. 3. ancmlwcd geologic scetion and ohserved total intensity nnmmh along the Stnll\\ ater
Range, Nevada, beiween « and o of T

estimafes are hetween. 1500 and 3000 meters
[Page, 1965]. Fossils collected in {his marine
unit- indicate that-it is of Upper Trinssic age.

Southof latitude 39°40°N, the Triassic slales

‘are unconformable overlain by a number of

magnetically similar voleanic units. They are
shown as undifferentiated devitrified welded
tuffs, rhyolite, and latite on Figure 2. Of non-
marine. origin, these . rocks 1my range in age

from Late Iur.ncsw thrmmh carly Tertiary. The

composite thickness of this sequence is as mue h

~as 4800 meters [Page, 1965].

The second magnetic” mega-unit Is exposed
30°507 in the Stillwaier Range.
Intrusive rocks of this unit form n heterogen-
cous gabbroic assemblage, which includes diorite,
giabbro, pierite,’-anorthosite, dinbase, kera-
tophyre, and enbbrole pegmatite. Along mar-
gins of the intrusion, differentiation layering
has heen moted. A potassium-argon age deter-
mination {rom similar rocks in the West Hum-

- holdt Range indieates the complex is probably

of Late Jurassic age [Speed, 1962¢, b]. Closely
associated with the intrusive gabbroic complex
are large arcas (_)f altered hasalt, that appear to
be co-genctic and perbaps contemporancons
with the intrusive suite. Speed suggests that
the entire complex, of lopohithie form, was em-
placed at shallow depth, loeally erupting (o

form the associated cffusives.

Along much of the Stillwater crest, the gal-
hroie unit is capped by Tertiary flows and pyro-
clasties of rhyolite, dacite, Iatite, and andcsite.
Dissection of the flows.exposes a tofal thickness
of about 550 mcters. Approximating a thin

“thicknesses of Jaf
. deposits ‘have accumulated. They range in age!

gl

( See qu 2)

Lure 2.

plate geometry, these rocks C\IHInL an g pm‘ﬂt
mmneh tmn:pqronm

In. Dixie Valley proper, as in many other
valleys of the’ western Basin and Range, great
¢ Cenozoic lake and stream

from Pliocene to Recent and inelude alluvial
fan detritus, channel deposits, and lacustrine
sediments, Yor the most part, the ke sadi-
menls consist of silt amd elay, although shore-
line deposits of gravel.and sand exist Joeally,
For the purpose of ‘this investigation, com-
plexities in this sequence are Jgnor((l, it b

considered . s eszentinlly nonmagnetic valley

DerErauiNation oF Macxwric Parasirins

To assign vepresentalive parameters to the
various magnetic units, methods of approach
were emploved. that depend both on inferences

Sderived from total intensity proﬁlcs and on

individual rock samples {rom the region. A

Timited number of samples were eollected by the

wriler and by R. C. Speed’ from -the Clin
Alpine, West Humboldt, and Stillwater rauges.
From cores of these specimens, volume snseepn-
hility, magnitude of remanent magnelizition,

“and density were determined (Appendix), Hizh

average valueg of remanence, particularly iu

the gabbroie complex, dict ated the application
of methods that consider that property. The |
general methad adepted bas its-basis in fech-
nigues, discussed by Green [19601 and Hays

and Scharon {1963], that established an cquiva :
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Calley proper;” as in many otlwr. :

' \\('stcm Basin and R nge, great’

~late Cenozoic lake and stream’
‘ ‘1ccumulntecl.. They range in age?
' to Reeent and include alluvial
channel deposits, and Iacustrine.
v the most part, the lnke sed;.’
of silt and clay, although shores
of gravel and sand exist locally,
pose -of this ]n\Cafl"ﬂthl]
his_ sequenee are wnowd

p%cntml])

cotny -
it is
nonmagnetic valley:

pron

roxN oF NMaaNETIC Daranterens

epresenfative parameters o the -}

dic nnits, methods of approach
U that depend both on inferencrs
lotal intensity profiles and on
k samples from the rcgion, A
“of samples were eollected hy tlm‘

R. C. Speed from the Clan
Tnmboldt, and Stillwater rangs.
these specimens, vohime suiseepti- X

A MaGaTC TOTAL WTERIITY anomaLy
R ConToon remAC+ 30 sawas
; siremct » 33000 cauas -

- Fig. 4.

bnt suscr']ml)lllty umtm%, bct\\(,on “adjoining
qrrnchc units.

