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ABSTRACT

The arsa under stuly lies about ten miles east of Junesu,
Alsgla, snd inclnies the baddsd rocks adjecent to the Comst Range
batholith, and intrusive rocks related to the tatholith,

Desp glaciated valleys end placislly scowrsd poasks are the
mjor topographic features., 7Ths relief is about 3500 foet, mnd the
higheet mountain reaches an altitude of 4,453 feet, Remnants of
larger glaciers and perennial snow fields cover many of the higher "
sumits, and glacis) errafiss at elovations above 3100 feet attest
to a former thick ioe cover, ' |

The bedded rocks are erystellins sechists that locally reeeh
katazonal metamorphie rank ae indleatod by tiotite-garnst-Xyanite-
8111¥ranite rineral assendliageas, The schists are believed to be
doxirgntly a produet of reglional metamorphism predating the intrusion
of rocks related to the Cosst Pange bathalith, It appears, howsver,
that stresses continued to be active during ignaous and granitizing
activity ascaupenying the Coast Ranges oropeny,

The major intrusive bolies are a composite quarts-dicritie
batholith and quarts-diorite sils that locally resch a thickness of
moro than two thouwsand fest, The sills usually are notably penissic,
and appecr to have formed by intrusion rather than replaoement, The
batholith is a eowposite body formed by migmatization, replacement,
and Jocal fusion, A stressed emvironmertduring farsation is suggested
by & prirery goessic atzﬂmtm'e.‘ A high quartz content amd a maueity



of pot sk feldaspars 1s diamuontlic of the intrusive b;adi.es. Tn addtion
15 the bodiss of quartz—dioriie, small pi'ls anxd dikes of gabiro, quurts-
pognatite, and urmeta orphosed disbase intrude the schistia.

Overtwzned folds in thaschists are nearly isoclinal), and some of
tha folds are large snough to cause repetition of beds 4in the Clark Peak
schists,

Two persistent northwest-trending atrile feults of small displace-
mont cut the schists, Two east-~trending faults of larger displacement -
are marred by thick gouge zones loca’ly eontainting graphite. Tha rocks
mr‘ the feults are hydrctherrelly altered and pyritised, and at least
tvo of the dilabasze dikes are e¢rushed and hydrothermally altered near
one of the northwest-trendirg feults. Fmult’ng and hydr-ther-al
sctivity probably contlmiod at lsast into the esarly Tertiary,

IRTROPUCTICN

The M, (lds = Clark Feak area 1les due eaet of Juneau, Alasia, in
the northsastern portion of the ares shoun in the Junsau and Vieinity
topographic rmap issued by the U, S. Cedlogieal Survey in 1950 (sce index
zap, Plate I), The ares is bou-ded on the north by the divide botwesn
Balmen Cresk and lemon Creesk, The westera boundary of the gealogic mep
is at the anrroximnte enstern edpe of the area mapped geologically by
We S. Twenhofel of the Geologieal Survey in eonjunction with his Junesu
Gold Belt repert (in preparation),

Soope of the Prohlem

The problem was underteken to accomplish the fallowing objectives;
(1) 4o help complets the geclogic ma-ping of the area covered by
the Junsau and Vieinity toporrephic mep,
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(2) to investigate the intrusive rocks of the area to determine
their geologic history amd thelr relation to the Coast Range batholith
that forms the basement to the northeast,

(3) to determine the metamorphic rank of the Clark Peak schists,
and, if possible, their structure,

| Methods of Investigation and Acknowledgements

Tield mapping was done directly upon the topographic maps stations
were located by reference to the topography as shown on the map and the
altitude as determined by an aneroid barometer. Aerial photos of the
area were used to supplement the topographic map,

More than 75 hand specimens of rocks were collected from which 65
thin sections were cut. In addition to the specimens collected by the
writer, specimens and sections of rocks collscted in the Juneau area by
W. S. Twenhofel were studied in order to deduce regional relationships
and cc;rrelations.

Specisl thanks are tendered W. S. Twenhofel for his support and
assistance during the initial phases of the study, and to Dr, V. C.
Clauson of} the Umiversity of wWashington for his assistance .during the
final period of field work.

The work was done while the writer was employed as a geologist by the
U. S. Geological Survey, and my indebtedness to the Survey and many of its
geologists with whom problems bearing on the geology were discussed is
gratefully acknowledged., This paper 1s sutmitted as a thesis by permission
of the Director of the Geological Survey.

Previous Work in the Area
A. C. Spencer (1906) mapped the western portion of the area on a
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reconmalasence seale in eoniunetion with mn early ::e;-ort on tho Junaau
Gold Beli, Charies Falachs (19CL) exmnined a t-in section of & specimen
fror ths westernmost 8111 4n Cranite Basin, Besyond this, no wrk wss
‘dons in the ares until tha years 1246 ~ 1945 when ¥, 8. Twenhofal ex-
tonled his Junesu Gold Belt mep to cover the area near Granite Eagin,
The writer hae nodified T™wenhofell's rap someviat, and is resronsihle for
not’ng and mapping all the faults shown on the geclogio map except the
Silverbow fanlt,

\

-Definition of Terms Usad

Intrusive., Intrusive iz defined as any body of rock emplsced as
s f1uid at elevated tempsrature, The guarts~dioritic rocks discussel
under the ternm "intrusive rochs” probablsr vare formad by both magnotie
intrusicns and neo-megmatic injections, Wut whather the ultimate sources
of these Intrusives, as defined above, way a trus silioste relt, ora
robilized sedimeant, is not known, No genstic comnsetion, therefors, is
attached to the tera "iIntrusive”, ani the field relations are the
primry considsration 4n mssigning the rocks an intrumive origin, It
should be noted, however, that these intrusive rocks singularly sre
Jaoking in trus reliet bedd'ns structures end without doubt were mobile,

Migmtite, !Migmtite is defined as & rotk contaiming intimately
adrixed badded rock and intrusive rock as defined above, The pro=-
portionn of the two types 2'ffer over wide runges,

Batholith, PEatholith is defined as a body of rochk larger than
forty square miles in area ¢onslpting dowimafly of intrusive rock and
nignatite as defined above, ”



