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ABSTRACT

The altered areas of voleanic rocks discussed 1n this
thesis are located 3 mlles west of the town of Red River in
the Taos Range of the Jangre de Cristo Mounte 1ns, Teos
County, NHew Mexlco.

The Taos Range 18 nzde up of Precanbrian metsmornhlc
rocks, which are overlain by Tertiary volesnics, and ln-
truded by stocks, s1lls, end dikes. Tertlsry ipneous rocks
snd younger ssdlmente are the only rock units expoged 1in
the area investigsted. They c&n pe divided 1into three major
rock typeé: (1) interleyered andeeite and lstlte over 2000
feet in thicknesas; (2) rayollte tuffs and flows over 500
faet in thickness that overlie the sndesite and latlite; and
{3) intrusive momzonlte and quartz mgnzonite porphyry, the \
youngest igneous rocke. |

Feulting i3 an important structural feature through-
out the Teos Range, wnereas foldinz 1is not as consplcuous.

Faulting has ocecurred intermittently slnce Precambrlan tlme.
sesctlvated movement on old faults la reflected by offset
of szome of the youngest rock units.

Two major types of anlteration are consplcuous in tbe
Red River district: (1) deutsric slteration of the vol~-

canic rocks throughsout the digtrict, during and 1mmedilately

after volcanism; and (2) locel, structurally~controlled




hydrothermal alteration, which was loeslly lnteunse and
later thsan the younrest volcsnlc and intrusi#s rocke.
Deuterle alteration hned 1ts greaztest eifect on the
feldsgnar crystales snd the groundmazes in the extrueslive rocks.
it nos peen recognized in even the freshest apnespling roclis.
A sericite~illlte-ausrts sssenblase thet le the eund
nroduct of hydrothersnzl aslteration succeeds chloritizstion
and keollnizotion. A keolln-type cioy miners) reseabling

dierite, associsnted with ausptrz =nd locerlly with iron oxide

nr comnonent of ecoupge Ln Jolnts in #1li-
cenus voleosnics:; thiz agsoclztion g thousht to e sx-
ciusively cxtzelsetice in orisln,

Jyrite occure in cuble, octahedral fad oyritohedral
s . , o ; ¢ - :
hebite, snd comnosag aboul b to 4 rercent of sltered rocks.

Hong of these hablte hss been nosltlvely seeocletsd wlith

minsral or environuent, elithoush there ig o

s sonhalerlte-nyritohedral nyrite asssociztion.
g much z=g 35 ppm zolybdenum ls contalned in the nyrlte.

3

Molvbdenum ile snomslously prevelent throusnout the

sres studled, soms rocks countzinine ag wmuch =8 350 »po.

the vig-

1y

dray agusrbz velins sre the only recognized host o
iole hyporene molrbdenum winersl, {ine-grsinsd, {laky
molybdanite.  The smount of molybdenun in the quartz velns

iz rourhly indleated by the dapkness or opatity ol the
N B 5

aguartz. The voleanlc rocke spe very noor hosts for dls-

semlnated molybdenlte.




¥o primary copper minerals wears identifled, but conper

contzined in some of the pyrite may he the source of copper

enomalles throughout the areas.

surface waters draining sreas of alteﬁation ware found
to nove s pH of about 2. Annlyses ol these waters revecled
trace elexente directly correlstsble with minerals Tound 1n

the reapective drsiansge boslus.

LN
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INTRODUCTION

Turpose and Scope

several lorge, bleeched oprsas border Red Rlvepr canyon
and some of its tributerles enmst ol the tcwﬁ of nuestn {see
frontisplece ), fThese areze, varlously refarred %o in the
negt se brecela zones, altersd zones, and hydrothernal
npipes, are gensrazlly bapren ol vegatation, eongpicuocusly
yellow to white In color, and are cnaracﬁeritﬂ& by steep to
precipitous, badland uOUO“P

The purnoss of thia ithssis ls o desaerl
osy, zeology, sud pencsls of séme of the Teaturss found In
several of tness bleached sreaz. Resconnalgsance 1w gstiga-
tious were conducted throughout the district in order %o
meke generzl coapsrisonaz on 2 broader gscele. Local detalled
study considered the relatlionshlp of minsralogy to sliera-
tion and phys lographlic fzatures.

fed River districi, particwlarly the sltersd breccla
zones, haos been of intermittent intscest Irom an sconsmlic
gstandpoint because of (1) the oceurrsnce of the rich molyb-
denite depos it in the Juesta molybdenum nmine sgix miles west
of the town of ?ed Alver; ( ) the simil?r*t, petwaen altera-
tion in this distrilect and slteration in the gcononically
important San Juan district, Colorado; amd {3) gold and

sllver prospecta and mines that have been'productiva

intermittently for the last century.



sathode of Investlratlon

'n of the altered area ol wrilasry

¥

A reconnsigssnce ¥
interest wes complled from previous work by Hchiiling
{(pergonsl comzunlcstion) snd Yehinlay {(31), #nd fleld ;nQ
vestlrations conductsd by the rresent writer during the
latter nurt of 1950 thaproust 1561. A distprict-uide trace

“oi conper ond molzodenusn wee conduched

w0 S e ) oy 5 =N
BLORTHLLYRE LS. . EOre G-

toiled study lncluded the uss ol galsslon engctrorrenh on

ausrtz velne ~nd the diesenlved solids
Crovn gmne ol the zones ol 2lteral lon.

“yudics of troee elemenis ln pyrits Included work with

the ealeglion 8 ec*rnv ohn, S-ray fludrescence, wnd chemnicnl

methoda.

The azress whiceh were investigoted chapactepived Ly

sxtreme relief, sud by the prevaiencs of = wrntle of tslus

~nnd lsrge slump blocks alons the conyon walls (zee frontle

nlece). Huch ol ths oronlnent outcroo zaterial on the cin-

von wolle conslsts of elthsr lsrye slumn blooks o oldar

namnles of unwesthersd rocks in ploce sre gulte lilwmited,

wsture of leschling zud eroslomn

[
)

unfortunately, dus to the
ehopactepletic of the area. Yost of the ssuples were taken
in the higher stream couprses Where sctive eroslon hes ex-

posed relatlively {rash rock, though quf outcronps wWere

1. Courtesy orf american Hetal Clima=x, Inc.



gamplea in ploces other than at watsr courses. The frequent
ouymmer razlns form strongly corroglve waters oy lerching of
oxldized nyrite, &nd thus, wWesthering and lesching prodﬁcts
are unaveoldably present in sone of the geonles. Minersls
woere identifiled by petrographlc methbds, x-réy diiireetion,
and differential thermal sznelyslis. Paragenesls vag de-
termined from texturszl, structural,‘field, snd comoer lticanl
Pelationshins.‘ The results ol thase investicationsg srs
bpgu;ht'tggethar In an OVﬁr—ﬁll naropenetle ploture {zee

M. 210,

Previous Vork

The seolosic sstting snd rock tyées oi the Tuects and
saple ¥est nundrangles are deserived vy Yekin y (30,
Senilling (37, 28), Loreen snd Rosgs {26), Vandsrwilt (49),
snd Carnenter (10, 11), whose investipetions wére opimarlly
concerned with the Juesits molybdenuxn @mine at Sulvnhur Gulch.
¥ape snd discusslons neratofore publiched have described the
sltered zones of these quudrsngles =ae #ltered rocx snd
sl tered breccia without dLfferentisting orlginel rock types

or stretirranhic ponition.

Locatlon and Accsesalbllity
the arens of alteratlon which wers studled sre located
in the esst-central noert of Taos Gounty, northern New Hexlco
(see Plataes 1, 2). The areas can be reached from olled road

by following New Hexlco Dtate llghway % from Taos north 26
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miles to ~Tueesta. At Questa turn éaat on New HMexlco State
Hizghway 38 for 10 miles. From this point two of the large
sltered =reas (Areas #1 and #2, Plate 2) can be seen to the
north (frontlsplece) st the hesads of‘two gepapste canyons;
to the south znother long, narrow canybn is headed by bvaore
=ltered slones (irea #3, Plate 2)., Tuese three arsss con-
taln the nrinclipel autcropé from which most of the iniforma-
tlon contained in this renort wss obtalned.

The oiled road that counects the towns of Red River and
Sueets 1s on alluvisl esravels. It le necessary to travel oy

inct or horseback for about & mile to Insnect any outcroons

i,



PHYSIOGRAPHY AND CLIMATE

The Sangre de Cristo Hountains, in which the study area
13 located, are part of the southern Rocky Mountains physlo-
graphic province. The maximum rellef in the Taos Ranga'is
6000 feet, znd that in the immedlate area of the project is
approximately 4000 feet. The terrain 1s composed of steep
slones and naprrow V-shaped canyons with flzt or rolling hill-
tons formed by resistant volcanic or sedimentery beds. Lhesr
c1iffs supported by intruslve dikes, stocks, or resulting
from ra?id erosion along fault linea are especlally charac-
teristic of the zrecs ol inteunse glteration. There are
benches on scmé of the steepest slépes that result from lend-
slide or toreva-block slumpling.

The averags preclpltation 1is about_ao inches per yeér,
in the form of moderate snows in the winter and frequent
gummer showers. Because of the lack of vegetation in the
altered sress, and the poor induration of the rock, great
quantities of meterlal are carried down the canyons during
aven moderate showers. Flood conditions that are commnon
after 2 summer showsr have caused dangerous {lzsh floods ln
the water courses. Fregusntly these floods deposit enough
g11t and rock to block the highway wlth as nmuch as a foot of
debrias. The avarage'ﬁaily maximum snd minimum temperatures

range from a high of 85% in July te a low of 10% in January.



. VEGETATION

The vegstation on south-fecing and horth»f&clng slopes
is markedly different. On south-faclng slopes, the cover
ig scrub oak, Juniper, plnon, end mountsain mahogany at lower
elevations, und spruce with scattered patches of aspsen in
the higher elevations. On the north-facing exposures, spruce,
sine, fir, snd aspen cover the lower as well as the higher
slores.

iltersd zones are penerally accompanied by acld soll
conditions resultlng from the oxidation of pyrilte. The acld
goil is conducive to the growth of pine. “hers slopes are
barren, rapid erosion and lack of 601l have not allowed

vegetztion to stebilize the slopes.
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The Taos Renge of the SCangre de Cristo Mountalns 1g
nade up of Precambrizn zmohlbollte, schist, gsnelas, gpeta-
auartzite, and intrusive lgneous rocks, coverlaln by late
Tartiﬁry volcanles of sndeaitlic, guartz lstltlce, snd rhy-

[2a)

olitte compositlon. nese layers include flows, breccilas,

)

(R et

L.

tuflfis interbedded with sedimente. Pepnlan and Pennsyl-
vanian agkosic sandetones, convlomerate, shaole, and llus-
stone oceur sloanr the ééstern edre of the ranrsg, The sarl-
ler rocks were intruded by late Tertlary sranite, leotits,
=nd rhyolite stocks, dlkes, #nd sil}s.
Almost 2Ll1 of the atove rock t;?es are revressnted in

various altered aress, althouph those alteprsd asress that ore
inglwiad in the main §art ni thls study sre regiricted to

the Tertlary volcsanies and younpger Intrusives snd sediments.

