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The 3lashke Islaznd Ultrabasic Complex with notes
non related areas in southeastern Alaska
¥att S, Vizlton, Jre
Abstract
The Blashke Islend complex described in detail and two other complexes

troated briefly are 3 of at least 8 well-defined ultrabasio intrusive masses in
southeastern Alaska, each of which contains all or parts of a genetically related
sequence of basic to-ultrabasic rocks including dunite, pyroxenite, hornblendite,
and gabbro with gradational facles and minor variants. These complexzes are ex-
placed in a variety of terrains, including both Paleozoic and Mesozoic rocks, all
of which have undergone deformation and igneous intrusion during e late Jurassic
or early Cretaceous orogeny culminating in the emplacement of the Coast Range

batholith., The ultrabasle intrusions arc correleted with the earliest phases of

intrusive eotivity and antedets <. .ore . l.cle and alkalic intrusions,
The Blashke Island complci _.. %8 ~ a oL’ eircular core of dunite 6,000
feet to 9,000 feet in diamoter encircled .; a riang . olivine augitite from a few

hundred to 1,500 feect wiie, outsudc .. Wilih Is a nearly complete ring of gabbro,
locally sbsent and ranging up to i,u0J foov wide.

ost of the dunite core contuins only chromite and olivine as primery phases,
Near the margin augite is present ac o late primary phase and tho rock passes into
augite dunite or wehrlite. The olivine augiéite ring coantains essentially only
asugite and olivine, but near its outer margin a 1itile anorthite and hornblende

are present sporadiocally as 2atc primory phases. The gabbro is irregular in come

o]

position and Texture, but tinds To pass from an olivire-sugite gahbro near its inner
contact with olivine augitite inve = horublende gabbro near the outer margins where
it is wideo

Well-defined dikes up to a foot wide of augite dunite and wehriite cut both
the dunite and the olivine augitite and thin dikes of augitite out marginal parts

of the dunite core.




Year the outsr merzir ol the olivine augitite ring there are small, irregular
masces and well-defined dikes of coarse gabbroic pogmatite consisting of coarse
enorthits, augite, olivins, horcblende, and accessories.

A group of dikes, here czlled beerbachite, ranging from olivine gabbro to horn-
blendite in composition and characterized by aplitic texture, cut the olivine augi-
tite and gabbro. Inclusions of country rock in the olivine augitite and gabbro
correspond closely to the hornblende hosrbachite dikes in texture and composition.
One unusual dike-like roock, cross-cutting olivine sugitite and associated with
beerbachite dikes, consists ﬁainly of diopsidic augite and andradite garneot.

Within a couple of thousand fect of the complex there are a number of dikes
and irregular masses of gabbro similar to thatl in the complex. The country rocks
throughout the islands are also cut Ty nur .rous dikes of gabbroic to andesitic com-
position, generally with porphyriti: .ad . kitic or diabasic textures that are meta-
morphosed by and antedate tThe compl.. Ll dikes of andesite-basalt melaphyre
out the complex and are ocorreliztci vw. a1 T "Lury (..3s in the region.

The couniry rocks invaded by thot cox:.:: consi:t of lower and middle Ordovi-
cian graywacke, and conglomercte, Lnc a lover Silurian .oquence containing much
conglomerate, graywacke,/clate, somo _imesvons, and much andesitiec pyroclastic
material, A younger Silurian sequence that is largely limestone is unconformable
with the older rocks and outerops at the north end of the islands over o mile from
the complex, All the Ordovician rocks and the rocks of the lower Silurian sequence
underwent low grade regional metamorphism and seme folding beloro tho laying dowm
of the younger Silurian rocks., Within 100 feel or more of tThe complex 21l country
rocks irrespective of originel composition have been convertod into granulite of
gabbroie composition. The'intonsity of corntect metumorphism diminishes with dis-

tance from the complex and becomss aczligidle within several hundred to e thousand

feet.

The contactc bewween the several rock units of the complex and betwsen the

complex and surrcunding rocks are irreguler in detail but essontially steop. The




oocmplex iz e nearly cyliadricel plug, but nay have passed into o domo-like struc-
ture a short distance above ths preseat level of exposure. The enclosinz rociks
have bosen foléed resionally and are part of a mzjor structure called the Xashevarof
enticlinorium. The complex is strongly transgressive, cutiting across structures
in the eaclosing rocks, but also has had a doming or uﬁward-dragging éffect on the
enclosing rocks. {rdovicilan rocks crop'ouf around the complex and not elsevhere
in the Kashevarof anticlinorium. A system of north to northwest-trending faults
of Tertiary age cuts the complex and enclosing rocks. Ten to 20 feot of post-
glacial uplift is recorded by raised banks of lignitic mud conteining marine shells.

The composition of the minerals comprisirg the principal phases in the com-

-

plex have been determined throughout the cczilci Oy measuremsnt of optical proper-
ties and comparison with published currela:l.as of optical properties and chemical
composition, i

All the mineral componénts ol .. co._...x change systematically in composition
from the core of the complez outward. O0Oliv..s r._.. from FogoFajp in dunite to

°

FoglFayg in granulitized country ..l &ugitat hyperchene, hornblende, and bio-
tite tend to become sicuer in iron with incricsing distance from the core of the
complex. Plagioclase changes from Ab;ing¢ <o cxn intermediate wo sodic plagioclase
in outer parts of the gabbro ring andé in elwucrel couatry rocks., The change in each
isomorphous series is toward the leci refr..iiy ool mizber with inereasing cdis-
tance from the core of the complex. .. syctematic variavioz in composition of min-
eral phases related to a systematic, zon-circtiform arrangement of genetically re-
lated rock units is here vwormed eryp.oc zeil.lSe

