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ABSTRACT 

Lamoille Canyon cuts through the northern Ruby Mountain metamorphic core 

complex and exposes the deep interior, which is characterized by highly metamorphosed 

miogeoclinal sedimentary rocks and various late Cretaceous and Tertiary granitic 

intrusions. 

Late Cretaceous granitic rocks in Lamoille Canyon can be broadly divided into 

two groups based on field relations: equigranular two-mica granitic gneiss and pegmatitic 

sillimanite-bearing two-mica granitic gneiss. The former rock unit is distinct in its higher 

concentrations of Fe, Mg, Na, Ca, Sr, V, Zr, Zn, Hf, but lower K, Rb, Th. In spite of 

these elemental differences, both of the late Cretaceous granitic units in this region are 

strongly peraluminous, have similar 5'^0 values, and are closely associated in the field. 

The origin of the pegmatitic two-mica granitic gneiss is best modeled by muscovite-

dominated dehydration melting of a metapelitic source, whereas the equigranular two-

mica granitic gneiss formed by plagioclase-limited biotite dehydration melting of a 

metapelitic source. 

Oligocene biotite monzogranite and related tonalitic dikes were emplaced in 

middle crustal levels (5-6 kbar). The biotite monzogranite suite consists of three 

geochemically distinct sub-groups. Group I shows characteristic geochemical features of 

A-type granite and is likely to have been generated by reaction of mantle-derived basaltic 

magma with either Archean orthogneiss or Proterozoic metapelite, leaving abundant 

plagioclase, orthopyroxene, and clinopyroxene as cumulative phases. Compared to 
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group I, group II lacks characteristics of A-type granite. Partial melting of a metapelitic 

source explains most of the observed geochemical and stable isotopic data of group II. 

Geochemical variations within group I and group II can be explained by fractional 

crystallization but the possibility of minor crustal assimilation cannot be excluded. The 

compositions of tonalitic dikes are best explained by magma mixing between mantle 

derived (?) basaltic magma and granitic magma of the biotite monzogranite suite. 

Systematic geochemical comparison between the late Cretaceous and Oligocene 

granitic intrusions suggests temporal transition from early deep-seated crustal anatexis of 

a garnet-bearing source in a thickened crust, to later interaction between mantle-derived 

magma and crust, or high-temperature biotite-dehydration melting in a shallower crustal 

environment. 
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CHAPTER I 

INTRODUCTION 

Introduction 

Magmatism in the northeastern Great Basin affected crustal evolution and 

metamorphic core complex formation from Jurassic to Late Tertiary time. Igneous 

activity occurred in at least two fundamentally different tectonic settings because the 

regional strain in the northeastern Great Basin changed from predominantly contractional 

to predominantly extensional. Late Cretaceous magmatism in this region was broadly 

coeval with the crustal thickening, whereas Tertiary magmatism was coeval with 

extension. 

Protracted crustal thickening culminated in the Sevier orogenic phase which spans 

Early Cretaceous to Early Tertiary time (Armstrong and Oriel, 1965; Armstrong, 1968; 

Royse and others, 1975, 1993). The Sevier orogenic belt occurs along the eastern edge of 

the Great Basin and forms part of the North American Cordilleran fold and thrust belt that 

extends from northern Alaska to Mexico (Camilleri and Chamberlain, 1997). As much as 

~30 km of crustal thickening were probably attained along the Sevier belt (Coney and 

Harms, 1984; Camilleri and Chamberlain, 1997). For years the relations among 

magmatism, metamorphism, and deformation in the hinterland of the Sevier orogenic belt 

have received considerable attention (Armstrong, 1968, 1972; Miller and Gans, 1989; 

Snoke and Miller, 1988; Camilleri and Chamberlain, 1997). Regional metamorphism has 

been documented in various areas in the east central Great Basin and adjoining areas of 

the Sevier hinterland (e.g., Armstrong, 1982; Miller and others, 1988; Snoke and Miller, 

1988). The observed Mesozoic contractional deformation and metamorphism were 



originally perceived to be largely Late Jurassic, and the Cretaceous event was often 

interpreted as an overprint or retrogression of higher grade Jurassic metamorphism (e.g., 

Snoke and Miller, 1988; Armstrong, 1982; Hudec, 1990, 1992). The proposed late 

Jurassic metamorphism predates Sevier forland deformation and therefore suggested a 

lack of close relationship between metamorphism and Sevier crustal deformation. 

