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FIGURE 1.

ILLUSTRATIONS

Geologic map of the Tuxedni Bay area showing the
location of magnatite deposits.

Geologic map of the area near the magnetite ceposits
at Tuxedni Bay.

Generalized cross sectisn of the western magnetite
deposit as exposed in a north=-south trending sea
cliff. Location of the deposit is shown on Plate
2A.

Index map of southwestern Alacka, showing location

of area studied,
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MAGNFETITE DEPOSITS AT TUXEDKNI BAY, ALASKA

By Arthur Grantz

ABSTRACT

The magnetite deposits on an island in Tuxedni Bay occur in contact-
metamorrhosed volcenic and sedimentary rocks near thelr contact with a
quartz diorite batholith which underlies large areas of the adjacent
Aleutian hange. The deposits are pyrometasomatic in origin and are
localized along northeast-trending fractures. The eastern deposit is a
low-grade disseminated deposit occurring in hornfels. The western depos-
it oecurs as a massive lens of magnetite and garnet with a marble hanging
wall and a hornfels footwall. The tenor of mineral rock in the westem
deposit may average 75 percent of magnetite. The deposit is lenticular
and can be followed along strike for 55 feet in outerop and, where con-
cesled beneath a cover of soil and vegetation, cen be followed for an
adcitional 55 feet with a dip needle. wWhere exposed in a sea cliff the

danosit ie= 30 to 35 feet thick.

INTECDUCTION

Tuxedni Bay is on the west side of Cook Inlet about 120 miles south-
west of Anchorage, hlaska., (5ee fig. 1.} The bay is very shallow except
for Tuxedni Channel, which scparates Chisik Island from the mainland.
Tuxedni Channel is a secure anchorage. The area is ruzged and slopes are
generally steep., Mount Iliarma (10,016 feet in altitude) and Mount
badoubt {10,197 feet in altitude) are both within 15 miles of Tuxedni
Sav. _The area is covered with very heavy brush un to an altitude of
about 2000 feet. Soruce timber may be found along the shores of Cook
inlet from Chinitnaz Bay to Johnson Kiver and from Tuxedni Bay north,

but occurs mainly below 750 fest.
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The magnetite deposits, which are located near the head of Tuxedni
Bay, may be reached by means of small boat and small seﬁplane. However,
approach should ordinarily be attempted only at high tide and under
favorable weather conditions. Most of Tuxedni Bayzis dry at low tide and

even at high tide most of the bay is shoal. Swift tidal currents and

changeable winds necessitate caution in either landing at the head of

Taxedni Bay by seaplane or in visiting the area by small boat.

The field investigation upon which this report is based was made
from September 8 through September 10, 1951. Its purpose was to de-
termine the nature and possible extent of a reported magnetite deposit
at Tuxedni Bay. {See Martin, 1920, p. 35;Brooks, 1921, p. 423 Moffit,
1927, pp. 55—56 and pl. 4). Mapping of the island upon which the
previously reported western deposit is located revealed the presence of
the eastern deposit. The first day was devoted to mapning the shorelire’
of the island upon which the magnetite deposits occur, the second day to
mapping and sampling the wostern deposit, and the third day to examining
the eastern deposit and tracing the extent of the western deposit with a
dip needle., The interior portion of the island was not mavped, and ex-
cent in the sea ¢liffs, no outcrops were noted in the vicinity of the
western magnetite deposit.

The present inVestigatioﬁ was made while the writer was engaged in
a larger project of mapnring the mArine sedimentary rocks of Jurassic age
in the vicinity of Iniskin, Chinitna, and Tuxedni Bays. The writer wes

very capably assisted in the field by R. Werner Juhle.




GUOLOGY

The geology of the area adjacent té the upnoc paft of Tuxedni Bay
has been described by Juhle {U. 3. Geol. 3urvey open~{ile nrzliminary
report in preparatibn) and is shown in part on plate 1. Thg following
geologic deccrintion of the Tuxedni Bay area is in large part abctractud
from his renort.

