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a 13 loczated alcng tane Lewis cnd Clarl uaihway
about six miles northeast of Lolo Pass and covers twenty
gsquare milea at the contact of the Idano batholith with the
Precambrian liaestones, gquartzites ;nd ar:illites of mlddle
and lower Belt series.

A dioritic bLody ran_ing in couposition Ifrom diorite to
quartz diorite ia present in the szoutneastern part of tne
area, Lower belt guartzitea and arcillites surrounding tne
dicrite were metariornhosed to an augite-plagiocclase-quarta

N

hornfels. Thne overlying .'‘allace limestone was metamorvnoased

s =

to Clepsidic augite-szscapolite hornfels (oyroxene hornfels
facies) near the coantact and diopside-nornblencde-tremolite-
plagioclase-quartz nornfels (nornblende horniels faciesa)

way from tne contact. ~The dicrite, metamorsnics and neighn-
borinyg sedi:ents are cut by dikes of fine _rained diorite
pornayry, nornblendite and quartz ciorite porpdyry.

A& later gquartz wmounzonite intrugion l1isz to tae weat}and
ia separated from the diorite by the hornfela zone surround-
ing the diorite. fTre textural character in the quartz .on-
zonite ia asg followze (1) PFine Cruined .ar_inal Zone--all
tihre feldsnar occurs ag pertzite (Or55Ab,An45), no discrete

pla ioclase crystala sare osregent, (2) Coarse Graiied



Iatcrnedicte Jone=--the f2ldzahur cryoc.lz sre lar_ or, 0T°

ey s . = are

coarsely perthitic, and scecoarate plasicclzse crystals =
many

aresent, (3) +ine Interior Zone--Grapalic texture and =
aplite-pegumatite dikes.

. , - - - - . T 7 1 i i-
Wnere tne quartz mcnzonite is in contact witn tne 31l

. < v . 131 -? -
ceous argillites, it has sroduced uiotite-andalusite-7 norn

fels (alvbite-epidote hornfels facies). <Two sets of quartz
porphyry dikesa, one set of quartz monzonite porpayry and a
large granite porpnyry dike cut the nei hboring sediments.
Two hizgh angle faults of northeast trend with large
disnlacement have brought lower Zelt quartzites and argil-

lites into contact with middle Bzlt .Jallace limestonse. Dotn

are known to cut the quartz monzonite.
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Location

The Lolo ilot Sprinza area iz located avout thirty-ei:nt

milesd zoutnwest of Iiilasoula, i.ontana in iiasoula County
(Figz. 1). It can be reached by the way of U. 3. Hdizhway 93
to Lolo, wmontana, eleven wmilea szouth of iLiissoula. The area
is transected by the Lewis and Clark Highway twenty-scven
miles west of the town of Lolo.

The geologic map presented nere (back pocket) contains
& four mile square in the nortaweatern part of T. 1l N.,

R 23 W, and the adjacent four sectiona in the northneastern

cart of T, 11 N., R 24 .
Purpose of Investization

The purvose of the investization was to determine the

intruszive rock tynes, their varlation, and tlheir contact

effect on the intruded Belt asediments. As thne macping pro-

zredsed, this area osroved moat interesting becauge of Lne

sreat variety of igneous rocks present and the types of meta-

morpnism tney produced.
Method of Investigation

Manping was cdone on aerial photo raoni3 in tne field witn

the aid of a Brunton comnass during July and August of 1958.

Over one hundred hand apecimens were collected during tne

-1-
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manning, ifty tnin aections were cut Iroa aclecteu szmples

aad thelr o»etro;ranhy =/as sgtuaied.
Previous “ork

Lindsren (1904) following Lolo Trail in his reconnais-
sance of the Bitterroot and Clearwater liountaina probably
was the firat to study the colo;y of thnis area, Ile mentions
that the contact of the granitic rocks witn the sedimentary
series at the Hot Springs has osroduced piotite-andalusite
hornfels and that the quartzites are metamorphosed to a
dense .flinty structure, He alsgso notea the presence of tourna-
line and the aharpness of the contact and concluded that the
intrusive character of the granite was established.

Clyde P. Ross and H. 7. burke (1947) compiled an un-
published map which according to Roas (personal communication,)
wag a hurriced reconnaligsance made for the completion of the
Ilontana State Geolosic wape.

®. S, Laraen Jr. and R. G. Scrnidt (1958) traverszcd and

mapped the quartz nonzonlite on Tneir map wnen doing .ork on
the datin: and compariaon of the Idzho catholitn with the

=]

Socutnern California Dathoclithe.

V]

f
C

Larsen et al (1956, p. ©1) report a .ican lead-zlpna

|—-
5

of sranitic rocks from the Idano Lesthelith as 1lugz 12 mill:
veara,., ‘nls nlaces the s e c¢f the Idzhno Latnollith as early
late Cretaceous. 'rom the <atsg obtzinedu, tnsy umve con-

cluded that the esmplaccment of tae batnoclith took place over



a znort cime, not over w rew .willion yeara.
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FultiNe]

g neortavard o thae Cosur dlaline ol ollico. o0aS LT lszon

Fave 1included :cnic rznse within the Litterroot x.:e ..alcr

—

&)

extends from Lolo Creslr w.gut gixty miles zouth into Idzno.

Drainage

(]

The area is drained Ly Lolo Creekx .aich heads at Lclo
Pzza and draira inte the Zitterroot Hiver at the town of Lolo.
The main tributaries of Lolo lreek z=re ..«artin Creek wvhich
draina the northeastern part and joins Lolo Creesk abvout one-
fourth mile ncrth of the northern boundary, Granite Creek

°)

which Jjoins Lolo Creek at The Hot Springs and Graing o large
area to the west heading in the Coeur cG'alene lLountains and
tne East Fork of Lolo Creek .hicn Joira Lolo Creek about a

mile gouth of the Hot 3S»rings and drains & large area to the
soutneast. Tne East ork of Lolo Creek neads in the Bitter-

root Range. Sally, Liud znd Lze Creeksa are analler dralnages

which are confined »rimarily to the area.
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Cener=l Crnaracoerisceics

‘he -eolo_:ic formations of the Lolo ilot Springa aréea &re
metaaedinents of tne middle :nd lower Precambrian Celt Seriea.

The atratigrazhy of the lower Z2lt formation i1n thig area
correlatea ruoat closely with the cedimeants of the Coeur d'alens
District, Idzho and lL.inercl County, ..ontana and for this reazon,
the same Iformatlion nazunes wWill be used,

The formations exrosed in the Lolo arez are probably part
of the Durke, Revett, St. Reyglas quartzites and ar-illites and
the “'zllace liniestone.

Jallace and Hostermann (1958, o. 577) astate that there
are rock units in each formation of thne Delt series wnich re-
genicle rock unita 1In every othner formation of the Lelt series,
meking clagsification of individual ocutcrops difficult. Only
by judging rock tynes throu_ h a stratigranhic thickaessa of
asvaral thousénd feet czn an adequate cetermination be made,

In the area maonped, onliy the mosat northern zsctionsg are
comipoged ol zediments. Outcrons are not plentiful =2nd be-

1 g

cause of the ;radational charactcer of Une _21t sedimenta, all

contacts are arbitory and tuged ol the Hredo.iirance of =

gpecific litholo:ic type.

The Zurke, navett, and St. Re_la loraatlons

The Lburke, Revett and St. Re_ ia loruaticns are al)



ar illites ana quartzites of varioua gshacdes of white, rey,
ocreen snd purple. Ransome and Calking (1905, p. 34 & 39)
gtate that in tne Coeur d'Alene District ths Durke formation
congists of zZrey to grey-green quartzitea, while the over-
lyinz Revett formation is a white vitreous guartzite. “allace
and Hosterman (1956, ». 580) azy that in lLineral County,
wwontana both the 3urke and Revett formationg =re various
zhades of zrey.

Prom south of Granite Creek to the contact of the gquartz
monzonite are found massive quartzite beds that are dark grey
interbedded with finely laminated green silicious argillites,
The argillites consiat predominently of fine grained quartz
with sericite and chlorite, and have been azsigned to the

Burke Formation.

A3l one proceeds north of Granite Creek, the gquartzitea

)

become lizhter zrey and the beds are very massive. The
greenish asiliceous ar;illites are not found within these
lisht quartzites and for this reason are believed to corre-
late to tne Revett of the Coeur d'Alene District.

Jallace and Hoaterman (1956, pn. 582) note a marked
cha.ce in tne 3t. tegis formation between the Coeur d'iAlene
Diaztrict and iiineral County in the vicinity of Lookout Pzaz.
West of the iontana 3tate line, in Idano, the St., Re_isg
formation is# characterized by grey and purple arcillites and

quartzitcs, On the east side of Lookout Pzus, in wontana,

the typical St. Re.ia i3 characterized by greenisn-_rey



ar_iliites with gsome limy quartzite veda., .a;ner (ly43d,

De 10) gtstes that in the St. Joe Diastrict of Idaho, the
Aevett quartzite passes rather abruptly from thick bedded,
vaite gquartzite upward into the impure :.resn and purple
banded quartzites that are referred to as the St. Rezia for-
mation. he rocka of the 3t. Rezis formation are more
quartzitic and contain fewer shale beds than are found in
that formation in the Coeur d'alene District.

Near the nortnern bHoundary of the area, alon~ the [Flah
Creek Lolo Creek road, are zood exnosures of massive wnlte
quartzites interbedded with impure purple and green quartzites
and giliceous argillites. The purple beds often contain
nematite pseudomorphs after pyrite and fine zrained nematite,
which (ives it a reddish color. In some placea, _reenian
beds of fine srained quartzitea or siliceous arsillites are
found throughout this sesction, bui the predominance of
quartzite was recognized. 'Tne beds are believed to belong to
the lower St. Reris formation und according to Wagner'a
descriptlon, previously discussed, would correclate closely
with the St. ne id in the St. Joe Diatrict, Idaho. .allace
and Hozterman (1956, ». 580) note the pressnce of purple-
crey quartzites within the Durke and lRevett formations of
ilineral County, i.ontana, It ia alao poszzible that the bHedas
mapped ag 3t. Regls may be equivalent to levett of Liineral
County. In this case, the 3t. e is would be exposed veyond

the northern boundary of the area.