However, in east-central Nevada, Miller and Gans (1989) reported Late Cretaceous peak 

metamorpism (70-90 Ma) which overlapped in time with the Sevier Orogeny and the 

intrusion of muscovite-bearing granites and pegmatites in the region. In the Pequop 

Mountains and Wood Hill region, northeast Nevada, Camilleri and Chamberlain (1997) 

also reported Late Cretaceous metamorphism related to tectonic burial and thrusting 

associated with the Sevier Orogeny. 

Superimposed on the Mesozoic metamorphism and magmatism across the eastern 

Great Basin is a complex history of Tetiary deformation, metamorphism, and 

magmatism. The regional tectonic setting in the eastern Great Basin changed from 

compression to extension near the end of the Laramide Orogeny, which was followed by 

an outburst of calc-alkaline magmatism across the eastern Great Basin. The role of 

magmatism in continental extension and its relationship to metamorphic core complexes 

has been a first order petrogenetic and tectonic problem (e.g., Gans and others, 1989; 

Lister and Baldwin, 1993). Many studies suggested a fundamental relationship between 

magmatism and extension (Gans and others, 1989; Parsons and Thomson, 1991, 1993; 

Lister and Baldwin, 1993; Hill and others, 1995). However, some highly extended areas 

in the Basin and Range area lack evidence of coeval magmatism and it is commonly not 

clear whether extension was a direct result of magmatism or whether it promoted 

magmatism (e.g., Axen and others, 1993). Various mechanisms have been proposed to 



explain the Tertiary crustal extension and magmatism: plate interactions along the west 

coast of North America (Coney and Reynolds, 1977; Coney, 1979), thermal relaxation 

and gravitational spreading of crust that was previously overthickend (e.g.. Coney and 

Harms, 1984; Glazner and Bartley, 1985; Wernicke and others, 1987), and active rifting 

in which a flux of basaltic magma into the crust induced thermal weakening of the crust. 

The weakened crust then deformed by brittle failure of the upper crust and ductile flow at 

depth (Gans and others, 1989). 

The Ruby Mountains are a north-northeast-striking horst in the late Cenozoic 

Basin and Range province of northeast Nevada. The Ruby Mountains and the adjoining 

East Humboldt Range are one of more than a score of North American Cordilleran 

metamorphic core complexes (Crittenden and other, 1980). A record of complex igneous 

and tectonic evolution spanning Jurassic to middle Tertiary times is preserved. In the 

central Ruby Mountains, Hudec (1990, 1992) identified three penetrative deformational 

phases and two amphibolite-facies metamorphic events, all of which were broadly 

synchronous with the emplacement of a suite of late Jurassic two-mica granites (Hudec 

and Wright, 1990). Sillimanite-bearing, pegmatitic two-mica granitic gneiss intimately 

interlayered with upper amphibolite-facies metamorphic rocks in the Lamoille Canyon 

area has yielded a late Cretaceous monazite age (Wright and Snoke, 1993). Monazite 

from a pelitic schist in the northern Ruby Mountains also yielded a late Cretaceous U-Pb 

age (Snoke and others, 1979) suggesting the importance of Late Cretaceous granitic 

magmatism and metamorphism in this region (Wright and Snoke, 1993). The Eocene 

Harrison Pass pluton in the south central Ruby Mountains was emplaced during a period 

of voluminous magmatism and large-magnitude extension in the Great Basin (Barnes 

and others, in preparation; Burton and others, 1997; Feeley and Grunder, 1991; Gans and 



others, 1989). Oligocene granitic intrusions in the Ruby Mountians and East Humboldt 

Range are thought to be closely associated with large-magnitude late Oligocene crustal 

extension and the development of the core complex (Snoke and others, 1999). Silicic 

magmatim in this region therefore provides an opportunity to study the relationships 

among magmatism, crustal deformation, and regional tectonic setting. 

The primary objectives of this research are to determine the magma sources and to 

constrain the petrogenesis of the late Cretaceous and Oligocene granitic rocks in the 

Lamoille Canyon area. Comparison between the Late Cretaceous and Oligocene 

intrusions therefore provides an excellent means of comparing temporal variation in 

magmatic processes to tectonic settings. All of this information will be combined to 

consider the role of magmatism in the origin of metamorphic core complexes. 

