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ABETRACT

The Pybus-Jembier eree comprises ebout 215 square miles of uninhsbited
lend on the southesstern coest of Admtrelty Islend, southéastern Alaska.
The section consists of more than 20,000 feet of irntensely folded se&i-
meptary, volcenic, ond metsrorphic rocks, ell probably of marine origin,
renging in age from 8iluriea{?) to Early Cretaceous, uncoaformsbly over=-
lein by more then - 10,000 feet of gently dipping nonmerire, coarse-grained
sedimentary rocks, and besalt and andesite flows of Eocene ege. Diorite
‘plutons end assoetsted contact metemorphic rocke ocour in the little-knoun
porthwestern part of the earea.

The section 15 here subdivided into nine formations, eight of which
are namsd for the first time, as follows: Gambiler Bay formstion of
Middle(?) Devonien sge, composed of greenschist, phyllite, merble, and
metacherty Hood Bey formation of Silurien and Devonien ege, composed ofl
derk, carbonaceous, thin-bedded.:chert, argilliite, limestone, and gray-
wacke; Cannary formation of Permisn age, ccmposed of thin-be&ded chert,
argillite, snd graywecke; Pydus dolcmite of Permian sga, ccmposed of
fossilifercus, cherty dolomite; Hyd formaticn of late Triasslic ege, come
poced of a basal chert dbreccia, a limestone member, a thin-bedded argillite
member, and a spilitic volceaic werber; Seymour Cansl formation of Late
Cretaceous aﬁd Early Cretaceous age, composed of argillite, graywecks,
and conglomerate; Brothers volcenlcs of Early Cretaceous age, composed
of andesitic flows and breccia; unnemed conglamerate and sendstone of
Eocene age, and Admiralty Island voleenics of Eocene age, camposed of
bassltic end andesitic flows.

A marked angular uncoafcorriity occurs at the bare of the Tertlary

eection, and unconformities of less engpularity occur as follows: et the
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base of the Cannery formstion; 2t the base of the Hyd fofmatiou, and atl'
the base of the Seynour Canel formaetion. In gereral pre-Seymour Canal
deformation seems to hgve been mild, but the intensity of the post-
Gambier Bay ~ pre-Cannery ds=foimztlioa is uncertain. The complex structure
of the pre-Tertiary rocks secms to bz the product chiefly of the post-
Seymour Cansl - pre-Eocene deformetion. '

The structure of the pre—Ter?iary rocks 1is studied by graphical
ptatisticel enalysis of the preferred orientation of the plansr and linear
structural elements, This aralysis indicate; that the post-Seymour Cenal -
pre-Bocens deformation consisted chicfly of three episodes of folding,
all of which appear to have resulted from subhorizontal, northeast-south-
wvest compression., The Plrst episode produced isoclinal folds in bedding,
and in places associated exial plare foliatiom, that had north-northwest-
erly striking axial planes in eastern Pybus-Gambiler erez, but generally
- northeasterly striking axtal ‘planes west of Felse Point Pybﬂs. Conpres-
sion during the second eplsoda deforued the first folds in the west where
their exial plane; were orlented about parallel to the compression into

camplex second folds in both bedding and axisl plane folimtion, having
porthvesterly striking axizl plenes, The second folds ere sheent 1n the
easttwhere tke axinl plasnes and lixbs of the first folds were oriented
about ﬁorma; to the second cozpression. The divergence of the axisl
Plznes of the first folds in the west fram those in the east may have been
caused by the crowding of the first folds in the west ageinst the irreguler
wvestern mergin of the geosyncline durlng the first compression. Worthwest-
striking thrust and reverse faults occur between domains in which the axial
plenes of the first folds sre strongly divergent. The third episode pro-
duced kink folds, having axiel planee with subvertical dips but widely

verylng strikes, thet are confined to the thinly fissile schists end
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.phyllites of the Gambiler Bry formetion.

The episcdes of foldirg in the Gambier Basy formation are eccompenied
ﬁy r=tamorphic recrystallizetion not found in eilther younger or possibly
coeval (Hood Bey Pormation) pre-Tertlery rocks. If these episodes ere
coctemporaneous with those in nonretamorphic pre-Tertiery rocke, then the
metemorphism dles out both verticelly end laterselly, and may be part of
the regionel decrease in metamorghism westward eway from the Coast Runge
batholith, 1oéated about 25 miles te the eest.

The gently dipping Tertlary strata have been broken into feult blocks

by subvertical, north~ and ncrineast-striking, normal and reverse feults.




INTRODUCTION

Locziicn end prysicel geography

The Pybus-Gambier arees is located on the southesast coest of Admiralty
Island a2bout 60 airliné xiles south-southeast of Juneeu in southeastern
Aleska (fig. 1)y Admirelty Island, vhich is ebout 100 miles in length,

18 the northeesternmost lerge islend of the Alexandexr Archipelago.

The aree comprises the Sitka B-1 and the Sumdur B-6, 15-minute quad-
rangzles of which sbout 215 squere miles are lend. The highest and most
rugged pert of the Pybus-Germbier erea cccurs southwest of Pybus Bay wvhere

one peak rises to 3,853 feet above cea level. Elsewhere, excapt for a

.few peeks in the northwest, the topogrephy is subdued end seldom rises

above the timberline (between 1,500 to 2,000 feet)s Below the timber-
line the country is covercd by e derie forest of spruce snd hemlock con-
taining scattered muskeg bogs.

The coestline of the erea is dseply indented in the south by the

porthwest-trending Pybus Bay, and in tke nortﬁ by the more westerly

* trending Gambier Bey: Numerous small islends dot the two beys, and a

few occur offshore in Steph=rs Passaze. In a2 general way the elonga-.
tions of the bays and the 2ligument of 1slends within them reflect the
structural grein of the underlying rocks.

The area iﬁ drained by numérous small, skort rivers many of which
occupy in their lower reechss broad J-sheped valleys characteristic ofl
glaclel chennels. The flocxrs of the valleys contaein scattered deposits

of glaclal clay and gravel together -rith recent alluvial deposits. The
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. Figure 1l,--Index mep of soutieastarn Alaske shoving location of the Pybus-
Ganbier arca.
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only glacial ice remeining in the ares 38 e srmell patch glacler west of
Little Pybus Bey neer the south border of the map,

In longitudiral profile the larger streams ccarmonly have & steep-
gredient chennel in thelr upper courses where they are cutting s narrow
V-shaped valley in bedrock. Ir thelr middle courses the streams flow with
s low gradient over largely gleciel end alluviel deposits, dbut in & few
places they cut narrow gorges in becrock. IEefore entering their lcwer
courges, the streems comnonly cut steep-gradient gorges with fells end
raplds in bedrock. In their lover reeches the stream egein essume & low
gredient and flow over elluvipl depesits end 1n pleces bedrock before
reaching selt weter,

Tre Pybus-Cenvier crea hes the molst, mﬁderaﬁe clirete characteristic

of southeastern Alaske In gernerel. The nearest westher stations are lo-

_ cated at Five Fingers Light just beyond the southeastern corner of the ares,

and at Angoon on the west coest of Aduiralty Islend about 10 miles west of
the northwestern corner of the ares. ;

The followiné deta froam these two atations illustra£e§ the locel
clivate (U. 8, Weather Bureau, 1959):

Five Fingers Light Mzen emnusal temperature 43.3°F,
(10 year record)

leen snnual precipitation 68.8 inchee
(9 eer record)

Angoon Meen ennuel tempersture 42, 2%,
(35 yeer record)

NMeen enanusl precipitetion 41.34 1nches
(27 yeer record)

The heaviest precipitation occurs et these stetions during the late summer,
f211, ard winter months.
The srea contalns no permenent settlements, end the oaly evidence of

humrn hebitation seen are a few pertly ruined cabins some of which are




occcupied seesonslly by ficherpen, huaters, end trappers. No roads or
treils exist in the ares, ezd 11 transportation to end from the aerea.ls
by elr or weter; no regulerly scheduled trensportation of any kind is

avelleble,

Previcus geologic investigetions

The first geologiced map of the Pybus-Gambiérkarea was that produced
by C. W. Wright {1906, p, 133-154) as & result of his: reconnsissance of
Aémirelty Island. His map in a general wey delinested the outcrop belts
of FPoleozole, . Mesozolce, and Tertiary rocks in the erea, but erroneously
showed the conglomerate and sandstone unii of Eocene age et Little Pybus
Bay as Mesozole. Wright sloo mapped the voleenic rocks of the Brothers
;élands as correlative with the Tertiary volecanic flows of: southern ~ -
_Admiralty Islsnd. In the prescnt pauver the volcenic rocks of the Brothers
arve called the Brothers volcanics, and are considered to be Upper Juressic
and Lower Cretsceous. |

Kindle (1907,Ip. 332) visited Pybus Bay, and geve & brief description
of the "Lower Cretaececus beds" (Seymour Censl formation of this report)
end the urderlying "Upper Cerbonifercus limestone” (Pybus dolomite of Per-
mien age). He also made fossil collections. '

Edwin Kirk (1918, p. 51k-515; urpublished unotes) studled the stra'ti-
graphy of the area mround Pybus Bey end collected fpssils. He thought
thet ths "conglomerste” overlying Yhigh Carboniferous beds" ard underlying
"Upper Trimssic beds” was probzably a tillite, end an ipdication of Permian
glaclation. In the present work this "conglomerate" 18 considered to be
the bezeel breccle of the Eyd formaticn of lete Trissaic a@e,‘and to be
darived directly from the underlying Pybus dolomite of Permian sge. No

indication of glacial origin could be found.



Burchard (1520, p. 55), in fomiection with his study of the marbdle
resources of southeastern *1rsle, examined end made fossil collections
from the "cherty megnesinn liuestone” at severcl locallties et Pybus
Bay. His fossil collections were dctermined by G. H. Girty to be of
Artipskien ege (Permian). This foriiztion 1s herein celled the Pybus
dolomite; the Permisn ege hes been substentiated. by recent colléctione.

Mertin (1926, p. 376-375) visited Pybus Bay, end studied the strati-
gravhy of the Mesozoic rockz as pert of his work on the Mesozolc strati-

grephy of Aleske.

Present investigetion end acknowledgerents

The geologlcal mapping was underteken es pert of the regional geologlce

mepplng progrem of the U. £. Geolozical Survey in southeastern Alaska. The

_PybusTG&mbier erea ves selected for detailed study because 1t appeargd to

contain one of the most complete and best exposed stratigraphic sections
on Admiralty Islend. Knowledge of this section is a desireble end effective
preliminary to the reconnzisseance manping of Admirelty Islend as & whole.
The Pybus-(ambier eres contains excellent end extensive ghoreline
exposures. A lerpge proporticn of th:xze ere tidesl outcrops exposed only
et lower tide level, hence the geolozic mep (pl. 1) includes these low
tlde exposures. BStream chennels afford another important souree of geologic
deta, but as a rule expcsures in these ere much inferior im gquelity to
those along the shores. Except for the rugged mountains i; the Bouthwestern
part of the areca, ridge crests end other iuterstreap exreas are largely
covered by heavy forest, end contribute only scattered and commonly poor
information.
The mepping was done on 1:15,8k0-scale, U. S. Geologlcel Survey multi-

plex campllation sheets of the Sitke (B-1) end the Sumdum (B-6) topographic




Guadrangle ameps supplemented by Lik0,C00-scale verticsl serlzl photogrephs.
A few dcys of preliminery reconneissance wes done in the ares during the
gurmer of 1957, but the bulk of the field work wes done 1ln the summer of
1958, ecd part of the sumn;r of 1959. During the sumzer of 1958, 1 wes
esgisted by Arthur L. Ximbell who, by his knowledge of-woodﬂmanship end
bostsmenship, contributed grezily to the surmer's work. This summer's

f£ield work wes accompllshed by small boat end foot treverses from base camps.

. In the summer of 1959 I was assicted by Dougles Barunes, end also had sup-

porting esssictonce from e helicopier besed on the U. S. Geologlcezl Survey

motor vessel Steprhen R. Cepps, Robert D. Stacey, msster. Henry C. Berg,

Jonn S. Pomeroy, ond D.W. Hinkley of tke U. S. Geologlcal Survey assisted
rme during the sumer of 1959 in the reconnelssance mapping of the north-
westerm pexrt of the Pybus-Geaviler area,

I wish to ackrowlcdee the stimuleting discussions with Dr.ALionel
Wedess of the University of Calliformiz et Berkeley vwho also econstruetively
eviticiged the structursl pert of the manﬁsériéf while it progressed. Dr.
Weiss visited the area during the summer of 1959. I also wish to thenk

Professor Chexles M. Gilbexrt, slso of the University of Californis, who

reviewed the manuseript cnd offered many suggestions for ite improvement,

Thenks sre due ny colleaguss of the Alasken Geology Branch, U. S. Geological
Survey, for their voluble discusslons and éssiétance. I wish to acknowledge
my wife, Sabra O. Loney, Pfor ner ckillful assistance in the preperetion of

the illustrations.

Geologlc setting

The pre-Tertlary rocks of southeastern Aleska include abundent vol-
canic rogks assoclated with merine ergillites and volcanie graywackeg

(Buddington end Chapin, 1929; Lathrem end others, 1959; lathram and others,




1960; loney and others, 1n prevareiion) and compfise pert of the cugeo-
synclinal Freser Belt of Fay (1951, ». 35). This belt hes been subdivided
by Payne (1955; see £lso }dller cof. others, 1959, pl. 2) into tectonic
elements celled geosynclines end geanticlines. As seen todsy, the geo-
synclipes ere dbelts of Mesozcle rocks, and the geanticlines are belts of
Peleozoic rocks. The Pybus-Gaibier area lles astride the boundary between
two of the most importent sectondc clemsnts: the Seymour geosyncline on
the east and the Prince of Jsles Qéonticline on the west.

Recent reconpeissence mepying on Admiralty Island north of Gambier
Bay has shown that the boundery between Mesozole end Peleozoie rocks,
that 1s;, between the Seymour geosyneline end the Prince of Wales geanticline,
i not a streight, north-northwest-trending line ss shown by Peayne (EE'Millar
and others, 1959, pl. 2), but is instead irreguler in deteil (Lathrem and

others, 1960), On tre other hzzd, in the same regionm the contact between

the Triessic rocks snd the Jursssic &cd Creteceous rocks within the Seymour

geosyncline trend much more uniformly north-northwest for more then 50 miles.
Farther south in the viecinity of ?else Point Pybus, the contect detween
Trizssic and Jurassice-Cretaceous rocks bends sherply westward end thence
follows a sinuous scuthwesterly courss through Pybus Bay, becoming lost

to the south beneath Tertisry rocks., One of the goals of the present work
wes to investirsete this ebrunt chenge in trend.

The nor£heaetern extremity of the Admirelty trough of early Tertiery
ege (Payne, 1955; in Miller end others, 1959, p. 22, pl. 2) occupies the
southwestern part of the aree and overlcps both the Prince of Weles geenti-
cline ond the Seymour geosyncline. This trough contains nonm;rine volcanic
end scdimentary depcsits of early Terticry age, which cover the southern
pert of Admiralty Island and extend south onto parts of Kupreanof end Kuiu

Islends. Miller ond otkers (1953, p. 22, 25-26).3uggeat that the Mesozolc
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Figure 2,--Sketch map showing contact (dashed line) between Triassic rocks
(vest), and Jurassic and Cretacecus rocks (cast).




end Peleozolce rocks unleriynn this {rovgh may be favoresble for petroleum.
Most of the Seymour geccyanclipe wass iavolved in the regiorsl metonor-
rhism sssocizted withlthe Cccet Rernge dbetholith (Miller end otbers, 1959,
P 16-19). This metemorpkism dies out to the west ewey from the batholith.
Trhe Pybus-Gembler axetc, situcted et the western mergin of the geosynclins,
. lies near the western linit of this metemorphigm. In eddition, numerous
greniiic plutons, ccrsidered by pome to be satellitic or belonging to the
sare episoda of plutonism as the Coust Ringe betbolith (Buddingtcon end
-Chapin, 1929, ». 173; Dutro aﬁd Peyne, 1957), Intrude both the Seymour geo-
syrcline and the Prince of Wzles ge:nticline. Such plutons on Admiralty
Island ere commonly surrouaded by coatact metemorphic aureoles. The area
of plutonism exnd contvect meiamcrﬁhism in the norﬁhwestern part of the
Pybus-Gembler area represeais & southern extension of an important region

_ of plutonism centered arouad Thsyer Leke (Lethrem end others, 1950).

STRATIGRAPHEY

J General fectures

The pre-Tertiary sectlon of thc Pybus-Gambier srea consistes of for-
mations renging in ege fraua Silurien(?) to Cretaceous (fig. 3). Sedl-
mentation w2s not continuous during that intervsl, however, -for hietuses
have been recognized between most of the formations. In lgrge part the
sectlon ccrnsists of fine-grelned sedimantery rocks of marine origin the%
seem to have been derilved mostly frou volcanic sources, but it also con-
teins merine limsstone, doloxlte, end basic volceric rocz. The nmost gbun-
dant rock type.is dsrk-colcred argillite interbedded with tMin beds of
chert or fine-grelned graywcele. The letter are graded and crossbedded

on e small scale, and resezble closely the turbidites of Kuenen (1953, 1957).




Figure 3.--Conposite atrztigrephic zectlon of the Pybus-Gambier erea,

Admiralty Island, flasko,

Sy3tzm or Thickness
series Formation Description (teet)
Unconsolidaved -’ flacial clay and gravel, and
Quaterrary deposits elluvial gravel °0-50
Unconformity
Admiralty Islend .s -
volcanics evdesite end besalt flows 9500+
Tertiary :
Unnamed conglonerate and gandstons - 0-2000
Ang, waconformizy
Lover Brothers andesitic flows and drecclas, 2000+
Creteceous volcanics and minor greywacke
&nd
Upper Seymour Capal argiilite, dark gray, and est.’
Jurassic formation graywacke and conglomerate 8000+
Disconformity .
& thin-bedded, graylsh
~0 +| black chert, argillite
i Upper g © 8 and lmestoneo ewv e 40‘280"' eSt.
@ ﬁlrl\}It_i.znestoma dark dbrown 1300+
Hyd formation = RQ ’ d incl.
S S meaim-beddedt 2000 00-500"’
Triassie S volcanic
Fh% .| breccia, breceia, red | TOCKS
‘A3 &| white chert | and green
W Q"g |l-.l|0-30+ c???{"'::g—3§o
Disconformity - '
dolexite, yellowish gray and
Pybus dolomite blulsh white chert nodules 0-1000 '
end bcds
Permign
tihin~-bedded, dark gruy i a few
gre2n argillite, chert, and 1000's
Cannefy ninor graywacke end pillow
formation 1ava
Ang.? unconformity
zreenschist, phyllite, marble,
retochert
Devonian G??:é:iigiy {may be in part coevel with ?
Hood Bay formation)
and
thin-bhedded, grayish bleck
Silurien? Hood Bay chert, siliceous argillite, e few
forration end minor marble and 10008

grajwacke




With the single exception of the cherty Pybus dolomite of Fermlen epr,
the pre-Tertiary strats re, ~=2ent a lonp, discontinucus eplesode of flysch
podimentation (Tercier, 1947, p. 163-1987; (Pettijobn, 1957, p. 615-618)
that was termineted in the Cretaceous by strong deformation and uplift.
Nonmarine, coarse-greined sedimentery rocks of Eocene age were deposited

ofter the deformation end are tynical post-orogemie, molasse-type deposits

(Pettijohn, 1957, p. 618-622). These rest with merked angular unconformity

on the older rocks, and are overlain Sy ponrsrine volcanic flows of the
MAidpirelty Island volcantcs.

Deformation and tpo lack of marker beds has prevented the ascurate
determination or stratigraphic tlleknccaes in al) but the thinnest prea
Tertiory formations. In meny thick units, verticel lithologic chenge cean-
not be distinguished from letercl cherge. The following stratigrephic
descriptions therefore, are lecking in cceurstely measured scctions,ibut
the totsl thickaess must be 2t lesst o few tens of thousands of feet. A

more precise estimnte thon this would be vithout a2daquate beeis.
Defintitiora

The rock clessificetion used in thi: report 1s that of Williams, Tur-
per, end Gilbert (1954) unless otherwise strted. The grade scale used 18
the Wentworth scale ss modified by gunbar end Rogers (1957). The eolor tor-
minology of this paper follows that of thie Rock-Color Chert {Goddard and
others, 1951).

Al]l gradations between chert end nonsiliceocus argillite occur among the

rocks of the Pybus-Gembler eresa., The te:m chert 1is applied to those exirerc-

: Jy'tine-grained rocks that fracture with a'gloaay conchoidal or smooth. anz-

ular gurface, apd which cannot be scratchel by & knife blade. The temm
Biliceous argillite 1s epplied to fine-grained rocks that cannot be scretched,

or can be scratched only elightly with e kaife bdlade, dbut which fracti-z with
a Qull, rough surface.
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The rocks of the crec lhzve been studled by opticcl petrogrephic wethods .

only, end vexry fine greined swinorals heve not been identified with certainty.
Argtlilites end graywackés are esprecially rich in such minersels, and 1t has
been necesgsary to use certsin wineral vazes arbitrarily. Thus, fine-gralned,
colorless, micaceocus mirercls heving a stropg birefringence are called serti~
cite., Therome chlorite is egpplicd to pale green, camronly pleochroic,
viceceous minerals heving a lovw birefringénce. It 1s well understood thst
these two terms: probebly inclulzs other mlcaceous ninerals.

The feldspar determinations ere based largely upon the four-axis

ualversal stvage method cf Turzer (1%47)., The sctusl determinotions were

besed upon ourves newly derived by Slcimons and es yet unpudblished,

Silurici(?) and Devonien systems

Gambier Bay formation

The nere Gambiler Bey formstion 1s here probose& for low-grede meta-
moxphic xrocks eiﬁéﬁé&“ﬁlen@ tae ghores of western Gambier Bey and in the
area iwrcdietely to the south ard wesit. Typicel sections of the formation:
ere exposed slcng tke shore of vestern Gambier Bey from Snug Cove on the
south to the vicinity of the triengulction statiom "Butt"” on the north.

The formation underlies the exrea ﬁest of Cexbier Bey end north of the east-
ern part of'the Gambler foult. The northwestern portion of the mnp area
has beecn examined only by reconcaisserce, but the phyllites, greenschists,
end marbles of this reglon zre tentatively correlsted with the metemorphic
récks bordsriég Gombier Eoy.

The Geabier Bey formaticn is identified among the formstione mapped
by the metamorphic folietion of its rocks. These ere fine-grained green-
schists end phyllite in which Inéividuxl mirverels are too smell to be icsa-~
tified in hand specimen, the chief typ:s being: chlorite-epidote-calcite.

phyliite or schist, quertz-elbite, merble, snd phyllitic slates (sea
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Avpendix for petrographic ceteils). A1l of the rocks have been intensely
deformed, aréd some gre phyilonitie, The latter contaln sbundent relict |
mineral grains consideretly lerger then the metemorphic minerel grains
present; metemorphic c¥ystalliz&tio: has not elimineted =11 of the my-
lonitic leyers essocizted wilth the la.ger rellct greins.

Tha pervasive foliasticn thet penetrates these rocks on en inter-
grenular scale, end along vhich they invariably break, i1s chiefly de-
fined by the preferred orientation ¢f plety minerels and by mylounitic
layera. Ienticuler masses of zarble and basic volcenic fraguents are
aligned with their longest dimensioes gbout parallel to the follation
(fig. 23&). Field evidence indicates that this follation is parallel to
the exiel planes of folds in the bedding (see p, 75, fig. 23b)., The folia-
tlon surfaces contain gbundent sqall folds and crenulstions.

1 R
Primary bedding is lvconspicuous. Partly this is because of origirn-

a) thick-bedded cherecter of the'rocks; paxtly it ie the consequence of
intense folding that was nccampenied by slip along the foliation surfaces
end resulted in the disruption end trensposition of the bedding (see pe 75).
Original beddiﬁg 1s usuelly seea as discontinuous stresks of contrasting
cauposition crossing the feolisation Burfaces (see p. 77; also fig. 2ke), .
end oonly rarely, chiefly in thin-bedded phyllitic sletes, can contiruous
beds be trgced eround fold hinges (see p« T75; elso £ig. 23b). In such rocks.
preclise measurement of stretigraphic thickness iz meeningless.

Fossils 1ndicative of Devonlan age (probebly middle Devonien) are poor-
ly preecerved in the prominent marble uepped west and éouth of Gombier B&y.
This unit is probably etratigrzphically high ih the Gambier Bey formetion,
but the posslbllity of rocks in the formation both oclder arnd younger than
Devonian 18 not precinded.

Fossil identifications end ege correlation vere mede by W. A. Oliver,



J. Berdan, and HEelen Duncon cr the Ul 8. Geologlcel Survey (vwritten cor-
runication, 1959, 1960) con txe basis of the following fossil collections
(auzbers in perentheses refer to locatlona szowa in fig. 56):‘
(1) 58ALyLL8; dark-gray werble on point of lend 0.9 ridle south-
gouthwest of Zem Pcint on south shore of Saug Cove,
Gembier Bay.
ddgcarophiylinid corel

Thrmoporia? sP.
, Sl SPe
(2) 58:LyLbBe; same 1ithology os 4U8 om northwest side of seme point

of land.

wnldentlfieble colonial coral,
aydrozoan, or bryozoan

(3) 58ALy456; dark-groy merble on south polnt of Muse Island,
Gembier Bay.

- Theropore.? sp.
Jouviarat 5P

(4) 59ALySk: derk-groy merble in creek bed 1.7 miles south-
southwest of Genn Point, Snug Cove, Gambier Bay.

poorly vreserved derndroid tabu-
letzs and coher corgls

Reconnelsszence: mepping (Lethrem and others, 1650) indicates thet the
exposures of the Gaxbler Bey forustica et Gembler Bey are the scutheestern
ead of a ciscontinvous belt of metamorphic rocks extenalung from Gambiler
Bay northwestward elong the west side of Admirelty Ysldand to Point Re-
traat at the northernmost tiy of the island. Barker (1957) named the
metamorpitic rocks in the letier eres the Retreat grcup which he concidered
to be possibly Triassic to Cretaceous in age. He, however, hed uno fosslls
elther from the metamorphic rocks or fram the overlying rocks upea vhich to

base hls age correlaticn. Probzdly the Retreat group is correlative with
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the Gcmbier'Béy formetion, dbuc certoin correlstion.is 1npossidle, becouse
the tvo unite crop out in lccali£ie£ ceparated by ¢ broad arce of plutenism
end contact'metsmorphigm cerrered srourd Theyer Lake (Lathrsm axd othzrs,
1960), Known fossil coztrcl 1s confined to the gouthern area of outcrop.

The Cexbicr formaticn elso reseadles in a geacral way the Weles group
of southern soutkeestern Aleske, a neme applied by Brooks (1902, p. 40-52)
to "crystalline white Umestones sné argillites or phyllites, with closely
easoclieted greenstones” crcpsirny ocut on Prince of Weles, Long, end Dell
Islends, Buddington and Chapln (1929, p. 45-49) coneidered this group to
be "probebly of pre- Ordovicion to Devonien" in age.

The Cennexry formetlorn, wivich overlles the Gsxbier Bey formstion nesaxr
Combiler Bey, 18 Permfien. Taerclore, the two formeticas ere separsted by
g histus: equivalent st least to the Bﬁssissippiaﬁ ard Pennsylvenlen systems,
_end en unconforrmity between them is inferred. The cheracter of this un-
conformity cenrot be directly cbservaed, but engulexr discordance is sug-
gested by the more intense deformgtion in the rocks of the Gaubler Bey
forezation. However, becezuse the éambier Bey formation is maﬁped on tie
basis of metemorpiadce Ffeatures taet mey have been ascquired afier the déposi-
tion of the Canrery formation (p. 12), the contact shown on plete 1 repre-
sentcs the limlit of visidble rncltormorphism end wray not coincide with the un-
ccaforrdty originelly seperotizg the two formations. The metemorphic
contect mey cross belding surfoces, aed rocke ceoevel with the Cemnery Lor-

mation may be included in the Gombiler Bay forxmetion.
Bood Bay formation

Fosslls of Davonlen or 3llurien epe heve beea collected Pream calcareous
etrata 1n a sequence of deri-hued, cerbonaceous cherts, siliceous argillites,

greywecke, and limestones that crop cut along étreams flowirng into the heed



of the North Ava of Ecod Bay. oLivdlor rocks cre also exposed along tﬁe
southvest Bho¥e of Pybus Bey northward from Donkey Bey. The nesme Hood Bay
formetion 18 here proppsed for thesec rocks. The lower contect 1s not ex-
posed end older formetions ore unknown in the Pybus-Gambiler aree. Iike
the Gembier Bey formation, they ere unconformetly oﬁerlcin by the Connery
formation of Perweien cpge, out this contact 1s lergely covered;

Rocks of the Eood Bey forzetiou crop out in a rouzhly trisngular area
west of Pybus Bay and soullh of the Gambler Fawlt, To the southwvest, the
Hood Beay formation is buricd unconfonndbl;'by the Admiralty Island vol-
cenics of Tertlary age. To the norihesast, rocks of the Hood Bey formetlion
are in fa&lt contact with the Csnnery and younger formetions in & complex
monner along the Pybus fanlt zone, vhich follows the mein arm of Pybus‘
Bay. In generel, the topogrephy of the country uvnderlain by the Hood Bay

 formation consists of rounded mountilns and aills without praminent fea-
tures.

The Hood Bay formation lecks distinetive members and hgs been 180=
¢linglly folded, so thaot the meesuvewment of accurate stiatigraphic thick-
ness 1s impossible, Althouvgh the formetion ecrops out over e reletively
large erea, 1its totol stratigrapoic thickuese may be only & few thousends
of feet, end the lithology must be deseribed in generzl terms withou£ 1rm-
Plying stretigrephic esequence.

Tha predominant rocks of the fcimetion are thinly bedded, greyicsh
black radiolarien chert end siliceous argillite, Derk gray limestone,
calcareous arsillite, end fine-greined graywacke‘are locally interbedded
with the argillite (see Appendix). The geperal dark color of =2ll therocks
18 the result of disseminated Tine cerboraceous materisl end fine pyrite
crystals (sce Appendix for petrographic éetails). The lithologic eszects
of the formation es & whole suggest a bleck shale or ewxdinic facles, as

described by Pettijohn (1957, p. 622-626).
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The epproxirate egelof tte ool Bey form#ticn (Devon;&n or Silurgan)
hes been determined fram poowly preserved fossils collected from lime-
stone8 end celcareous grgiBJitcs in tvo locelities. Tne fossils ere re-
crystallized, making precise icdentification end correlation impossible.
Tzalen Tumcen (written camsmndic: tion, 1950) identifiedthe fossils from
locedity 594Ly2k0 end J. Thomss Datyo, Jr. (writtén carmunization, 1560)
' {dentified those from locslity 591276, (Numbers in perentheces refer
to locelities in fig. 56).

(5) 59Aly2h0; derk-gouy clastic limestone 2.5 sirline miles up-

streem from routh of etream floving couthwest into
North Arm of Mco 3eys

boe nehdar fevositld corel

vroxatororoids

(6) 59ALy276; dark-;rey, celcrreous argillite interbedded

vith grayish-bieck chert 0.5 nile upstream from
mouth of streem flowing northwest into North Arm
of Hood Bay:

Lipal sp.

Iinsstone, argillite,‘and graywécke bf 81lurien or DevoniEn age
8lso occur on Corroll Islend end vicinlity neax the southerm Hip of
Admirslty Islend (Lethrewm epd others, 1960; f£ig. 1). These rocks are
lighter in color thea thne Hood Say formstion and contain no interbedced
ckerv. Avalleole informetior cugpests that the beds et Carroll Islend
exre more probecdly Silurian than Devoaisn (E. H. Lathram, oral communica%ion,
1050). If these beds are correlative with the Hood Bay Zormetlon, then
the Hood Bay formation 1s prcbabl? 0lder then the Gambler Bey formation.
| Buddington and Chspin (1529, p. 62-91, 97, 103-109) described sedi-

mentery and volcanic rocks of Silurian and Devonien esge on Kupreenof,
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Kuin, and Xeku Islends abou: . uiler to the south of the Pybus-Gambler
erea (see Pig. 1). The lithodogzie scetions deserited, however, do not
correspond clesely to the unforuly derk-colored, si'liceous, fine-greined
‘roc}m of the HC;FB:; formaion.

fnother saction of Devonicn end possibly Silurian sedimentaryrocks
occurs neer Freshwater Bey on Chichagof Island ebout 45 miles northwest
of the Pybus-Gembier eres {Lcrey end others, in press; £flg. 1), Here &
thick sequence of interbedd:d medium-gray greywecke, dark-gray slate, and
conglomerate of possible Siluriecn ege underlies a thick sequence of Midd.'le
Devonien lirestone ard minor -graywacke (Kennel limestone and Cedsr Cove
formation) which is in turz overlain by & thick sequence of Upper Devonien
volecenle rocks (Preshvater Bey formetion). The rocks of this section ere,
.in generel aspect, quite unliike those of the Hood Bsy formation.
- Correlation of the Hocd Bey ard CGsmbier Bey formatlons is suggested
by tkeir similer ages, thelr slmilaxr stretigraphic positions; and thelir
seperate areas of outcrop. But the wetsmorphism of the latter as compared
to the lack of metemorphisn of the former regulres explanations If the
metemorphism of the Gambier Bzy forratiom cecurred in the Cretaceous period
along with the strong folding of the younger pre-Tertiary formetious (see
p. 119), then the nonmetsmorphic cheracter of the Hood Bay formation in-
dlcetes a decreace in meterorphism in & southwesterly direction from Gembier
B2y, regerdless of the exacty temporel correlation of the two formations.
The "contaect" of the Gambiler Bsy :If'omation both upward end lsterslly would
be 2 zone of trencition from metemorphic to nonmetsmorphic rocks. (See p.
15 for further dlscussion.) Unfortunately the area tetween the princinal
outcroz"»s of the Hood Bay and Cerhier Bay formotions in whick the trensition

ghould occur 15 poorly exposed end covered by younger rocks.