Stratiesraphy

Precambrlian Hdocke

imphibollte'ﬁomnlﬁx

The lower-most Precambrlan unlt recm;nized is on an-
phibeollite comnlex which 1s estlimated to bé @@vefal thovasand
feet thick, as the base of the unit is not exposed. This

unit includes wmany varieties oi amphlibolite 2nd nuertz-

blotlte achiat. Primary structure may be reflected 1in

a few outcrops thst contaln alternating layers of juasrtz-. ...

v

)
’ ; g
Py

! s e e

i u
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blotite schist znd amnhibolite. The rocks grouped In the
cmohibollite complex range from black to dark green wilth
specke or bunda of whilte, znd are mussive to folisted. They

can ce geparated lnto four geunsral textural and structural

i

types: masslve coarse-grelned, mngslve medlun-grained,
gnelssold, rnd cozrse-gruslined schistove.

The masalve cosrse-gralinad amphitolltes contalin leyre,
black hornblende metacryates in = phizneritic crounduses of
hornilende and sndesine(?). The massive mediuvam-rrzined ap-
phibolltes ars sauleranulsr sopresstss of black bornblende
and white nln ﬂ’ocl g elorely resanmbline 2 diorite in ahn
pearesned.  The saphlibollite rpunsisces are simllor to the
nagglve medium-prsined smohlbolits excent for the porallel

7
orlentation of the nlazioclzee and nornblsnde and course
follztlon of trains of blzck bornblends and white »nlsgio-
clegse.  The smphibollte sch 'st 18 o finer-gzralnsd varlety
of 3muhibolite agnelss ond ressublse the sneiess in thin-

sectlion. The asmphlliolite comnlex ls prob=2bly the oldest

rocl unit

-

sxnogad in the apes, although lts releotloneship

to the overlylng Catresto metequertzite ig not clsar.

The Cabresto wmetanuortzite, nsued froa exposures in
Gabresto Creek (MeRlnlay, 31), is & consrsely crystalline

gray to reddish-brown rock rangineg from 200 to over 1000

feet thick. Gtreaks 2nd thin bends of muscovite, megnetlte,
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and blotlite 2re charscterlstic. These bvands dlvide the
aquertzite Into units ranging from 1 to 10 feet In thickness.
Local leyers of granhite-mlca gnelgss ond silllasnlte-blotlte
rneiss ars agssoclated with messlve quartzlte, cenerally over-
lying the nquartzlte., The s11limenite and sraphlte gneleses
lncluded withlin the Cabresto metagueptslte seaquauce rancre

fprom 10 te 200 ieet in thickness.

vetnnusrtzite commonly forms suell but prominent cliils

F

with smooth, vertleal iaces that apoeer gray to reddishe-
gray st & distance. Tne metsauartzite sprarently overlies
the Zrscoxibrlien zaphlbollte comnlex, znd is in turn over-
lain unconforuebly by the Pennsylvaniszn~Perulan(?) sedl-
mente; it 1s tentetlvely d2ted =og Pre%ambrla‘ heesuse of its

metsmorphlc character and similzrity to cother Precazmbrion

ausrtzites of the Rocky leuntains.

Undifferenticted latamorphlce Hocks

A sequence of rocka designated by FeFinlay (31) as un-

'

diiferentiated metamornhle rocks ceonsliets predonlnantly of

hornblende gneles end gchlet, blotlte schist, cusrtzlte,
smohlbollite, migmatite, znd zlca schist.

The undliferentiated metamornhic rocks zre for the uogt
part & thlck series of metamorphosed baszltle and rhyollitic
flows znd brecciss lnterbsdded with siltstone and sandstone.

Bagic sllls, and bodiea of diabase, raboro, und neridotlte

that were intrusive into the volcanle and sedimentary rocks,



:

- LD

have bteen locally metamorphosed along with the intruded rocks.
Theee rocks lie abova the Cabresto nquartzite, hence

moat of the rocks in the unlt sre bellevsd to be youngser than

the quartzite, although the cuartzite mizht be =2 unit within

t?s metavolcanler. The undifferentlstsd metamorohic rocks

are Precamcrlan slso, since they sre Intruded by Precoambrian

granlte.

3,

it snd Gneles. Hornblendes schist {forms hich

Horntlende Seb

mountaln rldess and nesks. The echist nsuzlly sppears fresh.
it hie nmronounced follstion, aithovgh linsction of hornblende
crystels 1o rare. Formblende, nusrtez, plagiocless, snd blp-
tite In decressing smounts =re the nasin constituent minersls.
Hornclende gneliasn, o8 nuch &o 550 feet thick, couslsts

of cosrse suren gnelss made up of hornblende, nleoglocless,

znd auarta.

Siotite—ﬁuscovité sentet. Thin layers of tlotlite-muscovite
schist smre Intertongued with hornblende schist and gnelss.
™he mlezceous sehiet 1g wueually fine-pgralned znd ghowe a
well=-develoned Tolliztion. RBlotite o to 2 = in dismeter
connrilsea anpnroximately 25 vercent of ths rock. Suerts

end feldspar zre intergrown with, znd enclosed in, blotite

aend mus covite {lakes.

Suertzite. Fine-grained quartzite crops out on a few high

ridges in layers ranglng from a few lnches to 20 feet in



thicknsgeg. This guartzite countalns up to 45 nercent hema-

tite in places (HMcKinlay, 31).

Garnet-Tourmaline Sechist and Garnet Schist. Thin bands of

slmandite~touraszline schist and garnet achiet are inter-

layered wlth some ol the hornblende-tlotlte achists.

fmphibolite. Thick layers sud bodiles of zmphibolite are

connonly X wgfed within the undliferentliated =etamorohle
terranes in the Toog mountains. The hornblende schilste =nd
the amnhlbolites diifler only slirhtly in 3ineral content,
the difference beins the low nuartz content ond the lnck of

well-develoned linestlon in the zehists,.

5 ] £ T vy b T o - TR - SN - - P
posed oi Intargrown norntlende and feldspsr cervotsis.

“ilrmstite. The mixed rocks sre best developed near out-

microcline granlte =nd granite gnsiss.

Crong oL

w

Migmatltes in the vestern front of the Tsos mountsins,
wiieres they are well~develored, zre mnde u» of thin loyvers

and lenses of gray orthoclase pranite snd bormblende schiet.

[

The relative amount of granite vorieg from nleoce to nlzce.

Muscovite Gehlst. The muscovite schist ranses from gray

2%

to green or pinkish in color, is wvsuelly flne-grained, and
£

shows well-develoned Iolistieon with & matrix of fine mos=ic

nsuartz snd feldsopar.
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Granite
Grenite is expossed along the lowsr pzrt of Red River
where 1t forms pinnacles, knobs, 2nd low cllife senarated

by talus glopes and soll.

The rrenite varles in texture Irom & [ine-dralned

aplitic to pegnatitlc msterial, bui the most ehoracteristic

tad

o
ol

phese ie medivm-rralined, enulrranuler to slizhtls-foll:
erznlte.  In the viclnity of the Tusetia aine 1t hag Deen

divided into three verletiss by Scehilling (37): oranite

»

. L e Y .3 " g A % LR 3y % e Ao
-rneiss, rFnalsslic pranlite, and maasive grenlia. The dilier-
af s : 4 : ?

ence L8 nrimopily the zmount of Blotite ond the dawres ol

£

&

slizgnment of constituent minerale. 1 three tynss &re

intereradational. £

The granite is cream to pinklsh in color =nd geﬁmfally
comnozed of ninkish mierocline, giaspy ausrtz, white al-
blie, gr@énigh—brown Liotite, »nd musceovite, wlih sccesaory
apatite, sohene, snd magnetlte. The relatlive nrovoriions

of thece vapry sreatly from place to nlace.

The granite latruded the Cebresto metsquartzlts end

the undiiferentlizted metsmorohic rocks. The granite le over-

lain by Pennsylvanian-Permicn sedlimente, soerly Tertiapy

sedimentary and volcaule rock, Teriisry valeunles, and

Tertlsry erzvels,

Pegmatlite
4 faw scattered areass contalning pepzatite dlkes occur

near the borders of the mlcrocline granite. Mozt of the



dikes are small #nd, in generszl, composed of ortnoclose,
aertz, and minor amounts of muscovite. The nezmatites
trend north-south and range from 2 {oot to 15 feet In
wldth. The gsranites and Gabrestu'quartzite are cut by the

megmatites, Dut the Pzleozole and younger rocks are not.

qlo Hondo drznite

The Hio ﬁﬁnéo graéite ig & mottled »ink tn cresm rock
with pink orthocliase nhenccryets un to one inch in diamster,
gcottered nhenoerysts of guartz and wihlte alults a2e much
ag % inch across ecch, with secattersd blotite flakee znd
ghrada. The rock is aooroxluastely 35 percent orthoclase,
35 percent auartz, 25 peréent elbitd, 4 percent biotlie,
=nd 1 percent combined ma:netife, s ohene, sud anatite. Thé
rock texture Indicutes considersble catzclastle deforma-
tlon, with nusrtz 5raﬁu1atad, Aractufed ard cryeiallized,
antd the Liotlte broken =nd shredded.

The ape ol the Rlo Hondo rrenlte 1s obscure. [t 1=
definltely known to cut Precasbrian rocke, but its relation-
eitln to the Tertlary volesnics ig not known. The granite

hag the game couposlilon as the soda or Jusste sranits

doted laote Tertivry by Senillling(37) but, slthoush elosely

i}

zggocelated 1n wmeny exwvosures, 1t doss not aonsar to cut
any of the volcanle rock. The Hio Hondo grenite ls cut by

dikes of rhyollte porphyry that are believed to be Tertiary



- 20 =

in age. The granulztlon and wexy ausrtz crystsls sre be-
lleved to indlcate that the Rio Mondo rranlte 1o older

than Tertlary in age (McKinlay, 31).

Paleczaole dncke

£

Penagylvenlen-Permion{?) Sedimentsry “ocks
The Pennaylvenlon-Terminm(?) rocks sre well-gilicel-

42}

iilad, iunterbedded conrlomerestes, rrits snd shalss. Just
gnuth o Cabregto (reek the unit ie ==de up of 2 bassl con-
slomerste, succeeded upword by reddish esriosic sandstnne,

P - a

spay shale, thin bpeds of

o

conzlonerate snd shale, @«nd 2

O
{3
)
ot
(6]
oy
=t
<
=
}»J
B
o
I

conree conrleomerste. A ggctlon of thn

I

o » ¥ - 4 i b £ -
Permlan(?) ssdimentsry rocks on CUsbresto (reek is ag
followa:

tonglomerate, coasrse (pebhles ualinly

quortzite, gome schliet z2ud gnelss)e « » 35 fest

U

Conglomerste =nd ghale (lsyers 1 to 3
faﬁt ti“‘.ﬂlck) * -* L] - » » L d L] - L » - * L] .

J
L
iy
[¢x]
&
o

3
G
4]

Shale, alliceous, oray « o« o« o o o o « o o feet

vendstone, [ine-greained, arkosic,
redgj ish - . L3 . - - - - L] L] - L] - - - » 6‘»)

Y&
4]
0
[

ausal conplomerate (quartziis 1Lders . ur
to 2 feet In diemeter). « « « o ¢« « +» o 50 feoet

Total sxposed thilckness 370 fset

Thege sedlmentiary rocke locally overlie Cabresto meta-

auartzite and hornblende secniets. Small bodles of alblte
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graniia of probasble Tertis=ry 2ze cub the conzlomerate. Mo
Tossiles have been found in thls unit. It is, however, ten-
tatively zssigned to the lJenngylvenlen-Peralsn Sangre de
Cristo foramatlon on the bagils of litholozy =nd Structurﬂi

relsatinnshling with other pock units.

