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ABSTRACT

Quartz~potassium feldspar-biotite gneiss, quarté-patassium{feldspar~
Wwiokite schist, amphibolites, gegﬁﬂtites. and finer grained zones are present
in the Precsmbriasn gneiss complex of La Joyita Hills, The attitudes of relis
bads, foliation, mineral linestion, fold exes, Joints, faults, and pegmatites
revognized in these rocks were recorded. Petrographic, petrologiec, and
strustural petrologic studies of the gneiss somplex were maégf

The gradational contects of the schists with each other and with the
gneiss series, the presence of roundeé‘gfains of zirgons and stringers of
ziroon grains that sub-parallel the foliation, the spatial jistribution of
the schists, and the composition of the rocks of the gneiss complex suggest
that the rocks are metassdiments.

The coarse texture of the rocks, the siéilarity of attitudes of megascoplc
mineral 1ineati§n and axes of small folds, the steep attitude of the sohis~
toaity, and the lccal\erasscutting relatiousﬁips of schistosity and.beéding

onm the noses of small folds suggest a metamorphio terrane with isoolinal
folding exhibiting axial plane cléavage and a b lineation. 4s evidenced by
deformation of the foliation and relic bedding, & peried of daformstion
followed metamorphism,

The Precambrian rooks of Lé Joyite Hills are falspathized. Jointing,
pegmatitization, and faulbing are superimposed upon the metamorphosed and
felspathized rocks. |

4 search for beryl in the pegmatites using heavy liguids was un-~
sucgessful,

Detailed investigations of Precambrian terrane elsewhera in New Mexioo

may reveal rocks with similar metamorphic and structural histories.
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- INTRODUGTION

The Precambrian gneiasraOmpiex of la Joyita Hills, the subjeet of this
investigation, forms a narrow, linear outerop about 156 air miles north,
northesst of Socorro, and Ié-mileé eagt of the Rio Grande (Fiz. 1).

The major part of the gneiss somplex is inaccessible to motor vehiales
that are not sguipped with four-wheel drive. However, the southern eud of
the srea is accessible with difficulby to ordinary touring car throughout
most of the year via Rosa de Castills arroyo.

Saveral reconnaissanée maps of the gneiss complex havg been prepared
in conjunction with mineral snd fuel investigations, Lindgren, Graton and
Gordon (1910, ps 240) describe the gneiss complex as & coarse gneiss which
~encloses dark bands of hornblende séhist. Legky (1932, p. 58) refers to
the gneiss complex as a coarse-grained granith which grades looally into
biotite gneiss and contasing numerous unoriented splits and pegmatite dikes.
Wilpolt‘and others (Map 61, 1954) consider the same rocks to be Precambrian
granita.

The suthor began & study of the gneiss complex in the summer of 1961
primarily to da%ermine its igneous, or metamorphie, and structural history.
Be£y1 (1dentified by X-ray methods) had been found in a pegmatite from the
gneiss complex so a less intensive study of the pegmatites, with emphasis
on their structural conirel and econonic significance waa included.

The study involved detailed mapping of structural features; i.e., relic
heddinrg, lineation, foliation, and joints, on enlarged aerial photegraphs
{scale approximately 1:14000), Supplementary laboratory work: petrographio,

petrologio, and structural petrologic investigations were alse undértaken.



The anslysis of the data strongly suggests that the gneiss complex
conaists of oaloaraaus.'aranaaeaus, and volcanie sediments which have
undergone metamorphism and a subsequent stage of deformation, Intense
felspafhizaticn aléo sceurred.

Detailed investigastions of Pracambrian terrans slsewhere in the state
nay roveal areas with similar metamorphie and structural hisbtories.

| Tae author is most grateful to his adviser, Mr. Max E. #illard of the
New Mexioo Bureau of Mines snd Kineral Resources: Drs. Antonius J. Budding
and Clay T. 3mith oritizally rsad the manuscript.

The suthor aslso gratefully appreciated the unresiricted use of equip~

nmgnt from the Department of Geology, and the Bursau of Hines and iineral

Regources.

A srant from the Sew Meoxieo Ceclogical Socisty defrayed the gosts ef
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trangportation and thin sestions.
Iuay Herber typed the initial, intermediate, and final copies of the

manuscript.



GERERAL GEOLOGY

Geomorphology

Air photo and field studies of the‘gneiss aomplex indicate that it can
he divided into two partst

1. Ap orange colored gneiss characterized by low, gently rounded hills
and a partially developed rectangular drainage pattern comprising the northern
tuwo-thirds of the gneiss oomplex (Plate II).

2., A dark colored gneiss characterized by low, rugged hills and sn
irregular drainage pattern comprising the southern one~third of the gneiss
complex {Plate II).

The geomorphic subdivision of the gneiss complex coingides with a sub-
division based on textural and compositional variations.

The faotors which are significant to the’%Vulution of the lendforms aret

1. Faulting. Transverae faulting, faulting ia an aésterly direction,
controls some of the westward Ilowing stresms in the northern part and has
divided the orange colored gneiss into a series of rectangular blocks.
Transverse faulting on the wast side of the southern part of the gneissg is
loss obvious gs is alse ﬁhe rectangular patberns

2, lithology. Losally, in the northern part, prominences of guartz=
pobassium feldsper schist and quartz-potassium feldgpar~blotite schist dom=~
inate the topography. Conversely, in the southern part, weathering of the
lesa resistant amphlibolites has produced notches in the dark gnasisg.

Although differences of elevation ere greater in the gouthern part of
the gneiaavcomplax, a relief of more tﬁan two hundred feet is seldom exceeded.

Strustural seiting

llmﬁe gneiss complex oocupies the éaatarn part of the Joylta Hills.