The roskes underlying the Tu#edui Ba; area are predomdinantly of
Mesozols ape. Dedimentary roeks of Late Triazssic age are the oldest that
have been reccognized in the area. They are overlain by volcanie rocks oi
farly Juras:ic age and these in tum by marine sedimertary roch: of id~
2le and Late Jurassic are. Continental sedimentary rocks of early
Tertisry age and voleanic rocks of later lertiary and probably Luater-
nary age overlie the [ferozolc rocks poth to the north znd io the south
of Tweedni Bav. Tertiary rociis are not shown on niate 1 as their
extant in the map area iz small and as they do not crop out witnin S
miles of the marnetite depositc.

(uarts diorite anc ranophyric muartz monzonit~, orooably of Mid-
dle Jurassic ase, intruded the Lower Jurassic and older roeiz, Hornfels,
marble, anc locally tastite were formed near the porcers of the intru=ives,
Possibly excerting the very earliest buds, the Middéle Jurassic and youngsr

bedded tToeir have nob been intruded by granitie rocks, Hdhere the cedi~

[

menLary rocks of iddle Juressic or yuunger age have been inbruded by
v 3 £

mafic dikes, they are baked only imiediately adjocent io the dire border:.

s



Zecued roclz.--Argillite, limestore, and interbedded andesibic lava

flowe, vrobubly ol Late Triassic @re, crcn out abt the head¢ of Tuxednl Bay

Tha pree oo tre Unper Triacsic aection has not been recogn:yea ana its
vosition may now be ooC uried by the gusriz diorite or the adjacent
Aleutizn Tange.

The Unner Triassic rocks grade conformanly uoward into voleardce
yooks ol wronavle “arly Jurassic age. The rontact betwern the two
series of rochs has becn arbitrarily rlacef at the buse of the firet
thiek tufl bec ~uvove the arrililite becCs. The iower nart of the Lower
Jurassic volcanic seguence conslshn erdefly of andesitic breceizs and
Slows out contalins some jnterbercded ar~iliite, [re uner nori of tra
[ower Jurazsic volcaric seguence is zomrosed oritarily of water-luic
rocts o ryreclastic erigin and tufracecus marine cedimentary TOTRS.
overlying the Lower Jurassic volesnic rochs wiith oopo:ent coniuImdly
are fossiliferous marine sedimentary rocks of "icdle and Late dnrascic
ape,  sllbotone predominaten, bub nany triz units of grryuncke sEncs
store and arvosic sandstore and some LhicCK beds of conglomnial. SCCur.

2onbigentwl secimercery rosks ol early Tertiary age cveriie Lhe
Upper Jursscic marine sedivontary recks with low anpular unconermito,

These rocus are axposed along the northwest shore of Cook Inlet botb

rorth and south of Tuxednl Bay.
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2etiesn Chinitna and Turedni Bsys and rorth of Tuxedni Bay, mafic

flows znd assosiated pyroclastic rocks in many places overlie the trun-

cated surfaces of the folded and faulted Triassié and Jurassic rocks,
Both basaltic ardesite of middle or late Tertiary age and extensive-
andesitic flows and breccias of late Tertiary or Quaternafy age were
reported by Juhle. The basaltic andesite crops out in limited aru#s
{muediately west of 3quarehead Cove on the north shore of Tuxedni Bay
and 2{ miles west of Fossil Point on the south shore of Tuxedni Bay.
Both Mount Iliamma, which lies between Chinitna and Tuxedni Bays, and
tount Fedount, which lies rorth of Tuxedni Bay, are vb;cénoes whichrhaVe

been active in historic times {Coats, 1952, v. 3% and table 2).

Tntrusive rocks.--The bedded rocks have been intrudecd by the
Liotite hornblende quartz clorite batholith of the Aleutian Range. Thls
intrusive was emplaced during Middle or early Lste Jurassic time, and
possibly as early as early Middle Juressic time. Dikes and stocks of
pink granonhyric quartz monzonite have injepted both the quartz dicrive
and the beddec rocks near the borders of the quartz diorite. The
monzonite was injected after most of the quartz diorite.had solidified

and may have been a late cifferentiate of the quartz diorite magma.
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pafic dikes, s=ille, and pires intrude the Uover Jurassic and older

rocks at many places in the Tuxedni Bay area. %xcept dikec that can be

related to the diorite and monzonitn intrusives, and the lamprephyre dikes

that occur within these intrusives, only the dikes and ripes related to

the flows of Hount Iiiamna and vieinity ean be dated even apororimately

st thies time. It is probable that many of the mafic dikes and sills are

related to the basaltic andesite flows of middle or late Tertiary age or

to the andesitic flows and breecias of late Tertiary or Quarternary age.

