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"Shaping vour stone means quletly doing your job, as
well as vou can, Your identity will scon be last to history
but your stone, if well shaped and polished will fit into
the structure we call civilization and hold its weight, as
time sweeps past us and others build gpon us, History is
full of greed, horror, and the worst of mankind == but
hukanness 1s bullt of well shaped loving lives, wWhat we do
matters and 1f there ls beauty in the world it is because
many qguiet souls have shaped thelr stones well and the

cathedral of life is beautiful after all."

Thomas R, HcGetchen == Geologlst

(1936=1979)



ABSTRACT

The Green Mountalin Formation is an early Proterozoic
supracrustal succession located in the Sierra Wadre Kange in
southern Wyoming, The volcanic=volcaniclastic succession is
situated on the south side of the Wyoming Shear Zone which
marks the boundary between the Aprchean dWyoming province and
a Proterozolc province, Rocks of the Green Mountain
Formation are part of the southward younging Proterozoic
province which extends throughout Colorado and the
southwest,

The Green Mountain Formation is intruded by an
extensive granitic terrane, and has been metamorphosed to
grades ranging between greenschist and amphibolite facies,
Isoclinal folding with associated thrust faulting and/or
transposition of bedding ocCurs throughout some exposures of
the successlon south of this study. These features are not
easily recognized in the areas of this study, but cannot be
eliminated, The GWF in the area of Fletcher Park has been
metamorphosed to the greenschlst facies, but relict textures
and structures are well preserved, Mafic rocks of this
section appear to represent matrix~supported agulomerates
and/or pvroclastic deposits, lapilli tuffs and/or brecciated
flows, coarse to fine=grained volcaniclastic sediments, and
ﬁinewgraihed ash and/or sills and dikes. Felsic rocks
appear to represent ash~flow tuff, volcanic breccila,
fine=grained to porphyritic dikes and flows(?), and

fine=grained watere-laild tuff and/or volcaniclastic



sediments, Cherty exhalite units are assoclated with the
top of felslc volcanic sequences, and have been targets of
recent mineral exploration, The GMF in the area of Creen
Mountain has been metamorphosed to the amphibolite facies,
and relict features are not as well preserved as 1n the
Fletcher Park section, HMafic rocks are comprised of fine to
medium=~grained amphikolite and amphibolite breccia, and
coarse=grained amphibolite, Some relict features are
similar to those in mafic rocks of the Fletcher Park
section, and appear to represent agglomerates, breccias, and
fine=grained velcanics or volcaniclastics. Coarse-grained
amphibolites may represent diabase sills. Felsic rocks of
the of the Green Mountaln area are represented by
microcline=quartz=oligoclase schist and olldoclase=
microcline=quartz schists. Some of the felsic scnists
appear to contain relict phenocrysts and possible lithic
fragments, and may represent ash flow tuffs or other
pyroclastic deposits, Fine=grained felsic schists probably
represent fine=gralned pyraclastic deposits and/or
volcanliclastic sediments.,

The geochemical characteristics dominantly classify the
récks of the GMF as subalkKaline basalt, dacite, and
rhvelite, A& bimodal distribution ls observed in various
geochemical plots with a compositional “gap’ in andesite
fields, Geochemical characteristics of the basaltic rocks
are most consistent with low=K tholeiites of the island arc

tholeiite series, Dacitic and rhyolitic rocks alse display



many similarities to felsic rocks of the same series, but
there are too many characteristics similar to calc=alkaline
rocks to pe conclusive, Irace element discrimination
diagrams consistently indicate that both the wmafic ang
felsic formed at a convergent plate boundary, namely in an
island arc¢ environment,

The overall characteristlecs of the Green Mountaln
Formation and its spatial relationsnips to other Precawmbrian
rocks on a regional scale appear to be most easily explained
by an lmmature island arc system, Tholelitic or mixed
tholeiitic and calc=alkaline volcanics were probably
deposited in a back arc basin or the arc=trench gap., The
model proposed by is and Houston (1979) involves a northward
migrating island arc system along a southward dipping
subduction zone, The arc was then agcreted to the Archean
continent and 1ts associated continental marginal sediments

along the Wyonming Shear Zone,
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ITHTHRODUCTION
PRECAMBRIAN ROCKS

Precambrian rocks in general have been studied in order
to gather information about the early history of the Esarth,
The tectonic environments in which suites of Precanmbrian
rock were formed have been the subject of many of these
studies, sihce the recognition of plate tectonlcs as an
imporgant process in operation on the ear¢h todav, one goal
of the study of Precambrian rocks is to see if they can be
explained by similar tyﬁes of tectonic processes. The
comparisons of ancient and modern rocks are based on
observations such as §etratectsn1CAassamblagas; geochemlcal
characteristics, and 1s¢topic”s;§dies. More information on
Precambrian rock suites is stilll necessary 1f the evaluation
of early tectonic processes 1s Lo he successful,

The rocks of the Green Mountaln Formation, which are
the subject of this study, are located along the boundary
between two major Precambrian crustal provinces exposed in
southern wyoming, Because thls provincial boundary is a
likely remnant site in which Interactions of crustal
segments occurred, information gathered tnere can be used
for further Interpretations of tectonic processes of the
Precambrian. Most of the studies of the Precambrlan have
concentrated on rocks of Archean age (»2,5 b,v.)s, and their
interpretations relative to modern tectonic environments are
faced with many uncertainties. The amount of geclogic time

representad by the Proterozolc covers apout 2,0 billion



(2)

years of the Earth* s history. Studies of Proterczole rocsk
sultes such ag the Green Hountalin Formation may provide some
important links in the extrapolation of tectonlic
interpretations from modern Lo Archean times,

Alternatively, 1f studies reveal that tectonic processes
have changed througheut geploglic history, Protersczoic
asserblages such as the Green Mountaln Formation provide
information which may document thesg changes, Until it can
he shown consistently that Precambrian assemblages 4o not
represent sultes similar To those formed in modern tectoenic

regimes, thelr direct comparisons are justified,
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PURPOSE

The purpese of this project is best divided into three
maln phases. The first objective is to present a detailed
description ¢of those exposures of tne Green Mountain
Formation (GMF) in the areas ¢f Fletcher Park (FP) and Green
Mountain (GM), These areas appear to represent the best
preserved sections in terms of both metamorphism and
deformation. 8Second, the rocks of the GMF will be described
both petrographically and geochemically in order to classify
and characterize them, Finally, on the basis of the above
observations, and comparison to features cbserved in
Phanerozoic tectonic regimes, a possible tectonic

environment for the Creen Mountain Formation is discussed,

LOCATION

The study ares 1s located in the Slerra Madre Range,
Carbon County, Wyoming (Figure 1). These nmountains are a
northern extension of the Colorado Worth Park Range as part
of the Central Rocky Mountalin region, The sectlons studied
in detail occur in the vicinity of Green #Mountain, section
2 T 13 8, R 85 W, and to the northwest of Fletcher Park,
section 20, T 13 H, R 86 W, The areas lle approximately 13
and 24km southwest of Encampment, Wyoming, respectively

(Figure 2).,
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EXPLANATION
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PREVIOUS WORK

The first work in the Slerra Madre Mountains, by A.C,.
Spencer (1904) of the U,5,G.5., was an investigation of
copper deposits of the Encampment District, Thils paper
includes the first descriptions of units represented by the
then ynnamed Green HMountain Formation, In 1958, B.E,
Ebbett of the Wyvoming Geological Survev mapped an area of
the northern part of the Sierra Madre range. Unpublighed
Masters theses by Merry (1963) and Lackey (1968) ¢f the
University of Wyoming contaln mapping and petrographic
descriptions of the Creen Mountain Formatlon in the areas of
Hog Park and Houston Park, respectively (Figure 2), The
most recent work is a geclogical and geochemical study by
A,Fo. Divis (1976) through the Colorado School of Mines,
Although several papers have peen written on the geology of
the Sierra Madre, a lack of detailed work involving the
Green Mountaln Formatlon in specific is evident,
HMETHODS

TWo exposures of the Green Mountaln Formation were
examined, and for the purposes of this paper are referred to
as the Green Mountain and Fletcher Park sections, The fileld
relationships and physical characteristics of the lithologic
units of the GHMF are descrived, Samples of the lithologic
units are used for thin section and gecchemical study, and
represent tnhe compositional and textural varietles of the
rock types present, Samples ¥which contain a very

heterogeneous mixtures of compositional rock tvpes or are
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obviously altered are not used for detalled geochemical
study, byt are used for general descriptive purposes, Out
of the one hunded samples collected from tne GWF, 49 are
used for detailed thin section description, and 40 for
geochemlical studieg, In addition, 11 samples collected by
Craig Helson of Conoco Inc, were analyzed,

The geochemical samples were analyzed for major and
trace elements by instrumental neutron activation and X=ray
fluorescence techniqies, The results are plotted on various
two= and three=compenent geochemical diagrams for purposes
of classification, characterization, and Iinterpretation of
tectonic environment, Tectonlc interpretations are based on
physical characteristics and geochemical schemes constructed

from observations in modern tectonic¢ environments.
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GENERAL GEOLDGIC SETTING

INTRODUCTION

The study areas for thls project are located near the
boyndary bhetween two malor crustal provinces, the Archean
Wyoming Province on the north and a Proterozoic province on
the south, These provinces are separated by the Wyonming
Shear Zone (W8Z) (FilY%ure 2). This shear zone wag originally
defined py Houston and McCallum (1961) for a similar
northeast trending feature in the Medicine Bow Mountéins to
the east, 7The Wyvoming Shear Zone ranges £from a few hyndred
meters of mylonite and phyllonite Iin the western Sierra
Madres, to & zone of cataclastic augen gneiss and
cataclastic migmatite over 7km wide in the east=central
Medicine bow ﬁauntains (McCallum, 1964; Houston and others,

1968),



(1)

THE ARCHEAN WYOMING PROVINCE

Rocks of the Archean wyoming Province are exposed in
the major mountain ranges of Wyoming and Hontana, including
the Sierra Madre and Medicine Bow Mountalng where its
southern boundary is defined, The Archean basement complex
is composed of a granite~greéenstone terrane ranging from
uypper greenschist to lower yranuylite facles of metamorphism,
Amphibolite faclies terranes are the most common, and are
comprised ot about 60% gneiss and migmatite, 30% granitic
plutons and 10% areerstone belts (Condie, 1981)., Diabase
dikes are common, but are a minor rock type, The greenstone
belts occur as amphibolite remnants within tonalitic to
trondhjemitic gneiss, The main greenstone exposure 1s the
South Pass pelt (Condle, 1981),

The Archean rocks of the Slerra Madres and.%ediciﬁe Bow
Mountaing consist of granitic gnelss, guartz=piotite gneiss,
and migmatite, with less abundant amphibolite, and minor
guartzite, marble, and ultramafics (Divis, 1979; Hills and
Houston, 1979), The Archean terrane 1n the Sierra Madres is
intruded by massive gusrtz monzonite and granite, often
forming augen gneiss at the contacts, A U=Pb date from a
zircon separate yields an age of 2630 +/= 100 m.,vy., for the
Feldspathic Gnelss (Figure 2), and is interpreted to
represent a minimum age due to a major metamorphic event
(bivis, 1978), This age has also been recognized in several
areas of scouthern #veming, including a similar gneilss In the

Medicine Bow Range (Hills and others, 1968),
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PROTERQZUIC GECQLOGY OF THE NORTHERN SIERKA MADRE RANGE
PROTEROZOIC ROCES NORTH OF THE wYOHING SHEAR ZOHE

Froterozoic stpracrustal rocks occur north of the
Wyoming Shear Zone in the Slerra Madre Range, These rocks
unconformably overly the Archean terrane (Graff, 1979;
Figure 2), £Segquences represented by the Phantom Lake suite
and Deep Lake Group, are desCribed by Graff (1979) as
comprised of paraccnglomerates, metavolcanics, duartzite,
and stromatolitic limestone, unconformably overlain by
| uraniferous quartz=pebble conglomerate, pnyllitic quartzite,
i metavelcanics, and metadgraywacke, These units are also
recognized in the Medicine Bow Mountains to the east, with
the additlion of a younger ynconiormable seguence kKnown ag
the Libby Creek Group. This dgroup consists of iInterbedded
quartzite, guartz-pebble and paraconglomerate, phyllite, and
stromatolitic carbonate,

The above sequences are interpreted as a marine
transgressive=regressive assemblage plus fluvial sediments
and minor volcanics deposited on the edge of the Aprchean
craton (Graff, 1979), Overlying these sequences are fluvial
and shallow=marine deposits, and glaciale=marine and nmarine
sediments which were deposited on a subsiding marine shelf
(Gratf, 197%; Karlstrom and Houston, 1979; and Lantnier,
1979), Mafic sills and dikes intrude all of the

successions.
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PROTERDZOIC ROCKS sQUTH OF THE wYUMING SHERR ZDKE

The FProterozoic terrane south of the Wyoming Shear Zone
in the Bilerra Madre Range 15 part of a soutnvard voundging
succession of age provinces, This Proterozoic basement
complex extends throughout the Southvest. 1These provinces
represent three main age ranges of 1750 to 1800 m,v.
including the Sierra Madres, 1650 to 1720 m.v,., and 1100 to
1200 m.y, as described by Condie (1982) (Figure 3),

The Proterozoic rocks of the Southwest are dominantly
characterized by quartzite=shale=bimodal volcanic sequences
(Condie and Budding, 1979; Condie, 1980), Calc=alkaline
rocks have only been reported from the Yavapal series in
Arizona, and have been suggested for the Green HMountalin
Formation of the Slerra Madre Range (Anderson and Blacet,
1972; Divis, 1976), A bimodal volcanic assemblage 1is
observed throughout Colorado and northern New Mexico, with
theleiite and dacite to rhyolite end members dominating
(Boardman, 1976; Condie and Budding, 1979; Condle, 1980;
Condie and nNuter, 1981; Robertson, 1981). Field studies
suggest that the bimodal volcanics and guartzite=shale
assemblages are actually two separate groups (Condie, 1982),
When these sultes occur together, the guartzite=shale group
overlies and is interbedded with the bimodal volcanics,

Proterozolc terranes of the Southwest have undergone at
least two periods of deformation and metamorphism, usually
to the amphibolite faciegs. The gsuccessions are intruded by

granitic rocks of variable composition ranging from granite
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to tonalite, These plutonic rocks range from syntectonic to
post=tectonic in origin.

Isotopic studies of Sr87/8r86 of tne felsic volcanics
and granitic rocks of the Southwest indicate the absence of
Archean basement south of the Wyoming Shear Zone (Condie,
1982), This is an important constraint in the consideration
aof the tectonic models which have been proposed for the
evolution of the Southwest, which include arc and
continental rift types (Condie and Budding, 1979; Van
Schmus and Bickford, 1981), #No model as yet complies with
all constralnts and observed characteristics,

Proterozolc rocks soutn of the WSZ in the Silerra wadre
consist of a supracrustal succession of metaveolcanics and
volcaniclastic sediments of the Green Mountain Formation and
Big (reek Gneiss, both of wnich are intruded by oranite and
granodiorite (Figure 2), Phases of the intrusives are
syntectonic to post~tectonic in origin, and comprise the
major portion of the Proteroczoic terrane, The supracrustal
units are well to poorly follated and fine= to cCoarse=
grained, Parts of the Green Hountalin Formatlon are the
subject of this project,

Undifferentiated lower Proterozoic rocks occur in the
southeastern part of the Sierra HMadre Range where they are
collectively referred to as the Big Creek Gneiss, and are
comprised of banded hornblende and feldspathic gneiss
(Figure 2)., Phases of the BCG are layered hornblende

gneiss, augen gneiss, pegmatitic gneiss, and calc=silicate
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gneiss, which are locally migmatized (Divis, 1979%), Further
south in the Slerra kadres, the Blg Creek Gnelss appears to
extend Into northern Colorade, Phagses continue to representg
about 50% each felsic gneiss and amphibolite (snyder, 1980),
The Big Creek Gneiss is suggested by Divis (1976) to be an
equivalent to the Green Mountain Formation subjected to
extreme metamorphism and metasomatism, but detalled trace
element studies are needed {0 evaluate this interpretation,

Grapitlc rocks which dominate the terrane near the
study area represent several compositional phases, The
oldest unit 1s the Encampment River Granodiorite (ERGd),
which only intrudes the Green Mountain Formation (Figure 2),
The ERGd is medium=grained, moderately foliated, and ranges
from granodiorite to granite in composition, The Sierra
Madre Granite Intrudes both the GMF and ERGd, It is
comprised of fine to medium=grained to pegmatitic red
granite, locally foljated at the contacts, The SMG 1s the
mast abundant rock of the granitic terrane, The youngest
intrusive pnase is minor in abundance and consists of lignt
colored guartz monzonite. Plutons of this phase intrude
most of the other plutonlc rocks, and is most abundant in
the Hog Park area,

South of the Hog Park area, near the Colorado=wyoming
border, is a large body of medium=grained gabbro (Figure 2,
This gabbre 1s characterized by a hornblende=feldspar, +/=
clinopyroxene, +/= biotite assemblage, The main gabbro body

algo contains minor amounts of olivine gsbbro, peridotite,
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and numerous basalt dirves (Snyder, 19H0), The dgenetic
relationship of the dabbro to tne Green Hountain Formation
and other rocks of the Slerra Madre Range has not hesan

studied,
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PETROGRAPHY OF THE
GREEN MODUNTAIN FORMATION AHD ASSOCIATED ROCKS
INTRODUCTION

The Fletcher Park area was described and sampled using
mappable units recognized through work by (Cralg delson of
Conozo, Inc. An introductory field tour, provided by C,.
Helson, was helpful in establisning where the bhest outcrops
occurred and served as beginning guidelines for subseguent
Work. The map compiled by C. Nelson (Figure 4) was
provided for use after fleld work was completed, and
includes moalflcations by work in this study. The Green
Mountain area has not been previously mapped, and a detailed
map was not compiled for this studyv. A generalized map
based on the sampling traverses and correlations which were
observed is provided (Figure 5),

The Fletcher Park section is described independently
from the Green Mountaln section for two reasons: (1) |
because the lower dgrade of metamorphism resulted in better
preservation of original features, and (2) lack of
stratigraphic control between the two areas, BRecause of the
relatively low grade of metamorphism in the Fletcher Park
section, and the preservation of primary textures, the rock
names of the units are préfixe§ by ‘meta=* followed by the
name of the protolith (example metadaclite), HMetamorphic
rock names are used for description cof the Green Mountain
section pecause of the higher metamorphic grade,

Petrographic descriptions are summarized in Appendix A,
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EXPLANATION
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Figure 5. Geologicvmap of the Green Mountain
section (this study).
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GRANODIORITE

The oldest intrusive pnase of the granitic terrane
which surrounds the Green Hountain Formation is the
Encampment Rlver Granodlorite, This was the only granitic
phase which was sampled for description in this study, The
overall abundance of the granodiorite is second to the
Gierra Madre Granite, and only occurs between the Fletcher
Park and Green Mountaln study areas (Figure 2),

The Encampment river Granodiorite is a moderately to
well=foliated, mediup~grained rock, The unit ranges frou
pink to gray, weathering to darker shades of the same
colors. Foliation is usually strongest near the contacts
with the Green Mountaln Formation, Mafic and felsic
xenolithg most likely derived from the GHMF are locally
common, Small dikes associlated wilth the main ¢ranodiorite
body also intrude the GMF metavolcanic succession,

In thin section, the granodiorite generally has a
hypldiomorphic=granular texture in less foliated samples,
Where foliation is stronger, the texture appears to be
gneisslic in hand specimen, and a strong alignment of piotite
in thin section is noticed, The mineral content is
comprised of 1 to 3mm albite twinned oligoclase (AnZ24 to
An27, 35 to 40%), quartz (15 to 20%), tartan t¥inned
microcline (20 te 25%), 3 to 5% blotite, and 3 to 15%

hornblende, Intergrénular material comprised of the same

minerals are less than 1mn, Accessory minerals include

epidote, sericite, chlorite, zZircon, and nematite.
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FLETCHER PARK BECTION
GENERAL DESCRIPTION

The Fletcher Park seqguence has an exposed stratigraphic
thickness of approximately 3,3 kilometers, assuming
isoclinal folding and transposition of bedding have not
affected the area, This represents a minimum thickness
since the base and top ©f the section are not exposed, pbut
rather are in fault or intrusive contact with the
surrounding dranitic terrane, Although several faults are
present tinroughout the sectlion, most have very minor
displacement and little affect on the area, In general, the
FP section is comprised of metavolcanic and volcaniclastic
units of pasaltic, dacitic, and rhyolitic composition
(Flgure 4), Two velcanic cycles appear to be present, each
represented by metabasalt overlain by metadacite and
metarhyolite and terminating with cherty exhalite,