~ecz=usc of =i incoudlete zzciicn ol _urke .ad 35. ..2iz
&nd no cdefinite correlation orf the Asvett, no attemdt was
mace to estimate the thickneas of these formations. wne co.-
vlete section muat be very thick, for tne bsds have a con-
sistent strike and relatively steep northeast div throu,h
geveral mlles of sectlions from the quartz mo:izonite contact

to Leyond the northern boundary.
Wallace Formation

The Wallace formation is exposed in the northeastern part
of the area =znd for several miles to the northeast =l ong the
hizhway. Over tais distance, the strike and dip are very
consgistent, sugszesting duplication by faulting or isoclinal
foldinz. Ripple marks noted somewhat north of the area in-
dicate overturred isoclinal folding.

The Yallace formation in the northern part of the
Bitterroot Range (%¥ehrenberg, personal comunication) seems
to comnare closer to the W:llace of this area tnan descriﬁ—
tions in Liineral County or Districts to the west in Iccho.

A licht buff, limy, massive quartzite iz well exposec at
the hi-hway curve just before entering the are« from tane nortn.
The quartzite containa gome interbedded zr;illites un to a
few feet thick in vlacea, “Thesze 1li_.nt dbDulf colored limy

Fal

ites are dellieved to be unjzer .Jallace formatiocon. #along

b3

quart

)

Jartin Creek, the tuff limy guartuzites cre interbedded with

~

blue and csrey limy ar illitea, tut tne vull rocks azecin to
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predominate. further to tane zouth wlon Powell Creek =nG
to the eaat oI rowell Creek, the zrey aand tlue _rey 1
ar_iliite beds increase in number and thicknessz, 3¢l
further southeast, the limy argillites are metamorphosed to
a light green tremolite-diopside hornfels which will be
Giscuassed later under metamorphnism.

A amall exposure of the buff limesatone 12 nresent on
the west gice of the hishway in a cut about one thouzand
feet nortnn cf the Flsh Creek Lolo Creek road junction with
tae nighway. Yhe limestone ls interbedded with soft, _rey,
limy ar-illites. <o tne gouth neser the Jjunction, the 2arcil-
lites become darker colored., Somne are dark reen or blue to
black and are believed to correlate to a dark arcillite
founad near the middle of the .Jallace formation in western
wontana,

South of the Lewis and Clark Iliisthwuy Jjunction with tne
Fish Creek Lolo Creeck road, are brovm colored ar illite beds
with some dark rey quartzites. 1hese are believasd to be
nart of the lower .Jallace formation. “hin sections reveal
sone of these ur:-illitesa to be fine _ruined quartziteg or
siliceoua arzillites. mxcellent expogures are found ezst of
Lolo Creczk vetween outcrons of the quartz porpiuyry dikes.
ilere thne rocks hove a fluty cleavaze. The beds near +the
diltes are metamornhoaed to very hard sliates. all thegse

bels nave a srejy-brovm color.

(i

T Iy 4 Mg 3 ~ 1- e T g s 4a A oy e & )
In the hi_hvay cut next te tae gquartz .ionzonice centact,



cag carl guartsites are metanor_ nodsG o o liniy guartzlte.
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liites nesar the contac

[ d

“ne arg;
pletamorosniam mucn more ao tnan the gquartzites znd will be
discugsed under metamorphism. In a road material nit eaat
of the old hotel at the Hot Sprins, the siliceous ar-illiteg

nave not been aa severely metamorsnoaed and appear as uni-

formly lawminated ar:-illitea.
Juaternary

Gravels zre »nresent throughout most of the valley floor
of Lolo Creek. In »nlacea where the valley ia wide theres are
broad meadows that nave a well developed 20il; the gravels

are rore confined to the stream channel.

1

The LEaat r'ork of Lolo Creek and al=zo Granite Creelk have
zravels, coovbles and ovoulders that are confinea .ainly to the

stream channels., 7Tnese cobbles and boulders are usuzlly of

H

the more resistant nornfels and quartz diorites in the Zaat
Fork, while tnose of Zranite Creek are usuzlly of tue quartz
rmonzonite por»hyry rocks from thke dikes wnd ol the quarczites
of the Burke and hevett formations.

iud Creek wndé S3zlly Creek valley Iloors are coverec ..ith
alluvial deposits from the adjzcent slones. 1ne alluvium

nto a dark coil =supprorting denge ve_etstion on L

e

c-gs 1.5
weagoners

crcek ucttoms. Ine lower slones are al.ays neuvily rorccted.
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_ne Zloxlitilc rocliz ol culz zZred vory _reoatly 1o coll-
noaition, texture, cnd raln alze.

A Clcrite wody ia tae vicinity of She hornbleadite dike
(see geologic map) along 321lly vreek 1z & darik {ine Jrained
diorite. Plagioclasze avord,ing abypg Anso compoaes auvout
60 per cent of cne rock. doned »nlazioclase crystala witain
thig rock indicate re:ceneration (Plate I, Fig. 2). aAwmphi-
tole witn & z3azll cwounc of auitve are thae rewmaining con-
gtituentas. Part ol the ecmounibole ia 2 oimblence that in

co0 the orthoraomuic

! (W)
0
]
ct

nlacea gppears to ve cliered in

pedrite and alszo ancnopnnyllite,

P
—

cmohivole

s Clorilte pornayry 1g s>recent in & feow osuteropa scuth
of Jally .id;e -nd 2lon. the contact on tod of 3ally Rid:oe.

Sixty »ner cent ol the dilorite osornhyry is nade un of paeno-

crysts of =»la_locl-ze ran_ in. from lavrawoxrite “b46“n54) 9]
ancaesine (AbaSunSS). The pnenocrysts ren.e irom a rew milli-
mneters Lo woout one centimeter in Clawster. Jhe Lroundi.aaa
ia courzogzed of zmall latnsg of »nla_ioclage, ilmteratiticl
hornblerce and blotite, unca a little quartz. wie nla-i
clase pnenocryscs are gsomewhat sericitized; some of tihe
ferrcma_negian minerala are altsred to cunlorite,

Another wmiedium groined cdlorite 1is expoged =lon: Lhe

L)

fork and for acout one 2lle to one nirti. Isir SHo

b
|
w

n

-1
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atout 50 per ceut of the roch. avsy Iron the conbuc

Gloritve iz 1i _hter colored .:<& normnilande :nd Llotlte :re
srezentc 1n cgull cuounts, co.izo2in, nearly <0 ner cent of

tne rock. luch of the biotite iz awsociated with norn-
blende in zuch & nanner =23 to 3u;gest slteration of horn-
blende (Plate I, Fig. 3). Lhe remainder of the rock is
compoded cominantly of andesine., Scme of the plagioclaae
crystalas are zoned; others are completely Ifree of zonin,..
1The composition of the zoned crystala approaches oli o-
clase at the rima.

Acceszory minerals found throu-hout 2ll the dioriteas

are arzatite, aphene, ilmenite, magnetite, rutile znd zircone.

Snonene znd ilmenite are eapecially abundant in some rocks.
dircon 13 pregent in a few thin gectionsg, but is never sobun-
cant. Only a few pleocarolc naloeg were noted indicacving

D)

the low radloactive content of these rocks,
Quartz Diorite

Diorites of the typea described zcove nroteaovly itake up
atout one~-nalf of the rocks manped az2 diorite. Tae reuaincer
of tue dioritic rociksa contain guartz in excsgs of c¢hwu To DC
called & true ciorite. whe guartz content in tnege diorites
varies from less than 10 per cent Lo 28 nucn &s 0O Her ccit.

1'he quartz can be readily noticed in tae field a2z .ell 22 in



thin z2cuvion3z. In 2o0me czgag quartz rica podiss cccurl
within true Jioritea,

vear ths contact of 2 roof opendant just ezuzt of 3ally
Creek, a medium co fine grained quartz diorite zrades into
»oeclza thas are exceptionally lizut colored with little or
no hornblende or biotilte. <“hin aection atudy ol tnia rock
showved 1t to pe composed mainly of sutured quartz ;srains
(60-70 per cent) along with ollzoclaase porpnyroblastas,
myrmeklite and minor blotite (Plate I, Miz. 4). +ne meta-
sedimenta of the roof pencants are diacusacd under meta-
inorpniam.

Other cdioritic rocks tThat are exceptionally rich in
quartz are aligned vith the roof pendants and Xenolitna,
Lut were found at lower elevationa. Several tnin acections
wvere made from ciffereat outcrona. ~LThe guartz content

variesg conzideradly, rancing between 10-50 223r cent. andeaine

or oli_oclevae composes 50-70 per cent of the rocksa; and the

ne rock ig Liotite and nornblende

ct

remnainin: 20 per cent of

k5

el a4y wz3a noted; however,

(o}
{3
I
[W

in 4vout equal ariounts. Potasgn

“-ﬂ?r

t «opears tnat In 203t ceages tie »notagalium ivaa taken up

=
cr

0y the Lioccite und tne rocks ucve no potacgh feldapar present.
In eacih of the ciiin 2ectiong ovserved, su_ite ind eniuote
vere noted in amall amounta. e viotlce arlpeared to aave

2 reddish-_.reen birefringence vhich ciffera .rom Thag of

tne normal diorite.

Several nhundred feet northwest cl waere the guartz uiorite
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porpnyry <ike croases ZLa
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L foriz, ©a¢ CLlOoricic rccxe TEre
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roted to be quartz rich in placeg and otiaer rocka contained
little quartz. A4 two-inca c¢hin sectisn wag cus acrozg a
rock noticed to contain alternating li.at anda dark layers
ané al 3o containin: a dark clot. <The darker bands consisted
of »olazioclaae laths AbvoAnSO, cornblende snd biotite with
littls or no guartz,., +hia ;;raded into a 1li _-nter quartz
rice band of vhich quartz and bilotite slivers are the main
constituents. Ihe nla-ioclase waos hi-hly sericitized ana
the blotite of the 1li _ht bsnd is .ore birefringcent tnan
asuzl. This tsand also contained amzll amounts of au;lte and
epidote. <The eovidote iaz asgsociaced with the ferromagnesian
minerals sug_cating an alteration.

The rock appears to be a result of metamorphic differen-
tiation or hybridization. This 13 telieved to be quite
common in marginal facies of batholitha.