© % At . . .
. ) Yedimentrry Sociks

K i k 3 3 ¥ 1 g am s o1 s e et &3 ¢ DR v i ; ET Y
Gray to dark red thiun-bsdded sondetous, shele, =nd
limestone, with numercus lenpss ond beds of courlouspnte,

crop out In the vicinity of %ed llver. Thess rocks oocup

4]

in sesttered small outcorons thet ars Gi07icult o correlat:

Thiin, red shele and esray limestons heds are the priancizal

rocko iu et sxnosures. Thilp gesuence has been messured
by se¥inlay (30) to be gpnroximotely 160 fset tihlek.
A tentotive snge ol late dretacecus or ezrly Tertlary

[

nis unlit Lecause the outerops =re clogsely

r
t

is s#lven to t
assoclated with overlylam rreen znd nurpls andesglis tuifs

end flpwa.

Fpeter Park andesite
he Fogter Park sndeslte, naomed after tynlezl ex-
3 :

pogures ot Joster Park 2 miles south of the town of 2ed

4

River, is comnoced of a thieck senuence of andesite Tlows,
tuffs znd cosarse brecclas, as well sg intrusive rocks. Thise

sequence is daslrnated =28 andesltle, but 1t has been



gurgested by MeKinlay (30) end Schilling (38) thet the
andeelite flows have been mixed and interbedded in varying
amounts with a latite sequence driginating noerth of the
district. The foster Park volcsnlcs renresent & thick se-
quence best degeribed as an extrusive complex. The compos-
1tion rmd texture of this m=terisl in sny one exnosure

varies arently, snd the over-zll appearance ond comnosition
oi the section diiiers m=rkedly Ifrom ons 1ocat1§n to znother.

1t nee been estimeted thot the Woster Park voleanics have

& maximum thicknegs of about 2000 [eet. . cosrse sreen io

w
ok
ity
+y

reddiat near the buge, consligtine mainly of andesite

i
3

and latlite frsgmente, Ls overlain by dark purnle fsleite

?

I

» .
flows. & thilck purple breccia thest overlies the tuff and
Teleite lg the most sersistent unliti within the formation.

Tne trecclsa, containing boulders of zndeslie more than three

tuife. Horoblende andesite 1s the main flow amsterisl in the
unper nort of the Foster Park sensusnce.

foster Perk sndeslte lles sbove, ond in places may
prade 1a aéally into, ths sarly Tertisry(i) conclorerate,
ghzle, 2nd limestone. The andesites snd brecclas were lin-
truded by dlkes and sllls of latite porparry, =nd locally
the two rock types are not dlstingulshsble.

The Fopeter Psrk andesite senuence 1z one of the pre-

domlnant outerep rocks in the area studled. The associatlon



with early Tertlery(:} sediments and overlying rhyollites 1ls
the bosis upon which thls unit is tentatively deted esrly

Tertiary.

Latip Lotite

r

The Latir latite occurs ss flows, sgllle, =2nd dikes. It
ig porphyritle with sn aphanitie to glesey gcroundmnss con-

~

tainlng phencerysts of nlsgloclese, auartz, viotite ond horn-

blende. The fexture ond compositlion of the rock ranges from -
letitic to sndesitlic, The color in most outcrons 1z lichi
Eray. |

The age relationshine between the audesitic ond latitic
phoses are not elesr. As o rale, =zndesite undﬁflieﬁ latite.
However, latlite layers cécur in thefhpper nart of ti
slte, =znd zndesite lﬁyérs occur in the 1atite. Rhyollite
volecanlics 5verlia the Latipr latite, ond rhyolite dikes cut
the latite, suggesting.a tentstive early Tertizpy sge.
Bhyolite Tulfs =nd felaslte
\ﬁr&y 1o brown aphanitic and porphyrltic rhyollite tulfs
snd felsites ure exposed aslong the hish rldess north of the
“ed Rivsr, snd coustitute one of the most lmpmortznt exposed
rock tynes 1in the sltered sress astudiled. ‘Rhyeli1a tuff is
the basal unit znd llies below thin felelite flows. It {orus

o

promlunent c¢llifs and extremely steen topograpnhle features.

The rhyollte tuff exceeds 500 feet in thlckness.
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Thick welded tuff forms a sheer ¢llff 450-500 feet hich
(see frontlaplece). ClLff rock breske ln large blocks that
have crepnt down over the slopa“formlngvundérlylng rocks to
give the falae annearsmeg ol cutcerops (Fige 1). rzcturlng
from deforﬁation of the rhyolite csmuses 1t to bresk in par-
sllel alip joints from one to two inchsae apaprt {(sigme, 2 znd
53). &llp Jointing is not controlled by internal siructures,
ané iz ncecomnsnlad by open transverse joluts ai nogitlona of
deflection in the Joluting.

Dark ferrusinous aphanitlc streaks thnt sre charzcter-

1etie of this rock nccentuste lts tuilacenus nzture. The

rock ia comnosed of 3-5 percent clay vpseudomorphs siter

nlagicclace. H

the felslte lows, light sray aphanitic rock with smaell
nhenocryets of ausrtz and feldsvpar, strongly\resembla intru-
glve aphénitic rhyeolite, In thne abeence n? diagnostlic fiéla
relationshlps, the two msy be indistinsulshsble {rom each
sthep. The felglte flows sre 100 feslt or wore thick.

The rnyolite tuifs =nd flows overiie the Fomtsr Fark

sandsglite.  The rhyolites sre similer to the tuils and Tlovs

i

"

he Coatilles snd Letir Psak guadrearles where phyolites

-

in
are younser thsn sndeplie. Op the besls ol the ztove the
rhyolitic voleanlica nre aselpned 2 tentatlve ags of Hlocene

(McXinlay, 30).



FIGURE 1
Slumped VYelded Tufl
The ¢liff of rhyollite welded tuff, slumped dver rfoeter
Park andesite, 1s approximately 500 feet higha. The inked
1ine indicates tHe contact between the phyolite and the
endeslte. Large open Jolnts are seen on top of the ¢liif.

- The ¢liff is locuted on the east well of Ares #2.






FIGURE 2
Jointed and Deforwed Welded Tull
Ruyolite $tull with parellel slilp Jolinte from one to two
inches apurt. The Jointing i unrelsted to internsl struc-
ture and beddlng. Outerop is near the heéd of Ares #2 on the

eapt wall of the canyon.

4
7

F‘;‘A‘f

FIGURE 3

Rhryolite Tuff Jolnting and OGougs
(Scele Givisions equal 1/6 in.)

'A.cloae-up of the butcrop ehown in Flzure 2, The whits
pouge marking the sllp joints is 2 dickite(?)-quartz sssem~
blege Tormed by"éefmrmaﬁion. The transverse fracturee are
cheracterietle of the rock, but sre much wmore prevaslent where
flexures in the major jointing pattern occur. (The flexures,
probably the resulﬁ oi tectonic deformation, sre pernitied by

the openlinpg ol theee tranaverse fracturss. )






suesta Granlte

The auesta granlite ls a fregh=-anpearing plnklsh por-
ohyritic granite with scattered, rounded quartz phenocrysts.
The granite ranges in texture from splitic to pegmatltle,
but the main pert of the rock has & morphyritic to luequl-
grenuler granltic fexture and en aporoximate mode of 30-40
sercent slbite, 25-35 percent orthocluzse, 25-35 nercent
guurtz and 0-10 percent bioﬁite, with ainor macnetite,
cpatite, gohene and alrcon.

Tonopranhically the sodo pranite ylelds striking elifld
gutcrops interrunted ot intervels by leagée, and cut by
verticsl crevsaeses.

The soda granlte lntruded the Precambrisn rogxks, ang
211 btut the upneracst part of the %iﬁzcne(?) vnlcanic COm~-
plex. It was in turn Intruded by latar diles th&tl‘mve riot
peen dated. Eruptlon oi ths volcanle complex, hydrotherasl
z1lteratlon, &nd lntruslon oi the sodn granite are thousht to
ve relstively close in tlmse (&chilling,'BT). On the beasls
of dotes sssigned to the volcanles, the granlte ls tenta-

tively dated late Tertlery (Cehilline, 37).

finyollte Torphyry

Pt

Dikes ranzing from 10 to 400 feet, but usually 50-50
feet 1n width, trend north 30 to 50 degrees west. The rocks
are light olnk porphyries wlth fine-grained holocrystalline

groundmass. Rhyollte dones, pluzs, =nd stocka are composed
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of aphenitlic gray to whlte rock, locslly contzining nheno-~

eryets of ocuartz and feldspar no lergsr ihan 1 wm in slze.
The rhyolite intrusives cre oi auestlonable age, al-

thouah'they cut the Foster DIeprk ondeslte.  These procks are

aimiler to the felsite flows of the Tertizpy rayollte and

tnff asnnuence, rnd mar be eroded {scders ol ths axtruslives
! ] x .

Honzenlite ond Luertz Yonzonlte Porphyry
The monzonlte and guarty monszonlie nordhyry renses {(rox

1ient srsenleh-zpay to derk preen ln color. Texturs and

§.,.u

mineral comnoosition vepy radicslly throurhout thes dilstriot,

The nrincinal alaerele in the monzonltc zre ganidline, an-

'\

degine, quartz, blotite, and hurnblﬁuﬁe. Zanidine forms
white ta ninklsh ohenoceryets that sre in plicss 2 lnches in

length. hlie sndssine phenoerysis up to 1/2 inch in size

pE

sre commorn. nounded quaftz nhenceryats range up to 5/4 inch
in dismeter. Cryat&lsvin the groundmass, generally not over
1/8 ineh in slza, conelst of nuarts, feldspsr, ocattered
biotlte, zad horunblende. Alteratlion snd 1eacﬁimg oi the
country rock is most ssevere where 1t is cut by agnzonlite
Gikes (Flp. 4).

The monzoniis dlkse ere thougtt to be the younegest diks

and

5

rocks in the area, cutiinz most of the velesnle tuflls
flovg, =8 well cs the latlte. A dark rreen mnzonlte dlke
that cuts the Questa zronlte supgests » Tartiary age for the

diks (Sehillling, 37).
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Altered ‘onronlite Porphyry
(eale divisions enusl 1/8 in,)

suartz wonsonlite pornohyry with the end ol & ousrisz-

sericite neeudomernh niter s-onidine stlickling cut of the

rock (lsrge white ecrystzl). Lrys=-
‘ J

tel is nhoto-

£} e T . V2 g o ; LI P O BT ' s NG DR
orE . o yunded greing sre npolkllitic ouartz pheno-

crysie

Semple ¢ from the western

crest frowm the Large npeak in the
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mstarnary Rocks

Tarrace Gravels

teveral Uf@ﬂxnant terraces are present along Red Rlvsr
canyon. The well-rounded grevels c¢ovsring &ll tnese terrnces
or bencheg, whleh are more than 30 feet above the rlver,

nave bean prouned togsther by Zehllling {37, 38) 28 terrsace

of wores recent spe. Com-
nonly the creovels contazin rock types {oreirn to the bedrock
of the benchep or slones siusve, nakling the senspatlon even

nore positiva.

A

nl ()3} reports that eluiler sraovels form tone
4

oif meny of the flat prldres HOD-1500 fedt sbove the cunyon

-, oy

Tloor ot the toun of Red River (¥Fig. 5).
Thess gravels very llkely ranze Irom late Tertlspy to

Plelestocene, or evsn lecent, In ay6,

slongm the eideg of Red RI iver canyon and many of the
side canvoneg are cenented greavels that lorpm sgnall ledpen

<t Levels lese than B feet aiove the wnrecsniy wolsr courges.

