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INTRCLUCTION
LOCATION
mmumumniom&wmm”mm
tip of the Sewsrd Pendnsuls, Alaska, in the Teller BeS, He, Ced, and
et gquadrangles, In an attempl to establish reglonsl data, especially
from grenite stocks, other areas were vigited and semples taken for
analyses., The general areas of interest, and the main ares mapped, ars
ocutlined on figure 1. Within the ares of figure 1 are concentrated the
only lode end placer deposits of tin that have producec commereially
inmportant amounts of metal in the United States. Tho tin deposits sre
assogiatod with biotite granite intrusives that are the extension into
Alsska of & long belt of granites, meny with assoolsted tin deposits, in
enstern Siberia, The belt of known tin deposits, lode and placer,
continucs eastward Shrough central Alaskas

In the original disssrtstion propossl, the stated ebjuotives of
this research were: 1., to decipher the structure and stratigraply of
the eentral Tork Mountains in order to ascertain the geologic setting
of the mein tin depeosits nesr lost River, 2, to spply the inforaation
gained froa step 1, in econjunction with geochealcsl prespecting, ia a
sesreh for undiscovered ore bodies, 3. 4o determine the gecchemical
distritution of certain rare elements, particularly ia, W, Sey Li, ¥y
and By in the rooks, minerals, snd ores of the district, snd ke to
decipher the geomorphic hissory of the ares, with particular enphasis
on the origin snd history of the York Terrsce (Uensh), & wide surface
carved on bedrock, and which is & prominent geoperphie feature throughout
the map area.
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Selution of the original objectives of the study required collesetion
of data too voluminous for total inelusion heres In additlon, the
diseovery of sttractive new berylliue deposits, with subsequent demand
from private industry for information to help plan and direct physical
explorstion, required publication of much dsta that would have been
inoluded, The Pleistocene history is being published separstely, and is
presented heve only in sbsbrect. The publicsticns that resulted from
this study or that ere committed for publicstion elsewhere are listed in
table 1, appendix, This dissertation is vonfined to date directly relsted
%o the ore deposits, to the stratigraphy and structure of the area, and

of 1:L0,000, Stetions were located by anseroid barameter, and by resection
of sngles by Brunton compass to prominent topographic features, A base
camp was esteblished st the Lost liver mine, and field cemps were plaged
by wse of a light alrplane piloted by the writer, and by wessel (& ware
surplus trucked vehiele) or back pack. Hepping was facilitated by
Yodaohwrons d ides, end by aerial photographs, as well as by constant
serial reconnsissence, Stratigraphic sections were messured at eritical
loeslities, and more than 50 sollections of fossils were used to help
gorpelate and date rook unite, Msuy of the fossils, however, are new
speelies, without disgnostic stratigraphic valus. Plane teble maps wers
prepared of the main beryllius deposits discovered during $he course of
field worke In &ll, field work required appreximstely 1 month in 1960,
and 3 months in sach of the years 19¢1ethe
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In the lsborstory, rocks were studied by thia sections, Ly chemical
and speeirographic snalyses, and by exesination of insoluble rosiduss of
carbonste rocks, In studying the carbonmbe rocks, an improved method
vas developed using the classiesl staining of caleite, combined with
selective leacthdng of parts of uncovered thin sections to reveal delioate
strugtures normally hidden. The method is Leing deseribed in the Journal
of Sedimentary Fetrvlegy (Selnsbury, 1965, in press). In sbudying
beryllium ores, and the distribubion of rere cluments in individual
minerels, pure mineral separations were prepared by standerd techniques,
supplemented by sluminus chloride lesch $o remove fluorites In all
cases, lersy diffrectometor patteras were prepared for the fdeatilication
of minerals, and to check the purity of minerals submitted fur analyses.
For all winerals reported as identified certainly for the first tise in
the distriet, srineipally verylliua aslnerals, diffrectometor trecings
are sppended, and the main pesks are indexed in table O (ia pocked).
‘paque ore minerals were studied in polished sections, snd identificstions
were confirmed where necessary by leray teshniquess

Much of the knowledge of he geology and ore deposite of the ceatral
York Nountains is based upon work by Brooks, iichardson and Collier
(1501}, Collier (1902), Knopf (190€, 1910), and Steidisenn snd Catheart
(1922)s The work of Knopf resulted in excellent descriptiocns of the
cecurresce and mineralogy of the tin deposits, and no attespt is mede
here to repest inopf's desoriptions, Instead, the writer's work on the
now berylliunerluorite deposits is integrated with Knopf's earlier work
to develop & wonal relation of the tin and beryllium deposita.
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Nesdless to say, the writer has benefited greatly from all the
previous wark, and where dissgreesents are apoarent, the reader should
realize thess disagreements do not refleet upon the esrlier work, but
instead reflect merely the advance of knowledge of the area which is
based solidly upon the eerlier work. :

In previcus publicstions, several workers have discussed the
stratigraphy of the rocks of the mep area, beginaing with Brooks,
Richardson, and Collier (1501), Collier (1902}, wnd Knopf (1508).
“indle (1911) discussed both the stratigraphy and the faunsl sonss of
the Port Clurence Limestone, and Steldtmenn and Cathesrt (1922) preseuted
s more detailed deseription of the stratigrsphy. In these deseriptions,
coriain genorsl statements were in asgreement, but each writer pointed
out uacertsinties sbout the stratigraphic sequence as wells All early
workers were agreed that the oldest rocks of the lork reglon (slates)
are pre~_rdovician in age, and that the limestones of the York Hounbtains
(Port Clarence [imestone) sre prineipally Ordovician in sge, bub some
Silurisn and dississipplan rocks were included, On the geologie map of
Aleska (Dutro and Payne, 1957), the slate assigned to the pre-Ordovicisn
by all previous workers was erronecusly re-assigned on extremely tenuous
grounds to the Triassic. ‘

With the exception of the confusion in assignment of the slate to
the Trisssic, the early uncertainty with respect to the stratigraphic
succession in the Fort Clarence Limestone is explainable on the grounds
that thrust faulting in the Tork Hountains was not recogaized, The
geologie map (fig. 2) demonstrates thet linestones of different ages arve



in thrust fault contact, and that limestose and slate losally is
in thrust fault contast. Honge, although some reference is made
hare to earlicr discussions, the following description of the
stratigrophy 18 based largely won the writer's work, asd wpoa
fessil determinabions mude Dy R Je Ross, Jre (Usds voclogioal
Survey) and Dy, Houssesu Tlower (dew Hexieo Institute of dialay and
Technology) on collections made by the witer,

In desoriving the carbonste rocks, the clussification scheme
of Folk (1959) is useds Unquestionably, the textures of the limestones
ehange, and certeln texiures wre good indicators of depositional
eaviroment, Sriefly, the limestones here desoribed, in Folk's
terns, are as follows: ‘

Miorite - a vory fine grained, evenstextured limestons with

lags than 10 poreent of tervigenpus materiul, and whdeh
represeats solidified microerystallios calelte soze.

Felletal limestone - even-taxtured limestone composed of

rounded or ovold aggregates of micreorystaliine caleite
cose, generally renging between <U3=.0f ma in sise, end
which wre cansidered to be fecal pellets,

Oparrite - & erystalline limestons with caloite grains exceeding

10 miorons in dismeter, and g enevelly clear, The sparry
caleite probably represeats a pore-{illing cesent.
fuwdite « 8 limestone cumposed of rounded fragments of limestone
in a cement of finer grained csleite. If the rounded
fraguewts came from within the basin of deposition, they

sre celled "intreclasts®,




The sbove torms are often combined to describe mixed rocks, for
instance, an intresparrudite is a rudite with sparry csleite gement
between the clasts, 4 pelsparrite 15 a pelletsl limestone with some
sparey cements For a full discuseion of the origls of limestunes as
exenplified by the texture and comyosition, s well as the desositional
envirenment, the reader is reflerred to Folk's papers

Rocks of preeOrdovieisn ige

Following earlier workers, Steidtmann and Catheart (1922, p. 16«17
described the slate that outercps west of the mapped ares, and in the
northers half of the ares shown in figure 2 (in pocket), s "darke
ealored to glisteanlng blsek grephitic sediments of exveedingly fine grain
without prominent vedding”, & deseription that applies only to the slaty
parts of the unit generally nesr mejor thrust faults. In the area of
figure 2, the slate also contains thick beds of greywacke, and
carbonageous phyllitic limcstone in asddition to the slate. The massive
graywacke is slightly schistoss in plases, ‘ut in others, beds of
graywacke up to two feot thick are found that ars not follated or
recrystalliszed. ‘est of Skoolum Oreck, greywacke in beds uwp to two
feet thick forms & soquence st least 20. feet thick, and is underlain
and overlain by bended siltstone, Similar beds sre seen north of
Drooks Mountain, where graywacks is Lhrust over carbonscsous slate, and
although no stratigraphic measurements were made, it is cbvious that
grayvacke and giltatone form a significamt percentage of the slate
formation, A4 plece of graywscke typloal of that from the arca morth of
the Zmnauguk River (fig. 3 ) consists of angulsr to subwound grains of
quarts and feldspar svoreging .15 ma in diameter in & matrix of elay




minerals, caleite and carbonasesus matter. Host of the foldspar is
plagioclose, some of which is clear, and scme of wideh showe alidte
twinadngs Of the mstrix saterial, csloite is most scundant, sad
anounts to about $ pereent of the rocke Sporadic greains of white
mice impart & erude foliation to the rock, but the poor sorting and
stratification on & ssall seale s & notable charecteristic of the
iroywackes

The wpper part of the slate unit is transitional into the overlying
argillagecus limestone tiwough a transitional sone seviral hundred feet
thiek whish goling up-section in the slate consiste of black carbonacecus
phyllitic silistone, schistose argillasecus rock which weathers boneegraey,
thea & strongly laminated, browiewsathoring siltetone with lentieular
beda of derkegray to black llmestone velaed with susll white caleits
vaing, and finslly & gray slate sbout 200 feet thicke Those units were
napped separately oaly in the headwaters of Skoolkum Creek in order to
denonstrate the ewnlormable relation with the overlying limestons.

in earlier publications, considersvle diseussion wes devobed to
the relation of the slate to the overlying limestone, Uolller (1902,
pe 18) considered the limsstene of the fork Mountains to be unconformable
over the slatesy Knopf (1906, pe 12) dizousses the problem in deteil and
eoncludes that the slate grades upward into the Port Clarence limestone;
Steidtmann and Catheart (1522, pe 21) concluded that in the York
tountaine and at Cape Mountain conformable relstions exist, although
this supposed eonformable sequence of limestone over slate involves
limestone of Mivsissippisn age at Cape Mountain, and of lLower Urdovieian
age in the York Mountains. This confusion i# csused by two factors (1)
luzping of all the limestones of the western Uewsrd Peninsuls into one



unit, (2) fallure to recognise thrust faults ia the areas discussed.

At present, 1t 1s definitely established that the slste of the
York region is sradational upward into an argillasecus limestone, which,
however, is pre-Ordovieian in age, and whieh is not properly considered
8s part of the Fort Clarence Limestone. This limestone unit is shown
on the geologic map as pOsl. Hear granite, thersel metamorphism has
converted the argillaceous limestone to cele-silicate rock (a ters used
hare to apply to all reconstituted carbonste rocks), destroying its
eolor, snd meking it difficult %o seperate the various argillxeecus
limestones. This 15 especially true of the limestones surrounding
frooks Yountain on the morth and cast side, where argillscecus limestones
of different ages are in thrust contact,

e il i IR I Bl shistedbcioetbacs B e Dot s hsdhidse

The argillececus limestone, locally schistose and veined with
sumirous quarts-carbonste veins and veinlets, overlies the slate
conformably or with only miner disesrdance throughout the ares of
figure 2, Tods of silty claystone averaging about j=1 inch thick are
interlayered with beds of finsegrained silty, srgillacecus, and dolomitie
limestones, which, on fresh fraciure are distinetly light olive gray to
medium gray in eolor. Hinute ocubes of pyrite sre avundant locally in
the limestone, and the westhering of the pyrite gives a distinet orange-
red g¢oloration to slopes underlain by the argillaceous limestons, The
argillacecus limestons is moderately to intensely deformed isto smalle
soale folds, and locally displays & cleavage which crosses the bedding
{fige L) Hear faults, the argillaceous limestons is intonsely
dragfolded, Tt 12 everywhere eut by veins and velnlets of quarts and
earbonato, the ublquitous pressnce of which ususlly distimgulshes it
from younger limestonss which are lithologieally similar,
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Figure li. Cleaved thin-bedded argillaceous limestone which
overlies the slate of the York region. Ixposure is
beneath the thrust fault on the western end of the
limestone of the York iMountains, at the head of Clear

Creek.
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A typical plece of argillscecus limestone {rom beneath the thrust
fault on the mountain between the headwaters of lost ilver and the
east headwaters of Mint iiver (specimen Gleiln-501) consists of finelye
banded medium dariegray limestone which in thin section 1s seen to
eomsist of approximstely €U percent of mieritic limestone and spproximstely
LO peveent of terrigeacus materisl, principelly cliy minerals, mica, and
quaris or chert grains, Ixeept for one mica flake, the terrigencus
greins are loss then LU ma in dismeter. A few sireons, {ragwents of
pyroxens, and antigorite(7?) sugiest that mafic rocks were being sroded
somewhere within the source sree thet fwrnished the terrigencus fragments.
Pyrite forms 8 few isclated grains as well as strings of grains, the
weathering of which gives o rind of orange-yellow eolor on the specimens

In most of the area of figure 2, as well as in the ares csst of the
mouth of the Hansuguk River (figwre 3), and st places us far eway o8 the
Don River and Teller Mission, 3O miles east, the red-weathering
argillacecus limestone is in thrust contaet with younger, fossilifercus
rocks of the overlying Pord Clarence Limestone, DSeceuse of the crumpling
of the beds, and the thrust reluations with younger rocis, the thickaoss
of the ptel unit is undociphersble. It must, however, be several
hundred feet thick, No fossils of any type, or struclwres suggestive of
fossils, have been observed in the argillacsous limestone where showm
as poal en the geslogic mape

Between the Mint River and Gkookun Creek, unfossiliferous limestons
that 43 younger than the plal unit crops out over an area of some 10
square niles, and 1o trensitional above the red-weathering poal unit,
Fold axes of larger folds in these younger limestones trend almost sast,
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and the larger of these are complicated by numercus and complex
ninor foldse The rocks eontain numerous veins and velalets of quaris
and carbonate, Owing to the oumplexity, the contast betweea the
pOal and pol unite is not shown everywhers on the geologic map.