.ne dloritic rocks in the ecstern part of
contain suartz. oat of the Ll _ner elevationg are caoped

Ly roof vendants of =siliceous hornfels. In the vicinity of

-

ILoct Purl: Creek, wnlch ig beryond the southezat corner of the

-

4

area, some of the guartz dior co he zomevnat

’—"
cr
(¢

Ia

o]

2!

'3

®
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cnelsose. Thin section znalyszias of thls rock zhowa au_ite,
muca of vhich has been replaced Ly epidcdote and zonhene. ae
biotite and hornblencde aonpears o be zneared into ..any
anrecsa. Part of tne pla.ioclage occurs as unaltered cryziuls,

but tae majority of the crystals are ni-nly corroded., 3cule
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interrcrowth &s zast 2een in & thin zection of the metamor-
pnosed guartzitea (Plate I, Fio. 4).

4. L., anderson (1940 ». 19) rnoted gsimilar quartz dio-
rites in .locotenai County, Idaho naving & 3imilar biotite
ané zug ceats that it wopears Lo e & granitized sedlment,
croff (1954) «nG i. Z. Ancerson (1959) have concluded, on
the basis of itexture and rnode, that many of the gneisses to
the cagt in the Sitterroota ure partially granitized meta-
sedimentvs.

A. L. anderson (1930, r. 20) vaen workinz in the guartaz

diorite mar incl facies of the Idano 3atholith near Crofino,

Idaho atatess

"'he gneissic zhell i3 maeny miles dDroad in places and
it i3 exceedinly difficult to know whether the rock sgiwoculd
be classed a3 shearedbatholitn or as gneissic 3ediments as
in many places cnere ia appurently a gradual transition of
from one to the other."

F

]

ne Grained Diorite Porvnyry

A dark fine “ruzuined dioritce nornhyry dike is exnoged
at the I'iagh cvreek Lolo Creek roxd cut at the Lewis and
Clark Ii:hway junction. The dike is truncated by a gunll

ault to thne north. Y'ne dilke rock Ciffers little in cor-

kY
£
ct

npozltion from the other firne _razined dloritez. andeaine

i

latha, some of wilch wre larger chun the uviudl groundaasa,

fo

ive thias rock a »orpuyritic texture; tie _roundriagsa nzg

dizvbusic texture (Plute I, 1'i._.. ). Plasloclise comnozeg
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Plate I
Fiz. 2. Phenocryst of »la_ioclase (center) vithin
the Gark Iine srained diorite zhowins re eneration
zonin,. Croased nicols, x Jl.

Fiz. 3., ziotite aszociated vith Lornblende (lower
rizcht) suggesting alteration of the hornbvlende,
Tninsecction of tne medium to coarse grained diorite.
Crossec nnicola, x ol.

pn |

Fig. 4. Incipient plagioclagce porphyreblast sur-
rounded by ayrmekite (upoper center) in a metamorpnosed
quartzite, Crossed nicola, x ol.

Fize 9. Disbpazic texture of the fine _jruined diorite
porpayry dikea. andeaine phenocryst (lower left).
Crosczed aicol=, x Sl.
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Jere au_ite Ilorng LI roslliader, Ifviii; 1o . <.rll color.

minerals are -lzo =ltzred, 3owe calcite 1s =2l3o =rescnts.
Jther _rsen-brown fine _.i.3L _l.rite sorpayry cdilkes cre
loczted north ond aouth of wartin Cresk. 3Several others
tnat vere boo guall co ap were found nearer thae ciorite.
Thése roclid orz2 muech ore altsred tlin that froam ths dik

agh Crselr Lolo Creek Road and ii_uwsy Junction, bhub

e v

{C

1, -
o

T taes

b

Ol e

i

appear o "IV Loéa viry ziamilar in texture =nd cowinoait
Lne phenocrysta ars hlishly zerici
¢Z 'aolin. 1ne plaéioclaaé >f the roundaasz ia alzo nl_unly
gericitized. .luch of tue darl minerzla i3 =zltered i-o »Homill-
nite, the chlorite havia.: aunormal tlus I..c.rlference color
in thin zection. OCcolcite 1s clzso zluncdant in thla reck.
The hi-hly =ltered state of tilicse cike rockz 3u_ ezt

that they z=re late pnases waich vwere versy rich In zolutiong

ivipc o oixcs to deuvteric alterstion of 11 w2 -iinzrela

Cormate Incluaion

3 .- - R X ] " LN 1 "t 4 LR e MRt -~

A Carli vary flre _rained dlorite contalnin_ ~hite c-ota
crong oubt wItain the 2diwy O coLrzc roln€d 1orLDe AdTil]
LI iy = b - - 3 i p gy a1 Jou el O . - o RN B . -
e Dast Tork road cut zowtilgagt ci bt guarcs LLorice Ll

N Ly - - . i 1 . o~ - = o A
anyey Sile (Plate II, I G)o. GCthaer .11 Z:colited clo

-
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ne _roined dlorite occur within the medium grained

— e

C! 9

of
diorite in this vicinity.

Thin sections of these rocka disclosed it to be composzed
of microlites of plagioclaze with abundant hornblende and
miror augite and quartz. [he pla-ioclase was determined Lo
te dgomevwhat more calcic tunan that of the medium -~rained dio-
rited surrounding it. Lfhe rock appezrs to be somewhat
altered., <T[The white spota consist of microlite clusters of
vplagioclase with some interstitual quartz (Plate II, Fig. 7).
Bbarth (1952, ovp. 315-316) suggesta that crystal aggreiates
such as thea2e may be formed by metamorpnic »Hrocesses,

ITyrrell (1926, p. 95) refers to Bowen's auggestion
that the formation of crystal jams or accumulationsa of
early cryatallized minerala, as a result of clo_zinz in con-
gtricted »narta of channels occupled by moving magma, 1s tne
caude of cognate incluslions, Ihls phenomenon is believed to

be quite comnmon in border facies of bzthnoliths.
Hornblendite

4 dike-=1lile pbody of hornbiendite strlking about IT 15° b
i3 located 4 ong 3211ly Creek within the tine :srained dark
diorite. Some of the hornblendite 13 composged »nredoniinantly
of .reenisn lazck horablende vihich uader the wicroscove is
very »lcocnroic (sreen to brovn). This hornblende appears
Qery gimilar to tnat round in tae mediwi Co cozrae Lriined

Giorite. Augite is present only in ulnor amounta, ilew
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Plate II

Fig. 6.

Dark fine _rained diorite (ri_ht) within li:hter
medium to coarse ;rained diorite (left) and believed to bve
a cogznate xenolitn.

Ti~e 7« & cluster of »lgiocclaze microlites with in-
teratitual quartz »Hrezent (lizht center) occurring within
fine rained dioritc (cark border).

Croased nicols, x Ol.
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te ware noted. woolie

P

accedsory minercls otaner taan sagnedl
gerpentinlzation of the hornvtlende to bagtite ~as noted in
2 few crystalse,

In nlaces the nhornblendite 1z quite alterated to the

orthornompic amphivole, gedrite-antuonhyllite (Plate III,

o
Py

¥is. 8). Lurge radiating rosettes of antnophyllite were

nociced within come ouilcrops. Yhin sections of these rocks
discloged tne anthophyllite to be accoumpanied by magnetite
along many of the fractures and cleavage planes (Plate III,

Fiz. 9).
Quartz Diorite Porphyry

A quartz diorite porpayry dike striking northeast is

osresent within tne dioribic rocliz in tase soutneaatern »nart

]

of Lthe ares. A _ood sxno3ure 12z found vhere 1t is cub by

2aat Tork Creek (Plate IV, ¥is. 11). <Thne dike waa traced to

-

3}

tne zouthern boundary and for a mile northeast ol Zagst rorlk,
}
A gintlar locking pordayry rock vag noted on con of Sally

A1dse which may be a nortaeastward contianuation.

-

.. I B [ 1 PSS o Pl
L8 LlHZ concaliing &« Jile IPan

e of ohnenocrysta wi
lar_e onea reaching an inch in length (Plete IV, Fi_. 12).

J2e »snhenocrysta sre coaposed oredeminantl, ol c¢li_-2l.z:3.

3516 cve ¢ll mored vith more caleic cores (ancezine). J1Lhe

nlagioclase of the groundmasgs also nas a wide ranie ol coni-

oaltion. Sone crystale sre os calcic e wuassine (Abagﬂnaq/,

~

vhile otiisra urs w2 colle ag oli, ocluse (nu;5)117). Qe
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Plate III

N

€ Photomicrograph showing alteration of hornblende
ht) to orthorhombic amphivole (dark uposer »art and

1t center). Orthorhombic zinchitole risht center ahovi-
oarallel extiction. roased nicols, x Sl.
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ing
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Cr

Fiz. 9, agnetite (dark) along fracture and cleavage
nlaing accormanyinz the alteracicn of hornblence to
orthorhombic &mphibole, Plain 1li;ht, x 240.

Fige 10. Interstitial myrmeklite within the groundmzas
of the guartz dioritc porphyry.

