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ABSTRACT.

The Mount Brenner stock has intruded folded sedl=-
mentary and metaSédimentary rocks that lie 40 miles north-
east of Dawson City,’Yukbn Territory. . The stock consists
of four hajor concentric zones: (1) an outer zone of finef
to medium-grained augite-biotite monzonite; (2) a zone of
very coarse-grained monzonite pdrphyry; (3) én intermediate
zone 6f porphyritic hornblende monzonite; and (4) a central
zone of cdarse-grained pink quartz monzonite porphyry.
Except for the outer zone, all rock types are pbrphyritic
and the alignment of feldspar phenocrysts glves the rocks a
primary flow structure which conforms to steeply outward
dipping gradational internal contacts, All external
contacts afe sharp. The regional structural trend 1is
modified in the vicinity of the stock so that beds are

generally conformable with the Ilntrusive contact,

From structural evidence, it is concluded that at
the present level of erosion, the stock was emplaced by
forceful injection, The different rock zones of the
stock can be accounted for by differentiation of an auglite-
blotite mdn;onite magma by a cocmbination of crystal fraction-

ation, volatile and alkall diffusion, and multiple intrusion,



INTAROLUC Tl}MiaocﬁlilcﬁlG’tl.li‘ll"..allil!

S, sy
CLOCATLON AND SGIELLI vionvnsosons

TOPOSRAPHY, DRAITNAGEK ARD SLACIAT
EVINUS GROLOGICAL #ORKinenssssssasnse

P
ACMZ.NwMDumAEu.......;..ugnzu...-.‘.;..

IR N N RN NN R

f’m
C;
w

o
]
H
1]
=
-~

GARERAL Dal

IFFFEREEEEEENEEEREE ]
PETROGRAFHY s sntossscrsvnnnssnaessranss
Auglte~blotlte HonzonliBisssnscnos
donzonlte Forphyryssevsvaveanasas
Porpnyritice Hornblende -onzonlie.
Pink Guartz Honzonlte Porphyriess
APLITBe s snsnsosnscansnssnsovanesa
IncluslonBeiccsasoessosnsnnn nsnsur
CHZMICAL CGOHPOSITION AND VARIATION. e e

CONTICT i

g Tt
APl s s snoonsovnanssnsa

Pole TR ZaN 1B Rivhas
Qqﬂ\\}VI"-}ﬂwnslthcqne:ocn»o-a-.no.nv«uaau

Internal SLruCbUreB.esnanssaagrsre

, Follstlon and LineatloN...s.
J&)iﬂtlnéﬁonuu.--vqwuntvacaoco

Internal ContBCtSecoasressne

€2 H NI S YA RRELER SRS

Y Y O

(7

21
24
24
29
36
37
37
1
40
44



w3

Exteornal SLTUCLUISSseecvasosrorsonsnocssatnee, 45

HISTUKY OF THe rbUTOR.ceceaevsossesssncasecacaconso 46
Inbterpretaticn of Structures and Mechanics

of Huplacementessseceseessceovsssasessosseos 40

ASSimiiutioneeecssosvovssosssrervsossccscsonsae 50

Dif1orsnlictiClecessssscsonsusscsssosssoseccse 51
Sumuary of HEmplacement, Crystallization and

DifferentialioNececsssocovcoccsssscassssancce 5o

BI;SLIUGE‘J-A-EHYO’O.OOGUQQaﬁ’ch.oao’iooobqeouoc;cacotk bl



<Y

Ll JaT ont

Seoloslonl @mup of the Ht. Sreuner took,
TUE0n TEPrilor T escrsosinrsnssanssasnnnees

Index mnp showing the Dewson arss fond
locstion of the Aount Hranner a8tocR..een

Y“odes of specimens from the Xount Sreaner

A e A A

Yariastion in eoupositlion of granitlie prooks

with reapeset Lo distance Trow the margin
of sach rook LIPTevetsrsonsenansssvnssnn

Veriation dlegram for rock zopes of the
Heunt Sreapsr stock. The average welsht
per cent of oxldese of ench rosk zone are
?10%%@& ﬁ%&iﬂ&t total 2llicBedensassnens

Contoured dlagrams of oxides va, S1ffer-
entiatlion index on which analyses of

rocza from the Hount Breoner atook hsve
been superiapodBelasenrassecsrnvasnussons

Trissgular eoaposition dlugras on which
the followlng are plotied) rocks of tae
“ount Lreaner stock) Dely's aversge bue
salt, andeelte, daclte, and rhyollte;
and Felt of composition variatlion of the
@ jordity of exlo-alizall volounle and
plutonle BBUUBNCEBesssessennsssnssvsanns

Stracture Trend <ap of iit. Hreaoner atoek,

akon P 3 o o B 4 4

172 poles to fllstlion pleotted on s Zehaldt
nat aad cootoured., Contours 2, 5, 18, and

Lot N By e
over 15% peYy 1 GrCBoesrssonntssnssnrsuns

in
poniel

33

Eﬁi



Flgure

10

Tables

I

II

Flates

11,

11T,

21% poles to Jjoints plotted on & Sehmidt
net and contoured. Contours 2, Ty 14,
21, 28, and over 2GL per 1k arefeicessessns 42

Diagraamstic sketch showing a hypothe-
tical development of rock zdnes of the
Aount Erenner 28L0CKessecsnsrvssesssnovsasas 55

Hodal snalyses of Granltle HRocks of the
Yount Prenncer 8L0CRivsscscecssesissonassany 10

Calculated Chemical Compositicn of Locks
¥ount Brennel 3LoCKi.ceessssnssocisecsaistra 1

following
Pape

Ae Auzlte-blotlte ionzonite wlth rounded
pl&ty &ggreg&t@& of biotite (K l)dtticotﬂib 13

E. Porphyritic horablende Honzonlte with
distinet alignment of feéldspar crysztsls

(m l)bunbtttadraQttt#intll‘tiDOﬁt-leaogigq 13

4y Zoned, twinned plsglocluse with broad
sltered core ip blotite guartz diorite
{GFO&Q@@ nicols X 10)n'e'tnnvtgcuqnqannctau 14

Be Bent plagloclase with stress twinnlng
in susglte-viotite wmonzonite (Croszed nlcols

~
X 1U).66QQ!»Qai.G&'bblcQt.anicolnt&i‘cnt... 14

Texture of blotite (B1) 1in suglte-blotite
aonsonite (Crossed nicols X 10) ceessccanes 15

e Anhedral sugite (4ug) with rim of norn=
blende {(Hb) 1p zuglte-blotite monzonite

(X lo)iQ'OO"i“.!i'.l.‘99.!.0!00!.’00.’!‘0 15



Y1

=)
4
4

1
"i\

=
]

4

viil
Following
Page
5. dopzonite porvhyry (X 1/2)ceeevesvseas 16
B. Veln pertiite in phenocryst of
monzonite porphsry (Croesed aicols X 458) .. 16
4. Filaz perthite in orthoglszse of
mongzonite por@ajry (Croseed nicols X 45),
51bite 'lenses' trend perpendicular to
{010) cleavage in orthoclas€..ieessnssvsns 17
B, MNone-perthitlic areas around peripherles
of plezloclase wralus lo orthoclase of
aonzonlte porphyry (Orossed nieols X 45) 17
4. Corroded ortugelase erystsl (Or) in
core of an orthotlase phenocryat {(Fh). )
(xI‘OS‘\E@f}, nicols X l{}}iﬂﬂtl&qhihlnol“‘Q*i. 1)
3. Plagioclmse inclusio.s 1ln orthoclese
of the glomeroporphyritic phese of the
porvhayritic hornblends monzonlte
(CI‘D&F"*@ nigols {16)-«»&0.:.»-.40«:-‘.'0&0 19
L, Pilo% guartz monzonite porvhrry. (AI1).. 21
G.  Pertnitic orthioclase vhensceryst with
lncluclons Of 8QHQOP’1 unstriioed quarts
i\;) \"fAQLH"" )X»COLQ k4 lc)aaocano-vuwa.~-¢¢ ::.}l
he Zonipg snd al ool pla sluge
imclusiozns in ortd lzse phencoeryst of
el guoarts umonzonits porphyry (Urosoed
11()015 &": ):))bll'oilltﬁilﬂﬁdbhlQlQQ...Qlet‘. C}l
LS. Yurt or pwanoup Bt 1o plste A al wi-osr
Aeonitication (Lrossed nieols X ;}......a 01
e Driestation of plopgioclese locluslions
in ortuoveluse puoer Gszst of LJL 11“{ quyzh
apnsooite porghyry bonie D R 2e

Pl ‘QQ\’( SBG Ury ghals wiltils wno o
in ‘luded in toe “Nrgij of UftJO”lbb@ paean

o o - oy
&"LJ[“ ‘\ rossed ol cake A J)-vc---onc4-.-‘-t r.',).ﬁ?




Flates

Al.

XIII,

X1V,

viil
Following

fage
Z

A. Combinstion twinned plagicclace
inclusion on orthoclage phnenocrysail
{Urosged nicols X 10} iisssoseoanrsansosna

N
28]

BEe osyrmexite rim on plaglocluse
surrounded by potesh feldspar (¥) of the
pink guarteg Bon2zuniteé POPDPRY Ty e esnssnss 2

e Oselllatory zonlng in plealoclase of
plok quartz monzoanlte porphyry, (Crosssd

nic@lﬂ —‘t’; l())-‘#6‘!'-‘!‘0‘!’b“."..‘bﬂ..‘ ?;j
B, sllunite in wetamict state (V) 1ne-

cluded in hornblende (Hb). lote pleo-

chrolc halo end radlating Tractures in
harnvlende, (Plove 1ight X LO0Jeewsvsnss 25
A,  Inclusion in pink quartz monzonite

porphyry., Potash feldsper phenocryeste

'stresm' oround the inclusion (X 1/3).. 25
By JIrelusion lo pink cquartz mson:zonite

porvhryry., Kote vnesuoecrysts in both

quartz monzonite and in the inclusion

(-* 1):‘hq'0§alﬁltﬂlﬁ‘ﬁl’h.ltp.‘lv"(t.ot 25
#A.  FPorpuyroblast of perthite in prenoe-

blustice matrix. wmote line of tiny

incluslone and 1lrrepuler vorder,

{\Cr'Oi’BEﬁ nieols X 5).«'.»'-0-»;00;0.-... 25
e Oseclillatory zoning in orthocluse

megacryst -, {(Crossed nicols X 5).... 26
A Prnotoslerogrsnh showling corroded

plagloclase phenocryvets in an inclusion,

ploek background is potesh feldspear.

