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MINERAL RESOURCES OF ALASKA 

MAGNETITE DEPOSITS AT TCrXEDM BAY, ALASKA 

Magnetite deposlta on an Manol in Tuxedni Bay o m r  In contact-metnmm 
phW2d volcanic and ~tmmtarg rmks near their contact with a quart%-dlorIbe 
batballtb, which underlies large tlreae of the adjacent Aleutlan Range, The de- 
posh are pyromietaaomatic in orfgIn and probably are localIz& by northenst- 
trendEng fractarea. The eastern deposit is a low-gmde diemlnated  deposit 
ncenrrlng In homfeh. The western depol3lt occurs aa a massive lena of magnetite 
ana garnet wAth a marble hanging wall and a hornfe1a footwall. The western 
deposit may contain about 75 percent magnetite. The deposit Ls lentlcwlar and 
can be foPlowpd along strike for li5 feet in outcrop Magnetic effects Lndicnte 
that it extends A n  additional 65 feet to the nortbeaah where it ls concealed be- 
neath a cover of mil and vegetation. Where It is e q m M  in a - cliff, tbs 
degoaft is 30 to 36 feet thick. 

Tuxedni Bay is on the west side of Cook Inlet about 120 miles south- 
west of Anchorage, Alaska. (See fig. 7.) The bay is very shtallow 
except for Tuxedni Chwel ,  which separates Chisik Island from the 
mainland Tuxedni Channel is a secure anchorage- Tho land ad- 
jnmnt ta tidal flats is rugged, and slopes are gonerally steep. Ilinmna, 
Volcmo (altitude 10,016 feet) and Redoubt Volcano (altitude 10,197 
feet) are both within 15 miles of Tuxedni Bay. Very heavy brash 
covers slopes to an altitude of about 2,000 foet. Spruce timber may 
be found along t he  shores of Cook Inlet from Chinitns Bay to Johnson 
River and northward from Twredni Bay ; however, most of the spruce 
occurs below 750 feet altitude. 

The magnetita deposits we Iccatad on an island near the head of 
Tuxedni Bay. The island is 9% miles N. 60°-6SQ W. of the norkhern 
tip of Chisik Island and may be reached by means of sxnrtll boats or 
small seaplanes. However, trips should ordinarily be attempted only 
at high tide and under favorable weather conditions. Mwt of Tux- 
edni Bay is dry at low tide, and even ak high tide most. of the bay is 
shoal. Swift tidal currents and changeable winds at the head of 



Tuxchi Btly n d t a t e  caution in landing by seaplme ox visiting 
the area by mall bmL 

me field investigation upon which th i s  report is based was made 
fmm SeptembeF 8 through September 10,1951. Ita purpose was to 
deteFmine the nature and passib10 extent of a reported rnagnetih 
.deposit at Tuxedni Bay. Mapping of the island, upan which the pre- 
viously reported wastern deposit is I a t e d ,  revealed the prmnce of 
the eastern deposit. The interior of the isIand was not mapped, 

T h e  premnt iavdgation was made while the writer was amlsting; 
John & IXa-k in a study of the petroleum pmibilitiee of ltha area 
between Iniskin and Tuxedni Bays. The writer was assisted during 
the field work in the vicinity of the magnetita deposits by R, Werner 
Juhle and drew heavily from Juhle's report on Ifiamne Volcano and 
its bsefnent for informittion on the geology of upper Tuxedni Bay. 
Ths following geologic dascription of the Tuxmini Bay a~es is in 
h g e  part abstracted fmm Juble's report, and figure 8 of the presant 
report waa adapted from part of plate 1 of JuhIe7s report. 

The racks underlying tbe Ttlredni Bay area am predominantly of 
Mesomic age. Sedimentary mks of h t e  Triassic age are the old@ 



that have been m q p i d  in the m a .  They are overlain by volcanic. 
mb of Early Jurassic age and these, in hm, am  overlain by marine 
sedimentary mks of MiddIe and Late Jurassic a p  Continental 
sedimentary rocks of early Tertiary age, nnd ~ o l m n i c  & of later 
Tertiary and probably Quaternary age, overlie the. Mesozoic m k s  
both, to the north and to the sonth af Tuxedni Bay. Tet.tiarg. mcks 
m not shown in figure 8 because their extent in the map area is mall 
and they do not c p p  out within 5 miles of the magnetite depits .  