Twelve chemicel analyses of rocks fra. wue Slochke Island complex and 2
analyses of outlying dikes are given. The ~uire cod modes ere given and the

analyses are plotted .on wvariatilicz ciocrame ...l a von Vielll diegram, Magnesia is
shown to decroase regularly ... T.. .ore ol ine cor_._ox outward. Lime is at e
maximum in The olivine augiticc ris; .ad decrsases iavarc and outward. Iron is
nearly stablc in tenmor through most of the course of variation. Alumina is vir-

tually negligible in the peridotiiic’ rocks wué becumes a relatively stable major




compoacnt in the feldspathio rocks. Allkelis are ebsent in the peridotites and
subordinate in the feldspathic roclks but increase outivard. Correlative varia-
tions are shown for minor compononis. 4 major breeXx in chemical relationships
oxist between the feldspathic and the peridotitic rocks, mainly ewing to the
presence of alumins as a major ocomponent in the former, where it substitutes in
part for silica, and its absence in the latter.

Hypotheses of origin of concentrically zoned ultrabasic complexes involving
separate solid, semi-soligi;agmatic intrusions, ring dike mechanisms, deformation
of stratiforn differentiated bodies, crystal settling anﬁ convection, and msta-
somatisﬁ are shown to be inoconsistent with observed relationships. An hypothesis
is advocated by the author, involving the intrusion of an ultrabasic magma of %he
composition of wehrlite plus soms water and other volatiles at a temperature sbove
1,000°C., This magma need not be entirely liquid but may consist of solid for-
steritic olivine orystals suspended ix onc or more fluid phases. Upon intrusion
into codbler and more silicic and allilie ruscizs a temperature and;eonoentr&tinn
pgradient is set up between magzm: cal surrcu.iizizs, T;ansfer of chemiocal compon-
eats is supposed to take placc alony -.ads :-.i.c2.. Reasons are advanced for
supposing that, at the probable temperaturis snd proscirss provailing, a gas phass
escapes the magma end permeates the surrousling roclc. (Tcm-:i tha-élséédsé ;rystal-
lization the liguid phase may disappear from ths nsarly‘crysz;;Lized magza end

only & supercritiocal gas phase remain permeating intergramular sscces in all the
—

rockse It is sugpgested that rates of diffucion ere rapid in an agueﬁgg‘gas_abov%
critical temperature and pressure for pure wwater, and that large sccle transfer
of ohemical ocomponents takes place by diffusicn in such a medium. It is ;lso
suggested that if the original magmo is otorsaturated with water and other vola-
tiles there will be an outward migratiocn of fluids toward reginné'uf lower wvapor
pressure where the magma is losing hest end tTuis movement of fluids will cause e

bulk migration of dissolved solids. The effect of itrsnsfer of chemical components

along the temperature and concentration groli..v 5y the above methods, or perhaps

e




ty other procesces unknown Tto the author, is to bring the magma-body to a quaci

steady~state in which olivire is steble in tho hot core of the mass and erystal=-
lizes outward with cooling, while augite beoumes the stable phase at the cooler
margins of the magma ﬁody, where the conceatration of lime and silica is higher,
,and crystellizes inward, replacing early=-formed olivine. Heat exchange, eman=-
ation of volatiles, and outward migration of lime eand magnesia gabbroize the sur=-
rownding rooks and locally convert quantities of it into fluid gabbro magma that
resolidifies to form the gabbro ring of the complex. The origin of minor rock
facies and relationships are developed in detail based on the above explanation
of the major reiationships, and the origin of en ultrabasio magms is disoussed,
Beerbachite dike rocks are attributod to the decomposition and mobilization of
jnclusions of both sedimentary and voleanic country roock.

All of +he olivine-bearing rocizc heve been partially serpentinized., Serpen-
tinization is shown to have been a2 volums for volume replacement in +wo or more
stapges that took place entirely sudbsoquent to the emplacemsnt of the complex,

The initially formed sorpeatine is siown to be iron-bearing and a study of analyses
of serpentinized peridotites indicaics that the combined iron is in the ferric
state substituting in part for silicoa as well as magnesium., Part of the ferrous
iron originelly present in olivine is released as magnetite. EBEquilibrium data

on iron oxides and water suggest that the oxidetion of iron during serpentiniza-
tion is effected by oxygen from the dissociation of water., Field and petrographic
- evidence suggeét but do not prove that the initial stages of serpentinization are
not related to the weathered profile or fto avenues of later hydrothermal or ground-
water attack but are ﬂguteric 2ad that a _ater stage is related to weathering.

The regional distribution of ulwraba:.: intio Zons in Alasks end western
Canada is summarized. The intruclons are Zound To 1l into groups related to
several periods of diastrophism andé plutonic invesion. Areally the ultrabasic
masses are grouped near the roof zones of beotholithio masses of dioritic to grani-

tic composition, but the ultrabasic intrusions antedate the batholithio rocks.