The stratigraphic succession in the pol unit is shown best st
the north end of the hill vetween 'dut River snd Skeokus Creek ua the
southefaoing slope, which is aluost porpendiculsr to the dip of the
badee The rede-weathering plel unit is overlain Ly ebout 500 feet of
thinebedded, plsty, argillacesus limestone thet weathers prey greens
The limestone is greenish gray on fresh fractures The beds shove are
very thin bedded (i~ ingh) argillucecus and phyllitic limestone which
are greecaish grey oo both frash fractwre and weathersd surfages This
ver; thin bedded limestons is about 200 fret thick, and is sueceeded
by about TU0 foet of thinebedded argillacecus limestone with sbout 50
percent of elayey layers rhythmieslly interbedded with mediumegray
fineegrained mioritic limestone with an occcssional knobby surface
susgesting strosatolites. This limestone weathers into rounded slopes
with & distinet brownish tinges ‘o foseils were cbserved in any of
the beds below the top of this thinebedded arglllacecus limestone.
The argillacecus limestone is transitionsl over about 150 feet of
section into modiume %0 thinebedded dolomitic limestons which is
brownish gray on fresh frecture, and distinotly brownish on weathered
surfoce, The dolomitic limestone is st least 750 feet thiek, and
westhers o give blocky plates as much a8 2 feet in diamcter, In the
uppermost part of these rooks, westhered plates occasionally display
& faint wora tube cast, or fueoidal merk, which is the first hint
of fossils in the seetion,
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From the sbove deseription it is seen that in the area narth of
the mountaing west of Mint River as amoh a8 2,300 feot of wafossilife
erous limestone overlies the plal wndt, Mor the most part these beds
are gharec epized by guarts-earbanate weinlets, soderate to intense

¢ragfolding, and total sbsence of signs of 1ife, Thess chavacteristiss

are desmmd pufficlent to assign the rooks to the pre-Crdovielan,
although 1t is posgible that the uppermost beds sre equivalent to
the lower part of the overlying rocks of esrliest larly Grdovieian
age, which are sxposed slsewhero.

iround the mouth of “seh “resk, a tributary of lost River, a very
thin bedded srgillacecus limestone outorops over an ares approximatoely
one-hal? mile sorcsss Those rocks (figure 5) are highly contorted and
contain Some quartaecarbonsts weinlete. Thelr west Loundery is o
fault dipping gently west, and the esst boundary is bencath the
alluvimm of lost River. After repeated examination, the writer is
unable 1o sseign these rocks definitely, snd on the map they are ine
cludad with the rocks of serlisst Tarly Opdovielan age (Cal) that
underlie most of Lost River valley in that area, There 18 a distinet
possibility thot these roeks awe egquivalent to the wery thin bedded
Llimestons sbout 200 feet thiek thet ccours 4a the rocks of pree
the int Adver (page 13)s If so, they are probebly & wisdow in an
unrogognised thrust faulte

Summary of Fre-~)pdovician dooks

The pre=_rdovieian rocks desoribed represent a gradusl change
in deposition from unfossiliferous shale and greywacke through
argillssecus limestone inte argillscecus lisestons end dolomitie
limestone with & few wormebtube casts and fucolds in the uppersost
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Figure 5. Very thin-bedded argillaceous limestone of uncertain
age exposed about the mouth of Esch Creek, a tributary of Lost

River.
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parts The oldest of these rocks are iatensely folded, nederately
metamorphosed to slste or phyllite, veined with quartsesarbonate
veing, and intruded by gabbre, The youngest beds are but alightly
folded, completely wmntamorphosed, and sporingly fossilifercus in the
upper perte The time span vepresented by them, then, is sufficient
for a poricd of widespread plutonic setivity to die out, for the ine
trusives to be deformnd and made sehistoss, end eovered by thousands
of faet of argillasecus limestons prior to the apposrance of the
first signs of 1ife. It is ontirely possible that this tise span
covers the PreessbrisneCasbrisn bowxiary, the soscalled Lipalisn
interval, bub in the sbsence of conlirastory proof, such a8 “absslute®
age dates, thw rooks cen be assigned caly %o the pre-Urdoviciane
Aocks of lower Usdovisian Age

In the York Mountaing, lisestones of Lover Ordovielsn age compose
the bulk of the bedrogks For the most cort these limestones dip
northeard, and when viewed from the air give the ispression of & homoe
oline broken only by normal faulte. leports by Brooks, Richardson and
Collder (1901, pe 31), by Collier (1902, pe 21), by ¥nopl (L50H, pe
€3), and by Tindle (1911, p. 335«3L9) established the age of the
limestone as ‘rdovielsn, predominantly lower Urdovieisn, with sceme
Zilurian, The stratiprechie succcssion, however, respined a matber
of eonsidersble spegulstion.

¥ithin the area mayped by the writer in the eentrel Tork Moune
tains, these Lower (pdovieisn limevtones heve besu grouped iato tiwee
map units, the lowermost of which may be transitions) dowwsrd into
the uppermost pre-Ordovieisn rocks just described, and the uppurwmost
of which epens the boundery between Lower and Niddle Ondovicisn, They
are best classified on the basls of their depositional enviroment.
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From the moubh of Lost Aiver westwerd to the Kenauguk River, a thick
sequence of argillaceous limsstones with features imdicative of a shallow
wator environment of depesition is exposed continwously in se: ¢liffs and
in stream valleys. Thess rocks show a gredational change over several

thousend feet of swuction wpward from thinelsdded, Jineegrained cerbonsceous

limsstones and dolomitie limestons with & few interbeds wp to several feet
thick of massive dark limostones into rocks of the overlyiog =mep umit
where the msssive beds preduminete. The lower, thinebedded rocks have
rounded glasts of limestone similar in compesition %o the swrrounding rock
(figure 6)s where the limestones wre merkedly erossiedded, they consist
predouminately of dolomite and terrigencus minerals, cleewhwre dolomite is
for the most part subordinate to calcite, The massive limestones are
csleitie, and locally have & knobby surfsce strongly suggestive of
stramatolites (figuwe 7)s 7The stromatolites and crossbedding show that
the section is right side up throughout the area west of Lost Hiwer,

In messured secticns at the sea oliff west of Lost Aiver valley, and
weat of the mouth of Kotesbue Cresl, the limostone could be grouped inte
distinctive types. Wesh of Koteebus Creek, 1,06L foet of beds were
measured, and grouped roughly into the following types, following the
classification proposed by Folk (1959)e The percentage of each type is
given following the deseription:

le lediumegrey, fineegrained argillscecus pelsparrite limestone in

veds averaging yel inch thick which weather light gray. Limestons tends to

lensodd (less than one inch) fragments surrounded by films of clay, Tops
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Figure 6.

Clastic limestone (rudite) in beds of the shallow

water facies of the lLower Ordovician limestones.




Figure 7. Knobby-surfaced limestone of the shallow water facies
of the Lower COrdovician limestones. Ixposure is in northe
flowing stream which enters the south headwaters of the

Kanauguk River,
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of Lods are coated with clayey and sarbonsosous filus - 20,7 perceut.

2y Hediumegre; to slightly brownishegray sparrite with bedding
indistinet in beds to 10 feet thick « 5 pureent,

3o lediumegray Yo Mghtegray, sugary-textured, lasinated,
erossbedded, dolomitie, sandy limsstons weathering faintly brownish
greye The lsninations weather into rids, and avorage between 1/16
end 1/32 dneh thick « 11,2 percent.

he rediuwne to thinevedded, mediume;ray, ruiitic limestons that
wosthers mediwmeyray, and with sumerous rounded white clssts some
1/16 inch in dismster « 0,6 pereent,

S¢ Thinebedded, medimmeirsy, dolomitie limestone with surved
argillacoous pertings es much as | inoh thick, Some beds are falatly
leminated and erossvedded, AlL westhar medium grey « el percent.

Go Vassive-todded, mediumegray, [ine-;reined, mieritic linee
stone with dlseontinuous filw of olay oriented in sll directions,
poreante ;

Te Thinebedded limestons and argillacecus limsstone spproxie-
mately 50 pereent clays Deds sverage § ineh thiek, and alternste
rogularly from eclay to limestone, “sathers into eliffs soveral feet
high with distinetive pale yellowisheorange eolor - 21,5 percent.

fe Thinebedded, sugery-textured nediuwswgray to medium lighte
groy argillaceous limestons with bads of clastic limestone, Westhors
into blosky plates which dlsplay elests, ewesh marks, seour marks,
ste, (figure 6) « 3.0 perceat.

9s Very thin bedded mediwsegray to oliveegrey argillacecus
Limestons westhering into curved, yellowishegre: plstes less than
1/0 inoh thick « 2,7 pereents
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Although these warious types recur throughout the section, there
sre distinet changes upsection which are noticesble on careful exasination,
@egey the orossbedded, laminated dolomitic beds are most comaon and
thickest near the bese, the massive beds inorease gradually upsection, |
and the thinebedded, regularly-alternsting limestone snd argillasecus
limestone (type 7) becomes more sbundant and thicker upseotion. The
scareity of chert in the thicker beds iv extressly disgnostic, for in
the overlying units, chert bee:mes noticoable in the massive beds, and
is assoclated with a eolor change to light brownish gray. <hen fault
blocks are studied, those oriteria ¢an be used Yo deteramine roughly what
part of the Cal undt is reprasmted, but only AL sufficient beds are
oxposed so that one can be reasonably eertain of the changes in the
sectlon,

The measured section constitutes bub a sasll part of the Csl unit,
A constructed oross section, eoatinuing (rox the measured seetion, shows
thet these Harly Ordovieisn, shallow-wster feeics beds eould be as
much a8 L,500 feet thick in the ares west of the mouth of Lost River,

The lithologie varistions seen in thin sections of limestone from
the messured section are too numrous to deszeribe complately, but a few
typieal rocks are described as seen in stained thin sections.

Spseimen 6l-ASae36, & laminated, crossbedded, dolumitic limestone
from the mouth of Xoteabue Creek, consists of an lmpure dolomitic
limestons ocntaining approximstely LO pereent of terrigencus fregnents (3
comprising sngular %o subround quarts, plagioclase, zircon, leucoxene, i
mnica and towrnaline, The dolomite forms isolated rhombs and strings of
rhombs, vhereas the caleite usuelly forms comnecting petohes as well as
formless, isolated grains. The terrigenous grains aversge sboub 06 sm



in dismeter, and the dolomite rhombs 08 mme The lasinations are
caused by a faint inerease of terrigeacus fragments. The rock is
classed as a guartsoe-feldspathic limy dolomite or dolomitic limmetone,

Speeimen 6leifnel, thinecedded, medius deriegray argillacecus and
carbonageous ruditie limestone, faimtly laminsted, beach, 2. miles west
of the mouth of Lost River, Limestone is fucoddslly and ripple narked.
Consistes of sbout 80 percent mierite or pelletal ealeite, loeally
reorystallised to sparrite, 15 percent dolomite snd 5 percent terrigencus
frogments of plagicclsse feldspar, quartz, mies, and elsy minorals,
which surround and cement rounded clasts of micritie or pellstal
limest ne, The faint laminae are caused by strings of terrigenous
fragmente which ere sngular to subround, and which average about .04 ma
in dismetor. The caleite graine are less than 002 ms 4in asise. in
ingoluble residus shows several greins of pyroxenc. The rock is & rudite
aumposed of rounded fragwents of miorite or pelsparrite.

Sponimen €leilus26, rhytimicallyw-banded limestone and olaystons,
upper part of shellow weter facles, ridgeline at head of center fork of
Xotestue Cresks Clayey bands 1/16 to | inch thick interbedded with
lght olive-gray, fins-grained limestone avoraging about § inch thicke
Limestone consists of wniforaly-sized mlorite loss thea 206 m: in
dismeter with soattered rounded areas of chert(?) some 06 ma in
diameter, Claystone luyers contaln less then 10 perceat ealelte and
are mostly olsy snd siltesised fragments of mics and chert(?).

The nein fossils sparingly found in beds of the shallow water facies
somprise brachiopods, gestropods, and trilovite fragments. A fow beds
contain rounded clots suggestive of colites, snd extremely rerely, veds
with noticeabls fossil fragments are found, ALl fossils ideatified to
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date are either lowsrmost Canadlan in age, or inolude forms that range
into the Canadisn (lower Ordovielan)s

The depositional enviromsent of the shallow water fesies is adequately

shown by the ripple marks, clsstie limestons and high percentage of
terrigenous fragments. The depositionsl basin bordered s land mass which
furnished detrital quarts, feldspar and such minersls as pyroxene,
sireon end loucexene, slong with large amounts of clays This mineral
sssenblage suggests that the glates of the York region, with thelr
gaburoio intrusives, were Leing eroded at plases on the land mass widch
furniched the terrigenous fragments.

Conformably above the limestones of the shallow water fecles is a
thick seetion of thicker bedded limestones with subordinate thinebedded
limestone and argillacecus limestone, all of which was devosited in
quiet water, The transition is gredusl owver several hundred feet of
section, and the coutsct in auy perticulsr ares is pieked st the first
massive limostons that 48 over thirty feet thick, is some of the massive
limestonss change thicknese laterally, it is probable thst the contact
a3 shown on the geologie map is not 8 single owmbinuous horison.
Hoverthelsss, the contrsst between the two unite is unmistaksble, snd
they are sasily distinguished except where the upper part of the shallow
water fecles is faulted sgainst the quiet water fucies, The appearance
of the transition is shown in figure @, ss exposed on the west wall of
the elrque south of the central part of impld Hiver,

The basal massive lisestones range in color from medlus gray to
1ight browaish grays ‘m fregh fracture they digplay crystal faces as
much as 1/16 dnch in sisze which give & distinotive epystellinity to the
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Figure 8, Contact between rocks of the shallow water facies and
overlying qulet water facies, cirque south of central part
of Rapid River. Shearing along top of first massive bed

indicates that the overlying rocks are in thrust contact.




a5
rock, They weather into cliffs with an sxtremely rough, pitted surface.
in some beds, faint bedding can be secn, others are massive over dosens
of foet, The massive limostone is sntirely ecalsitic, aud charsecteristically
containg scattered nodules and lenses of chert.

intervedded with the mussive limestones are thine to mediumeledded
caleitie limestones which lack the ripple marks, swesh marks and clastic
limestone fragments typloal of thinebedded limestones in the shallow
water facles, Many are fusoldally marked, however, In some ssctions
tunireds of feet thisk, thinevedded argillacecus limestons may sccount
for almest half the rock, but the massive inturbeds tend to retain a
brownish tings end chert nodulss, which distinguishes them from the
thicker beds in the shallow water facles, In marked contrast to the
fosgils in nassive limestons in the shallow water facies are the spsring
but noticeable cephulopod siphuncles in the sulet water limestones,

Typieal specimens of the massive limestone are as follows:

Specinen (leASne27, medium lightegray to light lwromnishegray
massive limestone fyrom the thick bed shown in figwre 8, Consists of
round to subround intrsclasts avorsging about 1 mm in dismster swrounded
by elsar gparry ealeite., The intrsclasts are composed of grains or
pellets less than ,002 mm in dismeter. Insoluble residues are almost
eatirely rounded clots of fineegreined silics and of olesr quarts. The
rock is an intrasparrudite,

Speeimen O3eiineZ29i, mediumegray, sperry, massive limestone, ridge
at head of center headwaters of south fork of Cassiterite Crecks Caleitic
lisestone, composed of & mixture of rounded intrzclests of micrite or
pelletal limestone, colites, both redially and cangentrically developed,
ostracods(?), fragments of erinolds(?), and bits of fossdl hash encesed
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in elear sparry caleite. Inscluble residue consists of & minute esount
of chart, olay minerals and mica. The rook is an cosparrits, and is the
only oolitic limestone recognised in the field or in the laboratory.

Hunsrous other thin seotions of massive lumstons disclose that

these thisk beds of the quiet water fecics are ohsrasterised by a very
low amount of terrigencus material and by a very high rercestage of
caloite. The limestome for the most part is miorite or rudite composed
of clasts of micrite (or pelletal limsstow) surrounded by clear
spurrite. Near faulis, the maasive limestone is dolomitized over wide
aress, which, unlass the relstion of the dolomitization to faulting is
recogaized, would load one to deseribe the rock as sedimentary dolomite.

The thickness of beds of the quiet water fagies has not been

detersined, In the southwest headwators of Rapid idiver, a cont!nuous
section of beds 2,135 feet thick was measured, and fitted into § Sypes.
The types and proportion of sasch are give: below:

Type 4 = modium-to thinebedded, fineegrained, eoneholdally-
fracturing, mediunegray, srgillacecus limestone with
argillaceous materisl parallel to beds - L¢ percent.

Type ! = massive, mediumegrained, medium-gray to light Lrownishe
arey sperry, ealeitic limestone, locally with chert, Jeathers
1ight gray to pinkish gray « 24,3 percent,

Type C o mansive, mediumm;rained, hackly-rracturing, mediwsegray,
sparry, caloitie limestone, loselly with chert - 10 percent.

Type U = medivme to thinebedded, medium-grained, medium-gray to
light brownishegray, conchoidally fracturing limestons with
minor but distinot argillacecus partings parallel to beddingj
moderate fueoidal markings. veathers light gray - L, 8 percent.