1l

epe rrovels are cehaspacteprlstlicelly cemen

"l‘

PRe

o

with yellow
to brown lilnmonlte, wh 1Cﬁ comprisen up to 20 s rfent ol the
s

rocks.
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‘Aluvium and Mudflows

‘Reworkad méteriml in tﬁe valley bottoms aund freshly-
deposited gravels and muds from flond run off comprise the
mont recent unconsolidated meterisl., This meterizl ls
present where streans are revorking esrllier graveis, or in

¢1luvinl fsae at the mouths ol cide CENYONL.

Ztructure

Tartonal Sipucture

e Tang Aonge of the Longrs de Criats Jountsing has

{
‘:':

spv comnlax siructure.
X

Toaraad, matonorobossd, »nd intruded by sranlte, with sub-

serent deformatlon.  Broslon Wog folinowed by lete Palepzolc

-

or saply Hssozolec sediventation, #iter which Tealting re-
curpred. The tarminal stopes ol the tectonic history of the
apas apre characterized by biock faulting whlch hag continued
to scent time.

meet of the structures of speeambrlan sge are orecured

PanmgyLVﬁnian-?armian(?) rocks

£

ny latsp dlsturcinces. h
aps too limiied ilun exposure 1o Gsteraine their pencral siruc-

tural charzctepletics.  Tuas Tartisry volcunlee shod no o=

3

vious folding, but thel distribution doee clesrly reilact

b

gubasouent movanent ot I D1oeis.

3

sutt

L

Three groupe of faults are comion in the Tazos Range.
one consiltutes a prominent sei of tnrust faults, particular-

ly,well—developﬁd along the east edre of the Taos Raunge,
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trendine north and dlpping gently to the west. These faulis
sre duted late Cretaceous to early Tertiary by WeKinlay (30).
énother, north-trending, éet of high angle faults delineatesn
the western front ol the Taos Hsnse. The sbrunt western
mountzln frant st the mouth of 3sd River and ezsterly dloping
beds reflect thies Taultinz. The thirdé group ls =n engt-
northengt trendlng set of hilgh-anzle faulis trocecvle through

out thae rance Thie set of Youlte lareely displsces only

ﬁreeﬁabrlau rocks. iIn & faw oloces, howgver, the Tertlery
volearnics olen were found dlsnloced by thie seb. Dlsplace-
wegnte z=lony the esst-noribeset Isoults ore onell, znd many
nopallel froctures occour zlong whieh no displucenent could
be recegnized.  Io this syetan ore included many of the

.

Faaults end fractures that ceke un the downfzulted zone zlong

red Ailver. Althourh the above are the thres domlnant recos—

nlushle sets of fzulte, thers are other obvious but leze
sxtenglive systeme (Denilling, 37).

The most lmportant feature in the apes of lumedlate
intereat is foeulting of tue ﬁibceﬂe(t) volesnice complex and
onlder rocks. Thie Teultlons wss resctlvated contemporaneous
with or shortly pregeding volcsalem, snd formed & rraben-11lks

sran where no one fauli can be traced for any rrsat dlstnnee,

This ereben is well merizsd on csrial photogranhs,

e

much of the younssy fuulting is thoupht to ke a produc

0f eontinusd or renswed wmovement slong oldsr fzault llnee,

Displacenents renme Irom pracilcslly zero up to =n et ilmated
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6000 feet. In plnces where breccistion hse been intense a

"piping system” was provided for-zltering solutions.

Local Structure

Yeotures cn eesprlal shotosgranhs, “na correlation of rock
tynee neross Red River canyen, Justily the conclusion thast a
sajor fault trendling about B9 resulted In & relative dls-
nlecoment of the southesrs slde of the canyon upward seversl
thoussnd fest. comnlax crops out

o~ v ry Y ] oy SRy T E
Creal osnd the fed River

Yharang avoer Tiares mnnmspad p()n‘fbt T 1‘“’:**.‘?'("3_“*“"“: syvarlis tha s
Goaaeraens over L ave oundraa beg D POFGLITE SVErLls Lne 8-

eslts comnlex on the north slde ol fthe cenyoii

In the woter courcss of the fthree canyons gtudlied (zes
7
s
Prate 2), faultine is indiczted by the sbundonce ol goug a
zonas and 8-10 snaided gurfoces. In the tvo canyone to the

tar courses sleo Yollow &

change in rock tyne szs indlcated on the geolorlce map (Plate
North of Yied River on the westsrn slopes of Area #1
(see Plate 2) » block appears to have been uplifted in 2

Tairly short oerlod ol time =#nd/ or 2 ranid loweringo ol the

rounded alluvial gruvelz thal rlse chove the givsen slopes of

several hundred feet sbove the nregent walter course

(#lege B5)e  Outerops of iron- sud silles-cemented gravel and
brecels are prasent on the walls of the conyon. Thege reddist

maroon well-indurated rooks- sre 1nuernreted za older atprsam



gravels that have been cementad by alnerals depoaited from
iron- and silles-prich waters that lecched nyritic alteratlion
aress zbove. The cemented gr avels were l«ter attacked by
grosion, ond in places form reslistant ledpes along the:stream

ey
anla.

iendeline ors encoursced by the

estrane reliel and the sbundsnce of subsurfsce zolisturs.

snelves on the steep slonss comnonly supnert loree, lsanlar
troce with distorted form induced by compeneatlon for sell

crean, ool wolen are now tilted uralgﬁe ngoo opssult (Plg. 6).
1l phenomanon ig consplcoupus 24
znd on other steep slopes in the distrlcet where tﬁefe iz
elther fault control or 2 alagt%e underlayer that encourares
slumning. An example ol & plaistic layer thst 4ld not ?Uﬁwolt
the oveprlyineg reock 1s well Lllustratad iy Fige 1. Thiz shows
a 200-300 Iont high welded tulfl block elumped over the altere
fostey Pork sequence, Lsrge, open Joints on the top of the
cliii outline other lsrge blocks which hizve tegun tn creep

down the slone.

Geomorphology
The sitructurs iz the dominang conchllgrv festure in

s
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the toposravhy, »artieularly Taults,
ppaccla nones, =awml intrusive nmeseges. fdldre-forming festures
sre fault contaects, dikes, syd nones of siliciflication. Cne

lapge ridee of rhyolite tuilf crops out in dike-llke foram in
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the cinyon botton of Area #1 (see Plate 2) nesr the head of

the canyon. delded tuff, surpounded by leas realstant tuils

' nag annsrently been sllicifled, meking 1t zore resiztont to

{ gathering and eresion »rocesses.
here the glores ore extremely stgep snd *“rrvn, radlal
sy trallis dralnses patternes have develonad,
sumaer fleods sween from the floors of there canyons &
crest smount of msteprlsl, ond orouote o crude sorting ni ihe
debris ovsr the »1luvial fans, with Lorosly only claye, sllts,
end fins reseling the Hed Rivsr.
Intruzive Jdikse, olups, =nd siocrs ore prevolent
sround the s=lterstlion zones, &nd there ig s powssible direct
“eonmectlion bhetween Intrusive ﬂCt‘Vu by ond snae ol the brec-
eintion. In nlocee zlony the intrurzive contacts the couniry
vocl has besen sltsred to such an sxtent that thin slices of
; the nitsrsd rock bordering the contscets hisve been rewmgved
; ranidly by aroslion.

A senaralized sequence up 2 gtreaem chsnnsl from Red
Ziver 1s zg follows: alluvizl deposits contalning boulders

Tive feet in diasmeter. Upon entaringe the can-

vorn, tslus slopes and rockslldes are common; ~locks up to 30
foet serose have siumped ilnto the waoter course (Jlg. 7).
Fapther up, the water course isg comaonly cuttins through
cemanted conclomerate from sapller alluvial noelts or
materisl daumed benind a slide or slump block. £till hlgher,

the stream ig cutting into bedrock where, zlthough the water




FIGURE 6
Evidence of razulting and Slumping
The 1llustratlion represents observed physlographic and

: s
vegetatlve Teatures that are interprtted as 2n expression of

faulting =snd slumping.

(1) Pre-faulted surface. Tree trunks hasve compensated

for soll creep.
(2) Configuration of trees after faulting and slumping.

[
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is strongly 2cld and bleachlng hes penetrated up to 3 inch

P4

in the rock, Ifresh pyrilte nersists 2% or near the surface.
Steep slopes of highly-sltered brecciated matsrisl that
erodes vnd decomnoses ranidly sre characterlstic of the can-

yvon hezdg.
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IoNEOUE PETR ,u*"( APHY

For the purpose of the pstirogrephle study, thinsectlons
were made reonresenting most of the largse oulcrons of each

umit. Studles with the »netrorrsshlic microscone were

on thlnrectlons snd sspornte rralns.  The Linoculer
mlerogcops, A-poy diflpsction unit, =nd oolis shed section

el S I T 3 T ¥ L& e [N N S .,
sfudics were sloe utilleasd Tor thig investisstion.,

Foster Ferk ndeelts

the oldest unlit exnossd Lo the alteystion ~ress gtudiad,

porohyritic ousrtz lotite to nearl

This gecuence ig mnrde un of 2 zaerieas-

\

none oi which s#prae distincetive and

ontinuous eunough o serve og 4 atratigrapihlic index,

Ltony rhoyolite, & coarser rhy@lite‘pornhyry, and a
monzonlte nornhyry are nressnt in the Fogter Park segusnce.
In the wrlter's ooinion most of thess rocks sre intrusive
in nsture =znd do not belong to the foster Porhk sndesite op
Latir latite rock unlte, szlthough 1t 1le possible that gome
rhyolites were extruded zlong with the aultlaoodsl inter-
nedliste andeslte sequence. |

The Foster Park sand Latir rocks are dense snd masslve,

and have & greenish grey to dark gresen color dus to



i A~

chloritization. Exnosed surfaces are in many pnlaces
blesched by meld groundwsters to graylsh-white., In the
exzminztion of thinsectlous #nd hs=nd sneclmens, no zmphl-

boles or pyroxenzs were ldentlfiled. Thinsecltlons show =

few nutlinea which nrobsibly had Leen smdh luOIGMo in one

section, sn smnhibole clenvire pattsrn wae suspested Ly

orisntsd, untdentiiicbls nesdlellile cryatsls ol poselbly

[ - ey b T g e e ey v JOR—— 5 4 e ml -7
rutile op hoernblende. Otner worksre 1n nesrby locollitilss

- - N =] P . 2. A Loy oy w T oaen v ~ PR S A o b ey e e T
nove rasorted slase in the growmdroan ol theece Interaesiste

e O 1 gy T g [ PR S S R PG| § - o
Vi) COTLL 05, noWEVer, Gua tey miteration silecte N t he [EG ARS TR ST I
] - 3 e B oy R A T . oy F N ) s m gy X - . a
AN L8 mon tlj aoley minerels s HIANZ, LS1UBTINTE, WMICHR, snd
AT e
g ond auard s by Lar tne nioat

A,

suarts hae very likely besn introdaced duping oltapra-
tion snd comurlses irom a fsew percent up to 20 percent of

is

<
"
s 4
[

in the Foster Prrik genuence. The o

0

aahedral, commoanly showling wpdulatory sxtinction; it is
¢lsuded with onsqaue materisl, probebly ferrumlnous, snd oss
bubilea. Dacopsroidsl texture iz commen, =nd no recognlz-

able relict flow structure weos recognized.

soat ol the ausrtz ﬁuCﬂﬁ“P}ﬁtS are ensll end pusceet an

intrstellurlic oripin; they anpear to hove been »artially re-

diesplved due to thelr unsisble relatlonship wlth the environ-

nent, orokably shortly kefore extrusion. They are well-rounded
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and lrregulzr, showing enbsyments [romw corroslon, 28 well as

ovarsrowthe of varying derrees of prominence.