h a ~ ~  84mtmUml gm1oOc map o f  the Tuxedni Brg men, mhowlng tb;& lacatla 3 
magnetite depoaIta 

Quartz diorite and granophyric quartz manzonite, probably of Mid- 
dle J w i c  age, intruded the Lower J w m b  and older r o c k  
Honfeh, marble, and (lacally) tnctite were formd near the borders 
of the imtrusivea. With the W b l e  mmption of the very earliest 
beds, the Middle Jurassic and younger bedded rocks hava not been 



intruded by gnmitic rocks. Where; th.3 sedimentary rocks of Middb 
Jurassic or younger age have been inhded by mafic dikes, they are 
baked only where they are immediately adjacent to the dike bordm. 

BEDDED ICOCELl 

Argillite, limestone, and interbedded andesitic lava flows, probably 
of h t e  Triassic age, crop out at  the head of Tmedni Bay. The haw 
of the Upper Triassic section hns not been reco~mized; however, its 
position may now be occupied by the quartz diorite of the adjapant 
Aleutian Rnnm. 

The Up er ~ r i a a s i o ~ k s  made conformably upward into roleanie 
w-rl u-e. The contact between the t w o  
series - -- of roc?rs hns been nrbitrnrily placed at -. the - - base of the first thick 
tufT -- bed above-ds. The lower part of the h w e r  Juras- 
sic volcanic sequence consists chiefly of andesitic breccia~ and flows, 
but it contains some interbedded &gillitem The upper part of the 
Lower Juramic valcnnic sequence is composed primarily of water-laid 
rocks of pyroclnstic origin nnd tuff aceous marine sedimentary rocks. 
Fossiliferoua marine sedimentary roch of Middb and Late Jurassic 
age overlie the Sower Jurassic volcnnic rocks with apparent con- 
formity. Siltstone predominates, but many thick units of graywacke 
sandstone and arkosic sandstone and some thick beds of conglomerate 
occur. 

Continental dimentnry rocks of early Tedary age overlie the 
Upper Jurassic marine sedimentary rocks with low angular nncon- 
formity. These rocks are expmed along the northwest shore of Cook 
Inlet, lmth north and south of Tuxedni Bay. 

Betmeen Chinitna and 'hxedni nnys and north of Tuxedni Bay, 
mafic flows and associated pyroclastic rocks in many plums overlie 
the truncated surfaces of the folded and faulted TTinsdc and Jurassio 

:rocks. Both bnsaltic andesite of middle or lata Tertiary age and 
extensive zndesitic flows and breccia3 of late Tertiary or Qunternary 
age ;evere reported by Juhle. The basaltic andeaite crops out in limited 
awns immediately west of Squarehead Cove on the north shore of 
Tuxedni Bay and 2% miles west of Fossil Point on the aouth shore 
af Tuxednj Day. Both Iliarnna Volcano, which lies betwean Chinitna 
and Tuxedni Bays, and Redoubt Voleana, which lies north of Tuxedni 
Bny, have been active in historic timm (Coats, 1952, p. 38 and table 2). 

The bedded rocks have been intruded by the biokihhomblend~r 
quartz diorite batholith of the Aleutian Range. This jntrusive was 
emplaced during Middle or early Lab Jursssic t h e  .(mi bly as early 
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as erarIy Middle Jurassic he). Dikes and stocks-of pink panopbyric 
quartz monzclnite have intruded the quartz diefih and, in places, the 
bedded rocks near the borders of the quartz diorih The monzonite 
mas emplaced after most the quartz diorite had didifred and may 
have been a late differentiate of the quartz diorite magma. 

Mafic dikes, sills, and pipes iutrude the Upper Jurassic and older 
rocks at many places in t h ~  Tuxecini Bay area. With the exception of 
dikes that are related to the diorite and monzonite intrusives, only 
those dikes and pipes that are related to tJm flows of Riamna Volcmo 
and vicinity can be dated at this time. 

Most fold axes and major fractures in the bedded roclrs strike 
within.lOO of N. 3 5 O  E. in.conformity with the regional strike of the 
eastern border of the Quartz diorite batholith. This structural trend 
is n1~0,present in the vicinity of the magnetite deposits, both of which 
strike from N. 3 5 O  E:tu N. 45" E. and,are parallel t o  the predominant 
strike of the bedding, fractures, dikes, and replacement zones in the 
marble and v o l ~ i c  host rocks. 