Although the structure of the Joyita Hills is nod the objest of this study,

the following evidense supports the view of Wilpolt and others (1954, Map, 61)

q_';".
3
A

that the Joyits Hills are s tilted horat.
1« The sastern edgs of the gneiss complex is in fault contact with

- Tertiary volcénios. Ths‘fault surfece strikes to the northeast, dips to the
southeast from fifty to sixby degrees, and exhibits sliackeunsides that plﬁnge
with the dip to the soubtheast. The gneiss edge also forﬁs a conspicuous
topographic ridge relative %o the surrounding voleanic plasins and is locally
silicilied. Isolated ccntaats'of'gneiss with conglomerate or limesbtone dip
steeply to the east. The voloaniocs in contact with the gneiss dip eastward,
Vccntrary to the regional westwerd dip of the volcanios farther east.

2. On the western sides & non-conformabié sontact exists between the
gneiss oomplex and the post-¥iasissippian sediments. Fault conbacts between
the gneiss complex and the post—Hississippianf;ediments gocur only locally.
The depositional contact with the post-Mississipplan sediments dips to the
weat at angles of twenty to fdrtwaiva degrees. Wéstﬁard from the oontach
the sediments meintain a dip of about twenty degrees.

The depositional contact of the gneiss with the sediments, and the uni=~
form, relatively steep attituds of the sediments westward from the contaock

indicate that the gneiss and the sediments, topgether comprising the Joyita

Tills, reacted as a wuit to westwerd tilting.




PETROLOGY AND PETROGRAPHY

On the basis of megascopie color, composition, and texture, eight
distinet rock units are redogﬁized« In general; miafasoopia studies supparf
the field obsarvations. Zxact éuantitative compositional analysis using
>standard size thin sections was not attained because of the coarse Lexture
and gradational nature of many of the rooks. Therefore, textural studiss
aconstituted most of the petrographic wofk.

The units recognizable in the field are:

Gnelss series

Megsacople fzaturess The gneiss serles is the moét sbundant unit,
acouping about seventy-Cive percent of the area mapped., It is divided inbo
two parts on the basis of color, oomposition, and texture (Plate III).

a) Quartz~potassium feldspar-biotite gne%ss eompriges about one~third
of the total gnelss area.

b} GQuartz-potassium feldspar gneiss compriseé the remaining two=thirds
of the ares. |

The quartz-potassium feldspar-biotite gneias is darker in color,
generslly finer gzrained, and contains more bilotite th;n the guartz-potassium
feldspar gneiss. Each gneiss has s well developsd mineral lineation
sccentuated by large pink feldspars sheathed in biotite. Foliation is
obyvious only in the quartz-potessium feldspar gneiss. The contect between
the two gneiéses is gradational; further complications such ss faulting and
sover preclude accurate location of the boundary.

Microgeopic features: Petrographic analysés do not suggest any essential

differenze beiween the gneisses. It was hoped that petrographic examinatien

would subatantiste the megascopic observatlon that an incresse 1n biotite

1)
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content 1s responsible for the darker oolor of the quarbz-potassium
feidspar*biotite gneiss, However, the coarse texture of the gneisses as
compsred to the size of the thin aections precludes acourate quantitative
egtimabion of the minersls present. larger thin sections, two by two inches
wore useless for accurate quantitative determination because of bictite
plucking.

The rock forming minerals of the gneiss, along with their approximate

percentagss ares

Potazsiur feldspar 45~ 60
Quartz 25 - 35
Biotite 5 - 15

Plagipzlase (albite and oligoclese ranging up to Aags) 5 - 20

The potassium feldspar, primarily microc}ine and microcline perthits,
with minor amounts of orthoclase, has two dig;inc% ogourrsnces in the gneiss.

1. Large, {3-11 smi  sversge about Gmm), zenerally oloudy, irrsgularly
bounded grains that enclose grains of quartz, microcline, perthite, myrmekite,
plagicalass, and to a lesser extent bhiotite. The ingluded grains may ogoupy
fiftesn percent of the total oross sectional area of the feldspar.

2. Small (< 1mm: average aboub %mm) more regularly bounded, clear,
inclusioniess, nearly eguidimensional grains that occur in the groundmass
along with other similerlywsized greins,

Quartz also has two distinct pocurrences.

1. Large (1-3mmt averége shout lhme), olear, elongate crystals that
exhibiﬁ sutured boundaries and undulatory extinction. The slongate orystals

‘genarally exhibit a dimensional orientation resulting in the formation of

vands of quartz orystals thet are spatially releted to the survature of the



large‘potassiumvfeldspar grains. Locally, asreas of quariz segregation

include fine speoks of material that give the quariz 2 dusty appearanste.
: 2. Smsll, (< lms) nearly equidimensional, regularly bounded grains
that form part of the groundmass botween the large potassium.feidaQar crystals
" and the bands of large guartz crystals.

Brown biotite is one of the least abundant{ but most cnnspiouous of the
essential minerals. It occurs as parallel sriented flakesié<:%ﬁm) in
elongated clusfars: seldom doss it ocour as igolated orystals. From the
pattern observed in thin section, it sppears that the clesvage faces of
biotite paruilel the large pobtassium feldspar boundaries.

Biobite is seldom included by the large potassium feldspar crysbtals.
However, blotite flakes, oriented with the cleavage, sre found in large
oligoclase orystals.

I'4

Plagicslase (albite and oligoclase rangiig up Lo Anzs) was determined
by the method of Hichel-Levy and by its relative indices of refraaﬁion.
Plagioclase has two distinet occurrences.

1, It osours with quartz as disorete graiﬁs of myrmekite. The myr-
mekite (< Zmm) forms the groundmass along wiﬁh small quartz end potassiuam
feldspar grains. Nyrmekite is also ineluded within the large potassium
feldapar grains.

