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Fig. 1. Intense deformation and plastic
flowage in the migmatitic hornblende gne

Fig., 2, Segregations of actinolitic horn-
blende ocour in the migmatitie hornblende
gneiss, here with an inch wide border of
feldapar surrounding it. HNote the lens-
like segregations of plagloclase in the
foreground,



Amphibolites

The amphidélites have a dark to light groeen eolor, de-
pending on the relative proportlons of hornblends to plagioclase,
They are finé to medium grained and usually 4isplay well devel~
oped follation, PFor the most part the hornblende is qulte
evenly dlatributsd throughout the rooks, giving a speckled
white and green rook (see Pig. i) However, quite often bands
wluuﬂly rloh in hornblende alternate wiﬁh vands rlsher in
feldspar, although the banding is not nearly so pronounced A5
it is 1n the mlgmatized areas, Lenses of astinolitie hornblende
with a diameter of two or three inches are not infreguent,
These lenses have been prodused by metamorphic differentiation
and recrystallisation undei late synkinematic or statle condi-
tions, and thelr eryatals may or may not be well dw.

The hernblende ranges from 0.5 mm to 3 ma in length,
with an average leagth of about 2 ma, M mum s moderately
pronounced erystallization foliation, m ampunt of hornblende
ususlly varles from 40 to 65 per cent and averages about 50 per
cent., As stated mbove, the hornblende is for the most part
relatively svenly distributed, but 1t may aleso ocour in dls-
tinot bands which alternate with feldspathis bands, The aligne
mont of the hornblends orystals is good but not perfect. The
hornblende has started to crystallize under aynkinematic




Pigs. 3+ Segregation of plagioclase in the
migmatitie hornblende gnelss.

I [EPEPELE e gy

- 112t 1} 1\2 2 l: 3 | 12 -1. !‘
J

Pig. Lo Typleal examples of amphibolite showing rela-
tively evenly distributed hormnblende in the upper two
specimena and segregated bands of plagloclase in the
lower specimen.
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_"' :1‘:( 3 ad! A » '.,- 1 ] 'i'} s f3Ts I
itic hornblende forming along a Tracture

from green horanblende. Flane light.

Plg. 6. Begregation of plagloclase and
hornblende into elongate bands and lenticles
in the aigmatitic hornblende gnelas.
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Pige T+ Coarsely orystalline actinelitic
hornblende and actinolite occurring in segre-
zation pods in the migmatitle hornblende
gnelas,
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A+ Typleal blotite gnelss; B, biotite-rich
gneiss; O, Blotite-poor aplitic granulite with
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Plgs 13. Highly fractured garnets whieh have
altered to blotite and later to sericite in
large part. Plane light.

Pig. 4. Large crystal of kyanite (ky)
(1.5 cm) associated with garnets in the gar
netiferous blotite gnelas, OCrossed nicols.
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The texture of these rosks 13 the same ss deseribed in
the sectlion on Bilotite OGnelss and Uranulite (ef. above).

liuscovite~Blotite Onelsa and Granullte

The oscurrence of muscovite distinguishes this rook type

from the blotite gnelss and granulite; otherwise the mineral

content is very similar, Quartsz, 1s the predominant minersl,
ranging ln amounta from 45 to 50 per cent, Plagloclase has an
sverage composition of Any; and cecurs in amount from 35 to 47
por cent, with an average of sbout 41 per cent, The combined
percantage of blotite and chlorite renges from 3 to 10 per cent,
averaging about 7 per cent. Nuscovite makes up 1 to I per sent
of the roeck, commonly occurring in asounts of about 3 per cent.
Guarts has the wavy extinetion and highly erenulated
borders common in the blotite gnelss and granulite. The plaglo-
¢lase is anhedral in form, with polkioblastic textures often
ocsurring. The blotlte is commonly bent and highly grenulated
without later reecrystallizstion., Very often 1t is considerably
altored to shlorite and magnetite. The blotite has the orude
alignwent prodused by oryatallisation beglaning under synkine-
matis conditions and sontlmuing after the end of deformstion,
The muscovite is slosely associated with the blotite end often
is seen to have formed from the blotite during lesching of Fﬂ
and Mg, Many tm 1t has slwost completely replaced individusl
blotite orystals (see Pig. 15). luscovite 1s also seen to



in

P1ge 15, FPhotomierograph of muscovite-blotite
gnelss showing muscovite (m) assocleted with
and replacing biotite., Plane lizht,
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Pige 17« Spoecimen of the guartz labradorite
porphyry. The porphyritic texture is not as
apparent in hend specimen as 1t is in thin
sastlion.



gt el

22 .