(Cromsed n1cols X 10} ieuwseesseeessvonan 25

Z., Photomicrogreph showing polkilitic

Cnornblende (Croceed nlcoled X 10)iuae.we 26



£sd

LOCATION AND AGCESBIBILITY

The map-area lies in waet~naﬁtra1 Yukon Territory
sbout 40 miles northeast of Dawson City and 3 miles north of
the Tombstone River (fig. 1). The Demster Highway leaves
the Tsylor Highway 20 miles east of Dawson City and follows
the North Klondike River. Both of these gravel highways
are kept in excellent conditlon for summer travel,. At
" mile 45 of the Demster Highway (in the vicinity of North
Fork Pass) the North Klondike River swings southwestward
along & bread valley. This valley leads to a low, flat
pass into the vallsy of the Tombstone River at about 11
miles from the Demster Highway. The map-area is a two
day walk from the highway by way of these valleya. The
area is accessible by helicopter or, with diffionlty by
horaes.,

TOPOGRAFHY, DRAINAGE AND GLAGIATICHN

The region lies within the physiographic unit
known as the Ogilvie Mountains (Bostoek, 1948). "The
range has a rugged and mountainous asspect and consists of

long, branching, knife-edge crests, with sharp and often
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precipltous peaks, sepuprated by deeply cut valleys.” (Cocke
field, 1919). The map-sres is entirely avcove tlmbereline
wilch 18 at sn elevstion of sp . roximstely 4000 feats
“Averaye relief is 5500 feet snd pealke veach o wuxlimum
elevation of 7500 feete In sress of grinitie rooks tne
topography bee 2 unlque chapracter which has beeo dereribed
by Gelormmell (L903) ta the folleowing worde.
This roek is strongly jointed vertically snd wes-
thers into ralnoug, wed:e-sheped rldgesz, Bure
sounted by lines of shorp vinmocles and lofty
towareshoped pesks. The pillared chorscter
of the reglon is 8o remariable thal the progw

vactors hove giveo it the nawe of the touvstone
SCOUNLDY »

' The aves 1is draiced by tupse rlver syatess:t 1o
the weast, the goubh flowing Chandlodu River systes with ite
asin westward (lowing tributaries, the Tosbstone and Little
Twelvemile Hivers; im the ssel, the North Aloudike Rlver

pysteag usnd in the north, the Hlacketone River syubes.

The Opllvie sountsins digplay connlderable avide
ence of placlastion, Hain vnlleys hove Ueshoped Crosse

profiles and ithe up oermost parts of tributery valleys

geoerclly tersinste in zlnolal elrques, whi b comaonly
nold tarns. Apr@tes, horna, and henplog valleye are

coumnon fentures, Small lce patcobes etllil occupy 8 Tow

of the clriues on tue north aides of suwe pesie norih of


http://lra.ua

"gyenite Lakes"s Valley glaclers emerged frou the
ﬁountaina and occupled the valleys of the North Xlondlke
end Chandindu Rivers uut extended only & short dlstance
beyond the mountains (Green and Roddlek, 1362).. Sincs
gleclation, stresss have cub narrow tréncﬁ@a and canyons

into older valley bottoams.
FREVIOUS GEOLOGICAL «ORK

Barly investlgations in t.e Tombstone aresa were
nade by “eConnell (1903) and Cockfield (1918 and 1929).
The work consisted of recomncitering the country and
ex:nining aineral deposits. Green and Ro@dick (1961)

map-ed the area at a scale of 1 inch to 4 mlles as part of

a project known as Operatlion Ogllvie, Vernon and Hughes
{1951) mapred the surficlal geolozy. Tewpelonao=-{lult

(1964 and 1965) carried out mapcing in the Toubstone map-
area at s scale of 1 lnch to 1/2 mile for eventual pablic-
ation at 1 inch to 1 mile. The presesnt fleld work was
carried out by the writer during the months of July and
saugust, 1964, while eamployed by the Geclogleal Burvey of

Canada,
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hocks of Sillurian sge {(Tempelman-{lult, 1965)
oceupy the northwestern coraer of the map-ares (sec map in
pooket) . These rocks conalst m&ialyVGf interbedded
black cherts and arglllites and are here about 1000 feet

tilok.

In the ﬁ@rthaaatéru and southwestern paria of
 the mapearea, the black cherts and a2rgillites are overlaln
conforma.ly by a ssriee consistlng of black ﬁhalé. arglllite,
alata,phyllita:an& thin bedded quartzlite of Jurassic age.

A continous thin bed of limestone, which contalnes iiddle
?ermia& fosslls, warks the conbsct bebwesn these two roek

units.

Dark blue-grey to grey quartzite of Lower

Opetaceous age (TempelasaneKlult, personsl communlcztlon),
pcouples the scutbiesstern part of the map ared. AIST: S o v A
ites  are mesolve and chearscteristicslly bave thin partiogs
of slate and payllite (commonly grephitlc) between thlcker
beds, The maximum thlciness of tils unit hos been
estluated to be 45,000 fect (Gresn and Hoddlck, 1552)
Recent work, however, suggests thab”th@ rocis are Lso-

clinally folded with steeply dip:ing exiel plones znd that



w

the true tulczoess 18 la tue order of 5000 f@@t} The
contact Letwoen the quartzite and the underlylng rochs "is
anasidered to be o gently southeast=dipplag turust surface
upon which the guartzite has moved to tae noprthweat.”

(Tempelaun-Klalt, 1965).

Two large stocks that intrude toe sedimentsry
and metomorphlc rocus in the Tombstone map-ures range in
composition from dlorite to syenite. Textures of these
procks range fros flne-gralned aund equigrsoulsr, Lo course-
grained and porphyritic. Foliation in the rock 1s
shown by allyunment of tabular feldapar phenocrysta.
Inclusions are reres | Age of the granitlc rocks s nob
known, though tiey are thought to be coutenporssesus with
granitic rooks for to the southessd wizieh unve been dated

as “iddle Cretaceous (Creen and Foddlek, 162).

1
Tempelman-Kluit, personal communication
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THE MOUNT ERENIEER SFOCK

Hount Brenner is the bighest'p&ak of the wmost
northern granitie bvody in the Toubstone HE Pl TE8 s in
this thesis the granitic body 1s referred to ss the Hount
Brenner 8Logil, The Llutruslon occuples & roughly
#llipticel srez with its long sxls trendlag aortheastward.
It crops out over an ares of sboat 17 sguare nlles and
exnibite 2 more or less concentrie arrangessot of 1te

various subdivielons,

A segm@ﬁﬁ of auglte~blotite monzonite lles
sround thie western part of the stoeks A eresgeite
shaped, asrrow band of wmonzonlte porphyry lles szloag tus
inner contact of this segment. Inward from tals band,

and forming a brond irregular riog, is 2 body of porphyritic

nornblecde wonzanlte, The central psrt of the stock l1s
composed msinly of plok qusrtz aonzonlte porphyry. A

body of uplite lies neur the eastern aide of the oink
quartz monzonlte porphyry. The cont:cts between each
of the rock types sre in most ploces gradatlonal, altgau@h
tne monzgonite porphyry locally shows a snarp Llatruslve

econtact against sugite-biotite monzonite. Moden of



each rociz type are snown in Table I,

Dykes are not common wilthin the stock and very
few of them were found in the zdjecent country rocks,
geries of dykes is found in the sast central part of the
pink quartz monzoulte porphyry near where tie porpoyritie
norablende monzonite protrudes loto the core. In thils
area aplite dyxes, that renge from a few lnches to 20 fe:t
thlck, follow steeply dipplog north to northeast trending
joiontse., | Dykes of pink guertz wonzonlte porpuyry f£11l