Alternately, 1f the metemorphicm of the Gemdbier Bey formetion occurred
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in Devenign tize efter Qerositiuvn of the Geubier Bey rocks, the pessivility .

exists thet the Hood Ecy mzy have bzen deposited in late Devonian time upon
the metemorphosed Gerbier Biy rocks. Ageiust this possibility 13 the fact
that the two formetions appéor to bes confined to different arees. EHowever,
- the gbsence of the Hood Bey rccks ia the Garbler Bay ares may be due to
nondepositicn or eroslon over & toposgrephic high in the Gombler Bay meta-
morphic rocks. In this circiastance a thin unit of Bood Bay rocks could
be present et Gambler Bey .uspoed as part of the basel nonmetamorphic
Cannery formation,

The boundexry betweer nommetawo:phic end metamorpnle rocks £ollovs &
slauous course throvgh the Gembier 3ey erea, but to the west it colncides
with tite Gaxbier feult. d2teuworphic rocks north of the feult mey inelude
rocks with a variety of origias, =a they include both hoimnfels associztied
with local pluteniem and greenschiss possibly aorrelstive with the Gambier
Bey formetion, but in e general way, metamorpnlsm decresses in e southerly
direction. This ;s also true for Admirelty Ielznd as a whole, since &
continuation of fhe line of the Geabier fLeoult soutawestwerd to Chathenm
Streit seperetey nounmeteworssic rocis onthesouth from metamorphie rocks
ou the nerth (Lethram and others, 1G60).

Intertoazuing of Hood Bay end (‘smbier EBay li£holcgiea, end hence tkeir
contemporaniety, 1s suggested in the northwestern psrt of the metamorphic
terrzne on Admiralty Idand. Heer Hewk Inlet and to the south, thick
leyera of dark gray, graphitic, highly quartzose phyllite and schist,
which mey be equivalent to the chert esnd argillite of the Hood Bay formatlon
a;e interbedded on a8 large secle with greeunschists, which, mey be equivalents
'of the greenschists of the Guivier Eay formation (Lathram and others, 1560;

personal observetion).




_Pennian gystem

Cexrery formeilon

The name Cannery formstloa 1s proposed for thinly interbedded chert,
ergillite, and greywacke exposed in and around the mouth of Cannery Cove
on the southwest shore of Pybas Bey. ‘The formetion crops outialmost
continuously elong this shoré from a point ebout three end one-h=1f miles
southeast of Cannery Cove northwestward to the north shore of Donkey Bay.
Slmiler strazte underlie a lerze erea north of Pybus Bey, extending as far
es the south shore of Gambler Bsy.

Throughout most of the Pybus-Carbier erea, the Cennery formation con-
sists of‘tbin-bedded siliceous argillite, graywacke, and chert (fig. &),
and local intercalations of thick-bedded, calcareous, voleanic graywacke,
end eltered plllow lavas end breccias. In contrast €0 the Hood Bay for-
metion, the color of the thin-b2dded chert, argillite, snd greywecke is
bicshly varisble with shades of green end gray dominsting. Rediolarien
tests occur only sparsely in sccz of the cherts,

At Gembler Bay in the vicinity of Church Point end Gein Islend, the
color of the cherts and argiliite in the Cennery formation changes to bfight
greens end reds, and the chert acquires & coarser crystalliné, surgery tex- - .
‘ture sugaestive of metemorphlc recerystcllization. Ths overlylng bassl
breccla of thé Byd formation contains fragments of thése metacherts on
the islsnd north of Gain Isl:crd arnd on the north shore of Gembiler Bay
vhere the Canvery formstion is n!ssing. The metrix of this breccia is
also recrystellized, indicating that the mstororphism of both the breccia °
and the chert of the Cannery formstlon occurred after the deposition of
tke breccie. The metemorphism mey be related to the intrusion and ex-
trusion of younger volcanic rocks in the Hyd formation that overlie the

breccia.




Figure 4.--Thin-bedded chert and argillite of the Camnery formation at
Cannery Cove, Pybus Bay.
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Among the lerger claets in tho graywacke, quertz {s reve end both
feldspar end voleenic rock fragomente are .abundsnt. The feldespar consists
of both endesine end elibite grains, the latter being cloudy, end geperelly
sericiticed, es is cc::onl& e hebit of greins thet have been elbitized
(Ceczibs, 1954), The preserce of elbite veins and of Bcattered albite and
anclcire crystels in thae greoywsecke matrix and in the ergillite Bugzgest

that the albite in these rocks is not detritsl but hes developed dy dia-

- genetdic elteration of these strate. Otber diegenetic minersls occurring

in these Trocks are quertz, chlorits, sericite, celcite, snd probebly
various cley miners)s (sez Appendix for detsils),

Foasil evidence inldicates thet the Cennery formstion 18 of Permien
ege, Bo thet an intervel of time et lemst equal to the Mississippian end
Pemnsylvenien pericds elepsed betwoen tle deposition of thé Gembler Bgy and
Hood Bay formstions ernd ths subsequent depositlea of the Caunery for-
ration. The Cennery forretica must directly overlie the Hcod Bey rms-
tion to the south znd to the north thz Cembier Bey formation, but the field
evidence for the cheracter of this unconformity is inconclusive because
thz lover coantact of the Canrery formetion 18 lerzely covered. Along the
southeast shore of Smug Cove in Gemdier Bey 1t eppsars to be a feult zone.

Tz Pybus dolcaite, elso of Farrnian ege, generelly overlies the
Cennery formstlon, but the coatact between them is poorly exposed. Fos-
il evidence is pot sufficlent to indicate vihectker or not e himstus cepcrates
tk2 two formeticause. Beddinz ettitudes in the Capmery forrstion close to
this contact commonly diver;e from those of the Pyous dolomite, a feature
tiat mey be tectenies The two forunticns are so different in campetence
that slip nlong their cortucts durirg intense £0lding would bes expected;
in tl2 fleld the two forreticna axe covmonly sepercied by strike feult

20Dnes. T, - . e




Southwest of Pybus licy, the Cennery formation 1s buried unconforma-
bly beneceth nommerirne seciientery end volcenice rocks of Tertilery age.
In places near Gambier S:y o0 the north, the Hyd formation of Triassic age
11es unconformebly upon the Cannery formatlon, as at Church Polrnt end on
Goin Islend. Here the ccntcct between the two formatlions 1s an erosion

surface, heving e locel reiief of 2bout two feet. Scuth end west of Gem-

bier Bzy, the exact distribution ¢f the Cennery formotion cannot be mep-
ped because of the similerity of the thinly bedded rocks of £he Hyd'agd
Cennery formstions, walck, when the Pybus dolamite is abseant, are diffi-
cult to distinguish from one snother. |

A few thousend feet of strata is probadbly sufficient to account 'for
the total‘thickness of the Cunnery formation north of Pybus Bay. Despite
the lerge erea of outcrop,‘the for iation has been very tightly folded
tnd stretigrephic repetition i8 probably frequent. In the absence of dis-
tinctive members, the thickness caanot be accurately measured in an eres
of poor exposures such &s this. The reason for the thinning of the out-
crop of the Camnery formzvion soutiwest of Gembiler Bsy is unknowm, but
1t mey be tectonic. Furtheriore, the contact of the Cinnery formetion
and the Gambier Bey formation may not be a simple sedimentary contact,
for, as descrited on page 12, the Gembier Bey formetion is distinguirhed
on the besis of its metexorphic chiuracteristics acd kence may irnclude in
places perts € the original lithogenetic Cennery formation.

Bryozoan and coral fossil debris, identified by Helen Duncan (writ—
ten commmnication, 1959; 19350) as probable Permien in age, were found in
mzesive graywackes of the Cesprery formation (see Appendix for fossil lists
and localities). Rocks thet me& be correlative with the Caﬁnery formetion
have been reported in a serics of cutcrops salong the eastern side of

Adriralty Ielend (fethrem end others, 1960). Like the Cennery formetionm,
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thay consist principally of thinly bedded argillite, greywecke, and chert,
snd Permian fossils heve becn found in them at Windfall Harbor end in the
mounteins south of Point Young. Pernilan foseils in similér lithology heve
also been found on the main'ead cbout 100 miles northwest of the Pybus;
Gambler area 1ﬁ the vicinity of william Henry Bay slong the eest flank of
the Chilkat Mountains (Lathram end others, 1959). However, the poor
quelity of the collections from the Cennery formetion in the Pybus-Gambier
erea doecs not afford the basils ror pireclse blostratigraphic correlstion
with the gbove localities.

Permisn fossils have also been reported (Buddington and Chapin, 1929,
Pe 119; pe 122-127) from marbles in & sequence of phyllites, mice-schists,
chert, ead slcte on the meirnlend esst of Adgiralty Islend at Teaku Herbor
end on the Snettishe;m Peninculic, end &lso from e dominently clastic sec-
.tion on Kui; Islend and the Keiu Islets south of Admirelty Islemnd. These

rocks were essignesd to the "lower division of the Permian”. .
7 Pybus dolomite

The nsme Pybus dolomite is pronosed for 1light brownish-gray, fossil-
ifercus, cherty dolaxite that crops out prominently et severél localities
alonz the shores of Pybus Bay. The bast sectlons of thie foxrmeztion are
on the peninsula about l.2 miles west of Long Islend on the southwest shore
of Pybus Bey, at several localitles along the ncriheest shore of thz main
arm of the bay, and in the vicinity of Felse Point Pybus.

The lower coutect with the Cranery formstion, es previously stated
(p. 22), is not exposed, e&nd 1is chsracter is uncertein. Strikes of bed-
ding in the Caraery formatlion cozmonly diverge wicdely frcm those of the

Pybus dolomite, even within a few feet frcm the contact. Differences in

the style of folding between thin-bedded argillite and chert of the Cinnery.

formstion snd the meddwm- to thick-vedded Pyous dblomite way produce these
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divergances, Scme of tre divergences could elso be caused by feulting, since
the contect commonly lies szlosg fsult zones, as for exemple on the paninsula
betiveen the two arms of Pybus Eey.

In -contrast, the uyrer contact withlthe ¥yd formation of Triessic
age is well exposed in severzl locelities. The Hyd formation contaeins e
bessl braccila 25-30 feet thick ccmposed largely of detritus frcm the Pybus
dolomite, and it lies upon cn erocion furface éuﬁ,in the P&bﬁs dolomitg.
The relicf of this coatect surfece ir any one outcrop is not more then a
few feet., The beds ebove ecd Lelow the contect are roughly parailel in
most outcrops, but bedding in the basal breceia ts 111-4efined and accurate
comparison 1s difficult. Near the head of the main arm of Pybus Bzy, a
linmestone member of the Hyd formeation sbove thé basgl breccie 1s slightly
dacordent with respect to tue Pybus dcleuite.
- The thicknaess of the Zybdus dolomite is ebout 1,000 feet near Folse
Point Pybus, and this seecms to be & moxiwmum for th: erse. Nore precise
measureeat 1s“n5t Justified because of numerocus strike faults thet re-
peat smcll folded sections of thé'&olamite, cammonly along with small
slivers of the Hyd formstion. From Frloe Polnt Pybus northward elong strike
the thickness graduelly decreases, and becomes zero_immediate}y south of
Church Point. A similer wed:lrz-out occurs north of the north arm of
Pybus Bay, but poor outerops ard structurel caomplexity prevent the accurate
locetion of the zero isopach.

In general the gzero isopech of tre Pybus dolcaite trendslsouthwest-
ward from the vicinity of Church Zoint sround the south end of Cambler
Bay, end thence northwestward o the rorthwestern limit of the dolamite
west of Snug Cove. North of this line the Hyd formetion lies directly
upon the Cennery form=tions The Pybus dolamlte hes not been reported from

the bell of Permian rocke that extends along the eastera side of Adrniralty




Island from a few miles norts o Guibier Ecy to the shores of Young Eay
on the porth ccast (Lathieu cal others, 1960). These authors report &
white, bedded chert at w;ndfall Harbor, which lies in this belt sbout 4O
nmiles porthweet of Gexbier ﬁay, but this chert sppears to be unfossilifeirous
andlcontains no interbeds of dolomite (personal cbservetion).

The erosion surface between the Pybus dolomite and the Eyd formation
suggests that the disappecracce of the dolomite resulis from truncetion
by erosion, However, the abrupt diseppeerence of Pybus dolamite fragments

in the basal brececis of the Hyﬁ forretion when pessing beyond the areal

extent of the Pybus dolomite suggests thet sedimentary thinning in ebout
the same direction msy slso be e factor. West of Elliott Island near the
south border of the eree, the besal Eyd brecele ;1ea ip feult cortect with
the Cennery formation, end tac “ybus dolomite eppears to be faulted out.
‘Eeﬁe, howaver, the basal breccias contairs only fragments of chert and
arglliite derived from the C:nr2ry formetion, suggesting removal of the
dolcrite by erosion or nondeposition rather than by feulting. If this is
correct, the zero isopnch of thez Pybus dolomite also paséeg through the
nnouth of Pybus Bay.

Pybus dolomite ranges from daxrk groy to pele yellowish brown, and
weathers €6 a £inely pitted surfece. The color of the weathered surface
does not differ eppreclebly from that of the fresh rock. The texture is
generally equigrenulsr end sugary, reaging from fine to medium greined.l
Beds average sbout 1 foot ia thickness but rapnge framil irnch to 10 feet.

Fottled, vhite and psle graylish-blue, translucent chert, both in the
form of lenses and fragments, commonly ocours in the dolomitve (fig. 5e).
In z:few places, the top fer feet of the formetion 1s composed o continuous
chert beds renging in taickness frem €.0 to 12,0 inches (fig. 5b). Both

chert lenses end chert fragnents coataln well-preserved silicified fossils
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a, Fybus dolomite at Pybus Bay showing transition of porous, rough-weathering
chart into massive chert within a single bed. i

b. Bedded chert forming uppermost unit of Pybus dolomite at False Podnt Pybus.
Pigure 5 :



(fig. 68, b). Other Possils rot preserved in the chert have been nearly
destroyed by dolomitizaticn \cce Appendix for petrogrephic details).

The litholozy of .the Przus dolomite 18 represented by the following

two incomplete sections bctﬁ :f\which represent the upper pert qf the
formetion. In orne, the uprperzost unit 1s bedded chert and minor dolbmite,
and in tke other, the uppermcat unit 1s the more ucrmal cherty dolcmite.
These are fha two chlef verianis cf the uppermoat‘unit.

1. Section reasured or skall island along northeest shore of the

main erm of Pybus Bay three mriles northwest of trianguletion sta-

tion Dro.
Feet

Byd formstion; besal breccia
Disconformity
Pybus dolomite:
" Chert enddlomite, latercedded; chert, mottled white

end pele greylsh blue, ir beds 6-12 inches thick;

To percent ChHErt o v o ¢ o v ¢ o « a4 o o ¢« o ¢ « 5 ¢ o v & T

Dolomite, mottled derk-gray snc light brownish-gray
becoming pele yellowich dbrown toward base, sugery, in
beds 1 irch to 2 feet thick; conteins pale greyish-
blue chert in irreguler, rough-weathering lenses 1-6
inche§ thick containing zbundant silicified brechiopods,
bryozoans, and cronold debrﬁs, end scattered smooth-
veathering chert frag:erts; caert lenses sre closely
speced in sc-2 lsyers and widely spaced in others;

TS5 percent AClOZit@e « 4 o o « o o ¢ 6 b 0 = ¢ 8 o 6 2 oo . 340
Dolonite, light brownish-gray, fine- to medium-sugary,
in 1-4 foot beds contains sperscly scattered white and

light bluish gray mottled chert fragments and s few
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b Datatl
of bedding
o surface of figure Sa showing silicified
fogalls
that

Flgure 6
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Pybus dolomite--continued

Feet

chert lenses coxposed of silicified fosells;
90percentdolomi‘ce-..-.-.........o----- 90

Covered

Total 137

2. Bection meesured on northeart shore of main erm of

Pybus Bey two end one-helf miles N. 10° Wi from triengule-

.tion stetion Dro.

Hyd formetion; besel dbreccia

Slight enguler unconformity

Pybus dolomite:
Dolamite, light browuish-grey, fire sugery, in 6 inch-
to 2 fcot-thick beds; contains light bluish-gray,
veathering dark gray end yellowish-grey, chert lenses
consisting of silicified brachiopods, bryozoa, and
erinrold debris; ch2it lences irreguler, rough-

weachering, 1 inch to 1 foot thick;

85percentdolo:eite................... lO

Dolomite, light-groy <o ligat brownieh-grey, weathers

yellowish orown, suzery in beds 5-10 feet thick; contains
bluish white chert lenses 1-3 inckes thick, smooth- -

westhering, sparsely fo5s11ifCrous o o« ¢ ¢ « o o o s s oo 25
Covered 56
Dolomite, light gryish-Brova, fine sugery, in 2-6

irch beds contains chert lenses 1-2 inches thick

both smcoth and rovgh-vezthering, fossiliferous,

gilicified brachiorods, bryczee, crincid devris’ * * * ¢ 8o

30




31

Pybus dolounite--continuad

Feat

Dolomltve, Light grayish-browm, fine sugery, in beds

1 inch to 2 feet %aick chnteins slightly noduler pele

blue, yellowish priy weathering, chert beds 1~6 inches

thick; leyers of clcse-spaced chert lenses alternate

with leyers of wid:-cpoced lenses; bedding gently

unduletory; 85 perzent doloilt€s « o 4 4 o 4 4 o s « o 50
Cover=d

Totel 215

A minor rock type not repreosented in the ebove sections, but use-
ful as & marker high in the formotlion elong the northeast shore of Pybus
Bey, is mediuvm-gray, claciic dolomite occﬁrring in beds ranging in thick-
nesas from 1 to 3 feet. This rock consistes of tightly packed layers of
partielly silicified brachiovsods erd other fossils embedded in a dolo-
mite batrix; the bracHopods average lessthhan one inch in diameter, con=-
siderebly smaller on the average than those of the typlcel Pybus dolomite.
The dolamite weathars to a distinctive, rough, reddish broﬁn surface.

Two collec?ions of fossils from “he Pybus dolomite, including seve?al

genera of brachlopods such as Stenoedma, Neosplrifer, Spiriferells, and

Anldanthus, 5ave been 1dentified as Permian by J. Thomas Dutro, Jr.
(written camminicaticn, 1960; see apperdix for fossil lists and localities).
Burchard (1920, p. S5) ﬁade a fossil collection from the Pybus dolamite on
tre penincule west of Long Islend in Pybus Bay thst wes identified by G. H.
Girty es being of Artinskien sge (Earily Permisn).

South of tha Fybus-Cembier crea on Admliralty Island, the Pybus dolo-
mite crops out in & single loeality on the north shore of Herring Bay

(Lathram end others, 1950), whare it eppears to be similar to that at

PN
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Pybus Bay. Cherty doloriies or limestones of Permian age also crop out
in the vicinity of northern Kuiu Islznd, south of Admiralty Islend. F. E.
end Co W. Wright (1908, p. 54-55) report "Beds of white cherty limestone
1&50 feet or more in t.hicknes's‘ 0 at .Hal_'l.eck Harbor on Kulu Islend.
Duddington end Chepin (1929, =. 127-129) pleced these beds in their "upper
division of the Permien” of which th: Pybus &clomite 1c also a member.
Similayr white cherty limestomes of Permisn age hesve been reported from the
eku Islets, Kuvrecnof Islend peer Krke, apd from Suemez Islend (Budding-

ton end Chepin, 1929, p. 129-130).

Triassic systz=m

Lyd formation

Strata of late Triascic ege occur in e relatiﬁely thin, discontinuous
‘balt between Pexmien end Jurassié-Cretaceous strata from the shoreas of .
Pybus Bay to the north shore of Gambler Bay. These are here called the
Byd formation, from triangulecion stetion Hyd on the northesst shore of
Pybus Bey where the formetion is vell exposed.

The formation es a whole contairs four dlstlnct merbers, nemely:

1) basel breccis, consistins chiefly of chert fragments derived fram
underlyiny Permien strata; 2) linestone member; 3) thin-hedded arpillite
menmber, elgo including thinly interiedded chert, greywacke, and limestone}
L) spilitie flows, cormonly inecluding pillow laves. Except for the
epilitic Plows which occur et seversl stretigrerhic levels, the memberé
gre listed in escending etrstigraphic order, but they do not all occur
tegether in eny one section. The begel brecciz end thiﬁ—bedded ergillite
rember are widespread end ocewr throuzhout most of the mapped arees The
limestone is ebsent to the sovth, west of Elliott Island, vhere tks srgil-

lite merber rests directly on tliz beeel dbreccle, e2nd it has a svotty

\



distribution and verleble thickness farther north. The vcleeanic rocks
ere an increcsingly praminent part of the forwation to the no;th. Their
southernmost outerops are i the head of Pybus Bey and on Gein Island 4n
Cambier Bay; nortk of Gcmbiér leay they predaminate over the associated
gedimentary strata.

Volcenle rocks seem ©o0 occur et several stratigraphic levels in the
Hyd formetion. At the head of Pybus Bay, eltered flows directly overlie
tae lirastone member, ané the thin-tedded ergillite member is sbsent. At
Gein Islend, volesnic flows overlie tbe basel brecels and conteiln units of
the brecclae interbedded in them. Plllow lava near the cove east of the
trisngulstion station "Ken" on the north shore of Gexbier Bey conteins &
thin unit of the limcétone mémber in its lower part. On the peninsulse
northuesset of Good Izland pillow lava lies within the upper part of the
thin-bedded argillite member, The varliable stratigrephic position of the
volcanic rocks, together with their thickening to the north, suggests
thet the rocks of the Eyd forzation were laid down during an epleode of
contemporaneous volcanism snd sedimentation, end that the voleantic membef
iscamposed of tonguce of velesnic rock, extending southward into the sedi-
mentery scction at different levels fxam & center of volcenism north of
Gembier Bzy (see Lethrsm erd others, 1580, for arcal extent of probable
Triessic volecanlc rocks north ef the Pybus-Garbier area).

Becal breccle.--Tnig m2aber occurs in two phases: a white chert

phase, &nd a green end red chext paase. The white chert phase consists
largely of a maeselve breccia compoeed of angular 0 subrounded fregmente
of mottled white erd grayisih blue ckert end a lesser emount of light brown
dolamite derived from the Pybus dolamlite, embedded.in a dolamite or lime-
stone motrix that gemerelly mskes up about 10 percent of the rock (fig. 7).

The fragments range in length from less than 1.0 inch to 1.0 foot, and
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everege ebout 2.0 inches. Locelly the breccla is distinctly bedded, end
shows a sorting of the fregments into coarser and finer lsyers; where this
occurs the fregments are ﬁore rounded then in the more typicel massive
breccie. The contact relations with the overlylug limeatone member axe '
variable, In one locality this contact is sherp and irregular, end appears
to be an erosion surface; wheress in another the breccia grades upwﬁrd

by en incresse in matrix into the limestone sbove, The distributionm of the
vhite chert phese 1s identicsal to that of the Pybus dolomite upon which it
rests. It reaches a maximm thicksess of 30 feet et False Point Pybus (see
stratigraphic sections, p. 35b)..

The green end red chert phase consists of a breccla camposed chiefly
of anpuler fragments of bedded .chert and ergillite derived from the Cemn-
nery formstion, embedded in s celcareous argiliite metrix forming general-
.1y lesa than 10 percent of the rock. The fregments range in size fraom
coargse sand to small cobbles, commonly shouing moderate hues of green,
gray, red, end purpla. In lbbalities-near the zevo isopach of the Pybué
dolomite, such as Church Polat, a few scattered fragments of white chert
. and dolamite characteristic of the Pybus dolomite occur in ﬁhe breceis,
Also, near Church Point end Gein Island the chert and argillite fragments
are recrystallized to a sugary texture, and heve taken on brighter hues
of green end red; here the metrix is elso recryatallized, end consists
of & yellowich brown-weathering, iron-rich doleonmite. In this aree the
breécia is overlain and in pleces interbedded with volcenic flows of
the H&d formation. Perhaps the heating of the pore fluids during the
volcanic eruption caused the recrystellization and oxtdation of the
breccia. The green and red chert phese occurs vherever the Pybus doln-
mite 18 absent and the Hyd formstion rests directly upon the Cannery
formation, It etteins a meschmm thickness of 350 feet in the 1slend

north of Gain Islend (see Appendix for petrogrephy),
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Iimegtone member.--This rember, which attains a maximum thickness of

more than 500 feet near False Point Pybus, consists of two types of lime-
stona thet do not crop out together: 1) A more widespreed, mediun-dark
browva 4o daxrk-brown, light érey-weathering, very sparsely foasiliferous,l
very fine grained limestone. It occurs in beds renging in thickness from
0.5 to 10 feet and aversging cbout 2.0 feet, which are separated by dark
brown, undulating, stylolitic contects (fig. Baj see stratigrephic sec-

tions), 2) A medfum dark grey, yellowlsh brown- to reddish brown-

weahtering, fossiliferous, fine-grained limestone that is known only fram -

the sea cliffs near Felse Point Pybus (fig. 8b). In this limestone the

Yedding 18 indicated on the weathered surface by irregulsr resistant layers,

averaging sbout 0.5 feet in thickness, alternating with non~resistent layers

that form lensatic pite and troughs, end give the outcrop & rough, pock-

“marked gppearanca.

Bections illustreting the white chexrt phase of the basel breccis
end the 1igﬁt grey-weathering phase of the limestone member of
the Byd formation.
Bection measured on portheastern shore of the mein arm of Pybus
Bay 2.5 miles N, 10° W. of triamgulation station bro. u
Feet
Cove;ed
Hyd formation:
Limsatone membert .
Limestone, dark brownish-gray, fine-gr;ined to subl-
1ithogrephic in beds & inches to 3 feet thick; weathers
lght-gray to light brownish gray; bed contacts wavy,‘

stylolitic, unfossiliferous. « o ¢ s « o 2 ¢ o ¢ & & o 10
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Section measured on norilcasteirn shore of the main arm of Pybus
Bay 2.5 miles N. 10° ¥. of triengulation station Dro--continued
Feet
Hyd tormation--continved f
Basal breccia:
Breccia, massive; ccrmposed of rottled white and greylsh-
blue chert end yellowish gray, sugery dolamlite fragments,
subrounded to angulzr in brownish-gray, dolamitic matrix;
matrix less than 15 percent; sherp irregular contect

with ligestore eDOVEe ¢« o ¢ s ¢ @ 0 o v o o s ¢ o o o o 15

Total ' 25
811ght engular unconformity |
Pybus dolomite
‘S8ection measured on shore 1.0 mile north of False Point Pybus
Covered . .

'Hyd formationt

Iimestones .
limestone, medivm brownish-grey to dsrk-gray, véxy fine
grained; 3in beds 1-8 feet thick, eversging 2 feet thick;
darx ﬁrown, stylolitic, undulating seams between beds;
limestone weathers lizht gray; lighter beds mey be
dolamitic (occur neer base); contains dark brown,

siliceous, resistant masses neaxr tops « ¢+ ¢« « o s ¢« ¢+ » 500
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Section meesured on saore 1,0 mile north of False Point Pybus--continued

Feet

Hyd formetion--continued

Basal breceis: ‘ i
Breceis, massive to medium-bedded; camposed largely of
mottled light apd derk grey, yellowish brown-weathering,
subanguler chert fragments in light-brown, suvgery dolo-
mite matrix neer base snd derk-brown, fine-grained lime-
s8tone matrix near ﬁop; grades upward into overlylng 1ime-

Btonebyihgree.seinmtrix...-.-o........ 30

Totel . 530
Diaconformity

Pybus dolomlte

Thin-bedded erglillite mewbter.--This member conaists of thinly inter-

‘oe.dd.ed, predominantly dark gray, srgillite, chert, limestone, and graye
wackA, and ettains e thickness of rore than 280 feet west of Elliott
Island in southerrn Pybus Bay (fig. 9a, b). The relativé proportion of
the four rock types 1s variable, but argillite is generally the most.
sbundent snd the most widesprzads The beds range in thickness from

0.25 to 6.0 inches, end aversge ebout 1.0 inch.’ Siliceous end calcareous

P 36 tollows







a. Bteeply dipping strata of the thin-bedded argillite membar of the
formation in tidal outerop on southwest shore of Pybus Bay, west of
Elliott Island; w:mmmmpurm
Tertiary strata (composed conglomerats and sandstone) at the line
of trees; mmmdmmm{mm
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argillite occur in about egual amounts; both ere homogeneous rocks, gener-
ally lacking slaty cleavsgz. The siliceous ergillite weathers to a minutaly
fractured, brownish grey surface, snd grades into Rediolsrian chert heving
& chonchoidel or sharply engular fracture. cgléareoua ergillite weathers
to & slightly rough, browa surface.

The limestone is dark brown, light gray weethering, and very fine
grained; it resembles closely the light gray-weathering phese of the lime-
stone member, The graywecke is calcareous and -very fine greined; it 1s

coxmonly greded and crossbedéed on & small scale (see Appendix for petro-

graphic details),

Volcanic member.--This member, which atteins e -meximum thickness of

500 feet mlong the north shore of Garbler Bay, consists chiefly of green-
ish gray, altered, spilitic volecanic flows, camonly showing well-developed
pillow structure (fig. 10). The flows weather to shades of yellowish green,
grayish olive greem, and greyish red, and ere veined with white calecite.
The pillows of the pillow lave range in diemeter fram 1 to 3 feet; they
consist of a coarse/r crystalline core with a border zone rich in emygdules,
end en ephenitic rim. The amygdules are most cammenly composed of calcite,
chalcedony, and chlorite. The metrix between the pillows is e mixture of
calcite end fine fregments of volcanic rock, FPhenoerysts are not con-
spicuous in the pillew lava, dbut pkenocrysts of hornblende and asugite are
carmon in pqzi;pinow flows. Albite (m3 to An7) is the plegioclase of
most flow rocks, occurring both in the groundmass and ase ragge‘d, sericitic-
phenocrysts. In edddition to albvite, the groundmass consiste generslly of
chlorite, epldote, calcite, and opaque minerals. One plllow lava contains
potassic feldspar instesd of albite; chemical ana_lysia of this rock shows

e predominence of K0 over mzo (see Appendix).
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. Tha Hyd formation lies unconformedbly upon the Pybus dolomite in some
places and upon the Cennery formetioa in others, This contact 1s & discon-
formity or a slight anguler unconforuity and represents en interval of {ine
extending from possible BE- rl&r Permien to Lete Trisesic,

The overlying Seymour Cecnal formetion seems to be structurally con-
formeble with the Hyd formation, but psleontological evidence indicates
that a histus extending from lete Trisssic tolate Jurassic separates the
two formrtion. The contact between them must be & disconformity, but it
has not been certainly identified in the fleld decause of the similarity
¢f the thin-bedded argiliite member, which commonly forms the uppermost
strata of the Hyd formetiorn, to the ergiliite and greywecke of thé over-
lying Seymour Canal formation.

‘ No single section of the Hyd formation could be found in whlch both
~the upper and lower contocts ere exposed, hence no accurste thickmess could
be measured. A composite thickness of 1,310 feet 1s obtained by totelling
the grestest measured thicknesses of the verious members. The genersl
width of outerop indicates that this total thickness is approximaﬁe]y
co_rrect- in most pleces, desplte variaetion in the thickness ¢of the indi-
vidual members. . I v -

Both the thin-bedded ergillite end limestone members of the Hyd for-
mation have produced fossils Indicetive of e late Triassic age. Ammonites
(especlelly Tropites) are prominent in the essemblage collected from the
limestone, and are considered to be late Kernfan (medial late Trisssic)

in Bge, whereas the collections from the thin-bedded argillite sre domine

ated by Monotis-subecircularis Gebd, indicetive of & middle or late Norlan
. ' (late Late Triessic) ege. The identifications and age correlations of
fossils were made by N. L. Silberling (written communication, 1959; see

Appendix for fossil 1ists and localities).
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Rocks of late Trisssic age crop out almost continuously elong the ezst
slds of Admiralty Ielend from Csmbier Bay northwerd to the Manesfield Ienin-
sule (athrem end o"t.hers,‘ 1069; see fig. 1). According to these zuthors the
dominent rocks in this belt are basic vblcani;: i’lo-x;rs, ccmnonly pillm; ié.vas,
and thin-beddzd, greyish-black ckert, calcarecous argillite, and limestone.
Rocks comparsble to the besal breccie and the limestone member have not been
repoxted north of the Pybus-Garbier area.

In contrast the volcenic member has not been reported from Admirelty
Tsland south of the Pybus-Cerbier srec (Martin, 1926, p. 89-92; Lathrem
end others, 1960), and sedimentery merbers of the Hyd formstion have been
observed in only two 1soleted outerops south of Pybus Bey. The basal |
breccis, the limestone member, erd the thin-bedded argillite mewber crop '
out in the Chapin end Herring Beys erea (H. C. Berg, orsl commmicetion,
1960), end the thin-bedded argn_l_.ite rember contelning conglomerate beds
erops out near CarrolllIslend (E. H. lothrem, orel communi{cation, 1960). |

Elsevhere 4n southeastern Alaska rocks of Late Triessic ege crop out
in the Juneau a.rea,lxuprea.nof Islend rear Homilton Bey, Keku Islets, Kuiu -
Islend, Screen Island, end Grevina Island (Mertin, 1926, p. 65-95), In
eddition, merble end schist cn the west coast of Chicheagof Island have been
tentatively essigned to the Triassic, possibly late Trisssic, by Reed snd
Coats (1941, p. 29-30). The detells ¢£ the stratigrephy of t.he Hyd for-
netion cannot be correlaeted with the Upper Trisgsic in other I.>a_'rts of
southeestern Alaska on the besis of the publisghed descriptions., These
descriptions do indicete, however, that dark-hued limestone, chert, cal-
carecua argillite, and conglomeraté or breceia similar to those € the |
Byd formetion are widespread sedimentory rock types in the Upper Trisssic
of this region.

Martin (1926, p. 81; 91-9L) reported volcandic rocks, including pillow

;
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laves, essoclated with sedimentory rocks of Kerntan ege in the Juneau area
and of Worlan age in the Keku Strsit exea. If these age correlations are
velid, they substantiate the evidence in the Pybus-Gambier area that vol-
ceniclrocks oceur at differcat strztigrephic levels, and erupted coutem~

poraneously with the Lete Triassic sedimentary deposition.

>

Jurcssic and Cretaceous systems

Seymour Cansl formetion

The neme Seymour Cancl formation 1s proposed forthe thick sequence of
‘ ergillite, greywacke, and conglmnerata ex:posed et the mou'bh of Seymour
Canel in the northeast pzrt of the Pybus-Gambier arca (see index map,

fig. 1), Typicael sectlons are £lso exposed elong the northern end north-
western shore of Pybus Bay, snd in the 1slends nesr the mouth of the bey.