TOPOCRAPHY AN GTACTATICH

‘mgped glaciated tovogrocky revalls trroughout the replon (sce
Plate 2), and rammants of larger glaciers eand perennial snowfields cover
parts of the higher ridges (see Figuves 1), Steep slopes, and a rigorous
clinate 2t highsr altitudes, inhibits growth of vegstation, thus glving
nany badroels sxposures, |

An fes shaet eovered the highest pesks during the Fleistocens, and
produced a rounded toporraphy, Olacisl e-ratics are found on interstrean
divides abovs altitudes of 3,000 fest. Frolonged valley glselation
follewed and lnrge eirquas were cut into the higher mountsina. A clue
to ths length of tims that glaciers occupied wvalleys after the recession
. of the 1ce shsat 1z piven by the depth of wsatioring of the erratics of
quartz=diorite, Two of thass erratiecs vere examined earsafully, and the
quarts-1iorite was found to be weuthsrod to a depth of rore thean ) insh,
Bouldars of the same roci: denosited by valley glaciers are completely
unaltered, The badrock of the interstream areas shove the levael of
valley glaciation gleo 1z deaply weathered and consideradble vesidual
£21l has formed, Solution cavities and sinthales ars developed in the
thicker limestonss above the level of valley glaelation, Qwing to the
steepnass of the plopes, and the heavy rainfall, the morainal materisl of
both st-ges of glaciation is Jsrgely removed, although the rressnt stresm
channsisg oarmonly flow on roworked glacisl] material. The headwaters of
many of the eresks flow in valleys trmnsvarse to ths repiomal atrike of
the roots, vhich seems tc indicate that the lce overwrode a previously
establighad antecasdent drainsge system,

Topographic exrression of iults end aoft beds vas socentiated by
the g aciztion, and moet of the faults are marked Yy stesp, talus-
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£41ed outs (see Fiz, 2),

QZOLOGY

The bedded rocks are matamorphosed and originally consisted of
elzstic vediments and Yimestones of marive (?) orig'n. HNuserous alter-
nating thin bede 4iffer‘nz in grain size ani 1ithology Indiests a smllow
depon?tiomal enviromrent., Tha clastic beds Incluvds a fev lava flows now
metanarphosed to hornblende-tales schists with a knotty texture strongly
suzrestive of relict armypdules; the amphibolite-tale sahista also conlain
a fev relict augite orystals, -

The texture and sarposition of the schiets chanpes rapidly in the
section, and it wes boyond ths meops of tie study to map irdividuel beds,
Howsver, an sttampt wvas mede to pap the thicker marble beds in order to
deciphar ths structure of the schists, S8chiszte der‘ved from clastic
beds such as nuartzites and graywackes are much more eoron than sohists
derived from limestms and limy shales, Individual beds tend to bs
falrly persistont along the strike, and one limestone bed lust west of
the mapped avea can be traced for at least L miles, All of the schists
are grouped under tha term Clark Peak schist, which is the accopted
pame for erystalline schists bordering the Coast Range batholith in the

JUNsAN ared,

Oenerel Petrolozraphy of the Sehists
On the btasie of thin section atudy, tha vwriter recognizea five
matanmorrhie rock types derivel from differsnt sedimentary rockss
Group I, The rooks of this group are Mchﬁsoﬂ by varying
anountes of prirary earbonates, ani ranqe from pure schistoss narbies

to earbonate~bearing horntlenis schists and hornllendeesica schists,



Figure 1. View southsasterly froam heasdwnll of circue in Granite Easin
show ng perannisl snowfields, cirque with Cyeclopean stairs,
and rassive weathering of 8111 2, Stezp outs in lowor left
oorner mark strike faults,

Figure 2, Viev northsasterly from upper cirgue in Granite Basin -
showing topographic exrnression of Ulds Moutain fault, and
relztad minor snlits, Headw:ll of lower cirnue at right s

out into a ragsive graywecks, and ridge in urper left cornsr
is quarta-diorite of the brthalith,



Theee rocis are stironply follated and dracred oul t:;mtite clustsrs (see
Fiz. 5), anl "snoubsll” garnets w'th quartz and blotite eryastallized on
their Mee” sides ‘nillente that the sehists weru dynemieally metanorphosed,
The purer marbles ere distinotly folisted, with earbonacecus material
form'ng fine laminse, The absence of cordisrits in schists derlved fron
vory impure ealcareous bsdas is puesling, tut nerharc stﬁas conHtions
precluded the formation of cordierite,

Group I1I, Fooks of this group ave classed punerally as quartsitas,
although many impure varisties grads !nto quarts.rica sehigts, In thin
soction the quarts grains sre ssen to carmonly have sutured boundariss,
Biotite, miscovite anl hornblende in irpure quartzites cammonly mre
irnterstitial to larger quarts grmins, Semo of ths quarizites contain
suborilnate foldspar, abundant gircon and sphens, and grade into mt‘a-
graywackes, The quarts and feldapar show proncunced undulatory ex-
tinction, and aome of the wlicaceous quarizites show ine!plent develomrent
of a secord plane 'Sosr aschigtosity acroas the rajor ;Zizsmiw.

Group YII, The rocis of tiis group represent the metaror-hic
equivalents of graywaohes and are cosrser in graln then the quartzites,

A masgive bed of sroywacke severml hunidred feadt thiek adlacent to the
batholith et Olds Mountain localy econtains a large snount of mipmtite.
In this section this rock 48 s2en to corns’st of aprroximmtely 30 per

ecant each of quartz, plegloclass feldspars, end hornblends, with notable
amounts of rutilas, sphena, sircon, apatits and ragnstite, Sohiatosity

is poorly dsveloped, probably owing to iis coarssr grain and the possi-
bil4ty that there has besn metarorphie ssgrepation of quarts and foldspaer,