Joints in pink quertz asonzonite porphyry of spuroxlinately

the samne compositon and texture. No dykes were traced
outward into the surrounding country rocks. Hear the

soubheastern contsot of the stocir, however, & few sills of
porpuyritiec hornbleade andesite, that range from 0.5 to 15
feet wide ilntrude the shsle. In the same ares & felde
gpar porphyry 4yke cuts across the follstlon in black
phyllite, Sunedral, thinetebular potash leldspar
prenocrysts sre sligned paraliel to walle of the dyke to

give the roex o dlstincet follistlons



"TABLE I

MODAL ANALYSES OF GRANITIC ROCKS
MOUNT BRENNZR $TOCK

Rock Type Augite-Biotite Monzonite iMonzonite Porvhyritic Pink <uartz Monzonite Aplite |Hornblende-
1Tporphyry Hornblende Monzonite Porphyry Blotite
-— ] Iyroxenite
Specimen Number 1 2 3 4 5 6 7 8 9 10 11 12 17 14 15
Plagloclase 42,5 34,6 41 38,8 42.6' 39.5 50 24,1 35.7 29 39,2 34,9 34,3 38,0 2.9
Fotash Feldspar 3.8 27.1 20.2 25,5 23.6 43,0 31.7 566 43.6 | 50.6 36,7 41,9 48.5 30,1 R
uartz f 26.4 7.2 1.2 2.6 o 1.4 2.3 1.0 5.2 10 13,8 12,7 11,3 27.5 ———
Blotite 27.2 17.5 16.4 15.6 " 5.l J— 1.0 1.2 0,2 0.5 —- 0.4 tr. 0.1 25,6
Hornblende L - tr, 0.7 4,2 15.3 7.6 11.9 14,5 12,2 7.9 9.7 6.7 5.5 tr, 7.9
Auglte f tr, 12, 18,5 11.5 10.7 6.5 1.0 0.4 — 0.3 0.2 . 0.3 tr, - 56,1
HMuscovite(sericite) ! tre, — —_—— o L — 1.0 _— _— 0.5 _— —— _— 2.7 _—
Total Accessories 1,0 0.9 2,0 1.6 2.7 1.7 1.1 2.0 2.0 1.0 G.5 2.1 0.3 1.5 4,1
Apatite tr, | 0.2 1.1 0.8 0.9 | tr. C.4 0.2 0.3 0.3 0,2 0.1 0,2 tr, 2.0
Epidote tr, 0.2 0,8 . ——— tr, tr, tre -—— tre tr. tr. tr. tr. tr. —
Allanite — 0.1’ — —— —_—— —— o _— tr. tr. 0.1 0.4 tre tr. ———
Sphens —-— -— tre tr, 0414 -— tr. 0.5 té. - 0.2 0.9 0.2 tr. -—
Zircon tr, 0.1 tr. tr. — tr, tr, tr, tr, tr.' tr. tr. tr, tr, e
Garnet tr, — — —_ e ___' — - —_— ——— —— — —— — —
Caleite — tr, tr, tr, tr, -—- 1.0 ——- 0.8 0.7 0.3 0.2 0.3 0.3 0.2
Chlorite i - tr, 0.1 tr, 0.14 ; tr, tr, — 0.4 tr. tr. tr, tr, 1 ———
Myroekite 1.5 1.6 tr, tr, S 1.4 - ——— 2.7 1.0 tr. tr, tr. - -
Opaque - tr, 0.3 tr, 0.8 1.5 1.7 0.7 1.2 1.5 0,3 0.3 0.5 tr, 0.7 200
g 50, Peroentage e b4 2! 54 50 0 |m . s e 32 28 26 30 28 45
gi%;idééar:plaglaclase 1l Tel.2 232 1:1.5 131,83 1:0.2  |1:1.6  1:0.4 - 1:0,8  {1:0.5 131 1:0.8  1:0.7 ) 1l 1:2,8

| Yodes are plottes
of specimens is

1

fig
+
"
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POTASH PLAGIOCLASE
FELDSPAR
LEGEND
A Aplite
® Pink quartz monzonite porphyry
4+ Porphyritic hornblende monzonite
O Monzonite porphyry
© Augite biotite monzonite

Figure 2. Modes of specimens from Mount Brenner Stock.
Numbers refer to specimens in Table I and in
Figure 4.
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Figure 3.
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Location of
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The auglte~blotlte monzonlte unlt forwe an irrege
ular segasni around the western and southwestsrn borders
of the stocks A zone of dark-zrey, fins-grained, garnet-
ifercus blotite quarts diorite {l)1¢ leszg than 1 foot wide,
lies along the outer contset with hornfels, Thiis zone
grades into grey, flne-grained suglte-~bliotite monzonlte

(2 and@ 3) that has & distinet follation shown by trachytold

alignment of euhedral plssloclsse eryatals. The biotite
forms hexagonal pletes 1 to 2 amy in dinueter. setween

150 &nd 200 feet from the contact the texture of thls rock
grades frow fine- to me’lum-grained (4) and tﬁe'bigtltek
seeurs bolh sa nexagonal plites and us plat) agure.sless
the platy sgpregstes, up to 2 cu. ln dlswmeter, lie zlong

minute froctures in the rock (pl, I &),

4 zone of durk-green, mediuas-grained, hornblende-

1
sumtbers ln porestheses refer to specluens 1in
Tavles I and II and in “lgures 2, 3, ancd 7.
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biotite pyroxenlte (15), 150 feet wlde and at least 2000
fest lonu, lles azlong the contsct between the auglte-biotite
nonzonite snd the wmonzonite porphyry. The contacts
between tnls rock and the surrounding rocks sre gradational

over a distance of about % feet.

In thin section, plagloclase from near the outer
contect displays oscillatory zoning apd troed, euhedral,
sausauritized cores {(pl, IIi), whereas plagioclase from the
maln pert of this unit displsoys normal zoning and i rela-
tively unaltered, The sub-tracnytically rliuned grolns
conconly are bent {pl. II5) and show etress twloning
{curved polysyntietic twin lumellae), dyrmetlte occurs
aloog some contscts between plegloclose and orthoclase,
Wea'tly pertnitie ortuoclsse (2V,= 52 dezrees) 1s inter-
stitlal to pla.loclsse sad suglte, or encloses end psrtly
repleces plazglocl.se, &+ broad zone of rondomly orient-
ated 1lnclusions of plaglioclase, spatite, ziron, aud biotlte
oscurs in the corcs of some ortuoclese grains, Brown
tistlte (pl. ITIA) nas the Tollowing pleochrole schened
X, pule tan to yellowlst~tung ¥, medlua bLrown; &4, dark
Lrown Lo Jory reddisu-brown, ent cle Vugesn 4@ CoBuon,
Zircon inclusions produce <¢.rk brown pleocnrole helos,
Green hornblende comuoaly forms rims sround ¢ahe’ral to

subliesral greins of su.lte (pl. IIIL). doroclonde and
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blotite fora suell patehes tarouszhout suglite glving it a
wobktled texture, Supite hse en optic nngle (Eﬁz) of

60t2dcgrzes and an extinctlon zacle (Zac) of 4G desrees,

AMErtz cccurles irregulsr creas betlween slmost all otuesr

wlnorals,. Froctured grains and andulstory extincetionm
BYe VEry Countonh. In the gernetifercus blotlte gu riz

dilorite, quartz cowmmooly contalos inclusions of suLrounded

plagioclace lutns.,.

Pule green, weakly pleocursle dlopsldic-zuglte of
tae hornulerde-biotite pyroxenlite has an optlc augle (2V,)

of stout 60 degrees and an extinctlon angle (Z,c) of 45

degreeg, flaglocleee, potssgh feldspar and Llollte are
interstitisl to the culedral pyroxene, EFlotlte commonly
nes tont clovvages, Green nornileasde and blotlte form
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Nonzonlte Porphyry

donzonite porphyry (Plate 1V) form: an arcuate
bund, 500 to 1200 feet wide, which lles between blotite~
suglte monzonite and medlun-gralned hornblende monzonite,
Lenzca of thils rock slaoc oceour at the contact letween the
porpoyritic mongonite and the pluak quartz monzonlte
prophyry. Pale grey, euhedral, tabul:r pnenserysts of
ortuccliree aloropertiite, that zversge © cu, bf 2 1/2 cm,
vy 1 1/2 ca., are set in a medlum~ to course-grailned
tracastold monZonite matrix, Lustrous, darg-green

nornvisnde pricas are interstitlal to plegiocluse and

orthoclase, Streake end elongated clots of hornvle-de
crystuls locslly glve the rock & wesk linecetlon, The

levwses >f monronlte porphyry dlffer from tune meln band in
th:t they have a coarse-grained metrlx and the allgnment

of cr-stals is indlstinct.

In thin section, the ortnoclase aleropertuite
phenooryats nave a suhedral genersl foram, tuough the cryastal
boundarles ure minutely irrszsulspr snd the ocutermost portlions
partly or wiolly enclose pluglocluze, pyroxene and opague
ninerals of the aatrix, Decllistory zoning ls dlg-
tingulsied by vurlacle conce-trations of pert.ite  nd by

édifference 1n extinction angles, L osreat varisty of


http://aicropert.il

in perthite in phenocryst of monzonltie

porphyry (Crossed nlcols X 45)
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microperthitic textures thst raange from very fine Tllams or
strings, to veins or networks of veins (braid perthlte)
and irregular patches, (Emmons, 1953), may be displayed
within a singlse pnenocryat. #ila perthite {(pl. V 4)
is made up of = multitude of lensold plasloclass seugrega=
tions, averazing 0,05 mm, wide by 0.2 mm. loung, thatl are

ortentated perpendlcular to the (010) cleavage in

orthclase, In some plucez, the len:es coslesce to form
long nsrrow "strings” (pl. V B). Plagloclose in veln

pertulte (pl. IV B) occurs as long, narrow, locully branch-
ing forms, that are generally elongated In the sune
direction as film and string perthlte, Orthcluse between
the velns, znd ~round the edges of eguant pleploclose gralos
(pl. Vv £), ls azlmost nonepertiitic, The very fine,
reguluarly orientsted pertaitic lntergrowths, the ateence of
crosg-cutting relstlonshipa, and the gradetlionsl nature of

ths vurlious types of pertulte, sugpest ua exsolutlon origlo,

Incluslons in the orthclase phenocrysls are
wsinly plapglioclase but usuzlte, ﬁornLlenée, tilotite, apstite
and occaslonslly orthoclase are also preseat, Included
plaglociuse crystals are oriented most commonly with tnelr
long diaenslons parallel to the (010) plane of ortnoclsse
but also lie parsllel to otier cryst.l fuces. The

1l.rzer crystsls, that rence in length from 1 to 2 am., are



A. Film perthite in orthoclase of monzonite
porphyry (Croseed nicols X 45), Alblte "le: '
trend perpendicular to (010) cleavage in orthoe

nlaae
s LABE

Be Nonepertnitic ¢

aress around peripheries of
plagloclase graines in orthoclase of ynzonite

porphyry (Crossed nicols X 45)
v
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eunedrel whersus smeller crystals are subhe’rsl to anhedral
and have irrezul r toundaries. slmost all plesloclase

incluslions Jlaploy weut normal zonilng and polysynthetie

twinning, Zutbedral incluslons of weakly zoned, spursely

perthitic orthoclase occur jJust withiln toe boriecre of the
posnocryet and are orlentated psrallel to a grystsl face of
the phsaocrysts The included ortuoeluse iz not 1n

optical contlnulty with the ortuocluse host,

Orthoclase of the mobrix occurs ag reandouly oricn=
tated perthlitic potehes, up to Z,% mam. in Cloaster, that
are ilnterstltial to plagloclase,. Crystals of subhelr:l,
wee ly zoned, plaglocluse, that rénae in glize froa 0.0 =