£

= 11

1
3
%
- R

2
St G

0
T

o

sl

4
13

£

o o
& Py

wed




18 Lo

o

3y

:

7

s
141

@
£

¥
5

ize fTvranm
7 to

i

3

1lags
B

&

@
i

4

a5

is mhout

e

sats pan

B

7
5

nave

ad
S
el
o



- Lo ¢ . " " -
Fhotomicrograph ™
: quanrts '
rock, Only
es 1t become

goarse gra

. e~ o
wiIrOBS8



!
“although soning may bn proserved In one twin end destroyed in
an adjacent one. All combinations of twinning and soning can
~be seen in thin section (see Fig. 21). This greatly complicates
the pu&nﬁm& deteraination of labradorite as compared to thd
less calole plagloclase, In many cases a narrow rim of oligo-
clase surrounds a labradorite core. Finesgralned snhedral
plagloeclase, whish ocours in the groundmass, 1s uauslly olligo-
olase. The great majority of the plagioclase is labradorite,
however. The formation of the oligoclase mxv be due to the
astion of Ne-rich solutions late In the erystalliszatlion history.
The plagloclase phencerysts comuonly are of perfect
suhedral shape, although locally they may be of subhedral and
sven anhedral form. In this latter case, the texture often has
a metamorphlc aspest, in contrast to the typleally igneous
toxture of most of these rocks (see Figs, 22). Tiny inclusions
are commonly seon in the Mrrlu. Theyare usually controlled
by soning and may be clearly delineated by zone bhoundaries,
They are therefore considered to be alttﬂhim products controlled
by composition (see Plgz. 23). ot only do the larger plaglo-
elass phenoorysta mostly have good euhedral shape, but also the
smaller phencerysts display the same degree of fora development,
The fine-gralned groundmass usually contains a moderate amount
of anhedral oligoclase, however. Thls anhedral oligoclase
should not be compared with labradorite phenoorysta, bat only
with thelr narrow oligoclass rims,




Pilgs 20 ZExceptionally well developed

A dbfhe
oscilllatory zoning
the quartszs labrador
nicols.

in the plagloclase of
ite porphyry. CUrossed

Plge. 21+ FPhotomiorograph showing twinni

A hie &

destroying soning.

Croased nicols.
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Distinet rims of &ron‘hyﬁroxiﬂm'aeauuiﬁnnlly.aaaur
within the plﬁglualnﬁu‘aryntiln, They appear to be controlled
in part by zone boundaries, and in part are parallel to irre-
gular orystal outlines {(see Pig. 24). Theilr mode of origin is
not known. Xran.hydvuxi&nwnlsefneuuru slong cleavage planes
‘and erscks in the plagloclase.

As mentloned above, quartz occurs both as inw&f pheno-
erysts and as small equigranular grains in the groundmass.

The large crystals may have a partial developuwent of euhedral
form, such i& a well developed crystal end (see Pig. 25), but
wmore commonly the large erystals are anhedral. They often
exhiblt growth sharacteristics sush as uneven borders with
pseudopodian-like sxtensions into the groundmass (tc«'?ig* 26).
The ma jority of the quarts, however, soours in the ground
betwesn the euhedral plagloclase orystals as » fineegrained
aggregate of equigranulsr crystals. Ocoasicnally the large
nnhndrninoryaﬁtli-ef guarts enclose a number of smaller plagio-
slase orystals, although some early quarts grains are fres of
such inclusions. The quarts of the groundmass ususlly has a
pavement texture, but locally it may have highly erenulated
borders and may osceur in aggregates, looking rather metumorphie
in texture. .

Hornblende was at one time the maln mafio constltuent
of the porphyry and may osccur as falrly fresh phenoorysts up
to 1.5 em in length. Often 1t is mottled and patehy and has




'« 24« Photomicrographs showing an iron hydroxide

vy

rim which has formed in & plagloclase orystal. )
formed partly along former sone boundaries (since des-
troyed), and partly parsllel to the erystal outline.
Flane light and c¢rossed nigols.
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sssoslated sphens, suggesting a secondary origin from titani-
farous &ng&tnA#r huaultlﬁ horablende, Commonly iijic altered
to & considerable degree to acyimolitic hornblende end large
felty sggregates of fineegrained shlorite. Some blotlite has
formed from hornblende, as shown by the amphlibole ersss-section
being marked by relioct 1ron oxids in the blotite {(see Fig, 27).
Blotite pseudomorphs urﬁavfhﬁrnglunan are also occasionally
seen (seo Plg. 28), | | »