Crogaed nicola, x 3l.
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cat ars {insly diszperazed taroushout the srounCmcga iv

it ¢ darl crey color. Quartz compozes about 1o per cer

the rock. 'uch of the quartz cccurs we uyraekite, sn iz

orowtn vith oligoclase in the  roundmaas (Plate III, T

acceggory minerals are cphene, anatice, ilmenlite and

mnagnetite., Sphene 'jas csneclally abundant in this rock

wag noticed to replace nornblende &nd oviotite,

1

d



Plate IV
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. 11, An exposure of the quars io
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ke wmere it haz neen cut by tiae EBs
reclk,

rite porphyry
fork
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12. Pla_ ioclzze pusnocryats, aome of viiich
one izch in lenzth, »sresent within tane quartz
te pornhrry dilke.
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Gener:l _eXxsure wnc Lowscgsition

loat of the sranitic rocks of tue Lolo arszz ure guariz
aonzonites, These rocks snow striking textural vaeriations.
At the contact and for about 200 feet into the interior,
there iz a fine to medium zrsined Lorder zone whicn in »laces
ia quite perpayritic. Jnia borcer zone _rades inward to a
zone of medium to coarse _rained quartz monzonite. Beyond
the coarse grained zone, the interior is characterized by
the presence of _ravnic texture and many pe.matite bLodies,

The quartz content of the jranitic rocks avera.es 30-35
cer cent. liuch of the feldzapar occurs ag nertnite and will
be discuzsed in greater detail later. all of these rocka

-

contain nornitlende and b

|l

otite, averazing & per cent of the
rocks. A horablende having green pleochiroiam occurs within
the Torder zone, Ziotite predominates in the coarse zgrained
inner zone.. Accezgory minerals in trace amounts are s)aene,
ilmenite, maznetite, allanite, apatite and zircon.
The Si_nificance of
Perthitic Feldspars in the Quartz .onzonite

Petrogranhic analyses has shown perthitic feldspars to
be important and very interesting constituents within tne
various zones of the quartz xmonzonlte. e textursal charac-

ter in the gquartz mconzonite i1ig as followas:s (1) Fire Crained

-25-



Lar o dnsl Lone--ull tae relaupar osccurs sz oertnite
(Or55Ab,An45), no Gizcrete plagioclase crystals are present,
(2) Coarse Crained Intermediate Lone--the feldszpar crysvals
are larcer, more coarsely perthlitic, and separate plagio-
clase crystals are present, (3) The Interior Zone--grapnic
texture and many aplite-ne_natite bodliez in vhich the mlcro-
cline is microperthitic.

The perthite appears to differ within the differenc
zones and a study of this may reveal some of the condltiona
wnich »roduced thne variouz types of pertnite.

Perthites have veen studied in great cetail bty Gates
(in Emmona, 1953) and more recently by Tuttle and Bowen
(1956). It has been demonstrated experimently by Tuttle and
Zowen (1958) that at hi. her temperatures there 1ls a coriplete
colid 3olution between the zoda and potagsium feldaparsz,
ragt cooling of such 2 2011d zolutlion results in perthitic,
micronerthitic or cryptooserthitic interzrowths of the two
feldevnarz, Zates (1953, cnan. 5) telieves that the =2odic
felcdspar materlala are extremely mobile in the last stages
of crystallization and »jerthite can originate by two pro=-
cegzges-- unmixing and replaceaent-- both _iving rise to a
different texture. Thesae processes can overate zlilost
simultaneously znda all gradations between them are believed

to exist .
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<22 feldeszar of Goe _revlian rock of cie Lear incl zo.e 3

s&lmost exclusively -erthite and co..posecas 32 ner cint of Lie

™ - - S, = Paa ) e s 3
rock (Plate V, Fig., 13). Tue pertaite ccavosition w=za &

@

[

termined by X-rey analys=is to %2 near OrbS’ (ab,&n)45. Tne
ma jorlity of the perthite cryatals within thnis rock azoear
as intergrowcna of la.iellae narsllel to one of the cleavage
planes, (Plste V, Fis. 14). 3Souwetisies a brsided structure
occurs,

Lhe formaticn of oerthite here i3 believed to be by un-
mixing of wun original nomozeneous slkali feldspar. The

~ranitic

>

resultas of Tuttle and Zowen (1958, ». 40) snow that
rock, in which tne felaapar ratio 1s atout OPSO,(db,An)EO
and in wnich all thes 3odiuwm feldapar is vpresent as z cocponent
of nerthite for.ied Ly unuixing auring cooling, must lave cryacal-
lized avbove 50C° C,

r'he width of tnls zone nay rance freom several hundred
feet on the ezstern sarin to -nly a few fezt In the ex-
ncesarcs cagt of che Zar. rhe varistion in width cf tne
horcer zone ia tnouznt to be causged oy variationg in ori_inzl
deotrn ol tr.ec now expozed contact. Jhae wide Lorder sone vag
devcloned near cue uprer pirt of tue intruzive; tgé n.rrover
berder zoae :t srezter deptna, =llovin_ or:s tiawe lor rz2-
cryztallicaticn, tae narrow corder zorne iz structur 117

reluated to =n uplarown block sexoosiaz 2iliceous war fliites

-o7-



of the .allace formation.
Coarse Grained Intermediate Zone

"ne quartz ronzonite beyond tne bhorcer zone is charac-
terized by coarse srainsg (avg. Smm-lcm). Pertnite is still

the major feldapar (47 ner cent) within thils zone, but many

| S0

ndividual crystals of pla_ioclase (AbBVAnIS) are preaent
and comnose 20 per cent of the rock.

The amount of exsolution perthite in this zone de-
creaades and zany of the crystals are in a gtate of partial
replacement by olizoclaae, 'me replacement a»npearas co take
place along earlier perthite veins and possibly gome later
fractures (Plate V, I'ig.1l5). Some of the potash feldapar
cryatals are rimmed by olizoclase wnich presumably nas been
exsolved from asn original nomogensous potasn-zoda feldspar.

fhe unmixin; in the intermediate zZone z2eems to be nore
complete and the Individual nerthite crygtals appesr to con-
gist of a ni:cher percentage of potaan feldspar. oler
(peraonal communication, 1559) determined by X-ray analysis
that coca felds»ar conatitutes 28 per cent of the perthite,

ag compared to 4o per cent in the border zone, 3y krnowing

the compoaitlon of the pnercthltes and tac mode, 1t was poscidble

to comnute tae percentajes ol potasn and sodza feldlzpar
within this rock, [ne results obtained zre verr near the

otzah-20da ratio (0r55Ab,An4o) for the nerthlte -ranite of

the mar_inal zone (I"ig., 16, 17). ne per cent quartz =nd
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«elPowa . neglian alner.da v ere cluo e roxlilaucly cue gaus,

1

riuese catda snow thet the rocks of the [ire _rained Lorder
zoné have :p >roximately tuc a..ie composition, tuhe only
differences beins in the distribution of the soda feldspar
content.

accorcding to the clasaification of lutbttle and Zowen

|

(

~1s a =zubsolvuz jranite of class IID in wvhich the albite con-

¢85, p. 129) the gquartz nionzonite of the intermediate zone

cent of the perchite lilea between 30-15 per cent. Thig
clags 13 3&ald by tnsm to represent an intermediate stage
Detween a al.n tempercture ind low temperature granite.

It ia believed that thiaz rock was initially a hyper-

0
(o]

golvus granite and curing coolin:;, wniiinz of the nla_ io-

clase from the ori. incl homwogeneous zolid zolution took

place to malinteaein equilibriuwm. suttle wacd Sowen (1lSo8, p. 12¢)

velieve that water content may ¢laio be « ractor in the for-

mation of two feldapar granites becauae treir experiuents

snow that unmixing of the sodium [eldepar tukes place in a

few Gaysz if water vapor i3 sresent to flux tanse reaction.
futtle and Sowen (l9.8, pe. 91-93) have chovn L22t scme

ayoniboles are unastable in che »Hresence ol excsgcs water

(4

cne; atasd nat moat nertiaite-guartz _ranltec

o

rincinal dari .idnercl, zu_ cecbln

et ® o - -
caryry cnmpalieclea az <

8]

thav che lacle of sxtenzive unmiziin. of the slliall feldgnars
in these sranites may be 2 result of thae low wwater countent of

the magra.
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it e sredo.ilnonce or Licsite (ctevle in e Hregence of

excegs water vwper) witnlin the coarse _rained irner zore in
L]
contrast to the .reen horntlende of tne mar; inal zZone 2u.(

~r

a hi her concentrstion of w-ter in the irner zone walch maj

(=3

have contribvbuted to the wnmixing. ne rolc of water will e

b

iscuag

o

mentioned a_zin vhen n; tos ajrlite-ge_macites of tuse

interior zone.

Thne Interior Lone

-

About a mlle Irom the contact zout.nieat of tne LZast
Fork road junctlicn witn cne highway <nd airectly weat of
Lee Creelk coupin: rounda, rucn of the quartz wond nite haa

rashic cexture congistin. of zan intersrowtn of fluted
an;ular guartz rods n. nerthite (Plate VI, i, 18)., In-
diviuual ple_loclage crystzlas and <11 tynes of renlace.ient

2l30o foundG witnin tinis zZonec. In 2oiie cazen

(&)

certnits ar
only pseudomorps of Derthite cryacela wnlch nave been 21-

08t encirely replaced oy al_aly zocdic oll oclase remain.,

L

« with g.olty quartz

e
)
]

ez and aruaes 1i;

’_Jo
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0
e

cav

(o

Cl

=
cl

Liarol

crystals contsining tourmalline Jrs Iound tiirou_aout cthese

roclza.
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accusaulxcion in 2lace. llelnrichn (1949, H. 32C) az ztudied

-

2008 soattites ia the —oulcer _ctioliith 2nd nag ra2zached a

gimilar concluasion.
It 13 Telicved this zone, coataining tae _r.nalc
tare one z3lite-nsiuccites, cooled zmachh zlovwer tlan che
rrouading Zlne grained Lorder zone 2ind outer coarae _rained
D iC. LiZre .iuach mors of the soda ITeldzpar nwg been fensr-
felasgner, nilg extensive unmixing ig illusztreted LY the

accwarulaticn of tue lar;or microcllince cryatolsz aichh lre
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Plate VI

& wicrorarpuic texture (perthite and quartz)

m

..is. Coe

disnlayed -ichin rocks of utho Interior Zone of the
qusrtz zonzonlte. Crosgaed nicols, X ol.

Pic. 19. Graohic intergsrowt.s of perthlte and quartz

of the Incerior .Lone of the quarts ronzonite. Crogased

aicols, = 16,

. 20. 4 _ranophyric inter rowtnh asnearing as a
ouerocr"st

n-cols, x cl,.

) +9
=)

within an aplitic troundm&as. Croazed

—
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Soo2 1n boirburcl varlioliond 9I0 CLl SILUSSLo. L€ . - Tl
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Lter vag ot wule SO 3zcaene Gue vo cifferential preaczurs,

it would rezecn 4 true gsaturation point. Further crystel-
licacion »ill result in = vagor p»nzse (thae gecond wvolling

elieved that tne water witnin the interior
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evidence taxy tine formation of aplitic ar
tures are related to the second boilin: roiant. wne anlitic
texture of tne border in the »e_matites (TFi_. 21) iz ve-

liceved to aave rormed cduring crystallization virior co the

[
w
(@]

lecond Zoiling noint. coargser ~ematitle texture of the

pe:matite coresg ig bellieved vo aave forned after the gsecond
boilin: noint was reacaedc,

S

a il ‘her concentration ol wuter within the se: nawsites,
aay were a.cin e uled Lo explein the al.ozt comnleie
deparation of the soda-potazh feldzrars in tae coarcse .ilcro-

cline cryatala vituin the nHe _matltea.