" In general, rocks of the Seymour Ceual formation form the eestern and south-
eastern border of the Pybus-Gambler sxea. They clrop out in & broad. belt
vhich bends Mn through Pybus Bay from Elliott Island northeastward
to Point Pybus, and thence benecaeth the waters of Stephens Pasaage. They
reeppear in eastern Gembier Boy waere tbey form & nserly rectilinesr belt
of outcrops Itrending north-northwast aad extending almost continvously
glong the shores of Seymour Consl for e distence of about forty miles
north of Gambier Bay (Lathram end others, 1960; see also fig. 1), The
terrain underlain by the Seymour Cunal formation 1s low end featureless,
except for a few rounded hills underiein by conglomerste. Fossil evidence
indicates that the stratigraphic interval from Upper Triassic to Upper Jur-
essic 1s missing between the Seymour Canal formation and the undexrlyingz
Hyd formation. ©Slnce no struetursl discordazuce could be detected between
them, the contact is considered to be e discoaformity,

Overlying the Seymour Cenal formation ave the Brothers voleanies.
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The contact between the two, &3 seen on the western shore of West Brcotker
Island, is conformsble. /ngular fregments of the overlying volcenle rocks
occur in the ergillite for as much 23 a foot or two below the contact,
suggesting that the underlying md was soft at the time of volcaniec ex-
trusion and sedimentetion wes probadbly teking plece when volcanism begun
(fig. 11). The exact stretigrephic position of the Brothers volcemics
" with respect to the entire Seymour Cenal f&nﬁati:on is mﬁnoﬁ, as th.e upper
contact of the volcanics 18 uot expssed. The Brothers volcanies crop out
within the general outcrop erca of the Seymour Canal formetion, &s indic@ted
by outcrops on scattered islends in Stepheus Passage, and it mey be that
they are actually interbeddsd in thz upper part of the formatlom.
Tha Seymour Canal formatlon consists laz;sely‘ of derk gray, slaty

arglllite mndfhin-bedded greywecke, which locdlly contein thick lensatic
.bodles of conglomerate end massive graywecke. The thin-bedded graywecke
occurs throughout the ergillite section in variable sbundance from vlace

to plece, vhe'reas’ the conglemerete and pmssive 'graywacke units are more
local end sppear to be con.'t‘inei"to the upoer part of the formetion through-l
out the area. A minimm thiclmess of L,000 feet was estimeted for the lower
part of the formetion as exposed on the northeestern shore .Of ths main axm
of Pybus Bzy. This section, however, does not include the conglorerate
facles, which appears from its position in the outerop belt‘ t0 characterize
the upper half of the formation. Tie actusl thickness of the formation 1is
DProbably as much as 8,000 feet. These figures csn be regarded as no more
the2p estimetes because intense fold'ng and the lack of markér beds in the
Seymouxr Cenel formsticn precludes relieble measurement of stratigrevhic
thiclkmess, |

The argillite and thin-belded greywecke, which cheracterize the

Seymour Cenal formstion throughout its visible extent, heve the general



Figure 1l.--Contact between slaty argillite of Ssymour Canal formation (below

end flows of the BErothers volcanics, West Brothar Island; note angular
frageent of voleanic rock (cirele) embedded in argillite; bedding in

argillits about parallsal to contact, vhareas fructure clesvage dips

steeply to right.




cheracteristics of flysch Ceposits in maﬁy parts of the world (fig. 12z, b).
Ihe-argillite itself 15 rather wzsslve, dsrk gray, end non-celecereous, but
it contains scattered concretious of yellowisﬁ-weathering limestone and
relgtively fewer exotlc inclusions of older limestone (fig. 13a, b). The
inter;alated thin-bedded greywccke layers are derk gray indureted rocks
that weather to light gray. Indivicdusl graywacke beds rénge from 2 quar-
ter Inch to two feet 1n thickness, but most are ebout one inch thick.' They
ere usuelly continuocus within any outerop, but may vary noticezbly 1n
thickness, Graded bedded, small sc:zle crossbedding, convolute laminetioms,
and vaorious sole markings, vhich are charecteristic of turbidite deposits
as described by Kuenen (1957), are typical of the Seymour Canal érayuackes.
In a few layers, as much as 20 feet thici, the thin graywacke'beda have
‘been broken and the fregmeats more or less scattered through the ergillite
"in a menner suggesting submerine slumping. Petroéraphically they are vol-
canic greywackes, noteworthy for their low quartz content (see Appendix).
Conglamerste end rassive graywacke occur together es thick lensatie

messes in the upper part of the Seymour Cepzl formetion. The largest of
these are shown oa the geclogic map (pl. 1). In theee masses, the lergest
of which on Elliott Island is 2,000 feet thick, conglomerate beds commonly
- thin along the strike and intertongpue with rassive greywecke, which in
tura intertongues with argiilite end thin-bedded graywacke. Such orderly
facies change, although it seems broadly characteristle, 1; disturded in
detzil by intrusions of conglamerete and messive groywecke into the srgil-
lite and thin-bedded graywacke (figz. lbe, b). Furthermore, large angular
blocks of thin-bedied groywecke apd ergillite 23 much as 30 feet across
occur here and there within the couglomerates. Both conglomerate and
messive graywecke layers lack internel bedding structure and asppear un-

sorted (fig. 152, b). Tkey are thought to be the produets of sudbmarine
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of Pybus Bay.

bed, Seymour Ceanal formation, north arm
H.m.l.i




Bmtie inclusion of clder
limestone in arglllite

wecke of Seymour Canal
formation, Gembier Bay,




8. Intrusion of conglomerate into ergillite end thin-bedded graywacke,
Seysour Canal formation, Gaszbier Island (borisontal surface).
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slide downslope into a basin floor where the argillite and thin-becded
greywacke were sccummleted in more regular fashion.

Foes1l collectlons frou tie ergillite of the Seymour Censl formation
indicate ages ranging frau late Jurassic to Early Cretaceous. The two

st dlagnostic forms collected are Juchla rugosa (Fischer) end Buchie

cf. B. volgensis (Lahusen). Collections contsining Buchie rugosa (Fischer)

ere considered by R. W. Imlay (written communicetion, 1959) to be middle
Kimmeridglan to early Portlandien in agej other collections conteining
Bichia ef. B. volgensis (Lanusen) are considered by Inley to be probably
Berriesien in age. Becsuse of ths inteuse folding and the lack of marker
beds, the relative stratigrapiie position of beds coatalning the two
fossils cannot be determined, dut ln general beds containing Buchle
535953}(F15cher) tend to crop out neazrer to tae lower contect of the
formetion than do those convaining Buchiz ef. B, volgensis (Lahusen).

A complete 1iet of fossll locclitles and foseils i; recorded in the

———

‘Appendix. /fﬁ_

The Seymour Canal formetion crops out on the smell islands snd reefs
in southern Pybus Bay, end oien disaopears beneath the waters of Frederick
SBound and the Tertiaryrocks, It reeppears farther south on Admiralty Is-
lend in e single locality between derring end Chapin Bays, where fossils
of Berly Cretaeceous age heve becn collected (E.IH.Lathram, orel communicetion,
1960; see also lathram end others, 1960).

North of Gambiler Doy tae Seymour Cenel formation crops out for the
entire length of Seymour Ceuel and northwestward as far as the eastern
shore of Mansfield Peninsula (Lathreu and others, 1960). According to
thesa euthors, no fossils have been found in the forwmation on Admirelty
Island north of the Pybus-Gambler arsa. These rocks on Mansfield Penin-

suls andon the neighboring 1slands to the eest have been grouped by
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‘Barker (1957) into twoformetions: 1) ‘s lower unit, Symonds formetion,
consisting of slate and greywacke, and 2) en upper unit, Shelter formation,
consisting of conglomerete, slate, and greenstone. Eerker considered both

fornmations to be of possible Early Cretaceous ege, becsuse they eppear to

be the northern extension of the rocks conteining Aucells /Buchi~/ at

Pybus Bay. The Symonds forrzetion by definition includes only the slate

"and graywecke below the conzlomerstic Shelter formstion, and hence mey
be ejuivelent only to the lower part of the Seymour Canal formation. The
conglameratic units in the Seymour Censl formation may correlate with the
Shelter formation, but their lenticuler form end the dtstance (65 miles)
separating the Pybus-Gambier area from Mensfield Peninsula does not Justi-
fy the use of the same neme.

On the mainlend northwest of Juneau, Knopf (1911, p. 14-17; 1912,
" p. 15-18) gave the neme Berrers formstion to the slete, greywecke, and
greenstone et Bermers Bay, end on the besls of plent fozzils he considered
them to be Upper Jurassic or lover Cretaceous. The rocks of the Berners
formation extend southeastwerd to the vicinity of Auke Leke, north of
Junesu, where they were celled the Treadwell formetion by Barker (1957).
Knopf correlsted the Berners formsticn with the sletes and graywsckes at

Point Young ir northern Admiralty Islend emd with rocks of the seme 1lith-

ology conteining Aucella/Buchis/ et Fybus Bey, that is the Seymour Canal
formation. |

In generel, slstes or ergilllites, greywackes, and conglomeretes com=-
taining Buchie occur in two brocd belts in southeastern Alaske: 1) en
eastern belt elong the west flenk of the Cosst Renge batholith extending
from the vicinity of Ketchiken on ;he south to the vicianlty of Skegway
on the north, and extending westwerd as far ss the Pybus-Gambier erea;

2) a western belt extending aloag the west coests of Baranof snd Chichegof




Islends and northwestward along tke west flenk of the Fairwea@her Renge
(Bee Dutro and Payne, 1960; Re=d and Coets, 1941), Other theun the cor=-
relstions discussed in the previous persgrephs, detailed correlations
with the Seymour Canal formation and other strate of Jurassic and Cre-

taceous sge in these two belis ere not Justified by present knowledge.

!

Drothers volcanics

The name Brothers volcanlecs is proposed for the sequence of ande-
sitic volcanic flows, breccles, and associested volcania sedimentery
rocks at least 2,000 feet thick on the Brothers Islands in the southeastern
part of the Pybus-Gembler area, These islends were previously mepped as
diorite by Buddington and Chapin (1929, pl. 1), and as Cretaceous and
Jurassic dntrusive igneous rocks by Dutro end Peyne (1957).
~_  The Brothers volcanics gsem to lie conformadbly on. the Seymour Cansl
formation, aschown by the cortsct exposed on West Brother Islend (p. 43)
and by the general ;tructural conformity of the two formations. The
Brothers volcanics mey lie either partly or wholly within the uppermost
part of the Seymour Canel formation, a8 suggested by the loecstion of their
outcrops within the eastern end possibly younger part of the outcrop belt
of the Seynmour Censl formation, or they msy lie vholly above the Seymour
Canal sedimentary rocks.

The Brothers volcenlcs ere camposed of sbout equal emounts of maesive
endesitic flows (fig. 11) and flow breccias, end minor intercalated vol-
canlic graywacke. The flows ere chierfly dark grey, purplish gray, dark
gre;nish gray, and rerely medium gray 13 color, end weather.light green,.
derk grecn, and yellowlsh olive. They renge from fine grained to ephen-~
itic in texture, end in places contain euhedral phenoerysts averaging

sbout 2.0 mm in length of plegioclase, pyroxene, and lees comonly
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horublende., The flows grede into flow breccies containiné engular frag-
ments of the sbove rock tyoes ranging in length from 0.5 inch to 3.0 feet,
exbedded in & matrix of the same campogition. Thé rocks commonly contain
seattered calclite emygdales.averasing gbout 3.0 mm in dlemeter., The
typical flow rock is slightly eltered, and is largely ccmposed of seri-
citic plegioclese (An25 to Anug), ¢linopyroxene, horﬁbiendé, chlorite, °
calcite, and opaque minerals (see Appendix).

Detrital rock a few hundred feet in thickness and comvosed entirely
of volcanic material is intercaleted in the flows end dbreccles. Some of
these rocks mey be tuffs, but most ere certainly poorly sorted, water-
1214 sedimentery rocks and are classed as voleanic graywackes (Williems,
Turner, and Gilbert, p. 304)}. Volcanic rock fragments in the graywecke
eppear similar to the flows end breccias described ebove, and they are
embedded in elther a caleite cement or e chloritic matrix. The calcareous
graywacke generally forms slichtly irregular, lensetlic messes perallel to
the bedding ranging in thickness from 0.5 inch to 3.0 feet within the chlor-
1ilc graywacke. The celcaraocus masses weather to a rough, olive grey sur-
face that contrests sharply with the smooth-wveathering surfece of the
chloritic rock (fig. 16). In both.varieties the greins form ebout 60 per—l
cent of the rock, and range in size from medium sard to coerse pebbles;
the everage is very coerse spad. Bedding is commonly shown by slight
variations in the grein size of adjecent layers. An importent difference
between the grains and the flow rocke examined 1s the presence of large
(es much es 2.0 mm in length), cloudy, scmewhet mottled, untwinned end
8inply twinned feldspar pherocrysts which heve been shown by sodium
cobaltinitrite stain to be potesssic feldsper. Perheps this difference
indicetes en introduction of potessium during or following sedirentation,

but sampling wag not extensive enough to be certain. The rock fragments
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tend to have borders of»fine opeque grains which include both pyrite and
leucoxene; s few fragments are uesrly opeque ﬁecause_of ebundant pyrite
4nclusions. A faw rownded grains of colorless clinopyroxene and greenish
brovn horoblende having rims of chiorite and megnetite-ilmenite were obe
served.

Although no fossilas were fourd in the Brothers volcanics, they are
regerded here to be of lLate Jurassic or Eerly Cretaceocus sge similar to
that of the Seymour Canal formetion, This correlation is besed on the
generel gtructural conformity of the two fomatiom, and the previously
described features of their coatact (p.43). C. W. Wright (1906, pl. 33)>
mapped the volcenic rocks of the Brothers as "surface leves and tuffs”,
&nd correlated them with the Tfertiary volecanie roeks of southern Admiraslty
Island (Admiralty Islend volcezics of this peper). However, the steep
“attitudes of the Brothers volcanics (pl. 1) ere in generel conformable
with those of the Seymour Cennl formatiom, whereas the attitudes of 211
nown Tertiery rocks in the rezlon are very gentle. -

Voleanic rocks possibly correletive with the Brothers volcaunles form
the Glass Peninsula in nortbecstern fdmirelty Islend (Lathrem, end others,
1960). This belt comsisting of eltered, augite-bearing, volcenic dbrec-
cla snd tuff, acd minor slate lies in contact on the west with the argillite
end greywecke cropping out along the shores of Beymour Cansl considered
hare to be en extension of the Seymour Canel formation. The volcanic rocks
of the Glass Peninsula were considercd by Buddington and Chepin (1929,
pe 158-159) to be Jurassic or Cretaccous in sge. Northwesiward slong the
trend of the Glsss Peninsula, aimilar volcenic rocks crop out on Douzles
Islend in the vieinity of Junesu. Mertin (1926, p. 255-256) called these -
récks the Dougles Island volconte group, and consldered them to be of

probveble Late Juraessic sge. In general, then, the belt of volcanic rocks




extending from Douglas Islead southesstward to the tip of the Gless Penin-
suls mey be represented in the Pybus-Gambier ares by the Brothers volcenies.
Rocks correletive with the Brothers volcanics do not crop out on Admir-
a1ty Island south of the Pybus-Gerbier area (lathram, end others, 1560).
Buddington end Chapin (1929, p. 165-267) stated thet southeast of Admiralty
Island greenstone volcenlec rocks occur throughout the belt of Jurassic and
Cretaceous rocks vhich 1lies along western flenk of the Cosst Range dbetho-
1ith. Reed end Coets (1941, p. 34-35), on the west coast of Chichegof
Islend in the western belt of Juressic and Cretaceoﬁs rocks, reported
“greenstone schist" interceleted in thedr graywacke formation which they

considered to be Late Jurassic end Ecrly Cretacecus in =ge.

Tertisry system

Unnemed conglamerate end sendstone

. A gently dlpping sequence of interbedded conglomersate, lithic sand-
stone, and minor amounts of shale, prohebly of nommerine otrigin, crops”
out on the west shore of Pybus Bzy west of Eliliott Islend and in eastérn
Iittle Pybus Bay. This unit hes been previously mepped by Buddington and
Chepin (1929, pl. 1) as Creteceous, end by Dutro and Peyne (1657) es Cre-
taceous. |

This gently dipping sequence overlies the stroagly deformed ctrote
of the Comnery, -Hyd,-end Seyaour Canel formetions with pronounced engular
discordance. Tﬁe contect 1s visible on the west shore of Pybus Bay neér
the south border of the mep {pl. 1; £ig.l7a). The conglomerete and sand-
stone uwnit is conformsbly overlsin by the 2Adrirsldy Islend volcenics, es
seen on the 1slends end reefs in Little Pybus Bey (fig. 17b). The dor-

inence of cobbles of rock types similnr to those of the Adairalty Islend

volcenics in ths top few feet of the conglomerate indicates thaet volcanism
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argillite of Seymour Canal formation (below); note alsbs of argillite

in conglomerats; socuthern Pybus Bay.

. b. Conforsable contact betveen Admirslty Island volcanics above and unnamed
congloserate (Cocene) below; conglomerate composed largely of voleanic
fragzsnts in top few feet; Little Pybus Bay.

Figure 1T




‘began before the end of coaglomeréte depositiqg.

The outecrop of the coy lomarcte end sandstone unit in the Pyﬁus—'
Gambler area 1s ¢onfined to a trienguler area bounded on the wesi by the
Admiralty Isiaﬁd volemnics, on t)e cuth by the boundary of the area, end
on the east by older rocks croppiﬁg cuﬁ elonz the west coast of Pybus Bay.
The unit is ebout 2,000 fect thick ncar the south border of the crea, dbut
thins northward and pinches out immedietely south of Cannery -Cove.

The conglamerste snd sandstore occur in highly lensatic beds thét in
part represent stream channels end in part qlluvial fans, Conglomerste
predominates over sandstone by e ratio of ebout 3:1, =nd consists chiefly
of rounded cobbles of a wide veriety of rock types (see Appendix) in which
ccid plutonic rocks end ergillite doxinete in the unit as a whole, buy
volcenic rocks daminate in the top few feet. These clests sre arbedded '
in medium to light gray, coerse-grained, lithic sandstone metrix thet is
similar Yo the sendstonz ¢ the sandstone beds. The sendstone is char-
acterized by en ebundance of lustrous, derk gray phyllite fragments,
end generslly less then 15 parcent qu~rtz; it contains both calcereous and

argillaceous matrix geverslly in excess of 10 percent, e&nd mey be clzssi-

fled &5 lithic wacke (Willisa, Twrer, and Gilbert, 1954, p. 297). The
cosrse~grained sandstone beds cmmnénly show large scele crossﬁedding
(£ig. 182), but the much leas cbundent fine-grained sendstone and silt-
stone beds generaliy show beth ripple morks and swmall scale crosshedling

(fig. 18b), end in places contein thin (less then 5 mm thick) coely secms.

The conglomerste and sendstone urit is considered to be of Rocens age
because of its close-resemblance to the conglamerste, sandstcne, and shele
of the Kootznzhoo Inlet arece in westeirn Aduirclty Island, vhose age is based
on plant foseils (C. W. Wright, 1006, p. 14k-1L7). The only orgenic re-
mains found in the unit within tre Pybus-Gembiler erea are carﬁonized

plent stems pot indicstive of ege (R. W. Browm, written cammunication, 1959),




. a. Ccarse sandstone of conglomerate and sandstone unit st Little Pybus

Eay; note scattered pebbles, and large-scale crossbedding in layer
. below Brunton compass.

[ b, Fine-grained sandstone of the conglowerate and sandstone unit st Little

Fybus Bay; note symmetrical ripple bedding at top, and small-scale
(0.5-1.0 in.) crcesbedding eets near middle of bed.

Figure 18




Although cozl 18 much more adbuncdant in the Kootzrnahoo arca than at Iittle

Pybus Bay, the sendstones of tlLc two areas are quite smilar and contain

an gbundsnce of dark-gray, lustrous phyllite grzains (personal observation).

Purthermore, both sequences .are 6nly slightly deformed, end overlie in-
tensely deformed older streta. The beds at Kootznehoo, however, are not
overlain by theldmirsity Iclend volcanies as are the beds at Little Pybus
Bay, but, in view of the similar relationd the twb formations to older
strate and their similer lithology, it seems likely that they are roughly
contemporaneous deposits formed undey similar continentsl environments.

To the south on Admirelty Islend, near Miurder Cove, coal beds, volcanic
sendatones and conglomerate of probecble Eocene age areiintercelsted in vc.’l-
cenic flows end brecciss of the Admiralty Islend volcenics (C. W. Wright,
1906, p. 152; Lathram and cthers, 1¢580).

- According to Buddington end Chepin (1929, p. 260-267), more then 1,350
feet of sendstone and intarcaleted conpglomerate comteining pleaut fossils of
Eocene sge underlie rhyolitlc and besaltle volecenic rocks et Port Camden,
Xulu Islend, end at Hemilten Bay, Kupreenof Islend. These rocks were con-
sidered by these suthors to be part of a once continuops belt of Tertiary
continental deposits extending northwerd end including the similar deposits
on Aémiralty Islend. This early Tertiery basin of deposition, vhich also
includes the Admiralty Islend volcanies, has been called the Admirelty

trough by Payne (1955; see aiso Miller and others, 1959, p. 22).

\
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Bection of lower part cof the coazlorerate and sendstane unit

measured on the shores of the peninsula between Iittle Pybus

snd Pybus Bays.

Covered
Conglcmarate end sandstone unit:
Conglomerate, pebble and cooble; rounded clasts of

granite, gnelss, bleck slatez, phylliite, white chert

in a light-grey, coerse-grained, slightly calcexreous,

1ithic sendstone matrix) metrix less then 10 percent. o

8andstone, light-grey, nedlum- to coaxse-grelned,
slightly celcareous, slebvy, crosstedded; contains
scettered dark gray, lus%rous phyllite greins;

-~ vary sperse rounded pebbles scattered throughout;
crossbedﬁiug sets 0.5-2.0 fecet thicke ¢« o« o o« o o
Conglamerate, a8 above; contains boulders 1l.0-4.0
feet In lengthe « ¢ ¢ o o 6 ¢ o s o 6 v o« 2 o 0 » o
Sandstone, 88 8DOVE « ¢« ¢ v o v ¢ 4 o« 4 0 o 0 » o »

Covered o o » o4 o 6 2 o 5 s o 4 o o & 6 5 o » « o &

Conglamergte, boulder and cobble; similar to conglcmer-

ate ebove; conteins ehundant fragments of medium-gray,

fine-greined, volcanic breecia end porphyritic dlorite.

Sands'tone,asabove..................

Covered...............'-........

Feet

25

15

15

1o

L5
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Section of lower part of the conglomeréte end sandstone unit
mepsured on the sghores of the peninsula between Iittle Pybus
and Pybus Bays.--continued
| Feet
Conglomerate and sandstone unit--continued
Conglamerate, psbble end cchble, rounded clasts of fypes
glven ebove in mediun darl:-gray, coarse-grained;” lithle
sendstore metrix; metrix cbout %O percent contains ebundant
grains of dark-gray, lustirous phyllite; lemses of medium
. Gerk-gray, slightly bluish, coarse-greined, lithic send-~
stonej sendstone lenses ere crossbedded Iin sets 0;5-2.0
feet thick; contalns slightly rounded slabs of slaty

arm.niteneaer-SECQQanoooa.llo.o.cco lh5

Total _ 374 ;
Angular unconformity
Seymour Cansl formetiom:
Argillite, dsrk-grey, sletvy, fractored; contefns
sparse 1.0-2.0 inch thick med$um dark-gray, fine-

grained greywacke beds..

Section of upper part of the conglamerste and ssndstoneg unit
in northern ILittle Pybus Ray.

Feet

Admiraity Islsnd volennics:
Conformeble contact
Conglomerate and sandstone unitt
Conglamerate, cobble, medium dexk-gray; subrounded

cobbles evereging 3 inckes in length, 20 percent

coarse ;andstone matrix; cobbles chiefly. dark gray, -



Section of uprper part ¢f the copnglcmerate end sandstone unit

in northern I3ttle Pybus Bay--continued

Conglomerate andsendstone unit--continued
fine crystaliine, veslculer volcenlc rocks, end e
few black chert and woite Qquertz pebbles; about
20 percent mELTIX: o 4 4 4 4 4 6 6 4 4 6 ¢ ¢ 4 4 a0 0w
Conglamerate, peoctls-to-cobnle, medium 1ighi-gray,
megslve; rounded clests of grenite, gneiss, qQuartz,
felsite, black slste ia medlum-gray, comrse-grained,
lithic sandstone metrix; matrix sbout 40 psrcent;
clasts average abciut 3 inchas in leagtk; unit
includes a fay 1.3 fcot thick lenses of medium
lignt-gray, medium- to coorse-greined, sparsely
pebbly, Jithic sondstone. + s s o ¢ s » 4« s ¢ ¢ o ¢ ¢ a

S.ndstone, medium light-gray, weathers reddish yellow,

60c

Feet

- 10

65

fine-gralned, rmicaceous (muscovite), slabby, croasbedded;
crosshedding sets averege 1.0 inch in thickrness; symmetricel
ripple marks; sceitered braova, iron-rich concretions 1-2
Inchep in dismeters « o o ¢ ¢ ¢ ¢ s # s 9 ¢ ¢ ¢ 0 2 o & 10
Shele, meditwn-gray, FAS611e o o o « o o » o s o o 8 o s 20
Sendstone, medium derk-gray with slight bluish csst,
coarse-grained, lithic, crossbedded, slightly cal-
careous, masslive; contcins ebundant sledb-like greins
of dark-gray, lustrous phyliite; cr;sébe;ded seté | ;

everage Bbout 1.0 foot in thickness. « o« o o o o s & o 10

Covered
Totel 115

p. 61 follows
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Adairelty Icland volccnics

The neme Admiralty Ieland volcznics is h&re proposed for the thick
sequence of gently dipprirg, sndesitic and basaltic flows and minor rhyo-
1itic breceia and tuff'that‘crops out in the southwestern part of the Pybus-
Gembier area, and is typically exposed westesnd:.north of Little Pybus Bey.
The volcanics rest conformnbly upon ths unnemed ;onglomerate and sandstone
unit in the Iittle Pybus Buy erea (p. 563 see aleo fig. 17b), but from
Cennery Cove northwestward the voiccnics overlie strongly deformed rocke of
pre-Tertiexy ege with a marked anpguler unconformity. The Admirelty Islemd
velcenics are overlain by scattered unconsolidated deposits of Queternery age.

The formation attains a thickness of at least 9,500 feet west of Can-
nery Cove, but thins southward to less thean 5,000 feet near litile Pybus
Bay. Indivicuel flows range irv thickness frem 10 to 50 feet, end form e
regulsrly layered sequence in which same flows seem to persist for mlles.
‘Rugged topogrephy underlain by the volcenles consists of alternating cliffs
and gentle dip-slopes that refleet the thick layering end gentle dips of the
‘flows (£ig. 19a). Fresh, unaltered 2low rock 1s dark grey to grayish black,
and weathers yellowish brown, reddish brown, greenish gray, end black. The
most common type contains plegioclase phenocrysts get in a fine-grained or
sphenitlc groundmsss. The flows commonly contein snygdsles composed of
chalcedony, calcite, or chlorite in their upper parts. The flows are

geuerally massive end irregularly fractured (fig. 17b), but in a few places

"they display crude colummear jointing (fig. 19b). The rock 1s composed
lergely of plagloclase (An5h to Angg), ciinopyroxece, mesnetite-1ilmenite;
locelly glass is en importaat constituent (see Appendix).

The Admirelty Islend volcan:i.cs are cut by numercus dikes, ranging
in thickness fram 0.25 inch to 20 fect, heving compositions similar

to those of the flows. The dikes are elso sbundant in the older rocks
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in & zone sbout one mile wide torlering the outcrop of the volcanics, bub
beyond this zone dlikes are scarce. Thls fact suggests thet the Tertiary
volcaniam did not extend. fer boycnd the present areal extent of the
Adzirelty Island volcenics. éiguré 20 shows the orientation of dixes in
the pre-volcenic rocks in the cSeve zere. The average dike orientation,
strixing N. 32° E. end dipping 75° to tre scuth, ie ebout normel to the
exie) plenes of the second £oullis in the Pybus structurel province (p. ).

Ateration resexbtling tie propylizctlon of Vilchire (1957, p. 2hgg2h5),
1s widespreed in both flows eng dikes of thelAdmiralty Islend voléanics.
The chief products of this elteration are chlorite, celeite, sericites,
epldote, erd elbite, wihosce precence luparts a greenich gray color to the
altered rocks (see Spgendix To- Cetcils). The relation of the eltered
rocks 10 the uneltered rocks is uvncleer becsuse of the difficulty of trac-
ing out indlvidual flows or ¢lkes In the rugged terrein. However, all
trensitions from uvnaltered te campletely altered rocis occur in different
locelities, suggesting that zones of eliered rock grede into unaltered
rock, Altered and uneltered dZl.es have the serwe genersl orientetilon (fig.
20), end thus probebly belonz to the same episode of intrusion.

Because of the variability of the plagloclase composition, the clagsie-
fication of the rocks of the Admiralty Islond voleznics is based on thelr
chemicel composition. Four rapld rock anzlyses were nzds of uneltered or
slightly eliered rocks; the slighily eltered rocks contain small emourts
of chlorite, sericite, and celeite (fiz. 21, nos. 1, 2, 3, 4). In addition,'
three analyses of almost campletely altered rocks were made (fig. 21, nos.
S5, 6, 7). The analyses of thz unilierad rocks shov a range in 810, can-

‘position fram 47.4 to 57.9 perceat with most containing 53;9:to 55.9 per-
cent Si0ps Willlems (1950, p. C3%-235) ca_ué those rocks containing less

than 54 percent 510, baselus, end those containing more than 5k percent



Figure 20.--Equal area, lover hemigphere plot of poles to 50 dikes associated
with the Admiralty Island volconics; o -.uraltered dike, X--mltered
dike,

ot
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510, endesites. On this bafis specicen 1 with 47.4 percent 510, 15 &
baselt, and specimen 4 1s ar ... :site; the rest range Prom endesitic ba-
selts to basaltic endesites. The moct basic of these, muxber 1, was col-
lected frem & flow near tne Buse of the formation, wheress the reat were
collected at higher stratisiepnticz levels.

According to Wilshire (1557, D. 257), the propylitized andesites at
Ebbet Pess, Celifornie, shov r (sdrecse in Al,O5, K0, end NegO in com-
perison to unsmltered endesites. 2 zititriduted the loss of ﬁ1203 and Naeo
in large part to the replecement of pleglocloze by calclte. These chenges
in composition cennot bte ollowved clesely In the present snelyses becsuse,
unlike Wilshive's work, eunclyces could not be mede of uneltered and aeltered
perts of the same rock body. Ia the anclyees of figure 21 X,0 end Na 0 show
no constent eense of chenge bétueen rltered snd unclitered rocks, however;

-Alp03 1s alstinctly lower in the eltered rocks. The interme@iate'A1203
‘percentages of specimens 2 snd b mey reflect the degree to vhich elteratic.
has progressed in these rochs: ‘

No fospolls were found in the Aduirelty Isloand voleanics, however,
they ore considered here to be Zocene because of thelr general struetural
conformity with the waderlylng coagloserste exd sandstonc unit, end becsuse
of thc_concentration of volecaswic freguents of tyces carmicn in the volcanics
in the uppermost layers of thc couglowerate (p. 56; £ig. 17b). The latter
evidence suggests that the volceaism hwed begun beZove the end of corzlozercte
deposition.

The Adwirelty Islend volcsnics within tha Pybus-Cambiler area represent
only the northesstern pert of the Hisl extent of tﬁese volcenls rocks. They
cover most of the southern cad of Admirelty Islend, en eree of sbout 300
squere miles (Lethram and others, 1957). Coal-beariug beds ere inter-

calated between volcenlc breccie neer Murder Cove at the south tip of



‘ Pigure 21. Zfanslyses of ~ocks from the Admiralty Islard voleciiiica.
(Rapid rock anslyscs by Psul L. D. Elrmore, Ivan H, Earlow, Sxmmel D. Botts,
exd Gilllson Chloe, U. S. Gcolcpieal Survey.)

1 2 -3 4 5 6 7
Si0a IR 559 55.9 - 57{.9 &I 55,2  58.9
A1,04 18.0 16,6 18.3 17.8 154  15.8  15.2
Fe,03 2.2 1.6 1.1 1.1 1.6 3.2 16.9
Fe0 7.9 5.6 5.0 W9 T8 .66  lo-
Mg0 5.5 4.4 2.7 3.8 5.2 3.3 2.4
Ca0d 10.5 7.7 7.7' 7.3 9.0 6.0 bk
Ka 0 | 2.5 3.5 3.6 3.6 2.9 4.6 3.9
-0 o '20 18 98 1Lk 2.0 12 1.8
B0 a 2.6 1.7 2.5 92 | k.3 1.8 2.7
. Ti05 . N i 1l 91 2.0 1.8 .82
® P05 20 .2 2% a8 €8 0 a8
MnO 1k 14 .10 .10 .15 24 08
CO, 1.4 2.6 .26 05 b5 .05 4.8
Sum 100. 100, - $9. 00, 106. 200, 100.

Powder S». Gr. 2.80 2.77 2.70 2.82 2.80 2.85 2.74.

1. Unaltered porohyritic tecalt froa nsar bese of section on wegt shore
of Little Pyiuvs Tay,

2., Slightly chloritized, rnonporphywitic andcsitic basalt fron north side
of ridge top 1.3 miles ecrt of head of couth crm of Hood Day. ,

3. Uraltered, glacsy, porphyritic bazaltic andesite from ridze top necar
altitude 2,627 feet, 1.6 mile N. 30° W, frou head of Elizz Earbor,

L, Slighktly chloritized, poyrayritic andesite from cast stora at hezd
of Elizn Earbor,

5. Altercd lave 2ron top of peak 3,06 feet eltitude, 2.7 miles east of
heed of Eliza REzrbor.

6. Altered lava fronm north gide of ridge iop 0.8 mile south of south arm
of Food Ray. '

T. Altered dlke frem shore rorth of Cannery Cove 0.5 mile weat of
triensulation station Ieve.
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Admirz1ty Islend {C. W. Wright, 1906, p. 145, 152-153).