Another dist!nctive mamber of this group {8 a bdiotite schist 4n
vhich the blotite pﬁrp!rm'roh!asta sttain & longth of 2 cﬁnti:etqm. In
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thén section tho biotite schist is sesn to consiet of about LD per cent
each of quartz and feldsrar znd 15 per ecsnt of biotite. Rutile is con-
gpicuoua and in soma sections forms wp to 2 per cant of the rock, Many
rutile needles are clustered in the Motite (ses Fig. 4); same of the
Piotite 48 plecchroiec in reddish brouns and is rrodtably a titanifercus
variety, %Ths wtmarts 4s segregated inte bands, and cortains rutile
‘nciusions in lingar patterns, The ‘nterrrein bounderies ocomonly are
outlined in rutile dust, Garnet oocurs as susll euhedral crystals, The
garnet, rutile san! quartz sve especislly sbuniant in a specimen collected
near the Olds Mountain fault st the head of Granite Besin, 7Ths rocks
near this fault have been hydrothermally elterad, and prrite wms intro-
duced,

OGroup IV, Roecks in this group represent beds w!th an initial
almiia content high enough to form ¥yanite schists durinpg metamorphism,
The ¥yanite schists have besn found at only four localities, Individual
layers are cnly a fow feet thiek, tut contaln ss much e 50 to 60 per cent
of kyanits, In thin secti-n the rymnite shows & poriloblastie texture
vith inelusions of guartz, feldsyar and blotite, Mimts amounts of fine
811l4menite loecslly heve formed aiong erystal boundsries of kysnite, The
rock essentially is a kysanite-garnet~andssins-quarts-~biotite schist, and
is the highest rank of the mchists in the area, It 45 notadtle that the
Yyanite schists bear no proven relation to ‘ntrusive contacts, although
tuo of t'e ¥yanite schists occur cloge to int-usive bodien, A restiricted
chamieal casposition Is “‘ndicated for the lyanite-bearing beds, Also
notable 1s the arparent teniency for slilimenite to form at the expense
of blotite in rocks with arpreciable g7 inanite.

Oroup V, Thoe rocks of this group are small in volume btut diverse



Figure 3, Hornblende schist, Minermls shown are megnetite (opaque),
Quarts (Q) and green-blus plescchroic hornblende (h),
Elapwhere in the slide are a fev ealcits crystals, Seetion
out perpeniicular to the schistogity, 20X ‘



Fipure 4,

Futile nesdles in YMotite, Specimen from massive graywacke
bed at base of (Nds Mountain, Mirne=sls shown are blotita (B),
nuartz (3), rutile (opaque neeiles), ani chlorite (C) as an
alteretion product of dlotite., Elsevhers in the slide are

large rutile erystals, and much quarts contalning abundant
rutile dust, About 65 X



in miner:t ermonitiong they ere the mstgmorvhis equivaienta of besin
igneou: rocks and c-nsist largely of antligorite-talo~h>srmblends seiisis,
In 2 smel) fault block near the mineralised fault on the east side cof
0lds Mountain, a horpblende schist of this group contains abuniant grains
of anheﬁral plsomaste, Moot of tre rocks of group five eontain reliect
aurite crystals (ses Fig, 5) and ¥notty structures suggsstive of relict

axypdules,

Rank of the Schists

lover wesozonsl or urper kstazonal conditions of formation for the
highest rank schist are indicated on ths basis of the following criteria:

(1) Chlorite 4s almost completely lacking, except for a few beds
nesr the exirems wertern margin of the marped erea.

(2) Primary guarts end ealeite co-exist with no arparent formation
of wollestonite, |

(3) Caleits co-exists in contact with oligoclass.

(4) Motarorphic pyraxsnes have not bean formed.

(5) ¥yanite in large smounts has formed in rocks of favorsbls
cherimil sompoaition, Wt s4114manite forrmtion is ineipient only,

The writer beliaves thesa minsralogic sssexblages offer amincing'
evidence for establishing the highest grade of metamorphism as lower
mesozonel to upper katasomal, Although no 2ttacpt wes mede to draw
metamorphic sones on the geolopgic map, an increase in rank in the Clark
Feak schistis 13 noted from west to east as o078 arproaches the tatholith,
The fact that marbles containing primary quartz are not chexically
meconatituted in mecozcnal econditions sugpests that retamorphism oo~
curred under desp-sested conditions where carbon dioxide coull not
eacapa, Howsver, in one 1imy bed betwesn two s{°ls of quartg~iiorite



Pigure 5, Altered lava (¢). Minsvals shown =re sugite (A) mltering to
uralitic hornblende and magnetite, hormblende (h) pleochroie
in green and blus, and tale (T) that also eontaing seme
antigorite, ' This altered besic rock co:tains the anly
noted 1; any rock that predates the diabase and basalt dikes,
About 18 X



Figure 6, Quartz-3iorits from the batholith near Olds Mountain feult
showing microscopic shears and incipient cataclastic
structure, Minersls shown are horablende (h), biotite (B),
quarts (Q), sircon (Z), and pyrite ¢r py-rhotite (cpaqus).
Fote bast cleavages in hormdlende and the formatien of
biotits along the shear plsnes, About 14 X



abuniant diopoide is present,

Specinl Hotes on the Schists
. Certain notable facts zrise from a microscopic study of the schistas

(1) In rocks eomtaining larps amounts of blotits and hornbisnds,
inereasing greds of rmatarorphism causes biotite to predominste over
hornblends, .

(2) Cordierits and andalusite, two earmon rstarorphic minersls, do
not oocur., Perhaps ths stress environent prevented thelr formation, as
both minerzle have been thought by some meta:orphic petrologists s
incapatle of resisting shearing siress (Twrner, 1950, P, 81),

(3) Strong undulatory ext‘notion in the quarts and feldspar in the
schists indicates stress probably e::n‘c&rr;md until after the rocks had
ccoled from the higher temperstures reached during wmetanorphiem,

(4) Marved lack of chlorite as an sl terztion product of hernblends
and Mlotite, and tm freshness of the feldspers, indicates that mata-
morphism accomranisd & riging tsmperature, Effeots attributsble to
disphthoresis are miror,

" {8) Metanorphic red garnat is found in rocks throughout the
sohists, and acted es a stabls minersl into upper imtasonal conditions,

(6) The sechistas were subiected o a permeating alteration
ce-nsisting of albitisation, silieiﬂcatim erd pyritigation loeally,
lLate clear albite and quarts aiua ubiquitous, lats fractures contain
veinlets of caloite end anierits, and many beds of schist are pyritized,
Locally, pyrite sslectively replaoced grnet, end marble beds were
extensively pyritiszed, particularly near the faults, This phase of
alteration was rainly post.rste-orphie,



Structure of the Clerk Peak Schists
Folding

In & recent report on the peclogy of the Alaska~Juneau lode mystem
Twenhofal (1952) disagrees with the structural interpretations for the
bedded rocks of the Juneaun area that were mudby&tin {unpublished
report 1922), Buddington exd Chapin (1929, ppe. 258-299), and Spencer
{perscnel notes, 1926). The present writer ia ‘nelined ¢o acospt the
structursl interpretaticn of the Clark Peak schists of the sarlier
inveatigntors, and camnot supperd Twenhofel's eonclusions.