Dilkes related to the volcanic activity of Late Trisssie and Terly Jurassic

times msy be present, bu% have not been identified. Where mafic dikes

or sills have intruded marine sedimentary rocks, contaet metamorphism

has beer limited to baking of the immediately a¢ jacent country roci.
structure.--Most fold axes and major fractur~s in the bedded roc:.s

strile within 10° of K. 35° 5. in conformity with the regionzl strixe

of the eastern border of the guartz diorite batholith. This structural

trend is also present in the vicinity of the magnetite devosits, both

of which strike from N. 350 e bo N, LSO %. and are psrallel to the

predominant strik; of the bedding, f‘ractures, dikes, and replacement

ones in the marble and volcanie host rocks.




MAGNSPITE DEPOSITS

Two deposits of mepnetite are expos=¢ on & small island of meta-
morthosed volecanic rock in the tidal marsh at the north shore of Tuxedni
Bay. The island is about 9} miles K. 60° to 65° W. of the northern tirp
of Chisik Islanc. (See pls. 1 and 2A). The eactern cepesit, magnetite
disseminated in hornfels, i5 expoced almost down to marsh level in the
hillside on the northern shore of the island. The western deposit, a
massive lens of rarnetite and farnet with a marble hanging wzll anc &
hornfels footwall, is exposec in 2 ce& cliff at the extreme western end
of the island.

The western deposit was stzked, and samrles Laken, at lenast as
early as the summer of 191é. However, the only development of this denoa~
it still aprarsnt in 1951 was a cruce tunnel about 5 feel wice ané 3 to
5 feet high which had been ériven asbout 13 feet beyond the end of a sea
czve. No development of the eastern deposit was noted.

The ceposit referrcd to in orevious reporte on the magnetite at
Tuxecni Bay (Martim, 1320, p. 355 Brocks, 1921, pe A< voffit, 1327,
pp. 55-56 and pl. L) is the western deposit of this rcport. Although
the locstion o the napnetite ¢enosit as shovn by Morfit (1927, plate 4)
1s not identical with the location given in this rcport, the two de~
seriptions are believed to r-fer to the same deposit: The cdeposit wase
rot visitec by Moffit but was ceseribed to bhim by Mr. Loy A. Trachsel of

Anchorage, Alaska, the owner of the deposit at that time.
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“eology near the sarnrtite derosite.--lontact o tamorrhism has altorec

PP

the ave in the w inity of the nasn=tite deposits Lo hornfels (rl, Z4).

Teobite, how: vel, 06 D° to bave Jormec only locally, and circable boriec

of skarn were fownc at only two ilavet. The mebavorrhism is rvidently re-

3

1:

f

Lol L0 Lhe newr DY cusrty cisritc watbolitr,  The oiteron mattern oI INE
cmartz Ginrite incieates thal Lho too of the betholith is near the sur-
face in the wicinity of the marnctite denosite,

< thourh the oricinal nature o7 the rocrs hus bron obsIurnl Uy e ta-
worrhism, mosgt of the strata on the iclanc arc helievec to be of velcanic

lowaver, in a serbneast-trencing zone which lies rousnly be-

=
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tween Lne two deposite, some areiilite may be irterceddec with the
voleanin rotrs, Jurle {or. cit., ol. 1} shows an inferred asntuct be=
twe n Upper Triassic cedimentary rocks to the weusl anc Lower JurncTlc
voleanie rocis 1o the east thut strives ap“réxi ztely . 37 . across
the islanc from 3 point n<ar the giceemirated mapnetite cenosit.
aciacent to the meesive mzgnetite deposit 1s a smsll area of whnite
mer luMe-grainec marble which has ween comnletely reerystallized by con-
t et metamorshise. The recrystallired crains rarge from 2 to & milli-
meter: in diaseter, bul ctpoabe of very cearse marble contailn grains 28
pueh a- 2.5 centimeters in dismeter, Fapmatic additioms to the marbie
nonsict chiefly of 1 few mas-ive cires of garnet rock and & Tew gmull
veinlets of marmetite. Hewever, shreaks of well-d¢isseminatec small
rarmet erystals and ol "ine-grainec magnetite occur in the marbiz in &

few place:, Juhle {or. cit., . L5) renorte idocrase to be precent in
H H

the marble.