2. A minor smount of the rock forming plagiooclase hag an ogcurrence
gimilapr to thet eof the lafge potessium feldspar orystals except that the
plagiocolase crystalé never excaed & éiamatar cf‘émm. The large plagioclase
erystals differ from the potagsium feldspar orystsla by including blotite

flakes which are perallel to the clsavege.




The accessory minerals of the gnelss are hornblende, gircon,; sphene,
apatita and garnet. The sphene and apatite sre distributed throughout the
groundmess. Green hornblende orystals (absorpiion: I>T>X), highlf altered,
are gensrally assoelsted with biaﬁifa. ' Several hornblende orystals asre hosts
for guartz and zirocon: the olear quartz blebs are aligned with the hornblende
oleavage. Aggregates of small zircon orystals are generslly associated with
biotite or hormblende. Single orystals of zircon eeaur soatbered throughout
the groundmass within grains and betweén grein boundaries, Ho garneﬁ was
ohserved in thin section: however, an analysis of the heavy minerals
(minerals with sp. Gr.:>2.95)nin an £30z. bulk sample of the gnelss conbtained
geven prains of eclear, colorless, tabulér garnet with a few red colored
inclusions. Ths rad inclusions in reflected iight are suggesbive of hem-
abite.,

¢
-

Amphibolites

Megascopio features. The amphibolite sehlsts ccour s diqtinot, linaér
unite that vary in thickness from threé to thirty feet. They are most
sbundant in the quarﬁz«potassium.faldspar»biaﬁita gneiss. OGome biotite rich
schists occﬁr in the guartz-potassium feldspar gneiss. Where obgerved the
contact batween the amphibolites and guartz-potassium feldspar~biotite gneiss
is always sharp. Bbwevér( a zons of gneiss richer in bioktite than ths
quarbz-potassium feldspar-biotite gnsiss frequently accompanies the thicker
emphibolites on the gneiss side of the contact. The following features
are charaoberistic of the amphiﬁalites.

1. They weather more rapldly than the gneiss.

2. Schistosity in the amphibolites is generally more gonapicuous

than in the surrounding gneiss.

8
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3. Iineation is not oonspiouocugly developed.

4, Large potassium feldspar grainsg ars sbsent in the amphiboiités.

Microsoopie features., A few of the darker amphibolites with horns
blende as the most abundant constituent, ghowed neither a pronounced foli«
ation nor a conséiauous lineation in the fisld. Becsuse of the apparent
abgence of any structural features,:tﬁo thin sectlons with different orien-
tations were out from the ssme sample. Onme seotion was cut parallel to the
plane of assumed foliation: the second geotion was oub trensverse to the
attitude of lineation. The section cut in the plane of foliation shcwed an
alignment of C axea of hornmblemde crystals which corresponds to the linsation
in the gneiss. The seotion out transverse to the lineation revealed a vagus
foliation which corresponds to the observed foliation in adjacent amphibolites.
Amphibolites containing apprecisble amounts gﬁ quartz manifest a oconspiouous
foligtion becauss of the color varigiion. |

The darker amphibolites that lack conspiocuous megsscopie struotural
features contain green hornblende (50 = 65%) and plagiecclass (36 - §5%)‘
The texture varies from a veguely foliated and linsated nearly felty mass of
hornblende and plagioclase to well foliated and lineated. Thé well devel«
oped folistion is expressed by alternating bands of oriented hornblende and
unoriented plagioclase, |

The horublende, strongly pleochreic (Z>Y¥>X), is green and unweathered.
A few hornblende orystals inolude clear, quartz blebs that heve undulatory
axtinctions The piaginclaae; consisting of albite, andesine, and sligoclase,
has weathered into small grains of an unidemtified amorphous appeering material.
Séma of the plagioolase orystals ars peculiarly altered. The paripheriss of

nany of tha‘plagio&iase orystals, about one fifth of thelir radius in thickness,

8



S ol R

sre unaltered, cglear, and twinned. From the clear, unaltered zone inﬁérél
the orystals ere uniformly and highly altered. In many of thse plagleclase
erystals, twinning is present.in both the albtered and unaltered part of the
eryastal. 'waever,‘incases of intense alberation, the twinning eonds abruptly
at the altered-ungliered cuntéct.

The éecessory minerals are Quartz; biotite, and iron ore., The guarts:
soours as small (< 1/5mm) angular, clear grains with no orientation. The
biogtite oqours &g aggregates of small flskes which are nﬁt oriented,
Blotohes of iron ore ocour within and adjacent to the hornblende crystgls«
Magnetite was identified from the heavy mineral fraction of an amphibelite
gchist.

Some of the amphibolites that have gradational conbtacts with the gneiss
oontsined essential quartz and are distinctly}foliated and lineateds, Micro=
scopioally; the ssgentisl minerels are: greé; hornblende (absorption: Z>Y>X)=
15%, plagicolase feldspar (albite-sndesine~oligoolase)-40%, and quartz-45%.
(yosa secabions of small, euhedral, fresh, groen hornblende crystals between
layers of squidimensional quartz and plagloclase crystals impart a definite
fsliation to the roeck. Lecally, large {(2imm), dimensicually oriented, clear
guaris egraing with sutured boundaries secentuate the foliaﬁibna Accessory
ziroon, gernet (one grain) snd iron ore, probably magnetite, sccur. Ziréon
accurévin quartz grains snd between grain boundaries. Stringers of zirocons
parallel or sub-parallel the foliation (Fig. 1, P}aﬁe I}s The foliabtion
is marked by the small, euhedral hornblende orystals that are oriented
acgording to their maximmm aﬁaorgﬁiﬁn. Hany zircons that ocour randomly
and goms that are sub-parallel to the folistion are sub-rounded to rounded

{(Fig. 2, Plate I).