In general, th= Clark Peek schisis striks northuest and dip north-
east, although the strike ranges fram K. 35° W, %o K, 85° W,, and the
dip from 350 S, to BOP KS. This constangy of strile and dip st firet
sugpests that the structurs essantislly is 2n east-dipping homoelhg,
However, the writer balieves that actunlly the schists form very closely
eapreassd, almost imoclingl anticlines overturned to the west, The
axial planas of the folds dip steeply esst, and, loezlly, minor thrust
faulting has scowrred elong the axial planes, Because of the sinilarity
otmt_vhoda in the Clark Fea) schists this folding and repetiticm of
bedg cannot be detected -~eadily except by detalled mapping. Fortunately,
vertical axvosures ar-roximately perpendicular to the sxial planes of
the folds exizt in st lon.st ans place within ths mepped area, and at
twvo other lommlities very close to thampped area, |

Cn the northeast flank of Clark Feak, a ssciicn of schisis is
sxpoaed over s vartieal distance of 800 feel and for a horisomtal
digtance of at lsast 1,000 fost in the stesp heedwnl) of & cirque (mes -
Plate I), Ip the eirgue heatwall ere exposed almost inoelinal folds
involving beds up to 100 fastthick overturnad to the west, The



digtance botuscn the orests and trongha of adjace;zt foldg is at Jeast 520
foct, Tha £olds are sarmetrical with the west lirbs dirp'ng errroxinmate-
1y eirhty derrses east, and the sast 1limbs dipping apprixinmately seventy
degrees east, Inwoofonma,tbomalplmnr?.mhdty
throst faults with several tens of feet of disvlecenent. The bed nearest
the gx’izl plang is stained 2 very deep red by 2immite, and the ovorlying
bed is & massive graywacke that is infolded in such a manner that it
erops out over 2 wide eres on the flank of Clark Peek above the cirque,
In ¢this aresz the bedding is obscure and the graywaeks superficially
resernblss 2 maszive intrusive rock, The outerop width is several times
the thickness of the bed, end&finitaly is caused by infolding, South.
east of this exmosure the schists contein rany small dregfolds whage

exis pliire southeasterly.

In unpublished notes Spencer said the structura of the Clark Pesk
schists ocould be solved by tracing ths "limsstona” beds southsastsrly,
To the scutheasd, howvever, the structure is greatly eomplicated Ly
faults mnd erosscutting sille {esee Plate II), Horthwest of Salmon Iake
the field relstions sre mmch less ooamplex, and the merbles can be
tnéee& out with 1i‘ttle aiffiedity. The persistent lirmestons bed that
eroases Salmon Reservoir was found to 1le on the east 1inb of & mejor
fold,

The attitudes of dmg folda in the gchiste is not omstant over
the ares, and indieates a ccmplex structure. In the southsaast portiom
of the area many fold axis plunge somtheasterly. 0On the ridge west
fran Olda Hountain dragfolds lerger 4han everage were seen whoge axis
plunged eishty degress N, 30° E,, or arcroxizately down the dip of the
beds, Elsevhere mamy dragfald axis were sean to plunge rortlnmst,



Fenltis

Four persiasten: faulis cat ths sc iszag tvwo are m,x?ika faulte, and
two trond obliquely scroms the siriks of the setdisis (s20 Flate II), The
strike faunlts ere the mors persistent, and each has a inown length of
~prg than ten miles, but the oblique faults have the larper disnlacament,
The sirike faults are marked bty stesp talus-filled cuts in wiich the
fault plane is coversd, The net displacement elong the strike feults is
unlmoum, but probably 4t 4s small, although feult displecenmsnt mey be
obecured because the faults parallel, or sub-para®lel, the bedding,

thethsr the strile faults are noymsl or reverse is not known, but the fact

that thrust faultine elong axial plsnes of £olds has bemn noted in the
Clark Penk schist seens to favor g thrunt orig’n for the strike faults,
T?:_:e vriter bellevas the strike faults bilong to e eysten of nortinmate
tronding feults that ia wideapresd in southesstern Alaska (Sainsbury and
Twenhofel, 1952, unpsblishad),

Ths obliqus faulta trend northeasterly snd terminate mear the
vesternnost strike fault, The Silverbow fanlt swinge into the atrike
fault aprarently, btut the Qds ¥ounizin fanlt appears to dle out acroes
the strike fault, Jn the arss stullied ¢he spparent horizontal diaplace~
rent along the Bilverbow fauld is about 3,500 fect es emtmsied with
1,400 feet displacemsnt noted by Twenhofel a few miles to the west, Hear
1ts junction with the strike faults, the Silverbou £ault sirikes K, 77°
W. and dips 600 N, Striatiems on the slickonsided footwall pitch 45° R,
70° B, in the faull plane, I the striations record the trus direction
of the net elip, an sbnormal snount of nmovemant is inlicated, as this
direction is trace~slip a~proxizately., It 42 believed, therefore; that
theze sirletions mct;rd only the latest direction of movarent elong

1t



3ilverbow fault, This iirection of rovene:nt, hca.rm;;«sr, is d'rectly orrosite
to thot noteld by ‘I‘Qanimd.‘e?., vho strtes the north block went west and down
(Twenhofel, vege 126),

The Olds Mouniain fault cuts the strlle faults end is not a split
from then, The fault only slipghtly displeces the schist~diorite contact
st Qlds Mouniein, &n observatlion that indfontes that ths rovement was
trage-alip or ocselllatory, Tha diarite within one hunired yards of the
Mds Yountain fault is gramilsted to a degres greatly excesding the
regional granulation of the rocks (sce Figwres 6 end 7),

Locally, the rocks along the faults are pyritiszed, end near Olds
Mountaln the diorite wns altered and blesched, end pyrite, apatite and
rutile wore introduneed hydrothesrmally.