Rcsultm" magnetizations J, . over contiguous

tmts 1 and 2 can be expressed by

ide of remanent magnetization, i Jy =P + KT, (1)
ve deferinined (Appendix). Ilu.h 1 )
ol remanence, particularly in- 1 Jo = Po 4 KT 2

mplex, dietated the,apphcatmn’
16 consider that property. The

adopted has its basis in teche
‘(1 bs (’)can [1060] and Ilayo.'

rhere K is the volume susccpilblhty P is the

;emanent magnetization, and T, is the geomag-
fraetic field
! ‘mgnetlzatlon is then given by

intensity. A relative contmst of

Jo= (P, — p) + (&£, ~ I\z)Tu (3

AEROMAGNETIC MEASUREMENTS AND BASIN-RANG

U DIKIE VALLEY,

o suovtrans

I STRUCTURE 1325

NEVADA

IECOND VERTCAL tESRATIVE
COnTOUm WTERvAL + 30 Cot
G 21 xu

Magnetic tot'll mlmmty and second vertieal derivative maps of Dl\lc anllcy, Nevada.
. Boundary of this map shown on Iigure 2.

This relative intnnsifv contrast is equivalent to
that produced by a \o]umc susceptibility con-
trast of

AR, = [, vl W

in thc p'utl(,ul'u' case of J I T,. The value AR,

. is relerred to as an equwalcnt susceptibility con-

trast.
Applieation of this 0\1)1c'~<101l in the present

study .assumes that remanent components of -

magnetization in all units are parallel to the
present inducing’ field and, further, that re-
versal of permanent components is not of im-

-y
b
i
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poriance in the arvea of mtexe<t These assump-

tions are nccessary in the absence -of detailed

paleomagnetic sampling: In addition, the Tri-

assie slate is assumed to bave negligible re-

manence. With these constramts on the mcthod
equation 3 becomes

J'x = P, + (Knb - K.0>Tu (3)
where the subscripts gb and so refer to the
gabbroic ‘and southern murnmc umt . Tespec-
tively.

Using only the average anomaly over the
magnetic units, we can establish a lower limit-
‘ing value of either K or AK hy means of thd
following expressions [Reford, 1964]:

K, = AT/27rT6 sin® ¢ (6ar)

AK, = AT/27T, sin’ 4

mines a minimum equivalent suseeptibilty over
an “infinite magnetic basement, whereas cqua-
tion 6b provides a minimum equivalent sus-
ceptibility contrast, between two semi-infinite
miagnetic bodies of differing magnetizations.

The former was used in this investigation 1o
determine a value of K,, = 700 X 10 cgs for
the southern magnetic mega-unit. Beeause this
value clearly represents a mininnim, a K,, value
of 1000 X" 107 cgs.was assumed for caleulation

cof an equivalent contrast between the southern

magnetic wnit and the gabbroic complex. In-
sertion of this K,, value.and an average of
gabbro suseeptibility and remanence
(Appendix) into (5) yields. K,u.e = 2700 X
10-o cgs.

If equation 6b 'md a AT v
(Figures 3 and 6) are used to determine Ky,

.o minimum value of 1050 X 10~ cgs is obtained..

The best value of K,,_,,..most probably falls
between this vilue and the value determined fi'om
the rock samnple analyses; model compulations in
this inv cstwatlon Aassume, Lhcxcfoxe, an equwalcnt
susceptibility contrast of 2500 >< 10-% ¢gs across

~ this contact.

InTERPRETATION OF MaGNETIC DATA

Quqlitativc inferences. Dominating the cen-
ter of the total intensity map is a broad region
of s}mrp";monmlics exhibiting numerous “clos-
ures of high magnetic relief. General character-

istics or ‘fabric’ and dipolar-effects of this zone

']I’OMAS 1.

(6b)-

.\\hele i is field inclination. Equation 6a deter-

ralue of 300 gammas -
-clongate anomalic trend,
- dued than

Tigure 2.

SMITH -

‘mately 300 gammas higher than over the ad-
joining arca south of 39°45’N (Figure 3 and 4).

The [southernmost margin of " this undulatory.

magnetic ‘plateau’ is marked by a lincar grad.

ient trending' N 45°W at this latitude. Wher ;
the inflection Iine of this gradient interseets.

“the Stillwater Range, it is neatrly coincident
with .the mapped exposures of the g.ll.!.rmc
complex, suggesting that the high average level

and magnetic topography to the north are cor-"

relative with the complex. Additional evidence

“of this corrclation is furnished by a profile 9
o dlarly troe

flown aleng the erest of the Sgillwater Range
where a similar shift in magnetic level over the
southern gabbroic edge is noted (Fignre 1),
Figures 27und 4 show the position of the grwd-
ient mflection and inferred gabbro boundary
across Dixie Valley.

Control on position of the northern cnn!'\ct
of the complex is less cexact in that a com-
parable shift in magnetic level is not observed.
An approximate boundary can e established,
ll()\\'é\fcr, by correlating the northernmost ex-
tent of the undulatory magnetic province with
exposures of gabbro in adjacent mountains. A
line indicating the inferred position of the con-

tact trends roughly S SO0°L from htmulc 40°00°.

in the Stillwater Range.

