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ABBTRACT

The Pinal Schist is a supracrustal assemblage of
metasedimentary and metawigneous rocks of middle~Proterozolic
age occurring in southeastern Arizona, The age of the
schist is approximately 1700 my, and it 1s the
cldest know unit in this area, The study area is located
west of Globe, within the area of the Pinal Ranch

guadrangle,

priginal sedimentary characteristics are preserved
ingluding graded beds; erosional contagts; relict
erosspedding; and relict grains of guartz, feldspar, lithic

fragments, tourmaline, zlrcon, and epldote,

The pinal Schist can be divided into four lithologic
types that occur in the stuydy area, These include
meta=sedimentary scnhist, phylliite, and gquartzite; and
tonalite, The schists occur as massive or graded beds; the
phyllites are masslve or interbedded with the graded
schists; the guartzites are lenticular beds of massive or
graded pebble to medium=sized sand; and the tonalite occurs
as a congordant sill having a deformational style similar
to the surrounding meta=sedimeéntary schist, Intergradation

of the metawsedimentary schists 1is common,



Petrographlie analysis of the meta-sedimentary schists
suggests two primary sediment sources: felsic plutonic
(granitic) and felsic volcanic (rhyolitic?), Modal analysis
of the meta=~sedimentary schists indicates they are gquartz
wacke, arkesic wacke, litnic graywacke, and pelite,

Tectonic provenance ls continental craton and/or

recvoledsuplift,

Chemical analyses of the Pinal Schist sediments
indicate they are impatyre clastic¢ sediments similar
to arkose, sub=arkose, Or sub=graywacke, Sediment source
composition 1s similer to granite, guartz monzonite, and
granodiorite, Minor mafic sediment lnput ls also possible,
Mizing ratios of sediment types are from 20 to 60 %

orthoquartzite, 40 to 80 % granite, and up to 10 % percent

maflc rock,

tectonic environment indicated is passive or rifted
continental margin, A tectonic interpretation of the Plnal
Schist can pe accommodated by elther continental rift or
back=are¢ basin models, In elther case a continental margin
must be estaplished in order to deposit the sediments as
wackes by turbidity currents, grain=€lew, tractien, and

pelagic sedimentation,
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INTRODUCTION

The origin and tectonic¢ nistory of Precambrian rocks in
the southwestern United States ls a subject of current
interest (Condle, 1982a; Condie and Budding, 1979; Silver,
et al,,1977; McLenmore, 1980; Livingston and Damon, 19673
Lanphere, 1967; Dawon, et al,, 1962; Livingston, 1969;
Silver, 1978; Schridt, 19673 Peterson, 1961, 19633 Brown,
et al,, 1979), Most rocks of Proterozoic age in the
soutnwest are metamorphosed to greenschist grade, or higher,
making interpretation of the origins of these rocks
difficult, Exposure of sedimentary rocks of Proterozoic
age, and relatively low metamorphic grade provides the

obportunity for investigation into the Proterozoic history

of the sputhwest,

The pinal B8chist 1s one of the oldesf rogk sequences in
southeastern Arizora, Understanding the origin and
conditions of formatjion of the Pinal Schist can lead to sone
useful deductions about the rocks f£rom which the schist was
derived, the regional paleogeography and tectonic setting of
southeast Arlizona in the midmProterozoic, and, possibly, the

tectonie nistory of the southwestern .85,

Purpose

The purpeose of this study is to evaluate the geslogic
and tectonic slanificance of the Pinal Schist which occurs

in the Pinal Ranch 7 1/27 guadrangle near Glope, Arizona,



E

Fleld, petrographic, and geochemical methods were used in
the study, Gross effects and extent of metamorphism and
deformation in the schist are described, Sedimentary
features preserved Ip the gchist, and geochemical
characteristics of the Pilnal Schist are described and
compared to those of modern sediments, Igneous bodies

within the schilst ore noted and described,
Precapbrian rocks of Arlzona

Precambrian rocks exposed in Arizona include the middle
Proterpzole Pipal Bchist In south=central and souytheastern
Arizonpa, the middle proterozolc yavapal Serles in the
central part of the state, the later Proterozoic Apache
Group and Grand Canyon Seriles that overlies both the Pinal
and Yavapal (Figure 1), Relict sedimentary textures in the
Pinal Schist suggest that it is composed chiefly, if not
entirely, of metamorpnosed clastic sedimentary rocks, The
Pinal Schist and Yavapal Serles appear to be of equivalent
age (Livingston and DPamon, 1968, Lanphere, 1968}, but
stratigraphic correlation between thnem has not been
estaplished (Lanphere, 1967}, The Pinal Scnist is Included

in the 1650 = 173¢ m.y, crustal=age province (Condie,
19820},



Location

The Pinal Ranch 7 1/2° quadranygle (Figure 2) is located
in the soutneast part of central Arizona, about 25 miles
west of Globe, and 1% miles south of Miami, Approximate
boundaries of the guadrangle are latitudes 33 degrees 157 =»
33 degrees 22° 30’ N and longlitude 110 degrees 52° 3077 =
111 degrees W, Samples vwere collected from 130 locations
(overlay, Figdure 2), A part of the study area ls on land
under the jurisdiction of the Tonto National Forest, Access

to the area 1s by dirt roads from the north, northeast,

east, and the sputh,

Methods

Methods used ip this study include field examination of
primary sedimentary structures, laboratory analyses of
chemical characteristics of rock samples, petrographic
analvses of thin sections, ana modal analyses of
detritaleframework grains in thin section, The exact

technigues used are discussed in detall in the Appendices.

Previous work

The Pinal Ranch 7 1/2~minute gquadrangle was originaly
mapped as part of the Globe 15=minute guadrangle by the U,

5. Geologlical Survey in 1901,



The Pinal Schist was first described by F. L. Ransonme
£1903, 1904, 1919) in the Globe area, He recognized the
sedimentary and ligneous oridlns of the rocks, and described
the petrograpny, and fleld relations, Ransome (1919)
concluded that the Pinal Schist is at least in part a series
of metamgediments that includes sandstones and pelites, He
alse recoygnized one metarhyolite in the schigt near Granite

Peak (Ransome, 191%9).

As part of a comprenhensive study of the Globe=Mlami
mining district, the geology of the Pinal Ranch guadrangle
was mapped on & scCale of 1:12,000 by Peterson (1954, 1963},
He described the general geology of the area, with emphasis
on eéconomic geology, His geclogic map is used In this study

as Lhe basic geolofic reference map,
Geology of the Pinal Senist

The name "Pinal Bchist™ nas also been used to describe
similar rock gequences iIn southeastern Arizona, as far west
as Ray, &rizona (Ransome, 1919), and as far south as the
Johnny Lyon Hills and Little Dragoon Mountains (8ilver,
1978), Current usage (Peterson, 1%63; Schmidt, 1967;
Bilver, 1978) refers to the schist at Pinal Ranch as the
type sectlion of the pinal sc¢hist, ailthougn Ransoma (1903,
1904, 1919) did not in fact describe a type section there,
Lithology, appearance, description, and relative proportions
of the rock unlts within the schist are varlable, In sone

locations, contact metamorphism has progressed to such a



degree that it is impossiwple to ascertaln the original rock,

Regionall¥, the Pinal Senist is dominanted by immature
clastic sedimentary rocks with subordinate mafic to felsic
voleanic flows and shallow intrusives, Quartzites are
lorally present, but are volumetrically insignificant,
Carbonaltes are conspicuous oY thelr absence, Well preserved
sedimentary sections are characterized by turbidite rextures
and structures., sudgesting deepewater accumylatlon, The
regional extent and thickness (In excess of 6 km) of the
Pinal Schist suggest deposition in & major geosynCline of

reglonal extent (Cooper and Silver, 1954),

The Pinal Schist 1ls part of a geosynclinal and magmatic

arcy 1610 = 1700 m, vY. ©0ld, in southern Arizona and

southern and central New Mexico (Hilver, et al,, 19771,

The Pinal Schist appears to be the basement upon which
all vounger rocks rest, or into which younger rocks are
intruded, Livingston and Daron (1968) speculate on the
existence of an older gneiss upon which the Pinal Bc¢hist
rests; however, asz vet no evidence supporting the existence

of tnls hypothetical basement exists,

Local Genlogy

Pinal Schist oceurs as a serles of schists, phyllites,
and gyartzites. Compogitional layvering of the rock is well
defined, with steep <dips from 490 to 90 degrees W 50 to 35

West, striking ¥ 40 to 5% E. There is approximately 20



sguare miles of oULCTIOD,.

Madera Dlorite (Precambrian) lantrudes the Pinal Schist
on the East, The schist iz metamorphosed to hornfels near
the HMadera bLiorite, Younder Precambrian gonglomerates of
the Apache dgroup and Quaternary Gila copnglomerate overlie
the Pinal Schist or the south. The schist is intruded by a
series of (retaceous or Tertlary dike~like diabase
intrugions that become prominent toward the south, To the
north, Schultze Granite (Cretaceous) intrudes the sSchist, on
the west the schist is In contact with & welded dacite tuff
of Tertiary age, The tuff overlies, and is in fault contact
with the schist, A number of small felsic dikes and sills
of Tertiary age intrude the schist in scattered locations,
Felsic 81118 at the southern end of the area are intrusive

into the Pinal Schist and are defined as part of the schist,

Geoohronology

Livingston (1969) used the Rb=3r, whple=roacCk, and K=ar
mineral isochron dating methods to date the earliest
intrusion of Madera Dlorite Into the Pinal Schist at 1693
+/= 30 W,¥,; 4 second Intrusive and/or metamorphic event
occurred at 1507 +/= 50 m,ye.s and a third event reset the
fine=grained wicas of the Pinal Schist at 1365 m,y,
Livingston’s isochrons appear to be accurate, Dates used in
this report were recalculated frow Livingston®s data using
the B7Rb decay constant from steiger and Jager, 1977),

Livingston®s date of 1356 w.Y. £0r a sample of Pinal sBchist



from just southeast of the Pinal Ranch Quadrandgle is
conslderably younger than the age of the Madera Diorite,
Livingston (1969%9) attributes this age discrepancy to the
event that reset the micas approximately 1370 m,v. ago,
which he relates to the emplacement of the Ruin Granite,
Silver (1968) dated the Ruln Granite to be from 1430 to 1460
m,¥e by using the U-Pb 1sotopic dating technigue on zircons

from the Ygranite,

A rhyelite included in the Pinal Schist of the Tortilla
Mountalns by Ransome (1919) and dated by bLivingston (1969)
using the K=Ar method indicates an age of 1615 +/= 100 m,y.
Tnis age may sudgest that the Pinal Schist contains material
both older and younder than the Madera Diorite (Livingston,
1969),



FIELD REPORT

Final Schist

The Pinal s$chlst In the Globe~Miaml district is
primarily a sequence of phyllites, schists, and guartzites
with rare volcanic or hypabyssal felsic members. The
phyllites are dominantly blue=gray to gray=qgreen with a
shiny luster, The schists range in color from grayegreen
through plye=gray to white, with a sandy a&pearﬁﬁga dye to
thelr high content of clear to c¢loudy=blue c¢lasts of rounded
sand=sized quartz, The schists and phyllites often show
color banding, textural lavering, mineral laminations, and
slzewgradiny of gquartz clasts, The quartzites are gray to
white in c¢olor and are ¢oarse-sand to pebble sized quartz
with scattered pink, white, and black grains of chert and

lithics, The quartzites alse show grading,

Compositional lavering

The Pinal Schist shows wellw~defined compositional
layering of the rock types mentioned, The prevalling strike
of tne compositional layering parallels the major foliation

of the Pinal Schist: dip %0 = 70 W, strike H, 30 = 60 E,

Compositional laYering 1s inferred to represent
original sedimentary bedding hecause of the continuous
nature of the layering and the existence of sedimentary

structures within the layers,



Weathering

Weathering is most pronounced in the more mica rich
phyliites and coarsemgralined quartzites, while fine=grained,
gquartze=rich units are more resistant, The less porous
nature of the fine-.grained sSchists may make them less

subject to the action of meleoric water,

Dutcrops

Peterson (1961) found Pinal Schist "outcrops,..not
sufficiently characteristic to permit correlation from one
out¢rop to another," I concur with this, but feel that
small=scale mapping may be able to provide correlation in

future studles, Outcrops are discontinuous and there are no

distinctive marker horizons.

The best outcreops of tne Pinal Schist occur in the
steep gulches that characterize the topography, Freshest
samples and the most continuous outcrops are found in these
areas, Orientation of Mead and Pinto (reek Canyons
approximately perpencicular to strike in the northern

section made it simple to sample across strike in that agea,

Primary sedimentary textures

Primary sedimentary textures notred include graded
pedding, erosional contacts of beds, possible trougheset
crossbedding, and cyclic bedding expressed in

turvidite=~style bedding cycles, i, e, Bouma cycles (Bouma,
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1962), The appearante of bedding 1s parallel and
continpoys, bult some Deds, particularly coarsewgrained

quartzites, pinch out,

Sedimentary indicators of stratigraphic *up® direction
are recorded because thelr occurrence can be used to define
areas that show a consistent stratigraphic Yup® direction,
This allows definition of areas representing outcrops of
opposing fold limbs, Indicators used In order of assuymed
dependability are: FEouma cycles, graded bedding, (i, e,
fining=upwald seguences), and erosional contacts defining
the tops and hottoms of beds, In mogt cases, sugpected
turblidite sequences contalin one or more graded beds,
Gcrasional beds show drading that is either reverse grading

or overturned normal grading.
Metamorphic deformation

Deformation of the schist is characterized by smaliw
scale (mm to m) similar folding, isolated smallwscale (cm to
m) lsoclinal folds, and possible large scale (km) isoclinal
folding, Minor boudinage of competent layers, and
elongation of clastlc grains form a llineation at an angle to
original vedding, There is strong cleavayge parallel to
foliation. Local deformation, folding, and contact
metamorphism occur near contacts with the intrusive bodies
to the north, east, and soyth, and along the fault contact

with Tertiary dacite tuff on the west,
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Primary foliation is defined by compositional layering,
which is inferred to represent original sedimentary hedding,
Metamorphlc deformation has superimposed a strong secondary
follagion parallel to sedimentary bedding, In addition, a
third intermjittent foliation is seen at an angle to
compogitional lavering that often strongly resembles
sedimentary crossbedding, This third follatlon is 30=45
dedrees more steeply inclined foward the northwest than the
secondary fellation put has the game strike, The third
foliatlion is defined by platy minerals, 1s limited to
finemgrained sediments, and 1s most pronounced In the more
highly deformed rocks at the extreme northern exposure of
the schigt, Considering the limited occurrence of the
follation, a metamorphic oridin rather than a relict

sedimentary texture is Indicated,

Qccasional linestion is visible in coarse=grained
layers, 7This lineation shows as elongated clastic grains
and usually ocgurs at an andle to primary bedding, with dips
50 = 80 dearees toward N, 30 = 50 W, At times the

lineation is suggestive of relict sedimentary features such

as lmbrication and crosgsbedding,

Local deformatlon has caused some small scale boudinage
of more competent lavers, but boudinage is not extensive and

does not appear to effect large~scale changes,
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An important questlion that this study attempts to
address is the natuyre, extent, and evidence of isoclinal
folding within the Pinal Scnist, In lieu of a detalled
structural study of the area, sedinentary indicators of
stratigraphlc “up" directlions are used to determine the

extent of isoclinal folding in the area,

Observations of sedimentary indicators lead to the
following dedyctions concerning isocllinal folding of the
schist, At least five fairly well=defined reversals of
stratigraphic up=section indicators occur from northwest to
southeast, 1, e, across strike between NW and BE, Thege
reversals define the approximate outc¢rops of the limbs of
possible folds, Beddiny is parallel across these planes,
which indicates that 1f the regjons of reversal are the
limbs of folds then the f0lds must be lgoclinal, Axial
planes of the folds d4lp parallel or sub=parallel to the
bedding of the schist, Minor folds support this
interpretation, indicatling that the fold axes may plunge 40
deqgrees N 60 E, with axial planes parallel to bedding,
Small scale folds, stratligraphic up indicators, and
locations of hypothetical fold axial planes are shown on the

sample location map, (overlay, Figure 2),

Large scale lsoclinal tolding probably has taken place,
presence of both proximal= and distal= turbidite fagies
indicates tectonic foreshortening like that produced by

iseclinal folding, Fvidence of small scale verdenge that
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could corroborate the existence of large scale isoclinal

folding is not definitive,

Lack of evidence for transposition of bedding on
microscoplcy hand=sample, and outcrop scales indicates that
this phenomena has not occurred on a larger regional scale.
However, transposition of bedding is frequently associated
with isoclinal folding, and as explained above, evidence of
sedimentary indicators shows that the Pinal schist has

probapbly been 1soclinally folded,

Faulting

Faults in the area have been mapped by Peterson (1963),
Peterson concentrated hls efforts on areas that were already
under development as mlnes and prospects, 1 noted one fault
that shows evidence of major displacement after the
emplacement 0f the Maédera Dlorite, Fault breccia within
this fault coentains fragments of the younyer Madera Diorite,
which at this loration is about one mile to the east, 7This
fault 1s shown on the sample locatlon map, (overlay, Figure
2), Movement appears parallel to compositional layering on

the fault, recause it does not crosse-cut the compositional

lavering,
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Alteration and mineralizetion