~8-
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Jestarn denosit.--The western denosit is in a skarn zone consisting

‘of a massive lens of highfgrade magnetite and much maésiVe gamet rock.
Yxposures are limit~d to a hizh sea 21ift, to iwo sea caves cut into the
nea ¢liff, and to a shori tunnel criven beyond the enc of the southern
sea cuv.-. There are no surtace exposures back from the sea ¢liff in the
vieinity of the deﬁosit.

The garnet-magnetite body is irregular in shape. It strikes ap-
proxinately M LOO L., and the cip averages about hOo sk, It is about
30 to 25 feeb thick and is exposed in the sea clif ¢ for about 55 feet
in the dip ¢irection. The deposit may be followed for 55 fest along
the strizs in the sea caves and the short tunnel driven beyonc the end
so the southermiost =28 cave. A recennalscanae cin needle traverse
indieated that magnetic anomalies caus:zd by the rresence of the magnetite
end abont 110 feoel back fyom the ¢lif? face. The contact of the deposit
4ith the marble hanging wall is sharply definec. Very little dis-
coainabec marmebtibe or garnc: OCCUI'S in the marbls. Tre contact of the
danosit with the hornfels footiall is less well defined anc in places
the hornfels has been rarmebis 4. Contacts between the gamet rocx and
tra maractite, althoush ¢radational in placer, are locally well definec.

3 dixe of sarnet cuts the nassive magnetite with sharp gontacts.
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The attitude of the deposit is gimtlar to the attitude of most of

the fractures and bedding in the ares, and to the attitude of the eastem
deposit. The juxtaposition of marble in the hanging wall with hornfels

of probable volzanic origin in the footwall on opposite sides of a lenti-
cular skamm zone having an attitude similar to the attitude of most i the
fractures and bedding in the area 15 suggestive ol a pre-minersl fault
contact. However, no direct evidence for pre-mineral faulting wae roted,
anc the possible fault zone, where exprosed, has been entirely revlaced by
skarn. FEvidence for post-mineral mn#epant in the marble is afforted by a
very thin vein of magnetite which occurs in the marble about 50 feet south
of the western deposit. This veih has been broken and the nleces rotated,
the marble having flowed around the rotated pleces.

The western deposit may thus have formed along a fault between the
marble and the hornfels. The presence of the marble may have caused
deposition ol massive magnatite ln the western denosit whereas only
digseminated magnetite formed in the eastern deposit, which is ertirely
in homfels.

Magnetite is the only ore mineral, althoupgh traces of pyrite and
probably chalcopyrite are present locally. No other sulfides wers notec,
and chemical analyses of samnles talen from the ceposit show the gulfur
content ﬁo be low. Copper and gold are either absent or present only in

traces.
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The chiefl gangue mineral is gamet. Other silicite minerals, tyuical-

ly associsted with contach-metamorphiz daposits, are present but were nots
specifically icentifiec. The parnct occurs as 3 minor constituent in the
ransive magnetite lens and as a massive dike cutting the lens. Large
massezs of garnet rock lie adjazent to the areas of massive magnetite
(pl. 20), and locally these contain as mich as 50 percent of ¢isseminated
magnetite. In other nlaces, however, the garnet rock adjacent to the
massive magnétite contains only traces of other silicates or magnetite.
An irresular mass of gammet rock 1lies in the marble hanging wall
mmediately acjacent to the massive marnetite lens. “here associated
with the magnetite, the garnet is grayish to moderate yellowish green
ané contzins between 70 and %) percent of the andradite molecule (thé
ealeciummiron parner). Where aszociznted with limestonc, the zarmet tends
to0 be grayish or yellowish brown snd contains between 60 and 70 percent
of the antradite molecule. The balance of both varietiss of gammet is
composed ol the grossularite moleculs {the calcium-alumiﬁum sarnet) and
rrobably several percent of the almandite molecule {the iron-aluminum
+armet). A rough sheek by qualitative chemical teste incicatec that sone
of the manzanese in the magnetite deposits {tanle on n. 16) occure in the
associated parnet.
Yo channel somples wers taken, but spot samrlec representative of