Type L « thickebedded, mediumegray to light brownishegray
limestone with ehiplike argillsceous wmaterial, locally
beeoming argillaceous pertings - li.f percente

The messured beds 1ie well sbove the base of the UL unit, and &
constructed section %o the base of the ualt shows that approximately
Liyg0t0 feot of beds wnderlie the weagured beds. 1t is possible that
ainor faults cavse repebition of beds, but no feults sre known which
oould cause a repetition of & substantisl amount of the L,000 feet.

The totel thickness of rocks in the UL unit in the area soutimest of
fapld Miver is indicsted, therefore, as approximately 6,500 feet.

Fossils ecllscred from limestonss of the quiet water facies just
deseribed include braghiopods frum the thinebedded rocks, snd cephslopod
siphuneles Drom the messive beds. To date, all determinstions of age
fall into the Consdian (lower Ordovieian), or inte the early Llanvirm
{1ate larly Ordovieian),.

During deposition of the quiet water faciss, the supply of
terrigencus material to the besin of derosition was cub off, and waters
becase clearer acd deeper, #s indieated by the cephalopod siphuncles
and the lsck of shallow water marks, such as crossbedding, ripple marks,
and ¢lastie limesbonm.

|

At the top of limestones of the quiet wabter facios is & section of
limegtone with a distinetive plakish eolor on fresh frecture, a lerge
amount of trilobite fregeents, and regulsr bedding (figure )¢ These
rocks weather 1ight gray %o a light bluish grey waiike say of the
underlying rocks, These pinkish lisestones fora the upperaost beds of
Lower Ordovieisn age. They have not been delinuated separately on the
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Figurev9. Beds of pinkish limestone of the uppermost Lower
Crdovician rocks where exposed at the base of the mountain
in the west headwaters of the Kanauguk River. Scale shown

by packsack in lower center.
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C nap, but their color 1s so distinctive that thay easnot be wmistaken
The beds of pinkish limestane ave sbout 200 foet thick, and sre of
importance becauss they ocour in swall outerops in two places, whieh
allows the asaigmment of overlying dolomitimed limestones o the

Hiddle Ordovielan (0sge; 1n the fault block between lost River and
Curve Creek, and north of Anderson Cresk on the east boundary of
the quadrangle).

A massive bed in the pinkish limestone is seen in thin section
to consist of caleite in gralns rengiag from #0068 to oU2 mm in
dimmeter, vith local areas of clsar sparry culeite of coarser grain.
ingcluble residues are exiramely rere, end consist of twinaed
plagioclane feldspare & fow ourved ssctions of wrilobite glabellss
are noticeavle 4o the heand specimen.

Fossils colleeted fpom the plak limestones unlt by Sainsbury

‘ and identified by e Jo Hoss, Jrey Usds Gsological Survey, are
trilotites and greptolites of late ivenig and early Llanvirn age
{latost lover Ordovieian)s The trilobites are descrived in the
Journal of Paleontology (Aose, 1965).

Rocks of widdle Ordovieian Age

3 K5 e .

with & eontast which is gredationnl over seversl tens of feet,
The simle is betwean 20 and 50 fest thiok, and is succeeded Ly
a thigk section of mediumegray Lo dark-gray limestone which
woathers to give swooth slopes without o¢liffs, and of & distinetive
dark yellowishebrown to dusiky yellowishebrown color (figure 10)e
For gsevaral dozens of feet sbove the shale the gray limestons
containg thin partings of blagk shale. Near the base, the

e linestons is flagay (figure 10) snd eontains bands 1/8 to

274




Figure 10, Dusky-brown weathering limestone and shale of the
: Oshl map vnit south of the headwaters of Andoréon Creek., The
unit is cut off by a fault, and rocks that form mountein top
in center background are roughly equivalent to those forming

the ridge in the left foreground. View north.
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Figure lOB. Dolomitized flaggy limestones of the lowermost
Middle Ordovician (TLlanvirn stage) rocks above the graptolitic
shales on the mountain on the southsast flank of the granite

of Brooks iMountain,
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1/k inch thick of carbonacecus or silty limestone, ZJome beds contain
rounded to reniform clots a8 much a8 1/2 inch across composed of minute
grains suggesting globigerina, and some contaln discoid lenses of
medium lightegray chert. About 200 feet above the Lase, & §=foot bed
of pinkish limestone similar to thet in the pink limestones recurs, The
gray limestone is extensively dolomitized nesr feults, an. t.. vzathered
dolomite gives distinctive buffegolored streaks. Fragments of
trilobites are common throughout the gray limestones, as are greptolites
in the shaly partings.

The pinkish limestone of the Ol wnit, and the shale and limestone
of the Oshl unit, form isolated patches in an east-wsst belt across the
gentral part of the York Hountains. All the exposures are cut off on
the north by major faults, and the total thickness of exposed beds is
2,400 feet where they form & large hill west of the Mint River (figure 2).

The youngest Feleomsie rocke of the mapped ares ocour in the upper
klippe on the mountain west of Mint River., Although they consist of
nediune-bedded nmedium-gray to derkegray limestone with some light
brownishegray limestone, both lithologically siamilar to some of the
older limestones, they contain & distinetly different fossil assemblage.
A key fossil is Labyrinthites sp., as deterained by Dre. T e Solton
of the Geslogieal Jurvey of Canada, which, sccording to Lr. Solton
{(written communmigation, 196k) "are limited to the Ordovieian, probably
the ¥iddls Ordovieian,®

In the klippe, the rocks all dip northward st angles from 30
degrees to 50 degreses, end Yocally are comgletely dolomitized,
Approximetely 1,250 feet of beds are exposed in the klippe, and these
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are fossiliferous throughout. The fossils thet date the rocks as
Hiddle Ordovician were obtalned from beds foruing the top of Lhe mountain,
and are nesr the top of the exposed beds.
Foeks of Upper (rdovician ige

Limestones of Upper Ordoviclan age ccouwr in the Uon River, some fowr
miles east of the esst boundary of figure 2, and have been examined only
cursorily by the writers These rocks were described originslly by
Findle (1710}, although Collier (1502, pe 21) reported oa fossils
collected from Lhese rocike and which wers determined at that time to be
of Lower Silurisn age. OSeversl redeterainations of these fossils, the
laot by We Ae Oliver, Jre, UsSs Geclogisel Survey, in 196k, show that
these rocks are of Upper Urdovielan age, and have no faunsl similarity
with the itlddle Ordovicien rocks described in this reporte The Upper
Srdovician rocks are not described hers, but they are important because
they indieate that deposition of limestone continued probably throughout
the Crdovicisn in the ares of the York Hountains.

Sumaary of Urdovician Rocks

In the mapped srea, deposition of limestone continued almost
wbroken throughout Lowar Ordovicisn tise and lato ewrly Hiddle
ordovisien time. Lluring this span, beds of limestons and argillacecus
or dolomitie limestons aggregating at lesst 0,000 feet, and possibly
12,000 feet, in thickness were deposited in a marine basine Ia sarliest
Ordovician time, the limestones were deposited in a shallow water
environment which recelved abucdant terrigencus materiale The basin
graduslly deepened so that by later Lowsr Ordovicisn time, & thin
graptolitis black shale wes deposited., Mollowiag deposition of the
black shale, the besin probably shallowed somswhat and limestons was



depomited during at least some of (and probably all of) idddle Ordovician
and Upper Ordovielan time, Puture mapping esst of the area of this
reapart can Le expeeted to establish & section of fossiliferous limestons
that represents all of Ondovielsa time. The graptolites collected in
this study are woadlly correlated with those of the Duropean sectlion.
focks of Flelstscens Aye

locks of Flaistocens age ocowr in the ceatral York Mountaines enly

as seattered patches less than a square mile in area along the imner

and other Ylelstocens deposits sre disoussed in detail, and the age
asgignments are justified on fossll and geomorpide data, Only the main
eonclusions are sumserised here, which is the abstract of the T4
paper {(Sainsbury, in press).

and both pecord interglacial sea level stands. The oldest,
the York ' (York Deach), which is mostly Letween 175 and 210
neters (560 and 700 feet) sbove sea level, is of Yammouth(?) age, as

by merine fossils in merine : terrace
mzmwmmnrmm;mmmm
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Theoughout the mapped ares, the structure of the York Hountsins
is dominated by imbricste thrust feulting, and by seversl sets of normel
faults, some of which sre mejor faults with wortiosl displacement exe
eseding 1,000 fost (Menauguk Fault)e olde large enough to map are
pragticelly restricted to the rooks of pre«irdovicisn age, or to the
vieinity of lowegngle faults. farlier workers interpreted the geologie
strusture of the York Mountains as a great, faulted symeline trending
north {(Jteldtmenn and Catheart, 1922, pe 32}, besed upon the fact that
the older slates swrrounded the younger ‘ort Clarence Limestons on
threo sidess The geologie maps of this report (figures 2 and 3) show
elearly that the limestones of Urdovisian age sre everywhere in
thrustefault oontact with the pre-Urdoviciss rocks. leconnaissence
to the eash hes shown that this thrust relation holds at least
eighteen miles east, and probably farther (personal cbesrvetion, 1963),
from whieh it is eoncluded that the York Mountains are carved from a
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small segment of & series of thrust sheets of much larger exteut.
The delinsation of the extent of tiuwusting is a ¢hallenging probles
for the future.

Thrust Faults

on the goologle map, two main thrust fsults are nemed, although
soversl others are showm, The north front of the York Mountains is
bounded by the Mint River thrust (figure 13), whieh locally is a sone
of imbricute thrusts, West of the east hesdwetars of the Nint Hiver,
the thrust seperstes limestone of preeOpdovieian age from limestone of
late larly Ordovieisn agej to the sast slate is faulted ageinst late
farly Urdovician limestone, Where the thickebedded lisestones of the
Llower plate rocks are intensely dragfolded for several hundred feet
below the fault plane. <here thrusts are within thicker bedded limew
stones, the thrust is often & msorobreccia as much as 200 feet thick
(figure 1) thet consists of Jusbled, angulsr blosks of limestons often
with & high percentage of cavities bebween vloeks, 4t Camp Ureek, such
a porous zons has been important in losalising fluvorite-beryllius
deposits. Unexplainably, the rocks of the upper (hrust plates for the
most part are bub slightly folded, and oaly lecally is majer fold
astrusture developeds In the area between the last Fark of (rouse
Creek and the headwaters of the Andkovik iiver, chevren folds are well
exposed in upper plate rocks, snd these folds inwolve the thicke
bedded limestones of latest Harly Crdovielan age (figure 15). Elsee
where, the generally north dip of the upper plate rocks is notewerthy
(see oross sections, figure 2).

In the south hall of the map area, a second major fault (Repid
idver fault) dipplng south between 25 and LO degrees is interpreted



38

Figure 13. Mint River thrust east of the Mint River. Rocks
below thrust are red-weathering argillaceous limestone of
pre~Crdovician age, those above are of late Farly Ordovician
age. View east. Brooks Mountain in left background. Dark
tundra in center foreground is infolded shale of the Oshl map
unit. Cross section B-B!, figure 2, passes through folds at

right angles,
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Tectonic breccia near thrust fault, showing disoriented

blocks of limestonse.

Figure 1.
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Figure 15. Chevron fold involving medium= to thick-bedded limestones
of the Ol map unit, ridge trending northwest between the
headwaters of the Anikovik River and the east headwaters of

Grouse Creek. Fold axis is almost horizontal.
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48 a thrust fault, based upon the stespening of beds st the fault plane
in one area (figuwre 16), The steepening of beds near the fault is a
characteristic feature slong the Mint Riwer thrust, and indicates that
rocks of the wpper plate moved north or northwest. Although the cross
ssctions (figure 2) would be easier to explain Af the Rapid River fault
were interpreted as a loweangle normsl fault, the steepening of beds
shoun in figure 16 is believed to be dlagnustic of nortimard movement
of the upper plates In addition; the fapid River fault sontinues east
of Lost Hiver, and although complex, it beocomes a flat fault on the hill
south of Camp Creek, where snother thrust dipping gently southesst lies
bensath it. Doth faulits are believed to Le thrusts,

Along much of its length, recks of the upper plate along the Rapid
mﬂtmnmmium,amammmammn
(figure 17). The dolomitization, especislly in thickebedded rocks, has
ersated a banded light and dark “sebrs rock™ that throughout the area
is confined to rocks near a major fault (figure 18),

Elsewhere in the map area, thrust feults mark the boundary between
thickebedded limestones and thinebedded limestones, and it is evident
thet the thickebedded limestones were relatively competent, and commonly
localised thrust planes, some of which may reflect but aminor movement,
howevare

Hormal Faults

In a previous publicstion (Ssinsbury, 156k, ps 9=10), older
literature dealing with faults in the Lost River area was synthesized,
and it was shown that three distinet systems of nommal faults cut the
rocks, Continued geclogie mapping has shown that these fault systems
are of regional extent, and sre of great importance in locslising ore
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Figure 16, Rapid River fault in south tributary of the Kanauguk

River, showing streepening of beds in upper plate, View east.
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Figure 17. Rapid River fault where it enters the drainage basin
7 of Rapid River. White color \abox}e fault plane is caused by
weathering of granular, white dolomite that has replaced

medium~ to thick-bedded limestone of the Ol map unit.
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Figure 18. Banded dolomite ("Zebra rock") that replaced mediume

bedded nonmagnesian limestone, bed of Rapid River,
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deposits, New information now forees revigion of age assigments of
the faults, however, snd & now systes has been recogniseds

In sddition to the thrust feults, four sebs of normal faults are
now recognised. The strongest set strikes ¥, 65%-85° 2,, and individual
faults dip verticslly or steoply south or north, although south dips
srevall, These faults are camsonly downthrown to the south, with
displacements not exceeding a few hundred feet. Most of the dikes in
the mapped ares are intruded slong feults of this aystem, although the
dikes are sppreciably younger, and faulting hes recwred along some of
theme

4 second strong system of faults strikes N 209609 W,., with downe
throw to either cast or west on different faults. This aystem is
expresged particularly well along the south front of the York Hountains
wost of Lost River. Only a few dikes intrude faults of this system.
vest of fing River, faults of this systesm cut lamprophyre dikes injected
in faults of the N, 65%85° u, system.

A third systeam of feulbs, some of which are continuous for meny
miles, and which eut faults of She systems slready noted, strikes
almost northe Most of these faults dip steeply and downthrow to either
side is common, Ho dikes sre known to ocour in faults of this system,
and no koows mineral deposits are localised by then.

The youngest normal faults, and those with greatest displacement,
sre exesplified by the Kansuguk snd York faults, On the Kansuguk fault,
wiich dips 30°60° south, the south bleck is dounthrown more than 1,250
foet, for the rocks of the Oshl map unit are cut off cumpletely. 'n
the Tork feult, which is well shown on the York terrace cast of lost




L
ddver, downthrow %o the south mey snount to 5,000 feet, based on the
dieplacenaiy of the mapped contast botween the Qal and UL unite north
and south of the fault. Both the York and Kenswguk faults are somoe
what areuste, the overall strike averaging almost enst. The lsnsuguk
fault cannot be placed certainly in the aros of the hendwaters of
Lost River, where the rocks are extensively dolomitised and feactured.
Several other faults dipping less than 509 south are known, snd
thase cut and sre cubt by northetpending faults. For the most pert,
however, fazlte of all the other systeas are out ond displeced by
the Kanauguic and York fuulta.

Around the granite stosks at Wrooks Mountain and in Tin Creek,
suall faults ave developed radiellys A few rhyolite and lemprophyre
dikes are injected in thess faults, and some of the dikes out the
intruded the faulte that trend i, 65°-85° 1, many of the dikes cone
tinus unbroken acrose feulis of younger systems, proving conelusively
that injection of dikes took place afber most of the faulbinge In
the Lost fiver mine, the Cegsiterite dike oontaing the main tin end
tungsten ore shoots, and the ore is cut by 8 posteniasral normul
fault along the dike, whish proves recurrest faultiage The faulte
sre important econcmically becauss they have been the main ehannels
for ore-forming sulutions, Subsequent movement on faulis alresdy
iatruded by dikes shattered the dikes and wall rocks, and provided
favorsble channels for mineralizing flulds.
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Age of Faulting

The thrust faulis eve intruded by all igneocus rocks younger than
pre-tpdovician in age. AL Grocks toumtain, the graaite stock of late
Cretacecus age plerces the iint River thrust, and as the youngest
rocks in the =ep ares are Middle Ordovieias in age, the thrusting
cannot e deted more closely than posteiiddle rdovieian and proe
Late Crotageous,

Some of the normal feults cut the granite stocks, but none
displacs geomorphic surfeces of middle Pleistocons age (York Terrace),
and in the absence of bedded rocks of Cretsceous or Tertiary age, the
nornsl faulting cannot be dated by stretigrachy more elosely than Late
Cretscecus to early PMleistocens i age, although much of the normel
faulting credated the genoral spoch of intrusion of plutonic roeks.