Intrusive Rocls

The intrusive rocks omprise dives and allls ranging in thickness
fron a fraction of an inch to almonst a midle, and ranging in oonposition
from quartu—pegmiito to diatasa, Except for ths diahases and tasalts,
thoe intrusive roais are metamorphosed so that they are pgneissic or
schistose, The amount of shomlical reccnstituticn depends upon the
tine of 1njec§ion rolative to the Comst Range orogeny. The following
types, an! their metamorphic equivaients, listed with youngest at the
top, are recognizel:

Intrusive tope Mehmorphio squivalent

basalt and dighane

aplite and pegratite
quarts-diorite and relatad types
albite-monzonite

gabbro

umeta-orphosed
slightly schistoss sani-gramlite

geri-granulated orthogneias
albito-rdca schist

hornblendite (metagabbro)



Abite ¥Monmonits, The alb’te-ronzonlte is venresaentsl by o ="l
arcr of quarts-nica sehiot 4n the southuesi corner of thesmrpsl area,

Ths rock 1s very schistons mﬁn{; prinarily to a high muscovite eontent,
tut 8lirht erogsoutting relstions o the enclosing schists prove its
irrmaous oripin,

In thin gection ths rock ia seen to be in an adwvanesd stepge of re-~
crystaliization with a definite tenlancy for aegregation of the quaris
end albits Into bands, Muscovite, probably derived in larpe part from
potagh feldspars, is interstitial to the quarts and albite, and zircon,
srhene and parnet ave comron aecessory minerela. Hvidensce of s second
variod of stream is noticeabls in the fiastured and strained guartz
groing and & sacon] gensration of fins musecovite oriaented aeross the
vrimery schistopity, A fow bite of chlorite are devaloped, and ortho-
olsse feldspay ‘n rounded gains forms aprroxinetely 20 per cent of the
rock, |

Ths quarts-nica schist 4s conmidered ¢o be derived from an
tntrunive thst predates the muartz-dioritieo intrmsives entirely an the
tesis of 1ts pgreater degree of schistoasity,

Gabhro, One s8il] of metagabbro erops out nesr the western end of
Sxlmon Cresk weservolr, The metogsbbro 1s 3 mussive, alipghtly aschistooe
roclk that eonststs of large, orionted hornblende crystals in & groundness
of plagiovlmee feldspar near andesins in camposition, The rock arrarent-
1y is errletely recrystallized,

In thin secticn the motagabbro is seen %o consist of green harme
blende that polkilitically encloses scme faldspar, and interatitial
endegins, The accossory mimarzls are siroon, ap=tits, srhens and garnst,
Gernet grains are sm2ll, and are not nsarly ao wvell developed as in the

4
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gs* fats adlascent to the metagabbro,

Juarte~"ios e and slated Trpes. The quarts-dioritic 'nirusives
ocrur mainly as 81"1s locally eroascuiting that renpe in thickmess from
lesa than 1,000 feat up 4o 3,000 fest, and in tho intrusive plases of
the b-thclith, For purposes of referance ths ei'ls are mmbersd
emmsecutively 1, 2, and 2 polny from southwest to northeast up Granite
Basin, .

S411 1 42 a fine-grained gneissic rock with a falrly-wsll dsfined
folintion shown by oriented Tlotite, Ths feldspars are crushked, and
pyrite is ; omsnicuous constituent, In thin section the rock !.n‘ saen
to bs exvosed essentinlly of plagiooclase nsar andesins in composition,
biotita, strainad guarts, and a sreallmmeunt of orthoclase, Mapnetite,
pyrits, sireon, sphenc nni parnet are minor acosssories, Clinomoisite
is a cormon alteration rredust of the plegioclase,

8111 2 %s mich coarser-grained than 2111 1, and hag feldspar augen
up to more than two centimtex;a in length (ses Pigures 8 and 9), A
foliation iz ghown by both feldspar sugen and Motite., The rock contains
much less pyrite and garnet then 811l 1, and no magnetite., In thin
soction the rock is ssen to eonsiat dominmately of mndasine blastoerysts
eontaining abundant inclusions of ¢linosoisite; quarts in rude velnlets
and as szgregates with sutured boundarles eontaining inclusions in
linear or curved arrangement; blus-green pleochrolc hornblends anmd
brown blotite with pronounced "birds-sys® structure, Accessory
minerels are parnet, sphens, apatite, kyanite {(7), and pyrite., Alter-
ation produots ore slight, b:t g 1ittle shiorite hes developed in the -
blotita, hornblende snl feldspar, A few round grains of late, clear
albite 2180 are present, Some of the mndoszins ig élear, and containg

e i



¥igure 7, A ssction of figure 6 snlarped tc shov detalls of shearing
Minerals 1d:ntified are herntlende (h), guarts (Q), hiert.s.ta (3),
epatite {a), and sireon (2), Ths opaqus minersl is ryrite
or pyrrhotite, Apatite is particularly abuwadant, About 20 X

Figure 8, Fhotorravh of quartze~diorite fram 8111 2 showing augen of
andssine with interstitial biotite and hornblende, Fhoto
81ightly less than one-half sotmal sies,



g1 patches of a feldspar tertatlively 1iuntifiel ;:; ““bltu. A Tosiwml
emlygis of two thin ssetions of rocr fraen ¢ls 81°1 is showm 4in Tslls I,
Takle IT shows the chemiea) eompomiiion carpulel for thaess rocis co—rared
40 the average chemical eomposition of seven specimons of guarts—diorite
from the Ketchilan arsa,

A chemiea) gnalysis of rocks 5-50 and =04 nrobably weeli show
elightly less M0 or 0aC tian eomputui, because a few mﬁrztals of
aniesine sontain a 14i{tle antiperthite, 5he wariation would probably
amount to less than (5% of ¥»0, The rock of 8111 2 quits clearly 4s a
Guarts-diorite, and eonforms closely in chemical eompomition to ths
quartz-dioritic rosks of tha western rargin of the Coast Range botholith
in the Fetchilan area,