10
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Rounded zirocon grains. Flg. 2
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Quartz~potassium feldspar schists.

Kegasaopio foatureat The quartz~potsssium feldspar achists,-like,tha
ampkihelite gohigts, osour ags distinst linesr units with a foliation and
linestion that iz generally well developed. However, the quartz~feldapar
schists ara thinner than the smphibolites, seldom exoceeding two fest in
thickness: & few reash & thickness of more then thirty feet. Locally, the
qusrtz-feldspar schists grade laterally and versically into the quariz-
potassium feldspar gnelss, Cradabional oontacts are aapeoially characteristie
of the thicksr sohists and their limits can be denoted only approximately.

Mioroscopis features: The essential minerals of the guartz«pobassium
Poldspar schists sre quartz (60-80%) and potessium Teldgpar (40-20%), Baunds
of elongate quertz grains (%-lmm) alternate with bands of less obviously
elongate feldspar orystals, Locally, however, the foliation is couspiocuously
expressed by alternating bands of large, irregélarly boundad, sutured quartz
grains and smaller, nesrly equidimensional and equisized, more regularly
bounded quertz end pobassium feldspar graing.

Largs (2-4mm} potassium feldspar grains in the quartz-potassiwum feldspar
sohists are sparse but thelr coccurrence is similar to the occurrencs of the
larga pobassium feldapar gralns in the gneisss

Accessory biotite and zircon ig also present. Isclated books of biotite,
many of them uarscognizably weathgred except for the external rectangular
ghape, conform to and accentuats the folistion.

Yery sﬁall gub=rounded zircon grains ogour disseﬁin&tsd throughout

+the thin seotion. Locslly, stringers of zircon sccentuste the follation.




Quartz-potassium feldspar-biotits schists

& group of achists, very aimilar to the quartz-potassium feldspar
schist, ocluster about the ceuntral é&rt.of the mapped arsa. These schists
are generally darker in color than the gquartz-potassium fgldspar schigts
they havs been oalled guartz-potsssium feldspar-blotite schist. The
quart%-potassium faldspar-blotite schist grad%ﬁlaﬁarally and vertiocally
into quartz-potassium Feldspar schists; the amount of biotite heing the
critical fagtor. The guarbtz-potassium feldspar-biotite schists locally
gre thicker than the quarfz-patassium faldspar schistss Hevertheless, the
distinsebion betweezn the two light colorsd schists is arbitrary and is made
chiefly on the basis of color.

Epidosite

Megascopic features: Bpidosite occeura in tabular, discontinuous,
restricted qutcrops and ranges in thickness from five te fifty feels
Although the areal distribution of epidosite is limited, it i3 easily
recognized by its green color. Folistion is weakly developed in the
epidosite: loeally, whera the epidozide gfades into amphibolite schilst,
the folightion bhecomes more obviouse Variationy in texture, color, and
folistion are errabtis, bub locally proncuncad.

Microsocoplo faétures: The patohy green color and variation in gfain
sizs obsérved in hand specimens iz also evident in thin seotion. Two thin
seobions were examined and the "essential™ minerals; epidote, quartz, and
orthosclase vary from B80-65%, 45-~7%, and 12~)% respectively. The epidote
| grains €<:1/idmm) form a2 mosaic texbwre and, except for a few encloged |

'quarta‘grbinsﬁ ors sépgraﬁe £?9§fgha sbher "essentisl” minsrals. Most of

the quarts occurs as larger (imm) irregularly bounded, sutured grains inm

r
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veinlets or patocheas. A few epidoté grains are ingluded in the lafger
quartz grains. The orthoolase is qgsociatéd with the larger quar?z graing,
exhibits sutured bauﬁdaries, and is freah‘gnd o;éar,  Ep foliation or
linsation is a?Qarent in thin section.

Accesgory ninsrals, biotite and ochloribe, neoar sporadically as
digseminsted grains, The chlorite is restricted to the patdnes of epidote.

Finer grainsd zones

Several patches of rock finer grained than the enclosing gneiss series
oceur in the quartz-potassium feldspar gneiss. Ths zones heve gprafabional
boundaries with the gneiss, appeer to be unrslated to trends esteblished
in the schists, and include light und dark colcréé sqhists. Foliation in
partg of ths finer érainad ZONEE ig bettsr developad than in the surrounding
gaciss: however, the raverss is also frequently obssrved., Compared with

4
* s , :
the gneiss seriss the festures most characterisiic of the finer grained

zonas are theiyr irrsgular shape, smaller potassium feldspar crystals, and
lighter solor. Locally, highly schistese zones st the boundary serve to
éifferentiate*the gnelss from the finer grained zones.
Pozmatitos |

Pogmstite dikes from ome inch to threes feet thick coour throughout
the area. A few lenticular pegmsiites with a lang axis fram,fivé inches
{micropsgmatites) to six feet were alse observed.

Pegmatite dikest Thas conbacts bebtween the pagmatite dikes and the
goneiss are sharp, and the pegmatites may heve many different orientaticms,
Lacally they gplit and ineluds par%s of the gneisse. Ths orientation of the

internal struotural features within the gneiss inclusionsg are identical with

14



the arientatioﬁ of the same feafufés in the enclaaing;géeiéa.' A Law
pegratite stringers one to three inches thick are very com@iexly'fo}ﬂad¢
These are of very restricted occurrence and do not have 8 sysﬁematia
patterns.

