
Textural Relations

ÅPorphyritic texture with phenocrysts of Pl, Cpx, Hb, 

± Bt

ÅPyroxene rims with Schiller ïlike texture 

(Fig. 7a, b)

ÅPyroxene commonly rimmed by Hb (Fig. 7c, d)

ÅBt included in Cpx (Fig. 7b & c) and Pl phenocrysts

(Fig. 7e).

ÅCorona ïlike texture between Cpx Ÿ Hb Ÿ Bt 

(Fig. 7a, d)

ÅHornblende surrounding Jimthompsonite (Fig. 7f & 

g; Table 1)

Å Intergrowth between Hb and Bt (Fig. 7h)

ÅGranophyric and myrmekitic textures (Fig. 7i)

ÅMagnetite ± ilmenite typically in Cpx and Hb

(Fig. 7j, k)

ÅTwo textural generations of Ttn: 1ry (Fig. 7l) 

and 2ry after ilmenite (Fig. 7m)

ÅBreakdown of Ilm to Rt + Ti-Hm (Fig. 7n)

ÅAllanite intergranular and poikilitic (Fig. 7o)

ÅZircon resorbed but unzoned in BSEI (Fig. 7p)
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Abstract

The Melrose stock in the Dolly Varden Mountains in East Central Nevada is one of many Mesozoic intrusions in the Basin and Range. This 12.5 square mile large stock 

consists of syenodiorites, syenites, monzonites, quartz monzonites, and granodiorites sharply intruding Mississippian to Permian units. Phenocrysts of Plagioclase (An38ï

An24) with oscillatory zoning and albitic rims, hornblende, biotite, ± diopside ± orthoclase are common, + accessory magnetite, apatite, titanite, ilmenite, and allanite. 

Mineral compositions suggest that the intrusion was emplaced at ~700°C and 1.8 ï2.3 kbar.

All rocks are metaluminous to slightly peraluminous defining a calcalkalic trend in which the monzonites and syenites are shoshonitic. Rare earth element patterns 

indicate that all rock types are comagmatic. Harker plots show curvilinear trends with kinks consistent with plagioclase fractionation. Major element modeling and 

petrographic evidence suggest three stages of fractionation/ mixing: stage 1 marked by the fractionation of 12% diopside, 11% plagioclase; stage 2 fractionation of 15-

20% plagioclase, 20-28% hornblende, ± orthoclase ± biotite, accompanied by mixing through convection; stage 3 the fractionation of 0.25 % biotite, 6% hornblende, 9% 

plagioclase and 2% orthoclase.

Mineralogic, petrographic, and major and trace element data show that all rocks are I-type granitoids, indicating a significant mantle contribution. Spider diagrams show 

troughs for Ti, P, and Nb, indicating magma genesis in a subduction zone setting. Discrimination diagrams classify all rocks as late orogenic within plate granitoids. 

Magma was therefore generated from mantle metasomatized by subduction, and emplaced in the continental crust late in the orogenic cycle as a monzonitic magma that 

differentiated to quartz monzonites and granodiorites. 

Introduction

The Melrose Stock in the Dolly Varden Mountains of east central Nevada is one of several granitoid Mesozoic 

plutons in the hinterland of the Sevier belt in the Basin and Range province (Fig. 1). Its formation may have 

therefore been related to the Nevadan, Elko, or Sevier Orogenies (e.g. Miller & Hoisch, 1992; Thorman et al., 

1992), having been emplaced in either a compressional (syn-orogenic?) or extensional (post-orogenic?) 

regime. Understanding the petrogenesis of the different plutons in east central Nevada is needed to refine our 

tectonic interpretations. Such petrogenetic interpretations require a detailed geochemical study. 