Lxtending northeasterly along the axis of
Dixie Valley s o longituidinal, linear trend of
anomalies of relatively high amplitude. To the
west, approximately 4 km from and parallel to
the cast flank of the Stillwater, is a sceond
which is more sub-
the first. Along these longitudinal
zo1ies, most: prominent crosstrends are truncated
or defleeted. Coincidence of several such anom-
alies and their amplificd counterparts on the
fltered map with faultz located hy seismic re-

fraction [Meister, 1967.) implics that they may
subsurface fanh

be edge effects over major
systems. Both scismically determined logations
and extrapolations of the faults are shown on
By this interpretation, the bascment
under Dixie Valley is sugegestive of a compasite,
asymmetrie graben whose deepest inner block is
about & km wide and lics under the western
half of the valley. Steplike ‘shelf’ blocks border-

are even more discernible throngh an :||rpr0~;
prinie sccond vertical derivative filter (Figure
2). It should also be noted that the average:
magnelic- base level over this region is approxi-
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‘ Close spacing of depth contours alohg the edges
of the trough lends confirmation to the fault-
bounded graben mentioned- above.

s<eernible thwurrh an .am- 0 the narrow dnner graben are downthrown .
tieal derivative filter (Figune@ respeet to adjaccnt ranges, but to a lesser

v be noted  that the mor'\mw ree.
1 over this region is 'nppmu-}j

v

In addition to the lon'rltudlml trends, scv-
ws higher than over the advWiul transverse anomalics other than those dis-
af ,)(]0 YN (I‘J"llre 3 and Hn sed carlier are in evidence. They aré loeated
v e* r the most part:over the ecastern shelf and
is m‘lrl\('d by a Immr I:r'\d-}' ad obliquely (N 25°W) to the major fea-
2°W at this latitude, Whemmig
of this gradient intersects
nge, it s nearly coincident #pine Range provide two lines of cvidence
(‘\I’O‘””S of the glirbrmc*’ hat these anomalies are expressions of trans-
« that the high average level i erse faulting.
wraphy to the north are cor-4 There is little magnetic indication of large
"Jl}lp](,x. {Xr]d;t.xoml evidence ; rike-slip displacements along the longitudinal
Vs furnished by a profile $ult systems of Dixie Valley. This is particu-

ures. Depth estimates on this block and coin- -

tstoof the Stillwater Range, rly true along the western bounding fault of
ithe valley, where no appreciable offset is noted

it i magnetic level over the

cdge is noted (Figure 3), .
ww the position of the gral-
I inferred gabbro boumht)

ton of thie northern contact
less exact in that a come
renetic level is not observed

windary ean be established, -
liting the northernmost ex. -
fory magnetic provinee with

o in adjacent mountaing, A
inferred position of the cons
S §0°E from Iatitude 40°m
itge,

wasterly along the axis of
longitudinal, linear trend of
vely high amplitude. To the
v 4 km from and parallel te
the Stillwater, is a second

trend, which is more sube -

‘. Along these longitudinal’

nt erosstrends are truncated:
dence of several sueh anom.

plified - counterparts on the
wults loeated by seismic re-
967) implies that they may
‘er major -subsurface fauh
really determined locations
of the faults are shown on
ntcrprefation, the basement R

s suggestive of a composntc,, il

wvhose deepest inner block s
md lies under the western ™
.eplike ‘shelf’ blocks border-,

Amation are generally

letween the aforementioned magnetic infleetion
ftne and mapped exposures of the gabbroic
wmplex, implying that post-gabbroic displace-
ments (since Late Jurassic) have been pri-
marily, if not entirely, of a normal scnse.

i Along the central fault zone, exceptions to
ihis generality do exist; there, several anomalics
,}f'transvcrse strike arc deflected 2 to 3 ki in
‘,‘ nght lateral dircction (Figures 2-and 4).

i Basement topography. In magnetic studies
of sedimentary basing, techniques of depth esti-

sstablish basement configuration. Most such.

{methods operate on magnetie gradients and are

‘usmlly independent of rock parameters, re-

.peighboring ranges, the method of Peters [1949]

ghll(‘v The factor by which Peters’ ‘half-slope’
‘index is converted to depth was empirically

p {etermined from a control profile over the Still- .
“fiwater Range; a value of 1.35 was found to give

‘representative depths- :\lonfr the entire "profile
JFigure 3).

Applying Peters’ e\presmon to depth mdxccs
lrom profiles parallel to usable gradients, it was
pomb]e to construct a toporrmplnc map of the
magnetic basement (Figure 5). Most striking of

: ﬂhe features revealed. by this map.is a longi-
« tudinal “trough whose' axis % approximately 6

km from and parallel to the Stillwater Range.

employed in order to .

quiring only that they remain constant wnhm‘
Ythe assumed geometric model. For the recon-
fmissance purpose of this study and in view of
fihe numerous dike-like hodies exposed in the

as adopted for applicable profiles in Dixie’
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Both the

longitudinal anomalic trends and seismic fault
locations fall within these closely spaced con-

tours (Figures 4 and 5).

Fig. 5.

This interpretation

DIXIE VALLEY, NEVADA
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agrees well with those determined independently
from gravity analysis (G. A. Thompson, un-
published) ‘and by scisthic refraction studies
[Meister, 1967].