The felsic units of the FP section are rhyolitic to
dacitic in composition, and have four textures which are
observable in the fileld, These textures are; (1)
porphyritics (2) nene=porphyritic, (3) fragmental, and (4)
laminated, Porphyritic varieties contain feldspar +/=
quartz phenocrysts, and commonly include several percent
lithic fragments, Fragmental felsic units occur either as
breccias with angular clasts ranging up to 10cm or more, or
as finer=grained rocks with clasts less tnan icm supported
by & fine~grained matrix, The non=porphyritic varieties are

fine=grained and do not contain megascoplic phenocrysts or
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laminations, Laminated felsic units are similar to the
non=porphyritic varieties, with the laminations providing
the only distinguishing feature in the field,

Metadacites and metarhyoliites of the GHMF are usually
distinguished petregraphically, but due to very small grain
size and degree of recrystallization, the laminated and
non=porphyritic varieties may not display distinguishing
features indicating their composition, Felslic rocks of
possible rhyodacitic composition are recognized
geochem1¢a11y. but cannot be distinguisned petrographicallv,

The felsic units mainly outcrop as cliffs and prominent
ridges in the western, central, and eastern parts of the FP
section, separated by thick mafic veolcanic seguences,
Individual felsic units are interbedded with adjacent felsic
and mafic rocks, and a few thin rnyolitic to dacitic dikes
(usually less than 1p thick) locally crosscut the section.
Cherty exhalite units, which may contain intermixed
¢arbenata, are associated with the tops of the felsic
sequences, These units have been exploration targets for
massive sulfide deposits,

The mafic units of the FP section are represented by
basaltic metavolcanic and volcaniclastlic rocks of various
textural types, and a discordant intrusive pody of diabase
in the central part of the section (Figure 4), tetabasalts
weather to a8 more subdued topography between the felsic
dominated ridges, Textural varieties consist of

matrix=supported agglomerates, lapilli tuff or brecciated



(23

flows, fine=grained tuff, fine=grained dikes and sills, and
coarse to very finewgrained volcaniclastic sediments,

The FP agglomerates ocCur as clast ricn units supported
by a fine=grained micaceous matrix. These units represent
the most abundant mafic rock type of the FP section, Other
fragmental mafic urnits contain abundant ¢clasts less than 3ca
which have a more angular character, Basaltic dikes and
sills occur as thin units with very fine=grained textures,
These units are distingulshed in the field by thelyr sharp
contacts and cross~cutting relationships., Haflic

volcaniclastic sediments occur as upwarde~fining seguences in

- the rentral part of the FP section, and as thin beds within

the agglomerates, The Fletcher Park section is als intruded
by a medium=grained diabase pluton occurring within the

volcaniclastic part of the sequence (Figure 4),
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METARHYOLITES

The metarhyolltes of the Fletcher Park section are
located in the central and eastern part of the sequence, and
are generally distinguished in the field by thelr lioht
color, The colors which are most commonly observed are
white, pale pink, or psle gray on the fresn surface,
weathering to brown or reddish brown, Three of the four
textural types are observed in the metarhyolites, The
textures represented are porphyritic, fragmental, and
laminated varieties, The porphyritic types occur throughout
the FP section, while the fragmental types are most abundant
in the central parts of the section and laminated types in
the east, Sedimentary structures are commonly oObserved in
the metarhyolites, namely low=angle cross=bedding, graded
bedding, and possibly some cut=and=£ill structures (Flate
1). These features elther indicate that the units were
deposited at least iﬁ part subaqueously, or were partiaslly
reworked py water after thelr deposition, The sedilmentary
features consistently indicate that the stratigraphic up
direction 1s to the east in all parts of the section,

Porphyritic metarhyolites have characteristics of ash~
flow tuffs, and are common in both of the felsic parts of
the FP section (Plates 2 and 3), These units show various
fé@tureﬁ such as broken phenocrysts of feldspar and quartz,
flattened pumice fragments, and a cryptocrystalline matrix
which may display a slight laminated appearance at the

microscopic level, ERecause of the cryptocrystalline texture
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of the matrix, only stained potassium feldspar and micas are
identified, Phenocrysts of oligoclase (AniQ to Anz20),
quartz, and sometimes potassium feldspar are abundant.
These grains range from 2 to 3mm and modally comprise
between 3 and 15%, Pumice fragments range up to 10% and
have a cryptocrystalline appearance, The elongated fo
flattened pumice fragments are often molded around other
graing, The laminations, which are sometimes observed in
the porphyritic metarhyolites, may represent relict banding
produced during the deposition of ash flows, Accessory
minerals which may be observed include zircon, epidote,
hematite, sericite (mav be an abundant alteration product
ranging up to 20%), chlorite, and blotite, all usually less
than 5%,

The laminated metarhyolites are generally fine=grained
and have a homogeneous cCharacter, Phenocrysts are often
apparent on the weathered surface, only comprising a few
percent of the dgrains., The laminated metarhyolites only
occur in the eastern part of the Fletcher Park section, and
conformably overly and interfinger with the porphyritic
felglc metavolcanics, The laminated varieties are very
fine=grained with an average grain size size of less than
0,8%mm, The mineral content 15 conmnprised of modally
indistinguishable cuartz, feldspar, epidote, and mica,
Staining for patassium feldspar is poor due to the swall
grain size, but this mineral appears to comprise between 25

and 35%, Quartz grains are usually clear in appearance, and
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apparently comprise between 30 and 40%, Une sample (GH=023)
contains about 0,5% subhedral plaglocliase grains ranging up
to 2mm, Although sericitized, obscur albite twinning
indicates a composition of Anl4, Sericite and chlorite are
also present, each comprising between 10 and 15%, Epidote
is also present, and comprises between 10 and 15%., The
laminated metarnhvolites are well foliated, with foliation
defined by micaceous minerals and stretched patches of
coarse and fine=grained materlal, The laminations are also
defined either by the coarse and fine=-grained layers or
variations in mica content, and may be a result of
deposition or metamorphic differentiation, The laminated
metarnyelites may represent saverél possible rock types such
as alr~fall tuff, water=laid tuff, or tuffacecus sediment,
Fragmental metarhyolites occur as claste=supported
breccias (Plate 4), The exposures contain angular to
subangular rock fragments which range up to approximately
20cm in length, The matrix around the fragments is
fine=grained and apparently silicified, #ost of the clasts
are felsic in composition, with minor occurrences of mafic
and cherty types, The felsic clasts are similar to some of
the rock types observed in the section, with the addition of
abundant flow banded varieties, A thin section of a
flow=panded clast (GM=006) from the metarhyolite breccia was
studied, and 1s representative of the most common felsgic
clast type., This sample ls comprised of a laminated matrix

of interlayered grancblastic guartzerich and



(27

indistinguishable cryptocrystalliine material, Relict
phenocrysts of placgiocClase (AnR) are alblte twinned, and
comprise about 5% of the rock, Although most of Lhe
minerals are too fine=grained to ldentify, the sawple is
probably a mixture of quartz, feldspar, and sericite,
Accessory minerals are epidote and iron oxides, The
banding, which is also apparent megascopically, and a relict
vitrophyric texture gugdest that the fragment may be from a
rhyolite flow or dome, The breccia accumulation with
asseciatad interfingering tuffs and exhalite may Indicate
proximity to a dome type structure, Possibilities include
debris along the dome flanks or an explosion breccia near a

volcanic vent,
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EXHALITE

Siliceous caps are assoclated with tnhe top of the
felsic volcanic sequences (Figure 4), These deposits were
probaply produced by exhalation of £luids during
hydrothermal processes, The exhalite units are laterally
continuouys and have silicified the underlying volcanic unit,
The deposits consist of microcrystalline chert which 1is
locally hematitic, wmilky white carbonate of unknown
composition may be intermixed with the chert, giving the
outcrop a pockety weathered surface. {olors of the chert
are generally medium gray to reddish brown, Contact
metamorphism has produced local garnet, and coarsely
crystalline epldote, actinollte, and gquartz., This feature
is especially notable near the contact of the grancdiorite
in the eastern part of the Fletcher Park section, These
cherty horizons have been recent exploration targets for
massive sylfide deposits, Local minor ogcurrances of
disseminated sulfides are present, but the economic
potential pof the exhalites were not a primary subiect of

this study. No thin sections of the exhalite were exanined,
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METADACITES

Metadacites are found throughout the FP sectlon, with
the major units occurring in the western half of the area
(Figure 4), The units are conformably interbedded with the
adiacent rocksg, altheough some thin intrusive dikes occur
locally in the section, Hetadacites are usually
distinguished from the metarhyolites by their darker gray to
greenish gray color, and weather dark brown, reddisn brown,
or dark gray. Three textural types are observed in the
metadacites, These textures are porphyritic, |
non=porphyritic, and fragmental, Sedimentary structures are
common in some of the finew~grained metadacites, and display
the same eastward vounging stratigraphic indications as the
metarhyolites,

Porphyritic metadacites contain abundant phenocrysts of
plagloclase (often greater than 5%) contained within s
fine=grained groundmass, The porphyritic varieties form
massive, weakly foliated outcrops, with bedding only
apparent where sedimentary structures are observed,
Plagioclase phenocrysts are apparent on the weathered
surface as milky white laths ranging up to 4mm, Lithic
fragments may also be observed, and comprise up to a few
percent of the rock, In thin section, a pyroclastic texture
is apparent, evidenced by broken pnéﬂecrysts, pumice
fragments, and a finew~grained groundmass, The plagloclase
(AnZ26 to An33) phenocrysts contain exsolved patches of

microcline, and modally comprise between 5 and 20%, Guartz
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gﬁanocrysts are uncommon, #icrocline displays tartan
twinning, and is usually only recognized as patches of
exsolutlon within plagioclase phenocrysts, Biotite and
chlerite, comprising between 7 and 24%, occur as lmm plates
defining a moderate foliation, Lithic fragments commonly
comprise up to several percent of the porphyritic
metadacites, usually as subangular grains ranging up to 4mm,
The fragments are composed O0f cryptocrystalline vesicular(?)
pumice, micreporphyritic volcanics, and minute,
cryptocrystalline grains of various shapes possibility
representing glass shards, The groundmass 1s a fine
crystalline mixture of feldspar, quartz, chlorite, and
sericite, probably representing devitrified glass,
Accessory minerals which may be observed include epidote,
zircon, apatite, and hematite,

One porphyritic metadacite in the central part of the
FP section does not gisplay a pyroclastic texture, It is
characterized by 10% plagloclase phenocrysts of An32, The
phenocrysts are euhedral to Subhedral, and show very little
sign of breakage, The groundmass is comprised of
plagioclase microlites (An26, 20%), and a mixture of
fine=grained chlorite, albite, quartz, sericite, and
epidote, Although the sample is altered, and mineral
identification is difficult, the unit appears to display a
relict porphyritic hyvalopllitic texture, The above
characteristics suggest that the unit may be a dacite lava

flow(s), This unit possibility represents the only felsic
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flow observed in the Fletcher Park section, with the
exception of the flow=banded fragments within the rhyvolite
breccia previously described,

Outecrops of fragmental mefadacites are located in the
central part of the Fletcher Park section, and are
interbedded with volcaniclastic deposits, Contacts with {he
adjacent volcaniclastics are gradational, The fragmental
metadacites are represented by moderately foliated units
with abundant lithic fragments ranging up to 3cm 1In lengtn.
The surrounding matrix is fine~grained and chloritic, The
fragments are subangular to subrounded and white to pale
green, A variety of volcanic lithologies are representea by
the lithic fragments, dominantly cryptocrystalline clasts
which appear to be puymice, and fine=grained micropropnyritic
velcanics, The fragments are supported by a
microcrystalline matrix comprised of quartz, albite,
sericite, chlorite, and epidote, Blotite plates ranaging up
to O0,5mm commonly occur around the fragments and define
foliation in the métrlx. The fragmental metadacites appear
to represent lapilli tuffs which may have been deposited
subagueouysly as evidenced by their gradation into
fine=grained volcaniclastics,

The non=porphyritic metadacites are mainly feQnd in the
central and western parts of the Fletcher Park section, and
are interpbedded with the matic agglomerates and fragmental
metadacites. Contacts range from sharp and conformable to

gradational wilth the adjacent units, These non=porphyritic
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units are dark gray to greenish gray on the fresh and
weathered surface, Foliation is weak to moderately
developed, and sedigsntary structures are apsent, In thin
section, the non=porphyritic metadacites are too
fine=grajned for accuyrate mineral description, The
microcrystalline material has an average grain size of less
than 0,05mm, Although definitive optical properties can not
be observed, the rock appears to contain a mixture of
feldspar, sericite, chlorite, quartz, and epidote, Only
guartz, biotite, and epidote are positively identified
through the few coarge grains avallable, Overall, the
matrix has a stretched, patchy appearance, in which patches
are defined by changes In grain size or higher sericite
content. Thege patches are discontinous and range ub to
several aillimeters in length. The patches may represent
either relict laminations, or may be a feature produced by
metamorphism, UOyerall, the above observed features sugdest
that the non=porphyritic metavolcanics may be deposits of

metadacite ash.
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METABASALTS

Matrix=supported agulomerates are the most abundant
rock type of basaltic composition in the FP section, These
units are massive in outcrop with the coarse fragmental
texture very distinctive (Plate 5), A lack of sorting or
stratification characterizes the agglomerates, The
weathered surface is medium dgreen, with the clasts
weathering to a lighter green than the matrix, The clasts,
supported by a medium~grained micaceous matrix, have shapes
ranging from rounded to angular (malnly subrounded), and
range up to boulder size (>25¢m), On the fresh surface, the
matrix is distinguished from the c¢lasts with difficulty,
This relative indistinguishability reflects their similarity
in composition, The clasts mainly display a fine=grained,
often porphyritic texture, Felslc rock types are also
present as Clasts, but are minor in occurrence, One
outcrop, at the base of the central mafic metavolcaniclastic
sequence of Fletcher Park, ¢Qntain5’¢hannel~5haped
accumrylations of well rounded clasts (Plate 6), The clasts
within the channels are similar in cemposition te the clasts
of the mafic agglomerate, and appear to be poorly
Imbricated, This outcrop appears to be a volcaniclastic
conglomerate derived from rocks similar to the agglomerates,
The overall characteristics of the matrix=supported

agglomerate suggests & possible mudflow or pyroclastic

deposit, The degree of rounding of the clasts may be

favorable for a mudflow origin,
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In thin section, the matrix of the agglomerate is
fine=grained and displays an average grain size less tnan
G.1lmm, Actinolite (15 teo 20%) occurs as anhedral,
irregularly shaped grains randging up to 0,.8mm, and grain
aggregates ranging up to imm, pBiotite (10%) occurs as
plates ranging up to 0,2mm, often as aggregates ranging up
to 0,5mm, The rest of the matrix is comprised of fine
crystalline epldote, chlorite, and feldspar, Some larger
grains of the matrix were identified as albite, Several
percent lithic fragments ranging up te 2mm are also present,
A thin section was also made of one the clasts most comhon
to the agglomerate, The clast is porphyritic, containing
phenocrysts of plagicclase and actinolite=chlorite=epidote
pseudomorphs after pvroxene ranging up to Smm, The
phen#crysts comprise a total of 20 to 25% of the c¢last, The
groundmass is a fine crystalline mixture of epidote,
chlorite, actinolite, and feldspar, and has an averagde grain
size less than O.1mm,

Anotner type of basaltic unit is comprised of
approximately 40% breccla fragments ranging up to 3cwm,
averaging less than 1c¢m, and a finewgrained micaceous
matrix, The fragments are irregularly shaped and stretched
parallel to the moderately developed foliation., Individual
units are less than 10m tnick and medium green, The
fragmental character of the breccia is evident on both the
weathered and fresh surfaces,

Thin sections of the breccis reveal a matrix comprised
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of approximately 35% plagloclase (An28) microlites ranging
up to 0,2mm within a fine=grained epidote, chlorite,
actinolite, and albite matrix. The microlites are ranpdom to
subparallel in orientation and usually deformed, The rock
fragments have several appearances, but are dominantly very
fine~grained varieties comprised of actinolite, chlorite,
epidote, and feldspar, and microporphyritic varleties
containing between 25 and 30% randomly oriented plagioclase
(An30) microlites within a microcrystalline groundmass,
These mafic breccias may represent either lapilli tuff
deposits, or possibiiity thin, brecciated basaltic flows,
The presence of plagioclase microphenocrysts in the matrix
probably favors the latter interpretation,

Metabasalt dikes and sills are a minor rock type, and
intrude poth the mafic and felsic parts of the Fletcher Park
section, The thickness of the dikes and sills are generally
less than 1m, Colors of these intrusives range from dark
green to nearly black on poth the fresh and wealhered
surfaces, In contrast to the gradational contacts exhibited
by the finew=grained volcaniclastic rocks, contacts of the
dikes and sills are sharp with the adjacent units. These
intrusives are very fine=grained in hand specimen, and
display a cryptocrystalline texture in thin section. A
relict holohyaline texture 1s suggested, now devitrified to
a propable mixture of actinolite, chlorite, eplidote, and
feldspar,

Mafic volcaniclastics are an important rock type,
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These deposits occur as minor units within the mafic
agglomerates, and as upward=fining sequences in the central
part of the Fletcher Park section, Textures of the
volcaniclastics range between pebbly, coarse~grained
volcanic sandstones to very fine=grained volcanic
siltstones, Contacts are gradational with adjacent
volcaniclastic units as well as with the agglomerates,
Colors are dark to light green on the fresh surface, and
gray green or reddish brown on the weathered surface,
Volcaniclastic units within the agglomerates are less than
im thick, and the upward=fining sedquences conmprise a total
thickness of approxiwately 70m,

Thin sections of the sandy volcaniclastic units have an
average grain size of 0,3mm, The grains are subrounded to
subangular in character and include a few percent
fine~grained lilthic fragments. The mineral content consists
of 20 to 25% actinolite, 30% albite, 25% epidote, 15%
chlorite, 3% blotite, and 2% magnetite and hematite,
Actinolite and epidote range up to 0,5mm, with epidote often
in aggregates ranging up to 3mm, The rest of the minerals
are less than O,imm, with chlorite and bilotite defining a
moderate foliation, A clastic ftexture 1s apparent in ng%ﬁ
thin secticn and outcrop, Coarse=grained pebbly units |
exhibit the same mineral content as the sandy units, Coarse
gralns of actinolite are common, and display crystal forms
which indicate that they are pyroxene pseudomcrpns.c The

coarse=drained lithic fragments are microporphyvritic and
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similar in appearance to the clasts of the agglomerates,

The sillty volcaniclastic units have a cryptocrystalline
texture, and appear to be conmposed of a mineral assemblage
similar to the Coarse=grained deposits, The veolcaniciastic
sediments are derived from matic volcanic material, The
thin, fine~grained volcaniclastics within tne agglomerates
may pbe accuymalations of finer=-grained minerals which setiled
out of suspension after subsqueous deposition of a mudflow,
The upward=fining graded sequences may have been produced by
turbidity currents,

The large mafic Intrusive located in the central part
of the Fp section has a medium to dark green color on the
fresh and weathered Surfaces, The Intrusive is
medium=grained with & nearly equigranular texture, locally
fine=grained, Milky white to pale green feldspar grains
stand out as small laths agsinst the darker green color of
the rest of the rock, Uutcrops are gubdued, and have gharp,
usually fine=grained contacts with adjacent units of the
volcanic section, Xenoliths of the adiacent volcanics and
volcaniclastics have been incorporated within the Intrusion,
and may occur as large lsolated blocks ranging up to 20m or
more,

in thin section, it is apparent that tne maflic
intrusive is guite altered, but primary petrographic
features are still present, OSaussuritized laths of
plagioclase ranging up to Smom are euhedral to subhedral,

Albilte twinning is generally not preserved, but the
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plagioclase is calcic in composition and couwprises about 45%
of the rock. Actinolite is also abundant (45%), occurring
as 2 to 3mm subhedral to anhedral grains. The relationship
between tne grains of actinolite and plagioclase resembles &
relict subophitic texture, with the actinolite probably as
pseudomorphs after pvroxene, Blotite and guartz comprise a
few percent each as grains ranging up to U,5mm, Blotite
occurs mainly as patches within actinolite grains, FEpidote
ocours as irregular grains and agygregates ranging up to
1.5mm, and as very fine arains within actinolite and
plagloclase. The above features indicate tnat the Intrusive

is a medium~gralined diabase,
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GREEN MOUNTAIN SECTION
GENERAL DEsCRIPTIOR