Hydrothermal flulds percolating along faults and near
intrusions have caused local alteration and mineralization,
Mineralization 1s primarily secondary copper (malachite,
azurite, etc,)., Silver and gold have been reported from the
Red Rock mine, and the Samsel mine has produced small
amounts of tungsten as wolframjite, The (ole=Goodwin mine
has produced significant amounts of copper, Peterson (1963)
covers the history apd mineralogy of this mine and other

mines in the ares,
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LITHOLOGY
META=SEDIMENTARY ROCES

Three basic categorles of metarmsedimentary rock types
can be distingulshed In the fleld., The most common is
chloritespiotite~sericite~quartz scnist that has fine to
coarse (0,6mm to 4mm) clasts of guartz sand surrounded by a
finemgrained matrix of sericite and chlorite, The next most
common lg chlorite~biotite=quartz=gericite phyllite in which
sand fragments are rare and all other clastic fragments are
less than sand sized (< 0,0625mm), The third and least
common Catedory is quartzite, Guartzite is rich in quartz,
feldspar, and lithic clasts; grain size is medium sand to

pebble (2,0 mm to &,0mm In Circular cross section),

PFleld degcription

The typical chlorite/biotitemsericite~guartz schist is
tan to gray~dreen or pale gray. It is massive te friable,
breaks into angular chunks, and has fine to coarse guartz
sand grains surrounded by a fine=gralined matrix of sericite,
quartz, and chlorite and/or blotite, Graded beds are common
in the schist, 85 are ungraded beds of uniform grain size.
Elongated grains rarely define a lineation that gives the
rock the appearance of sedimentary imbrication or
crossbedding, The apparent imbrication could represent

relict crossbedding, Rarely, apparent trough=set crossbedding
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is observed; however, this "Crossbedding® appears te be a

metarorphlic SLTUCLUY G .

Graded bedding cCcurs in the schist as a wellwdefined
decrease in sand slze within layers, Graded schists are
conmonly succeeded by f£ine grain pelitic layers; these form
lithologic couplets that include a coarser gralned lower
portion and a finer grained or pelitic upper portion,
Grading represents a primary sedimentary texture, Beds
grade from coarse to fine sand and from fine sand to silt,

with varjations between theSe extremes,

Classification of the schists uysing a sedimentary rock
scheme after Pettijohn, et al., (1973) (Figure 3), shows a
range from lithic graywackes and guartz wackes to pelites,
The schists occur in well=defined, continuous beds that are
0s1 to 0,5 w thick, Beds can be traced as far as individual

outcrops (m to 100p) and rarely show lateral pinching,
Pelyrographlec description

Blmopdal grain size and poor sorting are characteristic
of this rock type, with detrital clasts averaging 0,4 to
1,25 mm in a supporting matrix of 0,01 mn average size
(Plates 1 and 2), Nearly all clasts are quartz. GQuartz
clasts are monocrystalline and polverystalline, nlocky to
lenticular, sub=angular to sSubsrounded, sub=spherical to
elliptical, and often show recrystallized margins, this is

evidence that quartz clasts are of clastic detrital origin.
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Most guartz drains show elongation parallel to the primary
and secondary follation, and uyndulose extinction, Sonme
clastic grains are fractured into smaller fragments, that
show optical continuity, Pressure fringes of guartz,
sericite, and chlerite and/or blotite occur (flaser) and
give the appearance of micromaugen texture, Ransome (1919)
referred to these as "guartz eves®, Matrix is fine
granoblastic quartz mixed with tabular idioblastic sericite,
bietite and/or chlerite, opagues, epidote and granoblastic
feldspay, Sericite is ldioblastic, tabg;ar;‘anﬁ ¢colorless,
Biotite is idjoblastic, tabular, and pleochroic pale tan to
pale brown, Chlprite 1s plepchroic pale=green to
aprle=green, is ldioblastics and tabular; 1t also occurs in
vermicular habit characteristic of hydrothermal origin,

(Blatt, et al,s 19721,

UpaEqUe WINerals oCCUr as egquant porphyroblasts and
clasts and in the marrlx; they appear to be pyrite,
magnetite, llmenite, and hematite, In some cases, these

opaques are associated with chlorite, epidote, and calcite,

Tourmaline that occurs mostly in the matrix and also as
porphyroblasts is prismatic to blocky, pleochroic,
polkllioblastic, and commonly zoned, Tourmallne crystals
occasionally show orientation parallel to the primary
follation of the schist. In some cases, Ltourmaline exhibits
evidence of metamorphic overgrowth on detrital grains

(Plates 3 and 4). The persistence of detrital tourmaline in
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the metamorphic environment has been documented (Henry,
19832, Overgrowtn op the brown detrital core has added
blue=green to ollive areen polkilitic tourmaline,
Metamorphic source for the spherical core is indicated by
its brown color (Deer, et al,, 1966), Metasomatic origin
for the overgrowth 1% indicated by the blue to green color

and polkilitic texture (Deeyr, et al,, 1966),

Zircon, which is usually slightly larger than the
matrix (up to 0,1 mm across), 1s blocky to eguant and zoned,
Crystals frequently show rounding of crystal outlines
indicating detrital origlin, Zircon is dark brown, pale
brown, or colorless, The brown color appears to be the
resulty of radiation damage, (Deer, et al,, 1966), Zircon

shows ne other evidence to Indicate that it is metamict,

Apatite occurs ip the matrix as colorless granoblastic

graing, No particular origin for apatite is preferred,

Garnet, ub to 0,05 mm across, is colorless, isotropic,
eguant to blocky, xenoblastlc, and shows metamorphic
overdrowtns (Plate 52, Dvergrowth occurs on rounded silt

slzed cores that appear to have detrital origin,

Epidote is common as sub=spherical to blocky,
idioblastic grailns, vp to 0,5 mm across, assoclated with
clots of chiorite, calclite, and méaque minerals, It also
occurs as xeénoblastic porph¥roblasts up to 1,0 mP aCross.

Epidote ranyes from colorless to pale=green to brown=green,
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Both metamorphic and detrital origins for epidote are
indicated, The majority of epidote is of the idioblastic
type and is approximately eguivalent in size to the matrix,
This epldote appears to be metamorphic and is colorless to
pale~green, Rare xenoblastic grains of epidote, which are
pale~green and larger than the matrix, may be of detrital

origin, 7There is minor development of snowballwepidote,

Calcite occurs as micro=viens in pressure fractures, in
the matrix, and as an alteration product of detrital

plagloclase grains,

Plagioclase and potassium feldspar (Plates 2 and 6)
occur as detrital Clasts up to medium=sand size, Feldspar
graing often ghow excellent development of micrographitic
and myrmeckitic textures (Plate 2), Most feldspars are
peikiloblastic, probably due to alteration of the crystals
rather than metamorphlc regrowth, Feldspar grains appear to
ve rounded to subrounded, which is indicative of detrital
origin, All detrital feldspars are highly altered and show
sericitization and recrystallization, Most show patches of

water=clear metamorpnic albite,

Ransome (1919) vade note of rutile and fibrolite in a
sample of Pipnal Schist from 2 miles northwest of Pipa)] Peak

and within a few hundred (slc) feet of Madera diorite,
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Biotite (or Chlorite)=0uartz=Sericite Pnyllite
Fileld description

The typical chlorites=hiotite=quartz~sericite phyliite
is blue=gray to pale gray=green, The phyllite is fissile
and cleaves Into flattened fragments having pronounced
shimmer on ¢leavage faceg. Phyllite occurs as laminated
layers of fine=grained material in which infrequent
fine=gand=gized clasts occur (Plate 7), Grading is
accasjonally observed, Using the Pettijonn, et al,, (1973)
sedimentary classitication scheme (Figure 3), the phyllites
classify as pelite, Phyllite freguently occurs interbedded
with sandy schists, invariakly on the fine slde of grading,
Phyllite also occurs as isolated thin beds on top of graded

layers of coarser dralned gchists and gquartzites,

Bedding In the passive phyllites 1s difficult to
identjify due to metarorphic deformation, Beds are not
always distinct, and often grade into one another without
well defined boundaries. Compogitlional layering that may
represent original sedimentary pedding is often indistinct,
Lavers of massive phvlllite are up to 10m in thickness while
individual beds mav be only centimeters to tens of
centimeters Thick, #here the pnhyvllite is interbedded with
layers of coarse-grained chlorite=biotitemsericite=guartz
schist the phyllite strongly resembles the occurrence of the
Hpper lavers, €. ¢. Bouma seguence D = E, of turbidite

successions (Bounma, 1964),
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Petrographic descripition

Phyjlite is characterized by uniforam, very=fine grain
size with rare, fine=-sandwsized to silt=sized porphyroblasts
of quartz and opagque wminerals (Plate 8), GQuartz is
granoblastic and monocrystalline, Sericite is idioblastic
and tabular. Blotite 1s jdioblastic, tabular to eguant, ang
shows unduloese extinetion typlical of pressure=deformed
biotite, Blotite is pleochrolc (pale brown to tan),
Cnlorite is ldioblastic and tabular to eguant, and shows
characteristic pale=green to apple=green pleo¢hroism and
anomalous birefringence, Opadue milnerals that are blocky to
equant are probably pryrite, magnetite, and ilmenite, and may
be of secondary origin, Clastic textures are partly to
completely obllitersted, dgraln size 1g reduced, and there is
well developed schistosity, Grains shovw mortar texture,
hAccessory minerals are plagloclase, epldote~clinozoisite,
tourmaline, apatite, zircon, magnetite, ilmenite, hematite,
and pyrite, A secondary foilation that occurs at an angle
of 30 to 45 degrees to the primary and secondary follation,

is defined by sericite, biotite, and chlorite,
Quartzite

Field description

The least commonr of fhe sedimentary rocks types of the
Pinal Schist is guertzite, GQuartzite 1s used here as a

metamorphlc rock ferm meaning that the roc¢k breaks across
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grains rather than around tnem, ¥The rock ogccurs as isolated
beds of rcoalse clastic materlal iIn the size range of
medlum=8§and to pebble size, HMost guartzites are massive,
having unlform grain size; occasional grading is observed,
Quartzite beds range from 0,25 w to 2,0 m thick, In some
cases, quartzites seem to represent the lowermost (A = )
units of Bouma cycles, In other cases, they may represent
gralnmflow deposits, Quartzites which pinch out appear to

represent channel deposits,

Quartzite iz primarily composed of distinct grains of
quartzs feldspar, and varicolored lithic fragments, Grains
are often elongated to give the appearance of imbrication,
This could Lo he due to metamorphic deformatlon and
elongation of grains to form a lineation that resembles

imbrication; the observed phenomenon may be an original

sedimentary texture,

About 50% less patrix surrounds clasts in the quartzite
than clasts In the schists, The guartzite appears to be the
hest representation of a grain supported sandstone occurring
in the Pinal Schist stydy area, Using modal analyses and
the Pettijonn, et al,, (1973) (Figure 3) sedimentary

terminology 1 classify the quartzlte as arkosic wacke and

gquarfz wacke,
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Petrographic degeripition

Quartz ocours as subapngujar to wellerounded grains from
lam to l4mm In size, HMost dgrains are ménncrystalline and
show strain and moderate recrystallization (Plate 9 and 109,
Some are polycrystaliilne (Plate 11 and 12) and show
inclusions of plagioclase, muscovite (Plates 13 and 14), and
rutile (Plates 15 and 16), Rarely, elongated qguartz grains
shiow phylliosilicates along thelr margins; phyllosilicates
are thickest at the center of the drain and thinnest at the
ends of the grains, The pnyllosilicates appear be a relict
coating of <¢lay minerals, now metamorphosed to sericite, on
the grains, (A, J, Budding, personal communication, 1982).
Quartz occaslonally ghows pressure fringes of flne~grained

matrix, recrystallization, and proken dgrains,

Plagioclase occurs as rounded, subw-spherical, fine
sand=sized detrital grains (Plate 17), and shows albite and
deformation twinning, It also occurs in the matrix.
Composition of faverably orlented grains was determined by
using optical methods (extinction angle of sections

perpéendicular to the a-~axis), Composition of the detrital

plagioclase is alblite, AnU=Anio,

Potassiup feldspar oc¢curs as medium sandm=sized,
rounded, elongate to sub-spherical detrital grains (Plate
18), They &re strongly altered and appear to be poikilitic:

reller exsolution rextures are visible,
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Litpic grains (Plates 18 to 25) are present as large
elongated grains, ¥ith grain boundaries poorly to well
defined, Graln boundarlies are better defined under
plane=polar 1ight thap under crossedwpolar light (Plates j8
to 23), Lithic grains are prolate (Plates 18 and 19) and up
to lbmm long by 5mm wide, They are composed of varying
proportions of small (0,006 mm) crystallites of guartz,
K~feldspar, chlorite, sericlte, plagioclase, hematite and
opaque minerals, & fine=grained groundmass surrounds
phenocrysts (0,004 to 1 mm In size) of plagioclase (Plates
20, 22, and 23) and guartz (Plates 24 and 25), Lithic
fragments are deformed where they contact detrital quartz
graing, Lithic fragments took staining for potassium

indicating felsic composition,

The matrix of the guartzite consists of finew~grained
(0-01 mm,) quartz, feldspar, sericite, rare chlorite and
biotite, and very rare tourmaline, In some cases, lithic

fragments grade into recrystallized gquartz matrix without a

well=defined boundary.
META~IGNEOUS ROCKS
Tonalitic sills

Fleld descriptien

A tonalltlc felslic rock occurs near the southern
houndry of the area (PS~124, Figure 2, overlay), This

felslec rock occurs as a palr of slllelike bodies that appear
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Yo be intrusive into the surrounding schist, The tonalitic
rock does not crosscut the scnist, The two units are each
0,3m thick and are separated py 0,5m of fine=grained schist,

Strike length is at jeast 2 km,

The felslc rock appears white, with black speckling on
weatnered surfacesy; fresh fractures are pale green to pink,
with pink crystals of feldspar, green platy clots of
chlorite, and colorless roynded grains of guartz, Euhedral
phenocrysts of quartz and feldspar are up to émm in
diameter, Plates of chlorite in the felsic rock are
parallel to the schistosity and foliation of the surrounding
meta=gedimentary schist. The foliation of the cnlorite is
evidence that the felsic rock has undergone compressive
deformation like that which produced the secondary foliation
of the surrounding meta=sedimentary schist, Although there
is no evidence of shards or vacuoles, this is as might be
expecred of a deformed volecanle rock, No indicarion of
lineation is found in the felsic rock, No obvious evidence
of a chilled margin exists on the edges of the felsic units,
nor 1s there evidence that the schist was metamorphosed by

heat or fluids from the felslc units,

The conhcordant nature of the units, lack of a
crosscutting relationship with the schist, and lack of
evidence for any sort of alteration of the surrounding
schist by heat or ragmatic £lulds support the inference that

these units represent a shallow intrusion, The possibility
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remaling thalt tight isoeclinal folding may have folded one

unit to appear as twos but no stratigraphic evidence exists

fo support this hypotheslis,

This felsic rock was analysed and found to have
atfinity with tonallte=trondjnemite as shown by