~




Joxtaposition W asers and Lime indicates that the ultrabasié intrusions arcd
the datioliths zr~ common sroducts of & petrogonetic cycle, but the ultrabasic
rocks aro empleced shoad of and sbove the batholiths and there is no evidence
thet can be observed in the field, eside from mere juxtaposition, for differ-
entiation from & common megma. The ultrabasic intrusions and the batholiths
are probably derived from guite different sources during the diastrophic procecs,
They are common produotn of a proocess, not a.magmao

The petrology and structure of the Kanc Peak complex on Kupreanof Islard
is briefly desoribed. It is shown to be o luznel-shaped body with inward dip-

ping contacts between rock units, but the sequcnce of rock units from the core

~outward is similar to the Blaslhlze I:sland cemplsx, Some ovbservations of the

¥ount Burnett oomplex on Cleveland Peninsuli are sumw.rized, indiceting that
although the complex is similer t¢ the Blaclize Island complex in the seguence

and relationships of rock units, it passed in:c an elonzated doms or-a tadbular
mass toward its weste.n end where tie dunite core is overlain by olivine augitite
and gabbro., In the Kane Peak complex the ol.viwc @4gitite and other outer zones
dip beneath the dunite core. I. parts of tae liounv Surnett complex the outer
zones overlie the dunite core. These relaslonships are best ex>iained by a
process of differentiation, such as that wivanced for the Blashke Icland complex,

that is in&épendent to a considerablc degree of the attitude and structurs of

the oomplex and its contacts with enclosing rocks,




Tne Blesrhire Iglands end the other areas with which this report mainly deals
are located in southeastorn Alasie {£ig. 1, p. 8). The Blashke Islands are a
small cluster of islsets belonging to the Kashevarof gfoup in Clarence Streit at
the junction of Stikine Strait and Xasheverof Passage near the north end of Prince
of Wiales Islend, lat, 56° O7'N. lonz. 132° 54'W. The Blashke Islands are 7é miles
N.43°%7. of Ketohikan end 31 miles S.41°7. of Wrangell. The other areas that will
be desoribed briefly are Kane Peak near Cape Strait on Frederick Sound, 13 miles
N.28°W. of Petersburg, lat, 56° 59'N. long. 133° 05'W,, and Mount Burnstt on Cleve-
land Peninsula, 36 miles N. 34°W. of Ketchikan, lat. 55° 47'N. long. 132° 08'W,

Southeastern Alasks is & deeply dissected mountainous'area in a stage approzx-
imating late youth or early maturity, strongly modified by glacietion, with an
intricately fjorded shore line., The reliof at the Blashke Islands is negligidble,
amounting to only two or three hunired feet, while the other two areas have sharp
relief of about 3,000 feet, The 2r-.a i: in the heart of the North Pacific rain
forest and is densely wooded it Tl .eriine near 3,000 feet. Reference is made %o
Buddington and Chapin (1529, pp. 1C-37) for detailed geographical information.

The areas are accessible by Su.t ¢ seceplans only. In the summer of 1546
the Blashke Islands were inhablt.l sut ilsco abarndoned by a family of three cn-
gaged in fishing and occupying & caoin cnd boat-iouse in Blashke Harbor, The
islends have been ocoupied sporadically by an occasional fisherman, trapper or
mink farmer in the past., Both Blashke Earbor and Bivouac Bay are excelleant small
boat anchorages, but the approschos are iniricate and tricky, though negotiable
by boats up to sixty or seventy lect in leazth and at least ten feet in draft,
Spud Bay and Trap Bay have bcii. uz.d at times for beaching and wiﬁter storage of
floating salmon treps, ond o few tT.mber: =ove Deca cut fr&h the northern shores
of the islands, (therwise the isleads ere in = complete stats of nature,

A feature of considerable importarce to the geologist as wall as the boatman

is the very great rise and {all of the tides, ranzing from twelve to more than

~
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Pericotite Comple:iez in Southeastern Alaska

There ars at leasct 8 well-defineé peridotite complexes in southeastern
Mlasks (nos. 11 to 18 iﬁcl., fig. 2, p. 12). .These masses differ widely in size,
though none are large, and also differ in petrology and structure. Eowever, cer-
“ein features are common to all of them, chiefly tkat thoy all are composeu of,
or contaln within their cores, exiremely vasic rocis conews~~ng larpely of olivine
or clivine and uyroxens, An excephticn is the body at the head of Rasaan.Bay at
the 3elt Chuck lécdlity (no. 18, fig. 2,.9. 12Y. This body exposes only pyroxenite
end mafic gzabbro and is somewhet coutituliy included amons, the others. |

Structurally there appcer to Te some sicnificant differences txng will bo
teken up in more deteil in a later ’ECleM. Briefly, the Zlashke Islands cémplex,
(fig. 2, area 15) apbears %o be a nearly cvlindrical mass with roughly vertical
walls, somewhat irrepsular in detail. The surroumding bedded rocks are crudoly
conformablo to the conbacts of the complex, but there is evidence for structural
disturbance during the emplacement of the complex, On the other hand the peridotite
rass at led Bluff Bey (fige 2, aree 11) is deocrlbaa by Guild and Pulsley (1942, |

177) as having a. concordart, spoon-shapec lower contaot plung ing in the direc-,
tion of the regional fold axes. The term "pheodblith! may fit this body (Harker, - . -«
1909, p. 78). 1In the sems ares are & numisy of aill-likeksérnentine bodlesi;ﬁﬁt o
cunfnrm closel y to the. regional foliation (Kennedy and Whlton, 1946, Ppe 72-73).

The complex at Khno Peak (fig 2, areo 14) is shuwn by map relationships and
two obsérved contactsfto_be a funnel~shpped body with inward dipping omtacts that
are probab1§ sfeep (46°%-or morej; The Surrounding bedded rocks ere probably more
or less confornabla. .The masd\at ¥ount Burnett (fig. 2, area 16) was described
by Iennedy and wulton (1946, p. 81) as a composite stook but a furthor rccon-

~

naicsance of the ares during the present 1nvest1yau10n sug gestad the definite pos—

e o e o s ————— T S
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2ihility that thic s a tilted, tabular mags. The area requires further study.
lLittle or no ctructural data is available on the other ultrabasic complexes in
southeactern Alesks. o .