MAGNETITE DEPOBXTIS 

Two deposits of mapetite are exposed on a small island of met* 
morpl~md volcanic m& at  the edge of the tidal marsh at t h e  north 
&ore of Taxedni Bay. (See figs. 8 and 9.) The eastern d e p o s i w -  

etib m i n a t e d  iq,~o_m_fels, is exposed almost down to marsh level & the hillsids on the northern share of the island. The western de- 
posit, a p a ~ i v e .  ls$fng&h ~ ~ t . r n ~ b ~ S P n s z i n ~  
-dl, is exposed in a sea cIifl at the extreme 
western end of t he  island. 

Tha western deposit was staked and samples were taken as early 
as the ~ummer of 1916. However, the only development of this de- 
posit still apparent in 1951 mas a prospect hole about 5 feet wide and 
8 to 5 feet high, which had been driven about 13 feet horizontally 
beyond the end of a sea cave. No development of the eastern deposit 
was noted. 

The western deposit of this report is the same one r e f e d  to  in 
previous reports on magnetite at  Tuxedni Bay (Martin, 1920, p. 35; 
Brooks, 1921, p. 42; Moffit, 1927, p. 55-56 and pl. 4). Although. the 
location of the magnetite deposit as shown by Moffit (1927, pl. 4) is 
not identical with the Iocation given in this report, the two descrip- 
tions refer to the same deposit. The deposit was not visited by Moffit, 
but it was described b him by Roy A. TrachseI, of Anchorage, who 
W S . # ~  m e r  of the depmit at that time. 



@.-1Odc map of t h e w  near tbs mapetloe depmlb  at  -1 Bay. 



Contact mebmorphism has altered the r& in the vicinity of the 
magnetite deposits to hornfeb and marble (fig. 9). Garnet rock m 
cum l d y ,  and small bad& of mgnetih or pet-lnagnetite rock 
wsre faond at two places. Evidently the metamorphism is related 
to the m r b y  quartz diorite batholith. The- outcrop pattern of the 
qua& diorite indicatas that the diorite underlies the magnetite de- 
posits at shallow depth. 

Althwgh the original nature of the rocks has been obscured by 
metamorphism, most of the strata on the island are believed to be of 
volcanic origin. Xxowever, in a northeasbtrending cone which lies 
roughly between the two deposits, some argillite may be interbedded 
with the volcanic rocks. Adjacent to the western deposit is a small 
s m  of white medium-grained marble that has been completely re- 
qsta1li%ed by contact metamorphism. The recrystdizsd grains 
range from 2 to 6 millimeters in diameter, but streah of very coarse 
marble wnkain grains as much as 2.5 centhetern in diameter. Mag- 
matic additions to  the marble consist chiefly of a few massive dikes of 
garnet rock and a few small veinlets of magnetite. Streaks of well- 
disseminated small garnet crystals and of fine-grained mqpetih w- 
cur in the marbTe in a few places. Juhle2 reports thrtt idocrase is 
present in the marble. 

The w e  deposit is in a &an! zone and consi& of a mssive  lens 
of high-grade magnetite, and massive garnet rock thak in pIms 
~ontaills disseminated mwetite. Exposures me Iimitd to a high sea 
cliff, two sea caves cut into the sea clifY, and a ~hort prospect hole 
drivm borimntaIly beyond the end of the southern sea. cave. There 
are no surface exposures inland from the sea diff in the vicinity of 
the deposit. 

The g&met-magnetite M y  is il~egular in shape. It strikes approxi- 
mately N. 40" E., and the dip aver* about M" SE. The body is 
about 80 to 85 feet thick and is e x p o d  in the sea cliff for about 55 
f& in the dip direction. The deposit may be foIlowed for 55 feet 
along the strike in the sea mves and the prospect hole. A recomais- 
~anm d i p n d e  traversa indicated that the magnetic anomaliw, 
cawed by the presence of the magnetita, end h u t  110 feet back 
from the cliff faca The contact of the deposit with the mtrrble hang- 
ing mill is sharply defined. Very little disseminated magnetite or 
garnet oceurs in the marble. The contact of the deposit with the horn- 
fels f m t d  is less well ddbed h a u s e  the hornfels near the contact 



wntaim disseminated garnet in places. Contacts between the g~rnet  
rock andl the magnetite, although gradational in places, axe locally 
well defined. A dike of garnet cuts the mmive magpetite mith &arp 
conbts. 