Buddington end Chesin (1320, p. 265-267) describved bascltic and ende-
sitic lave flows underlair Tty 7:ndstomes and conglowerates of Eoéene age
south of Adnmirelty Islaﬁd on'ﬁﬁpreencf, Kuiv, end Zarembo islends. In
eddition, they found smell oulcrovs of similer volcenic rockg on the Castle
Is2ands in Dunecan Cenal, ard on smsll islends near Onslow Islend in the
Ketchiken district., Northvest of Admirelty Islend volcznic flows end tuffs
of possible Tertiory ege occur on Pleagent Islsnd, and on the Sisters in
Icy Streit (Lathrem and cthers, 1959).

Miller end others (1959, p. 22) considered the nonmerine sedimentery
rocks.of Rocene age, end overlying volcanic rocks cropplng out on Admirezlty,

Kupreenof, &und Kuiu islends +o be remraonts of deposits in thair Tertiary

fdmiralty trough.

- , ' cLzternery d=nosita

Unconcoliderted derpcsits ¢f glecizl clay and gerel, end recent alluvial
gravel, all of whicﬁlare too 3mell to show on the geologic map, are scattered
clong the floors of most strenm valleys., Fossils of merine invertebratgs
were found in glacisl clay et two locelities. One of these, contzining
molluse shells, is located st cn eltitude of 150 feet in théﬂéhannel of a
strean flowing northesstwerd into souttesastern Gambier Bey (loc. 36, Figsg ).
The other locélity, containing Foraminifera tests, cccurs at aﬁ altitude of
475 feet in the channel of a streom lying west of False Point Pybus that
flows esst and south into Sterhens Passese (loc. 37, f1356 ). Thus ses
level in glecial times reached e lavel et least 475 feet highe? than at

precent.
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The northwestern psrt of the Pybus-Gambler erea lying west of Ggmbier
Bey and northwest of the Gimvier feult is poorly known, end has been mapped
on a reconnaissence scale only (pl. 1) in order to complééé the geologic
repping of the Sitka B-1 quedrcangles, In gonerel ip is a poorly exposed
arca of plutoniam and contect retemorphism. Because of the metamorphism
end the lsck of exposures in this area, the rock units mapped elsewhere in
the Pybus-~-Gambier eres could not be recognlzed with certeinty. The struc-
ture is, therefore, poorly knownj tke rocks sre in general'layered, but in
most pleces bedding snd foliction could not be distinguished fram one
another., For this reason a speciesl m=p symbol 18 used here for the atti-
tudes of the dordinent plencr structcre present which does not distinguish
b etween the different typee 02 planer gtructures.

The southeastern boundary 1is teken at the Garbdier feult; although this
fault appears to bdring metemortvhiec rocks on the north ageinst nonmetamorphic
rocks on the south, the country along the fault is poorly exposed and tke
reletions ere by no mzens clear. To the east the metsmorphic rocks of the
Gembier Bay formation eppeexr to grade westwerd into co&rser grained, but
similar varieties in the contactz2ones of the plutons. Four generalized

units are mapped as follows:
Eoinfels

Mostly thinly leyered, dsrk green, amphibole~bearing hornfels con-
teining scattered minof anits of dark grey, thin-bedded, flnely sugary
quartzite that 4ie probably a xetechert, The roékq in general exre not
obvliously foliated, but in a few pleces become schistose end indistinpuish-
able from the greenschist unit. Tight, small-scele folds are common. The

unit may include metemorphic eguivalents of the Hood Bay, Cennery, snd Hyd
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formcations.

Greenschist

Canrlexly folded gfeenschist ené suborédinate emounts of fine-grelned
nmica-cchist, These rcck type3 esre in generel similar to the greenschista
of the Gambier Bey formetion, but ere more coersely crysialline; the
coerser grain size 1s at le«st in part.due 10 contact wetemorphism. --The
unit mey be roughly equivalent to the noncalcereous parfs of the Gembiler

Bey formation.
Merble

Iight-gray to white, thick-becdded, meaium- to.coarse-crystelline mar-
ble containing minor units of rediuvm-gray, thiqu platy, fine- to medium-
crystalline marble eand greenschiit. The merble loeelly contains gbundant
-needles which in some placcs axe woliestonite and in others are tremoiite.

A coarse foliation 1s coric:ly present, but 1te relation to bedding 1is

not known. The dip slope o) the' thick-bedded merble weethere to e rough,
Kerst topography. The merdhie cccuples topographicslly high positious,

and mgy overlie pert of tue greenschist. It mey be equivalent to the marble

membex Of the Garmbier Bay formstion.
Dicrite

Only the border 2ones of the two plutonic bedies have been sampled.

The most common rock type Been i8 & porphyritic hornblende-endesine diorite

containing ebundant phenocrysts of enrndesine ranzing from 5 to 10 mm in
length. Semples from the contcet zone of the northernmost pluton are rich
in megretite erd pyroxene. Ti: plutons in places intrude rocks of sll

three of the ebove metemorz.iic units generally with an increese in grain

size of the metemorphic rocizs toward the contect. The country rocks of
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the cdntact zoaxes ere ccouronly cut by a comzplex of velas of the dlorite.
Such effects zppear 1o be 1li. ioed to Zores renging in width from 50 to 100

feet beyond which the only contect zffects seer ere those of crystellizetion.

STIUCTURE

Cenerel discussion

Strnctural provinces

The Pytus-Gembier ered rcy be divided into three provinces beced on
structwel style (fig. 22); 1) the Gembiler stiructural province, cormposed
of the Gembier Bey fermotiorn eid choracterlzed by lntense, metamorphic
deformetion in which foldiag iwz doxinated; 2) the Pybus structurel pro-
vince, composed of the rcciis 6: the liood Bay, Cannery, =yd, eund Scymour
Cunzl formations and elsc chextcterized by intense deformetion in which
£0lding hes démiaated, bub uitlhoat ceglonal metemorphism; 3) the Scuthicset
strueturel proviace, cagposed of rocks of Terticry ege and cherccterlzed
by_mild deformation in which Jeulting hes domincted. The following struc-
tural enslysis is chiefly « study of “he fclds in the Gambier axd Dybus
structurel provinces. Fants cxe inporvent feetures of ell provicees;
however, beceuse they ere coui.cily skzred by more thsn opg,province, faults
are discussed in » separeie zectlon reuther then uader the proviace in whiéh

toey occur.
Dipecussion of structursl) enslysls

A method of structurs: auazlysic employinyg equal arez projectione was
used, in addition to coaventional methods, to study the geometry of the'
rocks of the Gawbler ond 2ybus provinces. This method was used beceuse
it peruwits the representveiion of the orientetion of strucitural elerents

50 88 to show the three-dirensionzl relstions becween them.' Murthermore,
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conventional geologic sections are not satisfectory in these provinces be-
ceuse fold exes chenpge orientetion within short distances preventing the
prediction of their orientatipn below the surface. The scarclity of marker
beds adds furtker difficulty to the construction of sigpificent sections.
Bacause of these difficulties, conventional geologic sectiomrs are used only
in 2 highly disgrammatic and distorted form in the isometric block diagram
(pl. 5) in order to give e generelized view of my interpretation of the
geology of the Pybus-Gembler area.

The method of euelysis 1s based oo Sender (1948, p. 132-148), end is
degcribed in detail by Wéiss-(l959a;p. 12-24; see¢ also Weiss snd MeIntyre,

1957). It consists of three parts: 1) study of mesoscopio;/ structures;

;/ In this paper the use of the terms mesoscople and macroscopic fol-
lows that of Weiss end MeIrtyre (1957, p. 577): m2soscople structures are
thoge whose features cen be cdetermiced directly in single, continuous out-
crop; mzeroscoplce structures ere those whose features must be determinsd

from 1solated chservations.

2) study of macroscopic structures; 3)'correia€ioA of mesoécoﬁic and_ﬁébro-
scoplc structures.

The study of mesoscoplc structures consists of tke meesuremsnt of
their orientatlon and the grouping of them into syngenetic groups called
gcne¥ations. Tke establishrment of the gernerations is basad on the over-

printing (Uberprequng of Sernder, 1948, p. 81) or suﬁerpoaition of leter

structures on eerlier omes. The structures grouped in a generation must
show consistent relations to those of the other generations. A generstion
of structures {excluding primary structurcs) may comsist of folds, lineetion,

ead exdial plané foliation thet formed together in response to the szme stress

Dy % A



Where order of overprintims is unclear, the physical cheractergstic
of the structures of & generctica rmey sometimes bz used in correlation.
Ecwever, physical'cﬁaracteristice =ust be used with caution because they
carmonly vary withrock type end mven vidre c0nsfan£ ney resémbie thoséi&f
structures belonzing to otheyr zenerotionms, Certain fundazental character-
isties such as the generel fcru of folis (for exemple, similar or parallel)
may prove to be constant In cre rock type.

The orientation of structures of one generetion in terrenes of super-
posed folding may be hlghly vzrisble, -nd 1s no£ a g&od basls for correle-
tion. Field evidence in the Pybus-Gerbier aree dnd in the Scottish Bigh-
lends (Weiss and McIntyre, 1957, ». 283, 297; Remsey, 1958e, p. 291) indi-
cates that the axiel surfacez of f£olds tend to heve a more reguler preferred
orientation thon do their eswes. .ocdel surfaces of Zolds tend te be inléielly
plenar in splte of pre-existiag véri:tlous in the orlentation of the struc-
tursl surfece belng folded, waereszc th oriéntation of fold exes for a glven
stress field is controlled in psre by the pre-exieti;g orientapion of the
surfece being folded (Weiss and Melmtyre, 1957, p. 597-598; Weiss, 19590,

P« 95-98). Thus, for exemple, thuz orlcniction of axes of leter folds super-
posed on previously folded beddir; is not constents Furthermore the earlier
fold axes would be curved owing to deZormetion by the later folding; for dis-
cussions of the deformetionr ¢l cocrlier lineer structures by later folding see
Sender (1948, p. 171-172), Weiss (1555, p. 98-162), end Ramsay (1940). 1In
contrast, leter folding of axial surfeces, becsuse of their initis) subplener

form mey result in struecturel’y hcirogerneous dcmainsl/ large erough to map.

]
=/ Domaing ere considersd structurelly homogeneous if the etructural
surface 18 either planar or is folded ebout a single, rectilinear, statisticals

ly defined fold exis; the term cylirvdrcidel is also applied to such a fold

(Welss, 1959b, p. 92-93). :
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Tae study of the macroscodic structures uses the [-axis method orig-
ineted by Sender (1948, p. 132-145) cad further developed by Weiss (1959,
p. )12-24; sece elso Welss and McIntyre, 1957, p. 587-595). The macroscopic
foldinz in a selected structﬁral sn}face {(bedding, folistion, etc.) is
studied by subdividing the erez of study into structuraslly hcmogeneous do-
meins. In the present work, [ -zxes were constrgcted by plotting attitudes
of the structural surface or tiz lower hemisphere of equel sres. projections
elther es arcs of great circles (S-diegrams) in damsins where date ere scarce
or 85 poles of the surfcce (S-pole disgrems) in domeins where deta ere ebun-
dant,

The third pexrt of the structural enslysis iavelves the correlation of
the macroscopic fold axes, Cezicsained e B, of the various domsina with
asgoclated mescscople folds and linsatioas. fhis ls accamﬁlished byvbibt-
ting the attituwdes of these wesoscopic linesr structures reasured ino & do-
main on & projection togethzr with the [B-axis of that domain. Th2 meero-
scople fold represented by taz /3-axis 18 consldered to belong to e certain
generation 1f mesoscopic folds and essocieted linestions of that gereration
are subparsllel to . |

In the Pybus-Gambler ares oie-additionel process was necessery: namely,
correlation of evenie between structural provinces in oxrder to construct

the tectonice.history of the ares as & whole.

_Cerhier strucivral province

Mzsoscopic structures

Cenerel sictercnt.--Flscile greerschists and phyliite ccommonly show an
gbundance of fine structural deteil coasisting of severel types of inter-
fering small folds and lineetions, wherees the massive-appearing greenschists,

waxbles, and metacherts generally szow only erude lsyering, Mlcroscopicslly
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£1). these rocks show a pram’nzat folistion or schistosity. Tue interfering
structures bave been grouped Ziio thaze generatlons besed or eriteris previ-
ocusly discussed {p.T19).

Ecddding.~-Bedding survivgs clearly cnly in & fgw pleces a8 thin mete-
graywacke beds lu dark phyllitz. Ic ©ost outerops only & praminent secondery
Ycliation cen be seen; in a few plzces this follation is seen to intersect
tke btedding at various angles. Thick, meassive-appearing merble and meta-
chert unids must 2lso repressnt beddingy, but the attitude of these ﬁnits
is zcanerelly unknown because thelr comteets with the other rocks are obscure.

_The scarcity of vizible tedding seems to have Been ceuséd by & combin-
ation o? the followlng two frcicrs: 1) rocks were initially largely thick-
bedded or messive volesnie rocis; 2) dedding is largely dlsrupted end trense
posed by formation of a seccaisry fclietion, resulting in disrupted frag-
reats of beds lying subparell:l to thre foliatiou {Ffig. 239; for Aiscussion
of transposition see E. Knop?, 1931, ». 15),

First generation of strucoares.--This gencration consists of folds,

Uneation, and follacion upoz ~hlch have been auverposed the structures

of the-other two geunerations; it 1z therefore corsidered to be the esrliest

of tie three.

The folds of the first genaravion will be called the "first folds"
for bravity; they differ from the folds of 21l otaer geanesrcitions in that
they ere formed only in the bedding. The first folds are tightly eppressed
or nezrly isoclinal with thickened hinges und thinned limbs (figs.‘23é, b).
2s & rule they are zisible oaly in thainly Y=dded phyllite, but occasionally’
fetached fold hinges esre seer in thin meritl: beds within the gresuschist
(£ig. 232).

A1) first £olds have = pronounced foliction subperallel to their axial

surlaccs, however, as mentioned etove, slip movereat along the folietion




bicges of first folds and elocgate fragments in gresnschist,

Bay formation, Cazbier structural provioce.
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surfaces has peacrally disrupted and trensposed these folds. Suca a folie-

tion (or cleavage) subparailcl to the axisl surfecee of a fold 1s considered

by many geologists to be synjeanetie with the fold (H111s, 1955, p. 110-113;

Wilson, 19L5, ﬁ. 26%-273; E£llings, 1654, p. 350). Therefore, the foliation
is grouped with the first folds as s structure of the first generaticn, and

vill e celled "ths folietiown".

In phyllite, the foldetion 1o 2 lustrous slety cleavege; the silvery
sheen 18 cue to the crystellicotion of sericite elong the folietion sur-
feces. The phyllite in.places Jredes into fine—grained sericite schist
in which the foliatior takey on the espect of e schistosity. Ths fileld
appezrance of the follatiocn 1n greeaschist depends upon the composition of
the rock. In fisslle schists wita 1vn chlorlite and sericite 1t is repre-~
sented by lustrous, paper-trin theets, wﬁereas in the nassive-eppearing,

- calcereous greenschists the Polictlon appears as crude layering poreliel

v e

to_which ere scattered elorseie coarse Pregments ﬁf nerole and eltered
voleanle reckes Put regardles:z o2 appe&r&nceg in ouLCIrop, éhelfoliation in
all these rocks i1s defined rlcrosconlcally by perellel preferred orienta-
ticn of plety minerals or by very thia lzyers of mechanlcaily comudnoted
matertal (cee £1g. 42 in Appendixv).

Taln stresks or ridges on the folletiom surfaces, generally contrasting
in color end.compositlion with the rest of tkre réck,'occur aburdently through-
out thz Cembler provimee (fiz. 24a). They represent the trece of the inter-
sectlon of beddirg end follatlion, and are subdbperazllel to the axes of the
Pirst folds. Thug the streaks provide a means of measuring the axial
orientation of the firsty folds whore the folés themseives ere not seen.

Secoad and third generczticas of struecture,--The structures of the

second snd third generations affect poth bedding end foliation, and are thus

reedlly distinguiched fram those of the first zerzretion vnich effect the




Second foldes in greenschist, Osmbier province; folds sbove and below
pencil show common sharp crests and rounded troughs.
Figure 24

a.
b.
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bedding only. Where third genoraticn structures ere overprinted upon the
second the two are easily éis-:liguisned, but where only one i3 present
thelr separation is often nacertaln Hecause the smaller liﬁéar structures
of the two generations suchk és crenulations end stristions, ere similer
in form. The larger mesoscoric £0lda of each generation, however, have
cheracteristlic differences both in physical espect end 1a orientztlion that
remain constant throughcout lerge erees, and are useful in correlsting the
gereratlons.

The second generetion concists lergely of folds rapging in size from
crenletions & millimeter in weve length to folds severael tens of feet in
vave lepgth in which oxdal eurizce follation 1s generslly lecking. The
style of the second folds l:c vorieble, but it most conmonly consists of
sherp-hinged enticlines altermcting vith rounded-hinged synclines (£ig.
24b). The axlal carfeces of tie seccad folds dip moderctely Bouthverd in
most of the Gembier province.

The third generation ccnelsts largely of kink folds with gererszlly

subvertical exiel surfaces. Tris orientation contrasts with the moderate

dip of tke exdal surfaces of the secoad fclds greztly faclilitating the
separation of the two genercticns of folds. The fe;m‘“kink fold" is used
here for folds formed by the xtafion of foliation surfzces in a thin zore
of rock with respect to the su:ifaces on easch side of the zone (fig. 252).
The rotated zone is bounded Ly surfeoces of kinking thet roughly parsllel
the axizal surfaces of the kink folds., Tohe rotation is ecccmnlisked by the
slip of the foltletlca surfecus over one snother. In general the roteted
zoﬁés range 1n width from ¢ few uillixc@ers t6 & f&w inchesy but in e few
rleces they ere very thin (cvert e widih less then 0.08 rm) and closely
speced, Such closely speced kinling surfeces reserble folistion surfaces,
snd the roﬁation of the flrst folisticn 1s not readlily visible in hand

specizen (fig. 25b).
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The kink folds resendle closely the Knickzonen and Fleyuran of Eoep-
peuer (1955, p. 35-37; 1936, ». 253). Their genered form is also similar
to that of xink bands in-deformcd ueta1$ (Orowan, 1542, p. 643).

The kink folds are suicrcosed upon the structures of the first end
second generationrs, and tasy it tuim do not eppecr to have any later ueso-
sccpic structures superpcsed uvpon thww., These relstions are illustrafed
by the following examples: L, Figure 2ke shows e single third kink fold
sBuperposed upon the firsi foliatic., Zirst. linceticn (strecks), end second
lineation (crenulstions). 2) Figure 25b is & sicich of & hend specimen
in Hhic; the third folictlou po@ctrateé the first foliation and second
folds without distortion. 3; Flgure 26 shows steceply plunging kink folds
superposed upon.-the flrss 2oliztiou and gently plunging second folds and

lirneation.
Macroscopic structures

Cenerel statzrent.--leciuse the first foliztion 13 ths only praminent,

wldespreed structural suriacc in the Gambier province (p.75), it is the only
surace wnose macrofcople form could be studiecd. The folietion is subparailel
to the exiel surfaces of the first folds, end was probebly epproximately
plenar at the end of the first folding (p.75 ). It is essumed, therefore,
thci its present camplex foem (£1g. 272) is lergely the result of lster
de;ormetion. Figure 27e conteins no plene of syﬁmetry end no single girdle
of follation poles, thus no siazle, rectilinear axls of foldlng exists for
the éntire province. The ccxplex pattern suggests noncylindroidel folding
(see Weiss, 195%, p. 18-15).

In order-to test for tke preseace of cylindroidel folding on a smaller
scale, the province was susdivided Iinto structurzlly hoezogeneous domainsl

(p.73 ) in plete 2. The dlzgrams of certein dameins of this plate show no




plungiog
and shallowly plungiog second folds and {lg].ﬂ-un
province




a. (ollective dlagrem of 300 foliation poles, Gembler province;
(l/3)—l~2§-5 percenl gor 1 nperceut area.

b, Collective diagram of 85 mesoscopic first fold axes end lineations,
Cexbier province; (1)-5-10-15 percent per 1 percent area.

Figure 27
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Eistinct B-axes; in some too Tow dete were aveilable to establish a B--:-.xis,
end in others the foliation i3 subplunar, i.e., either unfoldied,or more lile-
ly, isoclinally foldeds TPictc 2 ehcws elso form lines thet ere the gemeralized
treces of the Toldatioa oa tuz topogroghle surlace.

Firat zenetation.--The mecrosccpic form of the bedding 1s virtwelly un-

known, hence vhat little is irown ebout the firsst folds 1s derivedl fraom

the orientation of the meccsecpie first fold axes end their relation to

leter folds. Information of iiis kind 18 chiefly in terms of preferred orien-
tation and tells little about ithe sine of the meeroscopic firet folds and the
location of thelr hinges.

The axes of the first fclds pluige gently esstwerd or westwerd (Zig.
27c). Those plunaing to the weet arc most ebundent, end form in the projec-
tion in e strong mexivum tronding west-northwest; whereas those p;unging
“to the eamst are much less cousdort end have trends renging from scutheast

te north-northeasi. The ercel vorievions 1n the orienteiion of the first

.- —- .

axes 18 shown in plete 3, walck wes p=de by suidividiag thé brovince into
domeins of epproxirately unifzim prelerred orientotion of second fold axes.
The deote used in this plate were teken only fram locelities:in which the
second lineer gtructures were cleorly surerposed upon those of the first
gereretion,

} correletion exists betvecn the orientcticn 6f the first fold exes
ernd the attitude of the foliatica-in the demeins in which the folds oceur.
Thicis to be expected from the mescscopie evidence that the foliztion is
eubparallel to the axisl surfices of the £irst £olds (p. 75 ). Plate 3
shous thet first cxes plunzing to the vest-nortkwest or east-southsest
(1.e., west-northwest-trending) 5ccur chiefly in deuains in which the

stilke of the foliation ransze frow st to northwest (domeins II, III,

IV, pl. 3), whereas tizose pluaging to the northeast occur chiefly ia
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domain I in vhich the Poliation strilies north. Fhere the folletion bends
eround the hinges of macrosccple folds, the first £old cxes show a corres-
ponding chenge in orientatiam (£ig. 28).

Plate 3 (see £lso fis. 28“; shows that the angle between the first and
gecond £old axes is smell in the northern port of the province (dcmains II,

III, 2nd IV) end lexge in i southerstern pert (Qasein I).

Second penerction.--The form iines of plate 2 degeribe a serles of
straisht-limbed folds in the foliation whese axial plenes strike northwest.
Tazse £0l1ds relony to the second zeneration, end are the lergest in the
province, heving southeast-plinszing rectilinear axes.

Two f£olds sre described by the form lines south and west cf Saug Covel

- e northern fold, coavex to the northvest, and a southern one, convex to the

‘ souckeast. Tae northern £oléd helonzs to the Sn@ Cove synférz:—-/ whose

J/

E. B. Batley (in Betley, Weir, and MeCalllen, 1939, p. 120-121) for folds

+ Antiform end eynforr. ere purely descriniive terms introduced by

vhose bhinges are respectively convex udward and ronvex downwerd. They do
not 1mply thst thz folded strete becoxe elther oldar or youngser tovard the
ceres of folds, cnd exe used in thls paper for folds in complexly layered
rocks to avoid the streblgrrohile conunctotion of the terms anticline and

syncline,

porihern Jimb strikes west cnd d_ig;s mclerately to tha south, end vhose south-

ern 1limbd strikes north and generally dips =moderstely to nsteeply to the eést,

and locally to the west. The ssymwatiry of the synfom requires ths.‘c., 1ts
‘ exipl surfece dip to the souih, ’n exi-al plungs to tl;ge southeast is in=-
dicated both by the northwestward convedyvy of the fold, and by tha plunge

o2 the B-axesz of domsina 5 end 13 (pl. 2) loceted on the hin . The
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correletion of the synform with ;h& secoad generation 18 based upon the
clustering of mesoscople; secund fold axes in dcmains 5 (fig. 28) end 13
(£1g. 29) about the B ~axes of tkese demains,

A f£old, occurring northvest of “he west exm of Gerbier Bey, is similer
in form end in direction of couvexdty to that ofthe Snug Cove synform,
and may be the extensiond it. Eowever, the two hinges are not exactly
eligned, end the northwest hlage is displaced westward with respect to the
hinge of the Snugz Cove synlform. Iitile is known ebout thie fold, but its
similarity to the Snug Cove synform suggests that it 1s also a southeast-
plunzing synform.

The southern fold flanks the Snvz Cove synform on the southwest. The
north-gtriking limh of the fold, which it shares with the Snug Cove synform,
dips gererelly eastwerd, andlthe poorly exposed vest-northwest-striking

.14mb elso seems to dip to the easts Hence, the axial surface dips to thé
portheast in en opposite diraction to that of the Snug Cove synform, snd
the fold is overturned to ths southwest. The relation of thia £old to the
Snug Cove synform fndicetes thet i% i3 an entiform probebly piunging to the
southeest. However, the hirze of this fold 1s poorly exposed and its exial
orientation could not be detzrmined.

Another fold comperable in ze to the tvwo doscribed gbove occurs in
the northwestern part of ite province. The hinze 18 covered by the waters
of Gexbier Bay, arnd is not dufined by tre form lines of plete 2. The evi-
dzrce for its exlstence is tocrefore indirect, and may be surmsrized as
followss 1) The chenge in attitude of the folistion from one side of the
northvest arm to the other sugzests the presence of two liwbs of an over-
tureed antiform whose exial ru-fece strikes northwest along the center
line of thz arm. The vormal, pouthwestern limb of this possible antiform

strikes west-northwest end dips 30° to 40° to the eouth, whereas the over-
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TFigure 29.--S-pole disgram of rolisticu in domain 13 (pl. 2), showing
relation of B eaxds (X) %o axds of mesoscopic gsecond folds (dots); in
dowain contours (2)-5-10-15-20 psrcent per 1 percent area, 55 measurements,
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turned, northeact lird strilic: norithwest end dlps ebout 60° also to the
south. The convergence of thk: two lixhs both upverd end to the scutheest
suggests a southcast-plunging entiform. An entiform 18 to ve exvected here,
since the gouthvest limbd of this fold is slso the mortheast 1lirb of the
probable exteansgion of the Srug Cove synform.

2) First gereration fcld excs and lincation seem to heve been bent
by this fold. These structures plunge chiefly to the southeast on the south-
west ehore of the arm (dozein IXI, pl. 3) and chiefly to the northwest on
the northeast shore (domain IV, ﬁl. 3), vhereas nesr the center line of
the arm &t thke north borédar of the eres they are subhorizontel. The op-‘
posing plunges of the first eces suzgect the presence of two divergent fold
limbs, and the horizontal first cxes suggest the presence of a hinge neer the
center lice of the erm 1n the meorer 11lustreted by figure 30.

3) The stratigrephic sequence, e: defined by the fossiliferous, mere-
ble unit, secers to be repeated north ard socuth of the northwest arm.

k) The diegrem of dcmain 28 (pl., 2) shows that the foliation in the
vicinity of the northwest erm has been folded ebout a single axis ( 3)
that plunges modsretely to the southeest consistent with the direction of
plunge obtained from other evidence sbove., The B-axis of domein 28 (fig.
31) lies in fﬂe field of secord fold axes and linection in the domain, and
thus the sntiform 1s correlated with the second generstion.

Two orientetions of mesoscopic second folds and linestlons dcaminste:
one plunging moderately to the wesi-southwest, ard the other plunging moder-

etely to the southeast (£iz. 22). Thess two orientations are represented

in Pim¥e 32 by two mexdma eech of which are contelned in a partial girdle.
The pertlal girdles do not lleinthe seme plene suggestingthat for the province
es 8 whole the axes of the second folds do not lie in perellel planar axdel
surfaces,

Plate 3 shows e subdivision of the province into domairs structurelly
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Figure 30.--Diagrem showing relation of Pirst (s50lid lines) and second
{broken lines) linectione to ovartuimed, macroscopic second fold in
foliation (see text).

Pigure 31.--S-pole diegrem of derazin =8 (pl. 2), showing relation of Baxs
(X) to mesoscopic pecord fold ates and lineastions (dcts) in dorain;
contours (2)-5-10-15-20 percent per 1 percent area, 33 measurements,



Figure 32.-~C01_').ective dilagrom skhowing preferred orientation of 70
nesogcopic Becond fold axes end lincations, Gambier p*'ovi 1ce; contours
(1)-5-10-15 percent per 1 percent area.
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harogeneous with respect to *ho cicond fold axes. The scarcity of date
for damein IV prevented its; further subdivision into homogeneous dcmains.
In genersl, the domelns lylinz elong the largest maéroscopic fold hinges
show & moderste plunge to thz so?thuast (domains I end III, pl. 3), vhereas
the southwest-plunging secoad fold axes occur largely oa the limbg of these
pecroscopic folds (demein ZI, pl. 3)s The occurrence of both orientations
of cecond exes in domailn IV asy reflect 1ts locetion partly on the hinge
end partly on the limb of & meeroscoplce second fold. Similerly, the B -exes
of the domeins of plete 2, such es 7, B8, 10, 11, end 12, located on the
limbs of the larzest macroaéopic folds shoﬁ no consistent B ~axi§ oriente-
tion in contrast to the consistent plunge to-the southeast shown by those
on the hirngzes., Accorddng %o thls evidence, the limbs of tﬂe largest second
folds, and hence elco thé swiller second folds located in them, no longer
have the origirel reletlon ©o he axes of these lergest folds. Thet is,
neiﬁher B -axes of dcmaine nor mesoscopic second fold exes in the liwbs

pargllel the axes of the lurgest second folds.

Third geseration.--The macroscopice folds of this generation are poorly
known; The hingesof the lergest macroscopic second folds do not seen to
have Yeen nobticesbly deforned by the thlird folding, A sizilermsistance
of hinges of lerger earlier folds 3¢ later deformetion has been reported
by Remsay (19582, p. 304) st Loch Mener in the Scottish Highlends. However,
thig folding ney heve bent the axes of the mesoséopic second foldsg &ﬁd thé

B -exes of domeins (pl. 2) in the limbs of the mecroscopic second folds
fram their orizinsl orlentctior which 1s essumed to heve been subparaliel
to the sxes of macroscopic cecond Tolds. The third folding mey clso-hcve
ceused the nonplener form for the provizce as & whole of the axial surfeces
of the mesoscopic second folds (p. £3).

Of tae domeins of plate 2 loceted on the limbs, only 12 shows e [ -axis '
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having e southward plunge pascitly psrallel to that of the mesoscopic third
folds (£ig. 332), but ithe luc:t cf oricntotion date of mesoscopic third

cﬁés in this domein preclud:s certedin correlation:. The relapive sma}l.size,
6f these domeins (pl. 2) indicztes th:% the lergest mecrocscopic third
folds, 1f present, are consldercdbly emcller then the lergest mseroscople
second folds. This silze reletica tends to substentiate the general rule

of Velzs (195%, p. 98) thzd tue largest cylindroidsl folds of e.. later
generatlion must be smaller then thosze of en earlier gemeration.

The axes ¢f resoscovic tnird folds plunge dominently to the south

b(ﬁg. 33a). Although disir’buted in a brosd poxdmm 1n figure 33s, they
terd to fall into two grouns resrecented bythe two submaxima, Thé gtronger
sutmaxime represents a plunge of cbowb 30° to th> south-southeast, and the
weeker ore répresents & plungz of zbout MSO 40 the south-southwest. A few
" third axes plunze nortaverd. Thé cricotation of the third Zold sxes is re-
lated to the orlentetion cf thz foliction 4in which they occur, HMost of the
scuthwerd-plunging sxes cccur in southmard—dipﬁing.foliation; this dip 15
predczinent in the northern tiwo-thirds of the province, snd the bulk of tﬁe
field deta were cbtailzed in thic erea. Both north- and soyth-slunging third
fold axes occur in the north-striking 1irb in the viecinlty of Saug Cove,
but many fewer field date wers cbteined here thar in the north becanse ex-
posuree ere fev.

The axie) plenes of the resosconic third folds also tend to oceur in
two groups; esch grovp of plancc 1les near s corresponding group of exes
(f1g. 33; see dzshked lincs a 332). The axicl plemes have a consistent
subvertical dip, elthcugh thelr strile veries widaly. The average strike

18 s1ipghtly east of north.




Figure 33.--Collective dlagraxrs showlag the preferred orientaiiorn of
mesoscoplie third structuves, Garbier province: a, 100 axes of thrid
folds; contours (1)-21-5-T5-10 percent wver 1 percent srea. b, 65
axial planes of third folds; contours (2)-5-10-15 percent per 1 percent
area; dashed lines show averare azial plane orientatiorns. '




Intea . Sotica of structure

The geanetrical relsticn of the Tirst fold axes to the gecond sug-~
gests both the mechenism of second felding end the initial geowetry of the
macroscoplce first folds., Iun enite of deformetion by the seccad foldlirg,
the mesoscoplc first folds peiniair ¢ pentle plunge elther to the northwest
or to the scutheast in the rortrern ks1f of the province (dcmaing Ir,III,
IV, pl. 3). In this erea the augle Letween the first and second fold exes
is consistently smell. EHence, during the second folding the Pfirst axes
seem to have been rotated in a narrov. cone-sbout the second fold axes.

This relation suggests that th secord folding wes accomplished lergely by
flexurel slp of the folietion saricces (Sander, 1948, p. 171-172; see aleo
Weiss, 1959b, p. 90-100; Rerscv, 1950, p. 76). |

N In contrest, 1f the scconld olding bhad been accamplished lorgely by
s8lip =long en obligue set of surfaces (slip or shear folding), the fi-st
linear structures would have been»;otated through a path in vhich the angle
between them and the second fold éxes-would heve changed contlnuously,
causing & wide variation in cbserved emgles (Weiss, 1559b, p. 100-102;
Ramsey, 1960). .