An average of depths taken at the minrcec-
tions of a 2-km grid superimposed over this

map indicates that the average depth of mag- -
netie basement across Dixie Valley is approxi-

malely 765 meters. This places the mean level
of the basin floor at an elevation of 335 meters
above sea level. Ouly the narrow inner grahen,
underlying muelr less-than half the {otal surface
area of the valley, is depressed helow sea level.

Scecondary features of significance on this

map are the apparent transverse ‘steps’ in the.

castern half of the valley. The most northerly
of these steps trends approximately N 302W

" and displays 300 to 600 meters of vertical offsct.

A similar defleetion of depth contours is present
about 20 km to the southwest, suggesling d

second transverse fault with displacement in

sap0: (e

VERTICAL
., INTENSITY, cgs

”
o
43
=4 C‘
2e _COMPUTED
o« =
St .
£ OBSERVED
= ) DISTANGE, km .
-0 -5 - Q 5 Q.
83,3003 " . ! ! i i '
' .(»; Svrfoce EROS!ONAL REMNANT .

EQUIVALENT SUSCEPTIBILITIES USED
IN MODEL GOMPUTATIONS ARE .

GABBROIC COMPLEX } ' »
AK = X i
“ TRIASSIC ROCKS 2500 %10
POST-JURASSIC VOLCANICS K = 6500 X 1078

Tig. 6. Alternative solutions " satislying  equi-
dimensional anomaly in southeastern Dixie Valley.
(a) A buricd voleanic cong model. (b) An ecro-
sional remnant model.

THOMAS E. SMITH

the same sense but, of nppro.\'imntc]j' 300 meters: pali
r e 1
a 10\wh1\ cqmdmmn sional high in the sontheagd Byl
part of Dixie Valley, which coincides procmly Win:
with a, closed magnetic high of 500 ° gammas. 3
Application of the depth expression to the exs Jz!
tremely steep gradients over this feature indi- 4
cates its top is between 60 and 150 meters
helow the valley surface. A comparable depth §
was subsecuently obtained by seismic refmes {
tion [Meister, 1967]. Total relief of the ‘buried j
mountain’ above the mean level of the eagtern }
valley block is roughly 600 melers. :
Model representations of the magnetic umu. i
A sccondary objective of this investigation was {
to test a hypothesis offered by Speed, who, en
the basis of detailed surface mapping, has sugs fiom
gested: the gabbroic complex forms an elongite dnun
northwest-trending  hody  of lopolithic  form fibe

17\

(R, C. 8peed, oral ‘communication, 1064), To point.

investigate this possibility, a comput: moml meters
analysis of a N-S profile (88 on lwurv« 4 Iwhen
and 6)-over the southern cdge of the complex {of 12

was performed using a Pirson gratiowle intes Yiieal i
grafor for two-dimengional bodies [Pirson, Teiahle

19407, Utilizing the previously caleulated suse  fslid

ceptibility eontrast for this contact, a series of  {detern
guccessive model assumpiion—curve comparison  Jevlinde
operations yvielded the tabular model shown in Tl
Figure 6. The associaled intensity curve over Jure 6
this model accords well with-the two-dimén-  fare con

sional eomponent of the observed anomaly. Fither

Ixistence of such a tabular body is further {are n
substantiated by indirect indieatiods on the Jwrved
cast side of Dixie Valley. There, the magnetie  {dinen:

expression of the subsurface contaet is over 20 Freman

km southwest of the nearest surface exposure  ghility,
(Figure 2). Strike-slip movement could pro-  grolean
duee a left-lnteral displacement of this magni- ﬂion,

{nde, although it may equally well be attrib Fior- )
uted to” Clan " Alpine uplift and subsequent  Fatish
erosional stripping of a lopolithie body. The  kFigur
Jatter inu:r]n‘ct:l(.innvis preferved Dy -the author- magn
in view of -the dip-slip ‘ot right Iateral strike- ngrém
lip movements exhibited by the other Basin - Fmonts
and: Range faults in the basin.- An walikely  flighed

probability would he required, in addition, to 2{
explain thc exact coincidence of subsurface 'm«l 44
surface gahbro contacts abserved i nartheast- (:é Th
ern- Dixie Valley, 1f strike-slip movements had ‘»ition
oceurred along the eastern horder of the valley. . .)fonn

If it 35 assumed that the gabbroie complex is of { roug]




Sproximade I\ 300 mn 14

d4omap elearly (lv‘lnumtﬂ
a high in the gouthenss

hich coineidieg preeised

high of 500- gammae. i
‘h expression 1o the éxe
over this feature imdie
cn B0 and 130 metery
©o A comparable depth
med by seizmie refraes iy

afal relief of the *buatked
wm level of the cuma
B meters,

s of the 7nngmhr uml.oL

I this investigation was

vlcd by Speed, whe, o

face mapping, has sug.