Cal=pl1203-Mg0 (Figure 4) and by Cal=Nal0-K20 (Filgure 5),

The tonalitic sills offer the opportunity to place

hetter cConstraints on the aye of the Pinal Schist,

Petrographlc descripition

Relict quartz and plagloclase phenocrysts are supported
by a matrix of guartz, sericite, chlorite, epidote,
carbonate, and opaques, Follation is defined by prolate
clots of chlorite, epidote, calcite and opaques,

Plagloclase and quartz phenocrysts are aligned parallel to

the tollation of the felsic rock,

Feldspar phenocrysts, up to Zmm square, show albite,
Carlspad, and defermation twinning, The feldspars are
poikilitic and intensely altered to sericite, epidote,
calclte, and apatite, Some feldspar grains show mortar
teXtdre; most are ecuant and idiomorphic (euhedral), Hany
appear to have been fractured, due to deformation, The
feldspar phenocrysts are surrounded by well=developed
pressure fringes of chlorite, sericite and quartz, which
could be taken as evidence for a metamorphic origin for thne

phenocrysts; however, the fractured appearance of the
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feldspar contradicts this interpretation, <Composition of

plagioclase feldspars taken from a section cut perpendicular

to the awaxls gives An=20,

Quartz occurs ag broken, elliptical grains, The broken
grains show optical continulty, «Quartz gralns, up to §,.5mm

in ¢ross section, are monocrystalline, show strain, and lack

vesicles or inclusions,

Allanite occurs as oriented grains that show single
cleavage, 2V=45 dedreeg, twinning, zoning, pleochroic
red=brown L0 vellowshrown color, and epldote hales, The
allaﬂita‘ia not metamict, Grains are up to 0,6mm in size,

and are euhedral,
METAMORPHIC PETROLDGY
Metamorphic=mineral assemblages

The following are metamorpnic minerals found in each

Tock type;
Pnyllite; bplotiteschlorite=epidote=albite~guscovite
Schist: bplotite-chiorite-epldote=albite~garnet-muscovite

fuartzites biotitewchlorite=epidote~alblie~garnet=puscovite

Tonalite: plagloclase(?)=epldote~chlorite~nuscovite
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Maximum metamorphic grade

Metamorphilc=mineral assemblages of the various
Precambrian rock types indicate that the maximum metamerphic
grade 1s upper=greenschist facies, This interpretation is
supported by the pale=brown celor of biotite and the limited

occurrence of metamorphic overgrowtn on detrital garnets,

Microscopic metamorphic deformation

Metamorphlc deformation occurs on the microscopic
scale, Most feldspal grains, some lithic grains, and
occasional quartz drains show the effects of
metamorphic=pressure deformation, These effects include
fracturing and recrystallization. On the whole,
fine=grained rocks show more metamorphic effects than
coarse-grained rocksg; monoCrystalline guartz grainsg appear
to be most resistant to metamorphic deformation and
recrystaliization, while feldspar drains are leagt s0.
Pressyre fringes occur frequently around resistant grains,
especially quartz, Rare snowballeepidote Indicates

snearwstress,
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MODAL ANALYSES
Purpose

Modal analyses of detrital framework grains in the
coarse-grained varieties of schist and quartzite were pade
in order to identify provenance and tectonic setting,
Rlekinson and Suczek (1980) demonstrated, by plotting
frequencies of types of deyrital framework grains, thatr it
is possible to distinguish modern sandstones and graywackes
according to the tectonic provenance in which these rocks
otcur (Appendix D}, Results of modal analyses of selected

Pinal Schist thin sections are gilven in Table 1,

Tectonlec provenance

Diagrams from Dickinson (1983) and DicKinson and Suczek
(1980) indicate a nl¥ of craton=continental block and
recycled orogen provenance (Figures &, 7, and 8), These
diagrans indicate a cratonic or recycled orogen setting,
either collision orogen or foreland yplift, Cratonic and
recycled orogenic provenance dre indicated, Magmatic are
sourtes are excluded, The Plnal Schist shows no correlation
with turvidite graywackes that occur in Pacific margin
trenchs (Dickinson, 1982), The GwFLt (Figure 9) diagram only

indicates recycled collislon orogenic provenance,
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Sedimentary rock classification

Matrix ranges from 40 to 80 percent of the Plnal
Benist, The Pettidohn sedimentary rock ciassification
method (pPettijohn, et al., 1973, Figure 3) categorizes the

sehlst as guartz wacke, lithlic graywacke, and pelite,

The QFR diagram (Flgure 10) 15 a sandstone
classification dilagram used by Folk (1974), &andstones
pletted on this diagram fall jinto one of £ive sandstone
categorlies, The Pinal Schist samples £all into the
catedories of guartz arenlte, subarkose, sublithic arenite,

feldspathic lithic arenite, and lithic arenite,

Folk”®s (1974) sandstone classification scheme ignores
the presence of mavrrix in the rock and, therefore,

classification of the Pilnal Schist on this dlagram may be

guestionable,
Metamorphic effects on detrital grains

1f pmetamorphism has infreased fthe natrix content of a
rock at tne expense of detrital framework grains, then
feldspar and 1lthic grains will be preferentially destroyed
hefore quartz, This vccurs because, of the three grain
types, quartz, especially monocrystalline guartz, 1s the
least reactive, and therefore most likely to survive
metamorphisi (bond and Devay, 1980), TIf there has been

extensive metamorphism, the proporticn of matrix derived
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from feldspar and lithlc grains should incCrease more rapidly
than that derived from quartz., The proportion of matrix
derived from feldspar and lithic fragments also increases as
grain sigze decreases, and as matrix content of sandstones
increases, grain size decreases, (Pettijohn, et al,, 1973).
To summarize, 1f altered detrital feldspar was the principal
source of gecondary matrix, then an Iinverse relation sheyld
exlst petween feldspar and matrix content, No clearcut
relationship between feldspar content and matrix content is
obseryed in the Pinal Schist, From the evidence, no
conclusion can be drawn regarding preferentlial metamorphic

destruction of detrigal feldspar grains,
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GEOCHEMISTRY

Purpose

The chemical characteristics of the Pinal Schist are

rocks, to determine the most likly composition of sources,
to lndicate the relative proportions of lgneous and
sedimentary sediment sources, to suggest the sedimentary
provenance and tectonic environment of deposition of the
schist, and to clagsify the schist into sedimentary rock
tyres, The methods appllied use graphical plots of oxides,
major elements, and minor elements, These plots are used to
distinguish characteristics, origing, and types of

sedimentary rocks,

The guestion of elemental mobllity in the Pinal schist

is discussed f£irst, The tollowing section compares the
Pinal BcChist to modern sediments and sedimentary rocks and

discusses the results of applying graphical analvses to the

Pinal Schiszt.

Results of chemical analyses of the Pinal Schist are

given as Table 2,
Evaluation of elemental mobility

The highly varlable pature of clastic sedimentary rocks
makes accurate evaluation of the existence, effects, and

extent of elemental mobility, or alteration, difficult in
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sedinments,

As grain slze Increases in clastic sandstones, quartz
content alse increases (Pettijohn, et al, 1973). Thls
causes an inverse relation to exist between silica content
and content of other oxides in clastic sedimentary rocks,
Assuming that the sawples aaliacted represent the range of
grain size variation within the Pinal Schist, these samples
must also represent the range in variation of silica,
Th@raﬁafa, in its pre-metamorphic state, the Pinal Schist
would have shown a smooth inverse relation petween sllica
content and other oxides, Eased on this deduction, simple
graphs of the content of silica versus other oxides in the
Pinal Schist serve as tests of the relative stability of
those oxides during metamorphism, If the plot of an oxide
displavs a smooth relationsnlp between the oxide and silica
then the preexisting inverse relationship has not been
signiflicantly altered by wetasomatic processes, 7This is
observed in the cases of Al203, Hg0d, K20, Ti02, and Fe203T,
In the cases of Na20 and Cal, these trends occur but are not
as distinct, ihis indicates that the elements Al, Mg, K,
Ti, and Fe are relstively stable, while Na and Ca are more
mobile., In the cage of Cal, this mobility is not unlikely
as seen by ancomalous levels of fthis oxide in the APS

compared to modern sediments and sedimentary rocks,
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only minor mobility of elements may occur, in which
case the characteristics In question would reflect the

original rock characteristics,
Sedimentary origin of the pinal Schist

Leyreloup, et al (1977) use the plot of Cal = Al203 =
MgD (Figuyre 11) to distingulsh meta-igneous
fortho=metamorphlic) rooks from meta=sedimentary
(para=metamorphic) rocks, BY applving their method, I
conclyde that the Pinal 8chist has the overall
characteristics of meta~sedimentary as opposed to
metawigneous rock, and 1s therefore of parae=metamorphic

origin,

Moore and Dennen (1970) employ the diagram Ale=Sie=Fe
(Flgure 12) te classify the sedimentary rock types orthe
gquartzite, sandstone, arkose, subgraywacke, graywacke, and
pelite, The Pinal Schist is interpreted as a mixture of
sandstone, subyraywacke, and graywacke because the analysed
sanples plol most fregquently as sandstone and subgraywacke,
Moore and Dennen”s use of the term “"sandstone® implies a
rock with less mineralogical maturity than ortho guartzite,
but more maturlty than subgraywacke; Moore and Dennen
apparently include the rock category lithic arenite under
the term sandstone, Moore and Denhen use the term "orthe
quartzite™ to descripbe "aquartz arenite” as used herein; the
term "subyraywacke® as used by Noore and Dennen includes

rocks degcribed as subgraywacke and as protoguartzite in
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Pettijohn (1963) uses the binary diagram of
1oa(Na20/K20)=1og(E1in2/A1203) (Figure 13) to chemically
distinguish cowpositional maturity of sediments, and te
differentiate sandstone rock types, Use of this diagram
indicates that the Pinal Schist represents a collection of
immature sediments differentiated into subarkose, arkose,
and lithic arenite, Coarse=grained guartzites and the

gehists rich in silica plot with regularity in the subarkose
field,

Pinal Schist compared to modern sedimentary rocks

Geochemlical characteristics of the Pinal Schist are
compared Lo those of modern clasziq sediments and
sedimentary rocks in Tables 3 and 4., The average Pinal
Schist (APS8) rock has about tne same 5102 content as average
arkoses and sandstones, A1203 in the APS is closest to that
in average modern graywacke, In the APS, the content of
FeZ03T falls between those of average modern graywacke and
average modern lithic arenite, Hgld in the APS compares best
to average modern arkose, Both Na20 and K20 in the APS fall
between modern arkese and graywacke, most closelv
approaching the percentages of modern average arkpse, Cal
in the APS 1s subsrantially lower than in average wmodern

sedirents and sedimerptary rocks,



36

pettijohn (1963) and McLemore (1980) use the binary
diagram K20-Na20 (Figure 14) to distinguish arkose from
qraywacke using the chemical characteristics of modern
sedimentary rocCks, 7The Pinal Schisgt samples plot on and
near the border of the arkose and graywagke fields, The
majority of the samples plot within the field of arkose,
This reinforces the Yeochemica)l evidence above that shows

the Pinal S¢hlst to be arkosic rather than ygravywackewlike,

Arkoses show a characterlstic positive correlation
between (K20 + HaZ0) and A1203, Thisg occurs because the
alkalles and alumina in arkoses are present in feldspars.
The Pinal S8chist samples show a distinct positive trend
(Figure 15) and plot within the limits of arkose

compositions (Pettidechn, 1963),
Depositional environrent and provenance

Schwab (1973) uses the plot (3i02/10)=K20~Na20 (Figure
16) to ldentlfy various geosynclinal environments of
deposition of sandstones, The Pinal Schist samples plot
dominantly in Schwab®s mlogeosynclinal field, The samples
show some scatter with overlap inte the eugeosynclinal field
and Into the continental~rift field, Schwab relates the
terms "miogeosynclinal™ and "eugeosynclinal®” to modern
continental margins, The Pinal Schist samples exnibit the
"miogecsynclinal® characteristics of rift valley or

Atlantic=margin tyre sediments,



47

Bathia and Tavler (1981) document fthe effect of
provenance on Th, 11, Hf, La, and on the Th/U and La/Th
ratios 1n modern Austrialian flyschetype sedimentary rocks,
They also discuss the relationship between tectonic settings
and geoghemical characteristics of sedimentary basins,

Their work shows that Th and U abundances in graywackes and
pelites increase in response to change of provenance from
andesite, tnréagh dacite, to granites and mature sedimentary
rocks, Alsor goexisting nigh La/Th and low Th/U raties in
graywackes and pellites indicate substantial contributions
from volcanic source areas, when evaluated using BRathla and
Taylor”s (1981) graphical methods, the Pinal Schist appears
to have granitic and/or matuyre sedimentary terrane
provenance ((La/Th) » HE, Figure 17), This implies the
original sediments were deposited in a marginal pasin or
rifted continental mergin (Flgyre 17), and are dominantly
mature sedimentary detritus rather than dominantly felsic
volcanic detritus, because the samples do not show high

La/Th ratios and low Th/U ratios,
sediment source characteristics and proportions

Bavinton and Taylor (1980) use the triangular plot of
Cal=A1203=Mg0 (Figure 4) to ldentify igneous sources,
Locatfon of the Pinal Schist samples on the diagram allows
inferences to be made concerning mixing of granitic and
wafle sediment sources, #Mlxing of less than 10% basalt or

less than 4% mixing of ultramafics with granite is inferred,
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Tnis means that the FPinal 8chist sediment had the
characteristics of granitic bulk chemical composition, but
does not necessarily mean that the sediment source itself

was dranjite,

Condie (1979) yses the ternary diagram %Cal = Na20 =
K20 (Figure 5) to identify the composition of sediment
sourtes, In this diagram, the bulke-chemical characteristics
of the Pinal Schist f£all within the felsic rock categories
of granodiorite, quartz=monzonite, and dranite, This plot
indicates that the buylkwchemical characteristics of tne
sediment sources of the Pinal Schist maten the bulk=chemical
characteristics of granitic through granodioritic rocks, but
not those of tonalite~trondjhemite, It 1s possivle using
this geochemical approach to constrain the chemical
composition of & Source area but impossible to identify

actual lithelogies,

Bathla and Tavlier (1981) use the graph of (La/Th)eHf
(Figure 17) to Characterlize sediment sources of flysch
sedimnents, YGraywackes deposited on passive continental
margins and marginal basins .., derive material from
granites, gneisses and older sedimentary rocks of the
recyCled orogen and tectonic highlands, and are highly
mature (Bathla and TaYlor, 1981)," The distribution of

points on the graph sugyests that the Pinal Schist is

similar to modern graywacke,
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Martell (1982) uses binary=element/oxide diagrams to
estimate the relative contributions of various sources to
sediment, T1o use these diagrams “"each individual ...
sample point serves as & pivot peoint for mixing lines
connecting two Oor more rock types (Martell, 1982)," This
allo¥s rough calculations of approximate sediment zource
proportions, Petrodraphic evidence ghows that all samples
may have had some preoportion of guartziticesediment input;
therefore the quartzite composition fields are used as end
points to construct mixing lines so as to estimate the
contributions of granitic and mafic sources, End points for
mixing lines can exist anywhere within the fields of the
contributing rock=type £lelds; thls makes it impogsible to
obtain exact numbers; Instead, mixing proportions are given
in ranges of minimuﬁ to méximnm allowable amounts, A mixing
line can only indicate, and not prove, that an end member
has contributed to the composition of a sample, In using
this approach it wmust be assumed that chemical compositions
have not been gignificantly changed by metamorphic
processes; petrologic evidence indicates tnat there has

probaply been no drastic mineralogic change in the Pinal

Schist sanples.,

Results of pletting the Pinal Schist samples onto
binary element/oxide diagrams show that these diagrams do
not always agree, For example K20=Na20 (Figure 14),
Al203~-K20 (Figure 18), Rb=sr (Figure 19), and Fe203T~HgD