The engle betwcen exes of first and second folds increases to about
0% 4n the southern part of the province nezr Snug Cove (donain I, pl. 3;
fig. 28). Two possible euplenstions for this increese in engle are: 1)
the orientation of the filrst fcld exes was originally coansteat throughout
tke province, but the machenlsm of second folding verled from flexural slip
in the north to slip [(shear) in thc south; 2) the secondfolding wes due to
fle:urel slip througkhout, but the originsl orientation of the first fold
exes varied and they describved c brord arc ove limd of which lay in the

north end the other in the south. Explenation‘2) seems much more probeble,

end could have been brousght gbout by the superposition of the first foléds

9
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. . upon 'beddinf_r; tha.t has been previously folded into é. broad, open fold. Ac-
cording to the concepts of superﬁosed. tolding (Weilss, 1959b, p. 95-98), &
different first axis orfentetion would have formed in eech lmb of the
£61d, The grester scstteriny of first £0ld axis orfentations in the south
vhere Ithe engle between the first and second exes is large would then be |
c-aused by their rotation through broader cones ebout the second exes. It
i also possible that heterogeneous deformation could have produced first
folds with ipitially curved exes. |

In contrest to the initlel gecmetry of ths a.xés of the macroscople
first folds, the hinges of the macroscoplic second folds extend nearly
rectilineerly across the province, According to Weiss, (1959b, p. 95-98)
this must mean that the folistion (hence also the exial planes of the first

. folds) 4n which they wete formed wera initielly subplanar throughout the

—province. The macroscoplc second folds es & whola nxe not ccylindroidai,
however, because of later folding of their limbs. The geametry of the
macroscopic second;,’folds in bedding, which is unknown, must be complicated
because of the exi;stence of the f;.rst foldse in the bedding af the tims of
the second folding.

The rapge in orlentetion of the axial surfaces of the third kink
folds (f1g. 33b) suggests en intersecting fan of planes sbout & subvertia
cel exis similar to that suggesied by Weiss (1959b, p. 103) at Loch Leven.
Weiss's alternate suggestion thet such a range of axial surface orieutations
could also have been produced by the change from slip alang slip surfaces
parallel to tha axial plenes of slip folds to flexural slip during the ‘
folding dces not seem likely hers, since kink folding does not involve

. ectual slip along slip surfaces {p. 79, fig. 25a).

‘The orientation and character of the kink folds elso suggest that tha

gbove fan of planes is composed of two sets of-& conjugate system. Both



the exiesl plsnes end the axuslfcnd to form two groups in whlth each group
of axes lies near a corress iing group of plames (fig. 33). Accordipg
to Hoepperer (1956, p. 268-270), kink folds (Flexurean) represent in thin-
ly leyered rocks the slip or shear frecture of more hamogensous rocks.
In kink folds the Blip 18 reprecented by the flexursl kinking of the folia-
tion Burfaces without actusl rupture end eldp (fig. 252). Thus, according
to Hoepperer, the kink folds sicy oceur in conjuszete systems, similor to
those of sliv frectures, campcced ol Lwo intersecting setslhaving opnosite
senses of kinking. It seeus uassible that sets of kink folds, like the:
sets of conjugate 8lip frecture systems, may rotote during comvression
ebout their line of intersection towrrd the plene normel to the directién
of canpression (Weiss aad McIntyre, 2957, . 59¢);{Hoeppener, 1956, p. 250-
253). Thus kink folds mey occur vhose exlal plane orientstions lie any-
where within the renge of rotatio;. Unfortunately, the sense of kinking
was not recorded ;n the field, =nd hencs a8 conjugste system cannot be
proved.

Towevar, the orientatlon of the axes of thie kink folds (fig. 332z2)
and theilr=lacvion to the orieatation of the foliation in which they occur
cen be explaired by essuming that the range in orientetion of their sxial

plenes (fig. 33b) represents a fan of intersecting plenes. Figure 34

. shows Aiegremmatically the relction of the fan of axial plsmes to the two

most common orientetions of the folistion. These orientations represent
the lirbs of the maseroscopic zzcond folds, and intersecet in the second
fold exls, The third fold execs seem te~ have formed perzallel to the inter-
sections of the planes of the fon and the fcliétion. The sbundance of
soutiward~plun31ng third folds rerflects the sbundence of south-dipping
folietion in the province. Similarly, the spersity of north-nlunging

axes reflacts the lesser abundence of north-striking foliation whose
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Figure 34,--Diagram showing relctioi of fan of third axiel planes to the
dominant foliation, Gaxtier provii. » orientations (S1); B2 1s average
racroscopic second fold axis orlenuc . on.
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intergections with tle fa2a of plenes pluznze elther to the north or to the
south,

In sumery, the damiasnt macroscopic second folds--the wejor structures
of the Gexvler province--rcy e thought of as folds in twve distinet but sub-
parsllel sets of surfacez: 1) tiue first exial plsne 2liation, and 2) the
subparallel 1imbs of the isoclinel flrst folds. During the second foldlng
the rock body seems 0 heve tchaved structurelly as a undformly leyered
mass.

The secnn@_ié}ds formed 3a this complexly leyered body end cen have
no simple relation to tic original stratigrephic sequence. Sinilsr exam-
ples of en ecrlier isoclinme:lly folilzd sequence beheving effectively‘ag a
uniforcly strziified mess during lzter folding heve been descrited by
Reynolds end Holmes (155Y, 1. 438-4bk) in Doneprl, northern Irelend end
by Ramsay (1958 p. B18-SEC) at Glazlg in the Scottish Highlsnds.

_ The sequence of struciural events in the Gardbler structurel province
ney be sumerized &c fo]io;!s:

1) The rossible foiding of ihe bedding into broed open folds prior
to the first strong folding.

2) Strong defometion of the province with the formetion of the isc-
clirel fivrst folds in the previow.ly werped bedding, 2nd the cdevelopment of
a pronouﬁced, widespreed, uwmiforiiiy oriented, oxiel plene folie{ion. Dur-
1z this deformation slip movemen zlong folietlon surfsces seems to have
pertielly trensposed and disiuptzd the bedding. The originsl orientetion
of the Tirst folds is »ob xnowa, sut the southeestwerd vlunze of the second
folds formed in the exicl nlene folletion sugzests thet the inltie} dip
of the sxizl plones of tae »irst Tolds hed e scuthessterly casponent;
vertical and northward &lrc ere, therefore, raled ocut,

3) Renewed strong defoir =etlon of the subparellel foliotion and bed-

1
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ding, end formetion, possidly Lorgel:s by flexurel slip elong the first
folietion surfaces, of the largest £51dc in the province. The axes of these
mecroscopic second folds plunte noderately to the southeast, and esre eccon-
panfed by nurerous smeller fo1ds but virtuslly ro secondrry follstlon. If
these folds formed largely Dy Ziexuved slip of the folietion surfaces, then
the bedd@ing must have been Lurtker dlsrupted during this folding.

-4) Deformation resultin; in the Pfermetion of the third folde which
conzist lerpely of kink folds. The ~hird folding msy heve produced no
lorge mecroscopic folds. The Q;ly noeroscoplce folds tentétively reloted
to this deformetion occur 1n tioc limbs of ths largest second folds; the
hirges of these second folda ere not rotliceably affected by the third
deformastion. The mesoscople third folds may have formedwth axiel planes

in two Intersecting conjurste s<is.

Pybus structurel province

General stetement

The rocks of this province zxre chlefly nontectonites in which sedi-
nepntery structures are well precerved. In contrast, to the Gembier struc-
tural province, primsry sedimintery bedding 1s seen in almoet every out-

crep, and mesoscopic folds cnd liveetlon are rsrely seen. Frectures end

foults are the most abundeat mesoscoric structures; of these only the

frecture clecavege of Seymour Copsl formation displeys a rezulerity thet ‘

is useful in structural anely:sis.

| Two generations of structures are dlstinguished in the province: the
Pirst generation, which oceurs rtcth oa e wesoscoplc and ¢ meéroscopic scole,

end the second generetion wiich occwrs oaly oa & mecroscoplc scele. - The

eviderce fer dictinguishinzg the two generctions is based on their mzcro-

C . ra

scopic geometry.
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Unconformitles oceur between.almoat every formation in the Pybus
province (£ig. 3) Movements ccusing these unconformities seem to have
formed no fold systems, end were provedly restricted to mild werpings aand
uplifts. The superposifion of succegsive warpinéa, however mild, will
result 1n dneressingly camplex structure in the rocks of successively
older formations. The structure of the Seymour Cenal formation (the
youngest in the province) 1s therefore probably the simplest, and 1s also
test known because of the extensive and excellent shorelire exposures of

this formation. It is presented in greater detaill than thet of tha older

- L3

formetionse.
Mesoscoplce structures

Bedding.--The orientation of primary sedimentery bedding can generelly
be determined throughout the province. However, it 1s cammonly not possible
to determine the stratigrephic top of a bed or e seguence of beds., Position
of a bed {n stretigrephic sequence can sametimes .be used for determining
the top of a seqpené; vhere thinner units such &s the Pybus dolomite and the
Hyd formatlon are present, but where these are ebgent, lack of merker beds
end subvertical 4dlps make 1t necessary to rely on graded bedding, cross-
bedding, end, where possidle, bedding-cleavage relations to determine the
top of a stretigraphic sequence. Greded bedding end crossbedding are |
develoved chiéfly'in thin graywecke beds, which ere most common in the
Seymour Censl formatioa. | A ‘

First generetion.--Folds of this generetion are the common mesoscople

folds of the Pybus province. They ere charecterized by streight limds ond
small, rounded hinges (fig. 35a, bd). In generel, the f£irst folds have one
noderately dipping normsl limb end one subverticil l4md which 45 commonly

overturned. The axigl plenes ére generslly subvertical, and the axes show .




. b. Mesoscopie first fold in argillite and thin-bedded greywacke in Bsymour
Canal formaticn, Pybus Gambier Island m“
e By T o So- 2

Figare 35
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a gentle to moderate plunie. Folds heving a wave length of less thaQ 10
feet are seléom seen, end fold hinges are not cammonly visible. Thus,
folds must often dbe mgpped by indlrect evidence such as reversals in dip
end in direction of the stratigraphic top of beds.

The first folds in the argillite of the Seymour Cansl formetion gen-
erally show a fracture cleavege subparellel to their exel aﬁrfaces (fig.
36a, b)e The cleavege is larzely confined to hamogeneous ergillite of tpe
type that forms most of the Seymour Consl formetion, end is generally leack-
ing in the interbedded silicecus and celcerecus argillites, chert, graye
wacke, limestone, end dolamite that meke up the older formations in the
prcvince.‘ |

The cleavege cousiste of roughly parallel fractures whose spacing
renges fram ebout 1 inch to mieroscopic dimensions (fig. 36a, b). As e
__rule the rock slices between the cleavage fractures seem to be undeformed,

end no newly formed micacecus minerals cen be seen elong the fracture sure
faces. In a few plesces where the fractures become more clo;ely spaced snd
wniform, incilpient erystellization of micacecus minerals subparallel to the
fractures has been observed, end tre fracture cleavage grades into true
slaty cleavege in which the c¢leavage surfeces penetrate the rock on an
intergranular scele. In generel, the clesvage renges from slaty cleavage
in eastern Gambler Bey to frregular, wide-spaced fractures in southwestern
Pybus Bey. In the letter locelity they could not be distinguished from
Joints and other fractures, ead hence could not be used in the structural
anelysids, )
Generally the cleavage exten@s oniy into the very fine grained parts
of the graywacke beds, The comon fractures or‘the graywecke beds tend
to be normel to the bedding (fig. 36b), end are not continuous with the

cleavage.
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. Figure 36.--Fracture cleavage (cl) in argillite of Seymour Canal formation,
Pybus structural province; note angle between graywacke beds and cleavage.
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Mecroscopic structure

First generstion.--A few possible first fold hinges can be seen on the

geologic map (pl. 1) neer False Point Pybus and at the bhead of the main axm
of Pyous Bey. These hinges represent tightly appressed folds involving

the Pybus dolomite =nud the Hyd formation, end have sxisl pleres which

strike sbcut northwest. The folda gre- faulted end have complicated forms
suggesting repeated episodes of deformation. In spite of the lack of marker
beds, the macroscopic first folds in the rocks of the Seymour formetion,

ere better knowvn, and the followlng discussion 1s chiefly esbout then.

East of the False Polnt Pybus fault zome the first folds trend uni-
formly to the north-northweat. This uniformit& of trend is expr;sseduby
‘the pattern of tha poles of bedding in this srea (fig. 37b). The strong

_meximm 4n this diegrem repreceuts an sverage Btrike of N. 30° W., eand
dips renging from 60° to 90°, This geometry suggests that the macroscopic
folds heve the same style as tne mesoscopic folds in which one limb is sub-
verticel snd the other hes a diﬁ'offbmm 60° to 700. The scexclity of gentl;'
divs neer the center of the diegrsm and the sbundance of steep dips alsb
suggest that the mecroscoplc folds have smell hinges nnd long, streight
limbs similaxr to those of the mesoscopic folds. . ‘

. Figure 37b hes no single [ -axis, but the scettering of points near
the center of the diegrem suggects steep-dipping to subvertical ineipient
girdles whose [ -axes plunge gently to modersately either to the northweat
or to the southeast. This {trend and plunge correspends to tﬁose of the
megoscopiec first folds.

Figure 374 showe that the orientetion of the cleavege east of Felse ‘
Point Pybus bes e regulerity similer to that of the bedding. The atrong:
meximm represents en eversge strike of N. 30° W. end an average dip of

82° to the easst corresponding closely with the everage bedding sttitude.



a.

C.

Collective diagrem of 275 poles
of bhedding, Seymour Canel formation,
wesiern Pybus province; contours
(1/3)-1-2% percent per 1 vercent
area. '

b.

206

Collective diegrem of 200 poles
of bedding, Seymour Canel formation,
eastern Pybug provincej contours
(3)-1-24-5-73-10 percent per 1
percant ares; dashed great circle
18 average cleavege orlentation.

Collective Alagram of 145 poles
of cleavage, Seyrmour Cansl formation,
western Pybus province; contours
(2/3)-23~5-T3-10-12% percent per 1
percent area.

Flgure 37

4.

a

Collective diegram of 150 poles
of cleavage, Seymour Canal formation
eagtern Pybus province; contours
(2/3)-25-5-T%-10-123-15-174-20 per-
cent per 1 percent area.
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This attitude when plotted on figure 3ITo(dmshed greet circle) epproximctely
bisects the angle between the two maxima, which represent the two dominaut
orientatlions of the limbs of first folds, end substentistes the field obser-
vations that the cleavage 13‘subparallel to ths axial surfaces ét the first .
folds, '

Beceuse of the lack of merker beds, the relative sigze and positioncef
mecroscopic first folds is difficult to determine within the Seymour Canel
formation. However, two lerge macroscopic folds ere thought to exist east
of False Point Pybus based on & study of the atratigraphic tops snd the
areel distribution of units. The outcrop of the Pybus dolomite and Hyd
formation at Felse Point Pybus probably represents the western, normﬁl
lirb of an overturned syncline vwhose axiel plene strikes north-northwest
through Ptice Island, To the east near Good Island, the Byd formstion
is brought up in the core of an anticline of simflar emplitude,

In contrast to the regularity of trend of the macroscopic first folds
eest of the Felse Point Pybus feult zone, the first folds to the westshow
ediversity of trend. The trend of mesoscopic first folds follows the
sinuous outcrop of the Pybus dolamite through Pybus Bsy (pl. 1). This
bending of flrst folds 1s reflected in the nearly random pattern of figure
37, a, end contraets sharply with the regularity of figure 37, The form
of the cleavags in the western eree represented by 2 subhorizomtel girdle
in fipgure 37c cleerly reflects the bending of the first folds and the -
cleavege (compere with 37d).

In order to study the bending of the first fold in greeter dstail the
Pybus Bay area was subdivided into structurally homogeneous demains (pl. k).
The ebrupt change in the orientation of B end the scercity of outcrops in

doxein IV prevented the esteblishment of a8 homogeneous domein. Plate b

£shows thet the trend of the S -axes of the domalns desdribe the sams bends




es do the strike of the bedding and the trends of mesoacép’ic folds. It

also shows that the oxes of the mesoscopie:first folds in ths domains mre
subperallel to the B-axes of the domains, pem:tting correlation of the
macroscopié folds with the mecoscopic first folds. The average orienteation
of cleavage (80114 greet circle, pl. 4) in each domain tends to(t® subperellel
to the B-axis end to blsect the limbs of the macroscopic fold represented
by the maxima, further demonstrating that it 4s subparsllel to the axtal
planes of the first folds,

Second generation.--East of the False Point Pybus faulf zone the first

folds appesar to be unaffected by a second gensration of folds, However

vest of the fault zone, et Pybus Bay, the axisl plene cleavege of the

first folds end the bedding have been £0lded into & series of rether broad
folds vhose axial plenes sirike northwast(treces shown by eantiform and
syaform syzbols in pl. 1). The axes of these folds in the cleavege of the
first generstionr plunge ebout 80° to the south as shown by the orientation
of the B -axds of figure 37e. In order to contein these subverticel axes,

the axial plsnes of the second folds must also be subverticals The second
$1d axes 1n the bedding, however, have & camplicated geometry because the
bedding, unlike the cleavage, was tightly folded prior to the second folding.
Thus, & different fold axis exists for each orientation of the bedding (Weiss,

1950], p. 95-98); thepattern of figure 3Tareflects this complexity.
Interpretation of structure '

AJthough probably subjected to the same regional campression during
the second foldipng, the axiel planes of the first folds west of the False
Point Pybus fault zone were folded, vwhile those to ths esst wereimat.
Therefore, the first axial plenes east of the fault zone mist have been

. oriented about normal to the direction of campression and those west of
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the feult must have deviated sufficiently from this orientatlion to have
bean folded. The axial planes of the f£irst folds in the east now sirike
north-northvest and sre.subvertical (fig. 37c); the axial planes of the
second folds in the west stri:ke norttwest and sre also subverticel. There-
fore, the direction of compression during the second folding was probably
ebout normal to these sxisl plenes, that is, about northeast-socuthwest and
subhorizontel, |

The amount by which the exial planes of the first foldas west of the
feult zone devisted from the plane normel to the aeéond compression is un-
known, but & subverticel dip is indicsted for these planes by the sub-
verticalorientation of the axes of the second folds formed in them., It is
implicit in the concept of superposed folding (Weiss, 195%, p. 95-98), that
a fold cannot have an angle of plunge greater than the angle of dip of the
surface in which it is formad. Allowing for departures from this simplified
i1deel in nature, it seems generally true that steeply plunging exes pust
have formed in steeply dipping surfaces,

The second folds, in the sximl planea of ths first folds then, séem
to have formed parallel to the intersection of two subverticel pleres}
the plane normal t¢ the compression, end the exdisl plenes of the first
folds, The strite of the plene normal to compression is spproximately
Xmovm (northwest), but the strike of the axisl planes of the first folds
at the stert of the second felding canaoct be determined within wida limits
because the intersection of two subvertical planes would have & steep plunge
for a wide range of angles of intersection. However, it is»probeble that
the exiel plones of first folds prior to the seoongl folding had a general
northeasterly sirike about normel to present axisl planes of the second
folds.

The divergence of the first £0ld:s exes east end west of the False Point




Pybus fault zore may have dcveloped at & late stege in the first folding.
It 1s possidle that the exiel planes and cleavage of the first folds in

both axreas were formed initielly sudparallel in fespoﬁso to the esme stress
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and

thet later in the first folding the folds in the two areas became divergent be-

ceuse of inhomogenecus ylelding (see p.l19 for further discuss;on).

In genersl, the Pybus structural province may have been divided into
three domains bounded by northwest-striking feult zones,‘éh follows: the.
domain east of the Felse Point Pybus fault zone which conteins no second
folds; the domain lying wect of the False Point Pybusfeult zone which con-
teins second folds, end the demain west of the Pybus fault zone sbout which
1i4tle {5 known, dbut which resembles in structural trend thg domain east of
False Point Pybuas. These fault zones seem to represent zones of rupture

between domains that heve responded differently to ths second compression.

Southwest structursel province

!

The slightly deformed sedimentsry eand volcanic rocks of this province
aye disposed in an irreguler, nofth-trending, troughlike structure Qhose
axds seens to colnelde with the Eliza feult in the western paxt of the
province. West of this fault the beds dip gently eastward, vherees to
the east of it they dip gently southwest and west. -

Flexures are rare in ths province, end rocks having different attitudes
are camonly separated by faults instesd of fold hinges. Faults are sbun-
dant end generslly have steep dips. Most seem t0 have hsd lergely vertical
movement but the scarcity of mearker beds generally prevents sccurate deter-
mination of displecement (see section on Faults for further discussion).
North-striking faults predc.iineote, but northwest- and northeast-striking .
faults are slso present. All feult traces are expressed on the ground

by linear topographic features, which are clearly shown on aerial photo-
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. graphs, Only the largest faults are shown on the geologtc mep (pl. 1).

Feults

General statement

The Pybus-Gambier erea is cut by numeroué feults many of which sre
shered@ by more than one structursl province. The fzults generaslly could
not be correleted with the generations of structures described in the fore-
going prges bvecause feults mey originate early in the tectonic history end
continue to act a8 zones of movement during later episodes of deformationm.
Therefore, only & few faults ere tentatively correleted with generastions |
vhere evidence permits.

Poor exposures inland end the lack of marker beds in meny of the for-

. mations prevent the determination of the charecter _of & large number of .

feults. Some prominent and persistent lineements shown on the aerial photo-
graphs could not be proved by field evidence to be feult treces; these
lineaments have been omitted from the geologle mep (pl. 1) end frem-the
consideration here. The failure to find field evidence of faulting wes
often due to poor exposure, and hence the cmisgion of these lineements
doés not rule out the possibility thet they may vebresent fault traces.-

The feulte in the following diecussion ere arbitrarily grouped ac-

cording to strike, and, where possible, eccording to movement. Unless so

stated, no implication of coumon origin 18 interded.
Northwest-striking feults

Felee Point Pybus fault zone.--The faults of this strike exre dbest dis-

. : played impedictely west of Felse Point Pybua. The faults strike from N'. 10°
W. to N. 30° W. and are charecterized by rather streight traces which show

& slight tendency to bend westwerd with higher eltitude. A steep eastwarad




dip is, therefore, suggested, but the position of the fault t;aces is not
¥mown with sufficient accuresy to warrent the assigning of a numerical
velue to the dip.

The lerger feults in this zone occur in the inverted limbs of e series
of overturned eznticlires. The cuticlines appear to be thrust over the ed-
Jacent synclines to thé west; én interpretation of this strucpure is given
in plate 5.

The faults along the weatern marpgin of the fault zone appear t6 trun-
cate the second folde to the west suggesting that the faulting 1a either
leter than the second folds or that it occurred lete in the second folding.

Other northwest-strikinr feults.--Four localities ere described below

vhich ere thought to contain north-northwest-striking faults similsr to the
thrusts of the False Point Pybus fault zone., However, poor exposures have
prevented the obtaining of enough reliedle deta to definitely esteblish
the true nature of these faults. The proposed fault zones, lying to the
west of the False Point Pybus fault zone, ere briefly summarized below:

1) A persisteﬁt feult trece lies along the velley east of the prominent
northwest-trending ridge forred by the Pybus doleamite east of the north
erm of Pybus Bay. Thies fault appeers to lie in the core of a syncline
vhose limbs are neerly vertical. The type of movemént or this fauwlt 1s
uncertain because of the difficulty of mapping units on both sides of the
feult zone. The rig-ght laterel displacement of tke Pybus dolomite across
the feult at the hinge of the syncline is believed to be of the correct
order of megnitude elthough eccurste m~pping here is impossidble. The
rigﬂt lateral displecement may be expleirned either by a dominently strikee
. slip movement or by & domtnantly dip-slip movement. The letter movement
involving the relative upward moverment of the eastern block seems more
likely in view of the evidence for similar movement on roughly parallel

faults in the Felse Point Pybus arsa.
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2) A feault trace appears to lie slong the straight, northwestward-
trending creek end ridge scddle about three-querters of e mile to the east
of feult 1). The field data on this feult ere very sperse, but it eppears
to lie in the core of a shz;p hinged snticline in & manner similar to fawlt
1). The Pybus dolomite is cut off et the feult when traced to the north;
its position oan the eest side of the fzult trace cowrld not be located,
but merker beds in the overlying Hyd formetion were found in a position
strongly suggesting right leteral displacement. As in fault 1), this dis-
placement ¢ould have dbeen eccomnlished by the relative upward movement of :
the eastern block.

3) A fault liles paraliel to th= axis of the north erm of Pybus Bay
and 1ts trece probadly %rends northwastward along the prominent linesment
in the axis of the valley et the head of the arm. . The Pybus dolamite ep-
pears to heve been displeced rizht laterslly sbout one-quarter mile across
this fault. This latersl displacement could again be expleined by the
relative upward diﬁ-slip moreuent of the eastern block.

L) Another north-northwest-striking fault zoune lies along the axis
of the m2in arm of Pybus Bay and probably continues southeastward through
West Chennel and northwestward through.the v&lleyrat the head of the arm.
The complex structure slonz tals arm of the bey suggests a wide zone of
faulting similar to that et False Point Pybus rather then as sinzle fault
&8 in the north srm of Pybus Bey. The complicated fesulted folds along the
main arm of Pybus Bay are shown by the scattered outerops of the Pybus
dolomite, end are suggestive of those found at Felse Point Pybus. How-
ever, the bay caovers-much of the critical srea end prevents a definits
golution to the structure here. In general the structure of the sree
in snd around the meln srm of Pybus Bay is thought to be that of a com-

plexly faulted antiform the hinge of which 18 delinested by sharply bent

13
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overturned syncline at the heed of the erm (see pl. 5). The strike of the
esxdel plane of this antiforw is northwest, roughly parallel to that of the
mecroscopie second fold to which 1t may be releted.

Mlnoxr Peults,=--Nunerous ﬁinor faults occur in the vieilnity of the

major fault gones described above. Two sets of an apparent conjugate

feult system having horizoatel displzcements renging fram 10 to 100 feet
have been mapped in the Pybus dolamite and overlying Hyd formetion in the
north grm of Pybus Bay. The rigzht latersel set strikes about N, 20° E. and
the left letern) set strikes ebout N. 70° E.; the strike of the major north-
northwest fault while not accurately kuown tends to bisect the obiuse angle
(1300) between the two sets of fzults, thus approaching the relationship
proposed by Anderson (1951) for conjugata sets of wrench faults to related
tarust favlts. The greatest principal stress direction should bisect the
-geute engle between the two sets of wrench faults according to Mbody and
Hill (1956, p. 1209); these writers quote Hubbert (1951) to the effect

that a value of 319'13 a good sverags for the.ahglé betweed the greatest
priocipal stress exis and pliunes of actual shear frecture in rockas. This
engle here is ebout 25°,

The sense of movement of other minor faults wes determined in the
vicinity of Church Point end Gzin Island in eastern Gembier Bay. These
faults mey be related to the False Point Pybus fault zone which probably
coatlinues nortaword—uader the weters of the bhey Jmmediately to the west
of Gcin Island. No constancy of strike for faults of like sense of mer-
ment can be seen here. Two lerger feults striking about N. 60° W., one
at Church Point and cne to the south, appear to have moved right leterslly
in contrast to the left latersl diaplncement on faults of the same strike
elcag the north erm of Pybus Bay. Between the two lerger faults exe

several smsller ones, three of.which exre mepped on plate Y. In contrast
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to the right lateral movement of the lerge faults, the amaller faults
striking roughly varsllel to them have left laterel displacement, vhereas
ithose striking esbout N. 857 W. are right lateral faults, Other smell faults
in tha vicinity of the north en& of Gain Islend have 8111l other strikes.
The epparent lack of constancy of the strike of faults with similar senses
of dioplecement may be due to the presence of different orders of wrench
faults which, sccording to Mcody and HEill (1956, p. 1213), mey form in re-
geponse to a single campression. I considexr the deta to be 1nsurfic1enf
to ettempt an analysis of the tyve proposed by the above writers. More
probeble explanstions, in viev of the different episodes of deformation
believed to have occurred here, zre that the sbove feults mey belong to
different generstions of s£ructures, or that 1f all of the seme generstion,

. they have been deformed to varylng degrces by leter deformetion.

North-striking faults

A persistent group of faulta strike northward in the southwestern
pert of the Pybus-Gembler arec. Their rather streight troces extend from
the Southwest structursl province northward into the Pybus astructursal
1rovince where they eventuelly sre lost.. These feults may represent e -
late group of high-engle faulis: of lerpely dlp-sliy movement.

Iittle Pvbus fault.--Thia frult extends north from Little Pybus Bsy

to Cennery Cove through a well-defined lineerent. The contecet between the
Adniralty Island beselt snd uaderlying Eocene sedimentary rocks has been
dlsplaced left leterally across the fault. Afleld 9tudy of the relation of
. love flows on opposite sides of the fault suggests thé.t the left leterel
disvlecement wes largely sacomplished by the reletive downwerd movement'

of the east block. This feult ic in line with another north-striking |

fault trunceting the Pybus dolomite on the northeast shore of the main srm




of Pybus Bey, but the ccuplex gtmc‘tm-e the lotter lbce.].ity mé.k.es further .
conclusions s t0 the feult displacement imvossible,

Elize frult.--This fault lies alcng the strong linesrent extending
aorthverd from Elize Hexrbor :io:*.z series of stroight crecks to the country
sbecut 2 miles sast of tha North fram of Hoed Bay where the lineement s
loste In the letler srec, ﬂ‘;e coﬁt;ct of tﬁe £dedralty Tslend beselt snd
the underlying Hood forzetion is dianloced right leterelly sbout helf e
rile ccross the fauwlt trace. Frem the éastward-bending of the fault treace
with iacrescge In sltitvde of temorreshy south of the sbove contsct, the
alp of the foult hos been estizated to be ebout 4o to the west. The right
laterel displocerent could Ye eceonpliszted either by strile-slin movement
or by the relative downwnrd, Alp-slip of the west 'bldck. ¥ore probable
i3 a dip-31ip rovement along a curv?d fevlt surface, 'accwpaniepl by ro-
tation to eccount for the chengz in din across the fault (see pl. 5).

Other north-striking foults,--Other nerth-striking feults are mepped

in the country between tk2 Liitle Pybur end the Eliga Harbor faulis. These
faults do not cleerly effect merker beds, end hence their sense of dise
Placerent 1s urnknown. Brecelrted fault zones heve been ohserved 1n places
along the trsece of these faults lrdiceting fault movement, The straight

troces of thege foults indtcates subvertical dips.
Northeast-striking faults

(arbier foult,--Fleld evidence suzgests thet e major fault neoy e

in tha inmportant northesst-trondlng velley extending from the north erm
of ¥cod Bay t‘o the west om of Gaxdbier Depy. Tha fMeld evidence for thie
foult i.s sumcrizsd es follovws:

1) .j‘lonvg the south shere of Lthe west erm of Gombler Bey the esste

trendings synforral hinga 4in the Permien and Trizssic rocks appears to dbe .
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trunceted alorg its northern boundary.

2) The Snug Cove synform in the rocks of the Gambier Bay formation
erzeers to be displaced about 1 mile left laterally =scross the west arm
of Gezbier Bay.

3) Structurzl trends southecst of the major valley in the region
southwest of Garbier Bey chznze abruvtly from northwect to northeast es
they are traced northwerd to thke valley. Whether or not this sbrupt chenge
in trend 1s releted to foulting covldd not be determined.

L) The contact metemorniiism, videspresd in the northwest pert of the
Pybus-Caombier arez, 13 restricted to the northwest side of the ebove valley
from the ereaz north of the mouth of the ocutlet of Pybua leke south to Hood
Bey.

In general, elong its ezstern extensizon the Gémbier fault eppeers to
separete theolder rocks of the Gasxbler Bay formation to the north from the
younger rocks of the Hyd snd Cennery formations to the south indicating a
relative upwacd movernent of the north block. The left lateral displecement
of the Snug Cove synform could be produced by such 2 dip-slip movement,
since the exlal plane of the cynform dips southwest.

Fault near Stug Cove.--This fault lies scutheast of Soug Cove along-

- & northeast-flowing creek. Tke positicn of this feult along the northwest
side of the creek valley is suggested by the fect that the units exposed
in tre ereek do not extend t0 the county immediately to the north even
though the prevailing strike appears tc be northward. Exposures outside
the creek gorge 1ltcself are poor, and thz feult position 18 only inferred.
The fault appesers_to heve aileft latgral displacement of ebout a2 mile,
but the location of marker beds on opposite sides is not accurately knowﬁ.
In generel, the fault seperstes oléer rocks to the north fram younger to
thesouth suggeatiné the reletive upwerd movement of the north block.

Feults i1a vorthwest Pybus Bay.--Two faults of similar northeest strike,




bt opposite epparent displecenents, ere indiceted by the truncetion of the
Pybus dolomite st two locelities on the shore of the mein erm, The trace
of one of these trends elong 2 smell creek on the northeast shore near.the
hesd of the erm. Here the nosé of an overturned syncline ouflined by the
‘Pybus @olomite eppears to be displaced left leterelly. The siructure:in
this feult zone 318 s0 cheotic thet the sense of diepiucement ig uvncertain
and 1e only suggested. The other northeast-striking fault occurs on the
gouthwest shore of the mein srm;, north of Donkey Beoy; here a syncline in
the Pybus dolomite end the Hyd fcrmstion eppears to be faulted egalnst

the Hood Bey formation. Tae Pybus dolorite cannoct be found on the northe~
wvest side of the fault and maey heve been displeced right loterslly to a
position under the waters of thé rnein axrms If B0, o displacemfnt of more
than one ile 1s indicated; tlhe epnerent displecement ccn be explained
by-ths relative upward, dip-s1i) movement of the northweat block. |

. Birike faults in Pybus dolomite

/
/

The outcrops of the Pybus dolomite in Pybus Bey are cheracterized
by small faults, striking z2bout psrallel to £he strike of the beds that
cause a Yepetition of beds. The largest faults of this type observed
occur on the peninsule on the northwest shore of the mein erm of Pybus
Bay due east of Donkey Bay. These f=ults are involved with e series of
folds in the Pybus dolomlte which are overturr=d toward the esst in
opposition to the overturrning in the Seymour Conel formeticn southeest in
* the vicinity of the Midwey Islends. Plete 5 shows sn interpretation of
the faults es-northwest-dlpping thrust foulte closely assoclicted with tha
folding, The same type of faulting, ez=in Btriking p;rallel the strike

of the bedding, 1s seen on a sneller scale in the outcrops of the Pybus

limestone in the north erm of Pybus Bay. These faults are generslly too

18
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sinell to showv on the rmap, but show ia the'ficl& as a‘complex of repected
bads end snell feulted folds. Thae section along the west shore of the
north erm both ebove and below the Pybus dolomite 1s overtumned to the
southeest in 8 direction sLnilar to thet described above for the mein

exm. The section on the east snore of the north srm is unormel except for
locel overturning. The orizin of the strike feults 1s not clear, but they
rey have forred as surfaces of s51ip movemwent during the folding of the
Pybus dolamite. Thelr present cross-cuiting character may have been the

result of movement during e leter deZormation.
Correlation of episodes of deformation

A suggested correletion of genersiions of structures between the

three structural vrovinces is showmd in figure 38, The correlation is basoa

—chiefly on the simllarity ol the first and second genexrctions in the Pybus
and Gembler provinces, cnd the Tact that same of the principal differences
between these generiticns 11 the two provinces can be explained by the
econcept of superposed foldiug. The similerities of the two pr&vinces ney
be summerigzed a5 follovs:

1) Both provinces heve gently plunging, isoclinsl or nearly isocclinal
first folds developed ouly in beddivg end accompanied by axiel plane folis-
tion.