Tertiary(?)), and one by composition (grenitie or mafie)s Fast of
the map eres, nepheline baselt leva flows of Fleistocene sge are

sxposed, The igneous rocks of pre-Opdovieisn age are restricted to
the outerop area of the slates of the Tork region, and to the thine

bedded, argillacecus limestone of pre-Urdoviclan age. These pre=
Ordovielan igneous reocks form small plugs, sills, and narrow dikes, and
most ecan be classed as mediuwse to conrse-grained gabbro. They are
deseribed by Steidtmans snd Catheart (1922, p. 19) as follows:

"The pre~Urdovieian besalt, gebbro, and olivine gabbro are finee
to mediusegrained compsct rocks which were intruded es dikes, sills
and stoeks into the slate bofors the llasstone was laid down, They
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ware folded with the slete and llmestons and in gonwrel show & marked
sehistosity due to the development of neerly parsllel columns of sece
sition and alteretion, and undoubtedly come from one pareat megue."

The gabbro cumwaly contalng ssell lecks of chaloopyrite and
pyrrhotite, and sufficient sagnetite to deflset the cumpses. Hulligen
(1557, pe 15) reporte chromite in placer concentrates fros the west
end of the Jork Mountalnsjy it probably is derived from the gablwro.
In the headweters of the Anlkovik River (figure 3) numspous hills are
forswd of gebbwro, and gwologie mapping shows that many of the hills
are remsmants of & sill, or several sills, ianjected nesr the top of
the slate of the York reglon. The wills muot have covered many sguare
miles in extent, Although the gabbwo is sbundent in the slates, it
is far less abundant in the overlying vooks, for it intrudes the
averlying argillacecus limestone ia bub & few dikes, &il of which
are eut off by tirust fsults.

Hleroseopic wxaninetion of thin seabions of gabbro show thet the
pyroxenss usually have an optde angle of LO® o 60° and, if claseie
fisd b, optie angle and bete index of refrsction (Hess, 19il), arve
sugite or ferposugite in cmposition (Hsss, 19Ll). The gabbro
containg sbuniant leucoxens, opaqus iron ores, and labradorite
(figure 19)s Locally, mesr faults, gabbro bodies are sheared and
serpentinised) eloag some faults the gabbro is exbansively replaced
by sideritie curbonate,. :

The sbundanoe of gabbro in the slates, and the dearth of it in the

|
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Figure 19. Coarse=grained gabbro from sheared dike, west end of the
York Mountains. Large augite phenocrysts (4), and titaniferous
magnetite, partly a2ltered to leucoxene (black), in groundmsss
of gréhulated augite and labradorite. Crossed nicols.

Magnification about 13.5 X. Specimen number 61-ASn-477.
%4 P

o A A S L o SRR iR GG M diimmicos

' e,

AR it T

o S AN b bt o i i,



C

bad prectically coused by the time the ergillacecus limestone was
depositeds
Igneous Rosks of Late Cretacecus or Tertiary(i) Age

The youngest intrusive rocks comprise mediume Lo coarseegrained
stocks of biotite granite, wediuse to fine- reined dikes of rayolite,
granite, and shyolite porphyry, and nuwserous dark dikes which are here
clessed as laprophyres, besed upos thelr chenlssl composition, and
upon other festures thet are eomson to many Lusprophyre dikes, e.ge,
fresh appearsnce couplod with abundant carbonate, sulfide minorals,
opaque ores, and high cantent of potassium (VWtais and Chayes, 1962),

Srepibe Shocks

In the mapped area (figure 2), granite fomms two exposed stooks,
and wne that v known only from subsurfece exploretion, The stochk at
Brooks Mountaln is a porphyritic bictite grasite, locally tournmalinised,
in which phenocrysts of orthoclase a8 much ag 2 Lnches ia leagth are
comson, and 1o which the biotite usually econtaine abnormal asounts of
radlosctive inclusions. Along Jolnts and freetures, and irregularly,
the grasite is extensively towrselinized; st other placea, notably
slong shesrs, it has besn kaolinised, The kaolinised shears often
eoataln hematite, and are faintly radicsctive, For the most part,
the grasite is ressonably homogenecus, slthough locally the content
of bictite incresses or decreuses, and locally the propertion of
phencerysts of orthoclsse inoresses. The quarts erystals wary from
euhedral to subhedral, snd sll are smoky to faintly amethyst in eclor.
Uranium deposits neer this granite pluton sre described by West and
White (1952), and tinesulfide deposits by Kaopf (1900) and by
Steddtmenn snd Cathoart (1582). The mineralogy of the granite and




assoclated ore deposits ie discuased in delall in these pepers, and is
not repeated here, for asslyses, aproxlmately 100 poumls of granite
wes obbalued by breaking with a sledgelwamer late fresn Loulders of
grapite in the steesa bed of the oreek dralning the south slde of the
granite, end selecting wnaltered apecluens wboub & pound o two in
weighte All She specimens were crushed snd quariered, ad o sanple

The granibe that forags & ssall Loss fo Tia Ureek 19 & modiuase
gralned biotite granite with assceiabed Lin depoults (Maepl, 1500) and
berylliun deposites (Salagibury, i963)e The finer graln is proboably due
to the shallew deroofing of the granite which expones caly the finer
grained border facies. Along Joints, the granite containe quarts and
minor cassiterite) in an irregular area st the northeast end, it is
grelsenined slong fractures, keolinised loeally, end contains
cassiterite and numerous sulfide minerals (figure 20)s foar lewprow
phycs dikes thst intrude the granite, 1t 1o ergillised, The sawls
for analysis wes obtained by breaking about S0 boulders in Tia Creek,
and taking unaltsred spegimens sbout a pound in welght, which were
combined, crushed %o oneehsl! inch, and quartered,

At Lost iiver mine, exploratory workings iaterseet granite thab is
locally greisenised, snd locally oaly faintly sericitised, The grasite
has been desoribed by Sainsbury (1960, pe Liel9), and is probebly a
euwpola of & larger body. The granite is & sediume to finewgrelaed
biotite grenite, with faint sericitismstion of the feldspars, sad with
thin cassiterite-sulfidesnica veinlets alon; jolnts. The sample
anslysed was a eomposite one selscted from the freshest grumite on the
wine dump, obtained ss waste fron an exploration drift in the granise,
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Llsewhere on the western Seward Peninsuls, biotite granite furms
stocks ab Cape Hountain, far Mouatain, and Black Hountain, where, for
the most part, the granites sre coarse-grained biotite granite, losally
tournalinised, with chilled border facies and with assccisted cassiterite
and sullide deposits. All were saspled by taking numercus spscimens
from broken boulders, similsr to the method used sb Tin Creek and Srooks
Hountain.

Chemicul snalyses of the granites, oo deternined for this study,
are presented in table Z (following page), from which it is seen thel
the granites range in silics content from 713 o 76.5 percent, The
stoek in Tin Oreck, which has quarts along joints, is the wost silisie
of the stoeks, and the grenite dike from Hlack Mountain is the most
siliele rock of those and ymed.

The anount and distribution of trace slements in these granites is
shown and discussed on pages 116-122 of this report.

' Dike fiooks

Many mafie and rhyolitic dikes, some strongly altered and
metagsonatized, strike mostly northesst to east and are conseatrated in
& sone & few miles wide thet crosses the mapped ares in a direction
sbout ¥, 80° K, Many of these dikes are intruded along normel faulis,
@ few cut some of the grenites, end some rediate fyom grasite, us ab
Brooks Mountain and Tin Creske A8 the dikes mark frectures which have
been reactivated, and along which ore solutions rose, they are extremely
important in plapointing possible minerslised areas, and all known dikes
sre shown on figure 2. Only a few of the dikes are minerslised, however.

Rhyolite DikessesThe Fhyolite dikss range in color from bone white
to pale green, and most are cumpesed maianly of quarts, orthoclase and
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alvite, Near the tin devosits, as at lLost River sice, the riyolite dikes
have been greisenised, resulting in the lees of Hagd and KgO (for
analyses, see Sainsbury, 1960, pe Ui92)s The present study has shown
and upwerd ou the dikes, coasverting the rhyolite to a white rock composed
of guarts sad sdularia, with minute crystals of fluorite, lence, the
preseat composition of many of the rhyolite dikes is the result of
femetasonatism, the potash having besn derived from altered dikes and
grenites. Some of the dikes eut the grenites, as at Brooks ‘ountain
and Tin Creek, snd most are injected into fractures of she H. 60°-05° &,
systems The greatest number are eongentrated near the stosks, and
seemingly are gonetically related to thems. Locally both rigolite and
quammmwmmwum
the lsspeophyres contain xencliths of granite, no lamprophyre xenoliths
have been found in the rhyolites or granite.

Throughout the region, the riyolite and granite dikes are more
gonbinuous and generally thicker than the lamprophyres. lome, such ag
the Cassiterite and Ida Bell dikes of the Lost River mine area, are
nore then a mlls long, and although some lamprophyre dikes are as
continuous, most are lentioculsr, axi form en echelon swarms.
of limestone and dolmmite comented Ly cosrse-grained granite. One sush
breceis is shown in figure 20, from which it is seen thet the carbonate
frageesats have reacted only slightly with the enclosing magme, suggesting
that the temperature of erystullisation was low.

Lamprophyress=-in this study, considersable emphasis was placed upon
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Figure 20, Dike-cemented breccia, Lost River mine area. Medium=-
grainad granite cements fine-grained limestone fragments.
Note spherulitic wollastonite(?) on margins of limestone
fraguents. Crossed nicols. Magnification about 16 X.

Specimen number 62-4Sn-737B.
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about which little wes known previously. These dikes are now believed
to ve lamprophyres whose chemical eemposition is & result of contamination
of mafic maguea by the incorporation of granite fraguwents. In some of
the dark dikes, xenoliths of coarssegrained granite have been found
{figure 21), and thin sections of most show clearly xsncerysts of
qusrts and  orthoclase feldspar, the size of these xencorysts in some
dikeg varying directly as the grain sise of the granite they penstrated
at depth, For instence, dark dikes near Brooks Houmtaeln contain
sbundant resorbed xencerysts of ortheclase as much as an inch in length,
whersas elsewhere they are much smaller. In sueh dikes, the quaris
eantent is relstively high, and the dikes sre lighter in color than the
uncontaminated lamprophyres, In some arees, as at Tin Creck, dark
dikes ineresse in mumber nesr the grenite stookj elsewhere, &8 in hapid
River, a swarn of dark dikes oscurs in an ares minersliszed by fluorites
boryllive veins thet grade downward to cassiterite~sulfide deposite
that olsewhere are iavarisbly relsted spetislly to granite. Xenoliths
of granite are especislly commen in these dikes. Heance, although
leoprophyre dikes extend throughout the area, and locally fors small
plugs, they are in places particulsarly numerous nesr exposed or buried
grenites, and their mineralogic chersctoristics show conclusively thet
they are contaminated rocks, However, they are not geneticelly related
to the grasites, as proved by the dissimilar contents of trace olements,
partieularly beryllium, boron snd lithium.

Host of the lwprophyres are dark finte %o mediume;reined rocks of
fresh appearsnce. Host appesr porphyritic because of the zenceryste.
Almost all contain pyroxsse in two generations, the sarliest constituting
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partly resorbed phenocerysts, and the lster being confined to the
groundmass, which consists mainly of plagioclase lsths, mostly of
asdesine or labradorite composition, and sbundant carbonste, some of
which replaces pyroxens snd possibly plagisclase, wHost contain pyrite,
opaque iron ores, and sphene; a few contain aress of ehlorite, uralitie
horntlende, and serpentine(?) that suggest altered olivine, In some
the blotite is distinetly muddy green in the cemter, which is rimmed
with the usual brown bistite, in others the biotite is all brows., Al
show substential titania in chemicel analyses, and this titanis is
reflected in either a large amount of ilmenite(?) and leucoxene or in
large orystals of sphene (figure 27), much of which is altered badly.

Steining by sodiusm cobaltnitrite solution reveals that in the groundmass,

potassium feldspar ranges from almcst serc %o as much as 152U percemt,
and incresases near the granite xenoliths, In short, the lamprophyres
exhicit many featuress common to lwmprophyres elsewhere, and their origin
is worthy of discussion here, The lasprophyres contain granitie
zenoliths, as well as xenvorysts of quarts and ortheclsse feldspar, and
mum;guuwmm:mu;m.

analyszed chemically, and sre found %o be very similar to other
lasprophyres, particularly in the high content of Clp, Hy0, a0, Hagl,
and the low silics content (étais and Chayes, 1963, pe 156)s In this
paper, lasprophyres are discussed in teras of mineralogic and chemical
groups as discussed by fnopf (1936) and summarimed uroadly by “étals
and Chayes (1963, pe 156=157)s In table 3 (in pocket) are shown the
chenicsl composition and norms of seversl lasprophyres, the norms being
ealeulsted by the U.S. Geclogleal Survey Srench of Cumputations, by



camputer. Some of the amlyses and therefore the resulting norms
would be gonsldered too inscourste fur precise petrology if standsrds
were required as noted by iétals and Chayes (1963, pe 156)e lowever,
in this paper, I am attempting to show cnly that the lsmprophyres sre
eontaningted rocks that are genetically relsted to granite, and the
standards of scouracy apsly o all the rocks used here, for which
snslyses appesr in table 2. fooks are listed as they appesr in figure
22 from Yeft to right, Delow the norme, essentisl minerels of the
node are limed, Owing to the extremely fine grain of the grounduces
of many of the derk dikes, modal anslyses were not deemed possible.

The Yeft eslumn in flgure 22 shovs the chemical gomposition of &
single hend speoimen of & lave flow of Pleistocens age from the Calie
farnia river ares (Mlgure 2)¢ It is a bleck fine-greined, vesioulsr
rock losally showing olivine and nepheline, It is plotted to contrast
ite chemicel composition with thet of the next moet melic rock
(kled0w66), & blsck dike sisdlsr to those here ealled unsontexinated
lanprophyres (or disbuse), wnd collected by lie Ry Conts fram the
south of the Anikovik River, fsr from any knowm or suspected grandte
{(figwe 3)s There is no similarity between the two rooks.

The next group of dikes, with silics in the rauge of S3-57 perw
eent, represent derk lasprophyre dik-e from aress neer gracite or near
suspocted grenite at Aapld Biver, Tin Creek, and Glsok Hountain, Ia
thin seetion, it ecan be geen that all of these rocks comteln Xenoe
eryots of querts and orthoclase feldepar, and most contals xenolitns
of cosrse~grained granite similar to that shown in figure 21, Dike
E2ehimwi9lh is 8 grey lamprophyre dike from Drooks Hountedn, end it
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eontains rounded and resorbed xencorysts of orthoslase up to an inch
in length, cbviously derived frm the granite of Urooks Mountain, the
only one in the area with phencorysts of orthoclase tihut large.

Samples CleiSnell0 and 62e05u~T56 are, respectively, from the
lasprophyre plug near the Bessie and Hapls prospsets in lost River
valley, and fros a thick laprophyre near the pumphouse at the south
end of the airfield at Lost River (figure 39, ia pocket)s The limestone
around dike (2-43n-78¢ 18 marwerised and cut by numercus veinlets of
withia a few hundred feet.