(Figure 20) all indlcate that mafic sediments should be
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excluded from consideration, while Al203-Fe203T (Figure 213,
Fe=5c (Figure 22), anpd Ca=Sr (Figure 23) all allow some
mixing of mafic sediments, Those dlagramns that show mafic
sediment contributions indicate that mafic contributions
could be from 10 up to 40 percent of the Pinal Schist, The
plot of Caw~dr (Figure 23) limits the maflic contribution to
10 percent and constrains the mafic source to be similar to
mid ocean=ridge basalt (MORB). All of the diagrams allow
mixing of guartzitic material with granitic material in
proportions randging from 10 to 90 percent of either end
member, The plots of Al203-Fe203T (Figure 21), Fe=Sc
(Figure 22), and Ca=57 (Figure 23) all allow contributions
from quartzitic, granitic, and mafic sources, The plots
Al203=K20 (Figure 18), Al203=Fe203T (Figure 21), and Rb=Sr
(Filgure 19) all exclude tonalite~trondihemite as a felsic
sediment source; they also indicate that the most important

felslc spurce 1s granodioritic in composition,

in summary, binary=element/oxide diagrams indicate that
mafic=source components were small or nonexistent, There is a
wide range of contributions from guartzitic and felsic
sourtes, Multiple felsic sources may have contributed
sediment, Grapodioriftic rocks may have been the major felsic
source, Ultramafics, tonalite-trondjhemite, rift tholeiites,
and continental alkall basalts should all be excluded from

consideration as major sediment sourcesg,



41

Rare =~ earth element (KEE) plots (Figure 26) show
strong light=REE enrichment as shown by the high La/Sm
ratios, strong heavy=-REE depletion as shown by high Th/¥b
raties, and pronounced negative Fu anomalies, This is
characteristic of pogt-Archean REE patterns (McLennan and
Taylor, 1980) derived frow terriginous sediments, especially

sandstone, siltstone and pelite, and indicates a granitic

cerustal sediment soyrce,
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PISCUBSTION

Sediment characteristics

The overall sedimentary characteristics of the Pinal
Schist samples compare In petrographic and geochemical
classifications, Perrologlc classification shows that the
Pinal Schist includes lithic graywacke, quartz wacke,
arkosic wacke, and pellite, while geochemical classification
shows the gedimentg to be gandstone, subgraywacke,

graywacke, and possibly pelite,
Matrix feldspar correction

In order to correct for the possible effects of
preferential metamorphic destruction of detrital feldspar,
modal qguartz 1s subtracted from percent silica, and excess
silica is then comkined with avallable K20 and Ha20 to make
feldspar, The resulting matrix~corrected feldspar 1s added
to modal feldspar and replotted, This brings the
petrographic sedimentary characteristics of the Final Schist
more in line with the schist®s geochemical characteristics,
Sandstone modal classification of the schist is then arkose,
subarkose, and lithlc arenite; This agrees with the
geochemlcal sandstone classification, One problem with this
approach is that most K20 is tied up in sericite and
klotite, thus Invalidating the assumption that all K20 can

be used Lo make orthoclase,
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Field evidence supports the general interpretation of
the petregraphlc and geochemical classifications; rounded
gravelsy poorly sorted sands, pelites, and siltstones occur

as wmight be expected,.
Sedinent transport and deposition

Field evidence provides the best constrajints on
sediment transport apd deposlition of the Pinal Schist,
Features observed Iin the Pinal Schist include strata that
compare with Bouma sequences (e,d., graded schists
Internedded with phyllltes), sequences of fine=grained
pelite, possible flame structures, and isolated channelwlike
beds of coarse-yrained quartz wackes and lighic wackes,
These features are analogous Lo features in modern
turbidites, Pelltic sequences appear Lo represent
deposition by distal turbidite flows, Coarse graywackes can
be deposited by grain flow confined to proximal turbidite
flows, By analogy in the Pinal Schist, isolated
coarse~grained beds of 1lithilc graywackes and guartz wackes
may have begn deposited In channels, Seguences of fine
grained wackes and pelites were deposited distal on the fan
or in interchannel areas., Isclated gandy beds scattered
through much finer grained material can be submarine
overbank depoglts formed by escape 0f coarse~grained

material from channels,
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Petrography provides one constraint on mechanisms of
sediment transport, GQuartzite grains that show reémnants of
clay coatings indicate that detyital guartz grains were
subject to wore than one cycle of transport and deposition,
This suggests that drainage of a continental interior by a
river system temporarily deposited sedimentary detritus on a
continental shelf, possibly in a delta, and that this
sediment was remobilized by grain flow and turbidity

currents that depogited it in a submarine fan,

Rounded, subwgpherical detrital grains imply abrasion
during sediment transport, perhaps in the swash=zone of a
beach environment, or during transport by grainflow or creep

down a submarine canyon,

An alternative explanatlon might be a fluvial systenm,
Many of the individyal obgervations made on meta=sediments in
the FPinal Schist are consistent with elther fluvial or
turbidite deposition, Features wnlch would be expected in a
£luvial system but which are not observed in the Pinal
Schist include; desiccation features (mud ¢racks, salt
casts, etc,); channel lags; crevasse splays; levee
deposits; and asyrmetrical channel deposits, The lack of
these features leads me to belleve that the Pinal Schist is

best explained by & turbidite depositional model,
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Depositional envirenrment

field evidence provides constraints on the depositional
environment. HNo evidence exists for tectonic imbrication,
matlc bodies, or melange that occyrs in aceretionary prisms
today, This indicates that the depusitional envireonment was
not a trench or fore-arc basin, Turbldite facies present
indicate the depositional environment was middle=fan,

distal~fan, and abyssal=plane,

Geoghemical evidence is consistent with deposition of
the Pinal sediments in an o¢ean basin along a rifted margin,
or possibly in a back=arc basin, but not in a trench, A
rifted margin 1s supported by the arkesic geochemistry of
the sediments, and possibly by the feldspar~corrected
petrography, Modal analyses that show the dissimilarity of
the Pinal sediments from those of modern magmaticmarc
trenches also do neot faver forearc=basin and trench
settings, The evidence shows that arc related subduction,
voleanism, and tectonlsm are not necessary to explaln the
characteristics of the Pinal Schist, This 1s not unusual

for lower Proterozolc suyccessions as shown by Kroner,

{1980),

Paleo sea level

beep sea sedirmeptatlon 18 contrelled by global changes
in sea level, primarily due to tectonism and glaciation,

The fredquency of turpidity currents is greatly increased
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during periods of low sea level; the occurrence of a thick
sequence of turbidites should thus correspond to a global
lowstand of sealevel (Shanmugam and Moiola, 1982), The
presence of turbidites in the Pinal Schist indicates
deposition during a global lowstand of sea level, This in
turn suggests a period of low spreading=ridge volume or of

glaciation about 1,7 b,vy.
Sedimentary facles

Field evidence provides the chiet constraint on
sedimentary facles, The Pinal Schist f£its Kuenen’s (1958)
"universal®* definition of flysch: *A thick seguence of
bre~paroxysmal marine geosynt€linal sediments, consisting of
an alternation of evenly stratified shale and nuddy
sandstone (graywacke, etc,) and showing at least a moderate
amount of graded bedding, The maximum grain size in the
graded beds 18 5 to 10 cm diameter, Coarser material is not
graded and subordinate in amount, Transitions to or
alternations with calcareous types also ogcur, Geologic age
is ignored," Characteristic mixed sequences of turbidites,
channel sands, and pelagic pelites occurring in peripheral

basins and oceanic basins are termed £lysch by Dickinson,
(1974),

Using the terminology developed by Mutti and Ricci
Lucehi (1978), layvered graded schists can be clagsified as
arenaceous faclies and as arenaceous-pelitic facies, These

facies associations indicate deposition in middle» to
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distal=submarine fan (Mutti and Ricci Lucchi, 19783,

The phyllite may represent two or three separate
turbldite facles; arenaceous=pelitic: palitiﬁ»aranacecgs
I; and pelitic=arenaceous LI (Mutti and Ricci Luceni,
1878), The occurrence of the phyllite suggests that these
be included in the pelitic phases of the arenaceous=pelitic
and pelltic~arenaceoys I facles, Facles associations

suggest distal submarine fan and abyssaleplane depositional

environmnents,

Wuartzite appears to represent two types of turbidite
facles; arenaceouswcondlomeratic facies is represented by
pebble~gravel lithic rieh units; arenaceous facies is
repregented by coarse~sand quartze=rich units (Muttl and
Rlecit Luecchi, 1978), Facles associations suggest deposition

as channel-f£11l by grain £1ow in proximal= or middle-fan

environment.

Provenance

Petrographle evidence suggests origins for detrital
grains, HMonocrystalline quartz grains that show trains of
vacuoles, straln, snd inclusions of muscovite, garnet, and
orthoclase, are typlcal of quartz crystals of granitic
origin (Bond and Devay, 1980), Polycrystalline guartz
grains with unimodal granule size are characteristic of
crystalline rock origin, e,9, granite, Volcanic rock

fragments that contain relict feldspar and guartz
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phenocrysts Indicate a felsic volcanic-rock source, 8ilt
sized detrital cores of tourmaline and garnet indicate a

spurce for metamorphic sedimentary detritus,

Granitic or gnelssic sources tend to produce clastic
sediments which are deposited In terrestrial or near=shore
environments (Condie, 1982), The Pinal Schist resembles a
deposit which today is thought of as occurring in deep
water, not necessarily near=shore, byt certainly with a
granitic or gneissic source, This supports the deep water
and granitic/gneissic source interpretations of geochemistry

and modal analysis,

Modal analyses allow use of the provenance diagrams of
Dickinson and Syczek (1979) and Dickinson (1983) to provide
constraints on the provenance of the Pinal sediments,
Indications from QmPK, QFL, and QmFLt plots are that the
Piral sands have dual provenance, They appear to be mixed
between recycled=orogen provenance (of collision orogen or
of foreland uplift character) and mature craton interior (or
continental blogk) provenance,., C(oarse grained sediments
tend toward the recycled orogen classification, The
diagrams concur in their indication that the provenance of

the Pinal Schist 1s not simllar to that of modern Pacific

margin trench deposits,

1f feldspar 1s added, as explalned In the sedimentology

section above, the iIndications of the provenance diagrams

are Changed, They then shovw primarily c¢raton interior
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source for dgraywackes and pelite, with only minor foreland
uplift origin for lithic watkes, 1If preferential
metamorphic destruction of detrital feldspar has taken

place, the primary provenance of the Pinal Schist is the

cratonic interior,
Sediment sources

Geochemistry constrains the sources of the Pinal Schist
sediments, The plot of (La/Th)-Hf syggests that Iigneoys
rocks of granitic composition were the primary sediment
sources for the Pinal Schlgt; not rocks of mafic to dacitic
composition. Sediment sources are distinguished within the
felsic rock fleld by the plot of Cal=-Na20=K20 (figure 4) as
granitic, grancdieoritic, and guartz=monzonitic, The REE
patterns of the Final Schist indicate that the main source

of sediment was dranitic continental crust.

Evidente from petrographic analyses constrains the
tyyeavand proximity of sources of clastic grains for the
Pinal 5c¢hist. A felsic plutonic source is indicated for
monocrystalline and polycrystalline quartz grains that show
trains of inclusions and inclusions, greater in size than
the matrix, of muscovite, garnet, and feldspars, This
source would have bheen far enouygh from the éapssitignal
basin for rounding of the plutoni¢ quartz grains, A felsic
velcanlc source is indlcated for felsic lithic velcanic
grains, This source was sufficiently close to the

depositional basin so that tine~grained felsic volcanics
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were deposited before they ¢ould be preferentially destroyed
by the effect of sediment transport (Harrell and Blatt,

19783, The evidence suggests a nearby source,

sediment mixing

Petrographic evidence suggests that three cjasses of
sediments are mixed in the Pinal Schist, These are

granitic, quartz arepitic, and felsic veolcanic., The

evidence deoes not sugdest inpur of matic sediment,

Geochemical methods further constrain the mixing of
sediments from different sources to produce the Pinal
schist, The ternary;axide plot Callepal203=Mg0 indicates the
maximum possible input of mafic material i1s 10 percent or
less tholelitic basalt, Binary oxlde plots indicate that
the composition of the Pinal Schist may be obtained by
mixing various propoertions of orthouyartzite, granite or
granodjorite, and mafic rocks. The plot of K20~Na20
indicates mixing of 10 to 86 percent orthoguartzite with 14
to 90 percent granite, The pPlot of AL203~K20 indicates
mixing of 20 to 75 percent orthoguartzite with 28 to 80
percent granodiorite, The indication of Al203~Fe203T is B
to 10 percent mafic rock plus 15 to 70 percent felsic rock
plus 20 to 80 percent guartzlite, The plot of Ca=S8r suggests
that felsic, quartzitic, and mafic sources were present and
that there may have heen more than one felsic source, The
plot of Rb=5r Indicates mixing of 10 to 90 percent granitic

sediment with guartzitic sediment and excludes mafig
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sediment,

To summarize, geochemicCal analyses indicate that the
primary sediment source of the Pinal Schist is felsic, with
granite through granodiorite compositions predominating,
Results from geochemical apalyses minimize
tonalite~trondihemite as a source, Mafic gources may be
most similar to midoceanwridge basalt, Hypothetical mixing
of quartzitic sediment, felsic sediment, and mafic or
andesitic sediment is possible, The most congistent
indication is that guartzitic and felsic sediment sources
are together necessary and sufficient to produce the Pinal
compositions, while mafic or andesitic sediment sources are
not necessary and probably insignificant, Sediments could
be mixed to produce the compositions of the Pinal Schist
samples by using proportions ranging from 10 to 90 percent
quartzitic sediment, from 10 to 90 percent felsic sediment,
and less than 10 percent mafic sediment, #ore than one

distinct source of felslic sediment may have been present,
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TECTONIC INTERPRETATIUN OF THE PINAL SCHIST

Field evidence guggests a4 passive continental=slope or
oceanic=basin environment, The evidence doesz not demand
that this be an active plate wargin; however, a rifted
continental margin is possible, A passive continental

margin or an intra=-plate basin are both possible,

#Modal analyses place better constraints on the tectonic
environment of deposition of the scnist. The tectonic
envirenment cannot be a magmatic arc, but appears to be an
immatuyre foreland uyplift or reactivated collisional orogen,
Gepchemistry also places some constraints on tectonic
setting, Again, an Inactive marginal basin is suggested,
and the possibility of an actlive rift is not eliminated, but

is only partially subported,

The Pinal Schist was deposited in a marginal oceanic
basin, This basin was located close to a continental
landmass that was uplifted due to crustal collision, No
magmatic ar¢ or island arc existed in the area of
deposition, Predominant rocks exposed on the landmass were
quartz arenites, granites, dgranodiorites, guartz-monzZonites,
and probably volcanic eqguivalents of the felsic rocks,

These rocks contributed %0 to 100 percent of the sediment
volume composing any particular deposit, Minor awmounts of

matic and metamorphic rocks may have been exposed as well,
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The tectonic model favored is that of a passive or
rifted continental margin with probable big river drainage
from the uplifted continental interior., The continent is

thought to have been uplifted due to a previous collision.