The interﬁal structurel QlemeﬁtS'of these several masses also display differ-
cnces. The Llastke Island comp;e; hag a,dlstinot, though not perfect, concentric
'arrangenent with an inner core of dunite and‘a composite outer ring of peridétits,
pyruoxenite, and rabbro, The masc at RedABquf Eéy chows an.irregular beanding and
inter-lensing of duniée end pyroxehe-rich rocks described by Guild and 3alsley
(1842, p. 177) as flow layering. However, pyroxene-rich rock shows some tendency
to be concentrated near the base end onh the margins, that is, pe?ipherall&, and
the banding is penerally steeé and oriented witﬂ the lonr exis of the mass. The
irternal relationsﬁips of the ocomplex at Kone Peek aro more irrogular and varied
- than a%t the Blashko Islands or at Red ﬁluff Bay, but vlivine-rich rooks are also
connentrated in the core of the mass. As mentioned ebove, the possibility exists
that the mass at Houﬁf Burnett is a tilted, tabular mass with Q core of dunite.
Adcording to Koschmann (1936, pé. 268-274),‘the Duke Island and Annette i;lend
" bodies are larrely hornblendite, but contain within them masses of harzburgite
and’aﬁgitite; -

Tho largest of these ultrabaecic masses is probably the ocomplex on Duke
'Island extending in e belt about 10 miles long across the island with an outcrop
aresa of about 20 square miles. The mass on Cleveland Feninsule is about seven
miles in greatest expused length with an area of about 14 square miles. The
Blachke Island domplex is almost circular and about two miles in diameter with
an area of about 3.5 square miles. The Yane “eak Complex is partly covered by
tho waters of Frederick Sound, but ithe major pert of it is expoused with an area
of about 2 square milés, and the mare at Red Bluff Bay 1z ebout tho seme sizeo .
The other todios mre smaller and less is known abouy them. |

The repion in which these ultrabasic bodies occur is ono of compleox mouniain

stmaqture., FEKocks of Ordovician or older to Crotaceous are have been tilted,
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e ' iy invaded by the Coast Range batholith and many lesser intru-

s .
.

; 51918, urd reqiencll; retemorphosed in en extensive belt alons the western marrin

I' 2" ‘he Lotholith. £Ls stated by Ruddinrcton (Buddingion and Chapin,'1929, pps 10-37)
uvnly the broeder fcatures of the rezion are lknovm, but it is cleaf that though
there heve been earlier.ofogenic episodes, the Jurassic-Cretecenus orugeny with
which the Comst Range batholith is correlated is tke major period of deformation
end de .p-ceated eruptiv; activity.

Lecording to Buddington (Euddington aﬁd Chapin, 1929, pp.10-37) the ultre-
basic complexes are emplaced within'rocks renging in age from Ordoviaién or older
to Crotaceous. The ultrabacic bodies at Duke and Annette Islandg and on Cleveland
renirsula (fig. 2, areas 17 and 16) ere emplaced in rocks of.tha-ﬁranaell-
ftevillarimedo motamorphic_group of indefinite are. The Blashke Island complex
is ecmplaced in rocks of Ordovicjam and Silurian age. The Ked Bluff Bay body is
in rocks regarded by Guild end Balesley(1942, p. 177) as Upper Triassic. The ilane
Peak complex is in contact with rocks doubtfully correlated by Buddingtbn with the

I'\ Cretaceous but possibly Upper Jurassic.. The peridotite masses on Tracy Arm-and
Ford's Terror (fig. 2, areas 13 end 12)‘§re within the Coast Pange batholith and-
described by Buddinrton (Buddinzton and Chapin, 1522, pp. 10=37) as beinp cut by
cranitio dikes, showring that they antedate at least part of the grenitie intrusive
ectivity. _ | ‘

An upper limit of geolopic age can be established for the Mount Rurnett
conplex on clsvéland Peninsula. The complex is older than a conglomerste containe-
inz plant remains and boulders of ultrabesic rock correlated with the Port Camden
basal Eocene by Buddington (Buddinmton.;nd Chapin; 1929, po. 10-37),. This‘cuno
rlonerate is exposed 1§ing‘on an erosion surfece of pyrbxenite end horcblendite

of the comple: as well as slate and.phyllité of the onclosing rocks. The complex

is thorefore pre-Cocenes.

The Blashke Island complex is cut by & basalt dike corrclated dy the present




line with avallable field evidence and accoptabla to the’ wnrkars 1n this region -

. ﬂ‘ . /g

author #ith tho Tertiary basalts described by Buddingﬁcn (tuidington and Chapin,

1020, pp. 271-273). T

+

The youncest rocks known to be 1nvadad'by'ons of these complexes are tho

Upper Jurasaic or "retaooous slates and graywnckas on Kupreanof Island invaded

. by the Rane Peak complexe. Pra—Eocene age‘is indioated by the overlying Eocene

4

« conglomerate -on r‘lmre:l;anrl aninsula.‘ Tho ultrabasio rocks are thorefora late

Juragsgic or Cretaceous in aga, dependihg on.the true ‘age of “the vnunﬂest sedimants

* thet they cut, and are corrolntad'with 4he’ major orogenic episade of the roglon.
Budéington's. (Luddinﬂton and Chapin, 1929, P, '242) conclusion basod on all
+he evidence available to him 18 that the ultrabasio rocks of southeastern Aleska

are older than the more. siliooous-alkalic types of this petro~enic prnvlnce..