The Green Mountaln area lies approXimately %km To the
east of the Fletcher Park section (Figure 2J), and is the
location of a metavolcanic sequence first described by
Spencer (1904), This section is metamorphosed to a higher
grade than the Fletcher Park sectlon, resulting in poorer
preservation of relict features, Althougn a few relict
features are observed, such as phenocrysts, the metamorphic
character is dominant, and the use of metamorphic terms to
describe the rocks is more appropriate,

The GM section, in general, is comprised of
amphibolite, amphibolite breccia and agglomerate, and
various feldspar~quartz=mica schists (Filgure 5),
Compositional layering generally strikes east west and dips
steeply to the south, Foliation throughout the GM section
parallels tne compositional layering, The section is in
intrusive contact with the surrounding granitic terrane,
The amphipolites are exposed in the northern and southern
parts of the GM section, and the central part of the area l1s
dominated by feldspar=guartz=mica schists. Rock units are
best exposed in the southern third of the section., Units
occurring on northern slope 0f Green Mountaln are poorly
‘exposed due heavy tree and grouynd cover., The exposed
thickness is approximately 2,2km, This probably not a true
thickness since both faulting and transposition cf\hedding

appear to have affected the section,
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AMPHIBOLITES

Amphibolites of the GM section have two main textural
appearances in terms of gralin size, Textures are either
fine to medlum=grained (<5mm) or coarse=gralned (>5mm),

Most units appear to be laterally continous, with
amphibolite units uspally traceable from one ridge to the
next along strike, This traceability aids in locating thne
outcrop along the poorly exposed northern end of Green
Mountain, Some variation in texture occurs along strike,
probably representing different horizons within the
amphibolites., Alternatively, these textural varlations
could represent lateral changes witnin the same horizon,
The amphibolite exposure in the northern part of the section
thickens to the east, while the southern amphibolite
exposure has a uniform thickness,

Fine to medlum~grained amphibolites occur in the
northern and southern parts of the GM section (Figure 5), A
banded appearance is observed in these amphivolites, defined
by variation in the amphivole content, Colors of the
ampnibolites range from medium to dark green, dreenish grav,
to black on the fresh surface, and reddish prown or black on
the weathered surface, Follation is defined by the
alignment of hornblends crvstals, Hornblende together with
white to gray plagloclase are the only minerals recognized
readily in hand specimen, All fine to medium=grained
amphibolites are comformable with adiacent compositional

lavers, and do not display crosse=cutting relationshivs.
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In thin section, medium green to brownish or blulsh
green pleochroic horpblende needles range up to imm in
fine=grained amphibolites, and up to 5mm in medium=grained
amphipolites, This mineral wmodally comprises between 35 and
70%. Granoblastic grains of plagloclase (Anl7 to An4d2)
comprise between 20 and 35%; albite twinning is uncommon,
Epidote and clinozoisite comprise between 1% and 20%, and
are the only other minerals which mav be abundant, The fine
and mediymmgrained amphibolites display a nematoblastic
texture, Accessories minerals may include guartz, biotite,
hematite, magnetite, sericite, calcite, chlorite, and
apatite,

Fragmental amphibolites also occur iIn the northern and
southern parts of the GM gectlion, and are interlayered with
the fine to medium=grained amphibolites, Subangular to
subrounded fragments randging up to 3cm are apparent
megascopically in the units of amphibolite pbreccia, Most of
these units usually have a thickness less than lm. In the
northern amphibolite part of the Green Mountain section
there are fragmental amphibolites with a different
appearance, These units are strikingly simllar to the
metapasalt agglomeraltes observed In the Fletcher Park
sectione. Clasts within this tvpe of fragmental amphibolite
are generally subrounded, and range up to 20cm or more, The
clasts are supported by a flneegrained, well foliated
matrix. Clasts of felsic composition are also present, but

are minor in occurrence.
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The agglomeratic unit of Green Mountain was not
examined in thin section, but samples from the fragmental
units containing the smaller clast size are described,
Pleochreic hornblende displays the same gharacter as in the
fine~grained amphibolites, producing & nematoblastic
texture, The hornblende 1s more abundant in the rock
fragments in comparison to the matrix, and modally comprises
between 40 and 65%, CGranoblastic plagioclase ranges between
20 and 35%, and ranges in composition between Ani7 and An2i.
Epldote comprises between 1 and 20%, Accessory minerals
which mayv be observed include guartz, hematite, calcite, and
sphene, | |

Coarse=gralned amphibplites are also present in tne
Green Mountaln section, but form such a minor proportion of
the total amphibollte section that only a field description
is given, These amphibolites also appear concordant with
compositional layering, but are laterally discentinous,
Hornblende laths ranalng up to lcm are subparallel in
orientations, and conmprise between 60 and 80% of the rock,
Fine=grained milky white plagloclase ranges between 20 and
40%, Epidote is the only other mineral recognized, but is
only minor in occurrence, The coarse=grained texture andg
concordant, but laterally discontinous outcrop pattern

sugyests that these units may be diabkase sills,
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FELDSPAR=QUARTZ»MICA SCHISTS

Felsic schists dominate the cent;al part of the Green
Mountaln section, with a minor occurrence along the northern
margin of the area (Flgure 5), Geochemical characteristics
indicate rhyolitic to dacitic compositions, The chemical
differences are reflected in thin section by either
microcline (rhyolitic) or oligoclase (dacitic) comprising
the dominant feldspar, Textures vary from poor to
moderately foliated and medium to¢ coarse=grained,
Plagloclase porphyroblasts may be evident on the weathered
surface, and may be rellct phenocrysts, A minor unit in the
northern part of thre Green Mountaln section has a fragmental
character similar to the felslic brecclia of Fletcher Park,

Schists of rhyolitic composition are restricted to the
northern part of the felsic section, and are represented by
microcline=quartz=oclidgoclase= blotite assemblages, Although
exposures are sparse, the rhyolitic part of the section has
a total thickness of approximately 400m, Rayolitic schists
are light brownish gray to medium grayv to pink, and weather
to medium or dark brown, dark gray, or reddish brown,
Foliation is weak to moderate and defined by the alignment
of blotite grains and gtreaks. Phenocrystss, when presenty
are usually only apparent on the weathered surface as larage
milky white grains. Cross-pedding appears to be present
locally, but can net be ldentified with confidence as an
actual feature, The presence of possible relict phenocrysts

suggest s volecaniec crystal tufif origin, while units lacking
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phenocrvsts may be layvered tuffs or velcaniclastic
sediments, |

In tnin section, rhyolitic schists typically have a
granoblastic texture of tartan twinned microcline (20 to
50%), quartz (22 to 40%), and oligoclase (An12 to An2l, 10
to 21%) which 18 rarely albite twinned, DBiotite nhas a
subparallel to parallel alignment defining foliation, and
modally comprises between 7 and 10%, Muscovite 1s sometimes
present as coarse drains ranglng up to 2mm, and 1s propably
of secondary origin, Porphyroblasts of perthitic
plagiloclase are common, and may appear in thip section when
not apparent in the hand specimen, These grains are 2 to
3mm in length and generally anhedral, The porphyroblasts,
ranging in composition between An26 and An30, contailn
exsolved patches of microcline and often display a mortar
texture, GQuartz may occur in elongate aggregates ranging up
to a few millimeters, and may represent recrystallized
quartz phenocrysts, Accessory minerals which may be present
include zircon, garnet, sericite, chlorite, epidote and/or
clinozoisite, and calcite,

Schists of dacitic composition are the dominant felsic
rock type of the Green Mountain section., These rocks are
best exposed in the southern part of the area along the road
on the main east trending ridge (Figure 5), Bold outcrops
of dacitic schist are medium or dark gray to reddisnh gray,
and moderately to strongly follated, The dacitic schists

weather to dark grays with 2 to 4um feldspar porphvroblasts
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a commonly observed feature, Some dacitic units also
display ovate patches ranging up to lcm which are composed
of feldspar and gquartz, 7These features may represent relict
lithic fragments, The section of dacitic schists appears to
thin to the east due to a northwest trending fault (Figure
$). The dacitic schists of the central part of the section
probaply represent porphyritic and fragmental pyroclastic
deposits and volcaniclastic sediments.

In thin secton, the dacitic schists typically have a
granoblastic texture comprised of an oligoclase=microcliine=
gquartz=biotite assemblage, Overall, the dacitic scnists
contain albite twinned and untwinned olligoclase (Anlé to
Ap26; 30 to 47%), tertan twipned microcline (16 to 25%),
and quartz (20 to 28%), The average grain size is about
0,2mm, Biotite grains (8 to 16%) define the follation and
range up to 0,5mm, Accessorles which may be observed
include epidote/clinozolsite, zircon, hematite, sericite,
garnet, muscovite, and calcite, Feldspar porphyroblasts may
comprise up to 5%, and range in composition between Ani5 and
Anz8, These porphvreoblasts may represent relict phenocrystis
preserved from é&n coriginal volcanic protolith, The
porphyroblasts are usually absent in the finer~grained
dacitic schists,

Felsic breccia is present in the GM section as a minor
rock type, Although no thin sectlons samples were taken,
the similarity of the breccia to units in tne Fletcher Park

section warrants a description ¢of thelr dgeneral
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characteristics, A small outcCrop of the breccia is located
in the northern part of the felsic¢ schist section, but no
contact relationships are observed, The clasts are
representative of various lithologles, but are dominantly
fine to medium=grained feldspar=quartz=-mica schists and
minor amphibolite, The clasts range up to 20cm or more, and

are angular to subrounded,
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GEOCHEMIBTRY
INTRODUCTION

The geochemlcal characteristics of the major
lithologies o0f the Green Mountain Formation are determined
as one of the oblectives of tnis study. GSome analyses of
associated plutonic rocks are also included, The analyses
were carried out by instrumental neutron activation and
Xx~ray fluorescence techniques, with procedureas, errors, and
specific details described in Appendices E and F, The
geochemical characteristicg of the Green Mountaln Formation
are used for purposesg of classification (assigning rock
names), to evaluate possible geochemical trendé of the
volcanic sulte as a whole, and for interpretation of
tectonic environment, Forty samples are selected to
represent the Green Mountaln Formation, The samples are
chosen to represent the least altered or weathered units,
wnhile maintaining a representative suite of the rock types
present,

This section also evaluates the problem of alteration
of the rocks of the GMF, In deneral, most major and trace
elements may be severely affected by alteration, This
places limitations on the reliability of the interpretations
of geochemical parameters. Final interpretations, 1if
possible, are primarily based on certain immobile trace
. elements discussed below, Classificatlion and
interpretations are hrased on geochemical schemes which are

defined from modern rock sultes and tectonic environments,
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with the assumption that Precambrian tectonic processes were
similar to modern processes and produced similar geochemical
trends,

Before the gecchemical data were plotted, major and
minor element analyses were recalculated to 100% after
subtracting volatiles (loss on jignition). Eleven malior and
minor elements and 27 trace elements were determined, and

the results are listed in Appendix C,
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PLUTONIC ROCKS

The larcger plutonic bodies in the metavolcanic and
granitic terranes are considered separately from other dikes
and sills, Although there are several intrusive bodies
within the Precambrian terrane of the Sierra Madres, the
only two studied are tne diabase intrusive of the Fletcher
Park section and the Encampment River Granodiorite, These
were chosen because they are spatially the most closely
associated intrusives to the Green Mountain Formation, The
diabase directly intrudes tne volcanic section of Fletcher
Park, and the granodiorite occurs between areas of the Green

Mountain Formation within the granitic terrane,

GRANDDIORITE

The Encampment grlver granodiorite 1s the oldest
Intrusive body 0f the granitic terrane which surroundsg the
Green Mountain Formation., Analyses of the unit are given In
Appendix B, small dikés associated with the grancdiorite
can also pe found within the volcanic seguence of tne GNP,
Geochemical data from the grancodiorite are plotted on the
Ab=An=~0r and Na20=Cal=K20 diagrams (Figures & and 7). Fost
points indicate that the intrusive is indeed of granodiorite
composition, althougn variation in the Ab=~An=0r plot is
evident, The chemical classification is consistent with the
mineral assemblages observed in thin section (Appendix B),

The close association of the granodiorite with the GMF
metavolcanics prompts thelr comparison, Table 1 compares

the major and trace element composition of the granodiorite
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Figure 7. Na20-Ca0-K20 plot of the
Encampment River Granodiorite.



(52}

TABLE 1

COMPARISON OF AVERAGE GRANUDIDRITE TO THE

THE AVERAGE GMF RHYULITE AND DACITE

GRANUDIORITE

DACITE

RHYOLITE

5102 73,38
Tioz 0.25
Al1203 13,30
Fe2D3T 2,24
Mgl 0,54
cao 1,44
Na20 3.72
K20 3,96
¥no 0086
P205% 0.03
Rb 75

Br 169

Cs 0,9
Ba 1156

¥ 40

4r 220

HE 5.4
Hb 13

Ta 0,8
SC 8!5
Cr L
Hi 3,9
Co 1.8
u 3.1
Th 8.5
La 49
b 3,6

72.72
U432
14,17
2.92
U,71
1,84
3,70
3.59
b.04
U006

55

284
1.2

1166

27

66,12
0462
15,88
5,33
1.24
2.62
4,63
2.88
0,14
0420

73

341
1.5

1186

33
148

3

Total iron as Fe2D3

Oxides in weight percent

Trace elements in ppn

w= = not detec

ted
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with the GMF metarhvelite and metadacite, The trace elenent
abundances of the granodiorite are similar, and usually have
intermediate values retween the metarhyollite and metadacite,
The chondrite normalized rare earth patterns of the
grancdiorite are similar to the patterns of the metadacites
in terms of LREE enrichment, HREE concentration, and
moderate negative Eu anomalles (Figure 8), These
similarities suggest that the granodlorite may represent the

same magmatlc source as the felsic metavolcanics of the GMF,

DIABASE

The diabase which intrudes the metavolcanic section of
the Fletcher Park area was only analyvzed for major and minor
elements (Appendix C), The diabase plots with the GHF
metabasalts on the Jensen Catlion Plot (Figure 9), and the
Ti0Z2 versus 100 x Mg(Mg/Fe2+) diagram (Figure 10), Trace
element data are not available for comparison, but the
diabase probably represents an intrusive equivalent to the
mafic volcanlcs from a similar magmatic source, If the
diabase is an Intrusjive member directly related to the
volcanic section, the same problems of alteration of the

volcanic rocks discussed below are also applicable,
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W AVERAGE RHYOLITE
© AVERAGE DACITE

O AVERAGE GRANODIORITE
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Figure 8. Comparison of the REE patterns of the
granodiorite to the GMF felsic rocks.
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EXPLANATION OF SYMBOLS FOR
GEOCHEMICAL DIAGRAMS

FLETCHER PARK GREEN MOUNTAIN
O RHYOLITE
A RHYODACITE(?) 4
DACITE
X THOLEITE X
GRANODIORITE b

DIABASE X
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100 (MG/MG + FE2+)

Figure 10. TiO2 vs 100 (Mg/Mg = Fe2+) plot of
the GMF mafic volcanics and diabase. MBT=
marginal basin tholeiite, IAT= island arc
tholeiite, MORB= mid-ocean ridge basalt.
Symbols explained on page 56.
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GEOCHEMISTRY OF THE GWMF VOLCANIC AND VOLCANICLASTIC ROCKS
INTRODUCTION

One of the basic purposes of deternining the
geochemnical characteristics of rock samples is to classiify
them according to accepted schemes, and to characterize themn
for comparative purpeses, This secliogn discusses
classifications schemes for assigning specific rock names,
and possible criteria to distinguisn the compositional
members of the Green Mountain Formation., Because of the
chemical similarities of the volcaniclastic rocks and the
associated volcanic rocks, both groups are included in the
same classification schemes, All classification schemes
used in this study are derived from trace and major element
characteristics of modern or Phanerozolc rock types,
Specific classification schemes used in this study are the
5102 vs HNb/Y and Zr/Ti0n2 vs ¥b/Y dlagrams of Winchester and
Floyd (1977), and the Jensen Cation Plot (Jensen, 1976),
These diagrams were chosen for two reasons, (1) they
represent bhoth trace element and/or major element
classifications, (2) the trace elements used are consldered
to be relatively immobile during alteration, and (3) to test

the agreement between trace and major element schemes,
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ALTERATION

Before anv study invelving geochemistry can be
successfully evaluated, the problem of alteration must be
considered, Alteration of veolcanics, volcaniclastic rocks,
and associated intrusive rocks, can occur at any time during
their genlogic history, Changes in composition can occur
during diageneslis, metamorphism, metasomatism, or sea=floor
alteration, to name a few possible processes, The problen
of alterstion can be egpecially complicated for Precambrian
rocks, because the original mineral content and phvsical
characteristics may not be preserved,

S5tudies of younger velcanic suites show that thne
processes of alteration can significantly effect original
major and trace element concentrations (Christensen and
others, 1973; Hart and others, 1974; Hajash, 1975; Ludden
and Thompson, 1978 apnd 19279). The effects of alteration in
older rocks have also been evaluated, and show a variety of
results (Condie and others, 1977; Hynes, 1980; MacGeehan
and MacLean, 1980), Beswick and Soucle (1978) propose a
graphical method to correct for alteration which is applied
in this study, This method, in addition to observable
physical and chemica)l characteristics, is used to screen the
samples for alteration, High loss on ignition (>2.5%),
extensive sericitization or other types of alteraton,
feldspatholds in normatlve calculations, and unusual
chemical analyses are used to ldentify significantly altered

samples, Only a few samples displayed one or more of fhese
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features, and were rejected as "significantly altered”,

Many studies evaluyate the mobllity of maior and trace
elements (Glikson, 1972; Halash, 1975; Condie and others,
1977; Humphris and Thompson, 1978; Ludden and Thompson,
1979; MacGeehan and Maclean, 1980; Staudigel and otners,
1981), The studies on alteration show various results which
are sometimes contradictery. A summary of the effects of
alteration includes light rare eartn element enrichment of
basalts during spilitizationy the production of false
calc=alkaline trends from original bimodal, iron enrichment
trends; large lon lithophile element mobpility during seae
floor weathering; and a flattening of bimodal fregquency
distribution curves of moblle elements. In fact, alteration
studies show that most major and trace elements may be
mobile under certain specific conditions, These same
studlies, however, show that some {race elements are
relatively lmmobile during most alteration processes. These
elements include Ti, Zr, Wb, HEf, 5¢, and REEZ, and are
considered to be the most reliable for the characterization
of 0ld and/or altered volcanlc rocks (Condie and others,
1977; Menzies and others, 1979), Although several
geochemical diagrams involving major elements believed not
to have been severely affected by alteration are uysed in
this study, the final interpretations of the GMF are based
on the characteristics of the above mentioned relatively
immobile elements,

An evaluation of the mobllity of elements in terwms of
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alteration In the Green Mountain Formation is necessary
before proceeding with any geochemical interpretations,
Most of the major and trace elements dilsplay bimodal
frequency distribution curves (Figure 11), and bimodal
distributions in various geochemical pleots, This bimodality
is characteristic of the volcanic suite as a whole,
Elements which do not show at least a moderate bimodal
distribution include K20, Na20, Ti02, P20D5, Sr, Ta, and Rb.
Although TiU2, Ta, and S8r do not have bimodal freguency
distributions, there is little or no overlap of the values
determined for the mafic and felsic volcanics, K20, HaZ0,
Sr, P205, and Rb appear to nave been significantly effected
by alteration, Some of the maijor elements have flat
frequency distributions among rocks in whicn they are
abundant (example Mgl in the mafic rocks). These elements
include Mg0, Fe203, and Ca0, and are known to be mobile
dguring alteration processes.