ST T Ty T

VT WL L - : A
DIKBS Aslaloay JO Sia Ui L i Uaiedo 1. L10S

D

e

kez in the Lolo liot 3orin @ arez «re nwasrous wnd

Jeverul clifferent sebs Lav

W

Leew uasned, Lach set and iis

occurrence vill te discugza.d gevarutely. ..any of the siialler
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gram of the lens and pod

shaped
of the quartz

Idealized dia
pegmatites present within the Interior Zone

monzonite in the Lolo Hot Springs Ares.

' Fig. 21.
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Anlite dilzes arc nlen.iful tarougaout moat of Coe

3

C

of
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coarie ~ralned guartz monzownite, but lew re_ular
anlite are found in tke interior ..one containin: anlite-
pe.rnietites. The aclites of this sone were dlacusgsed with
negriatitez of the Interior zone. <The aplitea of tne outer
gones were noticed to follow jolnting. altnou h they Collow
scre tuan one Joint set, the dominant atrike is N 450 & and
they usually nave a steep dip.

The aplites are typically light colored and have a
au_ary texture, A fev srains of biotite can be seen. Sev-
eral different rrain zZlzea within &« 2zintle azlite vwers ob-
served in tiin 3ectlions. There iz on extremely fine grained
srouncdmags comoozed of very unii'orm interlockin_ srains of
alltall feldepuar., 3Some larier grano-hyric intergrowths of

quertz znd aicroperthite reaching 1l.5mm _ive the &.lite a

1. 20).

(5ol

pormiayritic eppearsnce in thain sections (Plzte VI,

fine Zrained victlte iz alco diapersed tirou.nout the ground-

833,

Part of a quartz -ornhyry cike 12 eijoged in tae hi;h-
q 2O &

1 »

wvay cut waere Jdranite {reek enters Lolo Creek. 1rhe diie



laterial 2it cnd on the saat zide of Lolo cvresk are saeversl

more walcn serallel 1t. nother one is exsusea juat soutn

Sevzral gmaller oned 1orta of tne old liotel were noted, Lut
not mapned. At no wnlece vers tiece dilies found o cut the
guartz monzonite,

rneé quartz porpayry rocks ure light in color c¢nd pheno-

crysts &are sredouminently guartz. Ihey avera_e S5-0mm in gsize

anG compoae apout 1C-15 per cent of tie rock. Other paeno=-
cryeca are preasent in thias rock. Study in tain geciion

shows these pnenocryats to ve granophyric intergrowihs of
quartz a1d potash reldspor. e _roundmass iz a very iine
grained cranopnyre .hich apgears to ve exceptionally rich in
gquirtz.
A& rock of zimilar counpoglivlion; however, containing

aenocrysca of 3odic o0li ccluae aloiny with quartz cccurs ad
gilla or dilkea nearly onarallel to veduing on Las ¢aat side
of Lolo lreelk south cf the mouth of i.artin Creek. Lecause
of similar anoearance and cenpoaition, theze were manped asz

tiie a=ue rock Tty pe
uartz .onzonite Pornayry

anctner set oif dikea iz located in the uorthwesctern
nart of the area alonl e¢zcw zlde of Gronite uvreek. Jaese

dikea nave a gimilar strike co Luat of tae gusrtz soroayly
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éilea. «hey are sxcencionzlly nuw.eroud w«ind .iny ..eré nod

-~
}

mllear egausconic

b

mapped. all ol thhese rocks anuave a

mearance. 0Only cae tuln gcctlon wag cuv I'rom tnese

'me dilea are pregent around tae nwin body of guartz
monzonite, but zdpear not co cut it. Ilus quartz onzonite
dikes cre 211 pornhyritic in contrast To the nirform coarse
" rained texture of tne rneain quurtz monzonite body; acwever,
t 13 not known wnether the dikea sre complementary’'or suin-
gequent to the main quartz monzonite body.

‘‘'hlis rock iz a porpayry in which tne phenocrysts cou-
pode clogse to SO per cent cr tue rock. & Linin gection
shows the phenocrysats to be nredominantly oligoclase

)3 come apnproach elilte, They ran_ e in aize from

(Abgghny g

O.,5mm to more tian lcm and averace 7.0mm.

fne potcagn feld-
ganar and pertililte pnenocryata in tnis rock show much re-
hluacement LY olisoclage. ..eny ol the naenocrysts have nighly
gericitized bordera., Quartz Hhenocryats were not obazervsed,
the quartz occuring Interztlitlally uurcu_nout a sroundmads

of alkall feldancr microlitea., {e rock 1z 15-20 ser cent

gquartz., ..ony crystala of lornblende wund Liotite (5=-10 »er
ceat of tiae rock) are fcund within the _roundmass ond -~ive

¢ 4 Gurk grey-ireen color., The bilotite a3z & very brown

e

>leochroivm and may be a tltanium rica bloitite, altercd

cryatala show sajzenetic rutile., Scme Terroiu; iesisn .inerals

are alterated to tie oxides, a2 _nevite or lluenite, slonc

-
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witn vleacnesd iosite
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are zircon, apatite, unshsne, rutile, ilmenite and wma. uetits.

Granite Poroayry

A dlke of _ranite porphyry ia mreasnt noritu of the

I-’

Clorite contact cutting &ll of tne gneissic rocka surrounde
ing the alorite., The zranite »crdhyry 2hows no metanor-ahic
rescta and therefore iz later chan the gneisses,
vne rock containg abundint nhenocrysts of orthoclase,
godic oli ocla:e and quartz totaling 4C-50 ner cent of the
rock. ‘fhe phenocryata are radational, ranzing from lmm to
more than l.dcm in dianetver (Plate VII, Fig. 22). Jne feld-
apars are all aericitized and moat punenocryata sinow rims of
alteration (Pluce VII, Fi_. 23). Some clay minersls sare
present.
Hornblende and tiotite are avundant, but are hi_ hly
altered to chlorite, penninite @«d hydrous mica. kucn
»utile 13 vreaent, digplayin_ sagenecic structure (Plate VII,

nz a titanium ricn hornblende and wiotite.

-

4), indicst

N
N
L]
[\

The -rounCmads is very fine _rained uad anpears to be
allzali [2l@upar with much interstitual ciocite =snd hornblendae,
ivin~ it a _recy color. Aapatice, zircon, rutile, ilucnilte

netite are present acz cccesrory minerals.



Plate VII

Pize. 22, Larze féldanar onenocrysty occurrin,_ with-
in the ranits noroayry dike near the waat end of 3ally
Qic_e.

Fiye 25. Alteraticnn naloes zurroundin_ feldoisar
snenocryatse withln tie jranite porphyry dike. Crossed
nicola, x 16.

Figj. 24. Seenetic rutile (dark rneedlez) .ithin
chloritized biotite or anornblende. Crossced nico
x 31,
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Tne conbuct effecta nroduced by tne querts monzonite
wné the aiorite are of different 1atnitud° 4ncé intensitr,
fhis will be Gizcussed in detzail belcw; however, ior

in msoping, only one aymuol is used for the weta-

giuplicicy

<

wiorpalc rocks within the area.

COITTASTY L.ITLMORPIHIC LiFSCYS OF TXE QUARTZ _.0mo0niIla

".L'J

abric

The contact metamornsnic rocks surroundin: the quart:z

ronzeonlte vary congiderably, devendilng upon the tyve of

(9]

gediment precent. I'nhe "allace formation near the nouth of

Grenite Creell gshows the resulta ol netaioronisy for about
1C00 feet away from the contact. Close to the coatact
goundant tourmaline 13 jHresent and zome nismatization of the

ral

sediments occurs for diztances of &« few fcet. T2z giliceous

ar_illites und fine -rained quartzices are .uetamorphczed o

+

flinty quartzites. The more arjillaceous beds have developsd
a banded or fascicular texture (Flute VILI, lig. 27) in
walch biotite, nusceovite, and cnlorite have formed bundles

tea., Lindzren (1504, . 36 awa cslled

ta
o

Witain tas guart
tiile rock & Diotite-andalusite hornfela. In thne =235 gicde

of Lolo Creelr nmear tue quarts soranyry dillea, the gillccoud

-42-



winercl agsemblagsez cnd
wetamorphic Mucies of the ar_illaceous . .llace ~=da
rine 3iliceous ar _iliites cof cane Jallace feopr.aciion
anpear to nave been citremely nigh in cilica, which along
viecnh the rrezence of aly0z, FeC, ..g0, K50, Nag0 and Cz0
clves rize to pelitic schiata near tue contact of the
guertz monwsonice,

1ne cnief minerals of :tne nelitic.schists, in addition

to quartz =znd sodic nlagioclaze, which can a2lways he nrescent,
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clency in 0 1a .lio anowvn oy Lne prezcnce of ancalu-

ineral wasgeaplage 12 that of tne albite=epivete hoern-

f2lc foeieg (levwi-,rade co.tact mevawornilaza).

Cluleedy ULl ORPITIC ZFMEC_3 OF JLi2 200 4
rfaberic of Surrouncing .Jlocks
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at no :lzce Ligd o« ornar) coutdct Jound DooL.ecn ol
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Muscovite
(Andalusite)

Epidote (Cordierite)

Chlorite

Biotite
Cc

Calcite Tremolite (Talc)

Fig. 25. Albite-Eplidote Hornfels Facies. ACF Diagram for
Assemblages with Excess Silica -- Quartz and albite are
posasitie additional members of each assemblage. Minerals

in brackets are stable only in assemblages deflcient in
Ko0. (Fyfe et al 1958, p. 204).