iplex forms an elangats g

ivoof lopalithic | fonm
Smieation, J964), Fa
dity, a’
e '(ﬁ/}'_' on Figures 4
n cdge of the complex
Pirson graticule inte.,
onal - bodies

"dion—curve comparisny
ihilar model shown in-
Iintensity enrve 0\"u‘
with the {wo-dimens -
observed anomaly,
dhular body i further
o indieations on the

. There, the magnetie .

aee contact is over N
irest surface exposure
movement could pro-
ement of 1his' magnie -
qually well e attrib
plift and subsequent,
lopolithic hody. The
eferred by the author,
roright Jateral strike-
* Dbasin. An unlikely
nee of subsurfiee-and’
hserved in northeast-
=slip movements had
horder of the valley.
abhroie complex is of -

computational |

“
N

el
| ;

plithic form, a northward extrapolation of

auld place the depth between 3 and 5 km, im-
ing a relative Clan Alpine uplift of com-
mble magnitude to produce the apparent
1A sccond investigative npprodcll was used to

udy ‘the dominant magnetic -‘high’ in south-
tcrn Dixie Valley. For purposes of computa-

the three-dimensional component of pro-
%e B (Figures 4 and 6) was smoothed and
educed Lo verfical infensity amplitude. The
lting curve is similar to. the anomaly in-

ymmetry of total intensity at this geomag-
ic latitude, ie, a slight southward migra-
Tion of the maximum and a discernible mini-
fmim on the north. At this mwnehc latitude,
'!ho peak migration of cither a point pole or a

o

welers [Smellie, 1956], o negligible quantity

j facilitates the use of
wlid angle charts developed by Nettieton for
letermining magictic cficets of buried vertical
“ﬂhn(lers [Nettieton, 1942]. '

- Three-dimensional models dcpxctcd in Fig-
pre 6 with associated equivalent susceptibilitics

tiable error in solution;

" qare constructied of superposed vertical eylinders.

fither model generates magnetic effects that
fire in close agreement with the redueed ob-
ner\cd anomaly. Figure Ga attributes the equi-
?ﬁmcnsnoml anomaly to a voleanic cone of high
rmanence and consequent equivalent suscepti-
lity, whereas Figure 6b represents an erosional
'olmnic remnant ‘with similar total magnetiza-

. The equivalent susceptibilities indicated

§ br thesc models are the ones nccessary to

fatisfy the reduced anomaly. The feeder in
Tigure Ba is assumed to contributc a negligible

Maagnetic offect. Both models are in reasonable -
N 1 . . L. .

) stgreement with gravity nml gcismic measure-
by the other Basin g uonts in this arca [G.

: fshed ;-

nired, in addition, to .3

'lhompcon unpub-

Meister, 1967].

SUMMARY oF CONCLUSIONS

This investigation supports the interpreta-

A] ROMAGND'I IC MEASUREMENTS AND BASIN-RANGE

lower gabbro contact shown in Figure 6

eed by a vertical field oxcept for the usual’

gint dipole is only of the order-of tens of

ilen compared to the observed anomaly width.
12 km. As a conscquence; reduction to ver-

,;tzcui intensity, although introducing no appre-’

[Pirson,

viously ealeuladed supe 3,

his contact, a series of

‘tion that basement rocks under Dixie Valley ™
“ form & composite asymmelric graben, which is |
i roughly parallel to the valley axis. The, inner

STRUCTURE
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* graben block is approximately 5 km wide and
lies under the western half of the valley at an
average -depth’ of 1.9 km. In spite of the ex-

Areme depth of this narrow feature, however,

the average depth of magnetic basement under
Dixie Valley is only 765 mecters below the pres-
ent surface. Between the main graben and the
bordering mountain ranges are shelf blocks, also
downthrown with respeet to the ranges but to
a smaller extent. The castern shelf is broken
by a serics of NW-trending normal faults with

smaller digplacements. This general configura-

tion is in basic agrcement with seismic refrac-
tion studies and gravity -measurements .in the
area.
v ) . -
The contacts of an intrabasement gabbroic
complex can be traced across both northern
and southern Dixie Valley. No "appreciable

strike-slip displacenients of the southern con-~

tact are in evidence, except along the castern

side of the inner graben, where'a maximum off-

sct of 2-3 kmy may be present. This implies that
post-Late Jurassic movements on the major
fault systems-have been primarily dip-slip. It
1s suggested that dip-slip movement on a coni-
cal fault surface 1s responsible for minor en
echelon structures observed at ihe surface.
A model computed from the anomaly over thé

southern gabbro contact lends confirmation to

an ecarlict sugeestion that the gabbroic com-

plex.is of lopolithic form. If a body similar to-

the computational model is. vertically displaced

-on a Basin and Range fault, an apparent hori-

zontal offset of the contact may result. This
mechanism is suggested to explain the apparent
gabbro offsct along the eastern side of Dixie
Valley and requires a relative dip- shp displace-
ment of 3 o 5 km,

Additional computational maodels squo\t, the
three-dinmiensional — anomaly in  southeastern
Dixie Valley may be generated by a voleanie
cone or, alternatively, by an equidimensional
voleanic remnant; cither model requires a high
equivalent susceptibility.
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APPENDIX.