The samples from the Green Hountain Formation are also
plotted using the alteration correction method of Beswick
and Soucie (1978), An example of a plot used in thelr
method is shown in Figure 12, The method involves the
plotting ratios of oxide molecular proportions in the form
of log X/Z2 versus log ¥/Z, were X, ¥, and Z are molecylar
proportions ¢of the major element oxides. A series of plots
are used, eventually involving all eight majer elements,
Althoygh actual correctlong were not carried out, an

examination of the plots indicate that corrections by their
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Figure 12. Sample plot of the metasomatism

correction method of Beswick and Soucie (1978),
using the GMF samples. Symbols on page 56.
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method could be made for Cal, Mg, Fe203T, #aZ0, and K20 in
some combination, Egually important, is that 5102, Mgl, and
FepT reqguire only minor correction in only a few sanmples,
Indicating that their concentrations have not been
significantly chanded, PBecause Mg0 and Fe0l are treated as
one parameter (Mgl + FeOT) as In the sample plot of Figure
12, it ¢an not be determined which one needs correction,

The Ab=An=Dr plot of Figure 13 shows that many of the
samples of the GMF are relatively enriched in sodium, andg
sometimes potassium, in comparison to the field of ‘average’
volcanics defined by Irvine and Paragar (1971). An
examination of the individual analyses of the rocks
(Appendix C) shows that both relatively high Na20 and/or low
Cal values contribute to the overall relative sodium
enrichment, Because sodium enrichment affects both nmafic
and felsic rocks of the GNF, an outside source of this
element is likely, Possible sources of sodium may be
metasomatism during the iIntrusion of the granitic rocks
surrounding the GMF, or sodium enrichment during submarine
eruption and weathering,

To summarize, the characteristics described above
indicate that even though some of the elements are effected
by alteration, most of the chemical characteristics are
approximately representative of the original rocks, The
elements which are apparently the most effected by
alteration in the Green Mountain Formation are K20, Ha2(,

Eb, and Ba, and to a smaller degree Mgl, Fe203T, Cal, S5r,
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Mnl, and P205, Altheugh Mgl andg FezD3T are apparentliy
mobilized, the degree of mobllization appears small enocugh

that they are still useful for geochemical studies,
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CLASSIFICATION

The GMF samples plotted on the geochemlcal diagrams of
Winchester and Floyd (1977) are shown In Figures 14 and 18§,
These diagrams involve S8i02, Nb, ¥, Zr, and Tin2, The trace
elements used in these diagrams are considered to he
immobile or nearly immobile during secondary processes.,
These diasgrams show two main characlteristics of the GMF:

(1) there is a bimedal distripution, and (2) the rocks are
subalkaline, Both of these diagrams classify the rocks into
the rhyolite, rhyodacite~dacite, and subalkaline basalt
groups. A compogiticnal ‘gap’ occurs in the andegite field,

One classification scheme involving only major elements
is also used, namely the Jensen cation plot (Figure 9),

This plot also displays a compositional “gap’ in the
andesite field, and indicates dominantly calec=alkaline
rhyolite, dacite, and basalt. A few samples plot within
fields of the tholeiitic series, and overall, most of the
samples plot very close to the dividing line between the
tholeiitic and calc=alkaline series,

The chemical similarities petween the volcaniclastic
rocks and the volcanics of the GMF indicate that the
analyses of the volcaniclastic rocks are probably
representative of the volcanic rocks from which they were
derived, Some slight changes in chemical c#ntent are
apparent, but are not found to be consistent in
distinguishing between the volcaniclastics and the

volcanics, Possible changes 1in the felsic volcaniclastics
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PANTELLERITE
PHONOLITE

COMENDITE

TRACHYTE
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Figure 15.
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1.0

T
10

Nb/ Y

Zr/Ti02 vs Nb/Y classification scheme of
Winchester and Floyd (1977), for the

. GMF. Symbols explained on page 56.
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relative teo the felsic volecanics include decreased 5102,
Cally and NaZ20, and increased K20, Trace elements may appear
as slightly higher Y, 7zr, Hf, REE, and lower Co, The
positions of the felsic volcaniclastics on the various
geochemical plots fall within the same groups as the
volcanics,

The mafic volcaniclastics also are compositionally
similar to the mafic volcanics, The upward=fining seguence
in the central part of the Fletcher Park section ls the bpest
place to make the comparison, The ccoarser=grained mafic
volcaniclastics show only slight differences from the mafic
volcanics, and can be summarized as higher K20, Ti0Z2,
Fe203T, and Sc, and lower Cal, Sr, and Ni, However, changes
pecome significant In the comparison between the coarse and
fine~grained mafic volcaniclastics, The finewgrained mafic
volcaniclastic samples have significantly higher values of
$102, Ti02, K20, and Th, and lower values of Al203, Fe203T,
MgO, Cal, and Cr, Most of these features, except for TiO2
and Th, are consistent with mechanical sorting, which has
most likely occurred during the depogition of the
upwardviininé seguence, Unfortunately, the fine=grained
velcaniclastic unit is too fine=grained to check any
mineralogical changes, The mafic volcaniclastic samples,
including the fine-grained units, plot with the mafic
volcanics on the various geochemical diagrams, and have
similar REE patterns, This similarity suggests the

possibility that the mafic units of the upward=fining

A N Ay
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sequence may be derived from the same volcanic source, 7This
may also be supported by the dradatlional contacts observed
between the indlvidusl units.

The classification results of the GHMF are summarized in
Table 2, and the average major and trace element
conceptrations of the major rock types are given in Table 3,
The ranges for some major and trace elements exhibit
cansiderabla*avarlay between values of the matic and felsgic
end members., The problem hecomes even more complex when
trying to separate the members of the felsic group,

Although actual element concentrations may exceed the
proposed limits, the following criterion may be used as a
starting point to distinguish the felsic members, A sample
is mogt likely to be a metarhyolite if TiO0Z <0,35%, Fe203T
<3,0%, Mgh <0,8%, ¥MnO <0,08%, P205 <0,07%, Zr »180 ppm, HE
>4,2 ppm, Nb >»12 ppm, and La >38 ppm, A sample is most
likely to be a metadascite if T102 = 0,45 to 0.8%, Fe203T =

3.5 to 7,4%, ¥Mg0 = 0,95 to 3.0%, Mn0O = 0,08 to 0,18%, P205

b

0,12 to 0.20%, Z2r = 110 to 165 ppm, HE = 0,2 to 2,6 ppm, Nb
= 645 to 12 ppm, and La = 30 to 35 ppm., These criterion are
only preliminary, and should be ysed in conjunction with
other features such as petrodraphic observations, A few
samples exhibit mixed characteristics in which many major
and trace elements have values common to metarhyolites,
while others are common to metadacites, This transitionsl
geochemical character may Indicate that these samples may be

rhyadahitic in composition, or are reworked and/or altered
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TABLE 2

SUMMARY OF THE CLASSIFICATION SCHEMES OF THE
GREEN MUUNTAIN FORMATION

JENSEN 3102 Zr/Tine CONCENSUS
CATION V5 VE (including

PLOT Np/Y Hb/Y petrography)
GH=0072 Rfc) D/Ra R %
GM=009 B(c) B <) B
GU=0104 Blcg) B B B
GH=018% Bit) B 8 B
GH=01p% AlL) B B B
GM=(17 R{g) B/Rd D/RG Ra(7)
GM=018% D) D/RA DR Rd(?)
GH=010 Dl D/Rd D/RA &
=02 3% R{c) R R R
GR=027 Ri{c} R B R
GM=0372 R(c) R D/RA Rd(2)
Gli=033 BLc) B B o]
GH=034 B(c) B B B
GM=0356 Dic) R D/RA U
GHm037 ple) D/RG DRI {2
GM=038 Dig) L/R4 D/RAG 0
GH=(42 D{c) B/Rd /R4 o
GM=044 A{g) A A D
GH=046 Bic) B B B
GHlm(47 B(C) B B B
GHl=050 R{t) D/Rd p/Rrd Iy
GHmO5 1% ACt) B B B
GM=053 Blc) _ 2] B B
GH=056 B{t) 2 B B
GM=057 B(c) B B B
GM=05g D(e) p/Rd A D
GH=063 R{L) R/Rd D/RA H]
GH=065# R{g) D/Rd R R
G067 E(c) R D/RG K
Cl=068 B(C) A BA B
GH=072 bre) D/RG D/RA D
GH=0T3 Diec) U/Rd D/RG o
GHmDTH pLed D/R4A D/RA Rd(7)
GH=076 D) D/RdG D/Rd o
A= andesite Rz rhyolite
B= pasalt Rd= rhnyvodacite
BA= basaltic andesite (c)= calc=alkaline
P= dacite (t)= tholeiitic

* = voplcaniclastic
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TABLE 3

AVERAGE COMPOSITION OF THE MAJOR ROCK TYPES OF THE

GREEN MOUNTAIN FURMATION METAVOLCANICS

RHYOLITE

RHYUDACITE(?)

DACITE

THOLEILITE

5102
Ti0Z
A1203
Fe203T
Mgl
Cal
Hazl
K20
Mnl
P205%

RD
St
Cs
Ra

Y

7r
HE
M
Ta

sc¢
Cr
Mi
Co

i
Th

L4
¥b

73,38
0,25
14,30
2,24
0,54
1.44
3,72
3,96
0,06
0,03

75

169
0.9

1156

40

220
5.4

13
0.8

4

il A

70,92
0,42
15,03
3.45
0.94
2.07
3.15
3,94
0407
0.08

15

249
0.7

1576

39

180
4.4

10
Oeb

10

29
1.0

2.9
642

36
3,0

66,12
0,62
5.33
1.73
2.62
4,63
2.88
0,14
0,20

0,85
15.81
11,14

5.73

9.82

3,83

0,48

0,28

0,22

i5
456

373

19

40

<2.Q
3.4

)

40
88
21
31

Ex ]

1.5

13
1.6

EER 2 L 2 F £ 2 FE ¥ 2 2 F 2 3 F L FUE PR F. E B . R . E R B B F . F S 2 R K F 2 F B S SR E-E K KR S KRR RN R

Total Iron as Fe203
Oxides = welght percent
Trace Elements = ppm

== = pnot detected
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rocks,

After examining the geochemical analyses, it 1is
apparent that three (possiblly four) distinct rock types are
present in the Green Mountaln Formation, Therefore, tne
Green Mountain Formation is comprised of metarhyolite,
metadacite, metarhvodacite(?), and metabasalt, #ost maljor
and trace elements do not consistently distinguish all of
the rock types, but a closer examination of gome sgpecific
trace elements offers some results, with tne number of
samples under consideration, the ¥/5¢, HE/S5C, Zr/P205 %
10,000, Zr/%1402 % 10,000, Np/¥, and REE characteristics
appear to be useful in discriminating the rock types. The
ranges and averages of the trace element ratios are given in
Table 4, and distinguish petween the rhyolite, dacite, and

basalt groups,
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TABLE 4

TRACE ELEMENT RATIUS TU DISTINGUISH
THE HMAJUR ROCK TYPES UOF
THE GREEN MOUNTAIN FORMATIUON

RHYOLITE

1/5¢ 4,00 to
6,01

Hf/8¢ 0,54 to
D.76

Ha/Y N,26 Lo
0,34

Lr/PpU5% 0,62 to
2,00

Ly /Ti02+# G,06 to
0,12

# TinZ and P20% in ppm

Db.oé

DACLTE THOLELITE
1,89 to 0,33 to
3,07 0,76
0,14 to <0, 045
0,38
0,19 to 0,12 to
(.42 12272
.05 to D,012 to
.16 0,025
0.02 to 0,002 to
0,03 0,010
L0, 04
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RARE EARTH ELEWMENTS

The chondrite normalized rare earth patterns of the
rocks of the GMF are grouped according to the results ¢f the
geochemical classifications, For simplicity, the grouped
REE patterns were used to delineate the REE envelopes shown
in Figures 16 and 17,

The rhyelitic metavolcanics and volcaniclastics define
an REE envelope which is light REE enriched between 120 and
230 times chondrites (La), and has slightlv Inclined to flat
heavy REE between 14,5 and 28 times chondrites (Lu),
Europium anomalies range from moderately to strongly
negative, The upper limit ¢of the envelope is defined by a
volcaniclastic unit from the Fletcher Park area, and
indicates that a higher total REE abundance may be
characteristic of velcaniclastic sediments in comparison to
the parent volcanics,

Chondrite normalized REE patterns of the metadacites
also define a consistent envelope, Characteristics of the
envelope are light REE enrichment (94 to 110 times
chondrites), and inclined heavy REE with vadlues between &
and 16 times chondrites, Eu anomalies are variable and
range from slignhtly positive to moderately negative, 1Two of
the dacites are exceptions, and have patterns which fall
within the basalt envelope described pelow,
Metarhyodacite(?) patterns overlap the rhyolite and dacite
envelopes, and are not readlly distingulshable, LREE of the

metarhvodacites conform with the upper limit of the
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604
10:
3 T T T T T Y
la Ce Nd Sm Eu Th Yb Lu
Figure 16. REE envelopes of the mafic rocks of the
GMF (MORB-arc tholeiite and calc-
alkaline fields after Condie, 1981).
100 ~
10:
1 T 1 I 1 : T

La Ce Nd Sm Eu Tb Yb  Lu

Figure 17. REE envelopes of the felsic rocks of the
GMF (calc-alkaline envelope after
Condie, 1981).
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metadacite envelope, and the HREE overlap both tne
metarhyolite and metadactite envelopes,

The metabasalt patterns are light REE enriched between
25 and 60 times chondrites (La), and have inclined heavy REE
with Lu values between 4,5 and 12 times chondrites,
Europium anamolies are variable from moderately positive to
moderately negative, The variability of the Euy anomaly 1is
not related to any of the textuyal varieties of the

tholeiitic rocks.
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TECTONIC INDICATORS

This section addresses the interpretation of tectonic
environment based on geochemical characteristics, The
geochemical compariscns of the GHMF are based on observations
within Phanerozoic tectonic regimes, The interpretations
can only be considered preliminary since the amount of data
repregented in this study may not be totally representative
of the Green Hountain Formation exposed in the S8ierra Madre
Range,

The supracrustal successlion represented by the Green
Mountain Formation is compositionally bimodal in character,
with metabasalt and metadacite to metarhyolite end members,
Rocks of andesitic composition are not observed in the
sections studied, The general progression from mafic to
dacitic to rhyolitic volcanics may be expected iIn the
evolytion of a volcanic sequence, A lack of randonm
interbedding of the various conmpositional rocks may indicate
tn§t a cogenetlc sequence is represented, but it impossible
to prove the cogenetic relationship by tracing the rock
units to a commwmon veolcanic source, A bimodal distribution
1s usually indicative of an extensional environment (Martin
and Piwinsky, 1972). Comrpositional ﬁimoaality has also beep
observed in some nmodern island ar¢ volcanic series, namely
the island arc tholeiite series, xith‘anﬁesite occurring as
a subordinate rock type (bonnelly, 1966; G111, 19790;
Brothers and Searles, 1970; and Donnelly and Rogers, 19803,

Geochemical characteristics which may be displayed on
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discrimination diacgrams sensitive to modern tectonic
environments are used in thls study. Especially useful are
trace elements such as Ti, 4r, kb, Hf, 5¢, and REE, which
are considered to be relatively immobile during secondary
processes (See discugsion in alteration section), The
information from these trace elements can be compared to
information from less reliable elements, such as major
elements, to see if they indicate similar results,

Because extensive study iIn past literature has
concentrated on the mafic members of volcanic sultes, the
mafic volcanics of the GMF are examined first for
interpretation of tectonic environment. The Zr=Ti~Y plot of
Pearce and and Cann (1973) indicates that the mafic rocks of
the Green Mountaln Formation are low=K tholeiites (Figure
18), This diagram is preferred for distinguishing basaltic
rocks because it uses relatively immobile trace elements,
This is the first plot which indicates the tholelitic nature
of the mafic rocks, The tholeiitic character is also
supported by the 8i02 versus Cr plot of Mlyvashiro and Shido
(1975) shown in Figure 19, Because low=K tholeiites can be
found in both continental and oceanic environments, it is
necessary to £ind further distingulshing characteristics,
The mafic samples plot dominantly in the island arc
tholeiite fields of the TiDZ vs 100(Mg/Mg + Fe2+) and Ti vs
Zr plots (Figures 10 and 20), These diagrams appear to
eliminate the continental, spreading ridge, and oceanic

island environments,



(81)

ExA

1z

1IVSVYE INITYXTIV=D1VD J+ 8

3LI13TOHL X—MO1 g+ VY

L1vysvd 31V1d NIHLIM M

001 /11

*9g obed

uo pauteTdxe sToquAs
*(€L6T ‘uue) pur adiead
I933e) sOTuURDTOARIAUW OTFeW JWO
?y3 3o 3071d X-TI-1Z °8T ®anbrd



(82)

Figure 19. Si02 vs Cr plot of the GMF mafic
metavolcanics (after Mivashiro and Shido,
1975) . Symbols explained on page 556.
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The geochemical characteristics of the metabasalts of
the Green Mountain Formation are compared to mafic volcanics
of other tectonic environments (Table 5), #Major and trace
elements of the metatholelites are most consistent with the
analyses of the island arc tholeiites of Jakeg and Gill
(1970), and the primitive arc tholeiites of Donnelly and
Rogers (1980), Differences observed 1In the GMF
metatholelites are lower Cal, MgO, and Zr, and higher na2l,
Rb, Br, Ba, Co, Th, and LREE, These differences are
conslstent with changes which may occur during sea floor
alteration and/or epidotization (Hart, 1969; Christensen
and others, 19733 Hart and others, 1974; Condie, 1977),
The GMF metatholeiltes differ from calcealkaline, hlgh=Al
basalt by significantly lower values of A1203, MgO, Y, Zr,
and Np, and higher Fe203T, S5¢y and Cr. The GHF
metatholeiites differ from rise tholeiite by lower Ti0Z, Y.
Zr. Sc, Cr, and Ni, Characteristics which distinguished the
GMF metatholeiites from continental tholeiites are lower
Tin2, Fez03%7, Y, Zr, and Ni, and higher Al203,

The samples of the GHMF are plotted on the Mgl versus
FeQT dlagram (Figure 21), Folints representing the felsic
samples plot dominantly within the tholelitic trend and
intermedjate between the Calc=alkaline and tholelitic
trends, This is the first alagram which sudggests possible
tholeiitic affinities for the GHMF felsic rocks, This plot
is 1n disagreement with the Jensen cation plot (Filgure 9)

which indicates that the felslic rocks have dominantly
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TABLE 5

COMPARLISON OF THE THOLEILTE OF THE GREEN MOUNTAIWN
FORMATION TO VARLOUS BASALT TYPES

LSLAND PRIMATIVE CALC-~ALKALINE
AVERAGE ARC ARC: HIGH=AL
GME THOLEIITE (1) THOLEIITE(2) BASALT(3)

Si02 51,97 51,57 50,70 50,39
T102 0,87 0.80 0.70 1,08
Al203 15,75 15,91 15,060 16,29
Fe2037 11,08 10,56 9,40 9,30
Mgl 5.62 6.73 7,50 8,96
Cal 9,01 11,74 770 9,50
Naz2i 3,90 2,41 3,50 2,98
K20 0,54 0,44 0,81 1.07
Mnﬁ Ong ﬁ,i? " . 0,17
P205 ‘3922 9.13, - Qch
Rb 15 5 10 10

Sr 456 200 i7e 330

Cs - 0.05 e W - o

Ba 373 75 113 115

Y 19 20 14 25

zr 40 64 34 100

HE 421\3 i - 2-&‘

Nb 3‘4 - - Sgb

'l'a \<Q!5 - e -

sc 40 - 38 29

cr 71 50 68 40

Wi 21 25 37 25

co 31 20 34 -

4 bl QQ1§ 0,153 (}‘2

™ 1.5 Qa5 0,21 1,1

La 13 1.1 - 9,6

Yb 1,6 1.4 o 2.7

LR R F R S R X F 8 8 B 2 2 F A X X F X FUE S _F B B E R B F R R R R R B R R R R R Lk R R R R R R R R R R

Symbols described on next page
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RISE GCEAN CONTINENTAL RIFY

THOLETITE(4) L8LAND(4) THOLETITE(4)
5102 49,80 49,40 50,30
TiD2 1.50 2.50 2420
A1203 16,00 13.90 14,30
Fez203T 10,30 12,40 13,89
Mgl 7.50 8,40 5490
Cal 11,20 10,30 WA
Na20 2,80 2,10 2.50
K20 0,14 .38 0.80
Mni 0,17 Uli7 -
pP205 ea16 G.10 -
Rb i 5 36
sr 135 350 350
Cs 0,02 0,10 i
Ba 11 100 200
Y 307 43 30
Zr 100 125 200
b <30 - -
Ta - - -
¢ 61 61 -
Cr 300 250 100
Hi 100 150 100
Co 32 30 40
{J e (}913 - -
Th 0,2 U.67 -
La 3.9 Te2 33
Yb éqe 1;? : 4;4
Total iron as Fe203 Uxides in welght percent
Trace elements in ppn == = no data
(1) Jakes and white (1972} (4) Condie (1976)

(2) Donnelly and Rogers (1980)
(3) Jakes and White (1972)
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calc=alkaline affinities, bult plot very close to the
boundary between the two selles, The plot of Mgl versus
Fe203 + Fe0 (Figure 22) seems repetitive, but fhis diagram
from Jakes and Gill (1970) also shows two trends of fhe
island arc tholelite (IAT) series, The GMF samples appear
to more closely follow the trend of the IAT series, Two
groups of mafic rocks are nqticable on the same diagram,
Some of the samples of the nlgher M@0 group are overlain or
intruded by sanples of the lower Mgl group, Although not
apparent in the diagram, the inaividual samples of the low
Mg group which have the above relatlonship are also higher
in iron, This possible age relationship is consistent with
iren enrichment with time in The mafic members, a
characteristic of tholelltic trends.