0.5 an., to 2 x 4,5 at., zenerally asre bent ang sihow glress

twinning. Zyraeikxlite ls common slong cont.cts batween
rla locluse uad orthoclase, tugite occurs as subhedral

creing rlused by green hornblende, or se small cores within

<y

large snhedral greins of hornbleude,

forphyritic liornblende sdonzonlte

Porphyritic hornbtlende .oazoalte forms wun

irregulsr ring witn an extension into the ceatr.l core on

the eastern side, This 1igbt grey rocik has z dlstinet
trachytold texture, Psle grey ortunoclese forus eahecrsl,

tobul r pasuocrysts that sveruge 2 to 2 um, wlde and 10 to
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15 mm. long. Lizht grsy plasisclase and black, euhedral
norablerde of the mediumegrained mairix are interstitial
to the larger orthoclage crystals. Hear tne inner
econtact of thls unit, the rock has 8 glomeroporphyritie
texture formed by clusters, avera;ing 2 to 5 am. in dla-
aeter, of anhedrel to subhedral hornblende crystals,
Orthoclase phenocrysts here have very irregulsr outlines

and the trauehytold texture le indlstinct,

In thin section, weakly pertnltic, subnedral
orthoclese phenoeryste have minutely lrregulsr borders
that porily eociose amloerals of the matili, Ortacelass
shows weax oscillatory zonlng, and the ogtlc sngles (2Vy)
of the zones range from 50 to TO deyrees ln the center of
tne crystals to 55 degrees in the rias, Bome phenow
erysts neve corroded orthoelsze crystsls in thelr cores
(Plute VI 4). Included ple:loclaae loetns are orlent-
uted with long dinenslons parallel to the crystsl boide
aries of the hosi. Luhedral to asubhelrul aoraally

zoned pla locluse of tihe matrix beears t:in albitlc asntles

where 1n contact wi th orthocluse, Yormekite is not
rRre, hBent pligloclese crystals, thst show polysyne-

t etlc stress twinning, are most comson in spzelmezas from
nesr the outer contact of tnis unlt, Loned nornblende

ase the following pleochrole schemeg






A k4 Z
Cores pale brown gsresclshe-crown 2live green
Alms pale green- brownlspegresn Llulsh-green

isn brown
Extinetion znsles (iae) are avout 25 de rees 1n the core and
%0 dagrees ln the rias. Pyroxene ocouars as rounded cores
within hornblende or as subhedrsl gralns wita reaction rilms
of hornblende, susrtz, showling undulstory extluction,

fille snpuler spaces between all of the other amlnerals.

In thin sections of the glomeroporphyritic phase
of tols unit, elongaied, snhediral orthoclase sralaos have 8
"apongy" texture thet 1s due to avundant incluslons of
plagloclase (pl. VIE). Orientatlion of ths laeluslons of
seens to be related to the subtrachytlc texture of the roelk
rather than to any specific crystullogrighlc dlrection in
orthocluse, Subbedral clasioclase phenocrysts (ﬂn;d‘ao)
have irregulur, thin, albltic borders where in conteect with
arthoclane, Plagloclese of the astrlx (Anﬁg) bas
gizpller texfure,.but where euclosed in ortaoclese the
grains sre rouanded snd have indlstinet boundarics,
Hopncleade has foraed betweea the larger pleglocliuse crye-
stals and has polikilitieally enclosed the susller plaglio-

clase groins, apatlte, masoetite, ownd clinopyroxena,
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Pink Suartz Moanzonite Parpiiry

Pink quartz monzonite porphyry foras the core of
tne stock, Preferred orientation of pink, thick
tabulsr ortiasclose puenocrysts, thst range from 8 to 12 am,
long znd from 3 to 5 ma. wide, glves the rock opn indlstinct
follation, “ine~ to meliume~grained plz . ioclwese, horne
blende =znd gunrptz sre interstitizl to the orthoclase
pﬁ@nucr;sta. Lustrous, dark green  horablende forms

eunedral prisms up to Jmi. long.

In thin section, alcropsrthltic ortnocluose
pnesocryste (pl. VIII) have a eunedral genersl hubit,
thou:sh thalp boundaries sre alnutely irrepulsr. All

chenscrysts display dellerte but obvious osclllatory

2onlag. Toin outer morgins of the crystals zre not
zoned, Sptle anglee (2V,) of adjacent zoues asy vary

as muach as 10 dersrees, ond the varlstion of angles agrsured
within & siogle crystel is from 52 degrees to 55 degrees.
The lowcst value (2Vx 447) was obtalned in the unzoned
outer mrrgin of a orystal, Fuhedrsl to subbedral
nlupioclase inclusions, generslly less than 1 am. long,

are ori- tuted most comamonly wilth side rioacolde pursellel
to tue (019) plane of ortihoclese but are azlco parallel

to otner crystal fuces (pl, IX ). Some pls. locluse
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eryetals ure ooly portly lacluded (pl. 1% o) or are lying
gt the edpge of the orilwelase puenocrysts ag 1 they were
attucoed to tag crystsl fece of Lhe phenocrysts {pl. IX Bl
Combinstion twinning (Ross, 1957), in included plaglocluse
eryetals is comamon (ple X 4). Incluslons show wesk
norasl -oning witu compositions ranglag frou Ansg la cores

Lo 5025 in rims,.

Textures of osrthocluaee phenoerysts sug. est
growtis in & fluild magme, The orisntation of iopcluslons
wan probuaily effected by a procesa (described by &ibb@rd,
1355) of continual attacnuent of plagloclsse crystals at
tne sides of growling - rthoclsase crystals, | Orthocluse
’for@@d surly enough to be allgned by mapguatic flow, and
the growih of phenocrysts continued until thne leuet stages
of Bolidlfi-ation of the wmaguaa, The irrvegulyr borders
on tue gencrully euhedral crystals, snd the prescnce ol late
foraing winercsla, such as quartz and norn lende, luncluded
in the outer amurglns of phenocryets, ure evidence of the

later ctawes of growth.

Plagloclase of the matrix where in contact with
pert.:itc, has & well developed riam of myranexite (pl, X &),
Complex osclllatory zoning 1s comaon with zones tzondlog to

a

be more #1ultic toward the periphery (ple XI 2).
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Composltion ranges from Aty to Anzo. auartz occurs 1n
two forze: (1) irresulsr, interstlitisl, frectured graine
with undulstory extinection; and (2) eunedral, unfractur#&
srains, with even sxtinction, that are included in the
uazoned mergins of perthlte phenocrysts (pl. VII D).
Zoned green nornblende that has a pleociroic schoms thet
is very slizallar to hormblende in porphyritic borniclende
monzonite (see p.20 ), poikilitically cncloses inclusions
of plegsloclsse, auplte, aspatite, zlrcon, and amasgnetlite,
Trsce amounts of auplte oceurs elther as snall grains rizmed
by horublende or se tiny gralns poikilticslly enclosed in

hornilende,

H1lsnite, sphene and zlreon sre very coumon
accessor alnersls in thls rock, Allanite frus euzhedral,
prisaatic crystale that are plescinrole from dariy trown to
11.2t brown, some of walch are twinned, An lsotrople,
yellow mineral, having very high relief, surrounded by =
pleccirolc nalo and radiatling fractures in hornblende, and

with o n rrow riwn of epldote, hrs Leen tentstively 1dantified

en oa le ite 1n the actamlet state (pl. %I ). Sphene hae
a carrectiristle scute roosblo heabkit. Zircon occurs as

winute :ruoins thut producs pleociarsie nolos in horntlende,
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A body of aplite occuples a zmell srez in the

southeenteral pert of ths stock, This is a pazle grey,
fine-z alned rock of guuartz wmonzonite composition, In

some pluces, the rock contulns sparsely dlstributed potash
feldoper phenocerysts and 2 smell anmount {generslly less
tnan 25) of nornblende, In thin section, sn allotrio-
morphle gronulsr texture is formed by interlocking gresins
of plagloclere, orthoclase and quartz, fonepertnltlic
ortuocleee is partly sltered to sericite whileh forus aminute

shrzés throughout the erystals,
inclusions

Incluslions are rare in thils stock. Two dige
tinct types are found: (1) plalnly recognizabls wall roek
xenolithis and (2) dark xenclithse whose orlzin is vot at
once evident, The second tyce makes up the mojorlty of

ineclurions in the stock,

tenollithe of country rock sre sparsely distribe
ated in suglte-biotlite monzonite near tne contact of this
unit with hornfelaslc wall rocka. The incluzlons are

darx-grey, hor-felsle rocks with angular to subangul. r,
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tlochly sno clacby forms, thet range iu slie frow a fow
inchss to several fect, Bedolng in incluslons is not
cousonly parallel to bedding in wall rocks, and the ine
cluclons hove obvlously been rotated. vecesionally,

elonua’ e 1nclusions lie parallel to follstion in the

encloglng granltle rocks,. Contacte between inclusions
and the currounding host reck are BLErD. Sroximity

of norn’ele inclusions to similar horniels wall rocus,
the rellet bedding, and forms of the inclusions leave

1ittle doubt that these ilnclusions cre xenolitns of local

p)

W

r
A
I J'J&.