A

Andaluaite

Anorthite Cordierite

Grossularite

6
9“ Biotite
Idocrase
o $oni A F
“ollastonite Diopside Hypersthene

Fig. 26, Pyroxene Hornfels Facies. ACF Dlagram for rocks
with Excess S10,. Quartz and potasszium feldspar are possi-

ble additionsal ghaaes (Pyfe et al 1958, p. 212).
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Plate VIII

Pis. 27. Llascicular texture (clugters of mica and
chlorite formin‘ blotches) occurrin-~ within the horn-
Tela of the siliceous arzillites of the allace for-
mation nesr tne contact of the quartz monzonite.
Cro=zed nicols, x 16.

Fig. 28. A picturs sghoviay dark soil (rignt) derived
from weacanerin,_, of rocks rich in horablende,.
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LSLLUS Sd s Unes L0 @r IOCHT. Loy ood ool Llello o aeeloLo
SONTACT LT very werit colored dnd wltelre Lo Lo viry rich
2ornvlende,  Thls rock often weatllirs Lo oo carls zoll
(Plute VILII, 2. 28). O%sLcr recliz mauy the contacht wre
shrced with alteraailing 11 Lt f..¢ Jark Landg
Znelaaic eppesar:rce (Plute I, i, 20, 30). Juc
¢ layers conzigt of a&i:iibole and au its, —ulle the licn

lajers are queartz and nla.icclase. 1In pl:ices the dicrite

aag uetaorpnosed the turrouncin. rocks into hornfels con-
Caining awphnibole, »nyroxene 2nd »nla . loclase, 03t show

non=&irected Iabric referred o asg sracoblastic (2lzte I,

Fig. 55). Scmetiues largc porphreblistz of hornblende up

]

to one inch in lensth are found witain a2 fine grailned cround-

§

-~ p]

mage of =uite, hornblende and »nlasloclase (Plate I, Ziz. 51).

1

nuerolidal councreticnrna of ranblende Lave Jrovwa up to a Iew

-

iriches in Gilameter within some rocks in places (Plate X,

she bDoneed gaslsa, nornbtlende »nornhyroblasts aad
concreticng can be sxpnlaired Ly vrocezsca of lletamornilic

diifferentistion snd diffugion. =—aorth (1952, ». 314) =states

cf

natc Lhe definition of .etauorohic dliilferentiatiosn 1s ro-

ci

to differentiation effected by Giffuzlon procesces,

o,

e

ct

tric

ri

and coesg not include differentiation by flowing liguics or
boaily movement of zolid particles, wnhe mechanizmg caucing
fiffuaion ars tae diflerence in cheintic 1 activicy of Las

various cleaentg torou_aout tuc rocka. Some of whe {orces



Plate IX

Fise 29. Alterncting: li 2t and dark banda near the
contact of the diorite ivin; tae rocks a gneissic
a)Dezarance.,

Tl e 30. & uetamoronic gneiza near the diorite con-
tact zhowing a sineral azsectlage belonging to the
nyroxene sornfelus facleaz (auzitce-pla_icclaae lelt)
and 2lao to thz nornblende hornfela faclez (horn-
Llende-nyroene-nlagioclage right).,
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Plate X

Pio. 31. Larce hornblende pornhyroblaata waich
nave zrowun Wit in

horablende sn

yl
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Pic. 32. & 3pneroicul concretion of hornblende
occurring near the dlorite cortact 1n the vicinilty
of Zast lork of Lolo Creck.






< and at the contacts
s 1 L. . . . - . .
wiith come of thne inclusions, the diorite aspgpears to be
= * - s s 4 . .
steadily lizhter in color and richer in quartz until meta-
morphosed sediments are evident. Lack of ;o0od exposurcs
obscure ri03t of the cortacts.
Mineral Assenivlages and
Facies of the Calcareousz wWallace Beds

The JW-llace formation ccatainsg meny limy guartzites

and ar-illites which ive rise to lime hornfels., ‘ihere

N

thals formaation is lacking lime, tnc mineral aszsemblages

4]

would bstter fit thie lime=-deficicnt hornfela cezcribed
cnder mecaaorhnizm of the lovier Belt quartzitea.

In the nortuneastern »nart of the arca, the dlorite con-
tact with the liny guartzsites and arzlllitea ol the lallace
formation na3 cevelened a zoned nmetamormyhiam wiaich nckes a
ver;y intere:zting study. Iron and zomne nagnezium are be-
lieved to have been presgenc fhroughout moat of thne .zllace
formation. There 13 ulwaya aufficient gquarcz oHregent to
form highly silicified hornfels.

Tear the contact of the diorite =zome rocka ars rfound to
contain éiopsidic auzite or salite az tne only dark .aineral

(26-50 ner cents. Plz;ioclaze forms soout 15-50 »ner cent of

ine rock. Scuie rocka mey contain up to 60 ner cent quartz.

o
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©0 2odlic oli cclase. In i@ny rocks cuartz iz @an additional
nhage zad ay coryoge ud to €0 ner cent of Lie rock. ‘Junisg
caemblaje can be represented by tne ACE dia_ran (FPis. 33)

o e
iy

ife et al (1 De

calzen fro:it

3capolite 12 nregent within -
the OHyroxene hornfels wnd nornble
Giscussing tine mincral asaembla, e,

gidercd equivalent to pla‘ioclaze,
gcudscad at the close ¢l the diacu
of the ... llace.

12ny of thne roclza in voth
nornfelas facies, Jen
gcanolite will e coun-

Ita occurrcince will be

sgion on the netear



Muscovite

Anorthite

Grossularite Biotite

c WellasTonite

Calcite

Diopside Actinolite

Fig. 35. Hornblende Hornfela Facles, ACF Diagram for rocks
with excess 510, and K,0. Quartz and microcline are poasible
additional minerals (Fyfe et al 1958, p. 206).

41,04 Corundum

Si0, Quartz Hyperthene Olivine (Mg,Fe)O

Fig. 34'

Equilibrium as:zemblages of mineral phases in lime-
poor hornfelses. Stippled area: Trfield of normal pelitic
sediments (From 2artn 1952, p. 275--After C.0., Tilley, Min.

Iiae., 1923)‘.
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3onene oz otad Lo De aLundint Ciiroucsnout L.0f o od e
hornfels in the area. In gome caseld, the cynlcal wed.e

ghaned crygtals are »rezent, but wosit of tne spnene occursd

as srhedral crains disseminated turcugshout the rock (Plate I,
Fiz. 38).

“he effecta of .ietaucrpniam were ncted to enc rataer
abruntcly in the northeuatern cart cf the area., a tikin
gsaction of a rock near the outermoszt vigibvle 1limit of contact
metamornniam wvagd noted to contaliln diopside-tremolite-calcite-~
quartz, Taigs asaggemblaze fits neither tize low _rade albite-
epnidote nornfels faciesd Tound in the outer zonea of contact
.1letamorphic rocks, nor the hornblende nornfels facie=z,
According to Fyfe et al (1258, »n. 2Z00) the atove assemblage
re»xrezents a transition scage vetvween the cornblende uornfela

facles and the alvite-epldote nornfels facies.

L)

The reaaon for tne leclk of tne outer low _rade .ueta-
morohic zorne ia not knownj; however, the transitional aggembl-
ase indicates decreadsd tempervtures, Jne avrupt contact

with which the metamorphic zone ends and tne lack of on outer
zone su_geats thatv mucn of Lae wmetameornalce zone surrounding

the diorite may be underlain by diocritc., he lar.e metauor-

. D)

saic zone cover ing one :ile zway Irom tae contact of :he
CGiorite, moat o wnich Delon;z co t.e hornblende nornfels

-, a1

fecieg oy reault rom 3 wmeat gscuree an denth,
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Tels and also within the lizht ands of :ae .nelzges, In
tain sections i apﬁears as véry lurge 2oikili
often Incleczing amsll cerystals of pyroxene or aonibole
giving rise to seive texture (Plate XI, Fig. 36, 37). In soue
gamples scapolite is the oredominant mineral alon- with

diopaide andc or tremolite.

Y

Tne irre;ular occurence of thne sac

)

polite within only

{

certain »nlaces of thae metamorshic zonea ig not understood.

Zarth (1952, o. 284) believes that scaepolite represenits a

=2

lov: temverature »nla ioclzac, Iyfe et al (1938, p. 160) axy

that thls relationsnip may not be valid at all oreazzures,
Decaudc scapolibte occura ac zome cistonces from the con-

tact ags well a3 next ©o toi contact, 1t ig »noasibtle that the

process o. dcanolitization 1s more complex and involves

halides, either in solutlon or in a Jas phase, az augseated

| d
[ 67}

vy Pyfe et al (1953, p. 160). If thia 1g g0, it guite

inle that much of thus metarorphnic zone in tne north-

]

203

eastern part of the ares iz underlain by dlorite. IT 1t

ted
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-;ith the later intrusion of the quartz monzonite.
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Plate XI

Piz. 35. Csranoblascic texture (plajioclase crystals,
augite and ampnivole) anown in many of the hornfels
near the contact of the diorite contuct. Plain lizht,
x dl.

is. 36. Poikilitic scapolite (white), diopsidic
au;ite and anhene (dari: wedg e zhzped crystals)
diaplayed within the hornfels near the dicrite

contact. Plain lizht, x o51.

Pig. 37. Poikilitic scanolite, diopaldic augite and
trzmollte occurrin; within hornfels near the diorite
contzct, Crozszed nicola, = &l.

: . 30. Ple iloclase porphyroblasta occurrin: within
a etamornhozed Iinmpure quartzite. Lower tvo »noroshyro-
“laats ot extinction (darli). CJrosaed nicolsa, x Sl.
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Ticre e Jforiter 22 In concacs tith Liis lower Z21¢
Jorctionz, tie quartzites in oslacsa wre blezcuicd vary

LaALte and in dome rocks nmorpayroblaats of plaioclaze up to

omn In dianeter are orezent, _ivin. the rock a pornhyritic
anpecrance (Plate I, Mi_. 98). Petrogrevanic inveatigation

ghowa {he guartz -riins to be sutured; gquartz Iag tae major
constituent, composin; up to 80-75 2er cenis of shede rocks.
Some biotite znd oli oclaszse usuelly form the remainder of
these rocks. Allanite and =zphene are present in amall

anilounts.