Geologic Setting

The Melrose Stock covers an area of approximately 12 square miles. The granitoid body intrudes 

Mississippian to Triassic limestones, dolomites, siltstones, and sandstones, best exposed along its southern 

margin (Fig. 2). Contacts between the intrusive and the surrounding rocks are sharp, with heat-induced 

alteration represented by a contact metamorphic aureole that rarely exceeds 10 feet in width (Sanderson, 

1974). Angular xenoliths (1 ï12ñ long) are common, and increase in size and abundance towards the 

northwestern margin of the stock. Tertiary ignimbrites and fresh water sediments overlie all units 

unconformably on the northern and eastern margin of the stock, whereas a normal, Basin and Range type 

fault defines its western boundary, though it is covered in part by alluvium (Fig. 2). The stock consists of 

medium to coarse grained, commonly porphyritic granitoids that range in composition from syenodiorites to 

granites. Based on modal analysis and location, these have been grouped into three bodies with gradational 

contacts (Fig. 2): ñgranitesò, ñgranodioritesò, and ñmonzonites + quartz monzonitesò (Fig. 3). Several small 

dikes of medium to fine-grained leucocratic quartz syenites crosscut the stock. 

Mineralogy and Mineral Chemistry

üCharacterize and classify rock types of the stock

üConstrain the conditions of emplacement of the pluton

üConstrain the crystallization history of the pluton

üConstrain the tectonic setting/ environment of magma generation 

& emplacement

Objectives of this study

Session:33

Igneous Petrology (Posters)

#163074

Abbreviations:

Ab: albite; Act: Actinolite; Aln: allanite; An: anorthite; Ap: apatite; Bt: biotite; Bsn: bastnasite-Ce; Cc: calcite; Chl: chlorite; Cpx: clinopyroxene; Czo: clinozoisite; Ep: epidote; 

Gr: Granite; Grd: granodiorite;  Hb: hornblende; Hm: hematite; Ilm: ilmenite; Jt: Jimthompsonite; Kfs: K-feldspar; Mgt: magnetite; Mz: Monzonite; Or: orthoclase; Pl: 

Plagioclase feldspar; Qtz: quartz; Rt: rutile; Sp: spinel (MgAl2O4); Ttn: titanite; Zrn: zircon.

Major and Trace Element Geochemistry

ÅAll 30 samples analyzed characterized by SiO2 between 54.27 and 71.05% (68 ± 1.2% in Gr; 58.8 ± 2.2 in Mz)

ÅAl2O3 ranges from 17.19±0.97 in Mz to 14.74% in Gr; MgO from 1.55 ± 0.19% in Gr to 2.46 ± 0.98 in Mz

ÅOn the Cox et al (1979) TAS diagram, the ñmonzonites ñ plot in the syenodiorite, syenite, and monzonite fields, 

the ñgranitesò  and ñgranodiorites ñ plot in the  granite and quartz diorite fields, whereas the dikes are syenitic.

ÅAlmost all samples are  quartz - and hypersthene ïnormative; only VN-20 and VN-44 are olivine normative

ÅAll samples are calcalkaline (Fig. 8a); either metaluminous or low peraluminous (Fig. 8b), and magnesian

according to Irvine and Bragar , 1971), Shand (1943), and Frost et al. (2001), respectively.

ÅMonzonites are shoshonitic whereas granites and granodiorites are high-K calcalkalic on Peccerillo and Taylor 

(1976) plot (Fig. 8c).

ÅSeveral major, minor and trace 

element variation diagrams show 

continuous trends that suggest that all 

rocks are possibly cogenetic, defining 

a liquid line of descent/ fractionation 

trend? (Figs. 9 & 10).

ÅPlots of Al2O3, Na2O, K2O, and Rb vs. 

SiO2 display kinked trends that reflect 

the early fractionation of Ca-Pl followed 

by Na- and K- feldspars (Figs. 9 & 10).

ÅHigh MgO, CaO, TiO2, and FeO

monzonites (VN-44 & VN-26) are 

cumulates with cumulus Cpx, Hb, Pl, 

and Bt. They have the highest 

solidification index, and lowest 

differentiation, normative felsic, and 

Larsen indices.

ÅThe syenite dyke is characterized by 

the highest Larsen and normative felsic

indices and very high Th and Zr.

ÅAll samples are LREE enriched with a 

slight negative Eu anomaly. 

Monzonites are more enriched in REE 

than Gr and Grd (Fig. 11). 