,s’.‘“,

This evidence consists 1n part of observed field relationsh1ps in which the ultre-
basic rocks are seen to be 1ntruded by more ailioenua-alkalio rocks, and in part
on genaral petrogenetic consideratiuns. All of the canadian writers, to whom
later referenoe will. he made, are in agreement that the field relationships shmw

.ths ultrabasic rocks vf Brxtish Columbla and the Yulkon Territory to be older than

1 L]

the more, s;liceous rocks belonginr %o the sems poriod of intrusion, The only

field relatlons obserqu"iqitho course of the present investigation bearing on

" this problem are in fn@ ¥ane Peak area Where a dioritic body is in contact with

. the ultrabasic complei. Both rocLs shvw mineraloﬁic and:. textural alteration noar

.the contaot, and the ev:dence is somcwhat amoiwuuus, tut on the whole sugre~ts‘

thet the ultrabaeic.rock‘wna invaded by the dloritio rock. Swmewhat more cnnclu-
51ve cvidence is afforded by the pregence of granodinrite ana'minetto dikes in a
fhult zona that cuts tho suuth side of the ultrabasic complex, becauso both ‘the .

fault and tho dikas are clearlv later than the cumnlex, and tho dikes are pro-

-j-sumably rolated to the diorite-rranite sequence of 1ntrucions. It-soems to bo’ in_v

,5
) .

to consider the ultrabasic rocks with whioh this repnrt deals’ to belong to the" ‘4 N

.f .

-Jura aic-Crataceous period nf intrusivt act;vity, and o bo the nldast plutonic
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rocks of ihe Jrressie-frotececus petro-snetic cycle.
Tho 3lashke Islend Complex
Introduction -

Tho reneral geolorie relationships éxposed on the Blashke Islands are

.

shovn on the redlorio map (plate 1). The oumplex consists of a nearly ctreular

v

ma3s of peridotitie roeks surrounded by an irreguler rim of rabbro. The overall
diamcter of the complex is from 10,600 to 12,000 feet with an area of about 5.6
square nmiles. The center of the peridotite mass is dunite, a rock compnsed
prirarily of olivine and serpentire derived from the altcretion of ollvine. The
core 1s crudely circular with many 1rrecu}arities in detail and from 6,000 feet
to 9,000 feet in diameter. Surrounding ‘this core of dupite is a rim of pyroxenc=
rich peridotite co: isting principally of aupite, Sut almost everywnere ocontein-
ing appreciablg amounts of oliviﬁe. This rock is termed olivine augitite.in this
report, Neer the contacts botwﬁan'dunite and olivine eugitite the dunito common-
ly contains sparée‘to abundanﬁ 1ﬁterntitia1 augite and passes gradebionally iate
wehrlite..'Within the'pyréxenitic rim there are bands and irreqular streaks of
rocv in which olivine is as abundant as or in excess of pyroxene and the rock

may alsn bo classod as wehrlite., The pyroxenite rim has a meximum width of about

14500 feot on the east ciie of the complex and is Sumewhat-irregular end only a

Fevr hundred feet>wide on ‘the west side of the complex. Twu short, thiok, lenticu-

1ar dikes of pyroxenita were Tound outiing “hin bodded hornfels several hunired

feot from +he main mass of the compl ex.

The concontric struoture of the ult‘abaslc comp>lex i' further oxpreased
)

by a ring of gabbro outside the pyroxenitic ring. This gabbro ring ls highly .

irrefular in width, texture, internal sirucbure and comrosition. Unlike the

pyroxenite Fing, which everywiere surrounds thc dunito, it 4s absent in plaoces,

and the peridotitic rocks are in conteot with the cnu-tfy rocks, Theo ;abbro
: 3
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rihg iz widost %2 nutorop at the northeastern edge of the complex vwhere prso-
tieally continuous exposures of gabbro have a maximun width of about 1,400 feot.
.Th; rabbro rigp is reletively wide and continuous along'tho oastsrn edre of the
somplox, and although part of the complex is beneata the sew along the sonthern
marsin, outcrops of gabbro in the southeasternmost large island apd in a ocouple
of reefs exnosed ol extreme low tide indioute.that gaboro 1s proegent and may
oxtend moro or less ooniinuously around the southern boﬁndary of the ultravasie
roelise

There is rood evidence in the-form of inteﬁse shoar zones for strong fault-
ing glang the soutivrestern édge of the complex, and this feulting has probably
cut out any ecabbro that may haye.been present as weil as e godd part'nf the nytrox-
unitic ring of the complex, as far north as the small bay at the elbow of the
chennol into P2ivouac 3Bays However, the exposures of rabbro from the channel into
divouac Bay northwardi have a different aspect than the broad, welledevelopod rabbro
band along the oastgrn margin of the complex. It is impuséible to say how much
gabbro 1s concoaled béneath the waters of Bivohao Bay; but such expusures as are
. presont consist of irregulaf‘dike-like massos witﬁ manyAinclusions and brecociated
masses of hornfelsed country ruck irregularly veined by rabbro apophyses from a
fow feot to f?aqtion of an inch in width, A§ one point, the ﬁesternmost oXposure
of ultrabasic rock, a somewhat peculiar facies of the.peridotite con;isbing of e
faldspathic wehrlite, is iﬁ sharp oontgct with hornfelaed conglomorate with no in-
tervening gzsbbro. |

The pabbro is sporadicelly developed alonp the n;rraw(channels eround the
northern rim of the complex, but here also it may be pertly cut out by faulting.

, : . .

However at two points an oiivine asuritite containing bands approaching gabbro in
composition by the admixture of coarso anorthite is in direct contaet with ho&n-
felsed ocountry rock. |

Tn addition to the gabbro immediately contijuous to the complex there are

sevoral outlying masses and thick dikes of rabbro, particularly near the ensrance
. » . -




end at the northern end of Blashke Harbor and along the norther; shore of the
southessternmost island. One mass of gabbro is found within the olivine augitite
) bqnd near the southeastern rim of the ocomplex, This mass of gabbro is in syarp
contact with the ollivine augitite on its south side, but the contaot, where visibio,
on the north and east side of éhc mass is a low angle fault dipping 25° westward.
In spite of the low angle of this fault it seems more likely that it is a normal
fault bringing the gabbro down from the east rather than up from the west.