Swaple 62«A0n=iRll represents one~-half of the xenolith shown in
figure 21. The graalte of the xenolith is considersbly more potassic
than the granites of the sxposed stooks, and the applicstion of
cobaltnitrite stain to the spegimen shown in figure Z1 proves shet in
the surrounding lsmprophyre, the potassiua content is sariched near the
xonolithe

The remaining anslyses shown on figure 22 represent the biotite
granite stocks, with the exception of GliwiSneiiZh, which is & mediune
greined granite dike near the northeast mergin of the granite at Blaek
nountain (figure 2)

In table 3 (ia pocket), the norms snd main minerals of the modes
of all the anslysed rocks are shown, a8 is the distribution of potassium
feldspar as shown by stalning.

In figures 23 to 27, textures of several lasprophyres are shown
by photomierographs, snd in table 3 are shown the essentisl
minsrslogic compositions of the snalysed dikes, end their classification
into the main types of lasprophyre, as listed broadly by ibtais and
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Figure 23, Typical dark lamprophyre dike without xenocrysts, showing
augite phenocrysts (high relief) in a pilotaxitic groundmass of
plagioclase laths, grcen to brown biotite, and opaque iron ores.
Flain light. Magnification about 13.5 X. Specimen numbér
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Figure 2L, Composite lamprophyre dike, medium-grained facies, showing
xenocrysts of quartz (Q), and sericitized orthoclase (S0}, in
groundmass of orthoclase, albite, and minor biotite. Crossed

nicols., Magnification about 13 X. Specimen number 61-2Sn-L07.
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Figure 2a., Composite lamprophyre dike, fine-grained facies,
showing large xenocrysts of oligoclase (Ol), orthoclase (Cr),
and quartz (clear, white), in fine-grained groundmass of
plagioclase and green to brown biotite. Note recrystallized
limestone fragment (C). Crossed nicols. Magnification 15 X.

Specimen number 61-ASn-LOT7A.
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Figure 25. Typical dark lamprophyre dike that cuts composite dike
shovn in figures 2l and 2ha, showing greatly resorbed xenocrysts
of oligoclase (twimnned), oligoclase partly replaced by orthoclase
(0), end quartz (3), in fine-grained groundmass or plagioclase,
green to reddish-brown biotite, minor pyrite, and opaque iron
ores. Crossed nicols. iMagnification abcut 16 X. Speciﬁeh

number 61-ASn-L075.
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Figure 26, Lamprophyre dike from area of beryllium deposits on
Repid River, showing xenocrysts of plagioclase (twinned), quarbz
(clear), and orthoclase (black), in groundmass of plagioclase,
green to brown biotite, carbonate and opaque iron ores. Crossed
nicols. Magnification about 13.5 X. Specimen number 62-ASn-Ri6.

See table 3 for chemical analysis,
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Figure 27. Hornblende lamprophyre from dike ncar the grenite in

Tin Cresk, showing large quartz xenoceryst (Q) surrounded by
hornblende, and large crysbals of sphene (high relief), in a
groundmass of plagioclase, brown blotite, fibrous green
amphibole, end opaque iron ores. Plain light. HMagnificztion

about 18 Y. Speeimen number 62-A8n-TC23. Sce table 3 for

chenical analysis,
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Chayes (1963), In table 11 (in pocket), the trace elsment somposition
18 ghown, for these trace elements show conclusively that the
lamprophyres cannot be late-stage differentistes of the graanites.

Origine-sin figures 22, 26, and 29, the cheniecsl and mineralogie
conposition of the rocks is plotted to demonstrate that the lamprophyres
originsted by granitic contaminstion of a nonslkslic mafic magun.
Figure 22 18 a diagrem showing exide veristions from the most mafic rock
mewn in the York Mountains (£2-ASne26€, the extrusive flow) through
the most mafic lamprophyre (Lleile66) imto the granitic xemoliths and
the gra:ites. This diagras is based wpon the analyses shown in tables
2 and 3; in each case the C0p has been caloulsted as caleite and emitted,
along with water, with the ressinder recaleulsted to 100 perceat, The
Justifiestion for this 1s that all the dikes snmlysed are intruded into
linestones, and some are known %o be contaminated by limestone. The
recaloulstion sbtenpts to minimize the effect of contemination. as is
evident from the slopes of the lines, the more closely spaced the
analyses are (in silics content), the greater is the disruption of the
oxide liness however, the general slopes remsin rether similar. (ne
dike (62=:5n=TC23) is noticeably different from Lhe other lasprophyres
in 1te high scwis content, which is reflseted in the development of
blue~green homblende whieh has repleced the pyroxenes. This is the
only lLasprophyre dike in whish hornblende is noticeeble.

In figures 20 and 29, the snalyses are plotbed in terss of
normative minersls recaloulsted to 100 percent. On these disgrams, &
point plotted below the anorthite-slbite line indicetes thet the rock
is silica~deficlont, ALl three diagrass show a ressonsbly lineal trend
from the most mafie resks to the granites, and this trend is sigaificent,




In tables 3, L, 10, and 11, the trace clomeats of the various
igneocus rocks are compured. Thase elements show rather conclusively
that the lasprophyres are not late-stage differentistes of the granitesp
in faect, it is difficult to consider them genetieally related at sll,

It has long boen firaly established that certain elements, particulsrly
beryllium and lithium, are progressively comceatrated during differentistion
(for summaries, see Wurner, ot al, 1559, ps 2.«25, and Shawe and
Bernold, 196k, p. 5100e5103)s Bous (1962, p. 27) poiats out that the
dark minorals of granites and late-stage alkalic rocks are always
enriched in berylliua owing to the large number of diadochie
substitutions possible in these com lex minerals. Secause the
lasprophyres here discussed contain & high porceantage of biotite and
pyroxenas, capeble of accepting large wsounts of veryllium, the writer
reasons that if the lamprophyres were late-stage differsntiates of the
granites, that they would be enriched in beryllium as well as in Loren,
lithium, and tin, which is not the csase, The granites discussed here
are abnormally rich in beryllium, boron, lithium and tin (table 10).

When considered in conjunction with the chemical disequilibrium
of the lasprophyres, and their largs content of granitie xenoliths and
xenoerysts obviously derived from W sranite, the dearth of
tin, beryllium, and other rere elements in the lamprophyres indicztes
that they origiasted by grenitic contemination of mafic rocks that are
low 4o silice and rere elements,

Throughout the central jork Mountains, the most striking ssscclation
of the lasprophyres is not the assceiation with granites, but with a
strong set of normel faults strikiag M. 60°%85° L., and which locally cut
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mwmutmh. Lamprophyre dikes near snd in the greaite
of 7in Creek have chilled borders, proving thet the wall rocks were
cool when the dikes were intruded. The aggrogete downthrow ou the
normal faults is in thousands of feet, which suggosts thet a considerable
time elapsed between latrusion of granite and latrusion of laupropiyre.
wWithin the lasprophyres, the presence of Loth xenoliths up to severel
inches in diametor, as well as corroded individual xencerysts, suggest
that the dikes injected solid grenite and possibly granite "mush®, which
allowed the individual erystels to separste exsily,

Chemically, the lamprophyres costala rether low silica, relatively
high %gU snd Negl, & high content of Ti0; and total iren, a dearth of
light elements exeept in dikes containdng xenoliths of gracite, end a
relatively high content of eopper, nickel and chromium, the latter a
feature charscteristic of mefic rocks. mmmzm
suggests mixing of two magae types, mafic and grenitlie, as docs the
trace olements, bul physical relations suggest that & consiierable
time elapsed between intrusion and cvoling of the exposed stock, and
injection of lemprophyres. Followlng injection of the lamprophyres,
large ore bodies of tin, tungeten, beryllium and fluorine were furmed,
guided in largs part by lines of weskness intruded Ly dikes of
lasprophyre, as well as older rhyvlite, which proves that the
lasgprophyre dikes, although not themgelves carrying these rers eleseats,
probably pesetruted igneous rocks at depbh which did ecatain these
elonents in & heated savironment, which could furaish elements to form
ore deposits of rare and light metals,

AH“WMW&%WMM&MMMH
doep-seated nafic magme were tapped Ly normal faulte which alsc cut
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grenite that vas ssplaced esrlier, and that had cooled in its wper
partss The physical and chemicel features of the lasprophyres canuot
possibly have originsted by any knowm process of differentistion from
& glogle paront magnke

It is concluded thaet the associstion of lawprophyres with granite
in the central fork Mountains is really & tectunic ssscoistion rather
than & genetic one. It seens probable to the writer that generstion
of granitic magma in the carust in & tectonle belt would wesken the
erust by forming & liquid melt in the erustsl recks, Nafic megna from
the sims would tend to rise into the teetonic belt along all lines of
weakness, which would include the margins of granites which were cooling
from the top downe Iu thelr lower, hotter perts, the ore elsments and
volatiles charscteristic of the granites and the ore deposits of the
central Tork Hountains, namely beryllium, tin, tungsten, boren, fluorine
and lithiwm, would be trepped. If normal faults frsetured the cooled
parts of the granites, and penetrated through hotter parts of the
granites to depths where basalt from the sima was available, mafie
magua would rise into the faultss Locally it would pensirate through
hot granite, which, though still retaining trepped volatiles and rare
elemonts, would be essentially solidilied and capsble of fracturing.
Sush dikes would aoquire silies, potassium and sodiusm frem the pranites,
but not in sufficlent quantity to complestely mask their mafic origin.
In their upper perts, the dikes would ool rapidly in the cool rooks
into which they were injected, and locally, hydrothermsl fluids from
the lower parts of the granite would rise along some of the dikes as
well as iato some fractures not invaded by mafic magns, and would form

T R TT T O e
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tin and beryllium deposits sinilar to those of the central York Hounteins,
which must be genetically related to the grenites. This is believed to
be what heppened in the western Sewsrd Peninsula.

After preparation of this report, and submissios of it in prelinisary
farm to Stanford University as a ihD thesis, Dre Adolph Znopf and I
diseussed the lasprophyres. »mm,nmnwnms.a
Gernmen which &lso concludes that lamprophyres and granites in Cermany are
a teotonie assooistion rether than o genetic one (Chatterjes, 1959, pe le
2}, and the interested reader is referred to this paper for an
excellent discussion of the problam. In the central York Hountains, the
fortultous associetion of lasprophyre with rocke and ores contalning tin
and beryllium presooted an unusual opportunity for the writer to reach
a simllar conclusion by investigating these trace elemexts, ond to give
support to the Lisss expressed by Chatterjee.

]

The age assigned to the igneocus rocks is based wpon a single age
deteraination by Mervin Lanpheve, UsS. Geologleal Survey, who, by use
of the petassiwseargon mothod, dated pure blotite separated by the
writer from the granite of Brooks Mountain as late Cretacewus (personal
communication, 1962)s 2s the lamprophyre dikes postedate the consolidation
and fracturing of the granites by an unknown time, they may be as young
a8 early Terbiary in age. For the present, however, it is best to eall
then Late Cretacecsus for the wost part, and they ere 8o shoun on the
goologic maps, but the possibility exists that they may in part be of
Tertisry age.
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Flager deposits of tin have bees known in the mapped ares since
1900 (rooks, 1901). Iy 195hL, some 2,200 tons of tia metal had been
produced from the Sewsrd Peninsuls, and production from placer deposits
at Potate Mountsin coantimued until 1560. Commercisl production from
the mein lode deposit at Lost River wos limited to the pericds 1913«
191k, when 3.5 tons of tin and .6 ton of tungeten wes prodused, snd the
period 19ki=1955, whon 8344 tons of tin were prodused {rom placer
deposits, and 3.Z.2 tons of tin were produced from lode deposits (UesS.
fureau of Mines). Ueologie mapping of the mice, combined with sssay
data of the lost River Tin Corporstion, enabled smmputation of ore
resorves snd resources of tho mine srea, These are sumsmrized in table
Ly following.

Several other tin prospects are known in the map area, ost are
presumed to be smaller or of lower grade than the deposits at lLost River
mine, but in the aggregate they may contain considerable tin. In 1965,
UsSs Steel Corporstion optioned the Lost iiver mine, as well as other
elaims in the ares, and are plamning to evaluste the deposite as &
potential large tonnage open-pit (oral communicstion, 5. G. Sargis)e
Lepending upon the cut-off grade selected, and the by-product recovery
of eopper, lesd, mine, tungsten, molybdenum, beryllium and fluorite,
the tonnages evailable for open-pit evaluation exceed by probably tes
times the figures queted in table L.

Although the smount of tin totalled in table k (23,000 tens) is
only about 50 percent of U.S. requirementa of primary tin for the
single year 1963 (U,S. Suresu of Mines, Ninerals Yesrbook, 1963}, it
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o Table L. mmmmnmmumuay

Heagured and Indigated Heserves

Iin ore only
Tons ore Aversge percent iverage percent Total tin, lbs. Total W0y
of Sa of WOy (Units)

200,500 13 o252/ 5,200400

130,000 .02 Hella 8,600,000
C Total 11,000,050
Potential Resources
650,000 k0 Heke 5,200,000
840,000 o26 NeEe k368,000
34000,000 30 NeBe 18,000,000
Large lower grade __ Kok
Total 27,560,000
Grand totals greater than 45,368,000 62,500

ymm;lﬂ.mw‘
2/ Probably not recoversble at sueh low concentration.
3/ tiot estimated.
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represents by far the largest lode rescrve of tin of comparable grade
known 4n the United States. OContinued exploration of depesits kuowa
in the nap aves, and of deposits yet to be found, based upon the ®nal
distribution of tin and beryllium deposits, may be expscted to enhane
the national importamce of the tin area.
Geology

Por the most part, the tia deposits consist of the minerals
cassiterite and stancite sssoclated with numrous sulfide minorals
and fluorine or boronebearing gangue minerals. The deposits are
localized along dikes intruded into faults of the ¥, 60%.85% 1, system,
in numerous small veins and veinlets in limestone above granite eupolas,
and in parts of granite stocks that contain fluorine-bearing minerels.
A1l known de-osits are asscelated with blotite granite, or dikes that
premmably 1io above granite, For detailed deseriptions, the resder is
reforred to fnopf (1908) and Sainsbury (196L).

In the pressnt study, investigation of the mineralogy of the lode
tin deposits was linited to Yeray identificction of minersls that fom
sulfide sssemblsges in the central smes of tebular berylliumefluorite
volus, m««-ummmmmmmwmm.am
of ¥ines in the newly diocoversd berylliuws-fluorite deposite in Camp

Oroek (figure 31) and HEir"the Sessie-aple tin prospect in lost River -

Vallay, the geclogy of which is shown in figure 39, Drilling by the
UeSy Buresu of Mines in 196L gews valuable information on the relstions
between the tin and beryllium, as discussed below,

Diamondedrill hole 115, in the wper plate of the Zapid River
fault (figure 39}, penetrates broken dolomite intruded by lamprophyre
dikes, Yith minor varistions, the hole pemstrates 17 feet of broken
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dolomite, 16 feet of fluorite with chryscberyl and diaspore, 1 foob of
essentially solid sulfide ainersls that include stannite, pyrite,
sphalerite, arsencpyrite snd gelens, then dolomi.te and fluorite thet
containg sulfides, and thet lles slong the walls of o lsmprophyre dike,
then fluorite-beryllius rock, aud finslly dolomite, In seversl other
holes in Canp Creok and ot the Bessie-iaple ares, berylliumefluorite
deposits have & ceatral core of sulfide minersls similar to those in
drill hole 115, and this information has proved valuable in support of
the concept of the smonsl distribubion of the tin and beryllius deposits,
as developed later in this peper.