The contact between the marble of the hanging wall and the horn- 
fels of f i e  faatwall of the western deposit probably was formed prior 
to, or contempormeousl y with, the mineralization. Mngnetite and 
garnet m k  has mmpletdy replnced the marble-hornfels contnct in 
the exposures at the western deposit, and therefore direct evidence 
concerning thenature of die marbIe-bornfels contact was not observed. 
T l ~ e  proximity of fhe marble to the probable mst1bv01canic hornfels, 
however, suggests the possibility of a fault contact, although no faults 
mere observed either in the western deposit or between the western 
deposit nnd the country rocks. Such a fault could hnve provided a 
chnnnelwny for the mineralizing solutions and could account for the 
localization of the deposit in the mnWt zone between the marble and 
the hornfels. The attitude of the deposit is similar to the predomi- 
nant attitude of the bedding ttnd fractures in the area as well as €0 

the nttitude of the eastern deposit. 
Evidence for postmineral movement in the marble is afforded by 

a vary thin vein of mngnetite that oecrrrs in the marble about 50 feet 
south of the deposit. This vein has been broken, and the pieces have 
been rotated-the marble hnving flowed arollnd the broken pieces. 

Tim mnrble in the hanging wall of the western deposit apparently 
influenced the composition of the garnet depwited in or adjacent to 
it (seep. 103) and mny have influenced the deposition of the rnngnetita 
The magnetite in the western deposit is predominnntly mnssive, 
whereas En the =stern deposit, which i s  entirely in hornfels, the mag- 
netite is d fsseminateil. 

Mngn~tite is the only om m i n e d  present, nlthough traces of pyrih 
m d  probably chalcopyrite can be found locally. No other suIfides 
were; noted, and chemicnl analyses of samples tnken from the deposit 
ghow that the snlfur content is low. Copper and gold are absent or are 
present only in traces. 

The chief gangue mineml is garnet. Traces of other silicate min- 
erals, incl~~ding chlorite, el inoppxene (diopside-hedenbergi te 1, and 
probable idocras occur in the garnet-magnetite body. The garnet 
occurs as a minor constituent in the rna&ve magnetite lens m d  as a 
mnssiv~ rljks cutting the lens. Large masses of @met rock lie adja- 
cent to the areas of massive magnetite (fg. 101, and loen117 these 
m w  contain as much as 50 percent of disseminated magnetite. In 
0 t h ~  plam, however, the garnet m k  adjacent to  the massive mawe- 
ti& contains only traces of other silicates or mapetite. An imegulnr 
mass of garnet rock lies in the marble hanging wall immediately 



adjacent to the lens of massive magnetite. Where associated with 
the rnngnetite, the gasnet is grayish to rnderate yellowish green and 
contains between 3'0 and 90 perent andradite (the calcium-iron gar- 
net). Where nssociated with limestone, the garnet tends to be grayish 
or yellowish brown and wntains between 60 and 70 percant andradita 
The remaining percentage of both varieties of garnet is composed of 
psu lar i t e  (the calcium-aluminum garnet) and probably several 
percent of almandite (the iron-nlurninum garnet). Qualitative 
chemical tests indicated that some of the manganese in the magnetite 
deposits (table 1) occurs in the associated garnet. 

Whttr morblr 
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HORIZOMTAL AND VERT1CAL SCALE 
P61m 

-.-.-+-- 
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4pponhnW H 15W. Sbib ol dew approw 
& w ~ h u # ~  mat* ~ l o E  outemp d* pmpctcd ~t rrgkt 

--?- -!-- gngle tD lane d sxtm t w l m n  of fie db 
W m n t r C t  prrl ir &m on f ~ g u r ~  8 and 3 

BWOP. lO.---Gme~smaI ta 6ecWetian of the western rnagnetltc depdt  all emor8 aIow 
aea ~116. 