4 large lucluslon of quartzite, sbout 3500 feet
long aa® & maximum of 375 feet wide, lies within the southe
eastern asrgin of the stock, The outline of the southern
zlde of tue incluslon matehes the outline of the ad jacent
quartzite wall roci. This inclusion, therefore, probably

wae oot rot.ted or trunsported in the magma,

The darik inclusions (pls A11) are sparasecly
dletributed in pink quartz wmonzonite porphyry snd in por-
phyritic anorableande sonzonlte but are not found 1in auglte-
blotite svazoinlite, they vary from subrounded, ejuant
fragmsots to well roundy ovold and clgar siaped frapments

that renge 1n elze from 1 or 2 inches to about 1 foob,
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Elongated 1nclusinne lie parallel to primary follation

in pin% quartz monzonlte porphsry. Boundaries are
senerslly sharp but inclusliong with diffuse boundarics
were occaglonally found, In some places the 1nclusion
is enveloped by a thin rim of hbrnblemﬁe erystals.
Texture verles from sugsry to porphyroblastic, Hdega-
crysts of subhedral to euhedral potaush feldspar have

rencom orlentetion in a dariz-green susary matrix,

In thin sectlon of dark inclusions (pl. XIII),
alcropertnltic orthoclage megucrysts, that average 4am, by
10 mu. nave euhedral cores snd broad, irregular, poiklloe
blsstic murglins. Cores exhibit complex oscillctory
zonlrg, snd contelin euhedral placloclese incluslions some
of wtich snow coubinutim twinglng, that ~re orlertated
prrallel to the (0l0) plane of orthoclase host, The
Lrosd irregulsr unzoned amsrgins enclose racdomly orilestated
awin.rels of the wuatrix but do not enclose vlagloclase slamllar
to that found in tue core, Aonedral oselllatorily zoned
plagioclase phonocrysts (fngu-}q) thot aversge 1 wa, by 3 i,
are corroded andé embayed by potssu feldspsr of toe matrix
{pl. xIv), Suthedrsl to znuedrel norutlende (pl, XIV =),
that rac.es up to 5 an, in longest dimensinn, colxlilitlieslly

énclone gralne of ausite, pleogslioclzse and pertulte, The

I L

o~

astrix nis & srinoclostie texture made up of laterlocuing
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greins that sre generally less then 0.9 ms. In J(lsumeter,

Pale green, wea:ly pleoncuroic dlopsidic-augite foras

cunedral to nnhedral orysials, some of whick btsuar resction

rime of horntlende, -vorraded, lathllke crystals of
plagloclsce {An37) are lesr Lhan O.2 mu. lonz. . Annelpsl,

nan-pertuitic orthoclsse, that encloses, corrodes, wnd fllle
the sres b-tween, aluost sll other uslnersls wskes up 4% per

gcent of trne metrix,

The oripin of the dark ineclusions 18 not rsadily

sprarent veceune tuelyr textures wire developed sftsr tuey

were enclosed 1o the megms, Hornfelsic textures Ilndicute
recrystullization of the xeasliths. Textures of corss of

megrorzsts (Celicnte oscillatory zoalng and preferred
orlé . tatlion of included plagzlovluse) are identical to

|
textures of puenscrysts in other rook zones of the‘mtaax.
These large crystals probaily are puencerysts thut develooed

palallovlaetic merplne s they coutloued to grow during

recryatallization of the inzlusion,.

& magai can reset -1th Inclusione and offect
cusages wilon pdve thea & alnersl swes sblage elalisp to
thot of the =n: aslng erystallizing .asecas, o 11 aid,
saturited with a csrtolo uesver of o recctlon rerice, 2un

melt incluslous conelstl y of miver-le telo zln Lo un
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enrlier st:.e of t-e ro.ction serles (Lowen, 1325, p. 221).
Taus, surile would be out of equilibriux in & avgms of
gasrtz monzonite coapdsltlon whers horntlesde 1l the
ptatle @a-flc sineral phrese, The presence of abumdant
auzlte in trne inclusione Indlestes eltver non=-eguilivrian
or, perhapn, thst the xenollth was relalively anngsdrous

a~d imperzmeacle,

Pletritgtion of laoclusioons in tue porphyritle
poro lesde toszoalte snd in the plng quertz sonzonlite
por Gyry but not in tne augite bBlotite wmonzonliis, the
presence of ciunduat Jlopsidicesupite, sod of osclllintory
zaaln: Lo cores of mocaerysts, sugsest thet the incluslions
are coynatu and were orlpginally saplts-Ulotite monzonits,
witlen hvoa beon enpulfed ond recryatoiilsed Ly the

suarroundlog mag i,
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CHIBICHL CREPDAIINN 8D VoRTarIon
Chenical couapositlon of the main rock zones of
this stock changes systematlesnlly froa the periphery of the
stoct to the core. Tals variastion ie¢ 1l.ustra.ed by
modal sanslyses (Table I), by caleuluted cacalcul snalyses
(Table II), ond by varistion dlugraas (figs. 4, 5, and g).
4odes (Table 1) were caloulnted by the stsudard polit-count
method avers:ing 1600 polnts per tuln-ssctlion. In coar~
Bely porphyritic rocks the ratlo of poenocryste to astrix

was meavured from hand speclmens by traclng thn

0

¢

> respeative
areas on xnlllineter gridded trunsparent puper, and the
metrix couponitlon wira coaputed from thin sections.
Theoretlcal chemleal enalyses (Table II) of the rocks were
caleulated froe the sodss, Compositlions of feldapoars,
qQuartz, apsatite, spihesne and mu.netlte were coloulsted fron
stasdard Toruilae, The averase plegloclase coapositions
were estlucted from the ran.e of zoolng and from toe relste
ive wildths of respesctive zones, Compositions of horne
ble de, rplotite, auscovite, ullanite and dlopslailc=-auglte
were tutea [{roa tubles of cheulcsl ~nalyses, #lven in Deer,
iowie snd Zasearn (1332), for minerals fr-oa sizllar rock
types 2nd wita slullar opticel provorties to tuose of the

Jount Lrenner stock, Averasse velues of the cueulecl
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analyses {rom esch rock zone are used to plot tne variaztion
Glegrams snown in Filgures: 4, 5, 2nd 6. Jifferentlation
1nf1cesl, Lhst sre plotied sgalnet various oxidss in
Flgures do =nd Ob, wre superlacosed on [reguency dlagraas
wilch represent 5000 z2palysss in Yoshington's tabiss,

These .nalyses includ@kﬁha compostitlons of all i:aeous

rocius,

Coupositlon of the main rock zones voipries 8ystede
atlcally froa tne periphery of the stock to the core in the
followinu wanasr,

l. Total asfle minerals, snd consc ue tly oxildcs

iron and magnesium, decresse (fiz. 3 and 4),

2, Anorthite content of pleglocl ose gaﬂépally

Jecrenses (flye 3.
2o wdount of guartz an” aluslles lnecrsunssg
(fig. 3y 4, 5)

4, Biff@remtiation indlces Llocreuse (fli. S5).

Flzures 8 and 9 slearly illustrate the desree of difference

Litween rocts of the dount Lrenner stock end amost rocks,

Lpifrereatistion index ie ceflaed by Thorston and
Tuttle (14°0) as the suw of the wselpat percentsges of
nornstive quartz + orthoclase + <lbite + nephcline + leuclte
+ kalsllite,



E - TABLE 1II

GALCULATED CHEMICAL COFOSITION OF ROCKS

Mt, Brennep Stock

Average ' Average Average
1¥ > 3 4 . 5 2 to 5 6 7 3 9 7 to 9 10 11 12 13 10 to 13 14 15
810, 62.87  57.30  53.76  53.43 53,96 sh.s1 | 59.42 | 60.77 59.39 6L ei.os | es.0 ere 62,15 66,22 64,79 | 72.38 | 43.05
0, .92 T3 .75 V64 AT .51 .15 _ .15 38 .12 14 .10 .16 42 .14 .20 --- 1.51
A1,03  17.11  17.61 18,00 19,02 18.8% 18.56 | 18.57 | 19,92 16.15 17.53 18,72 17.94 16,83 19.73 17.99 18,12 16,03 7.69
Fes03 1.29 1.62 1.74 1.56 1.64 Lok 1 T5 | 1.23 1.75 .72 1,02 .84 73 43 .32 .50 .27 6.81
Pe0 4. 45 4.5k 5,30 5,35 4,52 5,05 2,47 f 2.45 2,71 1.77 2.11 1.42 1.21 1,06 .55 1,08 . 36 13.69
o L o4 - .05 1,06 .23 1.10 ’ — .03 .03 .01 .02 .02 .01 -— .01 - <15
20 2,50 2.77 3,27 2,76 3,05 2,95 137 . 158 1.63 1.28 1.43 -89 .95 55T .79 13 8.14
c;o 4,18 5.63 7.92 7.46 8.21 T35 | W75 5.62 415 .88 475 <] 3,01 3,59 6.38 2.97 3,98 2,32 | 13,20
N, 2,75 2.35 3,49 2,65 3.33 2,95 | 24 ’ 4.86 3,10 4,23 4,54 3.69 4,25 2.16 4,03 3.53 3,96 .68k
K0 3,02 6.6 .22 4.71 32.85 4,48 5.80 ] 4,60 7.91 6.04 5.32 7.18 4,90 5.91 6,61 6.15 4.27 503
P505 .0c .08 A3 035 29__4 -=- ‘ .16 .08 .30 .25 .12 .08 04 .19 11 .08 78

* Chemlcal compositions are &alculeted from modes, gni numbers
refer to speclmens in Table I and in Figures 3 an °
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Filgure 4,

Variation diagram for.rock zones of the Mount
Brenner stock, The average welght per cent

of oxides of each rock zone are plotted agalnst
total silica: A=auglte-~blotite monzonlte;
B=monzonite porphyry; C= porphyritic hornblende
monzonite; D= pink quartz monzonite porphyry;
E=aplite; and F=hornblende-blotite pyroxenite,

\
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Figure 5a
Figure 5, Contoured diagrams of oxides vs, differentia-
tlon index on which analyses of rocks from the Mount Bren-
ner stock have been superimposed, Contour diagrams, which
represent 5000 analyses in Washington's Tables, are modified
after Thornton and Tuttle, 1960, p., 674-679., A= auglte-blotlte
monzonite, B= monzonite porphyry, €= porphyritic hornblende

monzonite, D= pink quartz monzonite porphyry, E=aplite, and
F= hornblende-biotite pyroxenite,
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Fe"+ Fe"
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Flgure 6. Triangular composition diagram on which

the following data are plotted:

1. Rocks of the Mount Brenner stock; A = auglte-
blotlte monzonlte, B = monzonite porphyry,
C = porphyritic hornblende monzonite, D = pink
quartz monzonite porphyry, E = aplite, F = horn-
blende<blotite pyroxenite.