Previous Studies 

The Ruby Mountains are located east of the initial 0.708 Sr, isopleth and 

8Nd= -7 line (Farmer and DePaolo,1983) which was inferred to approximate the western 

limit of Precambrian crystalline basement. They considered granitic plutons east of their 

initial 0.708 Sr, isopleth and ê d = -7 line to be composed almost entirely of preexisting 

crustal material. Solomon and Taylor (1981) defined three north-trending belts in 

western North America on the basis of characteristic 5'^0 values of Cretaceous and 

Cenozoic plutons. According to them, the Mesozoic and Cenozoic plutons in an east-

west transect through the northern Great Basin define three zones: western low-'^O zone 

(WZ), 6^^0 = +6 to +8.5; central high-'^O zone (CZ), 6'^0 = +9 to +13; and eastern zone 

(EZ), 5^^0 = +7 to +9. Solomon and Taylor (1989) frirther divided the CZ into two 

subzones: V-type to the west and S-type to the east. The Cretaceous and Tertiary granitic 



rocks in the S-type subzone, in which the Ruby Mountains metamorphic core complex is 

located, were interpreted as partial melts of late Precambrian or Paleozoic miogeoclinal 

sedimentary rocks. However, both of these studies paid more attention to the spatial 

variation of isotopic data and less attention to the temporal changes in tectonic 

environment, petrogenetic processes, and sources of granitic rocks from the Cretaceous 

through Tertiary time. More detailed isotopic and geochemical studies (e.g., Feely and 

Grunder, 1991; Gans, 1987; Gans and others, 1989; Lee, 1984; Lee and Christiansen, 

1983; Wright and Wooden, 1991) in the Northern Great Basin area have revealed that 

quite different petrogentic processes and sources are responsible for the petrogeneses of 

the Cretaceous and Tertiary granitic rocks. 

Wright and Wooden (1991) suggested that the late Cretaceous plutonic suite of 

the northeastern Great Basin represent essentially pure crustal melts based their Sr, Nd 

and Pb isotope ratios. Lee and Christiansen (1983) classified the Cretaceous two-mica 

peraluminous granites in the southern Snake Range as S-types because they thought the 

granites were derived from predominantly sedimentary protoliths. In the Ruby 

Mountains, Kistler and others (1981) reported that the Cretaceous two-mica pegmatitic 

gneiss has strontium and oxygen isotopic characteristics similar to their wall rocks and 

that the source region for the granite was at depths not much greater than the maximum 

depths at which they crystallized. 

In contrast to the Cretaceous granites, the Tertiary granitic rocks in the eastern 

Great Basin are interpreted as broadly synchronous with regional crustal extension and 

probably with mafic magmatic underplating in the lower crust (Gans, 1987; Gans and 

others, 1989; Feeley and Grunder, 1991). Wright and Wooden (1991) found from their 

Sr, Nd and Pb studies that Cenozoic plutonic rocks of the northern Great Basin contain 



significant amounts of mantle component. In the Ruby Mountains-East Humboldt 

Range, Sr, and ŝ d values for the Tertiary biotite monzogranite suite define two distinct 

arrays of isotopic data which can be explained as mixing lines between mantle-derived 

magmas and partial melts of either Archean or Proterozoic basement rock (Wright and 

Snoke, 1993). In the south central Ruby Mountains, Barnes and others (in preparation) 

also provided clear geochemical evidence for complex interaction of mantle and crustal 

magmas in the genesis of the Eocene Harrision Pass pluton. 

Methodology 

The proposed investigation consists of five major parts: field research, 

petrography, estimation of intensive parameters, geochemical analysis, and petrogenetic 

modeling. The results from this study are presented in the following manner. Discussion 

of the regional geology and field relations in the Lamoille Canyon area are presented in 

Chapters II and III. Geochemistry and Petrogenesis of late Cretaceous rocks and of 

Tertiary intrusions are contained in Chapter IV and Chapter V, respectively. These 

geochemical and petrogenetic studies are followed by systematic comparison between the 

late Cretaceous and Tertiary rocks in the context of tectonic environment in Chapter VI. 

Finally, the results and conclusions are combined to develop a model for the Cretaceous 

and Tertiary igneous intrusions in the Ruby Mountains. 