THOMAS E. SMITH

Puysicat, ProrErties ofF RocK SAMpLES

. _ Volume Permanent
. Susceptibility, Magnetization,
: ) . : . " cgs Units cgs Units . Density,
Sample = Rock Type 'K X 108 N I i . glee

Southern Magnetic Mega-Unat

1 Latite

100° ' o176 2.51:

2 © Latite 910 0.00 2.49

3 ) Welded tuff 930 . 58.1 2.57
_Average 646 - © 2007 o252

Gabbroic Complex

4 Gabbro 210 31.2 2.82

5 Gabbro 4120 : 21.9 2.74

6 Gabbro 680 ' 17.3 2.82

7 Gabbro 160 o 0.017 2.87 -

S , Diabase 3570 : 9.79 . 2.81

9 - " Scapolitized gabbro 3330 : 3.04 .2.70
10 Gabbro 40 v 1 0.173 2.82
11 Albitized gabbro 20 0.028 2.71

12 Anorthosite 130 2.00 2.67 -
13 - Peridotite 2790 . 12.5 2.99

I " Altered gabbro 3700 - 12.6 2.87
"15 . .. Hydrated basalt 420 S22 2.71
Average 1906 . 9.47 2.79
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8STRACT

The subsurface geometry of Dixie Valley
sdicates that for the last 15 m.y. the basin
Juibeen spreading at an-average rate of at least
34 mm/yr. Offset Pleistocene  shorelines
;mlicatc that for the last 12,000 yrs the basin
s been spreading at an average rate of about

hith geodetic measurements ol historic fault-
e The spreading direction obrtained {rom
fuge slickenside grooves on hult planes is
proximately N. 55° W.—S. 55° L.,

&TRODUCTION

According to pla[c tectonic concepts, ' the
Acific plate is moving northwestward relative
wthe North American plate. The boundary
riween these plates is a.wide, broken zone in

wth the Gorda Rise. Another important ele-
xnt in the zone is the system of faults which
ugely define “the Basin and Range province;
aulting within this province is a product of

ants, In contrast to the San Andreas system,
wwever, Basin and Range faulting results from
aension—or spreading—of the crust, and this
aulting creates new crustal area.

‘We have shown (Thompson and others,
i%7) that displacement on a fault segment of
gven strike in the Basin and Range province
an be understood in terms of its components of
wizontal extension and right- or left-lateral
tike ship. The relation of the strike of a fault
«gment to-the direction of spreading controls
e lateral component of movement on that
gment. (The vertical component is a neces-
ary result of horizontal extension on a non-
ettical fault.)

mm/yr. These rates are roughly consistent

vich one major element is the San Andreas
ult system, connecting the East Pacific Rise’

dative Pacific-North American platc move-

Dixiz Valj

.:,ORGE A. THOMPSON  Department of Gt’op/lyszc:, Stanford University, Sfarzford California 94305 géﬂm ¥/
ENNIS B BURKE  Department of Gealogy, Strmfor(] University, Sfanford California 94305

Rate and Direction of Spreadmg in D1x1e Valley,
Pisin and Range Province, Nevada

‘In order to nderstand the mechanics of the
Pacific-North American plate boundary, it is
important to establish both the direction and
rate of spreading .in the Basin and Range
province. We have attempted to do this for
one region which we believe .to be representa-
tive of the province as a whole, Dixie Valley
(Fig. 1) is one of about 20 major block-faulted
basins between the Sierra Nevada to the west

" and the Wasatch Mountains to the east. Earth-
quakes and associated faulting occurred n this |

basin in 1903, 1915, and 1954. Three measures
of fault offser for different intervals of time in
Dixie Valley are available, giving three ap-
proximations of spreading rate: (1) Geodetic

- measurements made before and after the 1954

faulting give a measure of direction and amount
ofextension associated with a single earthqual\e
(2) Displacements of the shoreline of a late

Pleistocene lake supply a measure of the exten-

sion during- the last 12,000 yrs. (3) Fauls

displacements ‘determined from our geophysical.
studics in Dixie Valley give the total amount -

of extension for late Cenozoic time (about 15
m.y.). The long-term direction of this extension
can' be determined from the average azimuth
of large slickenside grooves on fault surfaces.

MEASURES OF RATE

Geodetic Measurements -

The 1954 faulting showed an abrupt elastic

rebound, with an extension component normal
to the regional strike of the faulting, of 1.5 m
(Whitten, 1957). Thé extent to which scarps
in the alluvium of Dixie Valley have been
effaced by erosion, before reactivation, sug-
gests that displacements of this magnitude are
repeated at any one place less often than every
100 yrs, but more often than every 10,000
yrs. It they occur every 1,000 yrs, the average
spreading rate would be 1.5 mm/yr.

l.J:ological Society of Ame.rica Bulletin, v. 84, p. 627-632, 6 ﬁg_‘s., February 1973
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I’leistbcenc Shoreline

A late Pleistocene lake ()CLUpled Dixie
Valley, isolated by surroundmg mountains from
the nearby basin of Lake Lahontan.” Gravel

Figure 1. Location map of the Dixie Valley region.
Fault scarps formed or reactivated in 1903, 1915; and
1954 are shown. Modified from Slcmmons (1957) and
Burke (1967).