In many of the pegmabtite éikés large, pink, euhedrsl to gubhedral
feldspars up to five inches long are in a matrix of irrégularly seriate
quarts orystals., No uniform zoning is observed in the pegmatits dikes,
but they exhibit a crude zoning of pink feldspars at the walls with the
senter of the vein filled with quartz. Blotite occurs es a minor
constituents |

A Pew dikeliks badiés of mmssive guartz occour in the guartz-potassium
faldspar-biotite gneiss,

Lenticular pegmastites: These consist of zonally arranged large pink
faldspar and quartz orystalss Hilky quarbz cémprises the central zone.
Larges subhedral, pink faldspar orystals (from 1" to 10" in diameter
depending an‘the diamsser of the pegmatite) suryround the central quarts
zone. An ocuter zone of 8 mizture of quartz and pink feldspar impercapbibly
grades into the gneiss: Two thin sections of a small (less thén 5% diameter)
 1en£icu1ar pegmatite were analyaédi- the essential minerals ara‘quﬁrtz and
potgssium feldsparé The potassium feldspar, mierosline and microdline
perthite; oocurs sz large, subﬁedral erystels ineiuding along its edges
graﬁnamass ovystals of quartz and pobassium feldspari Quartz oaoufs as
anhedral; large} clear crystals locally exhibiting undulsbory extination.
Bands of éiangata crystéis of qﬁﬁvtz pasa through the large potassium

 fe1d$par orystals and the groundmasd without interruption. The groundmass
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is composed of finer grained gquartz and potaéﬂium faldspar.. The groundmass
pobassium feldspar orystals and the large potassium feldspar orystals have
been altered sbout the same amounts None of the groundmass potassium felds .
spar containg incluaions.

Aplite dikes

The splite dikes have two types of socurrence.

1. Aplite stringers sccur within or sssocisted with the pegmatltes.
¥raquently, these splite stringers occcupy thé center of the pegmatites In
these occurrences the aplites, like the asspoiated psgmatiﬁes are split and
include undisturbed gneiss.

2. The most prominent aplite ococurrsnce is in the quartz-potassium
feldspar-biotitg,gnaiss; In this rook the aplites, froﬁ 2% « 12' thick,
maintain 8 strike similar to the strike of the Eest Joyita fault but are
broken by trsﬂévarse faults éipping steeply to;the gouth. Bifurcation of

these aplites is not comnén. Locally stringers of pegmatite cceur within the

aplite or st the contast of the aplite with gneiss.
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STRUCTURAL FRATURES

Lineatian; abhiatosityu bedding, faultﬁ, fraafure zones, Joints and
agsocisted pegmatites are fha prineipal structural slements in the aresa
investigated,

Lineation

Lineation is the most obvious structural fasture (Fige 2«A)e It ocours
in every ﬁapped unit except tha pégmatite and aplite dikes, Freguently
. agcentuated by large pink potassium feldspar crystels, the meesured lineation
is conspicuous in all uanits except the amphibolite and epidosite. It is
mogsurable in the amphibolite snd epidosite séhists but the striking oolbr
variation gaused by the largs pink potassium feldsparz is sbsent.

The linea#ion mossured is a minersl linestion. In the gneiss and light
colored schists large pink pobassium feldsp?ra éheathed in biotits, prqduee
the lineation. In thavamghibﬁlite sohists it is due to the orientation of
the long dimension of the hornblende ecrystals. fhe cause of the lineation
ig nat‘avidsnﬁ in thin sections of the epidosites Vhere folistion and
lineation ocour together, the lineation is messured in the plans of foli-
ation. The attitude of the mineral linestion is uniform, and similar %o
the attitude of vhserved foid'axes*

Sehistosity and bedding

In the gnelss complex bedding and schistosity are slosely related. The
recorded schigtosity messurements were obtained lsrgely from the schists.
Sehistosity is also locally well developed in the northern part of the .
guartz—put&gaiﬁm feldspar gneless Neasurements of sohistesity in the quartiz=

potassium feldapazﬂbiotite gnelss could be made only in the biotite rich zones

18



adjaoaﬁt-to gome of the amphibolite schists,

Relis beds were distingulshed from the encloaing gneiss by a combin-
ation of two or more of the following.

1. Grain size. The amphibolites and the quartzo-felspathic schista

arae finer grained than the gnelss serles, |

2. Outecrop pattern. The qu&rtZOufelspathie’schists fcrm-small_fulds

in the otherwisevhomageneous gneiss series. Also, prominences of

quartzo~Telspathie schiasts and notches of amphibolite schist havé‘rS*

gulted from differential weathering.

3. Color. The émphibolite schists are darker than the gneiss series.

Sohistosiby~bedding relationships ares

_l.' In ﬁha quartz~potagsiun feldspar~blotite gnelss and in the northern
part of the guartz-potassium feldspar gneiss, the atiitude of the sghistosity
is nearly parallel %o the attivude of the bedss TDoth the schistosity and
the bedding dip more steeply in the northern part than in ths southern part
of the mapped area. |

2. In the southern part of the quartz-~potassium feldspar'gneiss large
parts of the bads and the coineident schistosity have been deformed. The
deformation produced broken bedg of schist (Plate III), locally disturbed
the schistosity {Flate ¥), and resulted in a broad warping which changed the
strike of the foliation from a northerly to an eastorly direction (Fig. 2-B).

3., In the central part of the quartz-potassiunm felésggr gneiss snd on
the nosss of small folds, the gohisboaity ocuts across the trend of the bedding.

The quartz-potassium Peldsper schlsts in the northern part of the quartz~
potassium feldspar gneiss trend uniformly about north-south and dip steeply

@ast: the amphibolite achists in the quartz-potassium feldspar-biotite gnelss
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trand uniformly gbout gast~west snd dip moderately steeply tai?he gouth.
The configuration of beds in the pentral and southern parts §£ the quarisz-
potassium feldspar gnelas (Plate T11) is suggestive of elther and antisline
or a syneline. Beoause of drag fold relationships (Plate IV) and the ob-
gsarved relationship bhetwesn the direction of plunge of other small folds
and tha plunge 6f the mineral lineation (Plate I7), the struoture iz oou-
sidered to be a deformed southeastward plunging syncline.