The only information on the felsic rocks so far
involves major elements, Because major element diagrams are
not consistent in their interpretation, the trace elements
must be examined, The Thw&ﬁn?& dlagram of Wood (1980) shows
that the felsic rocks plot within the calc=alkaline portion
of the convergent plate boyndary field (Figure 23),
Although Th is known to be moblle during some alteration
processes, the close grouping of the polints indicates that
Th has probably not been significantly affected,

Table & shows the average metadaclite of the Green
Mountain Formation compared to island arc tholeiite series
dacite from St. Kitts and the pigeonitic gseries of Japan

(IAT series), and calc=alkalline dacltes from island arc and
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10

A-PIGEONITIC SERIES, JAPAN

B-VITI LEVU, FIJ!

MgO

FeO + Fe203

Figure 22. MgO vs FeO + Fe203 plot of the GMF rocks

(after Jakes and Gill, 1970) . Symbols explained on
page 56. A
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TABLE &

COMPARISON OF THE GMFP METADACITES TO DACITES OF
OTHER TECTONIC ENVIRONMENTS
CALC=ALK
GMF THOLEIITIC PIGEOUNITIC CALC-ALK CONTINENTAL
META= SERIES SERIES Is5, ARC MARGIN
DACITE DACITE DACITE DACITE DACITE

W TR S e N e SO SR T 20 R P AR e A N R e T B g T SN TR R TR U W R O e U AR R MR ORY MG W W W R S M R G AR SO 0 WE WE S % 62 ws

s5102 6B,12 87,25 67,45 bh B 67,69

Ti02 0,62 0,45 0,67 06.23 0,54

A1203 15,88 16.04 15.12 18,24 16,21

Fe2037 5,33 5.13 5.42 2,38 3,64

MgD 1,73 1.080 1.16 1450 i.11

cab 2,62 525 4,47 3,17 3,17

Ha20 4,63 31,79 471 4,97 3,79

K20 2.88 D.80 0.90 1,92 3,75

Ml 0,14 0,14 (.15 0,06 .07

pP205 (4,20 0,09 0,18 0,09 04,17

Eb 73 13 - - 45 125

51 341 278 320 460 893

{:s 1.5 e -~ P -

Ba lige 194 350 BZ0 1614

Y 33 29 30 20 i8

nr 148 128 128 100 245

[S 8 4 3'3 - o oo - . o

Hb Q.2 2e0 - - 3.8 24

Ta 0,7 - - - -

Sc i4 - 14 - -

Cr - 11 - i3 10

ﬂi 5,7 4;9 - 5;9 22

CQ 5.9 - 8,5’3 = - 21

i 2’6 P = g6 e

™h 5’5 - - o - 1!’7 - s

La 34 - 9,9 14 125

Yb 2,5 - 5,0 1,4 2.1

(1) Brown and others, 1477 Total iron as Fel2ii3T

(2) Nockolds and Allen, 198@ Uxides in weight percent
(La and ¥b from Donnelly Trace elements in ppm
and Rogers, 19803} == = 1o data

(3) Jakes and White, 1972
(4) Ewart, 1979
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TABLE 7

COMPARISON OF THE GMF METARHYOLITES TO RHYOLITES OF
VARIOQUS TECTUNIC ENVIRONMENTS

' VITI LEVU
GHMEF PIGEONITIC THOLETITIC
METhA= SERIES SERTES
RHYOLITE RAYOLITEC(L) RHYOLITE(Z)
8102 . 73,38 74,90 71.84
TiD2 0,25 0,33 0,50
A120G3 14,30 i2.10 12,87
Fe203T 2,24 3.51 3.84
MgO G,54 0,50 0,76
Cal 1,44 243 3,60
Na20 3,72 4,45 4,68
K20 3,96 1,33 0,89
¥nO 0,06 0,11 0,12
P205 0,03 U,32 Ua12
Rb 15 - H,.8
8r 169 175 116
Cs Gen - 0.3
Ba 1156 475 218
Y 4G 35 © 43
Zr 220 125 71
HE B a4 "= 4.5
gb 12 - L]
Ta {3’8 - -
8¢ . BB : 19 is
C:’ : - - - o
ﬂi 3‘9 = =
[of's) i.g EE -
4 3,1 - <Oa.1
Th Ha5 - 0,2
La , 49 el 2a7
Yb ERS - £a0

EA T B R 8 F o2 B R X 3 3 2 2 2 F 3 2 R FUE S S 2 R B R B S K R B 2 F X B R T B L R _E.E_E R E_F. E E_3 3. 3 % % ]

Total iron as Fe203T; Oxides in weight percent
Trace elements in ppm; == = no data '
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MARGIN

REYULITE(3)
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CALC=ALK
ISLAND ARC
RHYOLITE(3)

CONTINENTAL

RIFT

RHYDLITE(3)

8i02
TiO2
Al203
FeZ03T
Mag0
Cal
Nazo
K20
MnO
p205

Rb
5r
Cs
Ba
Y

ir
HEf
Hb
Ta
8¢
Cr
Wi
Co
i

Th
La
Yb

75.78
0,18
13.08
1.44
0,23
V.68
3,68
4,86
0,06
0,04

231
118
409

29
172

36
260
1,0
2.0

75
3,0

75,15
0,25
13,28
2,00
0.31
1.52
4,23
3.27
0,06
0,05

108
103
782

25
17¢

3.4

73.49
Ua27
13.93
2,44
U,35
1.45
4,00
4.15
9193
U.05

156
121
849
30
202
5.0

-

1.0
3.0
be0
30
2.5

Total iron as Fe203T: Oxldes in welght percen

Trace elements in ppm; == = no data

(1) Nockolds and Allen, 1956
(2) Giii, 1970
(3) Ewart, 1979
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active continental margin environments, The GHF metadacites
are most similar to dacite of the island arc tholeiite
series except for higher Rby Wb, Ba, Th, U, K20, #Mgl, and
REE and lower CaD and 5S¢, Characteristics which distinguisnh
the GHMF metadacites from the dacltes of calcwalkaline suites
of island arcs are lower A1203, Sr, and P20%5, and higher
Fe203T, Tio2, K20, Th, and Y, Although the chemical
analyses (including major elewments) are more similar to the
dacite of the IAT series, the comparisons are not
conclusive,

Metarhyolites of the Green Mountain Formation are
compared to rhyelites of lsland arc tholeiite suites, island
arc and active contipental margin calcealkaline suites, and
continental rift rhyvelites (Table 7), Hajor elements appear
to correlate well with continental margin or continental
rift rhyolites, but trace elements show similarities to most
of the other sultes, and are not definitive, &r, ¥, Sc, and
Hf values of the GFMF metarhyolites are consistent with the
island arc tholeiite and pigeonitic series, while Ba, 2r,
Wi, and LREE are more similar to calc-=alkaline suites, The
trgcevelemests of the GMF metadacifes are least similar to

the ctontinental rift rhyelites,
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RARE EARTH ELEMENTE

The chondrite normalized REE envelope of the GHF
metatholelltes are compared to the envelope of MURB ancg
island arc tholeiite, and calc~alkaline basalt (Figure 16),
The GHMF samples resemble the calcwalkaline envelope, but
unlike the calcealkaline envelope display variable Eu
anomalies, As discussed previously, most trace element
characteristics of the GMF metatholeiites are consistent
with island arc tholeilites, Enrichment of the LREE by
secondary processes could alter the patterns, producing
vatterns similar to calcealkaline basalts, As discussed in
the alteration section, LREE are commonly enriched by sea
floor alteration, Physical characteristics discussed in the
section of field and petrographic descriptions indeed
indicate abundant submarine volcanism,

Chondrite normalized REE patterns of the GMF felsic
metavolcanics fall within the randge of the modern felsic
envelope (Flgure 17), Felsic rocks of the island arc
tholeiitic series are known to have falrly flat patterns
(Jakeg and Gill, 1970; Donnelly and Rogers, 1980), The
felsic rocks of the CMF have REE which are similar to
calc=alkaline felsic velcanlics, Although REE enrichment,
probable in the GMF mafic volcanics, could also be suspected
for the felsic rocks, it is not known if this degree of LREE
enrichment of the GHMF felsic volcanics c¢an pe produced from
initially chondritic patterns also typical of IAT geries

felsic rocks,
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STRUCTURE ARD METAMDERPHISH
STRUCTURE

INTRDDUCTION

Rocks of the Creen Mountain Formation have undergone at
least one period of intense deformation and metamorphisu,
resulting in isoclinal folding, local transposition of
bedding, and faulting, These features are evident
throughout the Precapbrian terrane, and are well displaved
by more detalled mapping in the soythern Silerra Madres
(Snyder, 1978), This type of structural style Is not
obvious in the GM and FP areas, but several lines of
evidence support the possibility of thelr presence, The
lines of evidence include folliation which parallels the
lithologic layering and sheared gmall scale fold noses in
units at the hand specimen scale, An understanding of
overall structure is necessary in order to give an accurate
description of the sections, and to constrain
Interpretations of collected data, Detalled mapplng was not
a primary ailm of this study, therefore structural

interpretations are of & preliminary nagure,
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FLETCHER PARK BECTIOR

The Fletcher Park section appears to be the least
deformed of the two areas (Flgure 4), Upen folds, present
throughout the section, result in the local wavy character
of the traceable outcrops, and include a small syncline in
the westw=central part of the area, Smaller scale open folds
are locally observed in individual outcrops, but are minor
in occurrence,

Faults also occur In the FP section with two trends of
approximately ¥ 40 W and N 35 E, The faults usually display
minor displacement, and do not significantly affect the
section, One fault in the west=central part of the FP
section has resulted in the loss of part of the central
mafic unit (Figure 4), Although horizontal displacement
appears minor, as seen where the fault crosscuts two dikes,
a significant change in bedding attitudes on opposite sides
of the fault (not in the Immediate vicinity of the fault) is
evident, Foliation in the immediate vicinity of the fault
is parallel to the fault, and is probably due to shearing
during displacement, The apparent loss of part of the upper
maflc agglomerate possibily Indicates that significant
vertical displacement occurred along the fault., An overall
rotational motion of the fault is indicated, with tne west
side displaced northeast and upward relative to the east,
Alternatively, the apparent loss of section could be a
combination of faulting and folding, & small eastward

plunging syncline is apparently cut by the fault, Vertical
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displacement of the fault with uplifft of the nose of the
syncline would also result in a loss of section,

Foliation nearly parallels compositional lavering
throughoygt tThe FP section, although 1o¢ally foliation is
significantly obligue to the bedding, Bedding and foliation
are steeply dipping, usually dreater tha; 45 dedrees, with
trends changing from approximately N 60 W, to between U 50 w
and N 30 Wy to B 45 ¥ in the western, central, and sastern
parts of the section, respectively, The changes in bedding
attitydes appear to be a result cf rotation along the faylt
between the west and central parts of the area, and the
Intrusion of diabase between the central and eastern parts
of the area, Follation, weak In the felslc units and
moderate in the mafic units, 1is defined by micaceous
minerals, Isoclinally folded and/or transposed terranes
characteristically exhibit foliation which parallels
bedding, Since the follation is parallel to bedding in many
parts of the FP section, these structures cannot be
eliminated, Recause of the lack of major fold noses,
repeated section, or mirroring of tne section, the
succession of units may represent the original bedding

sequence of the volcanice-volcaniclastic section,
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GREEN MOUNTAIN SECTION

The Green Mountaln section is structurally more complex
than Fletcher Park, but is less well known due to lack of
detailed mapping,

The important larger scale structure wnlch affects the
GM section as a whole is evident in the reconnaisance
mapping (Figure 5), Bedding and foliatlon steeply dip to
the south usually between 60U degrees and vertical, and trend
generally N 65 W to ¥ 75 W, The GM section contains
amphibolites along both the southern and northern
boundaries, and felsic schists dominate the central part of
the section. The schists of dacitic composition appear to
pinch out to the east, while tne schists of rhvolitic
composition thicken to the east, The two amphibolite
sections of GM are separated by less felslc section in the
east than in the west, At first inspection it would appear
that the overall structure 1s a plunging isoclinal fold,
with the fold nose lving to the east, The area wmay have
started out as an isoclinal fold, but the structure appears
to be more Ccomplex, The similarity of the two fine to
medium=grained amphirolite sections, including a very
distinctive thin, pink to orange felslc schist near the
northern edge of both amphibolite areas, sugdests repetition
of the GM section, Felsic schist of rhyelitic composition
is only apparent on the south side of the northern fine to
medium=grained amphibolite, The presence of a similar

rhyolitic schist asseciated witnh the southern amphibolite is
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not noticed, but may be lost due to the direct contact of
the amphibolite with the granitic terrane, 2 small exposure
of dacitic schist occurs in the extreme northern part of the
exposyre, which is consistent with the dacitic schists
overlying tne southern amphibolite,

The west to east thinning relationships of the GM
units, and contact relationshlps of compositional lavering
may best be explained by two possible structural features,
These structures are (1) a thrust fault associated with
isoclinal folding, or (2) transposition of bedding of &
double isoclinally folded terrane, The first option is
preferred for two reasons, (1) it 1s the simplest
explanation, and (2) it seems to betgter accommodate the
eastward thinning and thickening relationships of the units.
This structure can be explalned by a fault occurring along
the contact between the rhyolitic and dacitic schists, which
is somewhat obligue to the bedding, The rhyolitic scnists,
where exposed alonog the fault, are highly fractured and
sheared reflecting possible movement along a fault zone,
More detalled mappling 1s necCessary to resolve the structural

problem pof Green Mountain.
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METAMURPHLAH

INTRODUCTION

The Green Mountaln Formation has underdone at least one
pericd of dynamothermal metamorphism, with differing
metamorphic grades occurring within the two sections
studied, The difference in metamorphic grade results in a
difference In the degree of preservation due to
recrystallization c¢f original features, Retrograde
metamorphic effects lend some difficulty in the
identification of stable mineral assemblages. Thege effects
include chloritization of biotite and hornblende,
sericitization of feldspar, and the occurrence of patchy
epidote, ACF plots of the mafic assemblages, and AKF plots
of the felsic assemblages are used Lo correlate mineral

content and bulk chempical composition,.
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FLETCHER PARK

Rocks of the Fletcher Park section have undergone the
lowest grade of metamorphism, Mineral assemblages are
indicative of the chlorite and biotite zones of the
greenschist facies, The metamorphic mineral assemblages of
the mafic rocks, excluding relict minerals, consists of
actinolite, eplidote, albite, chlorite, +/= muscovite, +/=
biotite, Biotite does not occur in all samples, but when
present is less abundant than chlorite and is coarser
grained, Biotite is most common as parallel growths in
pressure shadows of feldspar phenocrysts and lithic
fragments, Chlorite replaces blotite as a retrograde
product, resulting in two phases of the mineral, sericite
is only abundant in one sample, replacing feldspar and
lithic (glass?) fragments, This occurrence is probably a
result of potassic alteration subsequent to metamorphism, as
evidenced by the verv high K20 content of the sample,
Plagloclase iIs usually teo finewgrained to ldentify, but is
albite when lidentification 1s possible in larger grains,
Actinolite, eplidote, and chlorite are recognized in all
mafic samples as part of the characterizing assemblage, and
are consistent with the results of the ACF diagram (Figure
24), The exact compogition of the chlorite is not Known,
but optical properties indicate that it is probably an
iren=rich type, and an intermediate position on the ACF
diagram 1s chosen,

Mineral assemblages of the felsic units (excluding
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e WITHOUT BIOTITE
Figure 24. ACF plot

of the mafic rocks
of the Fletcher Park
section.
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Figure 25. AKF plot
of the felsic rocks
of the Fletcher Park
section, chlorite
zone. '
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relict minerals) consist of two types: (1) quartz,
microcline, albite, epidote, muscovite, and chlorite, and
{2) guartz, microcline, albite, muscovite,and blotite,

These minerals are also indicative of the greenschist
facles, Unly quartz, microcline, albite, and mﬁscovite are
present in all samples, but vary in abundance according to
rhyolitic or dacitic composition, Chlorite is present in
most gamples, often coexlsting with bilotite, #ineral
assenblages of the Fletcher Park felsic units are
represented in AKF diagrams (Filgures 25 and 26), and are
consistent with mineral assemblages observed in thin
section, The one sample in Flgure 25 which falls outside of
the microcline=muscovite-chlorite triangle is apvarently
altered, evidenced by a very high sodium content, The
sodium enrichment dreatly decreases the “A” value of the AKF

diagram,
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Figure 26. ARF plot of the
felsic rocks of the Fletcher
Park section, biotite 2zone.
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GREEN MODUNTATIHN

Rocks of the Green Mountain section were subjected to a
nigher degree of metamorphism, resulting in mineral
assemnblages characteristic of the amphibolite facies.
Although some relict minerals are present, such as feldspar
phenocrysts, they are minor in occurrence within the
dominant metamorphic assemblages, There also appears to be
a change in metamorphic drade observable in the GM section,
increasing from the central part of thé area toward the
margins which may be due to the intrusion of the surrounding
granitic terrane, Thre chandge in grade appears in the fileld
as the presence of garnets 1n some of the felsic schists,
and thelr origin as armored relicts is discussed below,

The amphibolites of the Green Mountain section contain
mineral assemblages of hornblende, oligoclase, epidote, and
minor guartze +/= biotite, +/= sphene, +/= calclite, +/=
sericite, The calcite and gericite are most likely eitne: a
result of alteration subsequent to metamorphlsm, or products
of retrograde reactipns, O0Olidoclase (andesine in gne
sample) and hornblende comprise between 75 and 92% of (he
amphipolites. Epidote generally comprises less than 10%,
and shows a general decrease in abundance with increase in
the An content of the assoclated plagioclase, The ACF
diagram (Figure 27) shows that the amphibolites plot along
the anorthite~hornblende join, indicating a bimineralogic
assenblage absent of darnet. A secondary triangle, drawn to

separate the anorthite and epidote members, still
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Figure 27. ACF plot
of the Green Mountain
amphibolites.
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accomodates the amphibolite samples, This allows tne
addition of epidote as part of the assemblage, The one
sample which falls outside the triangle is anomalous and can
ke explained by sodium enrichment,

The felsic schists of the GM section contain two
mineral assemblages: (1) oligoclase, microcline, guartz,
biotite, and muscovite, and (2) oligoclase, microcline,
quartz, biotite, muscovite, and garnet, The relative
abundances of oligoclase, microcline, and guartz are
dependent on the rhyelitic or dacitic composition of the
felsic schists, and along with biotite comprise greater than
85% of the samples, Garnet occurs locally, and 1s absent in
the central part of the Green Mountain section, The epidote
abundance and anorthite content of the plagioclase show the
same inverse relationship as the amphibolites, The mineral
assemblages of the GV felsic schists agree with the
amphibolites in placing metamorphic grade in the amphibolite
facies, The AKF diagram (Flgure 28) shows all but one point
plotting within the microcline=muscovite=piotite triangle,
The plot is consistent with the observed mineral
assemblages, except for the three samples which contain
garnet, These three sanples should plet in the muscpvites
biotite~almandine triangle, This indicates that a
diseqguilibrium assemblave exists, Petroygraphic observations
show that coarse=~grained myscovite syrrounds the garnet, and
probably shielded the garnet from complete reaction to form

an equilibrium assemblage. In view of this observation, the
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stable mineral assempblage s actually microcline, muscovite,
and biotite, and the apparent increase in grade nay be a
relict feature of a higher grade of metamorphism, The last
stage of dynamothermal metamorphism, recognized in both
sections, is evidenced by bent twin lamellae in plauioclase,
strain fractures, and mortar textures assoclated with relict

phenperysts and porphvroblasts,
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DISCUBSION OF TECTONIC ENVIRONMENT

One of the purposes of this project 1is also to
determine a possible tectonic environment(s) in which the
Green Mountain Formation was formed, The interpretations
are based on rock types present in Che section, geochemical
characteristics of the sulte, and thelr relationship to
other rock types on & regional scale,

The presence of dominantly pyroclastic rocks, debris
flows, and volcaniclastic sediments in the Green Mountain
Formation is not necessarlly indicative of a particular
tectonic environment, The coarse~grained character of many
of the pyroclastic and volcaniclastic deposits indicates
that deposition was probably on and/or near the flanks of a
volcanic center, or in depositional basins adjacent to &
volcanic source, Sedimentary structures such as
cross=bedding, draded bedding, and possible cut=and=£ill
structures indicate that deposition was at least in part and
probably dominantly in a subagueous environment, The lack
of mature sediments indicate that extensive reworxing of the
volcanics was minimal, and deposition from & continental
source did not occur directly with the metavelcanlecs., The
lack of deep sea sediments such as bedded chert and
carbonaceouys muds may sudgest that depoglition was probably
not within the deeper parts of a pasin.