Condie (1982a) proposes a tectonic model for the
Southwest that explains obseérved features of the
Southwestern Proterozoic from the Sierra Madre of Wyoming to
west Texas, HLs model calls upon Phanerozoic=type plate
tectonic processes, i,e., buoyancy driven subduction, andg
involves cyclical marginal basin closuyres and Andeanwtype
orogenies associated with southwestward-migrating arcs,., The
place of the Pinal Schist In this model Is uncertain because
the Pinal Schist crops out 7 500 miles to the west of the
area covered by the Londle model, However, the Pinal Schist

itself appears to f£it the model in certain ways,

The Pinal &c¢hist was deposited by turbidity currents
and grain flow as & submarine fan of a progradational
submarine=slope sequence within a marginal basin,
Preoximal=fan channel sands, €.9, lithic=guartz wackes, were
laid down by submarine-channel grain flows, Distal=fan
turbidite sands, 1.e, 1llthic wackes, were deposited as

Bouma sequences interbedded witn siits and pelites,

After deposition the proXximale and distalwfan deposits
were pbrought into contact by tectonic foreshortening
accompanied by isoclinal folding, transposition, or

imbrication due to tre closure of the ocean basin in which
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the deposits accumulated, This has produced the obhseyrved
reversals in grading of tyrbldite sands, which can be
explained as overturped normal grading, rather than

reverse=grading,

Tectonlic ¢losure of the basin that brought the
proiimal= and distaleturbidite deposits together was caused
by a pasin ¢losure as described in Condief®s (1982a3) model,
The sediment source for the submarine-fan deposits 1s the
uplifted remnants of an Andean-iype gorogeny associated with

the previous basin closure,

The hypothetical hlstory of the deposition of the Pipal
Schist follows,., Subduction of oceanic crust caused
collision of an immature, i.,e, bi-modal, but strongly
felsic, volcanic arc with a continental land mass toward tghe
nortn, (Collision resulted in an Andean~type orogeny that
shed granitic and segimentary detritus southward into a
mardinal basin., The sediments include mature sediments from
the continental interior, granitic material, and a limited
amount of felsic volcanic material, The lmmaturity of these
sediments and their mode of deposition identify the
sedimentary facies of the Pinal Schist as flysch, The
flysch sediments were deposited in a submarine fan as
channel gands by grain flow and ag turbldity flows
interpedded with pelagic pellites, The accumulated flysch
w¥as then tectonically foreshortened by the c¢losure of the

basin as a result of the collision with the continent of a
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second arc system, probably from the south, The existence
of this second arc, as well as the second, is questionable,
The driving force bebind tectonic movement is assumed to be
byoyancy driven subductlon, This implies that the Pinal
Sehist was deposited on a mafic oceanic crust, This crust

must have keen totally subducted leaving no evidence behind,

An alternate bhypothesls involves rifting followed by
accumulation of the pinal Schist sediments on a passive
rifted continental margin, 1Isoclinal folding of the

sediments is accomplished by Closure of the basin,
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TABLE 1
MODAL ANALYSES

PS=17 PS=19 PS=26 PS=28 PS5=31 PS=40
am 19,3 15,4 31,0 20,7 24,8 20,4
Gp 14,2 16,0 26,5 17,4 18.8 14,6
Lv 1,4 1472 3,9 77 0.4 2.6
Ls 0 0 0 0 0 0
K ) 0,1 1,0 0.4 0 0,9
P 0,2 r N 0 0ut 0 o
Ha 49,5 53,9 21,5 44,4 42,7 54,4
Sr 6,8 Bod 3.7 9.4 644 3,5
ch 0 ) 0,2 0 0 0
B1i 5,1 3,2 0 2,9 64 3,7
up 0 246 0,6 2,6 1.7 1,9
Ep 1,0 1.2 0,1 1.1 0,6 8,4
Tr 0,2 0 o 041 0,2 0
2r T T 0 0,41 0 T

PSmg4 PS=50 P5=68 PE=69A PE=T0 PE=T3
Hm 29,1 19,6 22,8 19,6 25,0 9.7
Qp 16,5 17.1 30,3 14,0 25,8 13,7
Ly 2,1 0 2,0 0.9 Q.2 1.1
Ls 0 0 0 0 0 0
K 0.8 ¢ 0,4 047 0.2 1.3
P 0,2 0.2 0 Dad 0.2 Q
LF 41,2 48, b 34,6 49,3 38,4 50,8
sr 4.9 9,2 10,9 744 407 17,4
Ch 1.6 o 0,7 4,0 247 1.5
Bi 0 1,7 U 0 v 0
ap 2,5 1.% Qg4 3,3 1.8 2.9
Ep 2,0 1,9 1.1 1.5 1,7 1.1
Tr 0,1 T 0 0 g T
ar Y 0 Q 0a4d ¢ 0
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TagLe 1 CONT,

Pi=T19 FR=80 PE=87 PE=901 PB=92 PS=261

Qm 12,8 9,2 7.6 30,4 20,3 26,7
ep 32,7 17.9 15,9 21,7 12,5 25,4
Lv 1,9 0 G,2 8e4 0.6 9,9
Ls 0 0 0 0 0 0
K 1,8 2.1 1.5 145 1.2 3,0
p 0 0 0,2 0,2 0,2 0,4
Ma 51,4 37,6 58,6 28,6 49,3 22,2
ST 6.0 18,3 11,6 2.9 17.3 740
Ch i.,8 0,1 1.1 De5 3.3 0
Bi 0 0 0 0 0 0
0p 1.9 2.8 2,0 0.1 2.0 0,8
Ep 0,1 2,3 240 T 3.1 T
Tr T 041 T T 0,1 o
Zr 0 0 T 0.1 0 T

PS«96A8 PE«07 PE=1008% PS=1021 PS~108 PS=118%

am 5.4 24,6 12,1 27,8 20,8 3,0
Gp 12,9 23,5 7.9 32,9 17,4 4,4
Ly g 0.8 Qd,6 0,9 1.4 0,2
L8 0 & o v g 0
K 0,% 1.0 (.5 2.2 5.0 T
P 0,4 0,2 0 0 0.6 0,8
Ma Q.7 40,1 66,2 39,7 45,7 91,4
Sr 28,4 8,5 Te7 4,4 642 29,5
Ch 0 1e% 3,0 0,3 0,9 G
Bi 1,8 0 0 0 0 1,0
gp 2,% 1.5 1.4 O.8 202 0,3
Tr i T G,.1 T 0,1 0
iZr 0 T g T T 0

Qme Gpy Lvy Ls, Kf£, PE£ = Dickinson and Suczek categories
(see Taple 5); T = Trace anount: observed but not counted,
Ma % guartzoefeldspathic matrix: 8r = sericite in matrix
Ch = chlorite in patrixz; Bi = biotite in matrix: Op =
opagyes: Ep = epldote; Tr % tourmaline; Zr = zircon,

i = pPlnal Schist guartzites

# = Pinal Schist Fhyvllites
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TABLE 2
CHEMLICAL ANALYSES

ELEMENT PH=3 PE=10 PE=12 Pa=17 P5=19
H102 T8.94 T8.97 72,33 79,31 79,472
1142 0,606 055 Da87 0.52 1,53
AlR203 D22 9,96 9,26 #e59 2,61
ma 0,90 0,70 .78 0,80 0,95
cag 0,85 0.71 0,93 74 0,73
Mazn 2930 1.81 1,93 187 1,807
K20 2421 2215 2,20 2,20 2221
EnO .05 3,05 0,058 0,085 G,04
P205 0,08 1,006 0,07 0,08 0,07
LaU,1, D464 1,11 1.1%9 Ga97 0,97
Total 100,00 94,7 100,50 99,90 100,00
Bh 101 95,2 115 110 93.5

Br 101 84,0 79,58 87,9 121

Ba 384 - 419 378 461

¥ 43 317 33 i3 32

&r 421 314 289 282 293

uf 15.6 - 9,5 He3 B8

Ta 1,1 - 10 1.1 2,6

ae 9.3 - 19 7.8 Ga.6

Cr 99,5 - 132 100 B8, 3

Ni 22 i3 18 23 12

Th ' 19,1 - 13,9 13,5 13.B

Him 6.8 - Ba.b fra2 B5a9

B 1.2 - 1.3 1.0 1.3

45 4*3 - 4»3 2.9 2;9

L .78 - D.7% 252 2 B0

Explanation on last page,



59

ThaLi 2 CONT,

ELEMENT PS=24  PS=26 PS=28  PSe31  PS=32
T U 20 TS UG 4 e A N ot T S 0 ONE S NN TR R O O R 0 D KNG VY S N g V5 TR e VR O TR e TN e
8102 T4.64 84,73 82,20 52.14 80,84
1102 DeH3 Ne42 0,43 0,45 Ua14
Al2D3 12.03 H484Y 7+89 B.09 Ba72
Fe203T 3,91 3.28 3.53 3.26 3,63
Mgn 0,89 0,55 0,79 0.53 0,65
Can 1.04 (.48 D.59 0,62 (1,78
ka2l 2241 1,37 1,20 1,53 1,51
K20 2467 1.69 2,14 1,72 2,31
#nl 0,05 0,04 .00 0,04 4,08
P203 0,08 0,06 0,07 0,07 U.06
Latl,I, 1,24 0.75 1.00 2,70 ”
Total 9925 10,3 99.6 99,1 98,7
Kb 213 60,0 100 81,7 101

SY 144 - 53 141 88

ta 589 461 386 421 -

¥ 22 - 31 41 28

Lr 234 191 216 192 274

HE 70 2,7 T8 XY -
Ta 1,2 0,9 0,7 049 -
ac 1046 ;;4 7@8 T8 -
Cr 1is§ Qanﬁ 92;1 ﬁgqg -
Ni 29 19 20 16 1%

Co 8.3 T2 Be3 Te7 »
Eu 1.2 0,65 1,0 G,94 -
ib 4-6 39@ 3,1 ?Agg b

Explanaticn on last paye,
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TABLE 2 CONT,

ELEMENT PE=40 PE=50 PEm54 PE=69A PS=69
2102 T334 79,48 62,80 78,34 80,75
Tio2 O.61 0,53 0,64 0,54 0,51
#1203 13,25 2,20 19,49 10,45 9,09
Fe2D37T 4,67 4,02 6412 3,99 3,79
Cal 0,44 0,71 0,60 37 0,35
Na20 2,31 1,72 1.83  1.35  1.48
K20 3.19 2030 4,55 2,28 1,82
¥nh 0,08 0,04 Q006 (0405 0,08
205 0410 Q07 0,08 (1,07 0,07
P PO 2431 0,90 2039 1,34 1.32
Total 100,25 99,77 99,71 99,65 100,11
Rk 148 108 244 104 82

sr 95 71 118 68 65

s 9.4 Te4 14,9 - 5.5
Ba 483 424 797 - 221

X 37 35 65 34 31

ir 251 277 201 272 286

nt ?QB gg? 4g$ - 7;9
T& 1.4 13 1.6 - 0,9
&{: 13.6 Bed 15‘3;2 - -
Cr 6241 88,4 6H,2 - 60

Wi 17 23 31 22 12
QQ 11.7 ggg 3;2 - 5;7
U 2;? 3;% 3,»9 - 3.3
Th 12;9 13;(} 1?;2 - 13;?
La 36,4 39,4 38,6 - 29,8
ce 71§3 - - = bg§§
S ﬁgg Ha.6 S;é i 59?
g1 1.4 1;2 1.6 - 1.4
Th 1:'4 1;3 1;3 - Q,S“}
Ib 4;3 SQS 7,4& - 2,?
Ll 0a78 0,60 1.4 - 0,48

Explanation on last page,
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TABLE 2 CDNT,

ELEMENT F&EmT0 5«73 PE=T77 Pam=78 PE=80
5102 B0RL,B3 T4,6Y9 17412 T&,39 76,04
Tin2 DeB% De8D 0,46 0,43 0,44
A1203 8,84 11,72 11,23 11,31 11.39
FegO3T 3,88 3,95 3,44 3,95 3,27
Call G,44 0,91 D.89 Ga6il 0,76
Hagzn 1,87 1,79 2,717 1.71 2,84
K20 1.83 3,34 2.62 3,37 2.43
mni 0,03 1,085 0,008 0,05 0,04
P20S 0,00 0,08 0,07 0,07 0,08
LeDa1, lel2 1,85 0,65 1.25 1,08
Total 99,90 99,67 29,96 99,88 98,986
Rb 87 104 121 138 116

ar £3 68 127 73 94

Cs - - 7.4 S § -
Ba - - 470 BO3 -

4 33 37 30 28 35

ir 278 271 247 237 250

HE - - 147 Tal -
Ta - - Qg"} 1;6 had
se - » 8,? 9;3 -
cr - - 50 16 -
Wi 10 17 2 15 10

Co - - Ha8 Gott -

i bl had 3:5 36 "
Th - - i3.8 12,8 -
La - ™ 22,2 33.0 -
Cﬁ‘ - - ﬁéni 7%’3 -
fstﬂ - - 4%& x’)gﬁ o
Eu -~ - 1,1 127 bl
Th » - Qggﬁ 3;(} -
ib - - 3,3 2% -
Lu - - 0,51 0,85 =

Explanation on last page,.
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TABLE 2 CONT,

BELEMENT PE=33 PH=87 PB=901 P3=92 PE=9pA4
5102 T4.17 15,32 BB.T73 1787 75,32
1i02 0,53 0,54 Da21 0.44 G458
Alz203 12.44 12,09 .03 10,42 12,57
Fea037 3.93 1477 3,60 3,62 3,62
Can 0,89 6,82 0443 0,80 Ga.12
FEVI 2.31 2845 1,14 2,058 .82
820 3,29 2.59 .92 2,11 3,97
M 0,056 D00 0,04 0,07 0,03
P05 fi1,08 0,07 2,03 (1,06 4,03
Lalo1, 1.4% 1440 1,02 1.48 2.14
Total 99,83 100,20 99,60 99,77 99,90
Bb 148 119 42,3 37,8 178

By 109 117 29,0 111 23

Cs 6.8 - 3.0 = 9,3
ba 555 - 261 - 118

¥ 34 36 24 33 35

ar 291 309 150 220 254

ne 9.3 - Ae6 - Y
Ta 1.3 - 1,0 - Qa7
se 19 - 3,0 - -
cr i6 - 30,2 - %13

i 14 20 4 18 22

Co Gl b 4,1 b haB
5 3.8 - 1.7 - 2,53
Th 16,58 - B,0 - 12,3
hLa 28,6 - 22,9 - 37.9
Ce 68,2 - - - -
8m 5.7 - 4,2 - 6,7
Euy 11 - 0,9 - i.8
Ib D,.92 - 0,71 - 1.4
ib 1.3 - 241 - 4,0
L 0.54 - 0437 - 0,17

Explanation on last page,
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TABLE 2 COwT,

ELEMENTS PE=96! PHE=GT PS~1008 PE~101% PS=102!
ai(i2 88,409 80,45 13,66 15,07 88,48
Tin2 (0,46 0,50 3,54 0,56 0,24
A1203 68,39 8,09 12.40 12,04 8436
Feznar Z.19 3,62 4,69 4,19 1,49
Mg 0,19 0,68 1.11 1,13 (.29
al 0,11 (1,90 O.78 01, 4D 0,59
Ha2n 122 1,76 1,60 1.66 1.47
R20 1,47 1,68 3,02 2.43 1.00
Bni G,02 0,06 0,06 0,07 0,04
P205 1,04 (1,07 (3,08 0,07 0,03
Tetal 106,83 949,46 100,00 SB,.43 10G,.00
Kb b 78,3 145 101 38,1
Br 24 138 104 g1 87

{:ﬁ - ﬁ’ss - g,’% 2;2
Ba = 3995 - 473 169

4 27 33 3 28 24

4r 188 214 241 200 iae

HE - 8,49 - Ta% 5.0
Ta - 0,8 - 2.6 0.8
Kty - Beb - 11,3 2.9
100 4 - 93,2 - 48,6 27