2. Daly's average basalt (1), andesite (2), dacite (3)
and rhyolite (4).

3+ Belt of composition variation of the majority of
calc-alkall volcanic and plutonic sequences
(after Tilley, 1950, p. 48); the shaded area,
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the smooth trend towards "Petroseny's residua Bysten"?, and
tue degree of silics oveprsaturation or undersaturation of

esch '0cCK ZoTe.

SHILAGT METASOSPT

Contact effects in slutes and sheles on western
and nortnern boundaries of the stoecit extesd up toc 200 feet
from the izneous contact. Ianediately wdjucent to the
contact nornfelele texture is weli developed wond veddlang in
the rock hse been’almcst completely obliterated. varther
from the c:ntact the hornfelale texture gruduclly wives way

to the orlginsl texture of shales =nd alote.

In thin sectlon, texture of the hornfels is
porpuyroblastic, with spongy porpnyrotlssts of cordlierite in
& granoblastic matrix, Pleosconrole, red-brown plotite
oceurs alon; beddlng planes or as tiny velnlets filling
fract.ires in hornfela, The typlcal minerszl ssscablupe

is quartz, plugioclece, cordierite, sericite, biotlite, und

gxxperiu@mtal studies by Lowen (19:7), and by
Thornton wnd Tuttle (1350), deasnstrate tast the sy stem
610p- a1l - 1e18104 1s the soal towerd walen ull uage-
aatic liguids sove on froctional erystallization, Bowen
(1937) bas nuaed thle system "Pstrogeny's resldus gysten”,
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ninor asounts of pyrite 2nd ziron. The amount of plage-
loclese and sericite in the hornfels incresses toward the

igneous contnct,

] Contaet effects in quartzites are recognizable
for Qoﬁ more than 150 feet from the lgneous contact,
Metémarphimm has bad a "blezching" effect: quart-ite
immedlstely adjecent the contact is pele grey to white,
wheresas quartzlite farther from the conteot is medium to
dark blulsh-grey, Within the bleached sone, blotite is
concontrated along bedding planes and fTinely disperaed
throughaﬁt the roek, Fine-gr:ined pyrite 1& dige
sealnated throughout the aureole and was noted beyond the

zone of bleaching,.

Internal Structures

foliation apnd Lincation,e ¥oliation, here considered to be

plonar flow structure, 1s msrted py the preferred orlenta-
tion of (010) faces of tabulir feldspars. Its attitude
is almost everywiere verticsl butﬁlocal variatlons of dip
to 75 0F 80 dezrees are commwon (fig, ©), The structure

18 precent in all rock zones of the stoek and it 1is
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generally most distinet in the outer und intermediate zones,
The overall contloulty and concentric patiern of the struce

ture sre 1llustrated in Figure 7.

Follatlon in auglite-blotite wonzonite and in por-
payritic horablesde monzonite 1s everywnere parallel to the
intrusive contact. In fine-gruined, auglite~tiotite mon-
zonlte the generally ludistinct folistion is sccertuated by
subparellel blotite plstes, In some areas of the mon-
zonite porphyry, the matrix has segregations of dsrk and
light minerals wlthin the plane of folliatlon, glving the
rock & gnelssle struacture. Follation 1s parsllel to the
contact of this cresent sheped band sxcept in the northern
~and southern tips where 1t cuts across tne gradational
contact and follows the trend in the adjacent porphiyritic
hornblende monzonite, Follation in tne pink quartz
monzonlte porphyry 1s well developed nesr the perirhnery of
the unit but is indistinet or avsent in the core, It

generally conforus to the outer contact of this zone.

Linear structures are rare, In monzonlite
porpuyry stresks and elongated clots of hornblende in the
vatrix give a llnesr element to the rookx, Individual
nornblende prisms within the streaks :nd clois comaonly

show 8 r«ndom orientstion, Where elongated inclusions
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are pregsent, they 1le within the plane of follation with

thelr lonzeat Alaenslons pltchilng 8t very stesp nogles,

Jointing.~ Two prosinent sets of steeply dipplng Joints
are well developed turougnout the stook: one set is
parellel or subporallel to plunsp structure; the other ast
le normzl to the placer structure or guts seross it st
lsrge angles, Along the weatsrn asrgin of the stoek,
Jolnte thet are norma) to follastion cut across the lguenus
contact and continue lnto the country rooks. Jointe
that sre parallel to follation occur in all roal Ionaes,
butl tuney sre most well developed in the wonzonite POTTBITY o
Poles Lo Joluts sre plottsd on a lowsr heslaphere Sohmidl
net projectlion in Flzare y, They fora two maln cone
centr&%lonﬁ:‘ the concentrstion in the sauﬁﬁ@aatern
quadrant corr:spsonds to Jolnts that are psrallel to plonar
Btruct&r@; concentrations In nortueasters and southwestsrn
Quadrsnts corrsspond to Jolnts that cut plansr structires
st large angles, ihe jolnte are all very clossely
spaced, and ench attitude on the mép repressntes 8 to 10
Jolrta of the zane attitude, Genewrs.ly, the Jjoints wre
8:000tlk, rensriably even snd psralstent, Bone Bhows
alichreorgldes, A few Jolnts 1o plink quertg sonzonite

porphyry are fllled with aplite and pink quertz zonzonite
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Figure 8, 172 poles to foliation plotted on a
Schmidt net and contoured, Contours
2, 6, .16, and over 16% per 1% area,
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LEGEND

Lessz;han 2%=T%  TH-14% 14%-21% 21%_28% ovep 28%

Figure 9, 231 poles to joints plotted on a Schmidt
net and contoured. GJontours 2, T, 14,
21, 28, and over 28% per 1% area,
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porphyry érkes, ‘ilaor fracture zurfsces 1n meay ereas
have been "healed" by dark sreen horrtleade, This

feature is seen in all rock pisaes, even those that are

norsclendée poor,

Znallow diprlag Jolnts were observed in only
three localities, In one area, in the lower parts of
the walls of & U-shaped glacial valley, jolnts dipping

about 35 degrees are subpsrallel or psrallel to the rook

surfaces, glving @ sheeted effect. In snother area,
closely epaced Jolnts are nearly horizontal, xocks in

the vicinity of these joints are deeply weutnered, znd
viewe: from a distance the structure has the appearance of
sedlaentary bedding, ontllow dipping jolnta are not
aprarent in areas of the stock where the stecply dipping

Joints are well developed.

very tignt curved fructures thst branch and joln
to fora & network of lenticular prisas thut ranze 1in tulek-
aess frow 1/2 to 3 incues occur at the western and soutihern
boréers of tie stocx, Toese fractures occur withiln §
feet of the intrusive contuct and also sre well developed
for a few feet 1ln the cdlacent norafels country rock,
The fracturee either purallel primary follatlon or cut

acrogs 1t at low angles, Intersection of the curved
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fracture surfaces forme & linestion thaet clunges steeply in

thie directlion of dip of the intrusive contact, Fracture
surfaces ure coated with reddlsh-brown limonite. This

type of fracturing hes been uiven the tera "slip-clesva e"
2 & E £

by Compton (1955),

internal Coutscts.~ 4lmost 21l contacts between lineocus

rock zones sre gradationsl and thus are gomewnat appf@x—
luate (Bee map in pocket), Thelr steeply dipplog
attltudes sre snown by thelr lack of deflectlon in crosslng
ricges and valleys, The boundary between suplte-blotlte
popzonlte and the monzonite porpiyry, wWhilch cun be defined
within distunces rasging from 5 to 20 feet, 1is tﬁé lesst
gradetional of 8ll the 1nternal contacts, & BRArp
contuct between these two roek t/pes occure =t one locality
near toe oorthern end of the wmonzonite porphyry baad,

Tue boundsry between augite~tiotite monzonite and porphyrlitic
horatilende monzunite 1e accurate to within 150 feet,

Contact between monzonite porphyry and porphsritic norne
tlesde monzonite 1s wradsationul over s dlets ice of sLout 100
feet, Glouserophyritic nornblende a9nzosite Foris a
trunsition zone vetwesn porgnyritic worn le de uonzoiite and
the pint quartz sonzonite BOrpnyry. This woundiry 1sa

very dlfficalt to locute more sceurately th=n witnln 200 feet,



45

Contact between aplite and the surrouuding roek zones was

not obvserved,

Lxternsl Structures

In plan the slount Aremner stock is roughly
ellipticnl with 1ts long axie trending northeasstward.
The’northeast reglonal trend of toe cuuntry rock structures
18 generally concordsnt with the outline of tne stock
(flz. 4). #long the southwestern and northeucstern
usrgins of tune stock, the bedding mukes tn ebruct swing to
confora with the flanke of the intrusion. 4long the
soutbern boundery of the stock, snule beds thut dip
northesstward to eastward, avout 1000 fect from the igneous
contact, dip stesply southward lawediately adjacent to the
contaoct, Tne quartzlte shows thin platy cleavea.e 1n a

zone 500 to 800 feet wilde alony the soutnenstern boundary

of tne atock, veyond this distance the guartzite is
naszive, Discorde=nt relationsnips occur in the north-