Grnb   amp lea believed to  be representative of high-, medium-, and 
low-grade portions of the massive magnetite lens of the western de- 
posit were collected for ass~cy md chmiral analysis during the present 
invastigation. (See tables f and 2.) Also shown in these tables &re 
two nnnlyses and an assay of srtrnples from the deposit that mere 
furnished to lthe GeoIogical Snmey by Roy A. Trachsel, of Anchorage, 
and that were published by Moffit in 1027. All the analyzed mm- 
plas from the western magnetite deposit contain 50 p m n t  or more 
of iron as metal, with no more than a few pemnt of the iron orxurring 



Cddatsd h m  Pll)r b Calwlated bm MnO. C r i b l a d  born Fa0 nud Fe01. 
Nm--&mph A: B?pmmWlv@ mnpk ol bride at th% masaim -ti& ot the 

wwmmm&gnetitede@t~ CoIlectedby&thm arm-. Xnalpsls byg. M. Berthold and E. A. N m  
n. 8. OeDiogical9urvsg. 

Bampb R. Representstlm of -& of t€m m e d m  rnsglwtb lana of tbe a&- 
em rnqnetita d-tt. Go- b Arthur Orsnk~. bnal* by 8. M. Betthold d E. A. NpSlwd. 

@ample C: lbpmml~ktfm? %ampL ol b l g h e  d tba m w  msgnetIte Mu d th aaatara 
m t i u  d e ~ l t .  CoIlwtrd by Artbar O m t t .  AnRMiY by $. M. Betthotd bud E. A. N H .  

hmple 13: Sample mbebly from -%re nmmtl@ Lam of the w t a m  mnath depmlt. 
by F. H. ~ p t e t .  n. s. h i .  ~ r r r v e ~  BUIL ILTS~,  p. m. 1w. bg K- ~ t t ~  T- 

Labratmy, gansas City, Mo., October 14. ISXI. 
sample E: W p l e  p m W y  Irum tha masslm h 8  ot khs m t t W  dswat. Ds- 

a b e d  by F. B. ? H a t .  u. S.  &d. B m  789, SWB. lk??. daal* by Abbot A. B&U 
Frandsw, Callf.. Fbb- 25, IWl. 

smpk F: Samp1c Irom tha e m  mwmtb detwrt. b &thr Omk MY& by 
. B. M. B&hokl md E. A. N f m .  

in garnet or po~ibly other silicate minemla -.Hawever, for um as 
iron om all samples contain an undesirable amount of sulfur, ltnd four 
of ths samples contain an undesirable amount of phqhoms, The 
highest phosphorus cuntent and the highest sulfur content are in the 
same sampla 

This d@t C O I W ~ ~ B  of magnetite diminabed in hornfela W 
was probsbly derived from volcanic rocks. The magnetite m u m  in 

8 two parallel zones. The upper zone is a h u t  30 feet thick tad is sep 
. arakod from a lorn zona by 20 feet of country &. Tbe lower wne 
a ia at l e s t  10 feet thick, but its base is not e x p d .  l@ 
of the depbsit is not known. The mineralized mnes are exposed only 
in a small a m  nsar the &ore of the islnnd. To the north& the 



de@t is covered by tidal marsh, and to the southwest it is covered 
by soil and heavy vegetation The mineralized zonea strike approxi- 
mstely N. 35O-45" E. and dip approximately 45" SE. Bedding and 
fracturas h the vicinity of the deposit have d a r  trends and may 
have contfalled fhe locus of mineralization. 

Noh.-WpLA: ~ C a t l v e u m p I e o f l o a & t  ~ o l t l m ~ r e m e g n s t l c l a n s o l  the w&am 
wtllp depdt .  ColIscbd by Arthur o m t ~  A d m h  by Fly Almond, U. 8 .  Q c o l o g l c a l ~ .  

, semple B: Repffsedtetlvesampleol medium-e portlmot ths m!b%ainntagttaUts letmotthe weatma 
mngnetjte dapostt. Collcct#d by Arthur Ornntz. Annlysh by By klmond. 

Bampla O :  Rapnaentanve sarnph of b i ~ h d  prtionq or the mmrrve tmgmtlw b a  d thn westma 
m t i t e  dapwlt. CoUwtsd by Arthur Clmlts. Andpsis hg Iiy Almond. 