5111 3 48 much loss gmeissie than s1ils 1 and 2, and generally is
intermadiate betwoen the tuo in grain size, locally, sill 2 4s an even-
grained rogk with emly a hint of flolismtion, and its intrusive origin is
manifest, In t:in section the textures are seen to be different for
rocks of #8111 2 and 8111 3, Althoengh sans erushirg is ncticed ir a1l
the specimens from 8111 3, the rock has an ignecws texture, never sesn
in specimens from 8111 2, Zoned feldspars are ecmon and faw of the
feldspars srs porphyroblastic, Clinotolisite is not a cm mineyel
in the feldspars, and there is & greater tendancy toward euhedral ocutline
in a1 the eonstituent minerals, Llarge, euhedral sphene crystals
are camon, sand & few magnetite graing mre assoclated with ths horne
blende, Perhaps the most strikin; difference in the texture is ssan in
the graphic and pyrmekitic intergrowvths of quartz and feldspar in s$11-3,
The writer would not hegitate to csll gi11 2 a normel igmecus roek in
most of its exposures, Perhaps 44 is rore than coincidental that a
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Filgure 9. Andogine prophyroblest in aill 2 showing poirilitic terturs,
Minerals showm are andesins (A), included clinoweizite (C},
albits (al), and biotite (B), Abot LD X

Figure 10, Photorraph of an upper contact of 8il) 2 and overiying horn-
blends schist, The schist retains its perfect schistosity
with po tendency touard a decunsate or hornfels texture. Ths
guarts~diorite is very vell folinted and contains much quarts
and feldgpar with subordinate ferrosagnasian minemls, Kote
sharpnoss of contact,
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TABLE 11

Chemicel Corpositi-n of S121 2 as Compared to Qmris-Diorits of

Hstchikan arez
Y 2/ /4

Oxide Sw=5B 864 Averege X
8102 65.9% s6.7%6 61,36 61.0
Han0 3.78 2,75 3.27 3.3
A1,04 16,67 20,65 18.66 17.5
Ca0 5.83 10.26 ‘8,05 6.9
¥g0 1.59 L8 1,73 2.4
Fel 1,75 2,32 2,04 2.7
Pep0y 2,30 2,95 2,64 1.6
K20 95 1,30 1.13 2.3
T40, .33 1,23 78 1.0
¥nD .01 trace +005 o9

Total 99,37 100,06 99,67 99.6

1/ 5-5B is from tase of @11} 2

2/ S-64 318 35 fest belew upper contact of 8113 2. The composition
of the hornblends, based upon its cptical propertiss, is expressed
by the following axide forwulse; 4Cald , Na20 , 4MgD . 4Fe0 ,
A1203 , Fep03 . Ti0o . 12 810,
Bichito cmons.ticn 1. expre~aed by the following oxide
cccpositiont X0 , 240 , 41203 . Pa203 o 6 53102,

3/ Aversge chemleal eamposition of seven specirans of quarta-diorite
from the Fotchilan area, Alasksa, wt’ ¥. E, anmd C, W, (1%8).



bed of Iantite-nilliranits sohin?® %02 benoath sill 3 wiere 1t iz nont
magoive, and float limestisns rich in dloppide is particularly coomon in
ths snwe sran,

The individual erystals of ths gredatsr portion of the dioritie
intraive rocks sxhibit metzrorphic characieristics, Diagnostic charso-
torintics are as followss

(1) Tho feldspars camonly are blastocrystie in ocutline, amd
contein ryriad inclusions (see Figure 11), The quariz oftsn is grouped
into masses too large for prirary erymtallization, and sutured oontacts
enly are dem;lwped among quarts, andesing, biotits, and hormblexde,
There igs no tendengy for biotite to rim hornblands as is ccmon in true
irmaous rocks, | |

(2) Garnet blastoerysts (sse Figures 12 and 17) have scted as
"ghislda" drr'-p metamorphisn so that biotite and quarts have orystal-
lized preferontially in thelr "lse sides (sse ¥ gure L),

{°) E=rly »'nerals, such as srhens, gurnst ani apatite have been
broren end dragped out, an® than recrystallised into ezhadrel or sub-

* bedrel orystals,

(1) larpe 'suhedral ¢linozoisite crystals are found in the feld.
spay porphyrodblasts, but they cre much more ecmmon pear the centers as
if they eauld not be expelled Auring the growth of the feldspar. A few
Inrge, twinned and so:yd olincgoisite erystals occur in all the intrusive
rocks (see Figures 15 and 15),

(5) The pimg’oclmmes, though twinned, sre unzoned (sxoept locally
ir 4”1 2), ani no order of crystallization could be sugpested for the
comstituent minerals, excapt for the minor acoessories.

An ineipient estaclsstie structurs is prevelent in both sghists and



Intrunive racvs (see Flq..8 17). Tha derrus of gmmﬂ;.tion ircreases
naar the east-trenling Faul is where mieroncapic cmiurate shoars are
daveiopsd (ses Figure 17), bub most of ths rocks of the problen mres
and throwwhont the recion to the north ere granulated to same dogree.
Two gonarations of biotite ars scen ofien with ths lJater goneratiom
baing oriental st & Taerpge ayle to the esrlieor ome, The writer belleves
the gneissie sircture worn Tormed dur'ne the recrypialidzation of the
intrvelve rock undsr resional stresses rrevalling during the Coast Fange
oropey, andl that the eataclastie structure probably was formed by
regional stresses that contimed until after the cooling of thes rooks
fran the higher ternsratures reachad during reglonal metamorphis:, The
socond genammtion of blotite is believed to have formed during the
devalo;ﬁent of the eataclastic structure, If thls 4s true, it indientes
that there wes & re-orientztion of foress in the waning stages of the
orogeny.