nigh-, mediun-, anc low-grade rortisns of the massive marnetite lens

of the western ceposit were collectec during the present invastigation

fer assay and chemical analysic, (see tables on r.16 and p.18 ). Sam—
nles of this deposit had also been privately submitted for assay and

chemical analysis in 1916 and during the winter of 1920-1921. hesults

-11l=
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»f the latter analys=s and a cessrintion of the canosit were furnished

the Geological Survey by Mr. Poy h. "rachsel of Anchorage, owner of

the derosit, and were nubiished py lVoffit in 1927. These analyses_ayé
also includsd in the table on page 16, All the analyzed samplea from
the western magznetite deposit contain 52 percent or more of iron ag
metal. However, for iron ore, all s2mples contain an uncesirable amount
of sulfur, and four contain an undesirable amount of vhosphorouz. The
highest vhosphorous content and the highest sulfur content are in the
same samrle.

wa~terr deposit.-—This deposit consists of & sxarr zone formea in

nernfels that was rrobably derived [rom velcanic rocke. The mineraliss-
tisn sceurred in two parallel zene:r. The uprer rone is about 17 feet
thick anc 1s separated from a lower zone by 2.0 feet ol country rock.
The lower wone is at leart 10 rect thick, but its base is not cxnoged,
The strike length of the deposit is not kpown, IHxvosures occur anly
in a lim:tec area ncar the zhore of the island. To the northeast the
denosit is covaret by tical marsh and to the southwest by =oil and
heavy vewetation. The mineralizec zones strike aporoximat<ly K. ?50

Q i)
to 45 F., angé c¢in apnroximately 45 35, Beddiny and fractur-s in the
vicinity of the deposit have sinilar trends, and may have controlled
the locus of mineralization.

The magnetite in the eastern deposit is disseminated and is
azsociated with a gruater vsriety of contactemetamorphic mirer=ls than
are vpresent in the massive magnetite deposit. Garne: is most abundant,
and epidote, aiopside, chlorite, plagioclase, énd cther silicates are

present. Ko sulfides were noted. The urper zone of magnetite

-]l
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mineralization is of higher grade than the exposed uprer 10 feet of the
lower zone. in analysis of the richest sample obtained from the upper
zone of the ceposit contained 25.8 percent of iron and 0,01 percent
of sulfur. However, the marnetite content of the deposit as a whole

was estimated in the field to be of the order of 10 percent to 20 percent.

crigin of the deposits.--The associstion of magnetite with andra-

dite-rich garnet, epidote, diopside, chlorite, plagioclase, and idocrase,
and with a trzce of iron and copper sulfides occurring in irregular re-
rlacement sones and lenses s characteristic of magnetite deposits of
yrozetzsomstic origir. A large quartz diorite batholith crops out
within 1,000 Teet of the depbsits and probably underlies the deposits

2t no great centh. The quartz diorite has an iron content of about 6

!
rercent= and the deposits arc probably genstically related to it.

/ _/ duhle, on, cit, r. 57

fhie ~rozophyric quartrz monozonite, which also outerons in the arez,

has an iren cortent of only about .73 nercent.

cenor and voserves.——The field-vetimated grade of the exposed parts
o the eastern deposit is of the order of 10 to 20 vercent of magnetite,
although o selected, relatively high-zrade sample from this derosit cone
taired 25.2 nercent of iron. Each reported analysis of the western
deposit, however, shows over 5 vercent of irorn, with one analysis showing
67.8 rercent of iron. Sulfur and chosphorous, which were shown by the
analys=s to be vresent in all the samples from the western denosit, occur

in most of the samples in amounts which are undesirable in iron ore,
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However, the total sul fur content in most samples was low, Samples from

both dapbsits were assayed for copper, silver, and gold by the Geological

9urvqy, but thesse metals wers present only in traces or were absent. ¥No

sample of the deposit or or the adjacent countny Tock registerea as mach
‘as twice background count on & portable field type Geiger counter. Mas-

sive garnet, as is found in the western deposit and elsewhere on the is- "

lahd, is not of the quality generally preferred'for abrasive garnet,
The small outerop area of marble, the preséhce of which may have