Major and Trace Element Modeling

ÅKinks on variation diagrams and trace element bivariate plots suggest that the parent magma 

underwent several stages of fractionation.

ÅVN-42 used to represent parental magma composition since it has the highest S.I. and lowest D.I. 

among samples lacking cumulus textures. The most differentiated sample VN-7 represents the 

final magma composition. VN-19 and VN-9 represent intermediate magmatic compositions based 

on their locations at kinks on bivariate plots (Fig. 13).

ÅNo major element model is entirely successful at accounting for the observed patterns; the most 

successful model is in 3 stages (Table 3). 

ÅTrace element modeling using Rb, Y, and Sr is broadly consistent with major element results.

Fig. 14 Trace element discriminant diagrams 

of Pearce et al. (1984) showing all samples to 

be within plate granites (WPG).
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üAll three rock types are characterized by the mineral assemblage: 

Pl ïKfs ïQtz ïHb ïBt ± Cpx with accessory Ap ïTtn - Zrn ïAln ï

Mgt ïIlm ïHm ± Rt. Secondary minerals include Chl ± Czo/Ep ± Cc 

± Bsn ± Ttn.  

üMonzonites have Hb + Cpx > Bt, Gr and Grd have Bt > Hb.

üClinopyroxene is diopside with 81 ï86% Quad, 6 ï13% aegirine + 

jadeite, and XMg = 0.73 ï0.82; Amphibole is magnesiohornblende

with Aliv ~ 0.8 ± 0.4, and XMg ~ 0.72 ± 0.04

üBotite has XMg = 0.58 ï0.65; Tivi = 0.38 ï0.56; Aliv = 2.1 ï2.4..

üPlagioclase usually characterized by oscillatory zoning (Figs. 5a & 

6),  ranging from  XAn = 0.22 ï0.58 in monzonites to XAn =  0.18 ï

0.36 in granites, and is often rimmed by almost pure albite. 

üK-feldspar is perthitic (Fig. 5b) with stringers of nearly pure albite

(XAn = 0.01 - 0.11) that constitute 15 ï26% of host.

üPrimary Ttn has higher Nb & Zr than secondary Ttn which is 

slightly more enriched in Fe.

üIlmenite has 3 ï14% hematite component, whereas coexisting 

hematite has 1 ï9% ilmenite. Magnetite is nearly pure (Xsp < 0.02)
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Fig. 2: 

Geologic 

map of 

the 

Melrose 

Stock, 

showing 

sample 

locations 

in red

Fig. 3: IUGS classification of 

Melrose Stock samples 

Fig. 1: Geological map of East Central Nevada 

showing the location of the Dolly Varden Mountains 

and the Melrose Stock relative to other ranges with 

Mesozoic granitic intrusions. 

 
106_Jt 

 
108_Hb 

SiO2 57.61 SiO2 48.29 

TiO2 0.12 TiO2 0.27 

Al2O3 2.05 Al2O3 5.48 

Cr2O3 0.06 Cr2O3 0.1 

FeO 14.92 FeO 13.24 

MnO 0.25 MnO 0.44 

MgO 21.06 MgO 15.4 

CaO 0 CaO 11.26 

Na2O 1.46 Na2O 1.84 

K2O 0 K2O 0.37 

Total 97.53 Total 96.69 

    Si 5.97 Si 7.019 

Al 0.25 Aliv 0.94 

Ti 0.01 Fe+3iv 0.041 

Fe 1.29 Tiiv 0 

Mn 0.02 T 8 

Mg 3.25 Alvi 0 

Ca 0.00 Cr 0.011 

Na 0.20 Fe+3 0.815 

K 0.00 Ti 0.03 

Cr 0.00 Mg 3.336 

Total 10.99 Fe+2 0.753 

  
Mn 0.054 

  
C 5 

  
MgM4 0 

  
Fe+2 0 

  
Mn 0 

  
Ca 1.754 

  
Na 0.246 

  
B 2 

  
Ca 0 

  
Na 0.272 

  
K 0.069 

  
A 0.341 

 