Tgults and fracturs zones

In this study, fracture zones were distinguished from fzults on the
basis of movement. If obvious movemernt is shown by offset of schists,
pegmatites, aplites or other faults, the plane of movement is denoted as
f fault..llf movement along apparently crushed zones is imperceptible, or
17 little movemesnt is localized along closely spacsed, sub=parallsl irrsgular
glanes; the zone is denoted as a fracture zé;e.

Wost of the faults (Fig. 1~E) are tfansverse Lo the trend of.the
gneiss complex, local in extont, and dip steeply to the south. A few are
parallel to or sub-parallel to the contast of the gneiss complex., Some of
the faults c¢onbain calcite, barite, fluorite, and galenaj however, most of
the feulbs are elther barren or conbain cnly a coating of iron oxides.
Silisification is largely restricted to the Bast Joyita fault. Beosuse of
the polative homogeneity of the pgnelss complex most of the faults are diffi-
cult to trace unless crosscutting relationships with dikes or bedding is

phserved.

Joints and asaacigteé pegmatites
tne joint orientation, striking nearly east-west and dipping from

20 ~ 35 degrees to tho northwest is present. Another possibla orientation,

20



IS s

| woskly exprasaaa, strikes north-northsast and dips steeply to the sast.

Joint pianea of the esst-west orientation asre regular, ocan be traced

looslly for hundreds of feet and fraquently ocontain pegmatites about five

inchea thick. The spacing of the sast-west orientation ia variablej
howaver, some of the canyon walls ars wsll Jcinted with the gpacing aeldom
exceeading four feet. The joint plsnes of north-northeast orientaticn are
irregular &n& disconbinuous.

The pegmatites also ocour with two orientations. The east-wsst striking,
northwest dipping orientation is the same as the more prominent joind
orientation. Ssldom was an eassb-west Joint orientation measured without the
observation that one or moré of tﬁe jeints was occoupisd by a psgmatile.

The pegmatite generally aecupiéd the joint along i%s eutire strike. Locally

however, the pegmatite outerop is discontinuous while its host joint

o
s

conbinues.
The other pegmatite orientation strikes morth-northeast, dips'steaply

either east or west, or vertically; but is less prominent than the sast~west

crientation: Yo pegmatites of %the north;northeast orientation were obsarved

with the north-northeast jointiorientatinnn
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PETROFABRIG ANALYSIS

Six non-selective point diagrams of the C orystallegraphlo axis of
quartz were prepared with the aid of the Leits five~axis universal stage
and the lower hemisphere of the Sehmidt equal-area projeotion net. By means
of the Schmidt method, (Fairbairn, 1949, p. 285 and Billings, 1954, p. 111)
donsity dlagrams were prepared from the peint diagrams. The relative densitie:
of each diagram are expressed in percentages. The suthor elected to study
the oriemtation of quarbz for the following reasons.

1. After ooﬁpletian of the fleld work it beocams evident that the
amphibolites, the quartz-potassium feldspar schists, the quartz~potassium
feldspar-biotite sohists, and the gneiss series were of tectonic significance.
The number gnd size of quartz grains in each of these rocks iz sufficiently
large for fabric analyseés {

2, Hany well defined anisotropic quartz fabric disgrams have bhsen
prapared from areas that have undergone low grade metamorphism. Field
evidence from the gneiss complex indicates that‘metamorphism‘was followed
by a period of struotural deformation (broad warping) without reafystalliza-
tisn. The axis of structural deformation is in the southern pard éf the
guarbz-potassium feldsper gnaiaﬁ. If the conelusien drawn from the field
evidence is incorrect, quartz fabric diagrams preperad from rocks on either
side of the axis of structural deformation should reflect thise

The petrofabrio study of the gnelas complex 1is not sufficlently

mfexhaus%ive to be gonsidered as & separate phase of the invgstigationQ It

was undertaken meraely %o supplement megascopioc observations snd the roaults

shall be discussed with that in mind.
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Bach fabrle diagranm is arienfed with respect to a megascepic lineation
'éf foliation, One fabric diagram is oriemted geographically (Figs 3-A).

Cloos {1946, pe 5) in 8 discusasion of fabrie data defines three so=ordinati
axesg a; b, and er ™ is the direchlion of the fold axis...; s is perpendicﬁiar
to b in the movement plame; (Sander, 1936, p. 302) and o is perpendicular o
the ab plane, thus also (to) the cleavage plane. (The material in quotes
except for the parémthesis (to) is taken from B. Cloos (1948, p. 5).

In the gneiss complex the attitude ol the megsscopic mineral linestion
iz in accord with the sttitude of the axes of observed folds. Pocause of
the observed relationship between the mineral lineation and the fold axes,
the terminalogy'of Sander is adcyted in this paper: i.e., b denotes the
megascople mineral lineation or the fold axis; ab is the foliation plane;

o is perpendicular %o ab, énly thoss axes whioh are observable megascopically,
or those which can be inferred from megasodpf@ data sre noted om the fabrie
diegrams.>

Figure 3

(A) The only diagram that is oriented geographically is shown in
Figﬁre 3-A. The geotion from which Figure 3-43 wéa preparsd was cut “tangent"
to the sresk of & small fold and orieunted Pérallel to the fold axis; the
b axis. The fold is in cuartz-potassiwm feldspar schigt. Fipure 3-A shows
two maxima and two incempletg girdles, Meximum I is s shallow plunging
lineation bearing about 40 degress from the b axis. Maximum II is a lineation
in the a0 plane. The intersection of the girdles may account for Maximm II.