controlled deposition of massive magnetite of minable grade, the proba-

ble presence of quartz diorite at no great depth, and the tendency for

pyrometasomatic deposits to be irrerular in shipe and lenticular, would

S all have a bearing on an estimate of possible total reserves available

in the western deposit, The cepth of md fill bereath the tidal marsh,
which covers the western deposit beyond the sea clift, and the slope of
bedrock beneath the mud fill might determine how far the denosit exﬁends
to the southwest, Assuming an estimated grade of 75 nercent magnetite
fér the mineral rock, the reserves of ore that may be inferréd 2 be
present in the westemn deposit above the level of the tidal marsh, and

only within the limits of outeoron data, are only several thousand tops.
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A& reconnaissance examination of the zhora of the neninsula that lies

imnediately east of the island failed to finc evidence of mineraiization
othar than sgparsely disseminated npyrite, The area of argillite and lime-
stone of Late Triassic age which occurs west of Lhe island, across
Tuxedrl Bay, wa: brielfly visited in 1951, but no evicence of mineraliza-
ti:n was {ound. Juhle (op. cit.), who maored the latter area, did not

report any mineralized rocis.
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Assays of samrles Trom the ma:netite depcsits at Tuxedn! Bay, alaska.

A 3 ci 1 ¥ 7 ]
Gold, ounces per ton vesefoosrsdeeses| none : B
Silver, (IeDeZalo.se 0 0 O] ...vs | treuce J
" Copnery, {(DePefie)scea 45 30 - TOT] cieensdevene 5
Coprer, percent..... SRR SRR PRETR! PRPREY B 1 PN
|

A. Hepresentative samnle of low-grace nortions of the massive
macnetite lens of the western magmetite deposit. Collected by Arthur
Grantz. Hy Almond, assayer, U. S. Geoleogical lurvey.

B. Reprssentative sample ¥ nedium—grade portions of the massive
magnetite lens of the wesbern magnetite denesit. Collected by Arthur
“ L
Srantez. Fy Almond, assaver.

C. Fepresentative sample of high-rsrade portions of the massive
marnetite lens of the western ma;netjté denesit. Collected by Arthur
Grentz. Fy Almond, assayer.

D. Composite of eipht samrles from the messive marretite iens of
the western mapgnetite depocit., Cellected by Arthur Grantz. Dwighit L,
Skinner, -asssyer, U. 5. Geological 3urvey.

L. Sample probably irom the mascive mapnetite lens of the
western magnetite dewosit, Y. 5. Geol. Survey Bull, 787, pn. 55-56,
1927. Assay by Bogardus Testing Laboratories, Seattle, wash., July 25,
1916.

F. Sample from the eastern magnetite deposit. Collccted by

Arthur Grantz. Hy Almond, assayer.
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groors, .. Y., 1921, The future of ilaska mining: U. 5. Geol.
survey full, 7lh=4, v, 42,

Coats, n. b., 195z, Volcanic aectivity in the Aleutian are: U. 8.
Geol. Survey Bull. 374-B, r. 382 and table 2.

Juhlr, F. v., Iliamna volcano and¢ its basemenf: U, 5. Geol,
survey oven file rreliminary report {in nreparation).

2., 1920, The Alaskan mining industry in 1912 U. S.

~

Martin, .
Geol, 3urvey Bull, 712-A, r. 35,

Moffit, F. H., 1927, The Iniskin-Chinitna Peninsula and the 3nug
Harbor district, Ala<ka: U. S, Geol. Survey Bull. 789, pp. 55-56 and
Pl 4.
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U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

PLATE 2B
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Cutcrop data from points Qutcrop data from points within |O feet on
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HORIZONTAL AND VERTICAL SCALE

Note: Section not normal to strike. Strike of section
GContact projected across ?pproxlmaiely NI5W. Strike of deposit approx-
sea cave imately N4OE. Qutcrop data projected at right
" ” angles to plane of section.
Contact projected heneath
agliuvium

Geology by Arthur Grantz

GENERALIZED CROSS SECTION OF THE WESTERN MAGNETITE DEPOSIT.
AS EXPOSED IN A NORTH - SOUTH TRENDING SEACLIFF

Location of the deposit is shown on Plate 2A.
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