Ni & 22 25 13 &

Co Be5 - 0,1 2.3
u "~ 3,7 - 3.4 1.7
™n - 13,1 - 14,9 Te0
La - 27,9 - 43,2 20

e - BH .5 - -~ 40

am = 5.1 - Tl 3.6
Eu - 0,89 - 1.2 .59
b - 1,90 - 1.1 Q.61
ib - 403 - 3,8 1.9
Ly - 0.59 b 0,70 0,33

Explanation on last page,
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TABLE 2 COWT,

LLEMERT PE=100 PS8S=112 PS=117 PS=118% PHE~1224
5102 74405 78,19 72.84 71,17 1223
Ti0o2 -] 0442 0,34 0,34 0,58
A1203 12.53 10.72 10,42 15,03 13,32
Mg .92 D.68 0,42 0.64 1.02
Can 1,04 1,02 0,28 0,71 0,75
Nazn 2024 2487 2,56 2024 2263
K20 3,10 2.29 2428 4,72 2250
#Mn (1,05 (.05 0,014 Ca07 D06
P205 0.07 (1,08 004 H.04 (1,09
La0.1, 1.54 0,74 Dagu 129 1.37
Total 99,50 89,90 99,83 99,50 99,38
Rp 158 95,6 103 210 14%

Br 110 131 82 117 107

Cs 2,58 5.0 547 10,8 10

Ba 5499 4748 506 B84 580

¥ 32 3¢ 30 40 24

ir 220 231 167 229 248

HE Ta1 f.B Ta1 a7 Bl
Ta 1.0 1.0 0.7 240 1.3
se 1.8 Ba9 1.1 16.0 2.0
or 14 41 456 25 £0.1
Mi 14 10 i9 16 22

Co 4,5 71 2.7 Bel 11

U 3.1 3.0 2a1 4.1 3.4
Th 11 12 11 lg 13

La 28 25 23 41 30

ce 61 43 46 B2 72

84| 1.2 1,{} 1*3 1.3 10
1o 0.87 1.2 3.7 1.3 1.1
ik 3.1 227 2.9 4,7 3,7
EM i Q;ﬁ‘% {},@6 03’4? 3.83 1,{}

Explanation on last page,
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TABLE 2 CONT,

ELEMENTS PE=l24%
8102 74h.43

Tioz 0,44
Al203 15.87

Fezal3r 2448
Ml 0,78
an Z2ad%
Ma20 457
R20 1.79
BEng 0,08
P205 0,14

Total 101,21

B 70
sSr -
Cs 5,0
Ba 690
i -~
Zr 213
HE 402

Ta 1,7

se 4
Lr .
Nt g
‘o 0,3
i 2.3
ih i1
La 49
Ce 78
Hm ]
&y i
o a
ib

Lu -

Total irorn as FeO37

#ajor elenments in welight percent
Trace elerpents in parts per million

= = no derermination

# = tonalitic felsic sill
! = gquartzites

# = phyllites
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TABLE 3
CHEMICAL ANMALYSBES OF CDARBE, MEDIUM, AMD
FINE GRAIMED CLABTIC BEDIMENTS COMPARED TO
BVERAGE PINAL SCHIST

ELEMENT B B G PS5
8inz T8a.66 £9,96 58,38 77.78
T1i02 (25 0,59 0.65 0,48
A1203 4,78 10,52 15,47 ic,e2
Fea03 1.08 / 4,03 3%

Fe2037 > 3,47 £ > 3,71
Fen 0,30 / N 2446 /

Mgh 1,17 1.41 2445 G717
Can 5487 2,17 3,12 0,68
Naz0 1,45 1.51 131 1,590
K20 1232 230 3.25 2.52
Mno Trace 3,06 Trace 0,08
P205 4,08 J.18 3,17 .07
HeO+ 1433% 1.96 3,68 &

HE0m 01,31 3,78 1,34 -

Lo > 1,24%
Coz 5,02 §a.40 2264 /

503 .07 0,03 B.68 /

33» Tragg ) i}’gjg "o - - -~ -
Bal 3,08 0,08 t,08 Trace
arn Trace Trace Trace Trace
Total 100,41 5100,50 139,46 99,81

¢ Includes organic matter,

§ Total includes Zr02, 0,5; ¥, 0,07; 5, G.,07; Cr203,
G.017 2r03, 0,0010; AS205, 0.0004; FbO, 0,0002;
1558 O=F2,5,0.12,

A,8andstone, composite of 253 samples (atter
Pettiiohn, 1963),

B.Misslssippl River silt, composite of 235 samoles
(after Pettijiohn, 1963),

CaPelite, composite of 78 samples (after Pettijohn,
19632,

APS = Average Pinal Schist, average of 35 analyses
{Table 11,

¥ APS = Loss on ignition,
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TABLE 3
MEAN COMPOSITION OF PRINCIPAL BANDSTONE
COMPRRED TO AVERAGE PINAL SCHIS
ORrRTHO 1%
ELEMENT QUARTZITE

LITHIC 2 GRAY= 3
ARENITE WACKE

A

2ipz2 95,4 65,1 66,7
Tipz2 0,2 043 0.0
AL203 1.1 el 13.5
Fe20u3 0.4 3.8 1.6
Fe2037

Fen 0.4 1.4 3,5
Mgn D.1 224 2.1
capn 1,6 b2 2.5
Naz2( 0,1 V.9 29
K20 0.2 1.3 2.0
f”inﬁ} - 5»};1 f}gi
P205 - Uel 0.2
Hi0+ 0,3 3,06 2.4
LOY

so2 * 1,1 5,0 0,3
SQB g - le
™ ” . - om o {}Ql
Total i00,7 100,90 100,4 1

CLABBES
0
REOSE 4 AES B
T7a1 TT.8
0.3 0.5
8,7 10,6
1.5 \
' - 3.71
D7 7/
0.5 0,58
247 Ua?
1,58 1.9
ZaB ZaB
(a2 4,05
a1 0,1
0,9 %
- A
> b 1,2
- )
00,0 99,8

s
¥

Total, 26
pstinated
Total, 20

analyses (after Pettiljohn,
from Cal,

analyses (after Pettiionn,

3., Total, 61 analyses (after Pettijohn,
4, Total, 32 analyses (after Pettijohn,
8. APS = Average Pinal Schist, total 3%
# APS = Loss on lgnition

1963),

19831,
19633,
1963),
analvses,
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TABLE 3
DEFINITION OF GRAIN PORPULATIONS FOR TRIANGULAR
COMPOBITIONAL DIAGRAKS

TRIAHNGULAR UpPPERMOSBT LOWER LEFT LOWER RIGHT
DIAGRAM POLE POLE POLE
0 e Ty AL e SO OB T g W R O N S S O e N U A OB S 2 W T N DR A ST S U DO O T O N TR GRS U R . S W e Y e e o
QFL G F L
Quartzose Feldsgpar Unstable
aralns grains aphanitic lithic
f= Gm + 4p) {= P + K) {= Lv + Ls)
Honocrystalline (same as Tetal aphanitic
quartz grains above) lithic fragments
(= L + Qp)
GmPK G P K
(same as above) Plagioclase K=feldgpar
grains grains
Gplivls GR Ly Ls
Polycrystalline Volcanic and sedimentary and
guartzose lithic metavelcanic metasedimentary

fragments (chert 1lithic fragments litnic fragments
quartzite,etc¢) (inc, hypabyssal) (argillite, pelite,
hornfels, slate)

After Dickinzon,1982,
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TABLE &
SNEUTRON AUTIVATIUN INSTRUMENTAL PRRAMETERS

RADIO= PEAK COULING COURNTING CHONDRITE
MUTLIDE ENERGY(KeV) TIME(DAYS) TIME(SECDNDS) VALUE

5m153 103,2 4 5000 N.181
Hp=239(U) 277.6 4 H000
La=140 487 ,0 4 5000 04330
Nam=24 1368,4 4 8000
Lu=177 208 ,8 7 28000 0,034
Npm239 277,86 7 8000
Yo=175 2H2,.6 7 8000 0,200
To=160 298,6 7 8000 0,047
Yom=175 396,1 7 8000 0,200
BEu=187 121.8 28 12600 0,069
Pee=lal 145,58 48 12000 0,880
Yo=169 177,2 28 12000 0,200
Eu=i%2 216,0 28 1204040 0,069
Ta=182 292,41 28 12000
Thm=160 298,6 28 12000 0,047
Pe=233(Th) 311,8 8 12000
Cr=51 320,1 28 12000
HE=181 482,72 28 izo00
Ba=131 4496 ,3 28 12000
Eu=i52¢ 779,1 48 12000 0,069
Cg=134 748,.8 28 12000
Th=180 B79,3 28 12000 Ga047
BC=46 BR89,3 28 12000
Th=164 1178,1 28 12000 0,047
Comb0 1332,5 28 12000
Bu=18% 1408,1 28 12060 0,069
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TABLE
ELEMENT CONCENTRATIONS FUR INTERLAB RNCK STANDARDS

USED IN MEUTRON ACTIVATION ANALYSIS

ELEMENT LOsp BLOR HI31
ging 75,90 53,50 58,80
Ting 0,20 0,89 0,88
Alz03 12,03 18,10 16,70
Fez037 1,81 T.652 Y
fal 0,93 8,39 H450
Nazl 3,49 3.587 3,14
K2n 4,83 1,32 2,88
B¢ 51 32 23

Cr 2.7 130 34

o 0.6 30 13

ot 2.0 2.5 G,a5
Ba 260 370 772

HE i1 4,3 mon
Ta 1.9 0,5 -~
Th 2.4 4,0 £,.8
i 4,2 1.5 0,5
La 70 12 33

Ce 160 28 67

5m 17 4,0 745
Eu 2,4 1.3 1,8
Th 3.1 0,8 0,85
¥b 11 3,5 3,3

Lu 1.8 0.0 0,86

T g TR o W TS o O W TS A g TR T T MR O AR A AP SIS DU ot W T D U O U O T D I A T e O T M R M K N e

Nxides in welight percent,

Prace elements in parts per million,
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TABLE 8
SET»UP FOR X=RAY FLUORESCENCE ANALYSIS
ELEMENT PEAK Kv / Ma CRYSTAL COLLIMATOR

51 K 45 / $5 RX 4 FINE
Al K 45 / 5% PET COARSE
Fe K 45 /55 LiF(200) FINE
Mg K 45 / 55 TAP COARSE
Ca K 45 / 55 L1F(200)  COARSE
Na K 45 / 55 TAP FINE
K K 45 / 55 LiF(200)  COARBE
T4 K 45 / 5% LiF(200)  COARSE
Mn K 45 / 55 LIF(200)  COARSE
P K 45 / 55 LIF(200)  COARSE

Rb K 4Q 7/ »0 LiF(220) COARSE
Br K 40 / o0 Lif(200) COARSE
ir K 40 / 60 LiF(200) COARSBE
4 K 40 / 80 Lir(200) COARSBE
Nb K 40 / o0 LIF(200) COARSE

N e D e TR TN g T IO OO R e TR e O R SV OB R e O S SO g O O TR IR O B SN S I CNE U W R SR TR OV e e
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TABLE 9

SYMBOLSE UBEDL N FIGURES

BYMEOL(S)

EXPLANATION

ORTH, 00
GR,LFD,
GRA
GRAN

QM
ToTRa,TT
CAB
RoTe
MORE

ce

A, ARK
SaA, SBK
aa

LA

SLA

58

GRY, GW
Aw

aw

LGW

SGW

PGY
PMGY

A

v

u

Qrthogquartzites

Granitic Field

Granites

Granodiorites
guartz~monzonite
Tonalite~Trondnienites
Calcmalkaline Basalts
Kift Tholeiites

Hid=ocean Ridge bBasalts
Continental Crust

ATKose

Buparkose

@uartz Arenites

Lithic Arenite

Bublithic Arenite
Sandstones

Graywackes

Arkeslc wacke

duartz Hacke

Lithie Gravwacke
subgrayvacke

Precambrian Graywackes
Paleozolic and Mesozolc graywackes
Pinal Schist Suartzites
Final Schist Pihvllites
Pinal Schist Schists
Pinal Schist Tonalitic 8il1

R WP Ak R D WS WS e M WS TR T T AN AN T N O R NS e S T O 0 e T e
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Snowy Mins.
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Figure 1. Regional map of the southwestern United States
- showing Precambrian age provinces and locatiion of the Pinal
' Schist in the study area (modified after Condie, 1982).
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Figure 3. Sedimentary classification (After Pettijohn, et
al., 1973). See Table 9 for symbols used in figures.
M = Matrix +/- 5%. : ’ :
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Figure 4. Ca0O-Al203-MgO diagram (fields after Leyreloup, et
al., 1977). See Table 9 for symbols use&vin figures. - )
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plagioclase grains

-K-feldspar grains

OmPK diagram (modified after Dickinson and
Suczek, 1980). See Table 9 for symbols used in flgures
monocrystalllne quartz grains
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‘Figure 7. QFL diagram (after Dickinson, 1983).
'~ See Table 9 for symbols used in figures.

Q = all quartz grains ‘
F = all feldspar gralns -
= all lithic grains except polycrystalllne quartz

L
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Figure 8. QpLvLs diagram (modified after Dickinson and

Qp
Lv
Ls

suczek, 1980). See Table 9 for symbols used in figures.

all polycrystalline quartz '
all volcanic lithic grains
all sedimentary lithic grains



81

Craton
Interior

Quartzose

Recycled
Transitional
Continental

~ FAN
Basement //{ \\\\ Mixed
Uplift ~.

~.

.1"-'\ Transitional
w\ Recycled

Dissécted
Arc

L e—
P

\’:\ Lithi C
‘x Recycled

AY4 AV4

;,.,« _
/’ b
//% ' Transitional
o - © Are o
B _ IR .Undissected
R Arc \& )
P A% V3 W 2 ¥ e . M
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See Table 9 for symbols used in figures.

- Om =-all-monocrystalline quartz grains

= all feldspar grains
Lt = all lithic grains
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Figure 10.
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Table 9 for symbols us
all quartz grains

all feldspar grains
all rock fragments

QFR diagram (modified after Folk, 1974).

ed in figures.
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Figure 11. Ca0-Al203-MgO diagram (flelds ‘after- Bav1nton and
Taylor, 1980). See Table 9 for symbols used in
figures.
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Figure 12. Al-Si-Fe diagram (fields after Moore and Dennon,
1970). See Table 9 for,3ymbol$;usedvin figures.
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-~ Figure 13. log(Na20/K20)-log(Si02/A1203) diagram (fields
after Pettijohn, 1963). See Table 9 for symbols
used in figures. R R
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Figure 14. KX20-NaO diagram (modified after Pettijohn, 1963,
McLemore, 1980, and fields after Martell, 1982).
See Table 9 for symbols used in figures.
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Pettijohn, 1963). See Table 9 for symbols used in

figures.
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~

- Figure 16. (8i02/10)-K20-Na20 diagram (after Schwab 1973,

and fields after McLemore, 1980).

Mio = sandstones of miogeosynclinal orlgln
Eu = sandstones of eugeosyncllnal origin
‘Rift = sandstones of rift orlgln

See Table 9 for symbols used in flgures.
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Figure 17. ~“(La/Th)<Hf (ppm) diagram (modified after Bathia
-and Taylor, 198l1). See Table 9 for symbols used in
figures. L S R
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Figure 18. Al203-K20 diagram (fields after Martell,1982).
See Table 9 for symbols used in figures.
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Figure 19. Rb-Sr (ppm) diagram (fields after Maftéll,
1982). See Table 9 for symbols used in figures,.
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Figure 20. Fe203T-MgO diagram (fields aftef Martell, 1982).
See Table 9 for symbols used in figures.
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 Figure 24. Rare-earth element envelope of Pinal Schist

““compared to envelope of average Archean sediment (AAS) and
to average post-Archean Austrialian sediment (APASS) (AAS
and APASS after Taylor and McLennan, 1980). -
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Plate 1. Chlor1te—b10t1te—ser1c1te quartz schist,
bimodal grainsize. and poor sorting, sub-ang
sub-rounded, sub-spherlcal to elongate gralns,

grain matrix. Plane-polar light. .

showing
ular to
and fine

PlatéyZ_‘ Same as Plate 1;pexcept*cfdés-polaf light. Note
micro-graphitic 1ntergrowth of quartz and feldspar in

flne—sand—31zed detrltal graln (center)
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Plate 3. Tourmali§%l£?§gtal showing sub-spherical,
well-rounded, silt-sized detrital core; matrix is sericite
and opaques. Looking down c-axis detrital core is
pale-brown, overgrowth is blue. Plane-polar light.