THOMPSON AND BURKE
5

.are evidenced’ by a “‘bathtub ring’ of
“careous tufa, The highest readily recogni

“level -but it has been tectonically tilted

[t. The ages obtained by Isotopes, Inc.are:

‘reasonablc asmmpnon for present purposes. '
T

_ beach ridges around the valley demonstrates that

Shorelmcs on the bedrocl\ of ad)acent rangd}

shoreline stands at .about 3,585 ft above

Figure 3, Generali
slley. Major offsets i

faulted (Burke, 1967). The degree of presends
tion of the shoreline complex indicates dé
the highest lake stand: was conternporancag
‘with the high stand of Lake Lahontan. - §

We collected twosamples of calcareous i
for carbon-14 analysis from the cast front
the Stillwater Range, lat 39°5420"'N,,
117°59745""W., elevation Jppr(mmatdyi

““The shoreline d
o many  places;
measurable examp
ventral Dixie Valle
Wi daplacement is 94

I two or more ¢p
sarfaces are not ¢s

Sample 1-3269 11,560 + 180 yrs B.I; ‘, A

Sample -3270 11,700 + 180 yrsBP@q;‘h'“ “‘;;’lj‘[‘:_‘“m
These dates are in close correspondence wil gaposcd 1 )
tufa dates from the high shorelines in

‘the alluvium den
Lahontan basin' (Broecker and Kauf ‘sutched by oppe-

of the basin, and
wippor ted by seisu

xt section) thi
method is opcn to some question -(Morrisgd % )
.the basin was not

1968), the consistency of these dates indicangy line.. This e
that a high shoreline age of about 12,000 )rsu’ bulting,- 8
yhu.mcnt of 9m

.@ POIELS xp()ndmz, l](n

: D Recent olluvium

- Pleistocene lake

deposits; dots show
shoreline ridge and

terrace levels
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Figure 2. Map of offset lake shorelines in wet
central Dixie Valley. The relative vertical spacing

highest beach ridge preserved in this aréa’(3, 544‘:&]
marks—like the tufa-cemented terrace dcposxts onbd  Figure 4. Groov.
rock-—thc highest hkc stand = - Dixie Valley. The
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The dcngC of pr fyure 3. Generalized cross section of central Dixie
complex indicates,
d was contempor
Lake Lahontan.
imples of calcarcour

from the east frms
lat 39°54’20”N.,

B shorcline deposits are offset by faults
zany places; a - particularly clear and
wasoable cxample is on the west side of
vl Dixie Valley (Fig. 2). There the vertical
xement is 9 m, and it may have occurred
i or more episodes of faulting. The fault
! ﬁu’n e not cxposéd, and we must .assume
their dip is similar to that of the -many
W faults—about 60°. Numerous scarps in
fluvium demonstrate that this offset is
wded by opposing faults on the other side

l,)(O + 180 yrs B

high shorelines &
‘occker and  Ka
Lake basin (G. I.
validity of this d
e question . { Meoregé
¢ of these dates'i

ered by seismic evidence (discussed in the

’n was not tiltcd by asin 'md Rangc

ifset L\ke shorelmd .
he relative vertical
: valley demonsm(u
served in this area (
nented terrace deposits
tand.

it My Major offsets in bedrock at depth, as determined ’

wition) that shows the bedrock floor of

-Grooves on a shckcn51dcd fault surface in
Mb,,. The lcng(h of the hammcr head is along .

by geophysical means, are also evidenced by-small recent

scarps at the surface. After Burke (1967).

the basin during the same length of time. The

average rate of extension is slightly less tlmn
1 mm/yr.

Gcophysual Exploration

‘A variety of geophysical thhmqucs in-
cluding refraction seismology,: gravity measure-

ments, and magnetic depth estimates were used -
to determine the bedrock geometry of the.

valley and the subsurface dip-of faults (Thomp-

“son and others, 1967; T E. Smith, 1968). The:

results are summarized inh Figure 3. With
pre-fault topography restored, the total vertical
displacement has -been.at least 5 km, and the
horizontal extension has been 6 km or more.