2) In both provinces these first_ folds end the exial‘ plane folletion
bave teen deformed by second £olds heving northwest-striking, steeplj dip-
Ding exial planes; this percllism of axial plsnes suggests tnat the second
folds in Soth wvere formed ik response to the seme generel northesst-trending,
horizontall compression.

The lack of second folle ecst of the False Point Pybus fault zone sug-

gests that the exiel plsnes end liwbs of the first folds there were orient.ed
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about normal to the camprescion et the onset of the second folding. This
orientation is fNirther suggested by the fact that the axial planeg of these
first folds are today nesarly persllel to the axial plenes of the second
folds to the west. Thus, the'axial planes of the first folds west of the
fault 2one in both Pybus end Gambler provinces must heve diverged signi-
ficently from those to the esst prior to the second compression.

This divergence may have been brought about by the crowvding of f£irst
folds west of the fault zone, both in Pybus and Gambier provinces, against
en ebrupt westward bend in the western margin of the depositional trough
(f1g« 392). The existence of such a bend 18 indicated by the ebrupt west-
wvard bend of the Mesozole rocks in the Pybus-Gembler erea. This westward
bend is the northern flenk of & fegional vestward salient in an otherwise
dominantly north-northwest-tranding balt of Mesozolcrocks (the Seymour géo-
syncline; fig. hb). The szli=2nt esttains 1ts maximm westward extension
near the south end of Admiraliy Island (lathrem end others, 1960), end -
thenlswings eastward again to the south In northern Kudiu end Kupreanof
islends (Dutro end Payne, 1957).

Thus at tha end of the first folding the axisl planes of the first
folds wvest of Felse Point Pybus feult zone msy have been bept_into broad
warps that in generel conformed to the westerm maréin of the trough (fig.
39a). These warps probebly died out eerstwerd awey from the msrgin of the
trough, and vere not present in eestern Gambier Bey. It is probable that
the axisl pléﬁes of the first folds in these warps were not uniformly
orliented, and varied in both strike and 4ip.

Renewved or contlnued compression, oriented subhorizontally northesste
southwest sa before, folded the axial plsnes of the first folds whare they .
were favorably orlented. East of F«lse Polnt Pybus fault gone the axirl

planes of the first folds were about normal to the compression'and were



Figure 39.--e, diagram showing possible disposition of first folds, Pybus structural province, at end
of first deformation. U, disposition of same first folds after the second deformation (see text).
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Figure 40,--Sketch map of southeagtern Alaska showing the genersl location

of the eastern belt of Mesozolc rocks {Seymour geosyncline).



not folded, but to the west these plancs were more nearly parallel to the
compression end folding occurved (fig. 39b). The orientation of the axes
of the second foiEE_Fégulfing fron this compression probably depended
upon the orientation of the first axial plane being folded. According to
Weiss (1959b, p. 98; see also McBirney and Best, 1961, p. 495-497) folds
superposed upon such a folded surface {(bent first axial planes) would
form with their axes perallel to tﬁe intersection of 'the surface end the
plane normel to the compression.. Hence, this intersectlon was subverticai
in western Pybus province because both the plane normel to the compression
and the axdel planes of firet folds there were subveriical. Similaerly, the-
moderately plunging axes of the second folds in the Gambler province indicate
that the intersection was moderately plunging in thie locality. It is likely
that the plane normal to the compressicn was also subvertlcal here, but
that the axial planes of the first folds had some orientation that resulted
in & moderately plunging intersection. Here, however, the folding about
moderately plunging axes changed both the strike and the Aip of the first
axiel planes (fig. 4la), unlike western Pybus province where the second
folding about subvertical axes greatly changed the gtrike but not the originsl
gubvertical dip of the first axie) planes (fig. 4lb), Thus the original
orlentation of the exdal planes in the Gambier province cannot be determined
becauge they éould have had any of the wide range of orientations shown in
figure 4la, except perhaps those abofut normal to the second compression,
and intersect the plane normal to the compression in moderately plunging
axes.

The third generation of structures in the Gembier province, the
kink folds, sppears to have no recognizable counterpart in the Pybus
province; the kink folds are gererally confined to the more thinly

fissile rocks of the Gambier province, and the lack of these folds in
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a b

Figure 41.--a, projection showing folding of foliation in Gembier province
ebout & moderately plunging, macroscople second fold axds (Bp); S: 1s
nornel to the second comprassion at P, b, Projection showing rotation,
of planes about a vertical axis, :
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the Pybus province msy be due to the absence of such rocks. Pogslbly the
Pybus province ylelded to the {tiird deformetion by fracture and faulting
instesd.

The above correlstion re‘zc_u_'i.res that the metamorphism and penetretive
deformetion of the Gambiler vrovince wes contemporanecus with the less in-
téuse deformetion of the Fybus province. If this is correct, the effects
‘of this wetamorphism must dle out bo‘th‘ upward and lsaterelly, since parts
of the:nommetamorphic Pybus province ere younger than the Gembler Bay for-
mation end other parts are elther coeval or older (Hood Bay formstion, see
p. 18). The lsteral dying out of the effects of metemorphism conforms to
the generel southward dying out of reglonal meltamorphism in both Paleozoic

B and Mesozolc rocks in southern Admirslty Island, end suggests that the

. . .metamorphism of thes; rocks cceurred during t.he same episode.
T The effects of metemorphism extend farther south in the oldei' rocks
than in the younger ones. Thus nearly ell signs of metamorphic deformation
in Devonien rocks dle cut batween Guibler Bey and the outcrop of the Hood
Bay formetion to the southwest. IWhereas, in the Seymour Cansl formation
the effects of metemorphism, which ece proncunced in Seymour Cenel (phyl-
1itic slate end semischist), are nearly lacking to the south in easterm
Gambler Baey. DPerhaps the metamorphism of the older rocks was more ex-
tersive because of their deeper burial. .

The above episodes of stirong deformaticn are completely absent in the
Bouthwest structurel province, hence, the high-engle faults end mild warps
there are records of later structurel events in the tectonic history of

. thz PybLus-Gambiler area.




GEOLOGIC SISTORY

S1lurian(?) :0d Devonian deposition

' The known history of the Pybus-Gembier erea began with the deposition
of the Gembler Bay end the Hood Bay formstions. These two formstions hay
heve been deposited contemporaneocusly with en interfingering of their de-
posits. A subsiding marine trough occupied the ares receiving in the
Gearbier Bey srea alternste layers of mafic volcanic rocks end fine-grained
‘muddy sediments) siliceous types were common among the latter, Shellow
mafic and ultremafic dlkes apd sills intruded the lsyeredirocks. In mid-
dle Devonlan time, possibly toward the end of the deposition, the deposition
of calcareous mud preveiled, and other types of deposits were temporarily
diminished. After several huadreds of feet of celcerecus mud was deposited,
normal, more argilliacecus, sedimentgtion resumed.,

| Fine-grained, muddy sediments not too unlike those of the Gambier Bay
formation, but lackingmafic volcanic rocks characterized the deposition of
the Hood Bay formation in western Pybus-Qambier eres. Thousands of feet of
thin-beddad, siliceous and non-siliceous puds rich in organic material
sccumleted {n an anserobic euvironment below‘the weve base. Occasionslly
turbidityccurrents brought in muddy send leyers; locally thick lenses of
impure, calcereocus mud rich in orgaenic materisl eccumlated.

Both the >Gamh1er Bay foma_’cion end the Hood Bay formation ere camposed

- 1n their sedimentary phases of fire-greined, clastic sediments indicating
that no nearby source of coarse classtic material was available. Therefore,
the volcenism of the Gombier.lpy formation mist haeve been submarine, aund

the volcenie roeks were not undergoing subaeriel erosion locally.
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Post-Gembier Bey-Hood' Bey end pre-Cennery deformetion

Boretime sfter the depositlion of the Gambiler formetion in middle De-
vonien time end before the cepositior of the Cannexy formatign in Permian
tire, the sree wes folded into broasd, open warps, and uplifted into the ‘

zone of erosion.

Permtan deposition

A subsiding marine trough agein occupied the arez, end several thou-
sends of feet of thinly bedded, siliceous and non-slliceous, fine-greined
sediments forming the Canmnery formation were deposited. Occasional turbi-
dity currents deposited muddy volcarnic egand in thin layers; a few more
viscous typescof currents depoeited m:ssive, chaotic coarser deposits of
send vhich contadn scattered limestone fragmenfs. Submarine volcanism,
-possi‘ol,y located to the northeast, extruded s few layers of pilliow lava
in the Gambier Bay area. The fine-greined volcenlce detritus must have
been derived from e Imore distaat sc‘burce; perheps the local volecendam wes
erntirely subnmarine. The sllica of the abundant, Redioclarian-bearing,
siliceous sediments may have been derived from submerine eruptions and
not springs.

An episode of camparative stasbility followed the Cannery depqsition
in which cleer water conditlons preveiled, end very little detrital mate-
riegl reached the area. During thls tine ebout & thousaund feet of calcarecus
mud and lirestone debris eccumlated; brachiopods and bryozcans flourished.
Before consclidation the siiice in this deposit was concentrated iuto leyers
end nodules; numerous celcite shells were silicified during or following
this process. Following the concentration of thas silica, but preceding

lithification, the calcite of the deponit was replaced by doloamite.




Celcarcous fossils were lzrzely destroyed by the dolamitizetion, but those
that had besen previously renlaced by silice were preserved., This deposit,
the Pybus dolamite, may not have extcuded north to the Gambier Bay ecrea,

and may keve pinched out =gain to the south in neaxr little Pybus Bay.

Post-Pybus ond pre-Eyd uplift

The deposition of Pybus dolchite was followved by emsrgence end erosion;
a slight warping apprears to have accampanied the uplift. The Pybus dolamite,
now lithified, was stripped from part of the area by erosion which elso

bevelled the-slipghtly tilted beds of the Cannery formetion.

Tr2ogslc deposition

The Hyd deposition begsn with the sccumiletion of the coarse detritﬁs
~upon the slightly irregulsr erosion surface; chert and dolomite debris col-
lected upon the Pybus dolamite, and tedded chert and argillite debris col-
lected upon the Cennery formetion. This close correlation between deposit
end the underlying terrane suggests lard-lsid deposltion in en erid region
h&viﬁg inadegquate water avellable to remove the erosional debris. Before
the close of the coerse eclastic deposition, volcanizm, centered north of
the ares, leid down thick flows of mefic volecanic rock. The latter pert
of the’ breccia deposition mey hdve been marine as the late. Triassic seas
trensgressed the area. Carbonate deposition followed that of thecoarse
clastics which apparently cezsed when the arese snd the surrounding country
vas cazpletely inundated. After s fev hundreds of feet of dark calcarecus
mud wes deposited, an interbedded sequence of fine;grained, muddy sedi-
ments began accurmlating, svd a few hundreds of feet of thinly bedded,
derk-colored, silliceous, ceclcareous, and argillaceous mud was deposited.

Occesional turbidity currents deposited thin beds of fine-grained, muddy
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| send 4n the quiet, slizhtly rcduéing enVirbnmcﬁt. Submarine volcanism
continned throughout the interval of sedimentation sending out pillow lavas
from centers to the north of the eres. The detritus is lergely composed

of andssitié-volcanic dsbris, but its general fine-grained cherescter sug-
gests that 4t was derlved fram ﬁ distant volcenic source, and that the local

centers of volcenism were lergely submarine.

Post-Byé snd pre-Seymour Cenel uplift

After the deposition of the Hyd formation the srea was brought into
the zoune of ercsion by uplift. Any werping asccompenylng this uplift must

have been very mild, es it hes not been detected in the field.

Jurassic end Cretaceous depositlion

The sea egain transgressed the area in late Jurassic tims initiating
the deposition of the Seymour Cemal formatioa. The subsidinz meriuve trough
in vhich this formetion was doposited may heve been confined to the emstern
part of the arca., Chleflly flne-greined muds eccumlated in the port of

the trough in the Pybus-CGerbier aree which must have been loceted some
dlstance offshore from a dominen?ly andesitic volcanic source arca, At
frequent intervels, however, turﬁidity currents swept down the sides of the
trough and deposited thin layers of muddy sand. At less frequent inter-
vals, vossibly cénfined to the leter pert of the deposition, submarine
landsltdes came down the sldes of the trough and deposited large masses

of cheotlc ccarse detritus at the break in slope. Parts of these lend-
814des mey have continued slightly fexther into the trough as extremely
viscous eurrents, and deposited thick cheotic beds of coerse, muddy saud.
The lendslide deposits dlsrupted and intruded the fine-grained sedimentsA

already deposited.
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At or near the close of the deposition, volcanism in the eastern part
of the arca extruded the andesitic flcws and breccies of the ﬁrothers vol=-
cenics. The detritus of the Seymour Canal formation is in general volcanie,
end it 4e possible that part of this nay have been derlved from contempor-'
aneous volcanism to the east, of which the Brothers volcanics may be a
part. The depositlon ended in early Cretaceous time after possibly 10,060

feet of sediment bhzd been derocited.

Post-Seymour Canel end pre-Eocene deformation

The deposition of the Seynour:Canal formation was followed, Or per-
haps was brought to a close by the gtrong deformation in Cretaceous time.
The conglomerates of the Beymour Canal formation may relate to eerly stages

of this deformation,

During the first deformstion the rocks of the Pybus-Gazbier area were
compressed into gently plunging, nearly isoclinal folds having suﬁvertical;
north-northwest~striking axiel plsnes, Axigl planes follation developed |
in the rocks of the Gambier Bay and Seymour Canal fbrmations.l During fhe
lete steges of this folding the folds were crowded egaingt the western
margin of the trough, caunsing ﬁhe folds in the west to diverge from those
in the east, which were less affected by the crowding.

During the second deformation renewed compression, oriented about
northeast-gouthweet as during the firet, droke tha area Iinto elongate
blocks by porthwest-striking thrust faults, These fsults formed between
domains in which the first folds had contrasting orientations at the end
of the first deformation. Tre sxdal plenes of the first folds in the
ecstern domein, which were orientsd etout normal to the second compres-
sion were not folded, but those in the western domsin, which had variocus

orientotions as & result of the crowding of folds during the first
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. deformation, were folded sbout vericus exes depending upon the reletion of
thelr orientetiorn to the ccup-ezssion, |
The third deform-tion, involving renewed campression oriented about
east-west, resulted in the fﬁnmaﬁion of kink folds in the Gambier formatioﬁ,
and possibly the formation of froetures end faults in the nonmetamorphic

rocks.

Plutonism

The above deformetion may heve been closely followed by plutonie intru-
sion end contact metemorphism in the northwestern pert of the Pybus-Gambier

aree.

Texrtiery deposition

- The post-Seymour Ceznal daformation left the area emergent and under-
going erosion. In Eocene timez e subierial basin formed in the scuthwestern
part of the area perhaps by faulting. The rugged mountains cut in the folded
MESOZo;c erd Peleozolic rockes adjacent to this basln poured down cosrse
detritus into 1t probably foring steep alluvial fenms through which cut
steep~gradient streams. The climate was probably humid, and lskes mnd’
swamps, in which plent 1ife flcurished, formed in the centrzl parts of
the basin. After sbout 2,000 feet of coarse gravel had sccumulated, vol-
canic fissure eruptiozns begcn to £loocd the southwestern country with flows
of besalt end endesites. The flows may not have extended to the north-
ezstern shore of Pybus Bay. 4t lecast 9,000 feet of flows accumuleted,

forming the Admirslty Island volcanicsa.
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Post~fdzg:zlt&'Islend.uplift

The Pybus-Gembier eree wss gudjected to high-angle feulting end mild
warping efter or 1n the finel steges of the volcanic eruption. Perhaps
subsidence in the region of greatest thickuness, near the southwest coraer
of the erea, mey 3& in p2rt respounsible for the deformetioncof the Admirelty
Islend volcanies themselves. The area remsined lergely dry land throughout

the remainder of Tertlery time.

Plelstocene deposition

A rise in sea level_in glaciel times resulted in tbhe deposition of
fossil-beering, merine, glecial clay in stresm valleys et variocus levels

up to 475 feet. Tke sea then retreated to 1ts present level.




£PPENLIX

Petrosrephy

. Gexbiexr Bay formation

The rocks of the Gambier Bey formation have been divided into several

13k

cetegories within each of whica comsidereble varletion occurs. Both massive-

aprearing and fissile rock typzs occur interlasyered wlth one another, hove
ever, both types microscopiczlly possess the eems intergrenuler foliation.'
In general, the more miceceous minerel constituents & rock contains, the
more fissile 18 its aspect. In the field, massive-appenring chloxrite-

epldoie-caleite phyllites and actists eppeaxr to be the most ebundant rock

types, vhereas, fisslle rocks are less prominent., However, the more fissile

rocks may rot crop oﬁt with & Zreguency commensurate with their true ebun-
dance end fhey may be at least e&s sbundant as the more massive-appearing
rocks. Almost every beach contelns poorly exposed stretches in which
only scattered outcerops of the more messive-eppearing rocks occur, &nd
these stretches appesr to be lsrgely underlein by more fissile rocks.

The presence of +the minerel essemblsges guartz-muscovite-chlorite-
 albite, quartz-telc-calcite, telc-dolomite, ¢nd chlorite-celcite indicates
thot the rocks of the Gambler Esy formation belong to the quartz-albite-
muscovite-chlorite subfacies of the greenschist facles (Fyfe and others,
1958, p. 219-223). The common occurrence of relict pyroxene, hornblende,
end celelce plagicclese greins, however, indicetes that equilibrium was
seldom attained ir these rocks.

Chlorite-epidote~czleite phyllites.,--These rocks are amohg the most

ebundant in the Gambier Bey forzetion. In outcrop the rocks ere massive
eppearing, homogeneous, medium bluish graoy to dark greenish gray im color.
The weathered surface i1s roughly grenuler, and euhedral pyroxene crystels

ranglng in length fram 0.5 mm t0 2 m can sametimes be seen projecting



from it. Compared to tﬁe more fissile rocks, the phyllites lack structurai
deteil. These rocks are phyllonites which contain an ebundance of rellct
pyroxene and, in places, hornblende.. These relict grains make up &s mach
&8s 60 percent of the totel roc# and are several times the size of the
metamorpﬁic grains. Thus the pyroxene end hornblende.grains appear to be
the remrents of a coarser gralred igneous rock, possibly a pyroxenite,
which has been to verylng degrees réduced in grdin gize by metamorphie
deformation. The rgsulting rock 18 phyllitic in appearance, but results
from & process of reduction rather than increase of grain size (Turner,

in Willlems and others, 1954, p. 206-208). In some specimens metemorphic
crystallization has been s0 slight thét the rocks resemdble mylonites.

Microscopically these phyllonites consist of abundant relict grains of
yellowlsh clinopyroxene and, in some specimens, hornblerde, in & strongly
foliated matrix consisting of chlorite, epidote, calclte, talc, and fine
mylonitic material; the foliated matrix bends around the relict grains
(21g. 42). .

Pyroxene gralne are generally yellow snd nonpleochroic. They are
comronly fractured and trails of smaeller pyroxene fregments form stresks
parallel to the follation. The greins have overgrowths of amphibole which
project in sawtooth fashion from surfaces of the pyroxene grains, commonly
across the foliation, and 1n & few places the amphibole £ills frectures
within the pyroxene grains., The emphitole overgrowths are colorless ex-"
cept for the part in contact with the pyroxene grains which is strongly
pleochrole as follows:; X = deep blue, Y = bluish green, and Z « pale
yellow. The colorless amph;bole 1s tremolite, and the bluish amphibole is
a sodic varlety, Turner (1935, p. 340-341) has also reported tremolite or
ectinolite and blue smphibole occurring as overgrowths on relict guglte

from the greenschists of New Zealsnd.
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Figure 42.--Photomicrograph of phyllonite showing folisted matrix, chiefly
of chlorite, epldote, end mylonitic material, bending around relict
clinopyroxene crystals (plain light, 35 X).
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Universel stage measureménts inlicate thet the yellow pyroxene 18
suglte with the sagle ZAc¢ in tle range 40°-45°, end 2Ve in the range
56°-68°, The cause of the yellow color is unknown,

Chlorite is faintly pledchroic pale yellowish green, end shows an
ancnelous low brownish birefiringence.

Epidote occurs both es stubbdy evhedral crystals end as anhedral grains}
both types terd to form clots slightly elongate parallel to the foliation
around the margins of the pyroxene greirs. The pleochrolsm is Z = yellow,
Y = greenish yellow, and X = pale yellow.

Calcite occurs interstiticlly end in equant patches scattered through-
out the matrix. Mnor srounts of albite and quartz ocour as fine mosaic,

patckes and rare veins in ell spacimens examined.

Quartz-albite-muscovite (seripita)-chloriteIphyllites.--Rocks of this
category esra thinly fissile and ra;ge from sericitic phylliteﬁ to chloritic
greenschists with gll gredations betwsens The color renges froum lustrous
medium dgrk green to lustrous greylsh green depending on whether sericite
or chlorite domina£ee. The amcunt of quartz snd albite veries but §s
minor in the most thinly folieted types. These rocks possess a thin,
reguler foliation, =nd ccemenly show an abundance of fine structurel
detail such as small £0lds and lineations. As pointed out above, theyl
mey be one of the most abundant ock types in the Gambier Bay‘formation,
but because of their nonresistzamt charecter they do not crop out praminently
in the field.

Caly the coersest grained specimens havé been examined in thin section.
These consist of thin lenticular layers of sligﬁtly undalose moselc quertz
rangiﬁg from 0.018 mm to 0.3 mm in thickness separated by layers of mus-
covite and chlorite showing & strong preferred orientation, An unknown

amount of albite, mostly untwinned, is scattered through the quertz-rich
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loyers. Minor emounts of celeite end megnetdte occur in all the sections
exemined. In addition, erngulor queriz end lesser amounts of twinned plsgio-
clese grains are scettersd slong the foliation ir ell esectionsy these grains
ey be relict clasts,. b

Microfolds involving all the ebove minerals deform the folilation in
all thin sections studied. In hand svecimen crenxulations and striations
parallel to the exes of these microfolds can be seen crossing the foliation
surfaces,

Muscovite, much of which can be termed sericite, occurs es fine,
irreguler, elongate crystals which average about 0,04 mm in length. It
rengzes fram colorless to pule green and is ccamonly lnterlsyered with
chlorite. In generel, chlorlite dces rot heve the strong preferred orien-
tetion of muscovite but tends 10 form feathery spgregates ports of which
diverge from the folietion. The chlorite is paele yellowish green in color
and slightly pleochroic,tbut in one specimer more strongly pleochroic crys-
tals ere camron in vhich X epd Y = green end Z = ﬁe;e yellowlsh green,

Quartz-albite-talc-chlorite quertzites and phyllites.--These ere

fine-greined, highly quartzose rocks ranging in color fram greenlsh gray
to grayish yellow. In outcrop they eppear slightly transiucent and ir-
regulexrly foliateds The rocks of this category are generslly camposed

of lipght-colored lenses ranglaz from & few milliveters to a few centi-
meters in length separsted by e derker ctrongly folieted metrix. Locally,
the.!lenses weather ocut in splintery, pencil-like forms,

The light-colored lenses cousist lergely of microcrystelline quartz
end contein variable axounvs of albite. Beceuse albite 1s mostly untwinned,
accurate estimates of its relative amount couldnot be mnde, The derker
Pollated leyers sre riclh in tuale and ciillorite, both showing a strong

preferred orlentaetion.  The relative proportions of these two
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minerzls varies; in scme roc':s tzle predominstes over chlorite, end in other
" chloritecover tele. Both minerals oeccur alsp in thes quertz-rich lences
within end also between the ¢(uartz groins. The chlorite 1s genersally
pleochroic pale yellowlsh grcea in color, end has a very lov anamalous

blue birefringeance. less eburdent winersls commonly present are sphene,

~

epldote, calclite, tremclite, end pyrite.

Quartz ranges fram b0 to 90 percent of the rock, depending upon whét
percentage of the rock 1s made up of the quertz-rich lensese Quertz grains
range from less then 0,018 rm to 0.1 mm in diemeter, the smal} grain size
suzzeeting thet the rocks mey keve been originally cherts. The few larger
anguler quartz grains scatteved throuch the quartz-rich leyers suggest
relict clasts,

One specimen conteins abuncant lerger greins of slightly sericitized,
complexly twinned plegioclase ranging from 0.07 mm to 1 mm in dlametar.
Universel stage meesurements indicate that the composition of the plegio-
clase lies in the range An 10-15. The margins of the grains esre granuleted,
end are swrroundsd by fine meseics of quartz end elbite. The chlorlte end
talc appears to have replaced end emheyed the plagioclese along 1ts mergins.
This rocX is not so cleerly diviczd izto lenselike messes es are the other
rocks in this cetegory, and the folleted zones arc more closely spaced and
reguler. It appears to have been derived eilther from en ignecus rock or
& feldspethic sedimentary rock.

Marble,--Prominent in the Gembier Bay iormatioﬂ ie a ﬁark, slightly
mottled with whitz, finely crystallize marble. Marble beds ere very rere,
and it is possidle thet only one merble unit is present in the formetion.
Hovever, strvctural compleo:dty prevents:being certain of the aumber of
units present.

" The mexble consists of nmeerly 99 percent calcite in en irvegular  _



mosedc of grains having irrsgulorly sutuied borders. Most gralns average
ebout 1.0 mm in length and J.09 rm 1v width, and are elongete parallel to

e clearly defined folietion. OSmell 3rains cluﬁter along the borders of the
laréer greins, especielly el%mg the borders perellel t¢ the folistion sur-
feces, suggesting granulaticn qnd recrystellization. Petches of equant
grains break up the foliated peitern in pleces. The bordérs of the greains
heve a thin cogting of opeoune, carboazceocus dust probebly accounting fﬁr
the dark color of the marble,

The calclte grelns thercelves show ebundent,  brosd lamellee vhich are
cammonly bent 2nd lensoidsl (fig. L3)., The form of the lemelleea resembles
thet in thé calcite pgreins of the Yule marble artificlislly Zdeformed by ex-
tension st 800° €, 5 kilobers (Griggs and others, 1960, pl. 11).

Minor emounts of quartz and alblte oceur in small patches of egusant
‘grains, OSparse trerollte neeldles are scattered through one specimen,

Cale-schists.~-These are lustrous, fine-grained, pale olive, foliated

rocks containing dots end streaks of light-gray marble, end they occur
chlefly but not entirely e&s leyers in merble. Poorly preserved fossils
heve been observed in the thicker morble streaks,

The celc-schists consist of lenticular leyers of caleite, quertz, and
alvite separsted by strongly follated cloudy tale-rich layers, in which the
tale forms indistinct, feathery masses containing much fine unresolveble
reterial, In most specimens, calelte is the domlnent constituent emounting
to ae rmuch es 50 percent of the total rock, but in one specimen et lecst
the carbonete 1s dolamlte. Tele, gusrtz, elbite, and chlorite in varying
proportions make up the remainder of the rocks, and pyrite cubes partly

gltered to limonite are minor constituents in 21l of them.
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Figure 43.--Photomicrograph of marble, Gambier Bay formation showing
bent and lenmoidsl lamellss| note grains near center and near upper
left corner (crossed nicols, 35 X).
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The celclte gererslly occurs re eatedral aggregatés in layerc snd lenses
ranging in thickness from 1.0 rm to 25.0 mm. Grein size of the calcite
sgaregates 18 eitremely varisble.

Quartz snd albite occur toééther et mospics of enhedral grelne, but,
since the albite 1s lerpgely untwinned, it is difficult to estimate the
reletive proportions of the two minerals. Universal stage determinetions
on twinned elbite indicate com;ositions in the range AnC-6. In one specimen
auertz occurs &6 euzzn 2.0 to 4.0 rm in dlameter ia spherulitie, cheleedonic
eggregates along with calclie :nd =lbite.,

Chlorite 1s & minor constituent in all specimens examined except one
in which 1t formed about 20 percent of the tetal rock. It occurs in ell
the specimens as nonpleochroic very pele green, irregular, elongate crystals
orlented about parallel to the Toliation; the birefringence of the chlorite
is a low anomalous dbrown.

Adbite-chlorite-celelte-overtz rocks.--Rocks of this category: ere un-

camon but dlstinctive and ere cheracterized by an sbundance of closely
peclked, dusky yellow platelike lsths ;f feldspar ranging from h.é m to
25.0 m in length. The leths sre set in a fine-grained matrix which ranges
in color from greylsh olive to dark greenish grey. The lighter colored
varleties exe foliated, but derker varletles, which are themost cowmmon,
show no vislble folistion, end are comnletely msasive. The large plegio-
clase grairs set in a fire-groioed meterorphic matrix indicate that the
rock has undergone partiel reduction in grain size, and hence one that is
on the way to becaming & phyllconite.

The laetha ere composed of a-cloudy mixture of chlorite, epidote, elbite,
calcite, and quartz. Most of this mixture is very fine grained (X0.02 mm
in diameter), but in ploces alvite anhedra as much 8s0,9 mm in diemcter

occur. The intersticees between the laths are £1lled with & granmilar
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mixture of quartz snd elbite conteining much interatitiel chlorite and
patchas of caleite. In one svnecimen anhedra) graine of epatite are scat-
tered throughecut; in another ephene forms en importent accessor&.

Tn the rocks heving a rotlceeble foliatlor, the minersls of the matrix
ghow & preferred orientotion perallel to th? folietion surfececz; in the
other specimens no preferred orientation could be seen.

Albite ogcurs both es smell, largely untwinned, equant anhedra slong
with quartz.of a similar form, and 21s0 es laerger cnhedrz. Tﬁe larger
graine ere irregulsr in outline, and show about esa equsl smount of twinned
aad urtwinned types. The twizrning 13 & fine polysynthetic type which hes
twinned eccording to the elbite-ela law; universal stage meesurements in-
dicete compositions in the ranse An0-8. A1l albite grains contain abundant

;
inclusions of chlorite, ond =1s0 potches of calelita.
) Chlorite occurs in irreguler interstitial massed, end ln fine piates
in slbite. The chlorite shows B pleochrolsm frem Z = yellow green to Y
and X = green and a low encealovs blue birefringence.

Calcite occurs Intersiitlally es wall as in larger patches which appear

to have repleced and embeyed the surrowmding grains.
Hood Bay forration

Chert and siliceous ergillite.--These are the:rost abundant rock types

of the formation. Tkey gre ceneral;y greyish bleck, and ere camzonly thin- -
ly interbedded in beds rengirg from 0.5 to 3.0 inches in thickness. The
retio of chert to ergillite 18 generslly sbout 1:1 but ranges locally fram
3:1 to 1:3. Where siliceous arpgillite is predominznt, it commonly occurs

in herogeneous beds ranging from 0.5 to 1.0 feet in'thickness containing
thin units of thinly bedded chert avéragingo.s feet 1n thickness. In some

locelities, dark-gray limestone nodules ranging from 2 to 12 inches in
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length are spersely scattered thrwgh the massive aréﬂhte beds. Al gre-
dstions between chert and non-siliceou: argillite. occur.

Tha cl:erf.s typlcelly cozteln sbundent quartz veinlets averaging about
1.0 e in thickness which 1nte;eect the bedding at angles of ebout 90 degrees.
On the weathered surfaces, these veinlets appear as ridges m;ersecting one
enother at various engles.

A common feature of the chert beds is 1llustratedvby figure b4b, which
ghovs a fragment of 8 chert bed dividsd into segments in which the bedding
hes been rotated slightly with respect to one sncther, Smell, subperallel
cuestalika ridges bound the roteted fragwments and the sense of rotation
is camonly the same in anyone outcrcp. The beds appeer to have been broken,
slightly rotated, and recemented. .The zone of cementation is commonly unot
visible, and does not coincide as & rule with the praminent quartz veinlets.
These features are less apperent in th: siliceous argillite, because this\
rock tends to break irregulerly with no surface psrasllel to the bedding.

The ocuterops of thinly badd=d ghert ard ergillite are commonly steined
reddish brown, particulerly slong s‘hee.r zones thet ere coumon in the Hood
Bay formstion. This stedn probebly results from the axidation of pyrite
which ise:common accessory mineral in the chert end srgiliite.

In thin section, the typlcel chert is seen to comsiet of abundant
microcrystallinec quartz, sparsely scattiered petches of chlorite and euhedral
pyrite, end ebundent dark brown, unresolveble dust. BScattered apersely
along a few layers ars masses of spherulitic end microgramilar quartz which
are circuler or elliptical in outline and aversge sbout 0.02 mm in diemeter,
with the largest messuring ae vuch es 0.2 mm in diamater. Thése messes are
very similer to the Rediolarian tests in bedded cherts of Californie figured
by Talleferro and Hudson (19h3, p. 251-256, figs. 12, 15, 17-22).

Quartz occurs both in spherulitic end gramular formas. In both 1ts
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i inch

Figure Mhi,--Sketch of chert specimen showing displaced and re-cemented
segrents seperated by cuestelike ridges; Hood Bay formation.
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averege grain size 1s extrewely swuill (less than 0.002 mm in diemeter).
Clots of coarser greins, gererally elorzate parallel to bedding, occur
spersely throughout the rock.

Small colorless micalike Jéia):.es ere spersely scattered th:r:‘ough the
rock roughly persllel to the teddirng, tut show no strong preferred orlen-
tation. The flekes are lengtk slow, erd have a first order yellow bire-
frigence.

Veine seen in thin sécticn are motalcs of aﬁhedral quartz crystals
containing small patches of célcite end chaléedonic quartz. In addition,
nurerous stylolitic seams conteining dark brown materisl cut the roek at
high engles to the bedding.