The Cosst Fangs Batholith, Although it is beyond the scope of this
maper to describe in detslld the various phases of the Coast #ange batho-
11th, a few of its featurss rmat be desoribed in order to support the
csmcluaim that the batholith 483 a composite body formed by the replace-
ment of existing rocks, and by large-scale injection of intrusive
material, One nesds emly to stand on Olde Mowntain amd look back imbo
the tatholith to bde eonvinced that 4t represents, in its majer portions,
a permeating replacament of the crystalline echists, A rough banding
conformable with the regimmal strike and dip of the schists is dlstinet,
ani bards of incomp’stely revlaced schist pimilar to the one marped on
Mds qutastn can be gean rany miles back in the batholith, These

schist bands, so frzr es the writer has seon, never are orients! acroes
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{arnet Blastoerynt in 811l 2, KNote concantration of
inclusions in center of garnet, eiroular ocutline of pgarnet,
end detached garnst £ ¢+ Hinerals identified are
garnat (0}, a chlorits (C) with peculier blus interference

colors, biotite (B), and mixsd quarts and endesine (Q & 1),
Opaque mineral is pyrite, 25 X

30



Fig'ﬂ!'e 13.

Conter of germet bLlastoeryst enlarged to shov details

of inclusions, or rerlaced inslusions, The opaque minersl
is pyrite, and probably repressents a zelsctive replasement
of an sarlier iralusion, $0 X '



Figure Y., Garnst blastocryst of figures 12 and 13 photographed to
ghow "tal)" of biotite crystallized in "les” sida of
antecedent gaymet, Minerals identified sre garnet (G),
andesine (1), chlorite (C), hornblende (h), oquarts (Q),
and botite (B), 14 X



forite
fure oned, twicned ¢linozoisite blastocryst in quarts.d
e e e atiy 1. Hots pramilaticn of other miasruls. Minsrels
| identified are elincseisits (C), quarts (Q), andesine (4),
and albite (al), 30X

ALESKAN GZCLOGY BRAZCT
TECHNICAL DATA FILE



Figore 135,

Zoneld, twinnad elinoeoisits 4in quarts-dicrite of sill 2,
Hots extrame granulation of 21l winewls excepl tha
elinozoigite, whieh is broken, Specimen bears no relation
to & fanlt, Minarals identified ere elinozolsite (Cj,
erdesine (A), guris (Q), end Motite (B),



Pigura 17,

Conjugate shears iv quarts-diorites of bathalith nesr Olds
¥omtain faxlt, Minemals identified are hornblends (4},
quarte (Q), andesine (A), snd albite {al). Tho slbite
s8lways oceurs as lste, clear graina,



th reoionnl struetues of thetemiholith, it many placass ons ern walx
into the batholith by crossin- cryste’l’ne serists that ;rade into a
dioritic rock with relict baddin~ and dr=;follis, This dloritic rock
gradss into massive hornblenie-diorite essertially ipneous in texture
and with no hint of relict beili-y (mes Pigue 19). In other places are
fourd lerge schist reliets,

To the casual observer the striking vresarvation of reliet bedding
on 2 regionel meale tends to obsene the smallsr forturea that prove that
much of the batholith wes formed from by intrusion, Loeally, &s on the
ridge trending westerly fram (lds Mouniain, the writer has traversed
intensely dmgfolded schists that terminite st 2 shorp Intrusive contact.
Irmediately beyond the eontasct there are no rolict structures, and the
folistion of the batholith 4s constant, In meny of these areas, thin
bands of schistoss material conmisting of hornblende, plagioclass feidarer
end gnrnet crosseut the foliation at amall anzles. Often the foliation
of the batholith baxie ercund thess mands vhere thay have besn thickened
or thinned by flouape. The bends in wany places are eut bty pegmtitic
vaina anl are displaced by the veins, The writer believes the tanis
reprasent relict bedding, or schliersn formed from deformed masmes of

'sehist, The orientation of the bends in relation to the regioml
structure is the major reason for believing that they are a reliest
feature resulting from incamplete replacement of beds of schiat, The
vriter, accarmanied ty Dr, V. C, Clauson of the University of W‘Lngbon,
examined several exposures of schist of this typas in Takn Inlet, a short
distance southeast of the mapped area, That the bathallth was e plastie
mﬁss earable of flowmpe wms indigputable here, tut the econstancy of
strile axd dip of deformed ﬁmblerﬁo—plagioclm bends refuted =n



in*vioive igusous origin,

Tiin sections of rmssive portions of tie gquaris-dicrits of tio
tetholith show textures sinilar to the massive portions of 8il)l 3, alrendy
described, and cartainly sugpest an intrusive origin, !.ooally, howsver,
a2 Miastocrystic texti e prevalls sirdlar to tiat of gills 1 and 2,
Foliation in the bathelith (exevspt mear defcrmed setlleron) is so
congsiant throughout the avez rapped t'al the writer 1s convinced thmt 4t
is the result of regional siress acting on a nlastic mass rather than
preservation of bedding, The abuniant intrusive dikes of pepgratiie and
quartz-pegratite prove that mnch of the slalie phase of the batholith
was nodlle encugh to be injected into the surrouxding rocis.

Tha writer believes an objective consideration of the evidenco
favors tho intsrpretation that althouch much of the batholith 483 a result
of roplacsment of scrist, a larpge portion of it was £fomed by fusiom or
robilizetion of the schists at temperatures sbiained wmdsr lower oeso-
gonn) to urpsr katazonal metamcrphie conditions, end that the regiomal
foliation was impressad upon this plestic rass ty streas,

Ap>ites and Pegmatites, Aplitic and pegmatitic dikes end sills
cut all the intrusive vocks arnd the schists, Looslly they were injected
along bediing planes, schistosity or fallation of the enclosing rocks,
tut at other plaoes they transect all planzr structuves, All gre-
dotione exist fram aplitic diorites to pegrmtites to gquartsepesmatites,
and tha mineralogieal oormositions vary widely, The upper portion of
8411 2, where exnosal in Grenite Dasin, is cut by meny dlkes injected
perallel or sub-psrallel to the folistion (see Figure 20). Their
eburionce suggests a gerstic ssscoistion with 811l 2, ant pstrograshic
svidenocs suprorts ¢'is conclusion, In tiin sectlon, thess dikes are