Western corner of tLhe map-area, where the Iintrusisa cuts
across the linestone and chert units and in the eastern
part of the map ares, whiere the stock cubts zeross the
contsct between quartzlte, ond shele and phyllite,

Contact with the country rocks ls lavariasbly sharp, 0
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Intense brecclation or mylonltization 1s found in cootsct

zZones,

3

s

{

P AN

ith}?

luterpretation of Structureées and

Hechanics of Empl&cemeq&

Follztlion c:n be produced by three Zifferent
mechunlens: (1) disensiopsl oriestation of phenoerysts by
leminar flow in an uprising magma l{primary flow atructure):
(2) tectonle orientation of phenocrysts durlas reglonsl
metamorphlsa; and (3) minetic orlentstion of ph@ﬁscrygts
by growth around minersls that alresdy have preferred
orlentation (Gellatly, 19%4), The non-layered nature of
tie rock, sad tae lack of ublqultus cataoclssa 1a phenow
crysts and in tue matrix, 8uzgest that the folistlon 1s not
the result of tectonlic orelntation, slmetic orieutatldn
8nould be cherscterized by pnenocrysts naving cores of -

earlier forsed plaglocluae erystuls whose orlentuation

1 vecaunisme of dimeasional orientation of
crystals in a I1ui¢ sre discussed by =8l (1937}, iartin
(1951), tutchinson (1955), and Hillaw (1953},
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reflects tue all nment of plugloclsse 1n the metrix.

tThese feantures zore aot comuzon in the “ount Brenner rocks,
The overall conformity of folletlon with rock zone
toundaries and the presence of elongated inclusions
orientated purallel to foliation sugsests that the
follestion 1g o primary flow structure, The steep
outward dlprlng atiitudes of flow structures thuroushout
the stock 1adleute tuut vertlesl wmovement hes been
proalneat snd that tne stock ig not domed at the vpresent

level of esrosion.

dost of the Jjolnts were messured in the central
and northwestern parts of the stock, The p@fpeﬂdicular
relationshlp between the two sete of steeply dipping
Jolntg ghown in Flgure g, therefore, is gtatlistically valid
only for thle reglon and not for the entire stock. The
pregents of aplite and pink guartz aonzonite porphyry
dykes f1lling sowe of the steecply dipring Joints and the
occurrence of norablende and quartz along thae fractures,
strongly sug:ests that the Jolnte are primary. fractures
normsl to plunar structure are ionterpreted as tension Joints
related to « allgnt arcnlog of tne rigld upper purts of
the stock due to upwurd pressure ffom the magma below.
Auznetsov (1351) suggests that as cooling prsceeds from

acove, o guccestion of the tension=jolnts can be foraed
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prozressively at dertn,. The Joints asre aonulozous to

the croes-jolate described by falkr (1927) uad to the H-C
Jointe descrived by Yertin (1951)1. Jolnta perallel

to follstlon are possibly due to controction during

coollng: the fractures tend to develop aloag plenes

of relatlve uwecuianical weainess, Structurgl relatlons
Bug_ est that the stocx was e&élaceé after tue country rocks
were folded end faulted, The Jjolnts, tucrefore, probaoly
are not relatec to reglonal coupressive stress 1o the

encloslag rocus,

The snallow dipping Jolnts probably ure nst of
prigsspry origlin, Taelr broadly undulstory nature and
thelr subparallellsm to the topography indlcute exfoliation
phenouana, Janne (1943) attricutes such lsrge-scale
exfolliatlon structures to rellef through removal of

supsrizscuasbent load,

wlip cleavages and the llieation Formed Ly thelr

¥

Interscction "Indlcsile clircumferentiul stretenlny of the

1 Balx (1927) delines cross-jolats as those
Jolnts thut are normsl to flow lines. aartin (1991)
describes 5-C Jolnts that are normal Lo the planar structure
of a granitic 4lapir that nus no lisear structures,
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bathnolitnic walls, coubined with coupresslon and flattealng

noramzl to the walls." (Hills, 1363, z. %57).

That the stock was eaplaced in a fluld or partly
fluld state 1s suggested by the priasry flow structures, the
presence of rotated wall rock inclusloas witnout dlsruptlon
of tnelr internal structure, the lasck of mylonltlzatlon or
brecclation along the outer contact, and the presence of a
hornfelas contact aureole around the stock, Jtructural
data indlcate that at the lavel now exposed by erocalon
the stock was cuplaced by forceful injection, The maln
lines of evidence are: (1) near vertleal plagar and linear
flow structures; (2) overall continuity and cuncsatric
pattern of prlawery flow structures; {Z) slip cleavuges and
platy cleavazes in tue outer contact zone; (4) warging of
eountry rock structures :round the stock; and (5) vedding in
shales upturnzd to conform with the contact of the stock,

Tue foregolng structural evidence scems to
1nﬁ£g;te that toe stock was euwplaced in tne rollowing ganner,
o rislag fluld aagms aade rooa [or itsclf mulnly by
suoulderiog aslde the repgloonally folded sedlacntary and
metasedlsentary rocks, In resronse to the upwurd and
outward preszure exerted by tae upsurging wnagas, bedding

In tne country rocks deflected upwards and outwerda to
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conZorm with the intruslve contact, und the Tlunzing rock
fractured to fora elip cleavazes aad plety clesvages,

The megua cnpulfed a lurge sesment of quartzite Just within
the southesatern margla of the atock, and it aleo engzulfed
and rotated a few much sméller blecks of country rock aléng
the outer murgln, after pertlal consolidetion of the
upper end outer portions of the wrzuna, to fora the finge
greined asuglte-blotlite monzonite, the aagme continued to
surge upward aad it intruded this outer "shell”, That
the upward moveamsnt of the fluld core contlnued until the
laegt stages of consolidation 1s suggested by the vertleal
flow astructures in wlmost all purts of the pink quartz
aonzoalte porphyry. Frecturing took place before the
lover part of the stock was completely consolidated, and
Jolnts formed to accommodate stiresses due to magaatic
pressure froa below and to-coollng aud contraction of the

rocd,

Aesiallatlon

Contaalnatlon of the wmagama has occucred along
the castera w rgln of the stock, where auuite-itlotlte
wonzonlte 1s lu contuct wlta pelitic norafels, The

result of costaalnatlon s to change the ad-lte~vlotite
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@onzonite Into a garastiferous quartz diorite, in a zone

wolen 1s less than one foob wide, Ko svidence for cone
tealn.tlon oceurs wiere granitle rochs are in contact with
gquartzits, IT assimllcotlion nad taken ploce in gignifl~
lcant umounts the fOllGWiﬂL svidence vwould be expected:
(1) numcrous inslusions of country roch in sll ;tagas of
resorptlon; (2) thc oumber of imcluslions shoul’ increase
tow.rd the periphery; (3) hetcrogeneity of outer . ones
showing various degrees of conversion to the pressent rock
types; und (4) the outer zonesz should becomc increasingly

more slliceous towsrd the contact since highly sillceous

country rocks would be sssimllcsted, Buen evidence is
virtually siueent in this stock, At the present level of

erosion, toorefore, contaminstion of the mEgmg by assiagl-
latlon of country rock has not been a factor 1n cousing

compoesltional variation of the stock,.

MPferentiation

The syateaafic compositional varlation within the
stoct (See p.zp und the following figures) ls computible
with the concept of Alfferentistiom of a @y na oo it
crysta’liized luwsrd from the margin, The suplte-bloilite

monzonlte 1s consldered to represzent the coaposition of the

~
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1t was the Tlraet roc: zone t

(¢

e

jes]
&

perent f1uld tecau
cupl ved and Lecuuse 1t nus & concosition froa waleh a1l

other rock types can be [urmed by relotlvely siample

procigses of differentistion,

+

¥

Taat the maln rock types of the stock pass froa
undersaturited, througn saturated to oversatursted types
(Tig. 53} gecis to suzgest that the thermal berrier of

the systewm 3102 - LallslQy - AALS10y (Sowen 193%7) has bsen
crossed, Tilley (1957) sugrests, however, thut the
thermal barrier which prevents the trs=eltion froam gyenite
to gresite la tne experlaestal melts may be "inoperative in
a aatural wmelt where iis coupositlon ls modified by the
freseace of acfle coaposeats, ond furtier, notable dlspsrity
In voletlle content™, The trend froun undersaturcted to
overssturated magas csn ce acconplicned by verloug processcs
of elllc:tlon of undersaturated mugmos, bariag
crystalllzation of toe magma, the residunl liguld csn be
enricred in sillca by reaction or liex of reasction of the
1lguld witi nlncrals thot nave characterigtlcs of lncon=-
gruent melting, T1lley (1957) suggests toat "proclplta-
tlon of aegnetlte 1o thne plice of aeserine wauld tarow
exceez sllilcs iInto tae liquid if tnia oxlde pnuse fuziled to
resorb", The foraatiocn of hornblende by resction of

liqu;d Wit pyroxece will also result in setting frec of
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quartz, and thus the poseible queatlty o

-

Alfferentinte would be ausacated

The cbonge of the 310, curve (fiz. 5a) frow tie under-
sotursted lato the saturated aress of tne Cla:ram
correceponds with the appesrsuce of horsblerde as the

@ jor aafic alneral, The 3102 content lacroevses
toward the ovirsaturated crea wlith 1ncressing smoant of
nornblende (compure polnts & 2nd with the corresponding
modes in Table 1), Tuus, the formztlon of horntlends
ey hove played a significuat role in silicatlon of the
residual llgaid, ihe foregolny proceszes will offeot
tne couwpostlion of the finel residual liquide wnd the
correspondliag rocks, but can only cause dilfferentistion 1if

relutlve moveseat elween erystuls wnd residusl 1igulid is

crougnt about by procesces suen ss . rovity separaitlon or

[ w

"Ilter prossin ",

Certuln oxldes of the horntlende~.lotlte pyrox-
enlte sbow slgnlficunt departures frou bthe smootu variatilon
curvees (figs, 4 and £ This sort of depsrture 1s
attrlbuted by Lowen (192u) to erystal accazulstion, Ifr
Lue porphnyritic horntlende .wonzonlte is to be formed from

ne waglte-tiotlite uonzonlte oy thé gepuration 2f components
of vlotlte-hornolesde oyroxeulte alone, tne ratlo of

voluues Of lne pyroxenlte to compo.eénts of toe .wonzoanlte
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should be aporoxim.tely 1 to 3 {calculated froa fig, 4)¢

dlgretion of water snd alkalls can also contple
bute to dlfferentiastion of & wmuguwa, Water will dlffuse
and distribute 1tself in a magwa so thot the chenloul
potentlsl of the water 1a the same throughout the wmagme
chumber, Alkalis and certeln metals will co-ordinate
with the water aund will be concentrated in the regions of

lowest pressure and teaperature {Kennedy, 1955),

4 hypothetical sequence of events tLhst is PrODw
os8ed to explain the development of rock zones, is
1llustrated dilsgrazatically in Figure 10, The processes
of volstlile and alkali dlffusion «nd of fractional crryatale
lizutlion, wilech effected differentistion of the parent

magma, were luoterrupted by intrusion.