"

in the rocks lncludsd in the Foster Park merieg, ausrts

n

phenncryete ars geaerslly sbsent, tut were found loeslly to

-

compriss up to 17 nercent of the vhenveryst fraction or

LN

about 3 peprcent of the rook.

Tksll Teldensr

Alkulil feldeonsp, 1lke auortz, iz not unifomaly dis-

ahow auhedrel Lo subprounded out-

. i L R Tt S R > 4 v B ey ey by o T R R E
Tives ol opizinal gonildine, or noseufomoerahe ol nlieratlion

4,

o b s L . s 72
DroguaeTe AITEP /STLGINS.

Plaoelinclase

Plagioclacs comprises up to &5 percent of the phenocryet

.n]

n too intanse,
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and, wher

The phenoerysts lack
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un Lo 35 nercsent
any nrefarsntisl nd Lo & cerlaote norphyritic
found Lo hzve &n

sy=prare comnosltlion ol fa an deterained from curves by

bath fron Zimun

wnhletrom (507,

netion snelss from twinning planes mezzured iIn sections

s

axt!
aormal to (010) and (001} fsees, =nd {rom gralng orlented
with (100} normal to the mlcroscone stepe, Zoning ln the

sndesine hes 2 compnositlon ranginz from cbout AnEO to ﬁnaa.




_Tha plazicclase 1is gubhedral to auheﬁral; rerely rounded,
and aistinbtly tvinned according to the cerlsbad ond =lbite
as. in meny e=ssag plasloclzse la moderately to intensely
altered, nnd resctlon rims sre coamon. The complex magmztlc
Bletory of there rocks 12 onsptilslly exorsssed ty the diverse

o e

tyneg ol zonlny of the plaog

£

1 2 ong thin-

O
[
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4]
-
Y
o
=t
e
o
rul
:j

e, ave
sgetlon or rock egpeclmen. Unzoned erystsle ware ound REjs-

corpareton showline ozelllsrtory to nersel

meowell mn oove oo fneoroorstad within other

Snneprsats
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leis only = oo

oning, o

omorohs. The nhenocrysts reich

!’
»

VT oou%

secegnary oriwery ninerels ol the Foster Park ond Letir
rocesg are sohaneg, zircon, «nd enldote. Ferromcgneslzn zin-
sroln and iron oxlde were nrobibly originslly nresent.

sinersls of pecornlzaed npost-emolacoment orisin, slthoush

orisin, ors: leucoxeane

in papt aolso of

gnldote, nenninlte and othar chlorite minsrele, wad, pyrlte,

le Hes discussion of leucoxene (n. 57 ) for the definltinn of
thig ters ss used in thie paver.
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FIGURE 7
Clogped Stream Channel
The maln stream in Area #1 showing seversl laipge
siumned boulders. Steep slopes zre chrracteristic of this

[23

area. Gravels dammed by slumped boulders have teen cemented.

b

TFIGURE 8
Thinsectlon of a Feldspser Phenscryet in Latite
. (X-nicols)
(%30)

One large phenocryst has overgrown several individnal
grains., One crystszl is not zoned, bué displays caerlsbad
twinning. Other nucleil eround which oscilletory zoning 1s
conspicuous ere eclearly repressnted. The geparste grains
pLcetured here are poikilitic inclusionsg in a- large euhedral

rlagioclase grain.,
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Rhyolite

Ahvolite Tuff

The rock referred to by Schilling (37, 38) =nd ¥eKinlay
(30, 31), @8 rhyclite turf is 2 distinetlve mray to moreon-
rown rock with chorzscteristie dork, elogey streske that spe

often recogni

vhenocrysts.

originslly beaon

mgnerally chout 3 wm oin leneth, whereas ths guLirte ohenp-

werts comvrlsecs sore tihon 75 nep-

*ehlon, end 12 psrcent of the whole
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D nercent asusrtz, nowe

nove been introducsd zincs gmnlicanent of the

tull elther by #utogenetic volatlles or Trow sutside Zourceg.

-

Yposle arlteand i=nanner ftexture igp Drominent, with sutured, or

locslly grzohic texture, foramed by qusriz., The

2

apnesrling strecks sre completely ervetailine snd loenlly
ontirely eillecifled, with ferruginous matorial tranped in

the quartz groins.  Corons and rime of auertz commonly
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border relict glass strezks and blebs as well as quarts
nhenocleasts.

Alvoha guartz, as well as peeudémornhs after beta quartz
are apundant, and tridymite(?) ls »resent in minor amounts.
Siliecificetion hes been intense to moderate throughoup the
entire district. The ilntroduced silica ln the rayollte tuff
commonly renlsced originsl mineral gralns and ohecured the
chzracter of the ground=mase. 2Juartz veinlsts in maﬁy nlzces

.

mer<e into auszrtz-rich arecs of the rock.

Felsite Flows, Ravolite Dilleg and Pluss .

™he denecr stony rhycllte that overlies the welded tuflf
anneapre to be identical with = rock thet melkes un several
small stocks, dlites, end sills. Iﬁlls white to lisht gray,
and aphanltic, with quarﬁz phenocrystis.

Juartz phenocrysté comnfise un to 19 percent oif the 
rock, and about 90 percent ol the phenocrysts. The guarts
phenocrysts vary from distinectly euhedral to aﬁgular, to
rounded =znd smbayed. Overgrowths spre comnon, sspéclially on
the pounded rrains. Overgrowihs are commonly accentusted by
2 thin riam of trapned onanue mzterial md cleys =zlong tne
esrllep grain boundsry. fracturing =and undul@tory extinction
of quartz 1s comon throughbut this rock type.

tndesine znd sanidine ohenocrysts make up about 2 per-

cent of the rock, znd 10 percent of the nhenocrysta. Cumu-

lophyric aggregates of hypldiomorphlc granular feldspar
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crystals consist of unzonsd gralﬁa, with distlﬂét z2iblte
#nd C”?l“;da twinaings in the zndesine.
Pyrite and clay minerasls are present, aroberbly as alter-
stion sroducta. ”‘nor rreen to brown, suhedrsl blotlite
flukaes, zircon, snd gnhens constitule the s=ccesmsory minerals.
The groundmzes, which constitutse aver 75 percent of the

rocit, 1s coumncased ol & denge aysrtn-feldegnar acli-snd-pepnsr

textursd, mlcrocpystell ineg

wicroceline, nundesine, ond senidine.
fTeidanap spout 30 oeresnt of the groundazso, and
ausrtr sbout 30 szrcent, with o oeryotocrystsllline cusrtz-

11ltte-ssprleolie mntrix compes ines the rosaindepr.

apsrts Sonzonite and Sonzdnite Torohyry

4

The rock type decerived by “cElinlay {30, 31) «nd

dike znd stock-fopwias rock in the =itersd zones. Thils rock,
ong ni the youngest Llinsous PGCHS,.iﬂ light pray to sreenlen-~
zray to white in the sltersd speses, 2nd heg bzen altered to
such @ degrﬁé tont 811 the nrimary oseilc minersls, other
than tiotite =nd anhene, can no lonper ke pecornlzad.
domornsha after Tlotlte =mre »ragerved, wnd lsucoxene~illed
eudomarphs.&f.er goneng npnear throushout the rock. The
feldspars are only partislly preservsd, with the ﬁl{”li

feldspare showlng the woct extreme dl*@?“tiﬂn.
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‘roded spolne, locally with onl

to nearly pegmatlitlce slze in preferenés to the crystallization
of more basic minerals, snd tunt lster reold coolinz nre-
gerved theee unstable minerslss This texture zlso could

1

neve devaloped from & mixilae ol anensg r oy thelr contem-~

instion. The comnlex hklstory of thils rock lz suprested by
Sles 9, wihlch phowg notassian feldensrs overrrown oy nlagsio-

-y

. ! : * k] . 3 " £ . . L e Sy g P G .
clure {onloritizatlon of the corass lg o oroduct ol sitsrs-

werty is orsgent cg znbedr:sl, wellerounded =nd cor-

there ls o tendency fop

taclusions oi gop, ¢loy, #nd onagud materisl to fors & radiasd

-y - FCRE % vk L e e N e ey VE T e sy R4 Y nE s PP, < .
texture. Frecturloe spd rgceryetalllizstlon ars conmon {salures
s ¢ » (PRI 4 1. 5 o
iin thege graing, many ol ¥waolceh bave ovsreorowthes of {ine-

& & " i
robobly ferrusinous, dust

-

The ranme in compogitlon of thls rock Includes toth

monzonite snd. guartr consoanlis 2orphy

N . P - S . o R 3 S e N 2 M ama .\ P
tionz in the avundance of rvhenooervyasts and the omount of

cuarty over even sghort distances. The stpucture ls mizslve.
Precturlanr snd Jolnting are not pronounced. qn"onl g rocks
fora some of tha extreme tonogravhic features (ses Irontls

nlece, the cliil-Toralng materlsl west of the saddle].
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FLCURE 9

Plagloclage Overgrowths on Sanldine
(Gemle divislons equal 1/8 inch)

Monzonite vorphyry stained with sodlum cobzltinlirite
+nd rhodizonste reagent (Balley =znd £tevenson, 2). The
depker gray borders are plagloclzse feldspar gtained brick-
red by rhodizonate reagent. The pmtass{um feldsparé forn the
cores, =nd have been pertlially chlbvitized. The potassium
feldspars were stained yellow with sodlum coteltinltrite. The
plagioclasenbordef is partlally outlined ln ink %o accentuate

the contacts. The groundmass is composed of claye, chlorite,

and aguartz.
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FIGURES 10 (upper) 2nd 11 (lower)
Thinsectlon of HMonzonite ?orphyry Showing
Overgrowths on 2Qusrtz Cralns
(X25)

Rounded quartz ohenocrysts with dark borders of fer-
ruginous opanue materisl rimmed by Quartz thzt h=2e the same
optical orientation =8 the host graln..

Plgure 10 (Ordinary Light). The guartz gralns zrs uni-

4
foraly bordered by a zone of fine—greiﬁed onague material.
flgure 11 (X-nicols). The orderly orientstion of the
quartz rins 1llustrated. The rims zsre 1lluminsted or in ex-
tinction in accordance wlth the orlentstion of the ad jacent

graing,

The grains are set in s groundmazss of guartz and sericlte.
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in outcrong where no msllcs are nreserved znd the .
plagloclase 1s bedly altered, 1t 1s nesrly imnossiblé to
identify this rock ee monzonlte; 1In such cazees, only by
studyling the relict texturs, can ldsntity with the mon-
vzonite cnd auartz gonzonliis e recosnized.

A

Auniform rray to sresaenish monZonite nornhyry crons

v

nut se 2 narrew dike thet ls poselbly relosted to the mone

sonlie-cunrts sonzonite initrusivosm. dlre rock (Flp. 15)

s o byonidlomornhic prenulspe norphyry. 0
:oout 1% narcent soanldine, 40 psreent andegine, & nercsnt
slotite, &nd 2 nercent nusrin os phenccrvets, with the re-
gweinder partlally to comoletsly slisred sroundoass, Loeseg-
copry winaeprals nre aszrnetite, zlrcow, sphene, snd zpatite.