Plate 4. Tourmaline crystal showing spherical,
well-rounded, silt-sized detrital core; matrix is quartz,
sericite, and chlorite. Oriented perpendicular to c-axis
and shown in plane-polar light at minimum absorption. At
maximum absorption detrital core is brown and overgrowth is
" -blue-green.



Plate 5. Garnet crystal showing rounded, sub-spherical,
silt-sized detrital core; in a matrix of quartz and
sericite. Plane-polar light.

Plate 6. TFine-sand-sized, rounded, subspherical detrital
plagioclase grain; matrix is quartz, sericite, chlorite.
Cross—-polar light. '
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Plate 9. Coarse-sand- to medium-sand-sized, well-rounded,
elongate monocrystalline quartz clasts showing inclusions
and fractures; matrix is recrystallized quartz and
sericite. Note recrystallized rock fragment in upper
right-hand corner. Plane-polar light

Plate 10. Same as Plate 9, except cross-polar light. Note
undulatory extinction in monocrystalline qguartz, and how well
rock fragment blends in to matrix.



Plate 11. Coarse-sand-sized, well-rounded, elongate,

coarsely-polycrystalline quartz grains; matrix is quartz,
sericite, and chlorite. Diagonal line is a scratch on the
rock thin-section surface. :

Plate 12. Same as Plate 11, except cross-polar light. Note
.widely divergent domains of individual crystals. '



Plate 13. Well-rounded, medium-sand-sized, spherical,
monocrystalline quartz grain showing inclusion of muscovite.
Note spindle-shaped polycrystalline quartz grain in upper
left-hand corner. Plane-polar light.

Plate 14. Same as Plate 13 except cross—-polar light. Note
finely-polycrystalline quartz grains, and recrystallization
of matrix.



Plate 15. Sub-angular, blocky, medium-sand-sized,
coarsely-polycrystalline quartz grain showing rutile
inclusion. Note lithic grain deformed around upper half
of quartz grain. Plane-polar light.

Plate 16. Same'as 15 except cross—polar light; note
recrystallization of lithic grain.
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Plate 17. Sub—angular; blocky, fine—sand~sized, detrital

plagioclase. Note twinning and alteration. Cross—polar
light, ‘ ’

Plate 18. Elongate, rounded, med-sand-sized, detrital
potassium-feldspar; note exsolution patterns. Also note
fine-sand-sized monocrystalline and polycrystalline quartz
grains. Cross-polar light.



106

Plate 19. Lithic grains, monocrystalline and
polycrystalline quartz. Note minute (0.004mm) feldspar
crystal in largest lithic grain (above circular shaped
bubble), deformation of lithic grain around quartz grains,
very fine grain size of lithic grain matrix. Also note well

rounded, coarse-sand to fine-sand-sized quartz. Plane-polar
light. :
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Plate 20. Same as Plate 19 except cross—-polar light. Note
twinning of feldspar phenocryst and of sub-angular,
fine-sand-sized plagioclase grains, also monocrystalline and
polycrystalline quartz. '
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Plate 21. Detail of feldspar phenocryst in large lithic
fragment shown in Plates 18 and 19, note twinning,
extremely-fine grain matrix. Cross-polar light.

_Plate 22. Coarse-sand sized, rounded, elongate, lithic
grains showing K-feldspar staining. Note well-rounded,
elongate, monocrystalline and polycrystalline quartz.
Cross-polar light. . '
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——| MM |
Plate 23. Quartzite showing detrital monocrystalline
quartz, detrital opaque, lithic grains, and sub-rounded zircon.
Note poor sorting, sub-angular to sub-rounded grains,
inclusion in largest quartz grain, and definition of lithic
fragments in plane~polar light.

Plate 24. Same as 22 except cross-polar light. ©Note lithic
grain enclosing feldspar phenocryst to left of large quartz
grain; phenocryst (above rounded opaque) shows twinning. Also
note undulose extinction of quartz.



Plate 25. Quartzite shows monocrystalline and
polycrystalline quartz, lithic fragments, and untwinned,
slightly-altered plagioclase. Quartz is coarse-sand and
medium-sand-sized, elongate, well-rounded to sub-angular and
shows recrystallization. Lithic grain shows quartz '
phenocryst. Plagioclase is fine-sand-sized rounded and
shows cloudy alteration. Plane-polar light.

Plate 26. Same as Plate 23 except cross-polar light. Note
extinction of polycrystalline quartz.
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APPENDIX A
COLLECTION AND PEEPARATION [OF 33aMPLES

Collection 0f sanples

The nighest priority in the field was to obtain good’
sanples for geochemical and petrological analyses and Lo
sample a representative population of the rock in any
particular area, Representative samples of exceptionaly
different character were also collected, Samples collected
were fresn in appesrance and free of viens and alteration,
Areas of oulcrop thal showed extremes of velning,
alteration, and ore-type mineralization were not sampled
except where warranted due to exceptional character,

Particular atrention was pald to indications of relict
sedinentary fealtures such as Crossbedding, graded beds,
turbidite=1like bed sequences, flutewcasts, etc,

sample preparation

Selectred samples were reduced to powder by standard
methods using a Jawscrusher, rotarye-mill, vibratory
splitter, ceramic nhand mortar, and an automatic agate mortar
and pestle, The agatre grinder was ysed to avold tyundgsten
contamination from the tungstenwcarbide high=speed grinder
which had been In use previously.,. From 10 to 40 grams of
f£ine powder of each sanmple wele produced in this manner, Up
teo this point preparstion for neutron activation and Xwray
fluorescence were ldentical and simultanecus, Larger

portions of ¢Coarser graln samples were used to assure
correct average composition,
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APPENDIX B

Heutron Activation Analyses

Samples were analyzed by neytron activation according
to the paraweters civen in Taple 6, FPolyethelens vials were
loaded with 0,5 grem amounts of each sampled and sealed, At
the same time, 0,5 gram portions of three interlab standard
rock sample gmwderﬁ pilaced in viails following the same
procedures, Oxlde and trace element concentrations used for
the standaryds are given In Table 7, The samples were
shipped to the Sandia Laboratory nuclear reactor where they
were irradiated with thermal neulrons,

During analyses samples were placed in an apparatus
which held them steady and with less than 1% deviation frowm
sample tp sample, Powder tnat showed a tendency to stick to
the sides of the polyethelene vials was tamped down by
tapping the bottom of eacn vial several times, The
analyzing crystal was lithilum=doped germanium (Ge(L1)),
cooled by liguld nitrogen, Output from fhe crystal was
dilgitized and stored on nmagnetig discs, The computer setup
used to control data input, storage, retrleval, and analyses
was the ND=8600 system supplied with software by Nuclear
pata inc, OData analyses was facilitated by use of a CRT
display that allowed the analyst to examine and manipulate
paraneters for determination of peakeareas, and thus ensure
the most accurate analyses possible,



118

APPENDIZX C

X=yay fluorescence analyges

Analvses by ZA-ray fluorescence was performed to obtain
major-element data and some trace elements that were at the
time difficult or ynreliable to obtaln using NAA methods,
Two separate analyses were done to obtain major and trace
elenents by XKF, Major elements were analyzed in the form
of fused disksg, while trace elements vwere analvzed as
pressedwmpowder pellets, '

Fused disks for major element analyses were nade by
fusing & measured auantity of powdered rock with a £lux to
make an ¥=ray opague ¢lass disk containing a dilute solid
solution of sample, The £lux ysed was Spectroflyx which is
a powdered lithium=borate glass, The sanmple and powder were
measured to within 0,0001 gram tolerance, quantities were
recored and corrected, and the samples were fused, The
saliples were fused in a platinum crucible with a3 platinum
1id at approximately 900 degrees centigrade for five to
fifteen minutes, Disks were formed and guenched to glass by

pressing in a preheated mechanically linked platten and
mold,

Major elements &nalyzed included 51, Al, Fe, Mg, Ca,
HMa, K, Ti, #®n, and P, Analyses was performed on a Rigaku
XHRF spectrometer using computer control., A program based on
silicate analyses by Norrisnh and Hutton was used to convert
the raw counting dats to a form giving oxide precents of the
elements, Concentrations of minor elements used are given
in Table 7 (Abbey, 1980), Trace elements analyzed were Rb,
sry ¥, Zr, 81, Analvtical c¢onditions for majer and minor
elements are given in Table &,
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APPENDIX D

Modal Analyses

Mpdal analyses of selected thin sectiong was performed,
Categories were estakplished for pelint counting using
pickinson and Suczek’s (1980) detrital mode categories as a
basis (Taple 5) . Detrital grains larger than 00,05 mm in
diameter #ere counted using a standard polnt counting stage
and counter. Six hasic categories of detrital grains were
counted, and seven other categories were counted as well,

Method

Point counts were done with a nicroscope egulpped with
a point countind stage and regjister, Results are tabulated
according to several categories (TABLE 1), Counts were made
of detrital grains in the following categories:
Gm3 monocrystallire quartz grains,

Opspolycrystalline quartz arains of quartzearenite,
guartzite, and chert,

shss  lithic grains of sedimentary or metasedimentary origin
gxcluding quartzite and chert,

Lv: lithic gralns of velcanic origin,
K: potassium feldspar grains,
P: plagioclase feldspar gralns,

Counts are also kKept of the following nen=Dickinson and
BuczZek categqgories:

Ma: matrix of primparlly quartzo=feldspatnic character,
8r: matrix of primarlily sericitlc character,

Ch: chlorite In the matrix

Bis plotite in the matrix

Dp: opague dralns and matrix,

Ep: epldote as gralns and watrix.

Zr: zircon gralns

Tr: tourmaline grains
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Interpretatior of the nature of individual gralns 1is
difficult,. One inherent dlifflculty is distinguishing
certain grain categories (e, ¢g., chert from fine=grained
volecanics) that often resemble each other very closely but
must be classed within different categories in the Dickinson
and SuczZexk system, Another l1s the fact that most grains
have been subiected to & Certain amount of
recrystallization, In some cases, recrvstallization has
progressed so far that graln bouyndaries are all but )
indistinguishable from matrix, In fact, some grains grade
into matrix with no copvious boundary at all, In most cases,
grain pouyndaries were best defined using plane=polar light
and low magnification,

All ypartz graing thalt were one continuous crystal were
counted as monocrystalline guartz (um), In some Ccases,
single = crystalline gquartz drains have inclusions of
muscovite and feldspar, These grains were coynted In thelir
entirety as monocrystalline. ALl guartz gralns made up of
more than one guartz crystal are counted as polvervstalline
quartz (Gp)e. This includes polycrystalline guartz of
igneous origin, metamorphic origin, sedimentarv=guartzite
grains, and chert, Ppotassium and plagliccliase feldspars were
distinguished from each other by staining, twinning, and
alteration, Quartz was distinguished from felospar by
eptical methods, Lithic draing were alividea into two
categories, lithic=velcanic (Lv) and lithicwsedimentary
(Ls)s Lithicevolcanic grains are distinguished by £ine
grain guartzow-feldspatnlc crystal matrix, prolate shape, and
presance of guartz arnd feldspar phsnocrysts. The '
lithig=sedimentary category inciudes all fine~grained
sedimentary and metasedimentary rocks., These were not found
in the Pinal Schist.

To date, no completely reliable system for resolving
the problem of distingulshing various graln types has peen
developed, For this reasons there is a certaln amount of
uncertainty associated with resultis from the point counting
process, Certain grains posed more problems than others,
particularly those with poorly deflned boundaries and those
that resembled both chert and lithlc material, Probakly no
more than 70 percent of these problem grains were identifieg
correctly; however, most grains were not so difficult to
distinguish. Uncertalinty varies for each point-counted
slide, &ome sections showed few apparent gffects of
metanorphic deformation, while otners showed more proncunced
pffects, In most cases, sections which that showed severe
deforpation were oritted £rom tne point=counting process:
nowever, slides showing moderate deformation were used, The
overall vncertainty in distinguisning grains from matrix may
pe a8 great as 2 or 3 counts out of 100 in the less deformed
rocks, and as great as 4 to & counts out of 100 in the nore
deformed rocks, Difficulty in categorizing lithic grain
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types, especlally chert vs, fine=grained lithics, was
greater in the more deformed rocks and especially 50 in
finer grained rocks, Uncertainty in categorizing lithlc
grain types may ke ag nigh as 10 or 15 per 100 lithic grain
counts, Certain dlagrams are less sensitive thap others to
the effects of counting uncertainty,

fvaluation of tectonic provenance by modal analyses

The Dickinson apd Suczek (1980) technlque ig to divide
framework grain types linto categories which are plotted
agalast each other on triangular diagrams, The aroupings
grain types fall inte when they are plotted form
characteristic patterns, These diagrans allow tectonic
setting to pe distinguished with consistency for modern

sediments, The graip types and the different groupings used
appear in Table (5),

Some of the provenance diagrams of Dickinson (1983) and
pickinsop and Suczek (1980) nulllify the sffects of possible
misidentitication as discussed above, Uf tne four diagranms,
gplhvis is the most suspect because lithic grains are the
nardest to classify, The plot of QuPK should be fairly
reliaple except for the eifects of preferential feldspar
destruction and the inconsistent staining of thin sections,
OFL resolyes the problem of distingulshing Lv dgralns from Ls
grains, but combines Gm gralns with Qp grains, which allows
confusion between chert (@p) and fine=gralned telsic
volcanics (Lv). Unly amFLt resoelves the problens of
feldspar (F = P + K)r litnic origin (L = Lv + Ls), and chert
vs, felsic lithic velcanics (Lt = L + Gp),

In addition, modal analyses data was used to assign
sedimentaryv=rock nampes to the various rock types, By
plotting framework=grain frevuencies against the proportion
of matrix in each rock, sedimentary rock names were asslaned
to the rocks., In adalitlon, sandstone classification schenes
using detrital=framework graln modes were used,

Sedimentary rock classiflication

The seaimentary rock classification scheme used 1s
after Pettiiohn, et al., (1973), Detrital frarmework grains
and matrix content assign sedimentary names to rocks, In
this scheme G is all monocrystalline and polycrystalline
quartz grains, F is all feldspar, and R is all lithic
fragments, These three are plotted at the points of a
triangular diagram, The diagram 1s extended in three
dimensions to include matrix content as a fourth component
(Figure 7a). From ¢ to 15 percent matrix, all rocks are
ciassified as sandstones or arenites, From 15 to 70 percent
matrix, all rocks mre classified as wacke=stones, and from
7G to 100 percent matrrix, all rocks are classifled as



pelite,

To use this scheme, Um ls added to Qp to get Q, K is
added to P to get ¥, and Lv 13 added to Ls To get R. &, ¥,
and R represent the total framework detrital gralins, Ma,
8ry Chy Bil, Op, and Ep are added Lo get fotal matrix,
Percentages of frawmework grains are then plotted by
prejection onto triangular dlagrams at particular
percentages of matrilx, Samples witnin +/= 5 percent matrix
are plotted by projection onto plots at 45 percent (Figure
8(k)), 5% percent (Filgure B(c)), 65 percent (Flgure 8{(d4l)),