Geochemical characteristics are most consistent with
the GMF suite representing a convergent plate boundary

assemblage, namely an island arc environment, The mafic
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rocks represent low=k tholelites most similar to the island
arc tholeiite series, The fact that the felsic volcanics
are not consistently distingulshable as belonging to either
the IAT or calc=alkaline series is not critical, What is
important is the consistent indication 0of a convergent plate
mardgin environment for the formation both mafic and felsic
members of the GMF, A converdent plate boundary, with the
formation of an island arc environment, has been previously
proposed for the Green Mountaln Formation, and the
characteristics of the GMF determined in this study are
consistent with this type of interpretation, The
Proterozoic terrane which contains the Green Mountain
Formation is in fault contact with the Archean craton to the
north and its assoCiated Proterozoic sediments, These
features are most easily explained by a northward midrating
Island arc due to a southward dipping subduction zone as
suggegted by Hills and Houston (1979) (Figure 29), This
model involves the closing of a marginal basin and collision
of an ocCeanic arc system along the wyoming Shear Zone, The
mature sediments of the Proterozolic supracrustal récks north
of the shear zone, consisting of quartzite, shale,
carbonate, and minor volcanics, are consistent with
deposition within a marginal basin along the edge of the
Archean craton, The GMF metavolcanics and volcaniclastic
rocks necessitate ensimatic deposition, probably along the
margin of the arc proper and thé arc=trench gap or backwarc

pasin, Interfingering relationships are not observed
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between the Proterozelc rocks north and south of the shear
zone, Either this part of the teétcnic environment is not
preserved, or the marginal basin was a separate depositional
site from the arc=trench gap or backearc basin, The absence
of andesites and graywackes argues agalnst a calc=alkaline
sulte typical of mature arc systems, although the felsic
rocks of the GMF have some geochemical characteristics of
calc=alkaline volcanics, The presence of mafic rocks of the
island arc tholeiite series, along with the absence of
andesites favors an immature arc system interpretation for
the GMF, If the felsic volcanics are indeed calc=alkaline,
the GMF may represent evolution from arc tholeiite series
volcanism to calc=alkaline volcanism with time,
Alternatively, the interbedding of rocks of the two
petrogenetic series may be due to mixing of laterally
different volcanic sequences, This relationship is observed
in many modern island arcs where tholelitlic series volcanism
changes to calcwalkaline volcanism as distance from the
trench increases (Miyashiro, 1974), Other features which
are rcommon to island arc systems such as the presence of
tectonic melange and palred metamorphic belts including the
high pressure metamorphlic serles are not recognized in the
GHMF, Paired metamorphic belts are observed in modern island
arcs due to underthrusting of the oceanic plate beneath the
arc. Miyvashiro (1972) suggests that the high pressyre
serieg may not develop where underthrusting is not rapid

enough to produce the unusually low geothermal dgradient
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required, The absence of the high pressure series is
observed In many metamorpnic velts of the Atlantic region
where spreading rates are indeed much slower, Whetner or
not the palred metamorphic pelts are preserved during
subsequent metramorphlism is questionable,

To summarize, the Green dountain Formation appears to
represent immature 1sland arc volcanism of the island arc
tholeiite series or mixed tholeiitic and calc=alkaline
series rocks., The GMF may represent part of an island arc
system which migrated toward the Archean craton along a
southward dipping subduction zone, The Proterozoic
metavolcanic succession of the GMF was brought together with
the Archean continent and associlated marginal basin
sediments by thrusting and/or lateral shearing along the

Uyoming Shear Zone,
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SUMMARY AND CONCLUSIONS
The Green Mountain Formation is located south of the
Archean=Proterozoeic boundar? recognized in the Sierra Madre
Range as the Wyoming Shear Zone, Tne succession Is
comprised of interbedded metavolcanic and volcaniclastic
rocks intruded by an extensive granitic terrane,

. The Fletcher Park sequence appears to be made up of two
volcanic cycles (Figure 30), each consisting of a general
stratigraphlc seguence of metabasall overlaln by metadacite
and/or metarhyolite, ierminating with a layver of cherty
exhalite, Rocks of pasaltic cComposition are represented by
matrix=sypported agglomerates which resembple mudflow or
pyrocliastic deposits, with interpedded lapilli tuff or thin,
brecciated flows and volcaniclastic sediments, Upwards-
fining mafic volcaniclastic sequences show gradations from
pebbly volcanic sandstone to volcanic siltstone, Local
intrusions of basaltic sills and dikes are present in sone
parts of the section, Metadacites are represented by
fine=grained volcanic ash occurring within the metabasalt
agdglomerates and overlying the upper agglomerates,
Metadacite ash=flow tuffs occur within the upper felsic
voelcanic sequence, Minor units include lapilli tuff and a
metadacite lava flow(?), Metarpyolites occur as volcanic
brecrias and ashe=flow tuff overlving the lower matic
section, and as fine-grained tuff, ash=flow tuff, and
volcaniclastic sediments in the eastern part of the Fp

section, The volcaniclastic deposits of rhyolitic and
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FLETCHER PARK GREEN MOUNTAIN

Figure 30. Diagrammatic stratigraphy of the Fletcher
Park and Green Mountain sections. Explanation on
corresponding geologic maps Figures 4 and 5.

Vertical scale exaggerated.
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dacitic composition locally contain cross-bedd}ng and graded
bedding which consistently indicate a stratigraphic vounging
direction to the east, Cherty exhalite units, which are
locally ferriginous, appear to mark the top of the volcanic
cycles, These chert beds partially penetrate the underlying
felsic volcanic units and locally contain intermixed milky
white carbonate, Lastly, the section is intruded by a
medium=grained diabase, which displays discordant contacts
with the section and contains xenoliths of the adjacent
lithologies.,

The primary features of the volcaniclastic sediments of
both mafic and felsic composition indicate that a large part
of the FP section represents submarine deposition. The
uniform, well=sorted grain size of the volcaniclastics are
consistent with deposits formed during subagueous eruptions
(Fiske and Matsuda, 1964), Because ash=flows can be
preserved during thejr emplacement into oceanic
environments, and phreatic explosions are often produced
during this process, the volcaniclastics of the Green
Mountain Formation may have had a similar origin . The
close association of the ash=flow tuffs witnh the
volcaniclastic sediments supports this idea, The
upward=fining, graded mafic volcaniclastic sequences may
have been produced by turbidity currents, although some of
the sedimentary structures characteristic of turbidity
currents are not observed, These features include ripple

marks and cross=bedding.,
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The Green Mountaln secliion is comprised of associated
amphibolites, amphibolite breccias, feldspar-guartz=mica
schists, and felsic breccia (Figure 30), Except for
possiple rellict phenocrysts and rock fragments, the higher
grade of metamorphism has obscured most of the original
features,

Amphibolites either have fine to medium=grained
textures, or are very coars=grained, Banding is a
widespread feature, probably a result of deformation and/or
metamorphism, All amphibolltes are conformable with
compositional lavering, and contain hornblende and
plagioclase as the main minerals, #ost of the lavers are
uniform in appearance, but many have a fragmental appearance
with clasts ranging up to several centimeters, Most of the
fine= to mediuym~grained ampnibolites probably represent
mafic flows, sills, or pyroclastic deposits, but no
diagnostic rellct textures are observed, Thnin=layered
fragmental amphibolite may either represent similar
lithologies to the lapilli tutf or brecciated flows of tne
Fletcher Park section, or may be zones of transposition,
Massive appearing fragmental amphibolltes are also present,
and are similar in appearance to the matrix=supported mafic
agglomerates of the Fletcher Park section. Coarse grained
anphibolites, which are minor in occurrence, are concordant
with adjacent units and laterally discontinuouys. These
coarse=grained amphibolites propably represent diasbase

sills,
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- The felsic schists are rhyolitic to dacitic in
composition, and are represeénted by microcline-quartz=
oligoclase schists and oligoclase=microcline=quartz schists,
respectively, Grancblastlic textures are typilcal of the
schists. Porphyroblasts of oligoclase are a common feature,
possibly representing rellict phenocrysts., A few of the
dacitic schists have feldspar=quartz patches which may
represent small lithic fragments, The rhyolitic and dacitic
schists may represent units similar to the felsic volcanics
of the Fletcher Park sectlon, including ash flow tuff,
fine~grained tuff, and volcaniclastic sediments., Felsic
breccia occurs as a minor rock type in the Green Mountaln
section, with angular to subrounded clasts representing a
variety of lithologies,

The overall similarities of the G¥ section to the FpP
section are apparent, but direct correlation is impossible,
Both sections contain porphyritic and non=porphyritic felsic
rocks, either of which may be rhyvolitic or dacitic in
composition. Individual units of the Green Mountain section
could represent ash=flow tuffs, fine=gralined tuffs, and
volcaniclastic sediments similar to the felsic metavolcanics
of the Fletcher Park section, Felsic breccias and mafic
matriz~supported agglomerates are also observed in both
sections, The Green Mountaln section contains amphibelite
breccia in which clast slze range up to about 3cm, and may
represent units similar to the mafic lapilli tuff or

brecciated f£lows observed the Fletcher Park section. An
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equivalent Lo the exhalite units of the Fletcher Park
section were not observed at Green Mountaln,

The Green Mounteln section contalns the sanme
compositional rock types as the Fletcher park section, The
compogition of the rock types mainly include metabasalt,
metadacite, and metgrhyolite, Reconstruction of the GM
section, by removal cof the maln northwest trending fault,
results in a north te south compositional succession of
metarhyolite, overlain by metabasalt (ampnibolite), ending
with metadacite, 1In the Fletcher Park sectlon, where
stratigraphic indicators are abundant, the general
stratigraphic sequence Is metatnoleiite, metarhyolite, and
exhalite, followed by a second sequence of metatholeiite,
metadacite, metarhyolite, and exhalite (Figure 30)., The
Greeﬁuﬁauntain succegsion does show similarities to Fletcher
park, The rhyolitic schists of Green Mountaln may similarly
mark the end of a volcanic cycle, and the amphibolite
followed by dacitic scnist may represent part of a new
volcanlc ¢ycle, The comparison of the relative positions of
the amphibolite and felsic schists of Green Mountain to the
better Known stratigraphy of Fletcher Park indicates that
the Green tountain section probably has a stratiqgraphic up
direction to the north,

The Fletcher Park and Green Hountain sections are
metamorphosed to greenschist and amphibolite facies,
respectively, with a general increase in regional

metamorphic grade occurring southward and eastward from the
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Fletcher Park area, Hajor deformation has produced
isoclinally folded terranes with associated thrust faults
and/or transposition of bedding in areas of the Green
Mountain Formation, These features are not always obvious
in the FP and GM study areas of this project, but can not be
eliminated,

Geocnemically, the metavolcanlcs and volcaniclastics of
the Green Mountain Formation are classified as subalkaline
metabasalt (low=K tholeiite), metadacite, and metarnyolite,
and include the possibility of a transitional felsic memper
of rhyodacitic composition, Evaluation of the samples in
terms of alteration shows that most of the elements do not
appear to be severely mobilized, It is believed that the
chemical analyses, for the most part, are relatively
representative of the original concentrations, In terms of
the maijor elements, FaZ0 and K20 are the most severly
effected, while Cal, HMgld, and Fe2031 appear to only show
moderate to minor mobilizatlion, In terms of most major and
trace elements, the volcaniclastic sediments are not
significantly different in chemical composition from their
volcanic protoliths, Sone chemical differences are
observed, nost of which are consistent with changes expected
by mechanical sorting and/or chemlcal alteration during
submarine eruption and deposition,

Geochemical diagrams using the trace and major elements
of the Green Mountaln Formatlon do not always show

consistent results in terms 2f tectonic interpretation, The
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only consistent indications of the major and trace elements
of both the felsic and mafic GMF rocks are their formation
at a convergent plate boundary, The Th=Hf=Ta, Zr-Ti=Y, 71
vs Zr, and Ti02 vs 100(Mg/Mg + Fe2+) indicate a convergent
plate boyndary and/or island arc environment, Trace and
major element plots show mixXed results for the volcanic
rocks of the GMF iIn distinguishing between calc=alkaline and
island arc tholeiite trends. Most trace element diagrams
for the mafic rocks indicate thét they are low=K tholeiites
of the igland arc tholeiite series, A comparison of average
analyses of basalts of various tectonic environments to the
GMF tholeiites are also most consistent with the IAT series,
Higher LREE and other LIL elements are more similar to
calc=alkaline basalts, but are also common indications of
sea floor alteration, Iron enrichment is indicated for the
GMF mafic rocks in the Mgl vs Fe203 + Fel diagram, which is
also consistent with a tholeiitic trend,

There 1s a lack of trace element diagrams to
distinguish felsic rocks of different tectonic environments,
Inierpretatlans rely on REE, Lhe The=Hf=Ta plot, and
comparison to average analQées of equivalent rock types of
the various tectonic envifonments. LREE and the Th=Hf=Ta
diagram indicate that the felsic rocks have calc=alkaline
affinities, A comparison of the GMF dacites to average
analyses of egulvalent rocks of several tectonic
environments appear to show the most similarities to dacites

of the IAT series, but some significant similarities to
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calc=alkaline daciteg sucn as REE are inconsistent, The
rhyolites do not show enough similarities to any of the
tectonic environments to be conclusive,

Overall characteristics of the CGreen Mountain Formation
appear to indicate that the successlon represents immature
island volcanism of the island arc tholelitic or mixed
calc=alkaline and thelelitic series rocks, The volcanic
plus volcaniclastic succession was probably accreted onto
the Archean Wyoming Province along the Wyoming Shear Zone,
probably due to northward migration of an island arc system
along a southward dipping subduction zone,

Several problems exist wnich may be resolvable by
future studies, The first problem is whether or not the two
sections evaluated in this study are truely representative
of the total GWF of the Sierra Madres, Tne areas of this
study only comprise sbout one £1fth of the exposed GMF, The
second problem 1s whether or not the mafic and felgic rocks
of the GKF represent a codgenetic suite of rocks. The
apparent orderly proaression from tholeiite to dacite to
rhyolite may argue in favor of a cCogenetic suite, but only
detailled trace element geochemical modelling may resolve the
problem, The third problem 18 the applicablility of
discrimination diagrams based on modern rocks to determine
chemical trends and tectonic environments of Precambrian
rocks, This problem may only be resolved by the continued
study of Precambrian rocks in general to see i1f similar

trends c¢onsistently develop.
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In view of these types of problems, the interpretations
presented in thils paper cannot pe considered conclusive,
Since the rocks studied In this project probably represent
the best preserved exposures of the GMF, and sone
geochemical consistencies and trends are discernable, the
information presented provides a good basis for further

comparison and study,
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APPENDIX A
PHOTOGRAPHIC PLATES

PLATE 1

Cross=bedding in felsic volcaniclastic sediments
{lens cap = b6Cml,
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PLATE 2

Porphvritic texture in rhyvolite ash=flow tuff
(lens cap = HCm) .



S

(127)

PLATE 3

Pumice and other lithlc clasts in ash=flow tuff

(lens cap =

oCml,
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PLATE 4

. g ld 3 L ]
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PLATE B

Mafic matrix=supported agglomerate
(hammer head = 15cm),.
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PLATE &

Channel=shaped accumulation of mafic velcanic
conglomerate (lens cap = 6Cm),
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APPENDIX B

BRIEF PETROLOGIC DESCRIPTIONS OF
THE GREEN MDUNTAIN FORMATLION

FLETCHER PARK SECTION
METARHYULITES

GHOO1l%: Hedium green, fine~grained, porpnyritic rock,
Phenocrysts are composed of subhedral perthitic albite
twinned aAng8 and microcline (2%, <3mm), highly sericitized,
The matrix is composed of modally indistinguishable
microcline, dquartz, sericite, and chlorite (<0,05mm) with
approximately 15% andhedral granoblastic quartz (0,1mm)
often in bands(?) to 0,5mm,

GHMOO2: Ppale gray to pink, very fine~=grained, porphyritic
rock, Sample contains broken subhedral perthitic
phenogrysts of AnZ20 and guartz to 2mm (5%}, and pumice
fragments to 2mm (10%), in a mostly cryptocrystalline
groundmass, The groundmass 1s composed of modally
indistinguishable guartz, albite, and sericite, wmwinor
epidote, chlorite, and hematite are present, The rock has a
relict porphyritic texture and is weakly foliated,

GMOOB%: Hedium grayv, flne=grained, porphyritic rock,
Phenocrysts are broken and composed of pertnitic alpite
twinned Anz20 and tartan twinned microcline (8%, <Zmm), and
equant quartz (1%, <2mm), The matrix is composed of
cryptocrystalline potassium feldspar, guartz, and sericite,
Accessory minerals include epldote and calcite, Rellict
panding defined by slightly coarser grained minerals,

GMD23: White to pale green, fine=grained, porphvritic rock,
Phenocrysts are composed of rounded, highly sericitized Anl2
(<2mm, 5%), 7The matrix is composed of discontinuous, wavy
laminations of alternating cryptocrystalline and
aranoblastic (<0,1mm) alblite, quartz, and K=feldspar, Minor
epldote and chlorite are present,

GMG27: Pale green, fine~gralined, porphvritic rock, The
sample is composed of broken phenocrysts of antiperthitic(?)
microcline and Ani¢ to 4mm (10=15%), and guartz phenocrysts
to ilmm (<1%), In a cryptocrystalline groundmass. Sone
grains are identifled as alblte, guartz, and K=feldspar,
¥inor minerals include biotite, chlorite, and epidote, The
matrix is weakly foliated,
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METARHYODACITES(?)

