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NATURE AND ORIGIN OF SEISMIC REFLECTION
FABRIC, RUBY-EAST HUMBOLDT METAMORPHIC CORE
COMPLEX, NEVADA
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Abstract. Seismic reflection profiling
across exposed upper and middle crustal
rocks of the Ruby-East Humboldt metamorphic
core complex delineates important
characteristics of the crustal structure
developed during Tertiary extensional
deformation. The goals of this study were
to trace a Tertiary extensional shear zone
from mylonitic surface outcrops into a
seismic section and to characterize the
deeper crustal fabric associated with the
polyphase deformational history of the
complex. Reflections in the shallow
surface correlate with a plastic to brittle
shear zone that formed during the tectonic
unroofing of the middle crustal rocks.
Constructive interference from strong
planar layering in the mylonitic shear zone
is considered chiefly responsible for
generating the reflections. East and
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southwest dipping reflectors in the seismic
section appear to correlate with exposed,
opposing dipping mylonitic foliation
domains. The opposing dips of the
mylonitic layering may reflect warping of
the normal-sense shear zone during tectonic
exhumation coupled with an overall
anastomosing character. Deeper in the
section, a heterogeneous reflection
character correlates with increases in
velocity shown from wide-angle measurements
in this region and is interpreted as
penetrative fabric originating from
extensional flow facilitated by broad-scale
pure shear and localized simple shear.
Lower crustal rocks apparently achieved
granulite facies metamorphism during
extension. A maximum of 6-8 km of mafic
material could have been added to the crust
during Cenozoic extension. The Moho
reflection has such a high amplitude that
it may be caused by partially molten rocks
interleaved with peridotite. Reflections
from the Moho show no significant upwarping
of the base of the crust beneath the core
complex. This suggests that the lower-—
crustal configuration is at least as young
as the period of extensional activity that
lasted from approximately 40 to 20 Ma which
was responsible for the exhumation of the
metamorphic core complex.
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INTRODUCTION

The origin of metamorphic core complexes
and the interrelationship between
Cordilleran crustal compression and
superposed extension still remain major
guestions in the tectonic history of
western North America. A characteristic
feature of Cordilleran metamorphic core
complexes
foliation with a pervasive stretching
lineation that records the azimuth of the
slip line during extension [e.g., Davis,
1980; Snoke and Lush, 1984]. The origin of
the foliation may be composite in some
cases, but commonly its formation occurred
along

These

is a shallowly dipping mylonitic

during Tertiary crustal extension
normal-sense, plastic shear zones.
zones appear to be the midcrustal
continuations of upper crustal normal fault
systems. The geometry of these plastic to
brittle fault zones has been chiefly
documented with areal geologic mapping,
structural analysis, and the preparation of
cross sections. Seismic reflection studies
offer another technique to explore the
geometry of fault zones associated with
metamorphic core complexes as well as the
crustal fabric of the middle and lower
crust beneath them. Several regional
seismic reflection studies [Reif and

1981; Allmendinger et al., 1987;
Hauser et al., 1987; Frost et al., 1987;
McCarthy and Thompson, 1988) have provided
some important insights into this problem,
but detailed seismic studies closely
coordinated with geologic and structural
mapping are still few [e.g., Gans et al.,
1985; Hurich et al., 1985; McCarthy,

1986]. Combined geclogic, vertical-
incidence, and wide-angle reflection
profiles directly across an exposed
metamorphic core complex were virtually
nonexistent prior to this study.

An extensive seismic survey was
conducted by the University of Wyoming
seismograph crew during the summers of 1984
and 1985. The survey line was
approximately 15 km long and traversed a
complex structural zone that exposes
various elements of a low-angle, plastic to
brittle fault zone that contains
unmetamorphosed upper Paleozoic and
Tertiary rocks in the hanging wall and
mylonitic lower Paleozoic and late
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Proterozoic metasedimentary rocks and
intercalated granitic rocks in the footwall
(Plates 1 and 2). The seismic reflection
traverse was complemented by a high-
resolution seismic survey for shallowest
structure and wide-angle recording for deep
crustal and Moho structure.

The topics upon which the survey focused
were: (1) the three-dimensional geometry
of the fault zone, (2) the reflectivity of
the mylonitic rocks, and (3) the character
of the middle and lower crustal fabric
including the Moho.

GEOLOGIC FRAMEWORK

The Ruby Mountains-East Humboldt Range
(RM-EHR) is a north-northeast system of
horsts in the late Cenozoic Basin and Range
province of northeast Nevada (Figure 1).

To a first approximation the pre-Quaternary
rocks of the Ruby Mountains-East Humboldt
Range are divisible into three structural
terranes (deep to shallow): migmatitic
core, mylonitic zone, and cover (Figure 1).

In the southern Ruby Mountains (south of
Harrison Pass) Cambrian to Carboniferous
low-grade to nonmetamorphosed, miogeoclinal
sedimentary rocks form a generally eastward
dipping sequence structurally overlain on
the west flank by the west dipping Mitchell
Creek klippe [Willden and Kistler, 1979;
Howard et al., 1979] (Figure 1). The
remainder of the northern Ruby Mountains
and much of the East Humboldt Range is an
extensive metamorphic complex pervasively
intruded by igneous rocks. The transition
between these contrasting structural levels
is presently being investigated (M.R.
Hudec, work in progress, 1988), but in a
nutshell, it appears to be a steeply
inclined Mesozoic metamorphic gradation
intruded by an Oligocene granitic pluton
(see Figure 1).

The intrusive plutonic rocks that
ubiquitously invaded the metamorphic
complex display a wide compositional range
from quartz gabbro to granite. However,
the most conspicuous intrusive rock is
leucocratic, commonly coarse—grained to
pegmatitic, consisting dominantly of
alkali-feldspar, sodic plagioclase, and
quartz; modal variations span the granite
to trondhjemite fields. Muscovite and
biotite are commonly present; whereas



Valasek et al.: Seismic Reflection Fabric, Northeast Nevada

393
15°wW
AL 1dGha™ & \2 Wells
batholith’ >/
SR T
Clover Hill
41°N
inferred ~
south margin ; ;.
, of ) 2.56Ga Py =
EHR | province\ 2 3 D] ;
sLc o . ¢ 2t NN
----------- e 2 = R ° N
100miles : SN ;
e °
? 50 Iﬁ I5?lm II2.°W ) o
[o] 5 10 15
1 1 1 I'mi
[o} 5 10 15 20 25
1 1 | | 1 ] Km
EXPLANATION

Surficial deposits (Quaternary)

Rhyolitic rocks (Miocene) -- Dated at about |5 Ma

- Sedimentary rocks (Miocene}

- Basaltic andesite and associated sedimentary rocks
(Oligocene )

Granitic rocks (Oligocene) —— Consists of the
Harrison Pass pluton

jasperoid
breccia

-m Muscovite - biotite granite of Dawley Canyon
& (Jurassic 7)
< Ruby Mountains - East Humboldt Range metamorphic
o core complex (Tertiary, Cretaceous, and Jurassic) —~
Cedar Mountain Igneous and metamorphic complex
klippe

Sedimentary rocks (Triassic and Paleozoic)

e .
s X trend of major fold
;? Qs 5:‘:\‘3:::::: mylonitic zone
<
J
T
Mitchell Ck.
klippe

Fig. 1. Generalized geologic map of the Ruby Mountains and East Humboldt Range,

Nevada,
[after Howard et al. 1979; Snoke and Miller, 1988; and Lush et al., 1988]. A.L. is
Angel Lake. The area of Plate 1 is outlined.
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