Leryllius Leposits

Large replacoment deposits of beryllium and fluorite of a type
found previcusly ouly in Ruseia (Govorev, 1958) were fouwnd ss & result
of the field studies that fora the besis of this report, Uy lste 196k,
exploretion had shown that bhese beryllium deposits conteined at lesst
LS00 tons of beryllius metal in meterial contsining more than 2
percent bel (Jalnsbury, 196Lj. This amount of bewyllius is some 12
times the total kuown Usie reserves in pegustites of comparsble grade.
In ewnjunetion with the discovery of non-pegmstite deposits of beryllium
in Utah (Stests and Griffitts, 1962), the Alssken deposits showed
decisively that the world's resources of berylliua are nob in pegmatites,
as supposed as recently &s W60 (UeS. suresu of Mines, Sulls 585, pe
97), bt are won-pegnatite. Adequate domestic deposiis of ore, in
wedies of such size wud continuity that ore reserves sufficient to
allow sustained miniag may be established by grede and tonuage by
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diamond drilling, has freed the U.i. beryllius industry from dependence
upon foreign sourees of beryl, although ab present (1965), veryl still
furaishes most of the beryllius used by industry,

Genersl Deseripticn

The borylliuwas lodes described herein consist of replacessat velns
and veinlets in limestone or dolomite, with fluorite as the major
mineral in the ores, amounting to an aversge of about 50 percent, In
bulk semples of ore, a rough correlation exists between flucrine and
beryllium, the retio Fife sppreximating 115:1 ia several sauples,
although the retio varies from 58 to 251, as shown in table 5. Trece
element content of typlesl ores is shown in table Sa. Typieally, the
fluorits~beryllius ores display a falnt to serked banding on & scale
of l-2 mm, the bands boing caused by an imperfect rhythaie laysring of
fluorite, and fluorite intergrown with diaspore, mics, tourmeline and
chirysoberyle The layering probably repressats replucesent "frontes.”
Tn some speelmens, the original argillaceous bends in the limestone
are perfoctly preserved (figure 30), and 21l date suggest that
replagenent was volume for volume, A photomierograph of typicsl ore
is shown in figure 31, In most ores, both chrysoberyl and diaspore
fore this erossegutting eryptocrystalline veinlets thet are opaque in
transuitbed 1ight and Sidj-white 1n reflected Light (figure 31), The
diaspore in these veinlets contains up to 2.5 percent HeU, probsbly in
the diaspore lattioce, as Ieray pstteras reveal no siga of a diserete
beryllium nineral to account for the high beryllium content. At the
extrene ends of replacesent lodes, the diaspore is alaost barren of
veryllius, Fros place to plsce in the ores, mineralogiesl variations
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Teble S, Ratie of fluorite to berylliuws in ovesd
Analystss wl Ardith mg beryllium, L. Fs Rader,

Smsple Noe Location :M M #/Be

30317 Repid ddver o2k 2746 11540
303148 Repid River G2l 2745 b & F
30309 dessie-aple (% 11 28,6 20le3
303150 Last Lost River Ue25 2k 16
303151 fast Lost River VS L 2340 15343
303152 fast lLost River Uel? 27l 1596k
303153 Canp Creek, west 0,85 289 11546
303154 Camp Creek, wost Dell 2746 25049
303155 Cemp Creak, west Qe20 2945 LT85
303156 Camp Creek, west Gelly a7 156
30387 ' Casp COreck, center Ce26 284k 109,2
3ons8 Cemp Creek, center 0e26 2540 11,5
303159 Camp Ureek, east OuSk 3.2 57.8
303160 Camp Cresk, axtress esst 023 2743 108.7

Spectrographie snalyses of these ores are shown in table 5a.

Yineraloglcally, the ususl ore consists of the following minerals,
in volume percent: fluarite L5-£5) diaspore Se15; tourmaline 0e10j
white mica Oe53 chrysoberyl 3-10; and minor ssounts of other minerals,
notably hematite and todorokite (s mangmese minersl)s Owing to the high
content of fluorite, the beryllium ores are noticeably heavy, renging
fram 2495 to 3.5 4n specific gravity.

1/ Bulk obdp semples from float.
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Figure 30. Cryptocrystalline veinlet of curdy-white chrysoberyl and
diaspore cutting fluorite-beryllium rock. Dark vertical bands
are relict argillaceous layers(A). Light, wavy, horizontal
bands are diaspore~chrysoveryl veinlets(V). Note that the
argillaceous bands are not displaced by the ore veinlets.

Volume for volume replacement is suggested. True size.
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Figure 31. Cryptocrystalline veinlet of curdy-white chrysoberyl and
diaspore cutting fluorite-beryllium rock. Upper, oblique light,
lower, crossed nicols. In lower, fluorite is black, light patches

are mica, tourmaline and diaspore with chrysoberyl. Magnification

about 15 X.



ocewr - for instance, & heavy-liguid seperstion from one specimen will
contaln Loth ciwysoberyl and disspore, whereas geperallons froa othor
spocinens la the same area say sontaln only chrysoberyl alonee These

variations have not been investigated in details
in all the ores, the mica is muscovite type, but it costains
sone borylliue and lithiws, and is here refsrred 4o &8 "white nice“,

Five distinct beryllius sinerals have been identified ia the
orese These are chryscberyl (AlgbeOl), eucluse /ALueSioy(0H)7, veryl
(A1gbegsig0yp), berrandite [Boyidg0y(0itlp ] end nedvite [{reitnyin)y,
Beyiiy0ige/s Ia additien, bityite [Tayliagk) (AlyLiyig)g,g(Styilyse)y
0yp(0i)y 7 and phenakite (Begiily), sre identified provisionslly, tut
have not yet been confirued by ieray patteras, The bityite was
identified by the UsSe Buresu of Wines (ie Ve bermyhill, oral
comsunication, L56k)e In & prelisinery report (Sainsbury, 1963)
nilarite(?) vas identified, bub now vork casts doubks on thds
detorninstion, which was besed upon the optics of & few mimute greins
in fluarite, Tt is move probable that $his minevsl 1s an wnidentified
fluorides

In table 6 are indexed the Jersy dets of the ehryssberyl, suclese,
bertrandite, disspore, and todorokite separated fyom ores. Helvite
was identified by optics and staining (runer, 19kl), and beryl wes
identified by crystal form en Yeray pattern, although its psttern is
not indexsd in table 64 A Gopy of the diffvsctometer tresings of
those minerals so ldentified is included in the sppendix (in posket).
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The first borylliua mineral to form was helvite, which cccurs only
in banded skarn (skern, as used horein, is & tectite containing sbundant
nmagnetite) sonslesting of bande of fluorite and megnetite (figure 32).
Jahns (skkb, pe 79) won the first to identify beryllium in & sasple of
this roek, which is similar to the helvite-bearing skarn thet he called
*pivbon rock®, st Iron Mountain, New Hexico (Juhns, 1skib)s In the Lost
River ares, the helvitoebearing skesrn is within a few feet of the contae:
of granite and limestone in Tin Creek, and is not economically significant,
it has been deseribed in deteil by Knopf (1908, ps LS-l9)s Whereas the
helvite in the Iron Hountain skarns is restricted to the fluorite bands,
it is much more comaon in the magnetite bands in the Tin Creek rocks.
The helvite forms smell greins as much as 2 ws in diawster, and losally
is so abundent as to account for U5 percent Bel in a specimen, The
banded flusrite-msgootite rock locally is surrounded by tactite forwmed
of horablende, garaet, vesuvianite, fluorite, and minor obher minerels,
and both tactite and banded skarn locslly are ocut by younger fluorite-
boryllius veinlets eontalning chrysoberyle

By far the most comson berylliws mineral is chrysoberyl, which is
the sseond beryllius sineral in the paragenecsis. Pure chrysoberyl has
bean separated from many specimens of the banded fluorite ores; a
typlesl sesaration is shown in figwre 33. 4 semiquantitative
spsctrogrephic analysis of a purified separate showad that it contained
1748 percent BeQ, the theoretical maximum for ehrysoberyle In thin
sootion, the chryscboryl is seen to oceur as discrete anhedral graine
up 60 & few millimeters in dlameter, a8 eryptocrystalline weinlets wp
o several millimetars across (figure 3L}, and in minute greins & few
sderens in diamster lotergrowsn with fluorite, mice, and disspore.



Figure 32.

8l

Rhythmically banded skarn ("ribbon rock") from the

contact of the granite in Tin Creek. Light bands are fluorite,

dark bands are magnetite, Helvite occurs in isolated grains

principally in the magnetite bands. True scale.

LY

PA

R R T N0 S S R A i 2L

e

)

Chirm




85

Figure 33. Chrysoberyl separated from fluorite-beryllium ore
from Rapid River, Crossed nicols. Hagnification about 13 X.

Separated from specimen 61l-ASn-Li13, shown in figure 3.



SUpR——

SRR ST s—

A TN RS £ A s T/ NI N 0 AN

e

Be. Transmitted light, crossed nicols

,FigureABM. Texture of typical fluorite-beryllium ore, Rapid River,
Alaska, Upper shéws curdlike chrysoberyl (light), lower shows
same in transmitted light (black). Fine-grain intergrowths
scatter transmitted light, giving darkness., Gray areas are
fluorite, light arsas are mica, tourmaline, diaspore and minor

chrysoberyl. Specimen number 61-ASn-ll3.
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In veins in Camp Creek, nodulss up to & foob in dismster are
sommone These nodules (figure lib) eonsist of round to subrouwnd
assses of intergrows diaspore and ehrysoberyl surrounded by a wae
in whieh fluorite, mica, snd todorokite are the commonest ainerals,
and finally by & riasd of faintly purple-colored fluorite with soue
mica and todorokite, These nodules represent & great enrichment of
berylliue compared to the surrounding ores, and somewhst resesble
the nodules in the non-pegmatitic beryllius deposits at Spor
sountain, Utah (Steats, M. e, 8nd GPATZiSES, W. Re, 1961, pe Gibe
7)o

The beryllius wineral euelese is the third beryllius mineral in
the paragonesis, It is known in ores at idapid Aiver and Tia Creek.
At Rapid River, it is confined to velnlets that cut the bended ores
and that consist of fluorite, mics, and cuclage., In these veinlets,
vhich usually do not exceed an inch or so in thickaess, the euclase
forams lustrous pesrly-shite flakes as much ss & centizoter long. It
is especially common in specimens from Tin Creek, where it is
eunfined to velnlets of mice and fluorite that cut the banded ores,
oF to unusual tebular growths on banded ore (figure 35). In the
specimen shown in figure 35, the tabular growths comsist of an
intismste intergrowth of fluorite and alee, with the mics eriented
with the 001 fase perpendigulsr to the mejor plune of the growth.
Froa erushed tabular growihs, euclise can be ssparated by grevity
methodse Ia the banded ore which 1s coated by these uaususl
growths, only chryscberyl can be recivered,
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Figure 3Lb, Cross section of a nodule from the Camp Creek deposits.
Light, concentrically banded areas (C) consist of chrysoberyl
with diaspore and minor white mica, which are surrounded by
colorless fluorite containing mica, diaspore, chrysoberyl, and
todorokite (i{)e Rim and center are cemented by pale-purple

fluorite (F) with minor mica and todorokite (black specks).
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Figure 35. Beryllium-fluorite ore from veinlets in marble on the
south side of the granite in Tin Creek. Tabular growths
consist of fluorite with white mica oriented transverse to the
flat surfaces, and minor euclase. Growths coat usual fluorite-
berylliun rock (dark) which contains chrysoberyl, nica,

tourmaline, and diaspore. Specimen 62-ASn-TCL3.
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dertrandite is unclear paragenstically with respect to euclass,
but it is eonfined to veinlets that cut the banded ehrysoberyle
beariang ores, and henoe ig younger than chrysoberyl. It has been
recovered in minute amounts (yet sufficient to give a good powder
pattern as a swear on a glass slide) from veinlets of fluorite, mics
and euwcluse on Rapid River., It has not been identified ia thin
section.

In a few thin veinlots cutting a speoimen of banded ore from
Rapid River, asscolsted with minor quarts, phenakite(?) has been
identified optically., It forms saall erystels some 05 mm in
dianotor, intorgrown with quartz and alea, Ite identificetion ias
based upon the following optical constents: Uniaxial », sign of
elongation -, indices estinsted to be between L.65-1.67, end uwpen
the fact thet the veinlets contain an enrichment of beryllium
readily detectable with the berylliua snelyser., Thenakite has been
revorted als: froas drill cores from the Lost River wmine (Meide,
15L6, pe 25), and & few minute grains were recovered from drill
eutiings froa altered granite at the lLost iiver mine, With regard
to its position in the paragenetic sequence of beryllius minersls,
it can only be sald thet phenakite is younger than chrysoberyl, and
probably younger than euclase and bertrandite, for it is asscoclated
with quarts, a mineral totally lacking i the banded ores coataining
ehryvoberyl, and in the veinlets thst contain euclase and
bertrendite, The veinlets conteining phenskite(?) have not been
found ercsseutting the euclsge veinlets.
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Beryl probably is the last prisary minersl to erystallise in
the sequence. To date, beryl has been found oaly in a single
quartsenics-fluorite vein some Le6 inchss thick on the surface at
the Lost Alver mine, between the Cessiterite and Ida Seoll dikes east
of Cassiterite Greek (figure 37). At two plages in this veia,
perfect crystals of beryl seme 1/k inch across and 1/2 inch loag
socur in vags. Some are couted with an earthy brown material sbout
2 mn thick, which was determined by Ieray to Le nuscovite stained
by iren, In the imsediste mine ares, guarts veins have been
observed erosseutting numercus small fluorite-chrysoberyl veinlets,
free of quartz, that rasify through the limestone, and hence beryl
can bo assumed to Le younger than chrysoberyl, and probably younger

than bertrandite and suclase,

Miawral Assenbleges.-in teble 7 are tabulated the mineral
asssesblages in which the berylliua minerals ocour.

Table 7.
Beryllive mineral

Helvite

Chrysoberyl

fuslase
Bartrandite

Seryl

HMineral assemblagee in beryllium ores

hssoelated minarsls
Magnetite, fluorite, saphivole,
minor minersls
Fluorite, diaspore, white mica,
tourmsline, hematite, todorokite
(locally stannite, arsenopyrite,
sphalerite, gelena)
Fluorite, white mice, bertrandite(?)
Fluorite, white nica, euclase(?)
Fluorite, guarts, muscovite mica
uarts, fluorite, muscovite mica




In the sbove mineral assemblages, it is noteworthy that
fluorite always sccompanies the berylliuam minerals. Certain
deductions can be made from the assemblages regarding the
composition of the golutions responsible for the paragenebic
succession of minersls, Ab first, alusina must heve been high, and
the formation of kaolinite fros disspore probably was prevented
elther by & high tempersture (unlikely), or a low (4*)/(K") ratio.
With progressive erysballisstion, silice inoressed in amount (or
setivity), and weter became more abundant, as evidenced by the
sppearance of hydrated beryllius minersls. By the time hydrated
beryllius minerals eppesred, sluming hed decressed either in smount
or aetivity to sueh & degree that the highly aluainous minersls
ehrysoveryl and dlsspore no longer formed.

it Tin Oresk, e elsewhore, the beryllium misersl helvite
represents a specisl cuse, Its restricted formation can be
explained in terme of sulfer pressures, and the aecessity for
nusercus other eations, notebly iroa, manganessz, and sine, o be
available duriag its furmation. The sulfur pressure (or activity)
was Lelow thet necessary to convert magnetitve to pyrite or
pyrriotite, but was sulfficlent %o readily furnish sulfur to loram
helvite, and ainor obher unidsntified sulfides. Elsewhere whare
helvite has been found, it cceurs in manganese veins, as at sSutte
{Howett, 1537)3 in skarns, &3 ab Iron Mowntain, lew Hexico (Jahas,
19hi, pe 5€) or in sulfide~besring deposits that have skamn
sssoclsted, as ab Besver, Uteh (Sainsbury, 1963, pe 395«336)e In
8ll these localities, the deposits commenly include misersls of
copper, lead, and sine, as well se menganese-bewring garnete.
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Chemieal Changes i the Formatien of the Beryllius Lodes

The difficulties inhereat in thw gquantitative analyses ol
materials that contain a high percontage of fluorine render chemigsl
analyses of such materisls expensive, and subject to eonsidersvle
error, Under the able direction of lee C. Feek, Ellen 5. laniels
sade an analysis of a bulk senple:of berylliusefiuorite ore from
Gapid River. This ore had replaced an argillacecus limestone,
which was anslysed by Christel L. Parker, Although it proved
impossible to achieve analysis that totalled 99.00 perceat, the
snalysis of the ore is presented in table €, where the chemical
composition is compered to that of the argillacesus limestone, and
the gaing and losses in grams per 10U gc. of roek are shown. As
u:mmbyrmm.mmwamwmm
baryllium rock was probably . volume for volume, and the gains and
losses con be compared with considersvle confidence.