GMO17: Pale green to gray, fine=grained, fragmental rock,
The sample 1s composed of broken phenocryvsts of Ani0 (3%),
pumice and other stretched ovate to angular rock fragments
(20%) to Smm, The fine=grained groundmass contains
granoblastic albite, microcline, and quartz; platey biotite
and chlorite to 0,08mm (10%), and subhedral epidote to lun
(7%)+ Also present are minor sericite and hematite, The
matrix is well foliated,

GMO18:; Medium green, fine=grained, moderately follated
rock, The sample contains modally indistinguishable
granoblastic albite, K~-feldspar, and guartz, and subhedral
epidote (15%), chlorite (10%), and sericite (10%)., The
average grain size is less than 0,lmm, Minor Ani4 grains to
0.2mm (2%) may be phenocryst fragments,

GMO32: Medium green to gray, fine=grained, porphyritic
rock. The sample is comprised of broken subhedral
phenocrysts of perthitic An30 to 4mm (15=-20%) in a
granoblastic groundmass averaging 0O,1mm, The groundmass is
composed of albite, microcline, and quartz, Epidote (5%)
occurs as minute rounded grains and grain aggregates,
Biotlite and sericite plates to 0,2mm comprise 7 and 4%,
respectively, with minor chlorite, The groundmass is weakly
foliated and has a relict pyroclastic texture,

METADACITES

GMO19: Medium grav to green, medium Lo coarse=grained,
porphyritic rock, The phenocrysts are subhedral with little
sign of breakage, and are composed of An30 (to Zmm: 15%).
The groundmass is drancoblastic and comprised of albite,
microcline, and quartz ranging up to 0,.,2mm, biotite (10%),
and pumice fragments (2%) ranging up to 4mm, HMinor minerals
include sericite, epidote, and chlorite which define a
moderate follation,

GM042: dark greenish gray, fine=grained, microporphyritic
rock, The sample contains rock fragments of
cryptocrystalline character which are highly sericitized and
chloritized, and range up to 2Z2mm, Saussuritized phenocrysts
of An32 (10%) and microlitic An26 (20%), are contained
within a fine grancblastic matrix of albite, guartz, and
K=feldspar(?), Foliation is moderate and defined by flakes
of chlorite ranging up to 0,1mm (15%), Minor subhedral
epidote to U,1mm and hematite are present, The sample is
strongly sericitized, \

GM044: Dark gray, fine=grained, poorly foliated rock, The
sample is too finewgrained to distinguish mineral modes, but
is comprised of albite, K~feldspar, and gquartz of less Lnhan
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N,1lmm, except for some coarser grains ranging up to 0,3ms,
Biotite flakes to 0,.,2mm (10%), chlorite (15%), and sericite
define a poor foliation, HMinor eplidote and opadgue minerals
are present, Rock fragments comprise about 4%, and include
pumice, shards(?), and microporphyritic volcanics,

GMO50; Dark gray, aphanitic, poorly foliated rock, The
sample contains broken phenocrysts of AnZé (5%) to 3mm, in a
cryptocrystalline patrix averaging less than O,1lmm, The
matrix appears to be comprised of albite, K=feldspar(?), and
quartz, and flakes of biotite and chlorite (10%), Also
present are minor epidote grains and patches (4%), and
sericite (10%),

METATHOLEILIITE

GMOOT%: Dark green, very fine=grained rock., The mineral
content i3 comprised of saussuritized anhedral albite
twinned An34 ranging up to O,2mm (50%), platey chlorite to
D.2mm (25%), and grancblastic albite (10%%), magnetite and
hematite (7%), sericite (2%), quartz (2%), and K~feldspar
(1%), and epldote (3%),

GMO09: Light to dark green, blotchy, moderately follated
rock, The sample is comprised of approximately 40% rock
fragments ranglng up to lcm. The fragments are very
fine=grained to cryptocrystalline, composed of modally
~indistinguishable feldspar, actinolite, chlorite, and
epidote, Some of the fragments contain microphenocrysts of
An26, The groundmass is comprised of actinolite (30%),
chlorite (10%), epidote (15%), and An20 microphenocrysts to
0.,5mm (30%), and albite (15% ?), The average orain size is
less thap 0.3mm, A relict intergranular texture is
suggested,

GHMOI0A: Pale to medium green, medlum=grained, clastic
appearing rock, The mineral content 15 comprised of
subhedral pseudomorphs of actinolite after pyroxene (15%),
chlorite to 0,5mm (10%), epldote (15%) as minute grains and
patches ranging up to O.,1imm, and about 20% unidentifiable
feldspar, Sericite is an apbundant alteration product ( %).
Minor quartz, hematite, and litpic fragments are alsc
present,

GMO15: Dark green, nmedium~grained, clastic appearing rock.
The sample is composed of egquigranular actinolite (25%),
epldote (20%), and alblte (30%) raning up to 0,5mm, Blotite
(4%) and chiorite (20%) flakes ranging up to 0,1imm define
the moderate follation, #inor guartz, hematite, magnetite,
and lithic fragments are also present, Overall, the grains
have a rounded to subangular character resulting in a
clastic texture,
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GHMO16: ‘Medium green, aphanitlc rock, The sample is
compoged of cryptocrystalline actinolite, cnlorite, epidote,
and feldspar, Modes unfeasible,

GMO46: Dark green, aphanitic, poorly foliated rock, 7The
sample represents the matrix of the mafic agglomerate, The
rock is composed of subhedral actinolite to 0,5mm (20%),
biotite (10%) and chlorite (15%) flakes to U,5mm define &
moderate follation, subhedral epidote to O,lmm (20%), and
anhedral albite (30%) to 0,2mm, Minor minerals Include
guartz and hematite,

GMO47: Medium green, fine-grained porphyritic rock, Ihe
sample represents a clast from a mafic agglomerate, The
clast is a microcrystalline mixture of actinolite, chlorite,
epidote, and albite, Porphyritic actinolite, epidote, and
chlorite pseudomorphs after pyroxene to 3mm comprise 10%,
and An30 phenocrysts teo 5mm comprise 15%. Modal estimates
of the groundmass is unfeaslible, Minor minerals incluge
guartz and hematite,

GMOS1: Medium green, fine-grained, weakly foliated rock,
The rock is composed of fine grained anhedral granoblastic
actinolite (15%), albite (30%), and eplidote (25%), and
flakey biotite (10%) and chlorite (10%), and minor gquartz.
The average grain size 1s approximately 0.2mm, The rock is
moderately follated and has a relict clastic texture,

GMOB3: Light to dark dgreen, blotchy appearing, moderately
foliated rock, A rock fragment greater than 1/2 of the thin
section is microporphyritic (An30; teo O,.5mm, 30%),
assocjated with epjdote=actinolite pseudomorphs after
pyroxene (15%) to 2mm, and granoblastic albite, Foliation
is defined by chlorite flakes to O,3mm., A relict
intergranular texture is evident, The matrix around the
fragment has the same character as the fragment, except the
microphenocrysts have a subparallel orientation,
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GREEN MOUNTAIN

MICROCLINE=ULIGOCLASE=QUARTZ SCHISTS
(METARHYOLITE AND METARHYUDACITE)

GMO35%; Light brown to pale greenish brown, fine=grained,
sandy appearing rock, The sample 1s composed of
granoblastic qguartz (35%), tartan twinned microcline (35%),
and untwinned oligoclase (An 17, 15%)., The average drain
size is approximatly 0O.1imm, Foliation 1s defined by biotite
laths (20%) to 0,3nm, Minor epidote and muscovite
(poikilitic to 1mm) each about 2% are also present,

GM0O65: Pale brown, fine-grained, well foliated rock, The
sample is composed of granoblastic tartan twinned microcline
(40%), albite twinned and untwinned oligoclase (Ani2, 17%),
and gyartz (20%), The averadge grain size is about 0,2Zumm,
Foliation is defined by 0,2mm plates of biotite (15%),

Minor minerals include epidote and 0O,1lmm plates of secondary
muscovite (poikilitic), and zircon,

GM0D6T7: Light gray, fine=grained, well foliated rock. The
sample is composed of granoblastic tartan twinned microcliine
(25%), oligoclase An2i (25%), and guartz (35%), averaging
O,2mm, Muscovite (5%) occurs as poikilitic laths to 2um.
Porphyroplasts of anhedral AnZé to Zmm (3%) may be relict
phenocrysts, Minor idioblastic garnet (<1%) is surrounded
by the coarser~drained nmuscovite, HMinor calcite and zircon
are present.,

GM0OT75: Medium dgray, medium=yurained, modertely follated
rock. 7The sample is composed of grancoblastic ftartan twinned
microcline (25%), oligoclase Anl7 (25%), and quartz (30%),
averaging 0.2mm. Folliation is defined by blotite (11%) to
0.3mm, An29 porphyroblasts to 2mm (5%) may represent relict
phenocrysts. HMinor poikilitic muscovite to 0,3mm, calcite,
and zircon are also present,

OLIGOCLASE=MICROCLINE=QUARTZ SCHISTS
(METADACITES)

GHM0O36: Medium dgray, medium=gQrained, porphyvroblastic rock.
The sample is composed of granoblastic An22 (45%) which is
usually untwinned, tartan twinned microcline (15%), and
quartz (30%), averaging 0.2mm, Follation is defined by
biotite flakes to 0,2mm (20%). Porphyroblasts of perthitic
An38 (5%) may represent relict phenocrysts, HMinor minerals
include cnlorite, epidote, and poikilitic muscovite,

GM037: Dark gray, medium=grained, porphyroblastic rock.
Same as GMe36 except perphyroblasts are An28 (3%), no
epldote, and idicoblastic garnet to Z2mm (<i%),
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GMO3B: BSame as GHMG37 excent plaglioclase is AnZe and
porphyroplasts are of An2U and no garnet,

GM0OBE8: Medlum grav, medium=~ grained, none=porphyroblastic
rock, The sample is composed of granoblastic oligoclase
An26 (50%), quartz (25%), and tartan twinned microcline
(10%) averaglng 0,3mm, Follation is defined by biotite
flakes to lmm (15%), Minor epidote (5%), sericite and
subhedral garnet to 0,3mm, and magnetite are also present,
T?a grancblastic 1is zoned with the core more sodic than the
rim,

GMO63; Fine=grained, medium gray rock with black streaks.
The sample has & granoblastic texture averaging ©,3mm, The
minerals are oligoclase Ani8 (40%), tartan twinned
microcline (16%), and guartz (25%), Blotlite (15%) defines
the foliation as 0,3mm plates, Minor epidote/clinozoisite,
muscovite, and calcite are also present. Porphyroblastic
Ani17 to imm comprises 5% of the rock, and 1s perthitic,

GMUTZ2 and GHOT3: wmedium=grained, dark green, porphyritic
rocks, The samples have a granoblastic texture averaging
0,3mm, The minerals are ollgoclase An20 (30%), tartan
twinned microcline (24%), and guartz (25%). Foliation is
defined by bletite (7%) and chlorite (9%) as flakes to
0,2mm, Porphyroblastic perthitic Anil5 (15%) ranges up to
2mm, Minor minerals include epidote, muscovite, magnetite,
hematite, and zircon,

GMOT76: medium=grained, medium dark gray=white=pblack blotchy
rock, The sample 1is composed of granoblastic oligoclase
Anl8 (32%), microcline (20%), and guartz (20%) ranging up to
D.2mm, Follation is defined by bilotite (20%) and chlorite
(5%) as flakes up to 0,3mm, Forphyroblastic perthitic AniS
(5%) may represent relict phenocrysts, Minor
muscovite/sericite, apatite(?), and epidote,

AMPHIBOLITES (METATHOLEIITES)

GMG33: Dark green, mediummgrained, well foliated rock,
Hematoblastic hornblende (50%) to 5Smm defines folliation and
lineation. Granoblastic oligoclase Anl7 comprises (30%) and
is sopetimes zoned, Also present are subhedral epldote to
imm (10%), and minor quartz, calcite, and apatite,

GMO343; Medlum green, fine to medium~grained, wel foliated
rock, Same as GMO33 except hornblende comprises (65%) and
the plagioclase is An58 (25%), Epldote is less than i%,

GMOSS5#: Dark green, fine-grained, fragmental appearing
rock, HMinerals comprising the sample include nematoblastic
hornblende to lmm (60%), 8150 in reilict rock fragments to
1.5¢m, albite twinned and untwinned An24 (35%), Epldote and
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clinozoisite occur as irregular grains to 0,2mm (2%), Hiror
biotite and sericite are also present,

GMOS6: Same as GMO3I3 except 70% hornblende and 28%
untwinned and alblte twinned Anbd, Epldote is less than 1%,

GMOS7: Same as GM034 exceplt 45% hornblende, 35% untwinned
Anz2l, 20% epidote, and 4% biotite,

GMOeB: Medlum gray, fine~gralned, moderately folliated rock,
The sample ls composed of nématoblastic hornblende to Zmao
(30%), 50% granoblastic Anl7, 5% epidote/clinozoisite, and
5% microcline (tartan twinned), HMinor minerals include
quartz and sericite,

GHMOT0%: Dark green, porphyroblastic, medium=grained rock,
The sample 1s composed of 5mm idioblastic hornblende (55%)
which is moderately foliated and lineated, The plaglioclase
comprises 35% as An30, with %5 associated epidote, Wo
relict textures,

* not analyzed
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APPENDLIX C
GEOCHEMICAL ANALYSES AND CIPW NDRMS

RHYDLITES (INCLUDING V%%FAKICLASTICS)

v L e
ELEMENT GHOG2 GHMO23 GEGZK/ GMOBR*  GHMOBT
5102 64,88 75,43 164,52 09,58 12,44
Tio2 0,23 0.18 - 0,21 0.31 0,29
Al2D3 19,11 12,58 12.51 15.64 14,29
Fe2D3T 2o 10 283 1.46 1.84 264
g0 0,47 0,45 (.53 0,60 0,60
Cal .48 2,41 1.41 1,30 1.69
Na20 8,01 4,55 3,93 2,66 4,44
K20 748 0.74 2+26 727 2047
MnO 0,04 0,086 0,03 0,41 .08
p20% 0,01 0,01 .01 0,03 0,03
LeO,1, 1,04 0.85 D.62 0,52 0,41
Total 99.85 100,08 99,49 100,186 99,38
Rb 130 14 40 117 59
Sr 123 217 1714 186 187
Cs - - - 1e3 0.9
Ba 1756 395 1175 1753 1007
X 58 40 46 41 33
Zr 279 209 196 265 186
HE 6.6 5.4 4,5 Be5 4.8
Nb i8 12 12 14 11
Ta 048 045 0,8 1.0 1.0
Cr - - - - P
Wi 442 0?2 4,5 447 4,3
Co 148 15 1.4 1.1 2.8
U 3,5 2.5 3.0 3.7 3.9
h 10 7.8 6,3 11 8.2
La 48 73 49 54 35
Ce 93 130 91 118 80
an ng 8&5 891 7;1 5'5
Eu Zed 1.2 le6 1.0 1.9
ib 5,2 248 3.5 4,5 3,2
Lu (8 0,5 1,6 0.7 0,5
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Explanation on last page
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RHYODACITES(?) (INCLUDING VULCANICLASTICSH)

ELEHMENT GMo17 GHoLE* QMQ}Z GUOTS
5102 65,79 69,50 75.57 69,01
Tipz 0,52 0,41 U.34 0,38
A1203 17,33 14,29 12.44 15.26
Fe2037 3,61 3.63 2,42 3,94
MgO 1,03 0,95 U.03 1,09
can i,83 4,08 1,22 1.04
Naz0 3,24 1,19 4,37 3,65
K20 4,82 4,18 2.14 4,40
Mnd 0,08 0,07 0,07 0,07
P205 0,11 U.12 0,04 (0,06
Lelels 1.52 1.26 G.27 0,40
Total 99,88 949,67 99,51 99,30
R 109 91 24 75

8r 231 451 134 178

s 0,7 = o o -~
Ba 1410 986 1532 1786

¥ 43 43 39 30

ir 224 185 140 172

HE 5,6 - 3.0 3,9
b 12 10 8,4 10

Ta 0.7 - 0.5 047
Sc 13 - 9.3 1,9
cr s e = - o
Ni 3.4 2.5 1.9 3,6
0 4.7 - 0.8 1.1
i 3.7 3.5 2.3 2,8
- Th 7.6 6.0 4,4 B.6
La 39 34 36 33

Ce 70 o 689 67

Sm 6,6 Te5 6.5 6,0
Eu 2.2 243 2.5 1.1
Ib 1.0 1,2 0.9 0.8
¥b 3.8 245 2,5 2.6
Lu 0.6 Qa5 Ged 0.5
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DACITES (INCLUDING VOLCANICLASTLICS)

K F i G oM r F
ELEMENTS GHMOo19 ﬁﬁ%}ﬁ GHMU3T  GMO3B  GNO42Z GHMU44#
5102 T1.77T T7.20 04,65 64,66 64,80 60,48
Ti02 0,51 0,45 0,65 0,61 G506 G.73
Al203 12,72 10,86 17.20 15,97 16,83 16,19
Fe203T 3,30 2,42 4,92 5,80 4,38 7411
Mg 0,95 1,06 1.30 2,21 1.47 2.98
Cal 1,94 1,30 2,01 2.56 2,27 4417
Naz2i 5,52 2,49 4,91 4,84 Fe33 2.96
K20 1.45 3,33 3,24 2.49 222 3.56
Mnl 0,08 0,08 0,13 0.14 0.08 0,14
P205 04,09 G.06 0.13 0,22 0,17 0,25
Lal,1, 1.68 0,20 Del9 0,44 0,48 UeBE
Total 100,01 99,25 99.39 99,94 99,59 99,45
Rb 26 89 15 3o 53 71
Sr 176 132 305 366 275 644
Cﬁ gq4 908 - QQ? QQ? 1;9
Ba 526 849 1206 1085 708 19490
Y 26 27 43 3z 8 36
Zr 142 186 195 131 157 116
HE 3.0 4.6 5.3 2.1 3,4 3.2
Nb i1 11 12 Beb 2.0 b7
Ta 0,4 L 0.9 0,5 0.8 D,.5
s¢ 10 7.2 14 15 13 19
Cr o - - = - - - = o
hi 1,3 4,4 1a1 2.5 Ba.6 9.2
U 240 240 3.3 2.3 245 245
Th 4,9 Te5 8,5 B,1 6,8 4,2
La 18 38 37 36 ig 31
Ce 27 62 66 60 32 549
Sm 3.2 4,2 6.7 5a7 4,0 6.2
Eu 0.9 0,8 207 1.9 1.3 1.8
b 0.5 0,7 1.1 0,7 0.7 1.0
Yb 2,0 2.1 Ze3 1.8 2,0 2.8
Lu 0.3 0,3 0,3 0.3 0,3 0.4



DACITES (C&ﬁTI%gEB)

ELEMENTS

5102
TiD2
ALzD3
Fe203T
Mgl
Cal
Naz20
K20
Mnl
P205
L(Q.Is
Total

Rb
sr
Cs
Ba

X

ir
HE
Nb
Ta

5¢
Ccr
Ni
Co

U
Th

La
Ce
Sm
Eu
Tb
e
Ly

T GNE T g O NP g R R VR R e ODE BB W 0 BUs OOF gee W N OF OO O gnm R SN0 wnx B9 IR P BN N ot 06 NNe MR TR O B UG MR A R WR 0N T R A
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oA
GMOB0 G%;%B LMOB3

BN R e R e NS D g O W e BN s BOE e TR me AP SNOBE o TE SR RE B A G BE N R e 70 B B W 0 BR RN RS BN A0 N 0 U mR 2B N A A

66,93
0.81
14,56
5,76
1.11
2469
3.60
3,12
0,21
0,22
0,71
99,72

54

367
Q.?

1351

43

182
2,9

i0
1.5

16

i1
246
3,5

2,4
5.4

37

66
79‘&
1.1
4.0
0,7

61,85
0.63
16,79
6,11
1.81
4;18
5,51
2,13
0.18
0,26
0,49
99,94

177
349

262

30
141

8. 9

wsww?m
# B ® B
Ui~ o

0.5

65,25
0,68
15.63
6,25
1.60
207
4,15
3,23
0,12
0,25
0,10
99,39

91

290
1,0

997

31

147
3.4
H,2
06

14

Rk

4.
8

L P
Bag e el L2 e B e Lk
® @ E ]
Wy w3 i W

N B #® B

oD dad

0.5

&P

GHOT2

66,39
0,46
15.59
5,14
1.35
2.56
4,12
3.11
0,13
0,18
Un.18
99,21

87

357
3.7

1305

32

142
3@2

10
0,8

11
3,8
6.7

3.3
Tt

33

64
6.4
143
1.0
2.4
0,3

cm
GMOT3

66,57
0,45
15.45
4,92
1;29
1.85
4,00
4,09
0,16
0,17
.11
99,06

43

302
3,9

1672

28
139
3,3

b
GHMET6

65,15
V.61
15.89
3,94
2458
2417
4,41
2.8B7
0,14
0,22
0,44
99.69

37

322
0.7

1035

30

136
3.3
9l
0.6

T.4

= e

2.3

=

1.8

o am

33
71

wwwwa‘«
mmmmm

”
®
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THOLEIITES (INCLUDING VOLCANICLASBTICS)

ELEMENTS

5102
Ti02
ALZ203
FelZO3T
Mgl
Can
NazZi
K2l
MnD
P205
LeOusI,
Total

Rb
ST
Cs
Ba

¥

Zr
HE
Nb
Ta

5S¢
Cr
Ni
Co

U
Th
La
Ce
sm
Eu
Tb

Yo
Lu

S W 90 N e N o O Y mm TR UM R W i W wr TR e UR O A% e TR R TN am 0N ow PR M0 VR 4G W9 W00 W0 SR S 06

Lygwx”
Yoy
e, Noo

o Mo,

™

F{f D (1&%54‘:{?5)3.{/}

417
GMO09 GMOLO  GMO15% GMOL16#% GHO33 GMO34

51.88
QQ84
15,80
10,861
3.806
11,56
4,29
0,13
0.39
0,23
1,16
100,75

1,1
524

o e

-

20
30
2.6

L

37
57
24
30

L

1.1

10

24
3.2
0.6
ggé
1,6
6,2

1]
§

43

.14

50

0= 065"y 690
Coo vdippioo

thOWM&Nywn 157

hﬁﬁhzb?a/

ag ot

o958, U

96

<

48,90
0.70
18,01
8451
7.52
6,97
1.86
3.46
0,25
0,18
2.98
39,34

79
242

Ekd

2042

18
28

L d

2,5

-

44
147
23
15

0.4
0.9

11

25
245
1,4
Q’q

1.4
0,2

2.4
7

bhs
7,3

jo
€<y
7.9

i£,b

48,69 54,41
0,97 1.06
15.89 14 97
12,75 11,31
5,94 4,33
8,77 Te26
3.71 4,54
G,35 0,52
0,34 0,24
0,25 .28
2,11 1.30
99,77 106,22
4,72 -
342 - .