(8) This disgram was prepared from a section cut parallel to the plane

of observed foliatiocn in a quertz-potassium feldapar schist. Two maxima and
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én,incomglets girdle are present. Meximmn I is a Ilineation in the ab plans,
| the plane of the girdle. HMaximum 1II is in or nearly in the ab plane and
strikes nearly perpendioular to Heximum I.
Figure 4 | |
(A} This diagrem taken from & quartz-plsgicclsse~hornblende schist
shows & girdle in the ac plane and a maximum slightly off the girdle;
| {2) fThis aectioﬁ is taken in the plane of foliation from a biotite
rich zone in the quartz~potagsium feldspar-blotite gneiss, SJeveral maxima
within an incomplets girdle in the ab plane are shown. Some of the maxima
sluster about the north and south enda of the b axis.
Figure 5
| (A) This secticn is taken perpendicular to the lineation in the
quartz-potassium feldspar gneiszs., Three maxima are present within a girdle
in the ac plane, Maxima I and IT are lineatf;nﬂ nearly perpendioular te
each other., Maximum III is slightly within the periphery of the girdle.
(B) This diagrsm ia taken froa;the quartz*éotasaium_feldspar gnoiss

perpendioular to the linsation., Two linsation maxims are preseant which

strike nearly at right angles to sach other,
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ECONCUIC FEATURES

idndgran, Graton, and Gorden (1910, p. 240) and Lasky (1932, p. 56)
have investigatsd the possible esonomic significance of the Cu, Pﬁ, F, and
Ba minergslization present in the Pracambrisn gneiss complex. The chaervations
of the suthor pertinent to the Cu, Pb, F, and Ba were not sufficiently
detsiled to warrant any additions to the observations made by the sarlier
workers.

An ocourrence of bheryl in a pepmatite was reported in 1961 (Radeliffe, M.,
persongl cammgnication). An exsmination of thé "discovery pegmatite” with a
heavy liquid ef specific gravity equal to 2.70 (Sp. Gr. quartz is 2.65;

Sps Gr. of beryl is 2.75~2.80) revealed no beryl.. The examination of many
other pegmatites with the heavy liguid also revealed no beryl; consequently,
no additional work was dons. £

The examination for beryl wag oarried out in the following manner.
Several samples of quartz (each sample in excess of Bge) were obtained from
-8 pegmatite;i Each‘sample was crushed (the orushed materisl ranging in size
from poader be lmm) and poured into a bottla of heevy liquid.

It has been pointed out that several percent of beryl might gn undetscted
by this method bacause of intimate mixing with quartze. This may be true,.
However, the pegmatites, in the refractory gneliss host rook, aversge less
than one foob in thickness. Therefore seversl percent of beryl would not

constitute ors under present day coanditloens.
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INTERPRETATION

The coarse texture of bthe gﬁeiaa gories, the uniférm gimple compositiom
that peevails in the gneiss seriss, the presence of gquartz~feldspar and
amphnibolite sohists, and the megascopic and.miﬁroseopic structuré natbarn
that is present in the gneiss complex i&lsuggastive of large scale, penetrative,
dynamic metamorphism; 1000y regional metamorphism. The presence of large
potassium feldspar metacrysts within gneissic fterruane (Rambarg, 1952, p. 228)
and the preasence of myrmekite (Willisms, Turner, and Gilbert, 1958, p. 235)
ere indirectly supggestive of regioﬁal metamorphisme Much of the potassium
feldspar within the gneiss complex is attributed to late stage metasomatio
acbivity for the following reasons.
1, The large amount of pobasszium feldspar (45-60% of the gnelss
series) present. )

2, ‘The textural relétionship. Large pﬁﬁassium.feldspars filled with
incliusions and zenerally sheathed in biotite do not exhibit
ocataslastio effeats. This sﬁggésts that intreduction of the
pota#sium faldspar ooourred late in metamorphism.

The uniformly oriented, sieeply dipping schists; the loocally transverse
but generally coincident relstion of ths schisbosity tc the beddings the
similarity batween the orientation of the mineral lineation end the axes
of observed folds can best be explained as results‘cf iaoclinal Loldings

Defarmation in the form cf a broad warping has bsen superimposed upon
the rogienally developed structure. Tha deformetion is indiceted by the
broken bedding and coinoident sohistosity in the southern part of the

'Quartz~putasaium feldspar gneiss, the loostion of the axis of delormation.
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‘Miorcsocopic fabrics of rocks in the vicinity of, and south of the axia of
defqrmaticn are not markedly éiffe%ent. This is supporting evidence that
the second stage of deformation occurred without reorystsllization.

Host of the rocks in the gneiss complex ocontain essential potassium
feldspar. The ratio of éuthigenio to introduced faldspar is not known.
Therefore, the following statements ebout source rocks and metamorphie
fagies are conjectural.