During the first etege of iatrusion (fig, 10a)
toe upper and outer parts of the magma whicn Torzed a
cupola of u larger megms chamber, cooled very rapldly to
form tne fine-gralned zugite-blotite monzonite, kffects
of the hot wmugna on the relatively cool country rochs were
to produce & zone of cordierite hqrnfels In pelitic roocus,
garostilferoue quartz dlorite =t the contast with pelitic

rocks, and a "bleasciied" zone in quartzite. with the
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Figure 10c

Figure 10b

LEGEND

Aplite

Pink quartz monzonite
porphyry
Porphyritic hornblende
monzonlte

Monzonite‘porphyry

Hornblende-bictite
pyroxenlte

Auglte-biotite
monzonite

Country rocks

Present level of
erosion

Flgure 10, Diagrammatic sketch showlng a hypothetical
development of rock zones of the Mount Brenner Stock,
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1nitls1 eaplacesas it of the ma:ma, teapsrature and pressure
gradlents were establlshed in the muagme chaaver, Water
and alxalls tended to diffuse in the mugsa and they srad-
wally collected aznd becsus goncentrated in the apper and
outer reglons of the cugéla, the reglons of lowest
pregsure and teaperature. Large potesslan feldspurs
crystalliaed from the higaly fluld slxallerlch magna thus
produced, Barly Tormed pyrozene crystals sani in the
fluld ligald and tended to accumalate on the awore viscous
@ e imﬁeéiately“b@lcw thle region. The mazas below
this reglon was elso begloning to crystallize, and
procezses effectlng differentistion of the mazaa were
constantly taxiag place, thet 1z, diffuslon of volatiles
and of wsl%ells, and sillication of resldasl [{lulds by the
mecrsnlsas previously mentioned (See puge 52 ), usand aruvity

geparation,

Following consolldation of the outer and up.er
perts of tne cupols, the mapus coutinued to surge upward,
aﬁd 1t istruded the auglite~blotite monzonite (fig, 10b),
The accumulated pryoxene und the large orthocluses crystals,
thet lle lmuedlcotely below tue outur zone, were dragged up
and spread slong the wall of tae chamber by the upward and

outwird faorce of tue intrudlng magama, Thiis crystal

d
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mush luter cooled to form tie hornblende~blotite pyroxene
ite and the wmonzonite porphyry. Thne newly intruded
magaa continued to crystellize inward in 2z zone which is
now the porpayritic horoblende mongonlte (the intermediste
Z0Nn6) « The mediume~ to coarse-grsined texture of thils
zone suggests that the sagms cooled more slowly than did
the sugite-blotlite monzonite, possiply because the country

rocks vwere preheated by the earlier stage of intruslon,

The moblle core continued to surge upwoerd,

Crystals suspended 1n the fluld were all:ned by maguatic
{lov. The magna rescted with the psrtially consolidated
lnner m-rgln of the 1nt&rmedia£e zone to forwm the trassition
zone of glomeroporphyritic hornklende mounzonite, The
lenses of monzonite porphyry, whleh occur in some places

2t the contact between the core and the porpuyritic norn-
blenéa monzonite, amsy have formed by processes siailur Lo
those wnich foraed the mein bend of monzonite porph ry,.

?he core cooled alowly to produce the coarse-grainzed plnk

guartz monzoasite porphrry (figz. 10¢),

Fracturlng occurred before the core wus cow.lete-
ly consolldeted, It effected a sudden releuse of
pressure, and a sudden escupe of volastlles from the remslne

ing liguld, Tnese cnsn.es would bring cbout a
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slgnificant rise of the te.psrature of erystallization of
the remzlning 1iquid, end possibly would case a "awesap=

Lag=out™ action of interstitial flulds, Conseguently,
the partlslly fluld core crystalllzed rapldly to fora the

zone of f{loe-grained leuco-guartz wmonuonite, and the fluids

which f1lled fractures cooled repldly to form aplite dyzes
{(fig. 10c). Some of the crystal mush of tue zore was

swept loto fraotures, where 1t comsolldoted to foram pink

quartz monzonite porphyry dykes.

Summary of rmpleceunent, Crystoellization

and Differcntistion

The dount Crenner stock hes intruded folded rocks
of Silurlan to Lowsr Cretocecus age, The reglonal
structural trend is wodified in the viclinity of the stock
80 that beds ure generally conformble with the intrusive
gontact., That the stock was eumplaced by forceful
injectlon of & fluld magua is indic.ted by (1) wveur
vertlcal plangar and linear priumsry flow atructures thet have
an overall contlnulty snd concentric patterny (2) siruictures
in the country rock thot warp around the stocky (3) redding
in shisles thst turns upward to conform with the cuntsct of

the atoek; wnd (4) elip cleavage: and platy cleavoges that



59
occur along the outer contact zone, Pleceacal stoplng
wag of only alnor lmportunce during emplucement of the

stoock,

Chemlcsl and minereloglcsl varistions of the
rock zones have a systemstle trend towsrd “petro.eony's
resldua systemn", from the periphery of the stock to the
eawe.‘ | This varlation is consistent with the concept
of differentiation of en suglte~blotite monzonite paren:
magua as 1t erystallized from the wulls of the asgms
¢hadber lnward, The followlng hypothetlical sequence
of events ls proposed to expleain the development of the
roclt Zones, A rlsing fluld magma, possibly gulded by
the reglonal structure, made roow for itself meloly by’
shculderlng aslde the country rocis. The upcer and outer
portlons of the magmne ehilled to form a "suell"™ of fine-
arained cuglte-blotite monzonite, Pifferentlution of
the magas wag controlled by grevity separation of nafic
minersls and by diffusion of volstiles cnd zlkalles,

The magzns continued to surge upwerd, and intruded the
partlally consolidated outer "sghell”, Inclusions of
the "ehell"” were engulfed wsnd copried zlong with the
rieing wmapas, Pyroxene crystals and large ortiuoclose

crystals toat lle in the magms Just below the ausite-blotite

[
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monzonite, were drazged up and spresd agalust the slde of
the chsaber by the upward and outword force of the
laotrading magns, The corystsl mush later cosled to
forn tie hornblende~blotlte pyroxenlte and the monzonite
porphiyry.,. The &agma‘prac%ded to crystalllze inward
in the intermediste zons, The mobile core contlnued
to surge upward, The mugme rescted with the purtislly
congollidsted intermedlute uone and formed the glouero-
porpoyritic hornblende aonzonite. The core cooled
slowly to produce pink quartz monzonite POrphyTy
Fracturing toolt place before the lower prrt of the étoek
was completely consolidated, Jolnte forwed to
mcaammo@&i@ atresses due to magmatlc pressure form bolow
and to cooling and contrasctlon of the rock, The
Tracturing @fféct@é‘& sudden rﬁleaée 31 preseure and of
volatiles frow the reasining liguld, Ag s result of
those chonges, the purtislly flulé core cryﬁﬁallizeﬁ
rapldly to fora the z2one of [lpe-gralned luuco quartz
monzonlite, and the flulds that filled fractuires ce#l@d
rapldly to form aplite dykes, The @ffe@ts.af well rock
contamlnetion are insipgslficent compared to the overall
evolutlon of roeck zones by the processes of magautle

differentiztion.
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MIDDLE CRETACEOUS (?)
MOUNT BRENNER STOCK

Aplite, fine grained leuco
quartz monzonite

Pink quartz monzonite porphyry

Porphyritic hornblende monzonite

Monzonite porphyry

Hornblende biotite pyroxenite

Augite biotite monzonite

LOWER CRETACEOUS

Dark blue grey to grey quartzite with

minor slate and phyllite

JURASSIC

Dark grey argillite, shale, slate,
phyllite; minor limestone

MIDDLE PERMIAN

Light to dark grey phosphatic

fossiliferous limestone

SILURIAN

Interbedded black chert and argillite;

minor chert pebble conglomerate

Bedding (inclined, vertical)

Foliation (primary in granitic
rocks, inclined, vertical)

Joints (inclined, vertical)

e
LR

Anticlinal axis

B
|

Synclinal axis

Plunge of fold axis

Geological boundry (defined,
approximate, assumed)

Foliation, primary (in cross sections) |;|||I|[j ll
[

Joints (in cross section)

Geology by M.B. Lambert, 1964
Topography modified after advanced print of
Il6 B/7, Department of Mines and Technical

Surveys, 1963,

Approximate magnetic declination
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