Plexzloclage grelng ore white, gubhedral to eunedral, =nd un-

zonlnre  Ths twinnlng is ﬂccordln? to carlsbed and alblte
laws. Zanidine cryetsls a2pre olnk, euhedrsl to ancular, end
range up to 20 mw leons. These gronldine crystale differ from
the tremely large ones in most of the monzonlte, ousrte-
monronite rocke Ly thelr lock of resction rime in the rock,
thelr slze, =nd twinning hooit.  These cryatcols rre generslly
untuinned or only rarely show carlsbsd twlmnines.  The much

.

lapper senidine crystals dilgplay nenstration twlming ond

nutual interpgsrowth, alons with "buwa snt carlsbad twinning.

Two genersations of blotlte were foumﬁz booke up to 5 nm
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long, »nd an earlier form avpnesring as shreds regulting fronm

catsclaatic deformeztion,

o
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The compositicntl =nd structursl chapscterictics deg-

crip

\"

+d shove undep retrorrashy &re mogt 11 ikely primspy fea

tures, =nd none of trese festurcs hoo bLeen peloted o o5 te

volesnic sltesrating, Hydrothersal Teldannthizotion bos ok
bEen recesmized ln these poce

ler to that descepilded Ly Surtank (8), in

Colorado, e papricite tyne zlterztion -ones.

Lesdy zine, copner, ind #old sre sscocinted with thie
foras of slteration in many western minine dietricta, but
only smell veing nd traces of dissemiusted lesd end zine
wera found opr heove been reported oround Red Riverp, Gold end
sliver heve been mined snd nlscerad gporadlexily toroushout
the dlztrict since 1560, so0 larend nre it (Sc&llliﬁg, 58).
Coﬁmer mingrsls =re widely distributsd =nd nreg of conner
heve boen mined locslly.,  The only metel zxtensively wined
at »resent is molylbdenun,

Alteration minersls are Tulte verled snd the segenblace

of minerals changes pedleally, even in a locsl spes. It has




been polnted out that hydrotherual scluticns undergo cons tant
chenee (Griam, 16, Loverine, 27), 4 change in chemicsl ene

Vironnent con be broucht about Ly the solution, renlscesent,

or oreclsltstion of materiﬁl, zad = 78 in physicel ep-
Viponment, pressure, end tenperatyre, weraly by the‘mmbility
ol the solutione. A fullasr undsrs cnding of the tdentity =ng
distribution of the clay winerals could lend to a Cleeper
comnrehenslion o the compozlition #nd source of tne altering
solutisng, but aueh o study lg versond the sCona of
venort.

Thres wnaoe

ipilitiss will he congldered pooopd ng the

orisin ol the sitepi-gs golutionas in the vielnlte ol wed

Rlver: (1) = denterie orlein nvolyine BECTGINr ruogs of
.

the thick volesnle gecvencg; (2) = degen-gontod orislin, QOG;,

@1bly fron the nepant megmit ol the volesnic snd intpusive

=y g e £z ., R Y. e 3, !
Focks; or (3) on unrelatod arematlice source,

There 1s littls doubt thot there beve been gon dey-

3

ot

4 the ublaultous

e

teric effects, Evidenes I his ie found

o

or

F

distribytion of alterz=tton Yertures, chloritization and serice-

3 F g g Lo o - 2N P & 1.
L ha sregnegst-snnarring gxtrusive rooka.

oy

gt

ltizatlon, in even
Feldsnap phenocryats annerp to e mosnt sugcentibls to thig
troe of slteration, zng #eré nowiere iound unsltered in the
gxtruslive se~uence, Alkall snd ceolele feldepers were found

to renge Ifrom fresnh to portly =ltered in fome oI the vouunrer

Intrusive pocks,




Intrueive dikes nenp trens ol Intense elterstion loeaslly
contaln fresh feldanar phenoecrysts, but pogt-volesnic ipn-
truslves locslly suffepsd extreme zlteration Ziong Witk the
extrusive rocks,

Intense slteration is geuérally clorely rasocisted with

1

ree Taults wnd zonsg of ereceliatlon.  ‘Mere nronounced

bt
¥

fracturing is not evident, intruelve controts ZON88 Yo hove

perved g structurs? controls ol the lacys ol =ltaration. iy

the basie of thie fgrocelation, 1t ip conelyd
Elterstlon wroae siructurcliv-controlled.

Foy 5 % Y% e . N . L b e ~ 2 3 ey © H
mere ug un evidsnee to gusrest on unreisted mapmatic

gource for the oricin of the nltering solutions,

Slteration ia deted nosB t-monzondte corehiry Deesuse of
the lIntensitr of alterstion suilered ty 511 the intrueive
rocire in the azren lucluding the wonzonlte sorohyry, the
Jounaest recornlzed intrusive yooi

It apnesre frow the above that some renersl deutorie
#lterctlion is srocent throushout the eitrusive cenuence,
but that the etrikine alte ratlion nrevalent throurh Red flver
canyon sn¢ goue of lis subsidisries is nardrothsraal in
nature,

Lunerpgene alteration, oceurring ot sregent, ls ex-

Py

By esurficial bleaching and chapracteristic wlnersls,

o

'f Y
&

arag

d
( 1. QJ
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Twe unilforuity in miners ' papemblagme of sreas ol eX-

tpreme alterstion is refle

cted in the similopity of d4irfd

entlal thermal sualyses of the nltered rocks (PFig. 12}, ond

in the relotive intensitles of slmniflcant refle ction nesks

recorded by S-ray difipe ction pziterns The cocmnogltion ol

the end nroducts of altere

original rock tyne. Orlml

P R, ~ e s ] o ook s
Firels by pellct gtructur

stnersl peeudsnornhyg, poeu
e o , o AT
tite sndd musrha et regtd

41, 42; &teohenson, b, o

(45) portizily reoroduced

renerslly nccented fields

nydrotheransl minerals. Albe

apnears to have occ curred

idne
sbLng

. o Ty P's Figr d o
e, 83 Dutler, 925 Orm 1G5, 175
¢
-
40y L3 ey e 7 . - Y - - 0 -
By morers, 503 Ichwert 3 8a,

one others ). L ochart 0F Strinpghan

[aPnE 4 - \ o
nere [Fis. 17%) showe some of the

of clays ond other

in the neutrsl to =lkeline ronge of

ration Zones

The end product of slteration in the ed Rlver dlstrict

13 a quartz-sgericlite-illite

tion can be divided into

in svery case observed a

sgeoublope.  Althoush the sltera-
ceveral apenuential zonse, there is

continuocus transition Irom one zone
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FIGURE 12

DIFFERERENTIAL THERMAL
. . ANALYSHS
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Figure 13

Fields of Formation of Some Common Hydrothermal Minerals
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to the next.
miners

samnples

brought out in & chart (¥ig.

were collected at vertlicesl intervsls of 10

he relative
heblte recornized in a

traversing nart of cne

sbundance of varlous minerals and
group of regulsrly spaced

alteratlion zone (irea #1) is

14}, Twenty-four snecimens
feet along & 35

degr¢e slone, which represents cbout 14.5 feet horizontsll ¥
for ezch 10 foot Intervsl (twolloc¢1ltias were not samnled
due to lack of fresh in nlrce rock ) flo. L4 gummarives

the reeults of zuslyeos of thoae sauanles.  Fresusncics of
szpricite znd clny minerrle sre nlotted from relative ih»
tenstitice ol pesike of the resnsctlve min-
ercle, <o recorded by 2 ronlometer attachnent on sn A-ray
powder diffraction unit. Hesvy m §ar@ls ware wlso cbmcﬁun
trataed by vanning end gtﬁdieﬁ Tor gach semple locality. .

Thinsections

znd leucoxane
rite »orobably

in the

e

prineloally slf

R

feldepaps, kool

nite

On Filg. 14 sericite-illits minera

exclusion of the other

3, 9, 15, snd 2

imately 60 feet verticu 1ly or 87 f

xS al
LT L

kanlinite

oceurred priasrily s

e

ipnesrad late 1

cted the
iniration

1

P

1. Theuae

#la0 prcsent

Following chloplt

and the

P AP X - S
apatite, epljmte,

a8 secondory nroductg,

!

Py

0 the chlorite store op eoply

zatlon, which

fics lesszor derree the

n of w@montmo oprillo-~

an s#lteratlion of olasisclrae,

lz, to the relative

#lteration prod ucts domlnate sszmnles
samples nre at intervels of approx-

feet horlzontally. Fronm
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these locslitles, prosresalng elther up or down the iraverss,
kaolinite becom=s more sbundanit at the sexpenss of sericite

and 1llite. vantmorillonite then appears =snd finally small
amcunté of enlorite appeszr, excent in the rhyolitic rocks

Tnls procressive transitlon Irom seplette~11llte to chlorite
is the suppested sequence from the center of plteratlon out-
waprd, Throughout these zoness of altsratlon ghlorite 1ls a
dominant secondary mineral 1in the arées of lesp intenze aliep-
atlon.

Tha wrlter belisves that these sericite~1llits zonzs
renregent central afeas of hydreothermal aolutlons, Tﬁe
sampling wos done on 2 one dimeneional
could be interpretad tc two dimensfone, butb ihe axtant of
the present inlormation does not Justify any nostulation as
to the three dimenalonsl conflsurailon of those slisratlon

anregsnted by

vi

canters. It is nossible that flow units are
the reéeated mineral asquences, or thelpr repested occurrence
could be a result of fault »lcenes or permesble zones dilg=-
cordant with the [lows.

Faulting in the rhyolite tuff led to the

1

a white goume along the fault plames (Flgs. ©

5
5]
23
[% 9
LW
——rt
.
5
o]
®
1

der X-rsy diffractlon snalyses show that this gouge con-
aiate exclusively of a kzolin-group mineral, nrobably
dickite{?), and quartz. A series of three samples Irom a
rhyolite tuff apecimen were analyzed to determline ths re-

lationship of the dickite(?) to slip joint surfaces. T™he



three snecimens for thls study were taken from the same
rock at progresslively greater distances from the suriace of
2 glln loint. contaminztion of the samnles was lnevltable
vecause of transverse frsctures. In spite of thls contami-
natlon, the ratlo of dlekite(¥) to sericlte-illlite was rad-
ieslly reversed in 2 very short distsancs. DUlickite(?) is

oint sur

U

dominent near the slin
is wmore sbundaoat farthor {rom the alin jolnt,
aluded thst Ernlin—kruun minera
in two diastinet snvironnental situstione: (1) ral=ztivaly

“idesnresd dewelonmuent of kaolinite thst reculted from deuy-

terlc snd hydrotherasl nrocesses; (2) lacsl develomaznt of

by
i
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-
r
D
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o
w
B
1
i
]
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o
o
|
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HMINIT mnGY

Alteration snd Effscte on Einerals

Prroxensa snd dmohiboles

Ho pyrozenes end coanhiboles were found in, or adj-cent

Fn

T o »y m ; ~ . Pl I e I 1 - .1 LY -
to, ths sltersd zones. 4 1aew cryetal outlines wlth rellct
] o

amphiibols clss

4 am m R T B - e - s e .
orlsin ol tnegss sceounulstiona do uot luetidy sny conclusions
as to tne tyne, noturs, or rcbundeonce of oneciflc nyroXenss

F L T S
OF SRDLGLODLTE .

o

Siotlte
Cne occurrence of hydrothermal blotite was noted., The

viotlte coccurs =g sumsll svecks In an otherwlee Gomnlisiel y-

altered rock. Its avparent distributlon ez & secondary min-

arzl In the area of lnvestleotion ils Llimited to tihe hend of

the part of “res 71 thoet dreins north into Bontta

Thls biotlte occurs as emnll, eubsdrsl books zbout 0.1 mm in
Both pleochrolce gresn znd brown varietles of ipnecous bilo-
tite asre abundsnt both = euhedral boske and as shreds. Blo-
tite In the c¢chloritized zone is seometines sssocisted with

zolsite, rutile(?), or hormblende(?) needlez, and apatite.