Iimestone and cslcareous erglillites.--Dark-gray massive, gine-grained

limestone is a prominent but zinor constituent of the Hood Bay formation.
It usuelly occurs in beds 30 to 40 feet in thickness which can be traced |
only e few hundred feet along strike, suggesting lenslike bodies. These
massive limestone beds ere cammonly \associa.ted wit}:x thinly bedded dark-
grey calcareous ergillite and very thinly laminated dark-gray and graylshe
black limestonese The entlire celcareous section including the messive
limestone beds are caommonly less than 50 feet in thickness and is overlein
end underlain by thin-bedded chext and siliceous argillite.

On weethered surfaces the messive limestone 18 medlum gray mottled
with dexk gray and is cammonly cut by numerous white calcite veins. A
crude parting occurs parellel to tiae bedding, and freshly broxen limestons
hag & distinct sulfurous cdor. In one locality, the limaetone.contains
scettered, small clots of bleck asphaltic materisl. Celcite is the chief
carbonete minerz] in the limestcne, as indiecated by the copper nitrate
{Cu (H03)2) stain metbod (Rodgers, 1940, p. 788-798). Solution of powdered

limestone in warm, dilute hydrochlorie acid yielded 15.0 percent by weight
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inso0luble resildue consisting l=rgely of extremely fine carboﬁaceous nate-
rleal.

. Graywacke.--Graywacke is & minor constituent of the Hcod Bay formation,-
but locally it 1s the d.oz:inan‘t rock type. It occurs mostly &s thin beds 1
to 2 inches in thickress in the thinly bedded chert end siliceous argillite
sectiona, In the few lo:alities vhere it is sbundent, graywacke forms beds
0.5 to 2.0 feet in thickness interbeddsd with thinner beds of chert or
ergilliite.

The graywacke ranges in color from medium gray to medivm daxrk grey
end in grein size from very fire send to medjum sand, Cosrse-grained be@s
ere extremely rare. The thinner beds of graywacke commonly show greded
bedding. Thicker beds (1 to 2 feet in thickness) ere generally homogeneous;
gama appear to grade leterelly int? arglllite.
- A typicel greaywecke is composed of subangular grains of quertz, pleglo-
clase, argillite, chert, and caleite szounting to about 80 percent of the
total roeck, embedded in a dark brown, cloudy matric camposed of serlicite,
chlorite, caleite, nicrograénular quaxtz and 2lbite, and abundant fine
opaque dust, Slight preferred oriecatetion of the sericite and chlorite
crystals in the matrix and the slight granulstion and elomgetion of the
larger clestic grains produce incipient foliation in the rock.

Quartz greins, camposing cbout U5 parcent of the rock, a{erage gbout
0.15 mm in diemeter, end generslly show undulose extinction under erossed
mmicols. They have been corroded and enetrated alongz their margins by
the micaceous metrix, snd in addition meny greins show overgrowths of cleer
quartz which tend to elongete the greilns parallel to the inciplent folistion.

Piagioclase greins (15 percent of the rock) are partly sericitized end
ccmmonly'complexly twinred, Universal stege determinations indicate com-

positions in the range Ansg to An38.
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Chert end ergillite groins,:sbout 15 percent o% the rock, resemble
in texture and composition the chert: and siliceous argiliite of the Hood
Bay formatioh. They are elongated perellel to the foliation, acd have
freyed ends prolecting alouglthe folietion,

Calcite greins, forming ebout five percent of the rock, have irreguler
shapes end indistinet borders. A fev skhow structures feintly suggestive of

fossils.
. Connery formation

Thin-bedded chert end ersillite.--These are the most abundant rock o

types in the Cenrery formetion meking up ebout 60 percent of the total.
The chert end argillite generally occur rhythmically interbedded in beds
ronging from 0.25 to 3.0 inches in thickness. Very thin (1.0 inch) beds

~of graywacke, commonly greer a color, ere scattered sparsely through.mdst
sectlions of chert and ergiliite,

The chert occurs in & variety of colors the most cammon of which ere
dark grsy, medium daxk gray, gree;ish black, dark greenish gray, greenish
grey, end grayish_green. It westhers dark greenish grey and olive gray
and is typically erossed by a network of fractures.

Undex themicroscope; mcst of the cherts examined consist of a cloudy
mess of aubmicroscbpic to microgrenular quartz conteining sparse.lenticular
clusters of coarser equlgranuler guartz end in pleces albite aligned peresllel
to Yedding, Scattered spersely through the rocks are sngular clasts of
quartz end plsgloclase which average about 0.25 mm in diemeter. Most speci-
mens contain very small chilorite end sericite petches and flékes disseninated
throughout the thin sections,

Ore-third of the specirens exemined contein cleer masses of micro-

granular quertz having ovoid or circular outlines similer to those described
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on pegelly in the cherts of the Bood Ba& formation, which probebly répre-
sent reerystallized Radiolexien tests. The probeble Radiclerlan testg -
renge fram 0.06 to 0.18 ma in diameter. The bedding plenes in the cherts
are commonl& narked by extreﬁely tidin dark-colored lsminse. The layers
between the dark leminae pinch znd swell and impart e microscopic lensetic
gppearences {o the rock, C(Clests of quartz and plagloclase &s well as Radio-
larizn tests commonly have iﬁaistinct margins which eppear to merge into
the matrix.

The brightly colored, suvgary-textured cherts from the vieinlty of Gain
Islard in Gembier Bay 4n thin sectloa ere gseen to counsist chiefly of a
sutured mosalc of quariz svereging 0.03 ma in dlameter mottled with scat-
tered patches of mosaics ha#ing a8 lurger grain size. The rock slso con-
teins sparsely scatiered serleite flukes.

A1l the cherts contein eowndant velnlets of mosedic quartz and albite;
calcite veinlets are less comuon, elthough celcelte coammonly forms & minor
constituent of the quertz-alblie veinlets. In the viciniiy of tha celeite
veinlets the cheri cammonly conteins much interstitial caleite which ap;
pears to have replaced the rinerels of the matrix, ‘One specimen contalned
veinlets ccaposed of a complex of ;celcite, quartz, slbite, end anslcime
crystals, ‘

In thin section all gredations sre seen between chert, slliceous
erglllite, and argilliite. The tresnsition from chert to srgillite appears
to be brought about by a decrecse in quartz and en increase in chlorite
end sericite. The argillites tend to contain a grester amount of detrital
quartz and plagioclsse; &s tiue detrital frzction incresses the argillite'
passes into a graywacke,

Greywecke.--Tke greywacke of the Cannery formation occufs in two

frams: 1) es thin, graded beds averaiing less then one inch 1in thicknessy
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2) =as thick, massive, calcareous tzds ranging in thickness from 2 to 10
feet,

Both types contein more than)l5 percent metrix (f£ig. 45b), end, there-
fore, according to Pettijohn (1957, u. 288-293) classify as greywackes de-
posited by a concentrgted mediwa. The thin-bedded greywackes of type L
displey greded bedding snd in ploces smell scale crossbedding indicatlive
of deposition by & medium {luid ercugh to allow mixing of grains and sortiug.
The massive greywackes of type 2 lack current structures snd sorting features,
end may have been deposited by & medium too viscous to allow free mixing of
gredins,

The greywacke of type 1l is most commonly dark greenish gray, but other
colors such as dusky yellow green, meédium derk grsy, and medium bluish
grey occur in places. The thin beds weather to & rdugh surface which dom=
trests sharply with the smooth-veathering argillites and cherts, The upper
end finer part of thcse beds terds to develop a shaly parting.

The graywacke of the first type 18 camposed of subangular to angular
grains of plagioclasé, quartz, end rock fragments embedded in & cloudy
metrix consisting of an intimate mixture of chlorite,: sexricite, calcite,
microgranular guartz, elbite, and in places aﬁalcime. The metrix, which
ranges from 20 to 50 percent of tize rock (fig. 45b, white dots), containé
much fine opaque dust, part of which is pyrite and limonite, but most 1is
unresolvable, Mich of the matrix wes probably originelly clestic, dbut
most of the clastic constituents heve been replaced by alteration pro-
duets. The agreins generally bave indistinct, frayed borders which show
signs of replacemant by chlorite, sericite, and csleite of the metrix.

The grain size near the base of the graywecke beds averageé about
2.0 mm in diameter, end grades upward to sbout 0.0O4 mm in diemeter at ths
top. The upward decrease in size of gralus is accompanied by en increase

in the percentage of matrix; in e typical specimen the metrix increases
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from sbtout 30 percent neer the bese to ebout GO0 percent near the top of
the bed. The upper few millinectesrs of the greded bed 1s virtuslly indis-
tinguisheble froa the overlying crert or argillite bed, but in gereral
the everage grain size of the élasts in the chert ard argillite tends to
be smaller (<.02 mm in diemeter) tban that of the uppermost parts of the
greded beds. The decreasse in grein size is also accompanied by sn in-
crease in quertz greins and e decrease in rock fragments.

Flgure 458 shows thz relutive emounts of the chief grein types; in
this diegram the white dots represent specimens of greywecke of type 1
studied in thin section. Feldsper (chiefly plagioclsse) and unstaeble rock
fragments (chiefly volcanic rocks, arglllite, and limestone) greatly pre-
dominete over chert and qﬁartz. Epeciren 11 represents & thin section
with en average grain size of edbout 0.04 mm in diemeter cut near the top
of a graded bed; tha composition of i1ts conmstituent grains i1llustrates the
relative increese in quertz, and the relsiive decreasse in rock frazments
with decrease in grein size. The overprinting in the diégram is taken
frea Williems, Turrer, and Gilvert (1954, fig. 95), end shows that these
grayveckes ldie in the fleld of volcenic wackes.

The messive graywackes of type 2 ere generally medium gray or mediui
dark green on & frech surface, and weather to a yellowish brown or dbrownish
olive grey surface which is gernerally =mooth, but conteins scattexred pits
a few millimeters in dismeter., Irdivicual greins are difficult to see
on the weathered surfece, and the general espect is that of a weathered
besie vclcanic flow, The pitc represent the cests of celcite fragrents
(1ergely fossil dsbris)-which have beer pertielly. removed by westhering.

Although the beds of graywacke of this type are generally‘hnmogene&ps,_
in a few places they conteln lensezs of bleck chert pebbles and recrystel-

Jized celearenite,
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Tre grayvackes of type 2 differ from those of type 1 chiefly by the
greater gbundance of limestong rock fregments among the gralns end by &
grezter proporticn of caleite in the metrix. In o@per respectg the cqppoai-
4+ions end texturce of the two fypes ana Eimilar.. Figure 45a shows the.
principsl grain constituents of the graywackes of type 2 as bleck dots.

This dlegrem shows the tenderzy for the greywackes of type 2 to contsain
& greater proportion of unsteble rock fragments then those of type 1 (white
dots}, elthough the distribution of the dots of the two types overlep

8X4gbtly. At least half of the unsteble rock fregments of type 2 are lime-

stone. The matrix forms from 20 to 50 percent of the massive graywsckes;
figure U5b shows thet this range is the same as thet of the thin-beéded'
grayveckes,

. | Plagioclese i1s the most comron detrital mirerel in either type of
greywacke, end ranges fram O (in cae erccimen) to 50 percent of the totel,
rock with the everaze sbout 35 percent. The pleglioclase grains are general-
ly partially eltered to sericite; calcite, chlorité, gnd epidcte ere elso
cormon but less ebundant alteraetion products. The degree of alterztion
veries considerably even within & sirgle thin sectliorn, end ranges from -
fresh, clesr plegioclase gralns having orly e few smell petches of seri-
clte to grains completely sericitized. Most grains of plegioclase show
camplex polysnythetie twinning.

Universel stage peesureresats indlcate thet the composition of the
detrital plagioclese grains f2ll1 into two groups: Anh3 to An53 end Anl
to Ana. Both groups e;é polysymthetically twinned, and cannot always be
distinzuished frcm one enothe¥ by theilr eppecrcnce. Howefer, all deter=-

. minations £alling in the renge Anl to Ang were from cloudy, sericitized
greins, wherees the grazins hcving ccmpositions in the range Ank3 to An53

range Irom clear to cloudy and sericitized. In most thin sgections all

'
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Plagioclese grains exemined tclong to ‘one groﬁp or the otger, but in a
few scctions both grouovs were ropresented.

In eddition to detritel plegioclese, suthigenic slbite occurs as susll
crystels 4n the m&trix,.as rim:z on caleic plagioclase grains, end in velns.
In these occurrences, the zlblte 18 water-clear and rarely twinned. In
veins the albite 1s commonly essoclated with qﬁarté, calcite, and in e
few thin secticris With enalcine.

Quartz 1s e minor constituent emong the detritel grains forming less
than 8.0 percent o? the greias. Its proportion of the clastie greins in-
creases in the siltstones and errilii-es, but since the amount of matrix
~ 8lso increases in these rocks, 1t.16 doubtful whether there {3 a resl 1npl
cresse in the smount of quertz.

Quertz elso commonly occurs as microgresnuler gggregates in the matrix
end in quartz veine. |

fnaleime occurs in & few thin sections as veins and small aggregaﬁes
scettered 1n the metrix. It occurs es euhedrsl inclusions in quartz, end
elso gs evhedral drasy ldimiegs of covities the centrel pert of which has
been filled by cnbedrel quartz.

Calclte or limestcne clzots azre rare in the graywackes of type 1, but
in the messive greywackes, type 2, they may form as much &s 45 percent of
the totel rocks The grains are ccmmonly rounded and have rather indistinct
margins, and irregular outlines; they sre generally lsrger then the everage .
grain size of the rock in waich they occur, as large 88 5 mm in dlametsr
In same samples. The grezins themselves are cosrse aggregetes of murky,
Blightly twirned calcite commonly showing vague fossil stwctures. In
one locsality e lenticulsr bed vithin(a thick meassive graywacke wes composed
entirely of eslightly rounded cclcite cleavege rhembe averaging O.b mm in

length emtedded in a sperce matrix of fimely crystelline, murky calcite.
[ ——————




155

Secondery calcite occurs In isolated patches and as velns in the
matrix of both types of graywecke, but it i1s abundent only in the mesgsive

greyweckes of type 2, vhere it mey form as much 88 25 percent of the total

rocks In almost every occurrsﬁce cdl:ite appears.to replace the otheriock
constituents in contact with it.

Crlorite i8 en importent conititueat of the motrix, end elso of many
of the detrital ?ock fregrents. G3nerally it occurs in the matrix as ir-
regular szgregetes of various sizss repgicg from less then 0.005 r= to 0.5
mn in dlametzr; the larger ezgregates probably represent detrital grains
veplaced by chlorite. The chlorite aggregates themselves are equigranuler
and composed elther of nonplcccehroic or of slightly pleochroic pale yellowiéh-
green chlorite having a first order gray birefringence. In only one seétion
was the chlorite intenscly pleochrole, X = green to Z = ycllow greens

- .. Detritel rcck fragrents, othzr than limestone are of three. general
types: 1) voleanic rocks; 2) argillite, and 3) chert. The volcanic frag-
ments consist of vlegioclese microlites in e chloritiec groundmass. The
plegioclase 1n these volcanic rocks epprars to have the ssma composition
as the irdividuzl plagioclase clests, but determinetions were difficult to
neke and in gereral unrelieble. Argillite fragments, which also include
sparse, fine-grained greywacke, cornslst generally of g cloudy, dark-brown,
chloritic end sericitic matrlx aich also conteins a varieble emount of
microgronvlar quertz. Plegicclese c}asts are scatlered through the metrix.
Chert fragments range from mic&ogrenﬁlar quartz azgregetes to mixtures
of chlorite and microgranuler quartz, and appear 4o grade into erglllite.
The separstion of chért frem erglllite in ordexr to prepare the diagran in
figure L5a wes difficult and a-biirary. However, since chert forms, et
most, less than 5 percent of the greins, 1t has smell effect on the totel

composition and classificatlion.
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MAtered voleenle rocks.--~l%erved volcanlce flows and breccizss ore a

minor rock type in the Cennery formation, but locally in the arca east of
Suug Cove at Gombler Bay,ithey form unlts as much as several hundred feet
thick. These rocks are medium'grey to greenish grey-in color, fine-gresined
or epvhanitic, end contein scattercd celcite amygdanles 1.0 to 5.0 mm in dia-
rpeter. Blightly sheered »illow structure is common; the plllows average
ebout one foot in longest dimension. In one locality3 the same rock type >
resembles 8 sheared breceia and centalns a few scettered boulders of derk~
gray, finely crystalline limeatone 1.0 to 3.0 feet in diemeter.

Most thin sections exemined dlspley-pilotexitic textures conslsting.

of altered plegloclase laths sverszing 0.09 mm in length in e groundmees

of chlorite, calcite, pyrite, and limorite. The plagioclese leths are
altered to sericite end celcite. One section contalned ebout 10 percent
colorless clinopyroxene im subhedral crystels everaging O.1 mm in diemeter

scettered throughout the rock. OQuartz, elbite, énd sphene are ebundant

" 4n the groundmass of & few sections.

Tvo thin sections, one from the eree south of Snug Cove, and the ‘
other from a creek west of Gemdier Bey, contain 40 percent slightly grenu- |
lated colorless clinopy oxene erystals sbout 0.5 mm in dismeter (EVZ =
50°-55°), 50 percent sntigorite sefpentine, end 10 percent interstitial
secondery quartz end aslbite. Thies rock is olive gray end massive in out~-
crop, endiusuvelly bresks with e lustrous, serventinuous surface. The high
percentage of pyroxens sugrests e¢n sltered ultrameficligneous éock such as
a pyrozienite or peridotite. £lthouch much less deforwed ard containing
serpentine Instead of chlorite, tremolite, and epidote, this rock resembles
the pyrcxene-beering phyllonites of the Gemdier Bay formetior. Perhaps '
both rocks reprecent the semelseriea of ultremefiec intrusions, ﬁhose in the

Germbier Bay formation {pl3k4 ) beipg subjected to greater deformation and
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ceterorphien beceuse of desper burial.

Pybuz dolomite

Dolemite.--The—emount of limestoae included in the Pybus dolemite is
unknown. Every Bpecimen'collected upon being treeted by cupric nitrate .
(Cu (NO3)2) sclution (Rodgers, 1940, p., 788-798) was stained blue only on
velnlets and cavity £1llings, indicating that the bulk of the rock is dolo-
mite. All specimens stained hove the browmich hues end sugery texture
characteristic of the cerbonate rocks of this formetion. Therefore, it is
concluded that, 1f limesione 18 present, it is present in minor emcunts.

The dolomite consists of a subhedrrl mosalc of dolomite or&stals
showing a tendency to form imperfect rhambs eversging sbout 0.2 mm in length
(fig. 46). The crystels ere cloudy beccuse of the inclusion of very fine
brown Qust--probably iron-rich. Pores ranging from 0.l wm to 0.9 mm in
dlameter are scetiered through the dolomite mossic; these are commonly
represented by £illings of cleur celcite, end, in places, by quartz.
Partially filled pores having drusy linings of calcite occur less common-
ly. The pores typlcally contein & thin opaque £ilm between the £illing
" minerel end the wells.

In general, the dolomite is equigrerulexr, but patches of coarser and
finer crystals occur vwhich have the vegue form of fossil structures. De-~
trital greins of rounded guertz, chert, end ergillite are minor constituents
of a few thin sections., :

Chert.--The chert oecurs es both beds or lenses, and as scattered frag-
mentss In both it has two aspects whick can be seen within a single lens
or fragment: 1) =a porous, rovgh-veathering mess consisting of silicified
fossils (laergely brachioped, bryozozn, end crinoid debris) (fig. 6a, b);

2) s0lid, smooth-weathering masses (fig. 5b). Type 1 grades into type 2

by the £111ing of the pore speces between the fossils with chert (£ig. 58)a



in gramular dolemite showing
(erossed nicols, 20 I).
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The chert lenses ere cernonly broten, but the Pregments as a rule have
rot moved far. Dolomite has iavzded the Practures end spaces between the
fregnents (Tig. 47).

The chert consists of smell (everazing sbout 0.004 mm in diemeter)
masses of spherulitic quartz (chelcedony). Dolamite rhombs ere scettered
irresqularly throuch the éhert, and smell patches of quartz occur in the
surrounding dolamite in the vicinity of the chert;dolcmite cantect, -Fossil
structures are outlined by stresks end patches of coarser- or finer-grained
quartz masses (fig. L6).

One thin scetion exerminod wes diviéded into two espproximately equal
parts psrallel to the bedding: 1n one part the fossils were well preserved
es chert, and in the other they were only felntly preserved as dolomite.
Fossils, therefore, occur threuizghout the r0ck; but their superior stete of
preservation and bhardness &8s chert mekres sllicified fossils much more praom-
ircpts Probably the enclosing and replecing of fossils by chert prevented

them from being dolemitized, end hss led to their better preservetion.

Zyd for=ation

Bassl brecclas==Microscopleally the chert and argillite fremments of
the green end red ckert breccie ere icentical to the chexrt and argilliée
of the Cannery formetion described in & previous section (p. 28). The
metrix conslsts most cammozly of 2 cloudy mixcture of nicrogranular quartz,
Plagioclase, mericite, celcite, or dolcite; silt-sized clasts of guartz
and plegloclese are scattered through the matrix. Pyrite in swall euhedre
is a cormon minor constituent of these rocks. The yellowlsh brown-westhering
patrix in the viclpity of Galin Iclend consists almosf entirel& of irom-rich
dolarite, snd tke chert fregiexts there consist of a sutured mosaic of

quertz containing abundent serdicite inclusions.



Figurs 47.--Sketch of fraciured chert (white) ir dolomite (stippled).

1260
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Thin-beddad erplllite rerber.--In thin section the three most common

rock types--srgillite, chert, &nd graywacke resemble one enother in texture,
end eppeer to differ only in tke size and reletlve emounts of the same com-
porents. A1l have & metrix consisting of & cloudy mixture of microgranular
quertz, new-formed plegioclese (elbite), celcite, chlorite, sericite, end
pyrite; also presaent 15 a fine, sentorveque dust which tends to form in
tenuous leyers delineating bedding surfeces., This dust is probably cer-
boneceous meteriel, end 18 responcsible for the preveiling dsrk color of
the rocks. Scattered through the metrix are snguler clasts of plagioclase,
guertz, erd wore roundesd clests of calclte or limestone. The clasts are
generally of coarse silt size except in the greywecke where the bottom
leyer of a gradéd bed (commonly oue grein thick) may sttein e grain size
a8 ruch 28 0,2 mm in dlameter (fine send),

In the calcareous rocks gbundent ealeite occurs in the matrix as
murky petches which have cérroded plsgioclase grains in coatect with them.
An extreme type, & calearenite, occurring eparsely in a few localities,

consists of 40 perceant clests, 35 mercert of which ere rounded calcite

_ grains showinz faint fossil structures, in a metrix cousisting of a flne

agpregote of caleite crystals. Tre calcite .elasts aversge about 0.2 mm
in diemater, end are considerchly lerser then those in rost graywecke.

In chert and siliceocus exrpgillites, microgrenuler quartz predaminates
over %he other constitverts. In the purer cherts, celeite, sericite, and-
chlorite are minor. One such chert, vwhich 1is promirent near the top of
the perber, consistis of a very fine grained, elmost submicroscopic, wags
of cuartz through which ere scettered flekes of sericite. Redlolarian
tests, similar to those descrited ebove from the Bood Bey end Cannery for-

motions, ere scattered slong the bedding surfsces -of this rock. The tests

are composed of epgg;g;igic quertz, end have circuler or elliptical outlines
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averaging chout 0.1 mm in dometer (£1g. 18). Thelchert slso contelns
verysgparse, angular clasts of plegioclase and quartz ranging in diameter
from 0.05 to 0.4 rm. The teddinz plenes in the chert are outlined by fine,
dark-brown dust which terds to form very thin leminse. The 1ight-colored
rock levers betwzen tre dark leminee pineh erd swell ranging in thicknesas
from 0.5 to 2.0 mu.

Volcanic member.--In composition the volcanic rocks fell into two groups

thet cannot be distinguished in the field: 1) & predominent sodium-rich type
in wvhich all plegioclase enpeers to be albite; 2) a much less ebundent potas-
sium-rich type in which 811 the feldsnar epyears to ba potessic.

The first type agrees with publiched descrivtions of spilites (Turnér
end Verhoogen, 1960, p. 258-263;.De Reaver, 1942, p. 223-233); rocks of
this type include both pillsv ond qbn-pillow structurel types, Microscop-
ically these rocks have an altered‘intergranular texture consi;ting of a
cloudy, indistinct groundmess of albite, chlorite, eridote, celcite, and
opeque mirerels. The groundmess elbite, which everages about 50 percent
of the rock, occurs as an irre;ular, interconnceting mess conteining ebun-
dant five inclusions of chlorite, sericite, and calecite. Sparse, . .smell,
fresh, finely twinned slbite liths, aversging ebout 0.18 mm in length,
ere also scattered throughout tke grouadmess. Chlorite, occurring as in-
clusions in albite, 1s the next rmost sbundant cometituent, and sverages
ebout 20 percent of the rock. ‘In eddition, the chlorite occurs throughout
the groundmess as interstitiel fleles, end also as lsrger apggregetes whose
fonm§ suggest pyroxene and amphibole crystel outlines. Most of the chlorite‘
is 8lightly pleochroie from Z = yellowigh green fo X end Y = pele green, snd
chows a low f£irst order gray birefringence. FHowever, the chlorite of one

section disnleys more intence Plzochrole colors fram 2 = bluish green to

X end Y = green, and a first order yellow birefringence.
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In most specimens sparse nlegicelese phencerystz, avereging about 1.5
ma in length, ere scattered tihvoughout. The phenocrysts show polysynthetic
tvinning, end are strongly eltered to chlorite, calcite, end sericite.
Carmonly oanly ragged remnarts of the original phenocrysts remain;_the alter-
ation tends to be controlled by clesvage pleres. Universel stoge meesure-

ronts of both smell erystals of the groundmess and the phenoerysts indicate

v

-compositions in the range An3 to 5n7.' The abéence of pot;séic feldsp;} was
indiczted by sodivm covaliinitrite stszin.

One massive flow contains neerly unsltered euhedral phemocrysts of
hornblende ard clinopyroxene sverapging 3.0 me in length set in & chloritic
groundmesg similer to thet described czbove. The hornblende occurs in slight-
ly regged crystals which cormronly show simple twinﬁing; the pleochrolsm is
‘a8 follows: X = palé yellow; 7 e yellowish gréens and Y = brownish green.

. Universal stege measurments 1lndicate en eungle Z A ¢ of ebout 200,'and»a
2y x of frem 75° to 80°, The clinoyyroxene 18 colorliess and contains 1ﬁ-
clusions of epidote and chlorite eround the margingg accurate messurements
of optical properties cculd not gé nede.

Volcanic rocks of the potcssiwa-rich seeond type are known only from
one locallty: the peninsuls porthwest of Good Islapd, where’about 500 feet
of pillow lava crop out 1n the hiage of a tightly folded anticline. Micro-
scopically the potassium-rich rock 1s ccmposed of sparse, subhedral, potassic
Zcldsper vhenoerysts in en eliered pilotexdtie groundmess consisting of
taln potassic feldspar laths and interstitizl chlorite, calcite, and opaque
minerals (fig. 49). The groumdsass feldsper averages abouti8.l mm in length,
and comonly disvlays simple tiianing; the mergins of the lsaths are indis-
tinet and contain chlorite znd colcite inclusions. Calcite also occurs a#
clear patches ranging from C.OLk mm to 5.0 mm in diemeter, most of which

probLbly represent amygdaleé. The ovague minerals are iargely limontte,




Figure 49.--Photomlcrograph of poeneitic pillow lsva, Hyd formation; cluster
of simply twinned potassic feldspar phenocrysts in groundmass of potassic
feldspar microlites, chlorite, caleite, and opague minerals; patch of

calcite at right margin is en amygdule (crossed nicols, 40 X).




end are especislly sbundant es fine dust {n the larger chlorite patches
vhose outlines suggest pyroxene end amphidols erystal fom;

The potassic rold.qu;r phenccrysts are subhedral vith a tendengy toward
irreguler, indistinctibotders. Both untwirmed or simply tvinned types are
present; in gensral, the birafringence is a Lirst order grsy, noticeably
lower than thet for plagioclese. The phenoorysts containm sbundant chlorite
inclusicns, but eppear to be unaltered in othsr respects. BSodium cobaltini-
trite stain showed both phenocrysts and groundmass feldspar to be potassic.
Universal stage measursments {ndicate that ths feldspar is momoclinia with
the optic plans perpendiculor to (010); = !w,‘ rathey poor measurements ine
dicate that ZVx is sbout 60°, The valus of the optic axial angle, and the
orientation of the optic plans places thease feldspers in the orthoclase
cryptoperthite series of Tuttle (1952, p. 557-558). Ragged feldspar oryse
tals guggestive of altered remnants of original calcic plagioclase, such |
s present in the spilitic rocks, are lscking from the potassia rocks,

In thelatter no ml vere seen Which might be intarpreted as indicating
replacement of an originsl feldapar by potassic feldsper,

A chemicel analysis of the above rock showed it to contain 5.4 percent
K0 and 1.9 perceat iaao in coutrest to 0.7 percent X0 and 4.93 percent
Na0 for the eversge spilita (Sundius, 1930, p» 9)» De Rosver (15h2, p.
223-224) reported potassic equivelents of spilites, vhich he oslls poanaiﬁs
efter Brouwer (1940, p. 263), sssociated with spilites end keratophyres. from
the Permiasn of Timor. Hgm%smacmﬂlmo.fchmicalanalys&s
of a typicael poensite, an average spilite, and the pillov lava., De Roesver
found all transiticns between spilites and poensites, and suggested intsr-
mediete rock names such easspilitic poeneite and poensitia spilite. Most '
of the poensites described by De Rosver contain more than 8.0 percent K50, |

and hence the present roak might be called & spilitic posmeite 4in his
classificetion,




Pigure 50.== Cnemical analyses of poeneite.

1 a 3
810, b6 52,08 51,22
A1,04 1T.1 18.35 13.66
Fe208> 1.6 10,07 . 2.84
FeO 8.5 0.40 9.20
MnO 0.1 . 0.6 o 0.25
Mgo 5.1 0,91 4,55
Ca0 s 1.96 6.89
Ne,0 1.9 1.39 b.93
] K0 5.4 8.97 075 -
 mo 5.3 2.88 2.88
- T10, / 1.8 2.2 3.3
P05 0.6 0.94 - 0.29
co, , 3.2 none 0.94
Rest - - 011 e - L=
100, 100.43 100.72

1. Pillow lava, Gembler Bay, Admiralty Island, Alaska; rapid rock
anglysis by L. D. Elmore, H. Barlow, 8. D, Botts, G. Chloe of
UOS.G.S.

2. Poeneite, Noil Tobe, Timor (De Roever, 1942, p. 237-238).

3. Average spinfo, sverage of 19 analyses (N. Sundius, 1930, p. 9).

—_—
+
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Seynour Canal formatiocn

Argillite and thin-beddsd groywacke.--The fracture clsavage that is

cheracteristic of the Seymour {enal formaticn throughout most of itas area

of ocutcrop (see section on Pybus structurel province) is much more proncunced
in the salt water shorelins exposuxes than in exposures away fram shore.
Probably wedging by the orystallization of salt in theclsavege frastures

18 necessary for tham to appear as opsn fragtures.

Microscopically the typioal, xonceloareous argillite comsists of an
elmost unresolvable drown matrix camposed of chloxrite, serigite, aley
mineral, pyrite, and very fine semi-Opaque dust, through vhich is ecat-
tered angular grains of plagiocliase and quarts aversging less than 0,02
m in diemeter. The metrix camonly forms ebout 90 percent of the rock.

The concretiona of the argillite exre composed of dark-brown, fine-
greined limestons thet weethers e light yellowish gray, end shovs faint
bedding parallel to that of the argillite., Although the bedding in the
ergillite bovs out slightly sbove mud belov the concreticas, it seems to
do so no more than would ho expected from differential compaction of a
goft matrix axround a body that becams gradually more campetent than the
matrix as compaction proceeded. Ths conoreticns average about 2.0 feet
in length, end sbout 6 inches in thickness; a fav occur as thin beds 2 or
3 inches in thickness, and rengs fram 6.0 to 10 feet in length. Typilocally,
as indicated by figure l3a, a sharp contact exists between ths light-
weathsring concretion and the dark-colored argillite, howeveyr, commonly
the argillite in the vicinity of the councreticn has been penstiated by cal-
cite 1o & thickness of one or two inchu‘nomﬂ; to t’hnbodah.u‘mdot ;u

Ior two feet parallel to tha tedding. This caloaxeous gone weathers to a
rough, dbrowa surface from vhich projest angular rermacts of noncalesreous
exrgillite, Similar drowne-weathering, oalecareous patches and layers are
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often seen without san obvious core of limemetone} in same pleces these cal-
careous zones contain emall limestone and fossil fragments.

The concretions, both as lenses snd beds, may be trua concretions in |
the sense used by Pettijchn i1957, Pp. 203) 1n which ocmlcite has accummleted
in ths pore spaces of the rock arcund nuclei, such as caloareous fossil and
otherlimestone fragments. The strong deformstion to which the rocka of
the Seymour Canal formation have bean subjected probebly mccount for the
pull-apart and typical boudinega structures seen in conoretions at samas
localities. '

The exotic inclusions also found in ths sxgillite ocomsist of fraguents
of limestone of any shape, commonly engular, ranging frem & fevw inches to
e fev feat in longest dimension, in vhich the bedding may heve any orien-

. tetion reletive to that of tha surrounding argiliite (fig. 13b). Unlike

" the concretions, ths exctic inclusimns do not have diffuse, calcarecus
eurecles in the encloalina argillite, Furthermore, these inc}usiom Btrong-
ly bend down the beds below without having sustained camplementery defor-
metion to thamselves indicating that thay wers introduced as consolidated
limestone fragments into soft mud,

The inclusion consists largely of a dark-gray or brown, fine-grained
limestone which weathers light gray, and a less common type consists of
medium-gray, fins-grained marble; both verieties are probadbly fragments of
older rockes They camonly occur in argiliite sections containingmo cal~
careous beds of eny type from which they might have been derived by eube
marine eroeion and redeposition or by tesctonic disruption; furthermore,
the inclusions are cammonly embedded,; inntGhinly beddsd, fine-graived roocks

. charecteristic of a quiet enviromment relatively distant from shore (Petti-
Jobn, 1957, p. 293~-294), and not in the chaotic, landslida deposits seen
elsevhere in the formation. Refting and dumping by scme sgent such as

7




1ceb;ergs, tree roots, or other floating 'ob,:ects seen to be the most logical
origin'.