Thia nmineral agsembla e would fall within the atiopled

Zarth (1582, ». 274) exnlaing vilotite K(io,Re, Al)S(S ,31)4

Clo(OII)2 ag & poasible asubatitute for hynersthene in the

lietamornnosed loof Pendunta and Inclusiona

Soth roof nendante =nd inclugiona occur within the

L

om tnae

[

Ciorite. a large xenolith acparutes tne diorite {r

ct

quartz wonzonite. rhe nendants and inclusliong arc meta-

moronoded to hard hornfela walcht zenerally are very re-

(o

W

sistant to veatherin, and thua form much ol tne ni her eleva-

-

-

s LUT Lieny

joh

siong. Bometimes the roofl nendanta are enjose

-

times the tons arc mantled by float. 3Some of the rocks arc
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wlsiclied wuartzits; wost wre yvire vained 11 oL reel hooii-
~e2la.

In the metamoranic rocks sencraitias thie gquoritz non-
zonite und diorite south of Bazt Jorlk of Lolo Creek :thin
gechtions and irmmersion oil invegtizsations show that ferro=-
ausite counpogses anproximately OO0 per cent and pla-ioclaze

1o per cent of thne rocli; the remainder is quartz. cthis is
a2 ni.h grade wmetamornhic rock of tue nyroxene hornfels
facies, Some of the rocks contaln orthoclase as an addaltlonal
phase indicating the presence of Ko0.

The siliceous argillites containing abundant iron found
within the lower Rurke or Pritchard could zive rise to min-

eral assemblsges such a3 those described above,
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scrder zonc in chiz wvicinloy zihowe o wiaz rariation in rocl:
J

vlc roclia run ¢ Zrom [ine roined dlorite, in
vizich aumpnivole conatitutez avout 50 per cent oy tie rock,
£0 & diorite poryhyry contaianln, large czlcic anceaine Hixeno-

cryata, to li:ater melium to cocrsse r.lned dloritve cowposced

of andesine and hornblende und biotite (40 oer cent) in
avout esqual amounts. Granitic rocliz vurin_ from fine to
medium and coarae Zrained quartz monzonlte to _raxite »Hor-
hyry are also preszcent.

In adaision, the two wajor intrucicnsg of diorite and
quartz monzonite have produced a contact aureole iIn a thick

sl

secvion of the surroundin_ Leltlan sediuwent that ranjes over
sever:l metanorpnlc facies., Tne anacial relatioanshin, tne
mineraloslcal cnaracter and contact effects will be =zunpaar-
izecd in order to zaned aome lizgnht on thae mode of orizin and
ievelomzent of cacae two uajor lntrucives,

fne most strikin and sizaificant evidence concornin’

the orili-in of wvotn the diorite and the guurtz .ionzonite ls
the contact neta. ornnic zonesg zurrounding eacn iatruzion.

ine aureole surroundin ti.e Glorite grades, from the contact
out, tarou_n the familiar hi.n to low grade tnerrnwlly meta-
mormhoged gequence: nyroxene nornfela — nornblende nornlcl. -

an azzcemblase trunsitional vetween the uornblende asrniels

-57-




272G the albite-spildote-nornfela fecies., iae aurcole zur-
rounding the quartsz monzonite consista s5oley of cle low
_rads albite-ecnidote~-hornfels faciez. -obth the contact
zones are of only limited extent, sradin; into the virtually
urinetanorpnoged normal Selt sedimenta. rom this evidence
alone it is poszible td conclude tnat Yoth bHocies have been
injected (and were therefore wodbile) at relatively hizh tem-
peratures into a low temperature zone (the unaetamoroshosed
sediments). Tnat is to =2y, they are both igneous.’ Several
other characteriaztics of Doth bodies point out their igneous
origin. These will be described below,

A number of other features zllow a more detailed account
of the emplacement of the dliorite. The diorite appears to
nave been intruded alon: a north-south trending structure.
Thig is ghowvn by the norta-zouth alisnment of pendants and
the contact paralleling tae north-soutn trend of the =ast
Fork Pendant which extends aeveral miles soutin of the area,
The variation in the mineralosical composition of tThe

diorite, the porphyritic texture of =zome diorite bodies,

zoninz indicating rezeneration (Plate I, *ig. 2), plus the

cognate xenolith of early crystallized masses 3uggests that

t

the diorite resulted from a series of intrusions. The
dioritic magma may have been available to be tapnped and the
intrusion resulted from a aeries of diastropnic movements.

Tne quartz diloritic rocks are confined mainly to tae

southeastern nart of the area, It was pointed out (p.14 )
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that in =zome o thne rool pendants there ajnpears to bz a
sradation from diorite to quartz diorite and finally into
metamorpnosed quartzites., There i3 also an ali .nment of
roof penceanta with quartz rich diorite outecroppinzg vithin
the normal diorite. 1In tnls case, it appears there ig

some reaction between the diorite and the gquartzites of the
roof pendants, producings quartz rich dioritea. The quartsz
diorites were noted to contain abundant biotite with minor
hornblende; augite and evidote are sometimes nresent. The
ferromagnesian minerals of the normal diorites are horn-
blende and biotite in about equal amounta. Someée rocks in
the eastern part of the area are extremely ricn in guartz
and nave a gnleszsose texture. These may have & metamorphic
origin.

There iz a great deal of evidence supporting igneous
oril:in for-the quartz monzonlte. YThe one rfeldapar granite
(nperthite discussed p. 27) of the fine :rained marginal
zone 1s zood evidence supporting magmatic origin. Tuttle and
Bowen (1958, p.1l6) have presented much experimental evidence
that granites of thls texture represent rocks intermediate
between volcanic and plutonic salic rocks. ‘Where the contact
is exposed, 1t 1a usually quite sanarp and 1t is posszible zsome-
timea to see near the border Ifragments of altered wall rock
which have been incorporated auring the intrualon. There are

.aany offshoots extending into the surrounding country rock
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for a sznort distance froxm the contact.
’ Althouzh the contact is =harpn, there is usually some
modification of the wall rock. At zome places, porphyro-
blast of feldspara are found within the wall rock up to a
few feet from the contact. Where the fine zrained border
zone is »resent phenocryats: or (porphyroblasta) are also
present. Turner and Verhoogen (1951, p. 289) bvelieve that
porphyroblasts of the two above types are both of mota-
somatic origin brought about by the crystallizing magma.

They belleve that porphyroblasts within the surrounding rock
are metasomatic replacements of county rock, while the
"ohenocryata" porphyroblasts within the fine grained marginal
zone are proﬁably replacements of the early crystallized
border._ Turner and Verhoogen (1951, p. 286) state that re-
actions such as these ére common over short distances at
granitic contacts.

The composition similarity of‘the marginal zone and
coarse grained intermediate zone, regardless of the distri-
bution of the soda content (as exsolution pefthite or as in-
dividual plagioclase crystals) suggests that these rocks
wiere both cryastallized from a homogeneoua melt. The overall
composition of the quartz monzonite (Fig. 16, 17) represents
the lowest melting point composition in the system Kil31z0g -
1iadlS1iz0g - Si0p = Hy0 (futtle and Bowen 1958 p.74 ).

The presence of blotlte in the coarse grained inter-

mediate zone in contrast to the hornblencde of the marginal
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2008 Cu. <2l Gase vad aEk @ url in.dly was nou overs-

urated Jith weosr, fut 4z cryatallizziion took nlece,

o~

tue magma steadlily becdie cearicued in water. wae unmixing

W

of tle perthalte nay &leo nave been aided by water concen-
tration. “as pegmatliic texture of the interior zone 2lao
agree well with the exXperimente of Jahns (»sersonal communi-
cation) resulting from a crystallizing zelt in which con-
ditiona were auch that tne aecond boiling point was reached.
All of the evidence supporta a magmatic origin for the
quartz monzonite,

Only the nortnsadtern part of thie quartz monzonite
toly lies within the area mapped, <Thc cxact aize of this
body 12 not knownj; however, 1t is knowm to extend several
miles toward the south and west. Anderaon (1930) has mapped
part of tne quartz monzonite core of the Idazho Batholith and
gtates that in placesg thlsz core has fingers which cut the
marginal faciea of the Batholith., It 14 possible that thias

may be part of the guartz monzonite core of the Idaho Batho-

1lith, or it could also be an outlying stock.
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—Onzonite znd diorite strike 2Tout I 5C9-700 7 =2id ..cat
dip quite steeply to the wuortheasis, _edlin. 9L = 2 -o -
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dant oLregent betvesn TS quaris Uonsgonitc oG of gl
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sendanta iithin the clerlte Woesra to strike ore i a
north-south direction.

Tvo papallel aigh an;le faults striking about it 45° =
are present in the northwcatern part of the are: and cut
both the quartz monzonite and zurrounding sediments. A4
third fault cutting bvoth the quartz ~monzonite and horn-
fels near the Intrusives is In part occcupied by a sranite
porphyry dike, :ilany s=smaller nich angzle faults are fouad
In the ziliceocus arzillites nerr the gquartz monzonite con-

tact at the Hot Scrings (Plate XIII, Pis. 42), tut anpear

not to khave had a larze strati_raocnic tarow.
FOLDs

Powell Creek Anticline and Syncline

A 3mall local enticline m d adjacent ayncline with a
northwest trend ia located in tiue northecatern part of tus
area southeast of Powell Creek und therefore desisnated the
Powell Creek anticline and syncline. 7The atructure g2eems ©o
be very local znd intense zmetamorpniam suggeates tnat it

reaulted frem intruszivse Torces at cdepth, rather than lateral

—-62-
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compression. Lear trae dlorite contact, wedding wituin
tne hornfels which sseniz $O ve overturned vo tiae south
may e a result of intruaive ton;j ues wedging the beds
apart.
It ia =2lao nosczible that thesaes hHeds are not overturned,
but that tuere i3 & large fold norta of the diorite con-

tact which aas aurplicated the ‘/allace formation.
East Fork Pendant

A nendant within the vatholith located between the
diorite and guartz monzonite south of Eaat Fork of Lolo
Creek may be tne remnant of a north nluanging anticline.

It 1s 2lso noszible thnat 1t is the 1limb of a fold which

waa affected by intense deformation during the intrusion

of the diorite and the later quartz monzonite. A horn-
felsic rock collected near the top of the ridge was of the
hich temnerature oyroxene hornfels facies, suggeszting this
pendant may be nartially underlain by dilorite. The pendant
wag consliderably restricted & short distance north of East
Fork of Lolo Creek by the dlorite intrusion; nowever, a
narrow metamornnosed zone sceparates the aiorite from the

quartz monzonite to the north.