Thils sasemblage 1s thought to be the raesidus of former
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amphibole or pyroxeng. Blotite ls partlally chloriilzed,
but usurlly befors chloritization of the bilotite hnp pro-
greased far, bleaching becomss »rominent,  Iron s sxtracted
from tha s*ructura and posalibly combined with titanium,
alther from the biotite anﬂ/or Irom other minerals in ihe

country rock tn form leucoxene Borders ond filiinzs in the

clenvarg traces of the bintlie {(Flz. 15). The onzous min-
gr2ls in Flz. 16 {(leucoxzensz) cre gyentoelly renovsd, lsov-

ine o white nice recognlired by Schwarte {42} snd others se

) ] o,y b g B . b P
iotite,  The "whits mice™ mingral hag the

ry

sn zlteration of
opticel propertiss of ohloropite. Zerry nnd Hegon (5) des-
cribe the divlislon betwsen blotite snd ohlogopilts oz an
arbltrery divisleun of a single ohske of variablae comnosi-
tien®, ond 1f such is true, the replascement of iron, snd
poaslibly tltenlum, by negnsaium in blotlte could mroduce

nhlozoplte,

[uarts
Gilleified rock, residual quartz phenceryats, and quarts

velns and dilkes ere prevalent throughout the distrlet.
Deuterlc solutlons could account for some of ths see-
ondary quartz snd quartz overgrowths in the volecsnle rocks.
| quartz in veins and dika~11ka manses, ranges from
milky white to nearly blsck. The dark variety is the
aaprlier~lapmed of the'éeiu qusrtz. It loeally contains

centers of pyrite or clearer auertz. White quartz velns cut
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FIGUHRE 15

AMtered Monzonlte Dike Rock
(Sczle divisions enusl 1/8")

The lerge dark grains are chlorltized sanidine ( s -
chlorit;geé"sanidine). Seversl books of blotlte are visible
(b - tooks of bilotite). wHedium-sized feldensr crystals can
be recornized wlth partielly chloritized cores (¢ - chlorit-
ized corés). The dark'mateﬁial_partially permest ing the

A =

upper right border is mengsnese oxide staln. The groundness

-~

1s mostly microerystzlline clays and quartz.

-

r

- FIGURE 16
Thinsection of Altered Blotlite in

Dike Rock of Intermedizte Compositlion
(ordinary Lisht X25)

s

srt of 2 euhedral blotite crystezl thst hos been blesched.
The opanue minserale concentrated zt the edre ol the erystal

and clons clesvepe Iaces are formed in pert ot lesst by the
gepsration of iron and titsnium from the biotite. This opaaoue
material in trensmitted light a@pears ags dark étreaks £na
borders in the blotite, but 1s white to yellow under reflected
light, whence its designation;as leucoxene. The blotite is

set in 2 groundmsss of cryptocrystalline cleys and guartz.
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and displzece the darker velna snd are themselves broken and
disnlreed by later frociures.

Helther hydrothernmal alteratlon nor weathéring appear
to havs dffected the quartz grains or velnz to any recog-
nizable extent., In zonss of most extrems alteratlon, eu-
hedral pfigm&tic and bipyramidel guartz ceryetals show no evi-

dence ni corroailon.

The most recent slliciiicsation hse been deposlitlon of
ausptz by groundwater resulting in cesvity linings of eu-
nedral crystolg, ond there cppsosrs to be wasslve comenti-

moat of which wasg opiginally sndsglne,
readily altered to ks olinuue, serlclte, #nd 11lite in vary-
ing amounts, depending on the nature and intenaliy ol altar-

ation. 4n sbundanca of poorly crystalline. illite is present

in the extremely "lhﬂ ed phenoerystie. The stronrest rellec~
o _

tion of 1llite, irom the basal 9.964 spacing, hag a rounded
indistinet apex pother thzn o sharp pesk. Hounding of this
sort is not chsracteristle of well-Iormed ory qtgllige cepl-

cite, but is o comuon festure of 1llite. The white clay
nseudonorphs which replace plagloclose are 2ssily recosnlzed
after the roek has suffered Intenge alteratlon.

Pyrrite ig digseminsted thrﬁu nout the rocks. It rarsly

oceurs within the margins of clay pseudomorphs after plagio~
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clasea, wut not uncommonly borders the pseudomorphs. This
eoncentration probobly forme to compensate Tor the 1nab111ty
of the pyrits %o crystalllze within tha pseudomornhs, or
nosslcly due to a volume chenge resuliing from alteratlon
af Teldspnr that provided a favorable zone bordering the
gralng.

sanldine shenocrysts hove ylelded o chloritization

With Turther alteration yilelding a serlcife-~1lllte y~ont-

sye staptad in the ceatsr of the sonldlne gréin
(Fles. & and B8). Complete cnloritizstion of the graln
eventually occurred, resulilng in a chlorita.pseuﬁemorph
(predominantly vennina with possibly other chlorlte wln-
rala) sfter feldepar. Flg. 15 shows & spacluen in which

the senidine hus been almost completely chloritized,

gmhene and Leucoxsne

Very little sphens survived deuterlc aiteraticn, and
none wsz recognlzad in rocks that had been sublscted to
moderate hydrothermal alteration. Volcanle and intruéive
rocks of lutermedlate campaaition:(moﬁzanitéa, lztltes, én»

desites) contain varying amauntsrof\leuGQXGné raeudomorphous
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after gphens., In some intrusives, relict sphene outlines
zre sbundant whereas they szre rarse ln others. A genetle
separetion of thess Intruslve rocks could possibly be mode
on the basls of the sbundance of ﬁssudomcrp&s.after sphene.
Titenium 18 abundant throughout the district, ss indi-
cated by strong lines of that element on a1l the emission
spectr@grﬂmh.films. The ebundance of magmatic‘tiﬁanium nin-
grals orovides s acurce cf‘m&terial Tor the coamen oceur-
rence oi secondsry titenlum minerzls. The secondory min-
erazls hove been categorized in this paper sz lsucoxene. The
tern leucoxeng hee been applled to umdliferentlsble aggre-
gates ol anclase, brookite, znd rutilé. The diificulty in
applying ihls term in & wmore specific sense hus besn dlg-
cugsed by Golding (14). Golding favors the concent that
leucoxene 1hcludes 2 large compositional ponge repressnted‘
by a triangulsr 51&5ram with end members of 5102: Tieé, and
FeO*—FeQOE. A countlnuous series having'this-bcmpcsitian
praviaés & reasonable explanation fer_the sbundance of na-
terisl deslignated as leucoxene throughout the chloritized
rocks of the Red Rilver district,.where it is esgoclated with
the maflc minerals rather than excluglvely with sphens. The
bibtita grain in Flp. 16 1llustrates a chéracteristic asgoci-

stlon in this area.

Zircon
| Zircon occurs o8 a primary magzatlc mineral in small,

euhedral crystals in the intermediate rocks. Its resistance
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to alteratlon and weathering is demonstrated by 1its frequency
In heavy-mlneral concentrstes from altered se well as fresh

rocks.

Preite

yrite ig diseealnstied throushout the rock in 2ll apess
of wslteratlon, averaming aovproxinstely 3 nercent of all
cltered rocks. Two diatinet vaprlstics have been recorlized:

(1} eubedrel ervstals dlsseminsted throughout ths rock; and

{2) veins of nmseslve pyrite up to s few inches wide., The

velin pyrite is = very lsate mineral, occ2slionslly forming
cores in nguartz velns. There spnears to pove been mo sltsr-

ation of the sdjiszcent ecountry rock by the emnlaocement of

[+

ne. In Ar

Joiv

thess ve #g 5 and #€, fabundsnt titaniferous meg-
netite nodules were found In the late pyrit@ veing. The very
fine~rrelined disseninated nyrite shows o nrefersnce for the
more bogle or intermediszte rocks, =#nd is less stundant in
the rhyolites and tuiffs. The Fostspr Park volcanic rocks-con*
taln ng much =s 10 nercent oyrite, vhareas pyrites makes up
only ebout 1 percent of the rhyollitle rocksa.

The earlisr dlsceninsted nyrite ie prssent in three
hsblits:  cuble, octrhedral, ond nyritohsdral. Cuble pyrite
1z most ublouitous. It is transitisnel into the other neblts,
by mlxtures of euhedrszl crystale of dilfferent forms, there
celns no sharp demarcation between the nresence of these forms.
Cubic.pyrita occurs in both untwinned crystals and twinned

varisties. Developmént of (210) faces on the cubic pyrite 1is
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characteristic of the transitlion lnto zonss of d&minantly
nyrltohedral pyrite.- T™ese faces bscome more nrominent in-
ward toward a central zone in which the pyritohedral form
nradominstes {Pig. 14).

Cetehedral pyrite occurs =s snall, suhedral, untwlinned
ervatals, These cryetaols sre generally smaller then those
of ihe other habltas, =nd sre locally sbundsnt. fielr oo-

currence hzg shown a preference for the rhyolite weldesd tuile,

-~ . . ] - - 2 " i - vy t LY 1
senetle control of the varlous forwms of oyrite within th

2 = S - 3 3 «
limltoticneg of the szmnlcs svallable. Suhslarliie wop ldent-

4
rite ip sbundant, surgesting & poscelhle correlatlon batwesn

Y

D

the two. Because the three hablts o0 pyrite occur within a

&

reletively locsl area, and pnosslbly fors during the eame
nerlod of denosition, s determination of possible conirols

of pyrite hablt would be of interest.

in eifort to determine poseible trace elemsnt dlifer-

o
"1

enceg between sanch ol the three forums of nyrlite by X-ray
fluorescence nmethods proved futlle dus to the inadequnts

; . 1 .
sensitivity attained. Chemieal analyses revealed that
pryrite contaluned up to 35 »pom molybdenum. Analyses by
emisslon spectrocraphy reveszlsd varlisbles amounts of copper

present in the pyrite, more appesring lun the »yritohedral

and octahedral forms of the samnlss gtudled. Traces of

1. Courtesy of smerlcan Hetal Climax, Inc.
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veloped., The nuwbker of samnles studled was very small;
consequently the above-mentioned hablt znd comnositlon cor-
reluatlions are not egteblished as ceneralizations.