Garnple D: Gompoaita of e iht  aarnplw from lha mrrsalve m y ~ e t l t e  Ism d tbe magmtlC -it. 
goneck3 by Arthur Gmntz. Malysh by D w l ~ h t  L. Sktnnsr. U. 8. Ornkwjd Barn. 

E: ampla pmbnbly Imm the mmlva m w o r 1 m  lear or the mswm msgmtlte dapdt. Ik 
=Ibed by F. H. Mafflt, U. 8. Owl. RWPY null. %A, p. M 6 ,  lWi. hnalm by Bogardos T&lw 
ZBWmb&a, Beettle. Wmh., JUly 2n. 1815. 

mmple F: Bample h m  the sestnrn mrgetib deposit. OoEdwl by Artlmr Gmnk dad* by 87 
Ahmud. 

The nutpetite in the eastern deposit is d k i n a t e d  in a gangue 
+ ia which garnet is the moet abundant mineral ; epid,ote, diopide, cldo- 
rite, plagioclase, and other silicatw also are present. No sulfida were 
natd. An analysis of the richest sample obtained from the upper 
zone of U1.8 deposit contained 25.8 percent of iron and 0.01 percent of 
sulfur, However, about one-fifth of the iron may occur in ailicate 
m i n d s .  The expcrsed portion of the lower zone of the deposit con- 
&ins even less magnetita; eamples from this zone were not analyzed. 
The magnetite content of the deposit as a whole was estimated in the 

.fiddtobaaboutlOtoU)percent 

The asmiation of the magnetita w 2 h  a n M i  te-rich garnet, epidote, 
diopside, chlorite, plagioclase, idmrase, and a trace of iron and copper 
d d ~ 9  and ita m m n c e  in megdar  replacement zones and 
lmms is ch~racteristic of magnetite d e p s i t s  of pgromehsomatie 
origin, A largs quartz diorite batholith crops out within 1,000 feet 
of the deposrits and probably underlies the deposits at shallow depth. 
The quartz dioxite has an iron cantant of about 6 m n t ,  and Ithe de- 
posit% are probably genetially relabd to it; the granophyric quartz 
monzonita, which also outcrop in the area, has an iron content of only 
about 0.73 percentma 



106 ~ R A L  RESOURCES OF AL~BKA 

Although, as stated above, the field-estimated page of the exposed 
parts of the eastern deposit is about 10 to 20 percent of mapetite, a 
selected sample from this deposit contained 25.8 percent of iron. Each 
reported analysis of the western deposit, however, shorn more than 50 
percent of iron, with one analysig showing 6'1.8 percent. Sulfur and 
phosphorus, which were shown by the analyses to be present in all 
the samples from the western deposit, occur in most of the samples 
in amounts that are undesirable in iron ore. Samples from both d6'- 
posits were assayed for copper, silver, and gold by the U. S. Qeological 
Survey, but these metals were present only in traces or were absent. 
No snmple of the deposit or of the adjacent country ~ e k  produced 
~ignificant ra$o&ivity, as measured with a portable field-type Geiger 
counter. Mnssiw garnet, a8 found in the western deposit md else- 
where on the island, is not of the quality generally prefemd for 
abrasive garnet. 
The small outcrop area of marble (the pmnence of which may ha+ 

mntrofled deposition of maasi~e magnetite of minnble grade), the 
probable presenca of quartz diorite at shaIIow depth, and the tendency 
for mch deposits to be irregular and lenticulkr in shape, would all have 
n bearing on an estimate of t h e  size of the western deposit. The 
depth of mud fill beneath the tidal marsh, which covers the westem 
depmit beyon4 the sea cliff, and the slope of bedrock beneath the mud 
fill might determine how far the deposit extends to  the southwest. 
The reserves of magnetite that may be inferred to tw present in the 
western deposit above the level of the tidal mnrsh, md within the 
limits of outcrop data, arre only gevernl thousand tons. 

A reconnaissance examination of the shore of the peninsula that lies 
immediately east of the island failed to find evidence of minernlizntian, 

,other than sparsely disseminated pyrite. The area of argillite and 
rIjme,stone; of h t a  Triassic age that occurs west of the island, acrms 
T u x h i  Bay, was briefly visihd, in 1951, but no evidenoe of min- 
omlization was found. 
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