Zaat dot Springs Fault

4 larze hi-a ansle fault atriking northeast, located
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Lrall, Jhae trice 20 CThla fault shows it to be Woiyin
nearly vertically. The faul: cubz the quartz monzonite

«nd 13 aligned with llud Creek, the crosion of waich was
very likely conirolled by the 207t zZouge produced vy e
fanult.

Bast of the Lot Springs and for about one mile to the
north, this fault has brought what are believed to be meta-
riornho=zed upper wWallace beds 1in the zoutuezat block into
contact with wanit are believed to e ar_ illites of the
lower Jallace formation weat of the fault,

The fault 13 xnown to continue to the northeast. A
rood exposure of sheared “allace liciholcgy 1z found where
this feault is exposed in the ni_nwey cut one-fourth mlle
north of the area. A »rcnounced szddle in the ridge north
of lartin Creek, alonz with other aliznments to the s=outh
which can be seen on the air photographs, were used to trace

this fault between the known expos3ures,
West Hot Springs rault

Another hizh anzle fault is located gbout one mile
nortaweat of the East Hot Springe fsult and runs parallel
o it. This fault appears to dip sli_ htly to the weszt.

A larze breccia 2ud jouze zone chout 1,000 feet wide 1is
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nrezent thiers Tolg
soub cne-fourtn aile ortu of the area (Place XII, iig. 40).
The ‘Jest hot S»orings fault haa brou_at zZurke, nevett
znd St. Regls lormations in the weat block into contact with
the :2llace Tormation in the east block. The guartz uon-
zonite contact has been offset left laterally about one mile
by the fault.
Tne eztent of the East and West Hot Springs faults to
the north ia not known; however, fsults having a similar

atrike are showvn to the northeast on the Tectonic iap of the

United States (Longwell et al, 1944).
Soutaweat Sally Ridge TFault

A hich angle fault striking awbout N 60° E 13 located
on the southwest end of Sally Ridge and will be called
Southwest Sally Ridge fault. This fault i3 in part occupled
by a large granite porphyry dike. The fault causes a sligat
ri ht lateral separation of the quartz monzonite contact,
but no large offzetting of the calcareous hornfels of the
vallace formation was noted.

A z00d exposure of this fault shows a gouge zone about
50 feet wide in a logglng trail near the contact of the
quartz monzonite; however, it could not be traced throuch
+ha soft westhering rocka of the quartz monzonite. The dike

was found to cross the vesat end of Seclly Ridge and was lost

in timber to the northe.
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Plate XII

Fiz. 39. View looking rnortihh from the ni_hway near tue
nlunge a2nd snovwing the prominent nortn striking aset of
joints _iving rise to large caatle rock outcrops.

Fiz. 40. View looking nortiaesst showing the fault
convact between tine Wallace (buff colored rock-
rizht) and St. le;is (grey rockg-left) formations
in the highwey curve orne=fourth mile north of the
area,
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d.

azve undergone sevsrzl praged of defermation in addition vo
metamornhiam and later faulting. This makes the ztructure
very comdlex .ad diflicult to interpret. Poor exnogures and
very dengze ti.sber cover (Plate XIII, Fi_;. 41) makes it im-
nezgible to declpher all the structural details. The
prozogal, vaich i3 wesed on the data sathered
during the madning, is 2 possible zolution to the structural
problama within this area., A Tetter understanding of the
structural picture msy be worked out ag others do work in
adjacent diatricts, compiling a regional picture of tae
fault system. Such a field study may solve the problem of
dunlication of the allace formation across zeveral miles of
exposures northeast of the area,

The hizhly calcareous hornfels near thne intrusive con-
tact east of the Eaat Hot Springs fault in contrast to
npelitic achists west of this fault suggests that the beda to
the east o’ the fault are probably metamorphoaed calcareous
bedz of the upper Wallace formation, while theae to the wesat
of the fault are probably stratigraphically lower in the for-
wation. If this is true, i: g pears the block weat of the
Eaat Hot Sorings fault has jone up relative to the east
vlock.

Evidence supporting this interpretation (p.27 ) is the

presence of coarse gralned quartz monzonite texture extending

-67 -
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Plate XIZI

Fic. 41, A view looli..; east from tae hi_hwvay
acrozs Lolo Cunyon towvard the Powell Creex arainage.
Picture showa che dense foreab cover of t::e nortn
glcpea in the Lolo area,

Pin, 42, View looking weat anowing a z2uicll fault

witudn the cr illaceoug bedz of .he ..allace Zorua-
clon near tue guartz monzonite corntact atc the ot
Sorinzas. Note the steen dipn (left) of the beds
closest tu the guartz onzonite contact.
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to vwithin one Toob of tias conuvect of ciae pelitic ccniata
vest of the Zzgt Zot Sorings fault, wnile east of tine fault,
there is a fine .rained mar_.inzl zone a lew hundred feet
wide. This would suzgest tae rocks weat of the fault were
at a much greater deptih during crystallization of the magma.
A largze trickness of gsciments would have served well as an
inaulator and allowed more time for cryatallization.

Tne formations exposed to the west of the Weat IHot
Sorings fault are the Burke, Revett and lower St. Regils,
while east of the fault the Jallace formation is exposed.
This rizht lateral separation indicates the northwest
block has zone up relative to the southeast block. The
right lateral aseparation could be a result of a high amgle
west dipping reverse fault or a high angle gravity fault.

Althougn there has been right lateral formational offaet
by this fault, the quartz momnzonite contact nas been offset
left laterzlly about one mile. Offsetting the formations
ri_ nt laterally and the quartz monzonite contact left
laterally by vertical movement alone would require the
quartz monzonitce contact with the sedimenta to dip con-
gsiderably to the south at depth. This may be possible;
however, Turner and Vernoogen (1951, p. 268) state that
contacta between vnlutonic and adjoining rocks are vertical
or steep dinping throu:h distances in thousands of feet,

If this i3 true, 1t would be more logical to assume that

the left lateral separation of the quartz monzonice contact
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and ghe ri_abt lacsrol zeooraclion of

- l - A N A EERNEE
- h e — . [ R .--ulvul

resulted from two different :-og of PlIOVE CnT ool

at cdifferent times,

Zefore the Intrusion of the quartz monzonits .o sest

ot Springs fault probably waa a -.esgt a;

-

wing reverae fault.

g
Such a movement “rould nave rczulted in tae ri nt lateral
formational separation. <The latcst woveuenb, subzequent Lo
the quartz monzonite intrusion, >Hrovably vas atrike alip in

vhich the jguartz monzonite contact w

3

2 displuced left

laterally.

It i3 Dbelieved that the sranite Porpnyry fault is =
amall tensgional fault nhaving only a anall auount of dia-
placement. The intruaion of the Zranite nornhyry dike may
have been contemporaneous with or subsequent to faulting.

The most recent deformation, vnlcn gave rizse to the
offset of the gquartz monzonite contact, »robably waa due to
a compressional force from & soubthern directilon. /agner (1949,
p. 26) also noted forces acting from tuis direction in the
St. Joe District of Idaho.

There appears to have been an earlier easzt-weat ztress
prior or at the time of ine intrusion of tae guartz mon-
zonite and diorite. Tnia is shown by a north strike of
bedding within the East Fork pendunt. This stress nuy nhave
sonewhat controlled the intruasion of the dioriie becuuse tae
diorite geens to parallel 2 north-soutr sitrikin, structurc.

wa-ner (1949, p. 26-37) has zlso recosnizsed tula esarlier



-7l-

gast-west 2ires: in the 30, Joe Zinorico, Idano, waich zro-
duced some norta-gsouta trendin_ foldz. In ci:e Idzho Disctrict,
the earlier nortn-souta trends have been almost cowpletely
obliterated by tae more recent north-south streas.

Other deforrmation may have occurred; however, nre=-
Laramide disnlacementa probably have been obliterated by the
implacement of the Idano 3stholitn and more recent faulting,

or are concealed by dense forest cover.
Jointa

During the mapping, all of the joint sets of each out-
crop were majped in conalderable detail. Primary flow
structure was usually obscurred by weathered surfauces or
lichens covering the outcrops, making it impossible to map
primary flow.

The poles of the joint sets were plotted with differ-
ent symbolas to delineate jointing within the diorite and
quartz monzonite (Fig. 43). The jolnts within the quartz
mongonite and ciorite form a system consistin, of two sets.
One steep dipping set striking from N 10° W to N 10° E is
quite pronounced. A perpendicular set striking N 70° - 80° E
is less well expressed or developed. There is aldo a steep
dipping set of jointl.Aiagonal to the N-3 and E-W joints.
'hia set of joints strikes about N 45° E and waa noticea to

have geveral aplite dikes following it. In 3ome outcropa,

shallow dips along the north striking jointa develop aheeting
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Fig. 43. Polnt diagram of jolnt poles showing the trend of

the jolnt sets within the diorite and quartz monzonite in the
Lolo Hot Springs Area,
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gouth jolutes, olten lecves larce unjuinted locke [oruaing

cxgtle rock outcronin.a sucn aa thoas locased near Lthne

4]

iicn 1
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slun,e (Plate ALI, Fig. 39). +whae north joint ses,
eagsily dGigcernanle on the zair nuotorrusugs, Hrobubly contirols

mmucn of tre minor drailnajse in the area,
Analysis of Joints

It has already been 3Bointed out tnat aplite dikes have
been injected clong tue I 45° I joint aset. 4according to
Talk (1937) ». 41) this is evidence for a primary a e re-
lated to tae intruaion of the magma and not due to later
copregzive forcea.

Balk (1937) zcates that lonzitudinzal jointa parsllel the
direction of primary [low and crosz joints are pernendicular
to Hrimary flow, A cdiagonal 3et of jeintz &lao develona at
about 48° to the »rimary flow direction.

It is not possitle to scate which jJointa in the Lolo
Arga are the longltudinel and whicn are croza jointas be-
cause of tne lack of detailed {flow atructure; Lo0wecvir, wae
gdeta z=poear to be primary and well developed througn-out tae

igncous rocka,
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