- In contrast with the olivina’augltite ring surrounding the duﬁiée core of’
the camplex, which is virtually complete in that nowhere can dunite be found in
oontact with anyth;ng but olivine augitite, the geabbro ring ié irregular, and fn
at least three places it 1is ﬂbsent with a somewhat aberrant facies of the perido=-
tite in contact'with altered country rocks. However, the asyﬁnstry of the gabdro
ring is matohed by a cert;in degree of asymmetry in the olivine mugitite ring of
the complex whiohlin wider and more uniform along ths eastern side of the ;omplex,
. while the western side is narrow and contains streaks and bands of wehrlite. Struoc-
tursl data indicate that the contaocts between the major rosk units of the ocomplex
are irregular both in plan and in vertical extension but tend to dip steeply out-
ward with many irregularitles and reversals, although the downward extension of
‘the oomplex at the level at which it is exposed appears to be effectively steep,
Just as the outorop of the complex and its major elements is effectively ocirocular
despite many irregularities. If the strong north to northwest trending faults
that out the ocomplex have had much vertical diéplaoemént along them, the eastern
side of the complex may be structurally some distance above or below the wasfern
‘ side, and the differences in petrologio relationships between the eastern and
western sides may be because different lévals are exposed. _ | |

The ocomplex of basic #ﬁd ultrabesic roocks 1s emplaced within a vuried's;-

quence of stratified rocks that have undergone low grade regional metamorphism
to chloritie and'amphibolitic greenstones, VWithin a few hundred feet of the ultra-

basic mass these roocks are strongly hornfelsed to biotite~hypersthene-plagioclase-

»
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augite granulites same of which contain an iron-rich olivine,

Fo stratigraphic work has been done in this area in sufficient detail to
pormit setisfactory correlations to be made, but three distinoct lithologio types
of bedded rocks were recogni:od and mappeﬁ by the suthor. The first consists of
strongly indurated,.fine-grained rooks ranging from leminated end thin-bedded to
maasive. Thess rocks are low grade metamorphioc equivelents of mudstones, ?halee,
cherts, and voloaniés. They are characterized by abundant chlorite but lack folia-
tion or strong slaty oleavage. The second consists of similarly metamorphosed coars

oonglomaraﬁo of varied lithology including much voloanic material with interbedded

laminated fine-grained rocks end a few bands of covarse white marble. The third

consists of practiocally unmetamorphosed, thin-bedded to shaly, dove-gray to white
limestone outcropping in a few areas at the north end of tﬁs islands and apparently
overlying the other rocks unconformably. No recognizable fossils were found in
these rooks and they have been mapped on the basis of 1ithology alone, mainly for
the purpose of revealing the structural displacements related to the oémplex.

" Buddington (Buddington and Chapin, 1929, pp. 10-57, pl. 1) has indicated on

the Geologic Map of a Portion of Southeastern Aleska, which is on e sqalo'of
1:500,000 and thus highly generalized, that the thin-ﬁedded to massive hornfelses
outcropping around the northwestern rim of the Blashke Island complex are ocorreleted

by him with lower and middle Ordovician rocks that outorop about 4 miles to the

: west on Thorne Island. These rooks are said to consist predominantly of indurated

- graywacke containing graptulites, The predominantly cunglomeratio rooks are mapped

by Buddington (Buddington end Chapin, 1929, pp. 74~75) as Silurian, belonging to |
the next to the lowest Silurian unit recognized by him, and desecribved as consisting

of andesitic volcanics and conglomerate, some associated graywacke, black slate,

- 1imeatone, and tuff (Buddington and Chapin, 1928, pp. 82-83). The thin-bedded and

shaly limestones at the northern end of the iglands evidently belong to the Silurian

limsstones of the next overlying Silurian formation whioh Buddingbon has mapped on
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severnl of the sméll islands = nile or more to the north (Buddington and Caapin,
1520, poe ©5=-24Y,

Sa fey o2 the preosent work is concerned the rocks of sedimentary oricin

viers mapped on the tacic of 1litholony, thore Yeing no basis for establishing a
timo~streti;rephic division within the erea itself, but the mainly fine-greined,
thin-bodded to massive rocks that are in contact with the ultrabasic mass except

on the easteramost islands are proovably correlated with the Ordovieian, and the
meinly eonslomeratie rocks probably belong to the Silurian.

within the surrounding rocks of volcanic and sedimentary origin thore are
innumerable dikes, reaginp from abbro and basalt to diorite and andesits, thetl
may fnssibly ve related to the ultrabasic intrusion.

The petrology of tho Blashke Island complex will be described in detail in
the following pages. The peridotites, gebbros, pabbroic hornfelses, and closely
related rocks will be taken up first beginning with a brief descriptioP ol the
nrincipal rook typeé end their characteéistic relationships, foilowed by a dotailed
deacriptinn of the principael mineral phases and their veriations in composition
and poirologic relationships thruughout the complex, and concluded by a detailed
discussion of the petrology with micrometric data on the médes and importent voari-
ants of the principal rock.types. Finally the scountry rocks including dikas not

related to the ultrebasic complex will be describod,
The Peridotitic Rocks

The peridotites of the Blashlm Island complex, considered from a Brnnd‘>

point of view, consist of two principel rook types: a core of rock composed yri-

Fa

merily of olivine in which augite enters locally as a marminal phase, and o rim

of aurite rock containing varying anounts of olivine, the aurnito béinr nonr diope-

ta

ide in compousition. From a purely statisticecl standpoint there is no hard and

fast boundary bebtween rocks consisting almost entirely of ovlivine eand roeck in

which ausite is the major constituent. All pradations may be found from dunito

&




enﬁlre1y free of pywscene to pyrozsnite thet is virtually free of olivine. 1In
ih;.fig}d, howeyer, the cénisects between thesse major rock types are not commnniy
.Smuothly gragational. Aurite appears in the olivine rock as a subordinate, intor-
stitial phase ncar the contacts with the pyroxonitic rockse It‘tends to increase
in abundance as the contacts are approached, but the contacts with pyroxenitic
rocks are either sharp or abruptly gradationsl witnin a few feet or inches in most

places.