75 percent (Figure 8(e)), and 8% percent matrix (Figure
8(£)2,

sandstone classlfication

Folk (1974) plots total duartz (menoCrystalline guartz
plus polycrystalline guartz minus chert) against feldspar
(plagioclase plus ke=spar plus gneiss and granite) agalnst
rock fragments (volcanic lithies plys sedimentary lithics
plug chert)., Hote that this is essentially identical to
nickinson and Suczek’s QFL diagram, since identifliable Chert
in tne Pinal S¢hist 1s mlniasal,
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APPENDIX E
Arief Petrographic Descriptions of the Analvsed Samples

PE=2 Brhist. Darkegrays finewgrained rock with two
foliations, Graded bpeds 45¢m to BOCm thick fine toward SE,
possible relict crossbedding and scour marks., Relict sand
grains are poorly=sorted, fine to medium sand-sized,
rounded, sup~spherical quartz,

P8=10 Bchist. Lignte-gray, medium=grained rock, which is
foliated, lineated, and massive (no grading), Relict sand
grains are poorly~sorted, medium sand~=sized, sub~rounded,
elliptical quartz,

PS=17 Schist, Hedium=gray, coarse~ygrained rock, which is
follated and massive, Helict zand grainsg are poorlywsorted,
medium to coarse sand=sized, medium=~rounded, and elliptical,
Rock is composed of cuartz sand (35%), lithic sand ( 1.4%),
feldspar sand (0,4%), and has a fine graln matrix of quartz
and feldspar (50%), sericite (6,8%), blotite (5,1%), and
epidote (1,0%), tourmaline and zircon are present as trace
minerals («£1%),

P3=19 Schist, Light=brownegray, coarse to tine-grained rock
which is fellated and shows grading cycles, fining fronm
coarse to fine sand towards Sk, Apparent relict
crosspedding in fire=sand near tops of beds, Relict sand
grains are poorly=sorted, coarse to fine sand=sized,
sub=rpunded to sub=angular, and elliptical to sub=spherical,
Rock is composed of duartz sand (31,4%), lithic sand (1.,2%),
feldspar sand (3,0%2), and has a fine grain matrix of quartz
and feldspar (54%), sericite (6,4%0, blotite (3,2%), obague
minerals (2.,6%), and epidote (1,2%), zircon occurs as a
trace mineral (<1%), and there is possible detrital epidote,

PE=24 5c¢hist. Blue~gray, poorly~foliated, f£ine to
coarse~grained rock, which is a 2 thick graded bed, grading
coarse to fine towards NW, Relict sand is very
pooly=sorted, coarse to finewsand sized, sub=rounded, and
ellivtical To sube-spherical.

P5=25 Schist, Pale=gray, coarse~grained rock which is
foliated and massive, Relict sand is poorliy=sorted, very
coarse sand-=sized, subwangular, and sub~spherical, Blue
gquartz, white chert, feldspar, and fine=grained lithic
fragments visible in hand sample, Erosive contact with much
finer grain layer indicates up is toward SE, Rock is
composed of dquartz sand (57,5%), lithic sand (3.9%),
feldspar sand (1,0%), and fine~gralined matrix of quartz

(21,5%), sericlte (3,7%), chlorite (<13%), opagues (£13%), and
epldote (<1%),
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PS=28 Schist, Blue=gray, coarse-grained rock which is
foliated and graded, Grdainq is coarse to fine~sand fining
towards Nw, Rellict zand 1s very poorly=sorted, medium to
coarse sand=sized, sub-angular to sub=rounded, and
elliptical to subwspherical. Rock Is composed of quartz
sand (38,1%), lithic sand (7,7%), feldspar sand (%1%), and
fine=grained matrix of quartz (44,.,4%), sericite (9.4%),
pilotite (2,9%), opagues (2,8%), and epldote (1.,1%),
tourmaline and zircor occur as trace minerals,

P5=31 Bcnhist, Darkegray, coarse=grained, rock which is
layered, follated, and graded, Grading is medium to
fine=grain fining toward 58, Relict sand is very
poorly=sorted, mediur to f£ine sande=sized, rounded, and
spherjcal, Fine=~ grained ypper layer is graded fine=~sand to
coarse=silt and shows laminations 1=2¢cm thick, There 1s
$ecandary foliatioen in the upper layer af an angle to
primary bedding ane feliation which resembles crossbedding,
This rock assemblace appears Lo represent a wellm=preserved
turbidite bed, Rock sample 1s quartz sand (42,6%), lithic
sand (€1%), and fine-gralned matrix of quartz (42.7%),
sericite (6.,4%), biotite (6.4%), opagues (1.7%), epidote
{(<1%), and traces of tevrwaline,

P5=32 Bchist., Pale=gray, medium=grained rock which 1s
poorly=foliated and graded, Grading is medium to finewgrain
fining toward SE, There is possible relict crossbedding in
finest layers, Relict sand is poorly~sorted, medium to fine
sand=gized, rounded, and eliiptical. Both blue guartz and
chert are visible in hand sample,

PE=40 Schist. #Hottled pale~gray, medlume=grained rock which
is massive ang foliated, Relict sand is poorly~sorted,
medium te fine sang=sized, suberounded, sub=spherical,
Detrital tourmaline is present, Rock 1s ¢omposed of guartz
sanda (35,0%), litnic sand (Z4.6%), feldspar sand (41%), and
fine grain matrix of quartz (54,43%), sericite (3,5%),
biotite (3,7%), opaques (1,9%), and epidote (<1%), and
traces of zircon,

P3w44 Bchist. Palemyellowishegray, cearse=grained rock
wnicn is non=foliated and graded, Grading is coarse to
fine=grain finning towards N¥W, Relict sand arains are
poorly=sorted, coarse to medium sandwsized, well=rounded,
and syb=spherical, Fock is composed of guartz sand (45.6%),
lithic sand (2.1%), feldspar sand (1,0%), and fine=grain
matrix of quartz (41,2%), sericite (4,%9%), chlorite (1.6%),
opagues (2,5%), and epidote (2,0%), and traces of
tourmaline,

PE=50 Bchist. Fale bluyew~gray, f£ine grained rock which is
feliated and massive, Relict sand grains are poorly sorted,
coarse to medium sandwsgized, rounded, and elliptical. Rock
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is composed of guartz sand (3e,7%), feldspar sand (<1%), and
fine=grain matrix of quartz (48,6%), sericite (9,2%),
biotite (1,7%), opagues (1,5%), and epidote (1.9%), with
traces of tourmaline.

P5=54 Hornfels=schist, Mottled blue=~gray, fine-grained rock
which is foliated and massive, extensive quartz banding and
veining in outcrop, Relict sand grains opliterated by
recrystallization, rock 1s composed of ldiomorphic quartzs
muscovite, and biotite, witn traces of tourmaline, :

PE=69A Bchist, Pale=gray, wedium~grained rock which is
foliated and graded, Grading is medium to finew=drain fining
towards Nw, Relict sand gralns are medium to flne
sand=sized, poorly=sorted, sub~rounded, sube=gpherical,
appears to represent pottom (Th) layer of well preserved
furbidite bed of which PS5=69 represents the top layer, Rock
is composed of quartz sand (33,6%), lithic sand (K1%),
feldspar sand (i,iy), and fineegrain matrix of quartz
(49,3%), sericite (7,4%), chlorite (4.0%), copagues (3,3%),
and epldete (1,5%), with fraces of zircon,

PE=69 Phyllite, Pale greenishegray, very=fine=grained rock
which 1s strongly follated, 15 lineated, and has vien
gquartz, #No relict sand, Appears to show relict
crosspedding, Probably represents uppermost laver of a
turbidite bed (E or pJ, "

PE=T70 Schist, PFale=gray, medinm-grained rock which is
nooly=foliated and shows grading, OGrading 1s meaium to
fine=grain fining towards NW, Rellct sand grains are coarse
o mediump sand sized, poorly=sorted, sube~rounded, and
syb=spherical, Roeck 1s composed of guartz sand (XX%),
lithlic sand («1%), feldspar sand (<1%), and fine grained
matrix of guartz (XXe), sericlte (XX%), cnlorite (2,7%),
obadnes (1,5%), anc epldote (1,7%).

PE=77 Schist. Pale~gray, coarse-grained rock which 1s a
non=foliated, 28 thick, massive laver, Relict sand grains
are rcoarse Lo fine sand sized, very pogrly=sorted '
{pi=modal), subwrounded, and sub=spherical,

P8=78 Sericite=schist, Gray, fine-gralned rock which is
pooriy~foliated and massive, Relict sand grains are not
present,

PE=80 Schist. Pale=gray, medium-grained rock which is
foliated and massive, Rellct sand gralins are poorly=sorted,
mediim to fine sandwgized, sub=angular, and sub=spherical,
Rock is composed of quartz sand (26.,2%), feldspayr sand
(2.1%), and finew=grain matrlx of quartz (37.6%), sericite
(15,3%), chilorite (<€1%), opagues (2.8%), and epldote (2,3%),
with traces of tourmaline.
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P5=~83 5chist, Pale=gray, medium=grained, rock which is
follated and massive, Rellct sand grains are poorly=sorted,
medium to fine sand=siged, subwrounded, and sub=spherical,

PE=87 Schist, Pale=tYray, medium=gralned rock which 1is
poorly~foliated and shows grading and lamination, Grading
is coarse to fine-grain fining towards H¥, Rellct sand
grains are poorly=sorted, coarse to fine sand~sized,
sub=rouynded, and suyb=spherical, Rock 15 composed of gquartz
sand (22.5%), litnic sand (<1%), feldspar sand (1.7%), and
fine=grain matrix of guartz (58,6%), sericifte (11,6%),
chlorite (1.1%), opacues {(2.0%), and epidote (2,0%), with
traces of tourmaline and zircon,

P3=90 Quarrzite, Cray, very cCoarse=gralined rock which is
non=foliated, is lineated by elongate grains, and graded,
Grading is granulemgravel to Coarse sand~sized fining
towaras NW, Rellct detrital drains are medium=well sorted,
grantile to coarse sand-slized, well=rounded, strongly prolate
with subespherical cross=sections, Quartz, lithics, and
feldspar all visible in hand sample, Bed is 2,.5m thick,
pinches laterally over 10=22m, Rock is composed of guartz
sand and gravel (52,1%), lithic sand and gravel (8.4%),
feldspar sand (1,7%2), and fine=grain matrix of guartz
(28.6%), sericite (2.9%), chlorite (<i%), opaques (K1%), and
traces of epldote, tcurmaline, and zZircon, ‘

Ps=92 schist, Grav, medium~grained, rock which is
poorly=foliated and massive, rellict sand grains are
poorive=sorted, coarse to fine sande-sized, subw~rounded,
subw=spherical, Rock is composed of guartz sand (32.8%),
llthic sand (<1%), feldspar sand (1,4%), and fine=grain
matrix of quartz (49,3%), sericite (17,3%), chlorite (3,3%),
opaques (2,0%), epidote (3,1%), and traces of tourmaline,

PS=964 Schist, Lightegray, fine~grained rock which is
laminated, foliated, and graded, Grading is fine to
very=fine sand=size fining towards NW, Laminations are
0,5=1cm, Laver is locm thick, snows relict crossbedding and
appears to represent middle or upper layver of a turbldite
pbed (PS=26). Relict sand is well=sorted, fine to coarse
silt=sized, rounded, and spherical, Kock 1is composed of
quartz sand (17.8%), feldspar sand (<1%), and fine=grain
matrix of quartz (50,2%), sericite (28.4%), biotite (1,8%),
opagues (2,4%), and traces of epldote,

PS=96 Quartzite, Pale plinkishegray, very coarse=gralined
rock whiech is non=foliated, lineated by elongated grains,
and shows grading, #istinel coarse to fine grading cycles,
1=2,5%m thick repeat, fining towards Nau., Cygles consist of
massive lower beds, graded middle beds, and laminated or
crossbhedded upper layers (P5=964), Lineatlon strongly
suggests relict crossbeddiny 0f lower graded layers., These
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cycles appear to represent well preserved turbidite bheds,
Relirct sand grains are granule to medium sand-sized, poorly
sorted, sub=angular to sub~rounded, prolate with
sup=spherical cross-=sections, Rock is composed of guartz
sand (62,1%), lithic sand (9,9%), feldspar sand (3.,4%), and
fine grain matrix of guartz (22,2%), sericite (7,0%),
opaques (<1%), and traces of epldote and z2ircon,

P&=97 Schist. Blue~gray, coarse=grained rock which is
poorly=foliated and graded, Grading i1s coarse Lo
medium=grain, fining towards Nw, Relict sand dgralns are
ponrly sSorted, medium 10O coarse sand-sized, sub~angular to
sub=rounded, and subwspherical, Rock 1Is composed of guartz
sand (48,1%), lithic sand (<X1%), feldspar sand (1.2%), and
fine=grain matrix of gquartz (40,1%), sericite (5,5%),
chlorite (1.,6%), opagues (1.5%), epldote (<i%), and fraces
of tourmaline and zircon, ' '

P8=100 Behist, Gray, medium=dgrained rock which is foliated
and graded, grading is medlum to fine~graln, fining towards
HW, Relict sand grains are mediuvm~sorted, wellwrounded, and
spherical, Rock ig composed of quartz sand (20,0%), lithic
sand (<1%), feldspar sand (2,2%), and fipe-graln watrix of
quartgz (66,2%), sericite (7.7%), chlorite (3,0%), opagues
(1.4%), and epidote (<1%), and traces of tourmaline,

P5=102 Quartzite, Gray, very g¢oarse=gralined rock wnleh 1s
foliated and graded, Grading is from granule to £ine
sandwsize, fining towards Sk, Rellict detrital dgrains are
poorly sorted, granule to fine sand=sized, sub=rounded, and
sub=spherical, rock is composed of gquartz sand (60,7%),
lithic sand (<1%), feldspar sand (2,2%), and fine=grain
matrix of guartz (39,.7%), sericite (4.4%), chlorite (21%),
opadques (<1%), epidote (<1%), and traces of tourwaline,
zircen, and garnet,

PE=101 Phyllite, HBluew~gray, very fine~drained rock which is
well=foliated, laminated, and lineated by kink=fold axes,
Relirt detrital grains are well sorted, very~fine sand=sized
to silt=sized, rounded, elliptical.

PEm108 Schist, Megliuymegray, f£ine=grained rock which is
follated and massive, Relict sand grains are poorly=sorted,
medium to fine sande=gized, submangular to sube=rounded, and
sub=spherical,

P5=1128chist, Blue~gray, medium=grained rock which is
follated and graded, grading is coarse to medium=grain,
fining towards HW, Rellct sand grains are poorly~sorted,
coarse to fine sand=sized, rounded, elliptlical,

F5=117 Schist, Pale=gray, coarse=grajined rock which is
poorly~foliated and massive. Relict sand grajins are very
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peorly=sorted, well=rounded, and elliptical to spherical,

P&=118 Pnyllite, CGray, very fine~grained rvrock which is
foliated, massive, and laminated, Laminatlons are 5-1i5wmn,
Relict detrital grains are well-zorted, silt~sized, rounded,
andg €lliptical to subespherical, Rock Is composed of guartg
s11t (7,.4%), lithle silt (<1%), feldspar silt (£1%), and
very fine=grained watrix of guartz (61,4%), sericite
(29.6%), piotite (1,0%), opadues (<i%), and epidote (21%),

PS5=122 Pnyllite, CGray, fine dgrained rock which is

well=foliated, massive and lamlinated, Lamlnations are
5=15mm, Relict detrital grains are poorly sorted, fine~sand
to silt=sized, subw=rounded, and elliptical to sub=spherical,

Ps=124 Tonalltic gohist, White to pale-green with pink
spots, ¢oarsewgrainred rock which is follated and massive,
Relict phenocrysts of plagiocliase (725%, An 22) and quartz
("25%%) are present, with oblate clots of chliorite (710%) and
epidote (710%), in & flnew~grained groundmass of quartz
(710%), sericite (710%), opaques(T8%), and carbonate (75%),
wlth traces of allanite, )
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