seen 2 ha cornozol almact entirely of ﬁlbito—oligocl;ma and quarts vith
2 ﬁttle rieroeling, bio lile, racasy, anl raccovite. S5I111 2 also contalrs
a large aromt of carnet In $942 pre:. Locally pyrite repluces garnst,
and the mmscovite 1s crientel as 1f the dikes had erystallized under gtress,
A11 tie Inte pezratitic and erlitic diles in the batholitk are thought
to be reln'eld to & 1ate sinpe in 9L formtinn of tho bathalith, vhen
mich of the sialie matoriel wes robils, The ehexienl eomposition of
tba moblile materisl warled ensiniderahly from riacs to place, but mainly
in ths potassium eontent, On the irmedisis westearn boundary of the batho-
1ith intensive inlegction of perrmiitic materisl vroduced some migmetits,
and the schist inclusiome in the beiholith also were irtirately injaétad. A
Becavse nany of the permatitie dires econtain scosssory minerals such es
zireon, sphens, and apatite coaraly foud in ignecus roeks, the writer
fovors the interpretation thnt the dikes were injscted st elevated
ta::ﬁemtama, and poasibly were marmstie, |
Diabase and Basalt, The youngest intrusive rocks are tasalt and
diabepe dlkes that were int:ided seross the repriomel striks, foliatiom,
snd aehistosity of the enclosing rocks in 8 general northessterly trend,
This direction in gensral apoears to coincidse w.'gth the master joint
sraten which has the strongest ‘oint oriented northeasterly. Only
thres of these dikes were seen in the problem ares, anl all are too
small to show on the geoloric map, as ths thickest ane was ebout 15 feat,
At the east enl of Salmom Teservolr are tum hasalt dilas that
intrude the limsztons, The dikesz have & chil) border, axl have
causod diopside 4o crymizl’ize in a beand & fev inches wids in the lime- -
sitone, Tho dikes sre crushed enl hroken, vresmemdly by rovement along
thes sorthwest-~trending fault, although the trace of the fault plans is



‘Figure 18 Sams quartr-dicrite as figure 17, tut shoving sheared-off
andgsine broien up, and with twin lameliae bent, Minerals
1dantified are andesive (i), quarts (Q), and albite (al).
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Plrure 19, Photozrevh showing pepmatitic dires injected sub-paraliel
to the foliation at the top of i1l 2, Dikes tend %o
parallal foliation 4n strike, but to crosscut foliastion dmm
the dip, Whits area at lower left iz an fcefall,

Figure 20, Photograph of o »mesive intrusive phase of tho batholith
showing & strang follation and linsation creatad by bluo-
green pleochroic hornblends, Onethird natwral sise.



baneath the stresm grevels & few fest north, Inthin‘nctimthmdihu
are sesn $o oonsist escentia'ly of microlites of plagloclass feldspar and
besaltic hormblende, & few moned plagioolsse rhenoorysts with corroded
rims oscur, and the average phanocryst is lalradorite in compositicn,
The rook axhidits & distinct flow banding in ¢hin section, and contains
abundant primary pyrite or pyrrhotite.

n the ridge northeest of the reserveir, a diadbass dike intrules
. the schists. The dlks is trzceable for a feu Mundred fest northeasterly
down the heethmll of the eirque at the hesd of Salmon Fark. On the
ridge top several cffshocts from the dlke have pushed up the introded
schists, and outerop in a cironlar pattern, In thin section the dikes
are mosn to be & diatese with lsbradorite 3aths surrounded by basaltic
horntlends, The dikes ocontaln alundant pyrrhotite, and seem to be a
soarse~grainsd phase of the basalt dikes expomed near 3almon Reservolr,
These dikws are characterised by besaltic hornblends, alumisnt primary
sulphides, and labraderite. They comtain no magnetite. These dikes
are correlated with other busalt and diabrse dikes zepped in the
Junesu ares, and considered to be post-Zocsns in age (Spencer 1906,
P. 19) because they intrule stratified rocks of Eooens agm on
Adxiralty Islend, aprroximately fifty miles ecuthuesterly. The disbase
and basalt dikes are not mstamorphosed or erushed except neer fanlts,

IKTRCSIVE HISTORY
The intrusive history suggested from the stuly of the rocks of the
ares is as fallows:
(1) Intrusicn of gabireic magme into roglonslly metsmorphosed
rocks, presumbly during the early stages of the Coast Range oxogeny.
(2) Intrusion of magm of nomzonitis composition in lesssr quantity.



{3) mmmwﬁmzmrmmwuuimamerm
which spproached & gurts dorite in sxposition, and fnjection of large
smounts of this mterfal into ths Clark Peak schists where 1t 5cl1dified
unier sontimued, though perhaps intammittent, stress to £1m the goadszic
siils,

(4) Gontimmed orogeny to bring large areas of bedded roek,
sxmuplifisd by the bathalith, to a plastic state, and local fusion of
sialic corsiitusnts to give rise to pegmatites amd aplites that were in-
Sected into the surrounding rocks at an elevated tmwum.nndm.
residun) sohist areas in the betholith, Ho large soale tranafer of
malten or mobilized meterial in the batholith is visualised,

(s) mammm.mmmmmq
reglona]l metazorphism under contimed stress to proijucs a2 gremilation
in a1l the rocks,

{6) Injection of basaltic and diatesic dikes in the early Tertizry
along temsion Joiots in the rocks, The regionsl stresses were abated by
the tims of this intrusion, although some novement along the nortinest-
trending faults probdably poat-dates the dikes, |

(’f) Comtinued vertieal uplift ani eromion %o exposs at the surfauee
tbnﬁcriticrmmtrmdatmtm Faulting mey have comtimed
eoncomitantly vith uplift Snto Reeent tima,

Age of the Dicritic Roocks, The Coast Fange dlcrites are oonaidered
by Boddington and Chapin (1929, p. 173), by Spencer (1906, p, 11), and
by ¥nopf (1912, p, 27) to be of rrotalle Rarly Cretacecus sge, The
writer ean offer no originmal coatribution 4o the dating of the Coast Range
diorites in the Junssu ares, The present stuly indicates, however, that
thammumdmcmmngnhwﬂzwphumammnhh
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span of geologiec tims by intrusion and dr replacwmsnt of sxisting rocis,

mmtmmmmmﬁou.utbmtgtmmm,hﬂs

detarzination of the fact that a strong regiomel stress prevalled through-
it the paric? of formetion of the lethalith and its cutlying sills, and
into the periol of solidification of all the intruamtves.
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