Cradational relationship between rock types 1s the dilemma of nomenclature
and claseific;tion. In the case of the ﬁeridotitos the term dunite is well estab-
" lished for rocks corsisting essentially of olivine and the terms, pyroxenite,
auritite, diallagite, etc., and used for rocks consisilng priﬁarily of a pvroxene.
Common usage permits the term dunite to encompass rocks -containing a small per=
centare of eccessories, of which chromite, ilmenite, mapgnetite, picotite, spinel,
and pyroxene are the most common. This implies thgt small amnunts of these mine-
erals do not have genetic significance. In the Blashke Islands it is probably
true that the oro minerals are.ut least of minor genetio s;gnificance, but it will
be shown that the appeafance of augite in minor amounts is indicative of a rise
. in the fayaiite content of tho olivine above & minimum value. Thué, strictly
speaking, any amount of pyroxene, however small, is sipnificant from the uenétic
and c}nssificatory standpoint. On the other hand, in the field, it was noted that
rocks cuntaiﬁing less than tén or twelve poroent pyroxene were gencrally closely
associated with dunite as a marpinal facies and in most casesApassed pradationally

nto dunite but were commonly in sharp contact with rocks with e distinotly hi<her
pyroxene content. On the basis of this field tendenév the pracfioe followad in
this report will boe to use the name dunite to apply only tn ulivxno ro s . virtu-

ally free of pvruxeno, but usuallj ountainmng accessory ores. Dicks oontaining

1es° than 12.) percent au~ite and othar accessories will be termed suﬂita-ﬁunihc,‘

The name wehrlite (Rosanbusoh 1887, p. 267) will be applied in this renort




4

»

to resis canpoged Prim&ril& of olivine end aupite and tneir alteration producte
with minor aceesssrios, mainly chromite aﬂd macnetite, in waich olivine is im
exenss of an~ite. Tiere arain field relations afford sume uerree of 3Jusiiflication
for ﬁhls erbitrary and artificial division by rock.names. In the fi014 onlv a
few instancec were found vhere rocks containing more pyroxene than olivine ssemed
to bo relstod by eradation nmors cloaely to dunite than pyroxonite.

A numuer of names have been anzlied to rqcks in which a clinopyroxene is
tas principal nineral, but noune seem 1o be strictly'applipubla to thé au~ito-rich
rock of tho Blrshlre Ieleandse. These rocks consist of augite, olivine, and acces-
cory ores, Hornhlende is preseat in many specimens, but bypically as an altera-
tion product of pyroxene and not as 2 primary mineral. 0livine may be oresen’
only by proxy in the form of serpentine psoudomorphs. Horover, the practice
adopted in this rs»ort has been to conzider hornblende and serpeatine as repro-
senting th; primery minerals from which they were derived for the purpusc of
classil'ying the ruck.

Tho name weihrlite is frequeniiy emplored for any clinopyroxene-olivine ioclk
whether the pvro.sens exceerds the olivine or not, However, in the Rlashke Tsland
oomplex there is definite need for a name buth for rocks in whicﬁ oli§ino is in

oxcess of pyroxens and vice vuersa. The name montrenlito wac rivon by sdams (1013,

op. 38=29) to a rosk consisting of clinopyroxene, hornblonde, and olivine im ordor

of abundance vith or withnout minor amounts of plajioclese, orthoclace, and nephe-

linc., Bancroft and loward (1923, o. 19) doscribed this rock as wehrlite but re-

- . .

poried essentinl quantities of hernblende. Johannsen (21933, pp.230-15Z) has ad-

voonbod using montrealite for rocks containing clinopyroxene and hornblenic with

.

less olivine, but has sugrestcd no name for a similar rock in which no ~rinery J

hornblende is present, Turthermore the oripinal montrealite is a fucles vl an
essaxite boldy low in salic constituents, but which ray conteln minor amounts of

.

both nephelino and orthoclase in addition to plagioclese. " The only Iihit-solored




ctbhe nand will te further redificd to sehrliitic olivine aurititc.

v ihe prosence of & eclele

- ~oe
] L)

constituent of 4he . - Island rock is a very srall smount of sparsely and
Sporalically Yiiauiiinaie? caleie plarioclase ua $9 Angg in compocitions This
conuennt Inordror conctituents reflects a fndweentel renotic differonce thob i

rtorld not ove overlonted in clessification.