Both post- knd nre-slteration pyrite were‘found. Mozt
ol the nyrilte is elther contemnorsnecus with, or noat slter-

#tion in ese, but some clssarly hsg heen renleced by clay

)
minerzls (Flz, 17). Replacement embayaents of sericite ond

111l1lte extand into oyrite, snd lroter quartz velns trensect
zndd displace some ol the dlsseminstzd »yrite,

Yasses of slumped poupe and breccis found in strean
caurseﬁ'xnd zlong fzult contscts locally conteain msgaive,
nortinlly westhered to fregh pyrit? (gee Fip. 18). These
rock masses sre compossd ol small, rounded broceis frag-
aente In o clay metrix that 1s plestic or nuttylike when

.y e

wat., Pyrite 8 disgeminsted throughout tnls nsiterial, and
oF 3} ¥

Torma local concentrations of nure nyrite. The prrite shown
Lols —\ O ,«‘P:" ,J i ’

in Pige 18 resuitsd-LBem rew oving and hendling the seamnle

vhile 1t was moist and plzetle, This nyrite is orobably of
the lete vein-filling senuence. The freshness of the pyrita
in such vorous naterisle reflects the rapid ercsion ex-

verlenced by thesze racksa.

Hilnor Minsrals

Small axounts of tale were found in rocks of the Foster
Pary serliss. The tale appears as small green snots near the

zonas of lntense brecciatlon and alteration.
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FIGURE 17

Thinsection of Early Pyrite in Rhyollts
: (X80 Ordinary Light)

Cubic pyrite gralns (dark) have been partially replaced
by clays or previous moterial that embayed the pyrite, elther
by emplacementé or inclusions within the pyrite crystals which
then sltered to c¢lsy. The groundmass ls & cryptocrystalline

i segregeate of quartz-serlcite-illite. Very small guartz veln-

lets that sppear to cut through the pyrite are not recosniz-

able in the nhotorranh.

A,

FIGURE 18

Pyritic Clay and BEresccla
(Scale divislons equal 1/8 in.)

This materlal occurs ag plostic masses whlch becone

mobile when sulficlently seturated with water., Ths clastlc

fragments are rounded from movenent, and cemented by clays.

The dark mesterisl is slightly weathered aggrepates of masslve

pyrite.







Sphaleritg was identifled in one pannead heavy~ﬁinara1
concentrate as small gfaina about .25 mm in dismeter. The
sample was taken from sndesite in place near the base of the
sompled traversae on‘the aaat wall neay the.héad of the can-
yon in Area #l. Another occurrence of = small veln of
sphelerite wlth galena, pyrargyrite(?), and chalespyrite was
found on upper Ditter Creslt, associnted wlth Trecambrlon
megtamorphice in Arga #5.

Taorlte, In & veln of breccilated gquariz, crope out near

tns mouth of the ¢snyvon on the vest side of irea 41, Pale

] 1

greenisn-dlue Jluorite 1s exposed in o valn nuariz ocuterop
sirlking ﬁ.lﬁu i and ﬁipping 459 B, losoelzted MANZANes e

minerals sre prasent os sizin end wod.

33

Lalclte accurs in velns tha% £111 fractures in saall

brecclated Iaults. The cslelie is whlie and fine-pralned,

A second typs of calclte occure locally in “ﬂ'ociﬂﬁian with

{2

quartz Gikes. Thls calelts 1is very cozrss-grained and mangan-
1ferous, Its genstlec relationshing are unsertaln due %o the

limitad exnoaures,.

Molybdenun cnd Coppepr Distribution
The entirs aéa River area shows geoshemical copper
anomallies, but snecific copper minerals have been identlfled
in only a few loealltiea. A ninopr amsunt of chalcoo;rite ia

axposed in the alteratlion zoues in upper ﬁall&tt Creek and

Bitter Creek, Aress #5, 6, and 7. Copper carbonate stains
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are agsoclated with 2 large dike-like auartz mass south of
Red River. Ths stalns are confined to crscks and Jointe
near the base of the massive guartz outcren. A conpar de-
poglt, locaied due south of the town of =ed River at the
foot of the =ountzins, was mined by undersround methods
Intermittently for a period of ssveral rsora bebtwesn 1867
end 195G, ioat of the conpepr in this location is in the
fors of oxides snd captronstes. P2/rite Llocslly contzins TALY -

ing cmounts ol copner (ss determined by enlsslon gnectro-

gronh}. There is, however, no over-all relstionat 1in between

Ey

the obundence of nyrlte and the anount of oopﬁvﬁ. Fosglbly

ool
=
[6s]

copuer 1s cssociated with & portleulap generatlon of

o
pa)

isgemlinsted nyrite. !

Molybdenun anonelles Irom rock somoles and nyrlte cone-

centretes rangze up to 350 ppm snd sre not restricied to a

speclile roek tyne, nor is there = recornlzable zonation of
molybdenum ¢ content which would identify any central sourcs
of molyudenun.

Geochenleal molybdsnunm determinatianl on ealectively
sawnled rocks gshow that in arerss qulte rieh in nolyidenun,
such =8 Zulfur Culch, much of the country rock doz2s not nro-
vide a fzvorsble host for molybdenitae, possitly due to im-

A ETa - s
wolybdenlte denos-

o)
£,

perameable country rock durling the tilme

2

ltion. A veln of molybdenite commonly 1

53]

not bordersd by

& gignificant geochemical anomaly in the adjacent country

l. Courtesy of American Hetal CLimex Inc.
J ¥
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rock, repardless of the intenslty of alteration of the

racke

found in the subject @rea consists of very rine-srained
melybdenlte in quartz veins. Pine molybdenune Tlekes dig-
senmin=ztied throushout the guartz glve a dork aray to black
cast to the velns. JFlve samples of auarts, ranginz from

millty white to nezrly black, showed 2 prodatisn in moLyh-

denun eoncentration direcetly rsleted to the darkneas of the

The molybdenite elthsr crystallized irowm the trans-

orting mediua with cuartz or wes nosnibly reworksd fron

come deeper source and carried in s?saen@ion in the zlllice-
£

poseing solution,  The gusll blsck flokes shown in flrs. 19

}

snd 20 are aniyidenite in veln auartz. In this gample the
flalren are‘geaerelly oriented nesprly nermsl to the walls of
the éein snd suegect o genersl alignment which Zelditter {13)
attributes to the motipn-afva slow viseous flyid.

fuartz graln boundaries in the veln opre unreloted to
the distribution of mglymden*te flakes., [Hilky-white quartsz
in velns that cut and dlsplece molvbden ite«bﬁmrlng auartz ls
probably the youngest nuartz introduced. Huperpene siliei-
Tleatlon from groundwaters ls nresently taking nlcee through-

3 o

out the district 1Q_LMVOP“b16 locallitles such zg stiream bads

and alluvisl gzreoveld,
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FICURES 19 (upper) AND 20" (lower)
‘ L.
Thinsection of Yolvkdenum-Zearing Veln Quartz
(x45)
Veln quartz with minute flakes of bleck dissemlinzted

molybdenlte. . The general orientation of the molybdenite
slivers is normel to the walls of the vein. The sneclmen is

i4

from a nonzonite porphyry dike in srea £3.
'S .
Flgure 19 (Ordinary Light) shows tbe orlientstion and
texture of the molybdenite with relztionship to the osuartz
grains and borders oi the veln. | ‘
Firure 20 (X-nicols) shows the enhedral crystelllne

texture of the qguartz. Molybdenlte flakes show no controlled

distribution related to grain boundaries of the quartz.

v
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Weathering and Leaching Products

Minerals Formed

Supergene minerals formed during the weathering orocess
include abundant rosettes of gypsum eryatals in joints and
fractures. Thsce crystals rseach four inchea in length =2nd
are usually clear.

The 1ron relssased by wWeathering of pyrite has been
precipltated ae limonite, .posthite, Jeroslte, helotrichlte,
and other nydrous sulfstes. In the nrocess of oxidatlon of
pyrite, small crystals of swifur form in the rock. ?aﬁash(?)
alum, wad, clays, snd quertz were also oroducts of weathsp-
ing. £Several apecles of hydrous sulfsates Form =28 efflores-
cant crusts on rocks at the base oé'cliffs, Wnere evanorstion
concentraies the sulfates. ost of these minerszles redis-
gsolve during the wet seassons, but slum minerals 28 much as

one foot thick have heen found.

Thoree samples of surface water, collected in the fall
several wesks after the last sumner rains had fallen, were
analyzed qualitatlively for trace elements. The samples wepe
teken from stream beds in Arsas #1, 2, and 5.

The pd of sll these water samples was sbout 2. Emlssion
spectrographic analyses of dlssolved solida revealed a close

slomllarity in the content of many elements. Iron, aluminum,

sllica, and titanium were abundsnt in 211 the samplsasg,
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Differsnces in composlition were correlable with minerala
that are unique to snsciflc areas. Lead, zine, silver(?),
and strcng coﬁper lines were recorded by spsctirographlc
nethods for the water sample from irea #5. Zine also wes

identified in water from sArsa #1.

Paragenesis
A generalized parszgenetlc summary of ths alteration
products ls given in Fig., 21, Z4pnlicabiliiy of this se-
quence to zreas other than thosze studled in thls Invszstlga~
tion has not been esteblished. The sequence of c¢ley min-
eral formation implies =a pragreésiﬁe migration of alteration
zones away from the source of hydrothermsl fluilds rsther

4
than a resl time difference in thefr formation.
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Tertlary volesnic zud intrusive rocke

oy -

CONCLUS IONS

overlle snd cut

Peleozole snd Precanbrisn rocks in the Red River district.

The Tertlary wvonlesnles suifered some deuteric “1ﬁcr1t*on

Irom the escening

rzpgs of the extrusive sequence. The

to auartsz nonzonite npre

slterntlion =long with

Ero o unlonntos and B day 2y oty

[ 43 vOLOEDLCS Oarng oLd¢éy 1 S
Sy e o , LR P A & 4 Ty vy 3 iy 3 \ A
MBrLE, gariclte, ond L1llite comorisse the ond sroduciz

e S g + APTETRR. £ R PO
oioslteretlen in & zone odjscont to sn intepmediste kaolli-

N - e 3 -~ o e x e, s mp 2t g PR I k-
see Intencely cliered zone Lo chispacitsrized

by chloritized rocit. !

)

Quartz vas Introducsd continuslly throushout the hydro-

1

thermel stege. fn ezplier phrse of dark molybdsnite-bearing.

aueritz ig cut and

moelyodenun in the

in the district.

attributed to the
cnom&lles are not
geminated pyrite,

ular stage in the

P

dlsplaced by later white aquartz.

Chemlceal snalyees ol rocks adjscent to molybdenite velns

uests mlne showed only lnsisniilcant smounta of

volcanic country rocdp.

', Carbonates, and gulilides occupr loeslly

- Geccnsmical copper snonalliss eors, howevar,

conner content of oyrite. The copper
related directly to the 2bundsnce of dls-
but are posslbly asscclated with a partle-

deposition of oyrite.
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Pyrite ﬁakea up 3-4 percent of the rock. It ceccurs
both 28 massive velina and disseninated in cuble, pyrito-
nedral, and octahedral erystals. Most diasemidated pyrite
ia cuble, but it locally grades into the other forms. Deta-
hedral pyrite is generally very flna»grained, locally abun-
dant, and posglbly more commnatible with rhyolitic host raocks
than are the other forma., & correlation is supgeated he-
tWween pyritohedral hsblt of pyrite and the presence of
spholerite.

wphaleprits and galsna appear in minor amounts in ;he
Precembrian metamorohlc terrene. Some swhalerite, as well
a8 Iluorite, was dspoalted in %ihe volcanle pocks.

Gurface waters dfaining the arpag of alteration are
strongly acidiec fron weathering pyrite. Thece waters con-
taln trace elements that 2re gimllapr, but which reflect even

@alnor minerals unlgue to & particulan dralnage basin.
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