Table 1: Jimthompsonite 

& hornblende analyses

Fig. 7: Selected textural relations. (a) ï(d), (f), (h), (j) ï(m) & (o): plane polarized light; 

(e), (i), & (p) crossed polars; (g) & (n) back-scattered electron images. 
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Granites Granodiorites Monzonites Dike

Av. (n=14) sd Av. (n=4) sd Av. (n=11) s.d. VN-15

SiO2 68.08 1.20 66.92 0.97 58.80 2.21 64.88

TiO2 0.55 0.06 0.57 0.08 0.81 0.14 0.52

Al2O3 14.74 0.43 14.53 0.63 17.19 0.97 16.43

Fe2O3 3.30 0.37 3.06 0.64 4.92 1.43 3.09

MnO 0.04 0.01 0.16 0.23 0.10 0.09 0.04

MgO 1.55 0.19 1.71 0.31 2.46 0.98 1.05

CaO 2.79 0.38 3.35 0.66 4.52 1.34 2.00

Na2O 3.32 0.27 3.60 0.35 4.32 0.48 3.91

K2O 4.20 0.65 4.40 0.35 4.96 0.74 5.25

P2O5 0.31 0.12 0.28 0.05 0.41 0.19 0.46

LOI 0.76 0.20 0.68 0.15 0.86 0.50 0.83

Totals 99.58 1.12 99.25 0.94 99.36 0.93 98.46

Gr Grd Mz Dike

Av. s.d. Av. s.d. Av. s.d.

Yb 1.72 0.24 1.74 0.08 2.38 0.43 2.13

Zr 249 50 224 31 421 146 544

Y 18 2 19 2 25 5 22

Sr 632 50 642 61 1037 130 489

Ba 1201 226 1117 143 1737 243 762

Ta 22 9 27 11 17 10 17

Hf 6.39 0.68 6.25 0.64 9.33 2.03 12.8

Th 32.1 6.0 34.9 2.3 59.2 9.2 105

Nb 54.5 10.4 48.6 14.5 71.9 25.1 137

Rb 162 21 162 21 208 48 275

U 5.67 1.31 6.60 0.57 9.80 2.04 21.8

La 94.5 23.8 73.6 6.3 188.7 39.1 158

Ce 168.4 37.3 137.1 7.3 323.4 46.6 270

Pr 16.80 3.11 14.56 0.50 31.68 4.59 25.4

Nd 55.93 9.13 51.35 1.06 104.9 17.6 77.7

Sm 7.77 1.03 7.66 0.64 13.58 2.97 9.85

Eu 1.84 0.17 1.91 0.16 3.29 0.50 2.02

Gd 5.75 0.62 5.85 0.41 9.58 2.14 6.92

Tb 0.78 0.08 0.80 0.07 1.16 0.29 0.85

Dy 3.75 0.34 3.73 0.36 5.16 1.29 3.96

Ho 0.63 0.08 0.68 0.07 0.86 0.21 0.69

Er 1.93 0.21 2.01 0.18 2.34 0.49 2.07

Tm 0.28 0.04 0.31 0.04 0.34 0.07 0.32

Lu 0.27 0.03 0.30 0.03 0.32 0.06 0.29

Fig. 8: (a) Plot of Melrose 

Stock samples on the AFM 

diagram of Irvine and Bragar 

(1971); (b) Mole proportions 

of A/CNK (Al2O3/(CaO 

+Na2O+K2O) vs. A/NK 

(Al2O3/(Na2O + K2O) (Shand, 

1943); (c) SiO2 vs. K2O plot 

of Peccerillo & Taylor (1976).
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Fig. 9: Major and minor 

element Harker type 

variation diagrams showing 

curvilinear trends. Note 

kinks in Al2O3, Na2O, and 

K2O trends

Fig. 10: Trace element Harker type variation diagrams

Fig. 11: Chondrite normalized REE 

patterns.  Normalization factors from  

Boynton (1984).

Type of Magma and Conditions of 

Emplacement

ÅPetrology and geochemistry indicate that 

the stock is made of ñsubsolvusò, I-type 

granite of the magnetite series.