“ne names pyroxcrite, rugititey ote. are comesinen employed lonznely to
include roel:s with quite éubctantial gmounis of olivine on the one hand or of calie
cons iluenls, mice and heratlende on tho other. Ac Shend (1v47, pp. 116-121) Las
reinted ouy Uhis practice overlooks the significance of saturaticn or undersaturn-
Pien wilh silice end recults in the lumping torether of rocks with diverse orimins,
In wrier to evold enbiguity end at the same time avoid coinine cnother rock name,
the nare olivioe auritite vlll le cupl.yed to desipreve all rncks in whick augite

tho prircipel constituent,acscorpenicd My wivine and accessories. here iae

reelr contalns nere thon 28 percent clivine, as il docs in only & few instancaes,

v

.
:
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in addition to the major roeir tvges of the peridatitic part  of the som-

niex, wiich belons to tis duniteewelrlite-:usitite sequence, there rre o number

N

¢ minor vocic Sypes thot are closely « soc~u+uu with Shese rajor units, appearirn
in them ns dikes, veians, or irrervlor resses. -ost ol thete rocks ore cuarnc c*lucu

plagioclase, primsr; btornblende, or both, and by eriitic

.
e

or pormetilice tooturos,.
Dunite, Aumite dunite. and “shrlite - :

‘ho dunitie ol the “lesnice Tslende is ohoracteristicslly deop blulsherrson

ou fresply brolen surinces, but the cuolor runpes srom fiat, cooty hlack to dirty

<

vellowicherruen, MNepiwscondieelly the =Zexture aupcurs fine--reined, slmest s:hanitic .

Letualiy the rosis is coarse rreined and tho arbanitic epperracce ir dve 1o gorpcn-
’
Linjizetion. In =ddéition Lo olivine nad Uur*op,;nv, well-Iurred, emnll, binek

.

veteredrons of chrorcite can be identiiied in the hend specimens. The rock mny chow

Dl

¢ Alatinet nlcty sirueture duc te the sabenarellel olignnent of ~losely spaced . .

Ly
-
- ;

] . N
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serpentine velnivtc, . .

rucits dunite and wehrlite resemble dunite in texturs but the color on
fresh surleces is ;vpically sooTy black rather than bluish«greer. Cleavnnc féco:
end bosile-rreen grains of augite oun be identified, Both olivine and serpentire
charrcteristically weather a smooth, &ellowish to reddish buff resembling chamois
or suede leather, This so-celled ochamois surface is a fairly relisble indication
in the field u; tho presence and abundaaco of olivine and serpentine. The cloar
groen pyroiene is viriually unchenged in coinr by weathering and stands out clieorly
agninst the buff, chamois curfece of olivine end ‘serpentine, usually in moderate
relief, On the other hand, on fresh curfeces it may‘be difficult to Gétcct small
poreontages of olivine in pyroxenite or of pyroxene in dunite. Woathering in
e¢ffact provides a fairly sensitive and relistle qualitative chemical test of the
presence of these minerals in associaéion with each néher.

Tn thin section the rock is cteon to concist of a granular agrrerate of nre
or loss equant, anhedral olivine pgrains from a few 1illimeters to more .then a
contimeter in cross section, averaging 20 to 40 srains per square centimeter,
*here olivine is unaccoumpanied by pyroxene the grdiﬁs form e closely pecked mezeic
with fow grains showing any trace of crystal form, but with simple, unsu&ured'
Béundafies betweon grains., The toxture is simple allotriomorphie granulef. ﬁhore
pyroxene if present in small amounts it is interstitiel, with oliv;ﬁe displaying
' rounded, somevhat imperfect crystal férms egainst anhedral aurite, Adjacent in-
torstitiel areas of pyroxene may have the srme crystgllographic orientafion'indicat-
ing en incipient polkilitiec texture which is realiced whore pvroxene ig abundant.
Poilzilitic pyroxene encluﬁing olivine fﬁ random orientation is shown in photo= -
micrngfapﬁs A end B, plate 16, Ciinopyroxene is clearly‘a late intercéitial pheso
"in these rocliss Althourh the rrain size of the olivine is typinaily conrge, eoch

grain is without exception iransccted by a network of curving'fracturec filled

with serpentine, which divide each grain of olivine intov numerous angular to sub-

anrular shards, few 85 much &5 2mn in cross section,
N ]




Seynen e . prunent in all specimens ol dunite, aurite dunite, and wehr-
live fron the Tlashie Islands in the form of fracture fillings in creokled olivine
ard along erain bounderies. It is also present in many specimons ac complote
peeudomorphs efter olivine, and to a lesser extent e&s thin fracture-fillings in
pyroxens. IR most specimens of dunite as well as aurite dunite and ﬁehrlite the
spacing of serpentinized fractures is so close that the actual volume of serpen-
tine in the rock is commonly greater than.the volume of unaltered olivine. 1In
surite dunite end wehrlite the olivine tends to be somewhat less serpentinized

than in the pure dunite;

“Modes for dunite, augite dunite, and wehrlite togother.with other date are
given in sections 1, 2, and ¢ of testle 1. Modes for an uncommon type of wehriite
found at the outer contact of the perid@titic pert of the oomplex in sharp contact
with hornfelsed conglomerate arc riven in section €. Tho average values for the
Tmudes ere reocepitulated in columns A, B, D, and J of table 2 and.chemical analyses
are gi§§n. ~All mﬁdes were determined on thin-sections by means of either the
‘leite intogratiﬁé ;tage or the point ocounting method descriﬁeq‘byVChﬁyea (1949,‘

.

pp. 1=11)
Aupitite, Olivine sugitite, and Wehrlitic (livine augitite

Augitite free of olivine it so rave on the Elashke Tslands as to be g
couriosity. Only one thin section sut of more than thirty soections of thiﬁ hroup
of roeks contained no olivine. This rnck'connists of podvlar masses of oure
augite up to several inches in cross section in a mesostasis of normal olivine
aupitite; ﬁéwavor anocher section from the same specimon included prrt of tho
‘ meuustasis containing olivine. The typical olivine augitite is coarse to very

tvarse gruined and dark preen ir color with irrepular sooty bleck ereas roprecent-

ing more or less sorpentinized olivine. The weathered suriace also is deark rroeon

with a rough, pitted texture due to the weathering out of olivine and serpsnutine

‘and %o the coarse rrenular charecter of the rock., Locally thcre mey be a little

25
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