An shown by the teble, the main chemical changes during the
formation of a typlcal ore froa argillscecus limestone involved the
sddition of fluorine, sluming, silics, water and slkalies to the
limestone, and the loss of carbon dioxide, The oxide of caloium
ressined surprisingly constent, which reflects the Iixation of
ealoiun in the mineral fluorite, In & previous publisstion,
Sainsbury (1960, pe MFl-1i¥5S) showed that during the fommstion of
the tin lodes in grelsen at the Lost Alver mine, aluming and
fluorine inercased, and Lhat during greisenizetion silica initislly
increased and then decreased siwrply. Duriag grelsenisation of
grenite, Kg0 and Hagl were lost to the ore solutione, If the
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proposed sonal distribution of the berylliua lodes outward from tin
lodes, as shown in figure L2, is valid, the trassport of elements
should be reflected in the berylliua lodes. The cbserved trends are
compatible with respect to silics, fluorine, and the alkalies, for
these materisls were absiracted frm the granites during
greisenization end were sdded to the beryllium lodes. Alumina was
added in large amount during greisenizetion and during the farmation
of the berylliwa lodes, The source of this alumina must have been
the feldspars of a deep granite mass, and the aluminus was probably
transported a8 & flusride complex, for the ion /F15¢"37 is stable ia
water (Plegl, 1929). 4s the don /Fen,"?7 is stable, ss is the ion
L1762, 1% 18 most probable thet the elements 51, AL and e were
Wummmnm«munwmm
resction botween the fluorine in oreeforming fluids and llmestone
wallrecks would resove fluorine from the solutions, leading to the
eventusl breskdown of the fluoride complexes and the deposition of
aluminum, beryllium, and silicon, as indiceted by the chemical
analyses.
Hain Deposits

Within the ceatral York Houatains, beryllium deposits of
sconomie significence were found by the Ueologiecal Survey in five
asin aress, all of whiech lie within a belt a fow miles wide trending
about H. 85% . across the dreinage basin of Lost Hiver, parallel to
the main dike swarm (figure 2), With the possidle exception of the
susll veins arcund the granite in Tin Creek, all the deposits occur
where lamprophyre dikes intrude shattersd limestone or dolomite

/
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beneath the Rapid River fault, In each area, ore forms veins tracesble

for seversl hundred feet, swaller veins and veinlets that eut the
shattered carbonate rocks locally forming stockworks or pipelike
bodies, and narrow replacement veins along Joints. in most aveas,
ore has formed along the walls of some of the lamprophyre dikes.
Exploration has shown that ore widths range from a frsetion of an
inoh to as much as 18+20 feet, and that in four of the avess
mineralizetion is essentially continuous for seversl thoussnd feet
along the Japid River fault, lence, one result of the imvestigation
was to establish the Rapid Hiver foult as a major ore-bearing
structure, the Tirst such structure known on tha Sewsrd Peninsula.

In order to dewelop the concept of a sonal relation between the
tin snd beryllium deposits, brief descriptions of each main berylliua
area are in ordar. The deposits ere dogeribed by area from west to
east, as follows: HRapid River, Curve Creek, Lost River valley
(Bessiseiaple), Tin Ureek, Camp Creek, Lost iiver mine (see figure
2)e

fspid tiver.--The deposits oa Aspid Aiver were discovered on
public desain by the weiter in 1961, snd were explored by Hewsont
“dntag Company in 1563, sfter detailed geologic meps wers prepered
by the U5, Geslogleal Survey ia 1962, The geology of the area of
beryliium deposites iz shown on figures 37 and 38 (i pocket). The
deoposits consist of veins, veinlets, and pipes of wveined limestone
snd dolomite that consist of the usual banded flucrite-beryllium
rock, and that are wligned along the dapid Hiver fault for about
LyhOO fovts The best deposits lie sast of Rapld River on a wide
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bench covered thinly by tundra and frosteriven bedrock, over an
area some 800 feet long and 300 feet wide. Henesth the idepid River
fault, the bedrock consiste prineipally of thin-bedded srgillacecus —
lisestons of Farly Ordovieisa age, whereas the rocks of the upper
plate are mediume to thick-bedded gray limestoce of later fsrly
nrdovician age. Henssth the Repid Eiver fault, the beds are
iniriestely folded and broken, and drilling by Yewmont Mining
Company suggeste that & lower thrust some 200300 fest vertically
beneath the iapid River fault has been important in localizing the
rieher ore, which forms & tabular sone dipping about 20° southe The
lower thrust hes not been identified on the surfece. 4 swaram of
lamprophyre dikes cuts through the minerslized area iuto the upper
plate of the Rapid River fault, Host of the dikes strike sbout
He 80%85° &, and most are bordered by breceisted and dolomitised
limestone, locally converted to tactite. GSome sones of richer
fluoritesboryllivua rock wp to 1825 feut wide are localized &long
frectures that in parts contain lenticular lamprophyre dikss (see
inset, figure J7). At the west end of the better ove, whers a
saall trivutary enters Rapld ilver, bedrook is well exposed, and the
geologie relations are shown in figure 38, Here, it is sesn thet
the lasprophyre dilms are discontinuous and lenticular, and that for
the most part the fluorite<berylliua veinlets formed by replucement
of limestone along the walls of joints, the attitude of which is
eontrolled in part by small-scale folds.

umm«mmwmummwmw
fluorite, disspore, tourmaline, white mies, and chryscberyl, with
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specks of hematite, and minor other berylliua minersls, notably
cuclsse, bertrendite, end phensidte(7). Irill core obtained by
ores seversl hundired feet below the surface contains noticesble
sulfide minerels, ineluding gelens, sphalerite and miner
cassiterite assceisted with the beryllium ore (Feter O, Sandvik,
oral communication, 1963)e Toward the east end, the berylliume
fluorite veins give way to finee rained silica with specks of
flsorite and only low beryllius. Hence, & vertical monation ab
depth into sulfide minerals end & lateral sumation to fine-grained
eilice is a charssteristic of the Rapid Wiver deposits. The large
number of dikes suggests also that a granite stock, or cupola, will
be found st depth, which, however, will probably exceed 500 feet
vertically. This figure is based upon the sbsence of contact
effects in the overlying limestones.

Curvs Creek.=-The deposits on the south gide of Curvs Ureek were
diseoversd on public domain by the writer in 196, largely ss a —
regult of geclogle projections The ores consist principally of
silics, fluorite, and pyrite, locally with stibnite(?) and diaspore.
The beryllium content L8 low to moderste, In these deposits, which
1ie within the shattered limestone beneath the Hapid Miver feult,
the fMuorite is ¢solored purple to faint lilse, similar to that at
the esst end of the Cassiterite dike of the lost River tin wmine,
sovoral thousand foet from the tin ore shoot. Several dilms,
partly altepred, intrude the Repid River fault, snd are oriented
e 80%85% %, along the regional fracture pattern, The are ocours




9
diseontinuously along the fault for about L,yO00U feet, the richer
parts being nesr the dikes, In the absence of subsurfese oxplora-
tion, the sonstion et dapth is waknowny but the mineralogy of the
ares, the purple coloration of the fluarite, and the low boryllima
eontent correspond to the outer sone of the ore shoot af the Lost
Advar tin mine ss observed in the north headweters of Camp Croeks
o geologic maps have yet beon prepared of this deposit.

Lost idver Telleye.e-These lodes ware found by the writer and
Thomas Ee Snith 4a 1962, and are covered in part by clains staked
in 1962 and 196k by lenhart Grothe and Thomes Fearsen, owners of
the Lost idver mine, Ly Sarbure Wenkley of Boudi, sustralia, and
by Jumes Touer. The deposits on the west end lie within ground
covered by old patented. clains, known as the Deseie-iapls
clains, staked prior to 1906 on a prospect sontaining tin and
sulfide minersls (Enopfy 1900, pe 57)e

The deposits soour for some 5,000 feet along the Rapid iiver
fault vhere it crosses the valley of Lost Hiver, In this ares,
the fault dipe south at a low angles A detalled geologio map is
shovm in figare 39 (in posket)s The deposits have besn explored
on the east ond by tromches of United States Swelting, Relining
and Wining Co., and by three dismondedrill holes and two tresches
of the U.8s Duresu of Mines on the wost end, Throughout the
ninsralised sone, derk lewpropiyre dikes, dipping steeply, plerce
the Rapld River fault, as does & lamprophyre pluge.

e ]
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At the vest end, nesr the Bussie<iaple prospect, both sulfide-
tin deposits as well as the ususl flucriteeberylliua deposits are
found in eomplex rolatious) is the center part, only the fluorites
boryllius lodes are foundj on the extreme east end (Toser prospect),
the fluorite-boryilius lodes give way to the ecest to rusty float
boulders of fineegreined silics. Tho relstions cbeervad ab the
surface snd in drill cores (Sainsbury, 15€5) show that at lesst part
of the [luorite-berylliua rook lies oa Loth walls of the sulfide
veinse The sulfide assemblage, whish includes stennite as &
major tin-besring micersl, and the high silver content of the
sulfide ores is charectoristie of that fowsd elsewhere in the
world where silver-bearing sulfide minerals form an envelope about
cassitorite deposits, e, &t the San Antonio mine, Mexiso (Hewitt,
15k3)s West of Lot diver, a float mun of fime-grained silica
with fluorite lies on the eastern end of the maln berylliuwm
deposits, repeating exectly the along-strike sonation to silica
obgsrved at fapid Aivere

The fluorite-beryllium deposite consist priseipally of the
usual mixture of fluorite, disspore, tourmaline, white mica and
chryscbheryls Late velalsts of disspore are rich in berylliumj the
fluorite for the most part is colorless, slthough late flusrite is
1ilae colored. Irrespective of whether the ore has replased
linestone or dolomite, the mineral sssesblages ere the same, The
wide sone of berylliumefluorite rock oa the walls of the maia tin
deposit al the lessie-Haple contaius ore of distinetly lower grade
then the usual ores, & relation that is true also gt the Lost River
tin mine (see page 106 for discussion).
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In Lost River walley, sonstion from $in %o veryllius is repid
in a direotion perpendicular to the tin veins, and ocours within a
fow feets Along the strike of the main beryllius veins, the sonation
of gulfide minerals to fluorite-beryllium rock and thence to finee
grained silica with fluorite and locally with sulfide minerals is
demonstrated, but requires hundreds to thoussnds of feet,

Tin CreckeseThe beryllius deposits in Tin Uresk were found by
the Geologleal Swrvey dn 1562, Host of the boryllius deposits are
replacement veins and veinlets in marble on the south side of the
granite, whereas tin deposits are found sround the granite (figure
LUy in pocket), Several trenshes excavated by United States Smelting,
fefining and Mining Company have exposed replacement veinlets of
fluorite-berylliun roek up to several feet thick in msrble, but
most of the replacement veins are less than & foot thisk. In places,
the veinlets are especislly common slong fractures, some of which
may be joints trending Ne 70%85° &, parallsl to the dikes thet have
intruded the regilonal fracture system. At other places, replacement
veinlets are consontrsted at the margine of dikes which trend at
high angles to the granite contact, giving the impression of a
vein parellel to the dike, Hinerslogioslly, the beryliiium lodes
are more diverse than elsewhere, for, although soww are the usual
mixture of fuorite, towrmaline, diaspore, white mice, and
Mmz,mmumhawmmmm.
ineluding stannite, The main charaeteristiec that alliss all the
vedns, however, is the high content of fluorite and berylliuse, In
some veinlets that contain wp to several percent of tia, granular
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fluorite is sbundent, and the beryllium content renges between .15
and JLf percent Hel, which is similar to that in the sones marginel
to the tin are shoot at the lLost Hiver mine and st the Bessie-laple
ares, In these veins, the fluorite is colorless, and thore is often
a high percentage of todorokite (as much es 10 percent manganess).

Around the grenite, especially on the northwest margin, banded
fluorite-aagnetite skarn, loeslly with plagioclase, hormblende and
other contact minerals, forss replagement veins and irregulsr masses
up to & few feat seross, They are deseribed by Knepf (1508, pe LS)e
Jatng (19kka, pe 79) showed that & speeimen of this rock contained a
Mghly snomalous smount of beryllium, and hes discussed the mode of
formation of similar reck &t Iron Mountain, New Yexiso (Jabns,
196k, pe 173-208), At grecter distences from the granite, tactite
consisting prinsipally of sndradite, magnetite, and vesuvisaite
(idocrsse) foras irregular masses not more than a fow hunired feet
scrons. duch taotites are gener:1lly low ia beryllium, except where
cut by luorite veinleta. The vesuvianite, however, has & notable
content of berylilum, Although the banded skarn locally contains
up to .5 percent Bel in helvite, the helvite is irregularly
distributed, and the tomaage of berylliusebearing skarn is too low
to be of economic value,

The relations st Tin Cresk demcnstrate that some baryllium was
contained in the fluids thet transported large asounts of iren and
fluoring during the stage of formation of skerne That the skern
locally is cut by later velnlets risher ia beryllius and gontaining
tin and sulfide mimerals, argues that the amount of beryllium in the
findds inoressed notebly during the later stege of vein formations
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In the scheme of zcuation illustreted i figure L2, the veins
at Tin Creek are velisved %o bs trensitional Letween the cassilerite-
guliide deposits and the berylliwmeluorite deposits that contain no
sulfides, vut only hematite and todorokite. An anomalous situstion
at Tin Ureak is the genersl absenve of flusrite-berylliua veinlets
arcund the northesst end of the granite, where cessiterite-bearing
greisen has replaged the granite, Hlsewhere, such greisens are
vordared by a network of veinlets containing fluorite, chryscberyl,
asd tourmaline.
in the district 45 exposed in the lode sysbem in the drainege of Camp
Creck, nesr the Lost River tin mine, The lode was discovered by the
writer in lete 1962, and ia 1964 the U.5, Sureau of Mines explored the
main part of the deposit by diamond-drilling, which proved a wide
gone of boerylliwmefluorite veins and veinlsts over a lesagth of sone
2,500 feets The sasters extension is not yet explored. The general
goology 43 shown on figure 36 (ia pocket)s The drilling done to
dete guggests that the lode is cemplex, bub in gross outline 1%
forms & tabulsr body dipping south bensath the Hapid ddver fault.
& lower thrust fault, the Cemy Creek thrust, is merked by extreme
brecelation and porosity, snd the berylliusefluorite veiss are more
sumerous and wider in the porous gons, Individual veins and veinlots
are localized by & strong frecture systom that forms lecslly & sheeted
sone dipping almost wertiecally bemeath the iapid Hiver and Camp Creek
faults, by closely spaced Joints ia the limestones, snd by the
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&t depth to the grenite that underlies the Lost iiver tin mine, or
whether they are confined to the breselsted rocks bensath the Cawp
Creek and fepid Hiver faulis cannot yel be answered. |y
extrepolation from the fapid Hiver deposits, it is most possible
that individual weinlets continue bDemeath the thrusts, but that
those velnlsts arc more mumerous nesr the thrusts, and form an
enriched tabular deposit dipping gently south, possibly as far as
the dike swars to the south (see figure 2). In figure L1, the
relations st Rapid Xiver and the probable configuration of the
Canp Creek lode systes are shown schematically.