The blotite &anaf two gensrations. Some la primary,
but most 1s sesondary from hornblende, It 1s only rarely in a
fresh state, being mostly altered to ¢hlorite, A few specimens
show biotlite to be the maln mafiec constituent, although thia is
by no means common. In Some cases the blotite has a mstamor<
phic aspect, ¢anurrﬁng both in fineezralned aggregates of
snhedral [lakes and along bhi interstices of the quertz and
foldapar grains (see Flg. 2¢0). O0ften 1t is slongated perpen=
dloular to the oleavage (see Plg. 30).

Acsessory minerals inelude clinosolsite, zolslte, epl-
dote, sphens, and sericite, all forming from plagioolase.
Magnetite 1s common, forming from blotite and hornblende. Some
apatite was seen assoclated with the hornblende.

Tourmaline (schorlite) occurs locally in the largest
stock as a sone a few feet wide and a few tens of feet long
which consists of almost pure radial masses comaonly known as
' sunburst tourmaline. Sheafs of tourmaline are often seen in



. L S smm )
Flge 27. Pattern of amphibole cleavage marked by
relict iron oxide in blotite which 1s now largely
altered to chlorite., FPlana light,

) 21 I}

Pig. 20, Pseudomorphs of blotite after hornblende.
The biotite 1s now partlally altered to chlorite.
Plane light,



Plg. 29« FPhotomicrograph showlng fine-gralned
aggregates of bilotlite, and biotite along the inter-
atices of the guartz and feldspar orystals, giving
the porphyry a texturs of metamorphic aspect,
Plane 1light and crossed nicols.







watonlaro

. an ) &
BIDONGL oW

I
tn 3 Al &
"% 24
oW N i § o e r{: ®

, s 3]
tourmaline (sc
orizin in the por

o

rapn

is now larpgel;

cleavage, 8

] PPRUE [ N =",y o
piotite corystal




s
%

sould

B et

2

Sigry

G
Lhils:

vatalllizat:

&
e

sk ol

E

heve
i%s

=
L




&
=

&
i
o

i
D

i

o
.

e Y Rk
el v

%
i

gl ﬁw@

tegbures
sorrect,

a
&
&

oa

£
a

Z

iz

E

& va
lon

,t_:%g

E
&
Ebures

Heviy B

o

wl




&
o
o

e
i

|

bhovderas of £

G
§$

B
g

%
B

2

i

ls well

&

,;@

&

e re

&

L




o

P
ol

P

i
%‘,

s

e




57

Pige 32. Looking southwest to the "wall" of breceisn
Forming part of the orest of Red Hountain.

Flg. 33+ Looking north at the "tower” of bBreceln on
Red Hountaln., The sastern contaoct of the dreceis with
the porphyry is shown by the dotted line (Br.-breccis;
" P-porphyryh




Plge 34 Specimen of the HNed Mountaln breccia contaln-
ing both rounded and angular fragments. Note the
compact, ins-grained matrix.
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PMlge 35. Fhotomlerograph showing the mylonitic matyixz of
the Hed Nountain brecoia., Plane light and erossed nlecols,




T2

Pig. 36. The sharp sontact of the breceia
with the porphyry on Hed Mountain is shown
by the dotted line., The bresccia overliea
the porphyry, the contsst belng very sharp.
Note the late amall shear plane dipping to
the south in the dbreccla (Br-brecciaj
Peporphyry).
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Plge 37. Photomierograph of the Trinity brececla showing
the chloritic matrix, Plane light and creossed nlcols,



Figs. 384 S@aélmhn'of o Frsmw—y he
predominantly chloritie matrix with ainor Swunve of
erushed rook (regments, Note the ohlorite veinlet in

the fractured fragaent.

Pig. 39. Photograph of the Teinity brecels in the
Red Mountaln #iine, showing the large amount of chlorite
tn the matrix. Hote the predominantly angular freg-

menks .
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Pig. 40. Photograph of an ore ssmple from the
Red Hountsin Hine, The sulfldea ocour as part
of the matrizx of the Trinity breccla, somwetimes
foraing the roughly orbloular masses shown above,
The sulfldes have mostly replaced calolte with-
gut affecting the shlorite to any extent. ‘
(Ca~galolite; Chl-chlorite; Up-shaleopyrite;
Phepyrrhotite; Py-pyrite; rerock fragment).
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