The thin-bedded grayweckes are medium to dark gray, highly indurated
rocks that weather light gm;.r in calcarecous varieties and olive gray 1;1
chloritic varieties. The graywacks beds show little tendency to bresk
or westher-out slong bedding surfaces, snd sole markings, such as flute
casts, drag marks, and load cests, are generally seen only in section. In
detail the gtaywacke beds grede upwerd fram medium or fine sandstone st
the base to coarse siltstone =t the top. The lower contact vifh the argil-
lite 48 commonly sharp and irregular, containing chennels, depressions, and
irregulax upward-projections of the ary.ui.tn thin slads of argillite are
commonly scattered along the bottom layers of ths graywecke bed (fig. 51).
The upper g¢omtect 45 more fndistinct; it camacnly shows smooth, undulating
ripple mark cross sections, A bed may simply grade upward from bese %o
top in & single gycle, but thicker beds tend to be composed of several
cycles of grading,/'!ccnmonl,v associated vith sets of small-scale aross-
t2dding, superposed ons upon the other. However, such beds ordinarily
tend to beccme finer from base to top in spite of repeatedcoyales of grad-
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’
ing end repeated sets ¢f crossbedding (f1g. 51). Convolute bedding (Kuenen, .

1953, p. 1056; Crowell, 1955, P. 1364) is a less gommon feature than those
described ebove (fig. 12b); the irregularly distorted laminse comstituting
convalute bedding occut generally in the finer parts of the beds. The
distortion of ths leminse may die out eithar upwerd or downwerd in doth
di{rections in the mammer descrided by Webby (1959, p. 469).

The typical thin-badded graywacka consista largaly of subrounded to
angular grains of feldspar end volcanie and argillite rock fragments set
in a rurky browa chloritic or caleitic matrix, Minor grain types include
biotite, quartz, chert, and limestone. The matrix ranges fxom 10 to 60 |
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Figure 51.--Sketch of graywacke bed, Seymour Canal formation, showing small

scale crossbedding; argillite above and delow.
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percent of the rock and averngss sbout 35 percent (£4g. 52b); these rocks,
tharefore, can be classifisd as grayveckes under moat recent ola_aaitiéations
(Gilbert in Williems end others, 1954, p. 292-294; Pettijchn, 1957, p. 290-
293). | -

Flgure 52a shows the relative amounts of the chief groups of grainm

types estimsted in representetive thin sections of thin-bedded greyweckes
(clear circq.gs). The relatively unstebls feldspsr and rock fragment grains
greatly predominnte over the stable quartz end chert grains. The latter
are camonly present in trace amounts only. The relative smounte of feld-
spars and rock fregments are sbout equal oversll, but tha finer grained
rocks tend to contajn a greater percentege of feldapar, and the coerser
gralved rocks tend to comtein a. greater percentage of roagk trapmnts.
Ths greins aversge about 0.2 mp in diamster and samonly greds frem 0.5 mm
t0 0.02 rm in diemeter from base to top of a one=- or two-inch bed; the de-
cresse in grein sige upwerd 13 sccampanied by an increase in ths amount of
matrix, For example,’ one specimen contained 60 percent matrix at the bese
of the bed and 95 percent near the top.

Plagtoclasce is abundent and forms moat of the feldspar grains, vhere-
a8 potassic feldspar is rare in most specimens, attaining a maximm of 10
percent of the grains in one specimen, The plagioclase ocours as slightly
or moderately sericitized grains showing polysynthetic pwinning end, in a
fev thin sections, feint zoning; universal stage msasurements indicate
compositions in the ranga Any, to Anyg, most being in the renge An L5
- The potassic feldspar occurs 28 highly sericitized, untwinned grains, end
vas determined with the aid of sodium cobaeltinitrite stain, The volecania
rock fragments, which are the most abundant of the unstable rock fragoents,
commonly show a trachytic or pllotexitic texture consisting of partly
sericitized plagioclase miarclites averaging ebout 0.01 mm in length set
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in & chloritic groundmass; sparse plagioclese phenoerysts are seen in &

few greins, The ergillite fregments consist of a cloudy, very fina grained,
lergely unresolvable, chloritic matrix through vhich are scattered silt-
sized, enguler grains of plagfoclase end quarte,

Biotite is a ubiqQuitous minor corstituent gererelly forming less than
5 percent of the rock. Ite cheracteristic pleochroism 18! Z and Y = red-
dish brown, end X = pale yellowlsh orange; camuonly the flakes are pa.rtialh'
altered to chlorite, and are distorted betwveen more competent grains.

The matrix of the greywecke is s murky brownish mixture of chlorite,
celcite, pyrite, epidote, limonite, snd muech nonbirofringant cloudy materiel;
leucoxens end sericite ere common in & few specimens. The chief variastion in
carposition emong the typical graywecke is in the relative proportion of
chlorite and caloite, All gredstions exist between graywsckes in which
calcite forms nearly 100 percent of the matiix to those in which chlorite
is predominsant and caleite ocours only in trace emounts. Tha matilx in
al;.-apecimena has corroded end replaced themargins ©f ths grains, This -
revlacenent of grain/s is especially pronounced in rocks having & cal-
careous matrixg in these calcite has strongly n_pla.aad the grains, espec-
ially the plagioclsse greins, gommonly lsaving only isolated, regged
remnants of larger grains in patches of celoite. This process greatly ree
duces the sizg and totel volume of clastic grains in.celcarecus grayweokas.

Prehnite 15 the domipant minersl of the matrix in two of the specimens
exemined in vhich it forms about 50 percent of the rosck. In these the ‘
metrix consists of a mosalc of anhedrel prehnite crystals, ranging from
0.3 t0 0.5 mm in diameter, which poikilcblesticelly emcloses the clastic
grodns endminor patches of chlorite, ccleite, end epidote. The prehnite
hes almost cénplouly replaced the plagloalase clests (An.31) (f1g. 53), end
to & lesser deéree the other clests (volcenisc and argillite fragments). The
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prehnite 1s neerly colorless or very pale green, end has 2 ‘maxdmum bire-

fringence of second order blue.

Cengloxerste end massive graywacke.--Tha amcmn.t of metrix in the con-

glomerzte 18 varisble, and renges fram less then 10 percent (£ig. 152) to
more than 90 percent (fig. 15b). The most common metrix 1s & browaish-
grey, wedium- %0 coarse-grained graywecke 1&nt1cal in lithology to the -
massive greywecke, By & decreese in pebbles, conglamerates conteining
this metrix commonly grade into massive graywacke. A less sbundant but
widespread matrix cmista of‘da.rk gray argillacecus Wmolf.e or sandy
argillite, which gredes into messive argillite By a decresse in pebbles
end sand (fig. 15b). |

Mesgive graywacka end the similwr matrix of the conglomerate closely -
resarble ths thin-beddad graywackes in ocomposition of matrix and 4o grain
constituents {see black dots in fig. 52a, b). In general, the massive
grayweckes tend to contain s grecter percentagae of rogk fragments than
do the thin-bedded varieties, Remarks given above acncerning variations
in camposition end petrogrephic details of the matrix of the thin-bedded
graywacke are also appropriste for the massive graywmcke.

The less sbundant, dark gray, argillaceous matrix consists largely
of clastic grains of plagloclase end volcanic and argillite rock frag-
ments set in a chloritic-matrix. The matrix consists of a murky drown,
almost unresolvable misture of chlorite, calcite, semiopequa dust, and
in places fine crystels of clinozoisite. The propoxl'tian of chlorite and
caleite varies from ona specimen to enother but in genmeral chlorite pres
daminates and the matrix 18 et most only slightly calcarecus. The argile
laceous retrix grades from medium dark gray graywecke containing 60 per-
cent sand grains to dexrk gray argillite conteining 20 percent or less
sand and coarse silt grains. e .- - .
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The fregmsnts composing the conglomerates exelusive of the matrix con-
sist largely of subrounded to rounded pebbles end cobbles of rock fregments.
Boulders &8 much es 3 feet in diemeter are scettered through the cobble
conglomerete, These larger clasts are not seen in the poabble conglomerates.
Two pebble counts mads et two widely seperated locelities i1llustrate the

camon typee of clasts:

Noxrth end South end
Long Islend - Gembier Island
(150 pebbles) (150 pebbles)
Percent - Percent
Limstone, fine-grained, dark-bprown - 9 : 1
Graywacke, medium-~ to fins-grasined, 21 11
dark-grey
Blate, dark-gray, noncalcereous L T
Argillite, dark-brown, caloereous 10 5
Chert, black 3 3
Chert, light-gray or brown 8 9
Volcanic rock, porphyritie (feldspar), 2 19
greylsh~green
Volcanic rock, porphyritic (foldsper), 3. 5
derk-~gray
Felsite, quartz phenocrysts, 1ight-gray "6 8
Grenodiorite 12 N
Diorite, fine‘crystallim 10 12
Diorite, mafic phenocrysis 2 L
Quartz, white . e 2
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Brcthere volcanics

The typicel flow rock contains phencerysts of sericitized plagio-.
clese (30 perceant), pyro:?ene (15 percent), and hornblends (.t:_.jace) set in
& very fine grained, pilotaxitic groundmsss ccmposed of plagioclase micro-
lites, chlorite, calcite, snd opaqQue minerals., Plagioclage phenocrysts
range in Ilength from 0.2 to 1.0 mm and camuonly show polysynthetic twin-
ning and noma.l zoning, Seritization ¢of the plagloclsse prevents accurate
determination of composition, but compoaitions fram Anzto Anyq ere in-
diceted. Clinopyroxene phenocrystis are euhedral, colorless, and show rs:m
simple twinning; the angle ZA ¢ lies in the rsnge 39° to 45°, end 2Vz in
the renge 50° to 54°. Hormblenda 18 generally euhedral end often shows
simple twinuing; 1ts pleochroism is from Z end Y » greenish biowvn 0 X =
pale yellowish dbrown. Both pyroxeng and hornblende commonly have rims of
chlorite and opaque grains,

The plsgioclese microlites are -indistinct needles less >than 0.02 mm
in length whose com;{osition could not be determined., Chlorite occurs
largely as interstitisl eggregstes; it shows a pleochroism from X end Y =
green to Z = pale yellowieh green and an ancmalous bluish grey birefringence,
Calcite occurs as patches scattered throughout the specimens examinedj
scame of the patches represent smygdales. Fine opsaquedust i3 disseminatad
throughout the groundmass and consists in part of pyrite. Pyiite also

occurs &s larger euhedral crystsls es much as 0.2 mm in length.
Upnamed conglamerate and sendstone

Conglomerate.--Tha conglomerate consists of rounded clasts of various

colors embedded in medium to light gray, coarse-grained, 1ithis sandstone
matrix. The amount of matrix ranges from less than 10 to 4O percent of the
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rock, end the average is nesr the lower end of the range. The sandatome
of the matrix resembles closely the candstone of the lenses dut lacks the |
current structures of the letter. The conglomerate is commonly massive,
but in places crude bedding 15 1ndicated by leyers of clasts of contresting
size; individusl unita or beds ranga in thicknau fran a few feet to tens
of feet (fig. 31a).

‘The clastd range fram pebbles 0.25 inch in diameter to boulders 5.0
feet in longest dimension, £2nd the svarage lies in the small cobble range
(2.5 0 5.0 inches in dimnetar); As mentioned sbove, the uppermost few
feet of the formation consiste almost entirely of clasts of volcenic rocks
similar in type to those of the overlying Admirslty Ialend volcanics {fig.
31b). These types descreese dowawerd with e corresponding increase in types
characteristic of the unit &4 o whole. Below the top few feet volcenio
Yock fragments ere rere, but where locally abundent they ere composzed of
rock types unlike those of the Admiralty Islemd volceanics. Characteristic

clast constituents am 11lustratad by the following pedbbde count taken

. near tha base of the formation (200 pebbles counted):

;
i

_Diorite {plagioclase phanoczyato)
granite

gnelss

quertz, vhite milky

Quertzite

chert, dblack

argillite, dark gray

graywecke

greenschist

gasbbro

sandstone, pale red

felsite, light gray (querts phanocrysts)
tuff, green

-

The porphyritic diorite elasts appear to be identical to ths dilorite crop-
ping out in the northwest part of the Pybus-(ambier Bay erea (see p. 69),




end indicete thet this plutonic body vas uvndergolng erosion prior to or
contemporanecus with the deposition of the comglomerate. The ebundant
argillite clests could have been derived from eny of the several pre-
Tertiary formetions pmvious]ir deseribed. The conglomerate of ths Sey-
mour Cenal formation mey have heen & source of coarse detritus within the
locel area. |

Sandstone.~-A well-indurated, flithia ) eoarse-grainad sandstone is tha
mo3t abundant rock type in this category; it occurs both in beds and as
metrix in the conglomerate, Two general varieties ere recognized between
which ell gradations occur: 1) 1light yellowish gray sendstone containing
an ebundant celcereous matrix end sparse dark grey phyllite fragments; 2)
medium dark gray sendstona conteining & sperse micaceocus matrix and sbundent
derk gpray phyllite fragmesnts. 'I'he phyllite fragments are lustrous slebs -
that lie subparallel to the bedding, end give the rocks in vhich they are
sbundant a slight hluish cast., The sendstone of the beds cammonly conteins
ceattered pebbles and cobbles ,'and, unlike that of the conglomerate matrix,
often displays crossbedding in sets renging in thickness fram 0.5 to 2.0
feet (f1g. 32b).

In a fev.places, light to ;ned.tum gray, £issiles siltstonas and silty
shales exe intercalated with the sandstones, These rocks commonly show
symmetricel ripple merks end small sesle erossbedding (£ig. 322)., Muecoa
vite 18 an ebundant detrital constituent and imparts a lustrous sheen tao
the beddicg suxrfaces. In a few places, ths silty shales contain layers of |
carbonized plant fragments end coaly material e few millimeters thick,

The calcarecus sandstone consists of'round.ad tlo subangular grains of
the following kinds embedded in s calcarecus matrix: quartz (10-15 percent),
quartzite (5-10 percent), partielly sericitized, multiple-twinned plagioe

clase (10-20 percent), rdyllite (10 percent), diotite (2-5 percent),
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muscovite (1-5 percent), Quartzofeldspathic aggrega%es (2-5 percent), gray-
wacke (0-1 percent), and chert (trace). The calcareocus mAtrix, vhich aver-
age3 about 40 percent of the rock, coisiste of & cloudy moseic of anhedrsl
calclte crystele contedining a“few, froyed patches of fine detrital gralns
end authigenic sericite. These patch:s seem to be remments of an original
niceceous~detrital metrix similar to that of the miceceous sendstone (p.381),
vhich has been almost coxpletely repliced by celeite. The calcite has also
rertlslly replsced the larger detrital grains, resulting in 2 greater per-
centage of metrix in the celeereocus sendstone than in the non-celcareous
sandstone (average 10 percent); plegiloclasa grains have been the most
strongly replaced.

The calcarecus sandstcnes would ordinerily be classified as lithic
arenites in Gilbert's alessiff{cotion (in Wilitems, and others, 1954, p.
-297), because of the ebundant rock fragments end thﬁ calcite cexent or
retrix, However, the evidence e2bove suggestis that the orlginal matrix
consisted of a micaceous, detrital; mixture, and hence thase rocks were
probably origlinzlly lithie wackes.‘ |

The micaceous sendstones contain grain types similsr to those of the
calcarecus types, but contain e much greater amount of phyllite (30 percent
or more). The phyllite ig fire-grained rock containing sbundant sericite
showing a strong preferred orientetion parallel t¢ a prominent folietion
surface; microfolds in this foliation surface ere common. The matrix,
which avereges gbout 10 percent of the rock, consists of a sericite and
chlorite mixture containing & few calcite patches and scettered fine detritus.
The grefns ere either in contéct with one enother or separatéd by a thin
layer of micaceous matrix. Derk reddish brown biotite, partly sltered to
chlorite, occurs eparsely ag thin flakes distorted betwean competent graiﬁs.
These rocks are also lithic weckes, although s&ma of them contain slightly

less then the requisite 10 percent matrix,
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Admirslty Island volcanics

Unaltered rocks.--Rocks grouped imder this heeding are either completely

unaltered or ere only suéhtly .altered. They are coanposed largely of plegio-
clsse, pyroxens, magnetite-ilmenite, and less commonly of gless. The most
camon texture consists of plagioclase and lesser smounts of clinopyroxens
phenocrysts embedded im a trachytie or pllotaxitiec groundmsss composed of
sbundant plagioclase microlites, interstitisl pyroxene, andmagnetite-
lmenite. Two of the 19 thin sections studied coutained a hyalopilitic
groundmass $in which the interstices between the plagi_.ocla.se microlites ere
occupled by dark brown, slightly devitrified gless. Intergranular and sub-
orhitic textures involving the sbove minersls (except gless) are not camuon,
and occuy chiefly in dike rocks.

_ The Cheyes system of modal analysis 18 not satisfactory in fine-grained
rocks such as the present volcanic rocke (Cheyes, 1956, p. 95), however a
few such anslyses were made in order to check visusl estimates. Modal
analysis of a typic/a.l holeocrystalline, unaltered rock gave the following
mireral composition (by volume): plagioclmse, 60 percent; pyroxene, 20
perceunt; pagnetite-ilmenite, § percent, a.nd. unresolveble material, 15 per-
cents BEimilar analysis of aa uneltered glessy rock gave the following '
miners) ccmpositiont plagioclase,.he percent) pyroxens, 8,0 percent, end
gless, 50 pércent.

Plegioclase phenocryste are distributed widely in the rocks studied,
however their sbundance veries greatly. The phenocrysts mey bde unifomiy
scattered through the rock, or mey occur 1im clots vhich cormonly eomnsist
of larger phenocrysts partially enclosing snaller onss. The phenocrysts
occur in two size groupst 1) larger phenoarysts renging frmn 1.0 to 4.0
mn in length; 2) smaller phenoerysts ranging from 0.25 to 0.75 mm in length.
Both the lerger and tha smsller phenocrysts aye gensxally fractured, rounded,
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end corroded, but the smaller ones tend to be less roundsd snd lese corrodede
Both groups asre complexly end polysyntheticelly twinned, a distinet,
oscillatory zoning. Because of the oscilletory goning, the phenocrysts do
not maintein & constant sense of camposition change from core to rim. The
lerger phenocrysts renge in composition from Angg to Angg (universal stege),
but most f£all 1in the range An70 to Ang). The smaller phenocrysts appear
to be more sodic in gemeral, end the majority fzll in the range Angy to
Angq (universal stage). |

The coumposition of the groundmass plagioclase could not be determined
- with accuracy because of their smell size (everage sbout 0.25 mm in length).
Extinction angle determinations in addition to a few universel stage measure=-
mentsj.indiéate that the composition of the microlites lies in the renge An5 6
to An66‘ A l

Clinopyroxene phenocrysts, renging in length from 0.3 to 1.0 mm are
common, but are fer less ebundant than plagloclase phenocrysts. The pyroxene
of the phenocrysts is generally colorless, subhedral, rounded end commonly
shows simple twinning on (100); the phenocryst tend to form clots, and 1in
scme places peretrate plagioclese phenocrysts, A few universal stage
measurements indicate that 2V 2z lles in the range 520 to 70°, end the e.mg,le
ZAc les in the range 44° to 55°,

The pyroxene of the groundmass occurs chiefly as equant grains generally
emaller than the plagioclase microlites with which they are essociated; in
a faw aectioné, however, the pyroxenes of the groundmess are relatively
larger and tend to ophiticelly enclose the plesgioclaBe. Both col;zrleas end
pleochroic types are coamonj 4in the latter, which mey be titanaugité (Winchell,
1951, p. 417), the pleochroism is 2 = violet and X = pele yellowish brown.

The chief opaque minerals are metellic gray in reflected light, end
coxmonly show octahedral sections chaxacteris’qic of magnetite end enguler,

skeletal forms common in 4Imentte; both mirerals are probedbly present. The
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opeque minersle occur largely as finely disseminated greins in the ground--
mess, and less camonly as larger crysials campareble in size to pyroxens

crystels. _
Mltered rocks.--The alteration of the rocks of the Admiralty Island

volcanics resembles propylizetion as used by Wilshire (1957, p. 244-245).
This author defines propylizetion as the procees of Al‘aemtion of calc-
alksline or celeic volcanic rocks, imettended by deformation, vhich pro-
duces in endesites scme combination~of the following secondary minaralszl
epldote, elbite, chlorite, and calcite. The chief alteratiom products
found in the rocks of the Admiralty Island volcenics are chlorite, cel-
cite, sericite, and epidote; elbite, megnetite-ilmenite; end Quartz are
less lmportant alteration products,

The groundmess sppesrs to bLe the most lﬁsuytibhvto alterstion, and
is commonly altered where the phenocrysts ere only slightly eltered. In
the last stage of elteratlion both the phenoerysts and the gro@dmaaa are
camposed of the alteration Ipro&:.cts 1isted sbove,

Plagioclese is most camronly altered to sericite, epidote, end celeite
(£1g. 54)) in e fev places 1t 1s also partially replaced by irregular mas-
ses oi_‘ clear albite., These minerals may be presept in any combination in
a given specimen. The alteratiocn products occur cammonly ealong the cleaveage
end othe'.r fractures in thea incipient stages; the gores of the plegiocidsge
crystals seem to be the first to be attacked. A common type of alteration
is ons in vhich partially sericitiged plegioclase is partially replaced
by & nosalc of epidote and a cloudy aggregste of calolte. In e few rocks
the plegloclase is entirely esltered’.to e fine aggzigate of sericite end
en irregular mass of clear albite.

Both phenocrystic and groundmass pyroxens ocrystsels are commonly come "
pletely mltered where plagioclase 1s only slightly altered. The chief
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elterstion products are chlorite, epidote, calcite, matnetite-ilmenite,
and less camnonly tremolite(?). The magnetite, in places is altered to
limonite, occurs chiefly as amall greina in chlorite, in and ercund the
margins-of altered pyroxene crystals. A éolorlaas amphibole, possidbly
tremolite, occurs in one specimen as saw~toothed growths on the pyroxens
crystals (see £1g. 55). ‘

.Chlorite most commonly shows B pleochroism fram Z = pale yellowish
green to X and Y = pale green, and an encmalous low order blus bire-
fringence. The chlorite occurs ordirarlly as a fine, fle.ky aggregsate
without & noticeeble preferred orientation) in & few places it assumes.

& sperulitic hablt,

Calcite occurs @ither es (;loucxy, fine aggregates, or ss lerge, cleer,’
‘crystels. Epildote occurs both es moselescand asamsll, isolated, eqQuent,

" subhedrel erystals; i1ts pleochroism is Z = greenish yellow end X = pals
greenish yellow, . .

Quartz 18 a mi;xor'a.ltera'tion product in e few rocks in which it occurs
in =mall, irregular, individual crystals in end around plagioclese pheno- |
crysts which have been almost completely altered io epldote, serleite, end
calcite. In these rocks it 1s elso present &3 very fine mosaics sparsely
scattered through the groundmass. '

Tuffs, breccias, and other minor rock types.--The minor pyroclastic

rocks are ganerally of a lighter color than the flow rocks. The few exam-
ined are highly altered rocks camposed of angular to aubenguler fregments
of sericitized plegloclase and ehloritic voloanie roak fragmants, some of
vhich contein abundent Qquartz moseics, set in a2 metrix compolsed of a mass
of shard-like forms now composed of microcrystellins quartz, clay minerals,
end possidbla zeolites; amsll crystsls of zircom and apatits are minor con-

gtituents. No glass was cobserved.



Figure 55.--Sketches from thin section of altered emphibole and pyroxene
crystals; ch--chlorite, ep--epldote, py--pyroxene, mt-il and ch-«
megnetite-1lmenite and chlorite, ca--calcite, tr--tremolite,
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A medium light grey, evhantitic flow occurring in one locality contains

abundant pores or vesicles scme of which are filled with epidote. The rock

consists of scettered remasnts of plagloclase phenocrysts averaging about
1.0 m in length in & pilotaxitic groundmsss camposed lsrgely of plaglo-
clase microlites, equant cpidote crystals, and interstitiel chlorite., The
Plaglioclese phenocryst are _pa.rtially replaced by pale yellow epidote both
as moselcs end as abundsent fine inclusions; sericite is present 4in minor
emounts. The plagioclase phenocrysts have a camposition in the range Anl3

to AnlSQ

Fossil lists end localities

Thne following 138 a compléte 1ist of foaﬁil colliections made during
the present investigaticn. The numbers before the description of each
__fossll locality are &s follows: f£irst muber (in parentheses) iefers to
foss1l locality shown in Pigure 55; second mumber is field station number,
and third (in pm/‘ent.hesea) is U. B, Geological Burvey Museum locality

number.
Gambier Bey formaticn

(1) 5BAIy4h8; dark-gray marble on point of lend 0.9 mile south-
southwvest of Gem Point on scuth shore of Snug Cove,
Gambier Bay.

a4 gonophylintd coral
Tharmopora? &ps

Amohipora? sp. .
(2) 58ALyLlBa; same 1ithology as 448 on northwest side of same point

of land.

unidentifiable colonisl coral,
bydrozoan, or bryozosn
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Figure 56.--Index map showing fossil localities (see text).
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(3) 58A1yL56; dark-grsy merble on south point of Muse Isleand,
) Qanbier Bey.

Thrmnoovore? sP.

Afmphiporat sps
(&) S9ALyS54; dark-gray merble in creek bed 1.7 milas southe’

southwest of Gem Point, Snug Cove, Gambier Bay.
poorly preserved dendroid tabu=
letes and other ecorals

Hood Bey formation

(5) 59ALy2k0; dark-gray clestic limestons 2.5 airline miles up-
strean froém mouth of stream flowing southwest into
North Arm of Hood Bey.

branching favositid coral
Strametoporoids

(6) 59ALy276; &exk-gray, calcareous argillite interbedded
with greyish-black chert 0.5 mile upstream from
mouth of stream flowing northwest into North Arm

of Hood Bay.

Atm@_.? 8D, C

Cannery formation

(7) 5591038 (Us@s 1B491-PC); massive, calcarecus, gcoarse~
grained graywacke in stream bed 2.0 airline miles
fram mouth of stream flowing east into the west
end of 8B8nug Cove, Gambler Bay.

? Al otrophy)lum

bryozoan fragments
echiuoderm debris
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(8) 59ALy278; messive, celcareous, coarse-grained graywacke
in thin-bedded cheart and argilliite section in bed
of creeklflowing aouthaest into head-of north arm
of Pybus Bay, 2% miles from mouth.

- bifoliete fistuliporoid bryozocan debris
ramose bryozoan debris

-fenestrate bryozoen debris includes
FProtoretepora or Synocladia

(9) 358ALy128; messive, calcareous, coarse-grained graywacks
in thin-bedded scction of chert and argiliite on

tip of west-trending peninsuls, north ghore of

Donkey Bay, Pybus Bay.

fistuliporoid, trepostematous, steno-
poroid, cnd fenestrate crypbamtous
bryozoan debris

foraminiferel) dedris

elgel debris

echinoderm debria

Pybua dolomite

(Fossils marked by -esterlsk gre extremely sbundant in that collestion)
(20) 57ADUEY (USGS 1B345-PC); 1ight brownish gray, yellowish
gray weathering sugary dolcmite and bluish fhita chert
nodules in beach cutcrops on north end of peninsula on
tﬁa southwest shore of Pybus Bay 1X.2 miles west of
the north end of Long Islend; exact stratigraphic
position unknown, bagel 25 feet of exposed section.

echincdern debris, indet.
bry ozoen‘"fragments, indet.
Linoproductus? aps
Winzanoconchal 8Pe

#Steaocisma ef. S. plicata (Xutorga)
Neossirifer ap.
Liclizrewia? 8p.
Squr: 1larie? sp.
#3yi{-ifcrelia keilhavii (von Buch)

Syriferelle sp.
ﬂD‘ﬂ

Dielssma cf.

plica (Kutorga)




(11) $B21195a; medium gray, reddish brown-weatharing, clastic

dolcmitg in beagh outerop on north shore of peninsule

on northeast thore of main arm of Pybus Bay l.9 miles

N. 10° E.

of triangulation station Byd; probebly neer

the top of the section.

Limestone membex':

echipoderw debris, indet.
bryozocen fregments, indet.
Texbyia sp.
¥strophomenoid brachioped, ne genes
Chonetina? sp.
¥/nidanthus aff. A. alatus Cooper
Wee(.cnoconcha 8p.
Spirviferelle sp. (small)
Scu; Squeruwlerie ap.

Ji*gxzis? 8D

chopora &p. '

bellerophontid gastropod, indet.

Hyd formation

(12) 58A1y290; in creex bed, sltitude 90 feetp near northe

east shore of main erm of Pybus Bay, 2.4 miles north

of triangulation stetion Dro.

Montllveltia?--or at least a
scleractinlan
solitery corel

(13) 58ALy330; smell island close to shore 1.15 miles south-

west of trlsmgulation station Pybus near False Point

- ' Pybus; from yellowish birown weathering limestone

(2ig. 8b).

Tropites (Tropites) sp.
clicnitid emmonites--two species
Ccsnoneutilug sp.

Pleuronrutilug spe

belemnoid

Gervilleie 8p.

trigonild pelecypod--"Myophoria" sp.
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Thin-bedded erzillite member:

(18) 58£Ly20k (includes 57%DuTh ond 75); northeast shore main
arm of Pybus Bay 0.4 mile northemst of triangulation
station Hyd.

Monotls subeircularis Gabd
Heterastridium sp.

(155 58ALy36; west side of West Cheunel, Pybus Bay, 1.2 miles
southwest of light on Grave Islend.

Monotis subeircularis Gabb

(16) STADuT?; southwest shore of maln erm of Pybus Bay sbout
0.5 mile northwest of trienguletion stetion Dro.
Halobia sp. A.

(17) 58A1y221 (4ncludes 57ALyl0l); eest shore north arm of

Pybus Bay near lire between sectinns 20 end 29,
T. 52 S., R« TA E.

Monotle suhcircularis Gabd
Eeterastridium so.

(18) 5821y328; shore 1.4 miles soutawest of triangulation

gtation Pybus near False Point Pybus.

. oo .~ ' . Halcbia? sp.

Atroctlties-1ixe belemnoids -
indeterninite crushed or frogmentary smmonoids

(19) 58A1yhE5; south shore of western Gembier Bay, 1.3 miles
southwest of trisnmuletion station Tie.
irpression of a ribdbted zzmonite
(20) 58ALyh9L; 1n creek bed, eltitude 300 feet, 2.3 miles
soutﬁ-southeast of Gem Point, Gambier Bey.
scleractinien solitary corel
(21) 582Lyhoke; in creek bed, cltitude LEO feet, 3.6 miles north

of triéngulation stetlen Deer on north shore of Pydbus

Bay.
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shell fragments with finely
creced rivbing probably
Helobie

Seimour Canal formetion

(22) 57ADuTL (Mes. loc. 27334); reefs near point of penin=
sulaﬂon western shore of the north erm of Pybus
Bay 0.6 mile rorth of triangulation étation Bob;
in ergtllite. _ -

Buchis rugosa (Fischer)

(23) 57ADu72 (Mes. loc. 27336); shore west of south of north .
exm of Pybus Bey 0.7 mile south-southwest of trisagu-
lation stetion Bob; in argillite. . . , o

szlloceres.sp.

(24) 57ADuT3 (Mes. locs 27335); reefs off tip of unortheast-
projecting peninsule neer tip of major.peninsule
separating the ermsof Pybus Bay 2,000 feet east of
cabin; in argillite.

Buchis rugosa {Fischer)

-M

(25) 58ALy87 (Mes. loc. 27066); on beach ;t entrance to
narrow bay northeast shore mein arm Pypbus Bay 1,000.
feet southeast of trlengulation station Hyd; in

>;rgillite. '

Buchise sp.
S»itlceros? spe.

(26) 58A1y230a (Mes. loc. 27C67); on beach near mouth of
north erm of Pybus Bey 500 feet north of trienguls-

tion etation Bob; in argiliite.
Camptonectes spe.

“~




(27)

(28)

(29)

(30)

(32)

(32)

(33)
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’

58A1y231a (Mes. loc, 270€8); on beach at entrance to small
bay west of the entrance to the north arm of Pybus Bay
2,000 feet south of trianguletion station Bob; im
argillite. '

Buchia cf. B. rugosa (Fischer)

58A1y260 (Mes. loc. 27069; elso 57TALllke, b, o, Mes. loc.
27332, 27333, 27334); on beach on south shore of bay
1.5 miles northezst of Point Pybus; in ergillite.

Buchie cf. B. volgensis (Lahusen)
Spiticeres? sp.

58ALy266 (Mes. loc. 27070, 27071); on small islend 1.0
mile southwest of Point Pybusj in ergillite.

Nt Buchia rugosa (Fischer)

58A1y270b (Mes. loc. 27072); on the north shore of Pybus
Bay 1,000 feet north of trienguletion station Deer;
in ergillite.

/ Buchia rugosa (¥ischer)

58ALy275 (Mes. loc. 27073); on north shore of Pybus Bay

1.6 miles northweast of trienguletion station Deer;
in argillite. '

Buchis rugose (Fischer)

‘58A1y278 (Mes. loc. 27073); on beach east of mouth of

the msein axm of Pybus Bay 250 feet eest of cebing
in argillite.
Plecuromyn &pe

—_— Lima gp.
58ALy32ke (Mes. loc. 27075); low reef nsar shore 2.2 .
miles northeast of Point Pybus; in argillite.

Buchia Bp.




1]
(34) 58ALy338 (Mes.loc. 27076, 270TT); south tip of peninsula
| in eastern Garbier Bay 3,400 feet northeast of triangula-
tion station FRorp; in ergillite.

Buchie cf. B. volgensis (Lahusen)
Buchia sp.

(35) 58aLyLo9a (Mes. loc. 27078); south shore of peninsuls in
eastern Qambier Bay 0.8 mile northeast of triangulation
station Nose; in argtliite.

Buchia sp.
Quatermary deposits .

(36) 58AryS12b; bluisk grey, pebbly elay, incthemnel of stream
flowing northesstward into socutheastern Gembiexr Bay,

altitude 150 feet.

pelecypods
Foraminifere

(37) S8ALyL8T7; dluich gray, sendy clay; in channel of stream
lying west of False Point Pybus, flowing sest and
south into Stephens Psssege, altitude 475 Peet.

Foreminifara e . o - .
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