ÅN-MORB normalized trace element spider 

diagrams show troughs for Nb, P, and Ti 

and peaks for Th, U, and Ba, suggesting 

some subduction zone chemical signature 

(Fig. 12). 

ÅSolvus geothermometry yields T of 700 ï

720°C for monzonites and ~ 630°C for the 

granites. Zr saturation temperatures range 

from 750 to 880°C.

ÅHornblende geobarometery (Anderson, 

1996) using rim compositions of 

hornblende and coexisting plagioclase yield 

P = 1.8 ï2.3 kbar at T = 660 ï720°C, 

suggesting a relatively shallow depth of 

emplacement of ~ 5 ï7 km.

ÅCompositions of coexisting Ilm & Hm

indicate equilibration T of ~ 850°C at the Ni-

NiO buffer.

Fig. 12: Trace element spider plot. 

Normalization values from Sun and 

McDonough (1989).

Stage 1 Stage 2 Stage 3

Major 12% Cpx, 

11% Pl

15% Pl, 

21% Hb, 

40% Kfs

9% Pl, 6% 

Hb, 0.25% Bt, 

2% Kfs

r2 0.57 4.59 0.5

Rb-Y 24% Cpx, 

3% Pl, 3% 

Hb

6% Pl, 19% 

Hb, 6% Kfs, 

25% Bt

2% Pl, 20% 

Hb, 16% Bt, 

2% Kfs

Tectonic Setting of Magma Generation and Emplacement

ÅAll samples plot as within plate granites on Trace element discriminant diagrams (Fig. 14; 

Pearce et al., 1984), and in the field of island arc/ continental arc/ continental collision 

granites of Maniar and Piccoli (1989). 

ÅOn the R1-R2 diagram of Batchelor and Bowden (1985), the monzonites plot in the fields of 

ñpost-collisionalò ïñlate ororgenicò granites (Fig. 15).

Conclusions

ÅAll rocks are magnesian, metaluminous, high K-calcalkalic to shoshonitic in composition. 

ÅAll are subsolvus, magnetite series, I-type granitoids with a subduction zone signature. 

ÅAll characteristics similar to the transitional or hybrid late orogenic granitoids (Barbarin, 1990). 

ÅParental magma was generated in the mantle wedge of a continental arc, and was later 

contaminated by a crustal component, prior to emplacement late in the cycle of the Elko 

Orogeny (Thorman et al., 1992). 

ÅFinal emplacement of the monzonitic magma took place at a relatively shallow depth of 5 ï7 

kbar at T ~ 700°C, possibly in a back-arc setting during the Jurassic. 

ÅMagma evolved by early fractional crystallization of Cpx + Pl ± Hb to produce some cumulates. 

Convection within the differentiating magma chamber mixed more fractionated portions with 

less fractionated ones resulting in oscillatory zoning in plagioclase phenocrysts, inclusion of 

some Bt in Pl, Cpx, and Hb, and intergrowth textures between Hb and Bt. 

ÅThis stage was followed by more fractionation of Pl, Hb ± Bt ± Kfs in different proportions to 

produce the granodiorites and granites. During the late stages of magmatic crystallization, 

interaction of the magma with fluids led to the crystallization of magnetite (partly at the 

expense of Hb ± Cpx), oxidative breakdown of ilmenite to Rt + Hm, and the alteration of Cpx to 

Jt and Hb to Act.

Table 3: Modeling Results

Fig. 13: Rb ïY modeling using FC modeler (Keskin, 2002). 1, 2, & 3 represent 

three stages of fractional crystallization listed in Table 3 (above).

Fig. 15 : R1 ïR2 

multicationic diagram of 

Batchelor and Bowden 

(1985) showing monzonite 

Melrose Stock magma as 

post-collisional to late 

orogenic.
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Table 2: Average Major and Trace Element Composition of Different Rock Types from Melrose Stock 
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Fig. 5: (a) Oscillatory 

zoning in Pl; VN-16. Note 

outer rim of Ab; (b) 

Perthitic texture (VN-5)

Fig. 6: Oscillatory zoning (a) along, 

and (b) across plagioclase, VN-33
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