The gneiss series represents quartzo-feldspathic schists derived from
arenacgecus sediments or siliceous igneous rockse. The light colored schists
(the quartz-potassium feldspar and the quartz-potassium feldspar-biotite
schists) are quartzo-feldspathic éehists. Rounded szlrgons and zircon
stringers parasllel to the fali&tion within the light colored schists suggests
that they were derived frﬁm arensoceous sedims?ta. Amphibolites may originate
from basic igneocus recoks or f?cm_impura‘aalcé;eaus sedinents. Stringérs of
ziroon that parallel the folistion and rounded ziroons {Fig. 1 and Fig. 2,
Plate 1), and the hornblends-plagioclase ratio (Williams, Turmer, and Gilbert,
Pe 243) suggest derivatien from impure calearecus sadiments, some of which
may heve been basie tuffaceous sediments. Evidence suggesting introductlien
pf material was not observed in the amphibolites. For this resson the
amphibolites rapresent the sotual metamorphie conditions begtter than any
other rock in the gnelss compiex. Eonce, a moderata~to~high gradé of
metamnrphism.tyﬁical ¢f the amphibolite {acies is sséignsﬁ to the gneiss
complex. |

(ne strong joint prienmtation and psrhipa s second, less pronounced

orientation are present. Two orientations of pegmatite are also present;
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'Jfé streng permatite oriantatibﬁ:wiﬁﬁin the‘strong Joint oriéﬁtatian:_a
weakér‘pegmetite orientation which may be correlated with the weak joint
orientation: The joints and associated pegmatites maintain a cagatant

| attitude throughout the gneiss.coﬁplex fegardlesa'of the attitude of earlier
struotural gattefns. Jaint‘devélapment therefore postdatgs the second stege
of deformations The pegmatites and aplites ars confined to the gnﬁiss
cémplax. Faulting, the last structural event within the gnelss complex has
offaet the pegmetites and aplites.

4 goed correlation sxists betveen the miagrocscople fabrlc and fabrie

observed in the fields

The following correlations betwsen the microscopié fabric and the

megascopie fsbrio are possible. | |

1, Linsstion parallel or subpargllel %0 b, a megascoplc mineral
Iinsatlan whlch coincides with the sxes of obgerved folds.

This 1is éhawu by maximum I (Fig. %-8) and perhaps by the clustering
of maxima around the b axis of Pig. 4=B.

2. TFoliation in the ab plane. This is shown by the girdles of
Pige 3~B and Fig. 4-3; The ab girdles correspond Ho the
foliation msaSured in_thé field.

3. Llneatian within the plane of foliations In the field whers
linaation and foliation werse observed together, the lineation was
always within the plane of foliation. Fig, 35~B shows hhis
relstionship very well, In Fig. 4-B; this relationship exists bub
is not well developed. |

A well developed mioroscopic fabric with no megaseopic equivalent is

p&eséuﬁ. This ig the ac girdls (Fig. 4-A; Fig. 5-A), To mocount for the

&c'girdle, threse explanatiens have been advanced based on b as the axis
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. of rotation (Fairbairn, 1939 p. 1439; 1949, p. 1223 Turner, 1948, p. 259).
These are? - | |

1. Robtation af grains. '.

2. Robatien of stféin aées;

3. Formation of micro~flexure folds.
There is no svidence that any of the three pracesseé abﬁve were operative.
The‘author thérefgra suggests a fourth possibility: the development of a
post-deformation growth febris within ac fractures. There is no evidence
for the fourth possibility either. However, ae fractures {tension joints)
are probably more characteristic of isoclinsl folds than either 1., 2,, or
%., above, Ths fabric shown in Ffig. 3-B cannot be related to any microQ
soopic or megascopic structural pattern. ﬁaximum.ll is perhaps a zrowth
iineation resulting from the intersection of the two inclined girdles,
The origin of the girdles is not known. The'ielation of the fabrioc shown
in Piz. 5-B to any observed structural pattern Is unknown. Hoﬁever; mogt of
the ofientations that comprise this fabric were recorded from quartz grains
which oceur as inclusions within hhs.larga potassium feldspar crystals.

Perhaps the growth of the potassium feldspar metaorysts disturbed an esrlier

deformation fabric.
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SUMMARY AND CONCLUSIONS

vTha investigation of the Precambrian gnelss ocomplex was undertsaken
to determine: (1) its igneous or metamorphic history snd (2) i§3 structursl
history.

The rocks are metamorphic. The data suggests a metagedimentary history
for therfeliawing ressons.

1., The attitudes, spatial distribution, and composition of the schist
layers suggest that the schists are metasediments.

2+ The latersl gradation of quartz-pobassium fasldapar sohist into
aexphibolite sohigt; the local latersl and vertical gradation of quartz=
potassium feldspar schist into quaritz-potassium feldspar-biotite schist;
and the local gradational contacts of the sohists with the gnelss series all
sugzest a metasedimentary history. £ 7

3, 2ircon stringers which parallel the foliatien are indicative of
relic bedding. Beosuse of the refractory nature of zircon, rounded zircon
grainsg in metamorphic rocks sre oconsidered to be evidence that the rock is
a4 motasediment.

4, The composition and texture of the gneiss series, quartz-potassium
feldspar achists, guartz-potassium feldspar-blotite schists, amphiﬁalites
and spidosite can be explained by regional metsmorphism pf arenasceous,
impure calcarsous or‘baaic voleanie sediments that heve been selsctively
felspathized,

The strustural hiatm-} may be summarized ss follows.

1. Sedimentation: depeosition of arenaceous, impure calcareous, or

basio voloenic sediments (Fig. 6+4).
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2. ﬁagional metamorphism and deformastion yrﬁducing isoolinal félding
which resulted in the formation of axisl plane olesvage (folistion) snd
& b lineation (Fig. BB). Simﬁlﬁ&neaua development of 3chistosity‘ﬁithin
axial plane cleavage. |
| %. Deformation (broad warping) which disrupted the structure pattern
of the earlier regional deformation (Fig. 6-C). i
4, Alksli Pelspathization whioh may have occurred later then the
rogional deformation but earlier, during or later than the geconé deformation.
5. dJointing which because of its uniform orientation throughout the
ares 0§curred later than either deformetion.
§. Pegmatitization and probably the formation of aplite dikes.
7. Paulting and fraoburing which mey be temporally related to the

jointing and pegmatitization or may be occur{}ng at the present time.
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