230 357
23 -
37 . W
2’9 -
‘ 2‘8 -
44 40
59 17
i4 oy
33 31
0,8 0.9
1.3 1.9
13 11
Z4 i1
3.4 3.8
1,0 .4
0,7 0,7
1.2 1.9
0.2 0e3
2. L6
¢ 7.5
49 44
lio3 9.1%
sk 2
¥,29 7,55
s 19.2
14'.(7 1o.7

53,18
1,03
15,82
ic,99
3.82
9,40
4,30
0,83
0,19
0,26
0,42
100,24

i¢
511

bol

25

27
1.9
4.{}

e e

53
69
20
36

50.85
J.78
15.80
10,73
5,69
10,91
3,71
0,60
J.20
.21
Je41
99,89

840
562

- o

2772

19
390

Rl

4,1

L

44
119
27
37

0.8
1.3

10

24
3.1
1.2
{)94
1.6
0.3

- e VR PR gm ww

Ly
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THOLEIITES (CONTINGED)

ELEMENTS GMG46

5102 50,98

Tiog 0,74

Al203 15,99

Fe203T 9,78

Mg 6,28

Cal 10,10

Naz2o 3,44

K20 0,86

Mo 0,30

r205 0,11

Lelole 1,36

Total 99,94

K 20

5r 457

c:s -

Ba 337

Y i3

ir ig

HE s

[£3+] 2.4

Ta o

5¢ 40

Cr 68

Ni 27

Ceo 25

he [Tz

i -

Th 0,7

La it

Ce 23

Sm 241

Eu 0.8

Tb G,4

b 1.2

Ly 0.2

»U‘/MN 2.9
Yo ’

'Feo . N 6\1‘!‘(9
(Fe > 08T fur

A Y

w

fro=065Fa07 .30
Qw%ija 54—
Feo ailaagoo B4
’W50'M&H%93 [3.b

K
GHO47

49,48
0;76
17,77
10,96
6,34
726

4,58

0,060
0430
O.iﬁ
04,38
98,95

13
440

247

17

g1
3,8
0.2

40
71
28
35
+7
0.8
1.2

8,3
20
3.1
0.5
0,6
1.4
0,2

27

7
943
S4-

2.0

GMOS 1% GMOB3  GMO50

WS W O SN g T M SR W gm0 R WO W S BN um O R SR S um OIS R NG e S o R G N T R MWD ON D IR U U M oW N G OB UM WE S R e

50,72
1.03
16,34
12,28
4,21
8,29
4,10
1;3()
0,29
(.29
.97
99,82

29
601

L]

741

A2
48

L

4,5

249

12
75

25

2.3
Jo.5

/067
4

.22
+7

A
0. &

50,79 47,60
(1,80 0,88
15,79 15,46
10,97 12.10
3,98 9,76
11.58 11,82
3,78 2401
2,09 DL,18
Ga42 (426
0,23 0,20
1e11 0,10
99,54 100,43
0.9 2.2

500 186
337 -
17 19
29 349
2.8 3,9
37 43
58 105
19 A0
3z 43
1:8 - -
1.3 0,9
13 it
29 25
3.0 3,4
0.4 JeB
0,5 0,6
1.1 1.8
0,2 0,2
2 4 1Y
£5 95
4,49 /0,52
42 ba
7;‘3 7‘ qo
g cq
992 .o
9.7 24,7

GRUBT

50.24
0,72
17.70
9.33
5.79
1l.060
3.33
0,66
0,26
.18
0.33
190,14

10
654

197

17
35

L 3 K R R ¥ E B R B X R F S R K L E_ 3 B 2 R 2 2 5 B R R S 3 _E_J 3%

2%
7.5

g.07
5t
b.oow
b

§.50
14,4
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A

AU
THOLEIITE IV GRANITIC ROCKS DIABASE
ELEMENT GHOBR 1 GMObD4  GMUTE  GMOTS | Chi=2
5102 56,62 Ti,75 ©63.97 72,44 50,74
Tioz 0,85 Ue33 0,49 (.30 0,65
Al203 15,68 15.79 15.17 13,47 17,50
Fe203T T.74 2.99 6,49 2,68 10,40
Cal 7,45 2. U8 2457 1,7{3 3,77
Nazo 6.32 3.68 3,45  3.57 2.52
K20 Q.56 3.59 5,29 3.53 0,97
Mnd 0,18 J.086 0.08 .03 0423
P205 0,21 Ue07 0,20 0,05 0,22
LeO.1. 0,10 V.19 0,22 U.53 2,58
Total 100,02 99,60 99,58 99,39 99,45
Rb 5.5 62 146 52 -
Sr 450 239 387 226 =
Cs - e = 1.2 - =
Ba 355 1141 1287 1077 -
¥ 21 29 30 21 -
Zr 52 163 07 151 --
HE - 5.9 1e7 441 =
lip 4,0 il Ba2 19 -
Ta bk 1»1 016 ?3.8 = -
se 35 7.0 14 b,0 -
Cr 9,0 - i1 - -
gi 19 4.6 7'3 3«5 -
Co 21 2.9 31 3.0 -
U - Ze3 5.4 3.5 -
Th 257 943 55{) 9.7 hhad
La 13 21 33 41 -
Ce 34 45 52 T4 -
Sm 4.1 4.5 4,9 3.9 -
gu 0'6 Qgg 1Q2 1.0 - -
T—!b QQ& laf} 3.6 1'1‘:‘ Lad
¥b 2,4 3.5 1ol 3.1 -
Ly 0.4 Ge5 0.1 Q.5 -

Total iron as Fe203T

Major elements in weilght percent
Trace elements in ppm

== = np data

# = volcaniclastic

L A’EM«N .75
Y%J [
Fed 6,77
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Cipw NORME .
) T T T kb prp
MINERAL GMOO0O2 GMOO0O9 GMUL10 GHOL1S GMOle GMOLT GrOLS

B B g o O e B e K B e 450 M Y T T SR T e SET N U wm R ORI ek W WS G WS U v THR O R S NS A0 S BT B W OO AW W W UM MR 6W B W W 0B

Q@ i1 - - ded 243 24 37
C 3,6 - - - - 3.H 0'7
ar 45 a8 21 241 3.1 29 25
Ab 34 37 16 3z 39 28 10
Al 243 24 32 27 19 8¢5 26
Mt Qﬁé 394 3.3 317 3‘8 3;53 298
Il 0.4 1e6 1.4 1.9 240 1.0 .8
Hm 1%4 ’ P - - - - o - o
RQ - - - - e - e o
Di - 27 2.4 14 i3 - -
Hy 1.2 127 13 7.1 17 3.2 3.2
o1 - 4ge7 10 . 12 - - - =
Ap 0,1 48 0.5 .7 0,7 0,3 0,3

Total 99,6 100,3 99,6 10G,5 99,9 100,8 39,8

T A om0 R e S ORE N WY QR T SN0 N B v 0 gwe PR U8 BT BB U ame T SN2 R ane O A U g THR N RR YD R e R bR U0 U0 04 TOR BRROME BRI SR MRS SR WP 85 N6 R

A N O e
MINERAL GMO19 GM0Z3 GMO2T7 GHO3Z2 GMO33  GHMG34 G036

W RE O e U S me R N DS 00 4 NS B SR B M gen B o U MRt N6 mm N0 N IR su o 00 W DM WS AN R ORT R B R M D AW W W0 5 ST R S U WD B 052 N6 Bw 8N

Q 30 41 42 39 U.2 - 46

C - - 190 ch - b 1.0
0! 8.? 4;4' 14 13 5:8 3;@ 20

Ab 47 39 33 37 37 32 21

An 5,8 12 7,0 5.8 22 25 6,1
Mt . 3Q0 2;5 - 1;3 3;7 393 1'5
Ru o . - sz - . - ] - s
Di 246 Oal - - 20 30 -
Hy 1.2 1,4 13 1e6 10 1.7 2.7
1 - - o = - e D2 -
Ap 0.2 6,02 0,03 0,1 0,7 0,5 0.2

Total 99,5 100,7 100,1 100,2 100,90 99,8 99,7
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CIEw HORHKS
T T

MINERAL GM0O37 GM038 GMO4Z GHO44 GHO4e GMO4AT  GROLU

He = - = - o 1.1 -
Q 17 17 13 14 - - 26

C 2;3 112 §g3 Qqs - - 8.9
ur 19 1% 13 21 5.1 3.6 19

Ab 42 41 54 26 30 37 31

An 92 11 10 i9 26 2 12

ML 3.1 3,1 4,0 3,0 3,3 3.3 3.3
Il 0.5 143 1.1 1.4 1.4 1.5 1.6
Hm Q,? - - = - - e - -
Ry o - - - - s L -
Di - - .wn - hdead 2@ 793 =
Hy 5.4 Ga2 Sel 14 6,2 - 5.7
o1 - - - - 8.4 19 -
Ap 0.3 De6 U.4 a6 0.3 0,5 .0

Total 99.6 96,3 99.9 99.8 100,7 100,3 100,2

T T T T €
MINERAL GMO51 GMO53 GMO54 GMOSB GMOST7  GMOB3  GMEES

G - = 32 - - e e 21 23

C; bl - QQ? - - - 2;2 1»1
Or T+8 0,5 21 1.1 4,0 19 43

Ab 35 33 31 17 28 36 23

An 23 26 9.8 33 32 8,7 De2
My 3.7 3.4 247 3.5 3.2 3,2 0.4
Il 2.0 i.8 Db 1.7 1a4 1.3 (a6
gm =0 ] - ] e - =
Ru = Foy = - o o - - o
D1 14 26 .- 20 21 - -
Hy 1,0 7.6 1.9 i1 1.1 8,2 1.5
01 13 1,5 - 13 9,2 - -
Ap ' QQ? 0;6 Qsz Q-S Gnﬁ ﬁgé 6.1

fotal 160,2 99,2 99,9 100,8 100,4 100,2 100,5
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MINERAL GHMOB7
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IPW NORMS
Cipw NORMO PD

GMORS GMOT2Z GMOT73 GMOTE  GMOTe GMOTE
Q 33 - 42 21 27 20 i4
{:‘ 1;3 - 1;2 1""} 2,3 2.1 hadad
Or 15 3.3 i9 25 26 i6 3z
Ab 38 54 35 34 31 38 30
An 8,3 13 12 8,2 448 9.4 10
Mg 1,9 3.4 2.9 2,9 Zabr 3.1 249
I 0.6 1.6 0,9 0.9 0,7 1,2 1.0
Hm Q‘S - - - - . .
Eu - - - - - o = - = o e me
ﬁi X 19 - ) - e 1,§}
ﬂy 345 9-9 6;6 ﬁgl 4;1 9.8 Ba8
ﬁl = 4.9 - e - - =
Ap 0,1 0.5 UeB 0.4 042 0,0 0.5

T e e SR e T O B U o G U B A wee OSF sw T SN SN BS T0 mme 95 BN R M T M O 4 NN W N O B IR UM MR MR WS O 4R 19D e TR AR G B0 WP A% MR M 202 9 s

GMOT9
¢ 34
o 1’2
Or 21
Ap 31
An 8,2
Mt 1.8
I Q.6
i’im Q»ﬁ
Rg -
Qi -
Ql L]
Ap Gal

Total 100,2

AR W g W 0P o

SYMBOLS

LR 2 X 3 _F b X R X X E X 3 R J
4 = fyartz
C = Corundunm

Ur = Orthoclase
Ab = Albite

An = Anorthite
Mt = Magnetite
Il = Ilnenite
Hm = Hematite
Ku = Rutile

Pi = Diopside
Hy = Hypersthene
Ul = Olivine

Ap = Apatite

He = Nepheline
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APPERDIX D
SAMPLE COLLECTION AND PREPARATION

More than 100 samples were collected from the Fletcher
Park and Green Mountaln sectlons, The samples were
collected in triplicate for use as hand sample, thin
section, and geochemical analysis, Samples were collected
to represent the variety of compositional and textural rock
types, as well as their relative abundances, 1In the
labratory, 49 samples were selected for thin section stuady,
and 40 samples for geochemical analysis., The ganmple
locations are shown in Figures 31 and 32,

The geochemical samples were broken down to less than
dcm pieces by hammer, Jaw Crushers were then used to crush
the 4dcn pieﬁes down to ¢hips less than 5mm, The £ine powder
and altered or weathered fragments were discarded from the
above crushing steps, The 5Smm fragments were next processed
through a high speed rotary grinder which crushed the sanmple
to less than 2mm, This size ftraction was split for further
processing for x=ray fluorescence and neutron activaton
samples, For neutron activation study, the 2mm fraction was
ground in a mechanical agate mortar and pestle for 5
minutes, and approximately 0.5 grams of the powder was
placed in a small polyurethane vial, The vials containing
the samples were then sent to the Sandia National Labratory
nuclear reactor for irradiation, For xwray fluorescence,
the 2mm fraction was ground for 5 minutes in a Retch

Microjet=5 hiagh speed grinder, producing a 10mu range
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powder, The powder was used Uo make two different types of
target samples for analysls. Fuslon discs were made for
major element analysis. This procedure involves the melting
of a mixture of 0,5 grams of powdered sample, 2,68 grams of
Spectroflux 105, and a few beads of ammonium nitrate
(oxidizing agent to allow analysis of sodium) in a platinum
crucible, When completely molten, the sapple mixture was
pressed into flat ¢lass disCs and allowed to cool. Pressed
powder pellets were made for trace element analysis. 1In
this procedure, a mixture of 4 grams of sample powder and 1
agram of microcrystalline cellulose was pressed into pellets
with a microcrystalline cellulose backing, The pellets were

compressed using a hyvdraullic press at 20 tons of pressure.
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EXPLANATION

PLAGIOCLASE KFELD.
o o | AMPRIBOLITE A ~— =~ LITHOLOGIC CONTACT
5, o | (MAFIC VOLCANICS) c VN | SCHIST (DACITE)
T | AMPHIBOLITE BRECCIA T 7 ] ENCAMPMENT RIVER ~" ™~ rauLT
a4 a| (MAFIC BRECCIA) + + | GRANODIORITE —
( ,C>:} STRUCTURAL TREND
COARSE GRAINED N SIERRA MADRE
AMPHIBOLITE (0i1ABASE) L3 N GRANITE —_

~———— DIRT ROAD

X X K FELDSPAR QUARTZ

MENT
~ FOLIATION K\
X X | SCHIST (RHYOLITE} v/ -
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APPENDIX E

INSTRUMEKNTAL NEUTRON ACTIVATION ANALYSIS

Approximately 0,5 grams of powder from each of the
collected samples vere irradlated at the Sandia Hational
Labratory reactor in Albugquerque, New Hexico, The
irradiated samples were analyzed for Na and seventeen trace
elements on a Nuclear Data 6600 4,096 channel gamma=-ray
spectrometer with a high resolution Li=drifted germaniunm
dectector, The methods used are described by Gordon et al
(1968), Table 8 summarizes the instrumental parameters.,

UeBS,G,5, ToCk standards AGV=1 and G=2 and two intralav
standards LUSP and BLCR were used to calculate element
concentrations for the unknown rock samples (Table 9), The
ND 65600 system is connected to a computing system which
calculates the unknown concentrations by comparindg the peak
area of an element in the unknown sample w#ith the same peak
in the standards. The computer also corrects for errors
associated with dead time, radioactive decay between the
sample and standard counting times, and the welght
difference between the sample and tnhe standard., Depending
on the half=life of the radionuclide and interfering
@iamants, the cooling period prior to counting was 4,7, and
28 days after lrradiation, and counting time was 5000, BOOOG,
and 12,000 seconds, Analytical errors for this method are
estimated +/= 5% for major elements and +/~ 10% for trace

elements,
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TABLE 8

NEDTRON ACTIVATION INSTRUMENTAL PARAMETERS

PEAK COOLING COUNTING
RADIONUCLIDE ENERGY (KeV) TIME(DAYS) TIME(SECS)

Sm=1583 103,2 4 5000
Np=239 (U) 277 .6 4 5000
La=140 487,0 4 5000
Na=24 1368.4 4 5000
Lu=177 208,8 7 OO0
Np=239 (1) 277 .6 7 8OGU
fp=175 2R2,6 7 800G
Tp=160 298,.6 7 8000
Th=17% 396,1 7 8000
Eu=154 121,8 28 12000
Ce=140 145,5 28 12000
Yb=169 177.2 28 12000
Ey=152 216,0 28 12000
Ta=18%2 222,1 28 12000
Th=160 298,6 28 12000
Pa=233 (Th) 311.8 28 12000
Cr=51 320,1 28 12000
HEw1B1 482,72 28 12000
Ba=131 496,3 28 12000
Bu=152 779.1 28 12000
Cs=134 795,8 28 12000
Th=160 879,3 28 12000
5c=46 889,3 28 12000
Tb=160 1178,1 28 12000
Co=60 1332.58 28 12060

Eu=152 1408,1 28 12060

0 W g 5 R e TR BN IR VN w0 W W M D 4N pm U5 e MR ND TR we 5 AR B0 g o PR SR S W9 W O TR U TR N0 AR W N SR e RN AR R B SR AN oW e SR e
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TABLE 9

ELEMENT CONCENTRATIONS FOR INTRALAB RUCK STANDARDS
USED IN NEUTRON ACTIVATION ANALYSIS

ELEMENT LOBF BLCR

5102 7590 53,50
Tin2 0s20 0.89
Alzu3 12,30 18,10
Fe203T 1.81 T.62
Cal 0,93 B,39
Naz20 3.49 3.57
K20 4,83 1.32
¢ 5.7 32

Cr 2.7 130

Co 0.6 30

Cs 240 245

fBa 960 370

HE 11 4,3

Ta 1.9 GuB

Th 2,4 e

U 4.2 1.8

La 70 12

Ce 180 28

Em 17 4,0

gu 2e4 1.3

Th 3.1 0,8

Yo i1 345

Lu 1.8 Dab

Oxides in weight percent
Trace elements in ppn
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APPENDIX F

X=RRY FLUORESCEHNCE TECHNIQUE

Major and minor elements 8i, Fe, Al, Mg, Ca, Wa, £, Ti,
P, and Mn, and the trace elements 35r, Rb, #i, Zr, Y, and #b
were analyzed by X~ray Fluorescence techniques,., Specific
proceedures which were followed are described by Norrish and
Chappell (1967) and kBorrish and Hutton (1%69), The cgeneral
techinique of XRF guantitative analysis involves the
comparison of the x=ray intensity of a specific element of
an unknown with standards of known concentrations using tne
linear calibration method, Callibration curves were
constructed using many standards by plotting concdentration
versus (I K«(unknéwn)fl Ka (F3L)) X (M(FSL)/mlunknown)) for
major elements and concentration versus (I Kg(unknown)/I Kg
(FS8L)) x (I RhK  (FS8L)/TI RhK_ (unknown)) for the trace
elements, In the above eguations, I = intensity of the
peak,4= mass absorption, and FSL= drift pellet, The nmaior
and minor aleménts were analyzed using lithium borate glass
disks, and trace elements wﬁfe analyzed using pressed powder
pellets, BRoth sample preparation technigues used in thnis
study are described in Appendix D,

The ARF system used for the analyses was a Rigaku 3064
i=ray Fluorescence Spectrometer equipped with a Rhodeum
x=ray tube source with an end mounted window., A flow
proportional counter (P-10 gas filled) was used for the

major elements, and a scintillation counter for the trace
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elements, The syvsten 15 operated by the dew hexico Bureau
of Hines and Minerasl Resources located on the NMINMT cawpus
in Socorro, New Mexico, Instrumental parameters are
summarized in table 10, 7The standards used for the
construction of the callbration curves were USGS standaros
GSP=1, AGVw~l, BHVD, BCR=1, PCC=1, G=2, and QLU=~1; NIm (5,
Africa) standards KIu=~S, NIM~D, and HIM=N; (RPG (France)
standards GH and Ga; ANRT (France) standards AN=G, BE=~N,
MA=N:; and G8J (Japan) standards JG=1 and JB=1, The
calibration curve displayed in Figure 33 is an example of
typical calibration results for the trace elements, Data
reduction for the madnr elements was done by the use of a
computer program which received counting results directly
from the spectrometer system, Concentrations for the maior
elements were calculasted by a prodram using the correction
coefficient matrix of Norrish and Chappell (1987),
Analytical error is <1% for tne major elements, <5% for Rb,

Sr, and Nb, and <10% for Zr, ¥, and Ni,
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TABLE 10

ELEMENT PEAK Kv / Ha CRYSTAL COLLIMATOR

A0 e A S WP A R WS R WA OUF e WO ags SR e 0D W00 IR o EUR R W 0 WF wNr BUE NN UV R BN ORGSO UNY OBR MNP TAR @ O B SN SeR R TR W R me

51 Fo 45 / 55 RX4 FINE

Al Ha " PET COARSE
Fe Ko " L1F(200) FINE

Mg Fa " TAP COARSE
Ca Ke " LiF(200) COARBE
Na Ka " TAP FINE

K R " LiF(2060) COARSE
Ti Re " LiF(200) COARSE
Mn Ka " LiF(200) COARSE
P K " LIF(200) COARBE

Rb g 40 / 80 LIF(229) COARSE
sr Ka " LiF(200) COARSE
ir Ke " LIF(200) COARSE
Y Ky " LIF(200) COARSE
Ni Fa N LIF(200) COARSE
b Ba N LiF(200) FINE
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Figure 33. Sample calibration curve for trace
element analysis by X-ray fluorescence.
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