The time of inception of faulting is not known -
accurately, .but Miocene-Pliocene sediments,

were deposited in the region in a subdued ver-

the strike of the fault plane and the hammer handlc is

along the d1p

- e

bR e e it
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sion of present fault-block topography (Def :
feyes, 1959), and we estimate the tithe to be FAUI.T
about 15 m.y. The spreading rate, based on a- GROOVES

minimum of 6 km of extension in 15 m.y., is at:
least 0.4 mm/yr '

SPREADING DIRECTION

1954 Faulting

Geodetic work, covéring only the southern
part of the 1954 [faults, showed, a general

" northwest-southeast  extension  direction on

faults that have an average strike of about.
N. 15° E. (Whitten, 1957; Meister and others,
Displacements of surface features
(Slemmons, 1957) and the seismic first-motion
solution (Romney, 1957) are genemlly con-
sistent with the gcodctlc data.

Fault Grooves

Farther north in Dixie Valley itself, no
consistent horizontal component of displace-
ment was recognized in the 1954 fault breaks
(Slemmons, - 1957). Many older. fault surfaces

in bedrock are well exposed by erosion however, -

and grooves on these surfaces (Fxg 4) give a
reliable measure of relative motion over a.
longer time period. A remarkable character-
istic of the.grooves is that their direction is
generally independent of the stitke of the fault
segment on which they occur. The fault pat-
tern is zigzag in’ plan, and when two blocks
separated by a zigzag fault move apart, some
faule segments would be expected to show
lateral components of slip. This is exactly what
is obscrved. For example, fault segments chat
strike north-sputh nearly always show a' com-
ponent of right-lateral slip. Those that strike
northeast-southwest most commonly show a
component of left-lateral slip.

Measurements on all grooved surfaces that

could be found on the west side’of Dixie Valley -

are compiled in Figure 5. The: top histogram
shows the azimuth (horizontal direction) of
grooves. The mean ‘azimuth, a little west of
northwest-southcast, indicates the spreadmg'
direction. The scatter is probably caused' in

part by detachment and gravity sliding of

. small individual blocks. The bottom histogram
shows the variability in fault directions (plotted

as azimuth of dip direction for'ease of compar-.

ison with. groove direction).

The same data are shown in another way in
Figure 6. The azimuth of each groove set is
plotted in relation to the fault plane on which

FREQUENCY

NE

bou

FAULT
PLANES

'FREQUENCY

NE

Figure 5. Histégrams of the azimuths of fault pln‘
grooves (above) and fault plane dips (below). an o
western side of Dixie Valley. Fifty-four measuren
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Figure 6. Plot of the azimuths of dips on- fault
flne segments in Dixie Valley versus the azimuth of

& Woccurs. To avoid ambiguity, the azimuth of

s groove set (in the down-dip direction) is
ib(u:d against the corresponding azimuth of

§ ol plane dip. The field is almost evenly
‘8. fvided between normal faults wich left-lateral

wd those with right-lateral ‘components of ’
4p. Pure dip slip s rare, and no faults with
que strike slip were found,

The point “N” on Figure 6 represents the

¢ oran topographic trend of the norchern half of

de Dixie-Fairview basin and a hypothetical
greading direction normal to thar trend. *°S”
the corresponding point for the southern half,
wd “Av” is the point for the basin as a whole.
The mean groove direction and. the median

AZIMUTH OF FAULT GROOVES (DOWNDIP DIRECTION)

fault grooves on those segments,

gr()(‘)vc‘ direction both lie between 125° and
130°, to the right of “Av.” This plot suggests

that the basin as a whole has a slight right-
lateral component of motion within it. From
the average groove direction, we interpret the -~

spreading direction to be approximately 125°
or, in more conventional terms, N. 55° W =S,

55° E. In Figure 1, this inferred spreading
‘direction is oriented left to right on the page.

Comparative Data

We made similar groove studies in the Com-

stock Lode district and near Genoa, Nevada—
150 to 200 km southwest of Dixie Valley. The
indicated spreading direction in the Comstock
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» dlsmct is N. 60° W.-S. 60° E.; near Genoa the

- direction is east-west.

Earthquakes ‘triggered by the Benham

nuclear explosion, 300 km to the southcast of .

Dixie - Valley, released tectonic tension in
a west-northwest-south-southcast  direction
(Hamitton and Healy, 1969). These results are

surprisingly consistent with ours, and it appears

“that within the e\pecmd local variations—and

within the uncertainties of measurement—the
sprchmg dircction is nearly constant over a
wide region of the Basin and Range province.

CONCLUSIONS

For the last 15 m.y., Dixie Valley has been
spreading at an average rate of at least 0.4 mm/
yr; and for the last 12,000 yrs, it has been
spreading at an average rate of about 1 mm/yr.
The spreading direction is N. 55 W.-S. 55° E.
Normal faults bounding the valley are marked-
ly crooked, and fault segments have right- or

left-lateral components of slip dcpuldlng upon

their strike. S
The spreading direction appears to be fairly

consistent over a wide region of the Basin and

Range province. This direction is in harmony
with * the relative Pacific-North American
plate motions postulated by Arwater (1970),
~‘The 5 km of spreading in Dixie Valley, if
extrapolated to the whole breadth of the
Basin and Range province, -suggests a total
sprmdmg of about 100 km, a 10 perceat m—
crease in crustal area.
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