CHAPTER II 

REGIONAL GEOLOGY AND GEOCHRONOLOGY 

Overview 

The Ruby Mountains-East Humboldt Range (Figure 2.1) is underlain by one of a 

chain of Cordilleran metamorphic core complexes that extends from Canada to Mexico in 

western North America (Crittenden and others, 1980; Armstrong and Ward, 1991). The 

core complexes are uphfted blocks of high -grade metamorphic rocks which were 

exhumed during early to middle Tertiary extension, and exposed at the surface during 

recent Basin and Range extension and block faulting (Snoke and Miller, 1988). They 

characteristically contain an upper plate (upper plate or suprastructure) of typically 

unmetamorphosed to low-grade sedimentary rocks and volcanic rocks that is separated 

from a high-grade lower plate (lower plate or infrastructure) rocks by a low-angle 

detachment fault (Crittenden and others, 1980). The suprastructure is typically cut by a 

number of normal faults (brittle deformation) whereas mylonitization (ductile 

deformation) is common in the lower plate rocks, especially near the detachment fault 

(Crittenden and others., 1980; Snoke and Miller, 1988). Various models have been 

proposed to explain the mechanisms of core complex formation including: gravitational 

collapse and spreading after crustal over-thickening (Coney and Harms, 1984), basaltic 

magma underplating (Gans, 1987), crustal flow (Block and Royden, 1990), isostatic uplift 

(Spencer, 1984), and 'rolling-hinge' deformation and flexural uplift (Wernicke and Axen, 

1988; Buck, 1988; Lister and Davis, 1989). 
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The first detailed mapping in the Ruby Mountains and East Humboldt Range was 

initially conducted by Howard (1966) in the northern Ruby Mountains and later by Snoke 

and co-workers in Secret Pass and the adjoining East Humboldt Range. Pre-Quatemary 

rocks of the Ruby Mountains-East Humboldt Range can be broadly divided into three 

categories: (1) migmatitic mylonitic to nonmylonitic infrastructure, (2) a transition zone 

of metasedimentary rocks intruded by Mesozoic and Tertiary granitic rocks, and (3) 

Tertiary volcanic, plutonic, and sedimentary rocks and Paleozoic miogeoclinal rocks of 

the suprastructure (Wright and Snoke, 1993). 

In the southern Ruby Mountains, miogeoclinal sedimentary and metasedimentary 

rocks of Cambrian through Carboniferous age form a generally eastward-dipping 

sequence (Willden and Kistler, 1979; Howard and others, 1979; Hudec, 1990). The 

transition into migmatitic infrastructure is indicated by the increased abundance of 

Mesozoic granitic bodies to the north of the Harrison Pass Pluton (Wright and Snoke, 

1993). The remainder of the Ruby Mountain-East Humboldt range consists of a 

metamorphic core complex. The infrastructure of the core complex is composed of 

miogeoclinal sedimentary rocks metamorphosed to upper amphibolite facies and various 

igneous intrusions of Late Jurassic to Tertiary age. The mylonitic shear zone is 

prominently exposed along the west flanks of the range. The detachment fault (low angle 

normal fault) and associated breccia sheets are best exposed near Secret Creek Gorge, 

between the Ruby Mountains and East-Humboldt Ranges. The suprastructure of the 

metamorphic core complex, which crops out extensively in the East-Humboldt Range, 
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consists of Tertiary volcanic, plutonic, and sedimentary rocks and of Paleozoic 

miogeoclinal sedimentary rocks. 

The infrastructure of the Ruby Mountains-East Humboldt Range experienced a 

complicated metamorphic and deformational history which spanned Mesozoic and 

Tertiary time (Snoke and Miller, 1988; Snoke and others, 1990). Apparently, all events 

reached upper amphibolite grade (Snoke et al, 1990). The Mesozoic metamorphic events 

were accompanied by crustal thickening during Late Jurassic and Cretaceous time (Snoke 

et al., 1992), whereas the Tertiary event is thought to be related to regional extension 

represented by the low-grade extensional faults and mylonitic deformation (Snoke and 

Miller, 1988). 

Pre-Mesozoic History 

Geochronologic data (U-Pb, zircon) from a biotite orthogneiss in the East 

Humboldt Range revealed an Archean age (~2.52Ga, Lush and others, 1988). The gneiss 

occupies the core of the Winchell Lake fold-nappe which is exposed in the northern part 

of the range (Lush and others, 1988; McGrew, 1992). Associated paragneisses 

intercalated with the orthogneiss are probably Early Proterozoic (Peter, 1992; Snoke and 

others, 1997). Except for the Archean and Early Proterozoic gneisses in the East 

Humboldt Range, most of the pre-Mesozoic rock units in the Ruby Mountains-East 

Humboldt Range are metasedimentary rocks of a Late Precambrian to Paleozoic 

miogeoclinal sedimentary sequence (Howard, 1971; Snoke and Lush, 1984; McGrew, 

1992). The miogeoclinal sequence in the study area probably remained relatively 