Withdn the explored part of the Casmp Greek lode, enly & few
diseontinuous dikes have been foundj they inelude rigolite
apyrosches the Cassiterite dike (see figure 36) flost runs of
rhyoiite are sssociated with sbundant flost of beryilium-{luorite
rogk, elsewhere rich ore is found without assocliated dikes,

Mineralogieally, the ores in Cemp ‘resk consist of fluorite,
dizepore, towmaline, muscovite, chrysoberyl, hemstite, and
todorokite. The late veinlets of diaspore are rieh in berylliua,
Some drill cores from the central pert of the lode intersected
sullide minersls that inolude pyrite and stennite. These sulfide-
vesrdng monss are bounded Ly the uswel beryllium-fliorite rotke
At the extreme east end of the alneralised area (esst of figure
36), & prospect first deserived by Knopl (1908, pe 60) containe
stibnite, fluorite, and diaspore without beryllius minerals, In
this arcs are mumerous float runs of purple flucrite with
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nonwberyliien diaspore. 4 few round nodules, similsr in outline to

thoge in the main boryllius lodes (see phote, figure 3ib), are

founsi, but theee eonsist of & core of granular fluorite with stibnite,

surrounded by white disspore, and costed by & ria of lilacecolored
fluorite, The beryllium comtent of the nodules is low.

The deposits in Cesp Creek demonstrate s mnatios along their
strike, which ie shown by the progressive decrease of beryllius

minerels (and total beryllium), mics, and todorckite. The disspore

Segmes nonebaryllisn at the ouler end, where the lowetemperature
mineral stivnite makes 168 first appesrsnces In this interval,
fluorite ehenges from the fine-grained, eolorless variety to the
coarsely erystalline golored variety, @ rolation also cbserved
elsewhere 4o the district, The sulfide minerals encountered in
drill holes are siniler to those at the Dessie-ifuple deposits, and
they lie in the central part of fluorite~beryllium veins.

Lost River Minese--little Sinme was devoled to the study of
digtribution of beryllius in the Lost River mine, becsuse of time
restrictions, because the lower levels of the mines are flooded,
and becsum the wppar lovels are partly filled with fee, However,
some of the mine workinge were scosssible, and & sulte of sanples
was avidlable fros previous worke

Throughout the mine area, the limsstone is cut by innumerable
veinlets renging from a hairlise to a foot in thickness., These
veinlets inelude tectite, the usual banded fluoriteediaspores
chrysoberyl veins, and gquarts-topas veins, somo of which gontain

mics and esssiterite, and one of which conteine mica snd baryl. The

large quarts veinleds cut tiw banded fluorite veins, and are later.
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Serylliws occurs in the mine prineipally in & flusrite-tourmaline-
cagsiterite rock that lorms selvages beluwes: the greisen of the tin
ore shoot and the limestone wallrocks. Locslly the selvages eontain
garnet and pyroxens with pyrehotite, and are as much as theee feet
thicke in these selveges, veryllivs assounts locally to an eobimsbed
045 pareent Ze0, only part of which is in the form of ehrysoberyl,
sud the tin content reaches as much as J.J percents The tia is in
easeiterite and subordinute stannite. The change in minerslogy
along the strike of the selvages is unkaown, for the surface
exposures are high above the tin ore shool where exposed by the
wine workings, and the e:stors end of the mine workings is insccessible,
For this resson, it was lmpossible to trece & single selvage over
long distencos, where mineralogloal changes could be chserved.
Colorado (Sharp and Hawley, 1560, pe 07337k}, one might expect %o
find beryllium minersls in the topas-greisen of the Lost Hiver mine.
Humcrous pieces of greisen on the dumps at the alne were checiked with
the berylliun detector, and none were found thet contained detectavle
beryllivm, At M6, Antero, the greisen pipes formed in granite or
gneisses which are out by quartzepegastite voing containing beryl,
and Sherp (personal comsunieation, 1965) feels that the
vertraxiite in the greisen represents rescbilized beryl that furaished
berylidus to the greisen. At Lost Xiver, the laek of beryllium
minerals in the greisen may reflect the leck of such & pre-existing
congentration of berylliume. The fact that the greisen is bordered
by beryllium-bearing fluorite suggests, however, thet beryllium was




will reveal at least loval comcentrations of berylliua minerals in
the greisen, as wers found by Ganlev (19€1) in greisen in Centrsl
Tadshikstan, ‘ussis.

The graaite cupola below the Lost Hiver mine is lesally
greisenized, and locully argillized, The beryllium mineral phenskite
has been identified from drill cores frum this altered granite (Heide,
196k, pe 25), but the core is no longer availabls, and it caunot be
deterined whether the argillised rock represents altered grasite or

The Zonal Concept of TineUeryllium Deposits

The relations deseribed sbove parmit the development of &
concapt of & sonal distribution of beryllium deposits around tin
deposits in cerbonate rocks that goes considerably beyond the general
relations discussed by Beus (1962, pe 07-97), who notes the gneral
assoclation of skam~type beryllium deposits with tia or tuagsten
deposits associsted with grenites thet contain abnormsl ssounte of
fluorine, Although many minor veristions probably exist, the main
speblol and minerslogical cheracteristics of the sones are sumuarised
in figurs L2. It iz aoticed Lomedlately thet the scastion involves
.umammmmm,mumxpm
gangue minersls, uqmunymmsn;.m;,mm
minorals and noneopaque ore minersls are critical in establishing
the sonation. Study of the opaque ore minerals alone probably would
ast result in the recognition of the marked soning.
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In the soheme of mones, the skirn sone may oseur without
either the greisen or the berylliws-fluorite sonss, but nob enough
sreas have been examined to determine decisively whether the
vanded magnetite-fluorite skarns thet eontaln helvite do not
slways have an outer sone of fluorite-beryllium veins., It is alse
to be remssbered that the skaras here noted are those skarns that
m:wm&wmm,mw
are st least in part rhythmicslly bended, In such skarns, the
nagnatite ususlly contains tin., On the othor hand, it is doubbe
ful if any tinebearing greisen of the Lost River type can occour
in liswstone without belng surrounded by the berylliumeflucrite

B o

that ionie exchanges involved in oresting ore fron limestone
(table &) and the relatively constant minoralogy of the banded
fluorite«ber; 11iun ores and greisen depoeits, we may conelude
wmmtmmm;mmnwm_

duplication in bomb studies, snd no studies lavolving all

these ecmponents, or five of them, have been made, Therefore,
the appliceticn of leborstory studies of silicste systems to
the provlem of ore genssis can be used only ae & gemeral guide.
fueh studies, however, offer valuable jnformstion ia explaining
features obscrved in the ores. The mineral disspore is eriticel,




o for it ocours as & stable phese without corundum or ksolinite
trhroughout the fluorite-beryllium ores, The faet that kaolinlte
does not ooour is striking, for in the systen AlpU3=Si0g-iipl,
kaolinite and diaspore are steble together over a temperature
range from 200°C, to LUSOC. at 10,000 psi water pressure (ioy
and Ogborne, 195L, pe 879)s The conditions that might sccount
for this can be explained by ehemlcal composition or Ly tespere=
tures, or by Lobhe

From the feet that silica was availsble in the ore solutions,
as woll as in the argillacecus limestone, we may assuse that
silica wes available for fomation of kaolinite, as was water,
and the absence of kaolinite must Le explained ctherwise.

w O If the tewpersture wore the principsl factor jovorning the
formation of disspore without keolinite, the temporsture of fomae
tion would lie between the limits bounded by the upper stability
linit of disspore, which variss froa 385°C. at 2,000 pei %o
L15%, at 20,000 pel, and the temperature of the inversion diaspore
boehmite, which cccurs st 2009C. &b 2,000 psi (oy and Osbarne,
195k, pe 879)s Doecause the stability renge of ksolinite extends
from roms temprrature %o LOSPC. at 10,000 psi, a temporuture
range oaly between LO5%0. and L15%C. can be allowed 4f tempereture
a restricted range of tempersture seens improbable over the time
in whieh ores deposited, and henee alternative explanations must

© be ealled upons
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48 ghown by the analyses of the ore in table 6, Hagl end
¥g( were added to the limestones in an weount approwimsting 0
grema por 100 ces of ore, & substantisgl amount, Nast of the
Lost Hiver mine (outward fyem the tin greisen deposits), the
Cassiterite dike was altered to & quartse-adulsria rock, which
shows that KU was migreting outward from the greisen, beyond
the sone of depesition of the greisen ores which scontain sbundant
sulfide minerals, The lask of kaolinite ean now be explained
by reforence to laboretory work by Hemley (1955), who investie
stability relstions botween kaolinite and mica were influenced
veary strongly by the relative concentration of U+ %o Y+ ions in
the solution, A high retio of K+/i+ grestly enlarged the stability
field of Yeaiea st the expense of imolinite, eapecially nser the
upper stability temperature of keolimite, If the ratioc X+/i+
were high in the ore solution discussed here, as indicatod by
the addition of Xg0 and Hugd to the ore, the absence of kaolinite
can be explained on chemicel grounds that £it the imown facte.
deposits, towrneline becoses sbundant, and hesatite is charece
teristic, indiosting that the #uifler consentration decreased
notieeably from its econcentrstion during formation of the
greisen oress The grestly inercased aspumt of tourmaline in
eould represent inercasing alkalinity of the ore flulds, for the
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hydrothermal synthesis of tourmaline requires alksline or mildly
MW(MW). It is suggested here that the
deposition of sulfur in the sulfide minersls in the greisen,
and the resction between solutieons and carbonate wall rocks,
without concomitant deposition of X, inereased the X+/i+ retio
of the sclutions, thus preventing the fommetion of kaolinite
evan though the tesperature wes within its stability fleld, The
drep in seidity also allowsd the inoreased formation of tourmaline
in the fluorite~beryllium lodes, A gredusl drop in asidity of
the solutions accompanied the resetion between fluorine ions
{or complexes) and the limestone wallrocks, e.ge
Ca00y + 27™ * 1l O weeup CaFp + H003™ » 0N

This resction forms a strosgly buffored solution whish would
toud to maintain ite pHl over considersble distance in the hydrow
thermal condulte

A% the cuter eads of the berylliuwmeflusrite lodes, the ore
solutlons ecoled, although remaining above the temperature of
the trensition poimt diasperesboshadte (3009C, at 2,500 psi and
27590, at 20,000 psl), and the minerel stibnite was deposited
with fluorite and diasrores At the outer ends of the veins,
continued abetrection of flusrine hy resction with carbonate
to fom fluarite, sllowed contimuing breaidown of 517 by
hydrolysis to produce the fineegrained silies and flucrite,
Geiiny




84F), + 26(0H) <= S40g * awr |
From the relations between lamprophyres and granites, the
chenical and mineralogical characteristics of the various ores,
snd the structursl history of the ceatral fork rountains, the
evolution and genesis of the tineberyllium deposite can be
summarized as follows, initial eveats first:

l. Develorment of @ tectonic belt in pre-Late Cretacecus
tine d.minsted by iniricate thrust faulting thet carried younger
rocks northward over older rocks.

e Generation and injection of grenitie magme in the teetonie
belt, probably accompenied by normsl faulting of the thrust plates,
and injection of dikes of granitic composition into faults and
fractures,

3. Cooling of the upper parts of the granites, without loss
of late-stage fluids in the form of pegaatite,

e Continued or renewed normal feulting, especially in a
zone of faulte striking Ne 609-859 G, through the central York
Mountains, with eansomitent injection of lamprophyre dikes,
derived from despeseated basaltic rocks, into some of the normal
faults, Hear granites, these bassltic rocks mequired xenoliths
and xsnooryets of gramite.

5. Uscmpe of fluids from desp perts of granites slsng dikes snd
normal faults that penstrated deeply. These flulds contained numerous
metals probebly in the fomm of stable complexss of fluorine, chlorine,

S




boren and poswibly sulfur, and were probably slkaline or at most

sildly acid (Korsinsky, 1759, ps 17-20, Helgeson, 156k, pe 1)e
te Cooling of the ore fluids at lesst to 600°C,, and deposition

of tin and tungsten in the form of caseiterite and wolfresite along
with mumerous other sulfide minerals, topas, muscovite and fluorite,
gonerally in or nesr granites or dike vocks. Loss of fluorias fros
solution to wall rocks during furmstlon of topss and flusrite, and
addition of sodium and potassius to the solutions fros altsred
wallrocks csused rapid chemiosl changes in the solutionse

7« Intrance of the solutions into limestone, where the
formetion of fluorite from limestons increased the slkalinity of
the solutions and led to depesition of beryllius mizersls, disspere,
white sdea, tourmaline and minor other minersls. The high retio of
¥+ to 1+ dons prevented formstion of kaolinite. Ore shoote were
localized in porous gones slong the thrust faults,

B, Contiaued movemsst of solutions cwbwerd in veins in
1inestone, whore the lost minerals depozited were fluorite and
ohaleedonie silics,

9¢ Renswed nermal faulsing, whish ruptuped some of the ores,
©eges Bhe tin ore shoot of the lLest River sine,

10, Upleft snd erosion, with formation of placer deposits of

DISTRIBUTSCE OF Tl TLUSATS
nede of rocks aad mimsrals from the ceantral York Hownains to

establish the geochemical fractionstion of rere clements within the
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granites, and the general coutent of rare elements of the rocks of
the distriet. In tables 9 %o 1l are shown the content of rare
metals by class of rocks, as follows: sedimentary, metamorphic,
granite stoeks, dike rocks, In table 10 (in pocket), the distribue
tion of the rare elements within the gracites is shown, and in teble
12 (in pocket), the rars element content of a fow purifisd minerele
from tactites near the granites is shown, In all the tables, the
elements of interest are e, i, Sa, ¥, 5, Cu, /b, Zn, and Wb, In
some tables, Ag and As as well are of iaterest. Decause the
detection limit of tungsten is relatively high (100 ppm}, oaly a few
samples contained detectable tungsten. in some ceses, it proved
impossible bo prepare pure or ressonably pure minerals fron the
granites, and in such cases, no dsta are presented. In all ceses
where dato are prasented for pure minerals, the mineral purity was
checked by Xeray diffractometor tracings,

Dseussion

In the sedimentary rosks, the content of rere elements is cowe
pareble to aversgs valuss Feported by Turekisa and Wedapohl (1361,
pe 187) for similsr rocks, with these general exceptions: nicbium
is slightly low, and boron is lower in the slate tha: in comparable
unnetamorphosed shales, The noticeable large incresase of boron,
beryllium, lithius snd tin in the hornfels from the contact area of
the granite of lrooks Mountain indieates thet those elements were
migreting outward from the granite,

In the granite stocke, the total content of rare elamenta,
particulsrly veryllium, tin, and boron, is considerably sbove the
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average of granite as given by Turekisn and Wedspohl, and the
beryllium content is well sbove the average of granites of sll
types as noted by beus (1562, ps 26), who gives en average
content of beryllium of 00Ok percent in biotite granitess
Shawe and Sernold (156i, pe 5L0C-G1CH) point out that the
beryllium content of igneous rocks =may be a fumction of the depth
wmummnnmmmm
nonpegnatitic plutonie silisie rocks of 400030 percent, with &
range from O to #0000 peresnts The high roare element econtent of
the granites from the Sewsrd Fendnsuls is confirmed by both
quantitative and sesiquantitetive spectregraphic asalyses, and
with regurd to beryllium and tin, it represents a high level of
concentratione

“ithin the sranites, the distribution of rare elements
anong minerals is in genersl coaformable with relstions cbserved
by other workers. O(ne notes lamediately that the content of all
elements of interest rises sherply in the highegrevity Irsctions
whieh contain the accessory minerslse Beus (1962, pe 2030)
notes thet beryllius is esriched in some rare earth minerals,
such as alladte and sudialyte. O(an the other hand, lee and
Sastron (1962, pe 1329, separsted allacite from & quarts-sonsonite
stoek in the Snske Range, fevada, nesr which there are some
beryliius deposite, and found no detectable berylliwum, lLee
alse cavbions thet most of the allanites reported to centain
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| a high content of beryllius are from pegmatites, and that many
(oral communication, 1965) are badly altered or metaniste In

the Sewsrd Feninsula greaites, detectable tungsten eppoars
only in these heavyemineral fyactionse Oftedsl (1961) shows
that in Norwegian granite pegeatites, tungsten is highly enriched
in minorals of niobium snd tantalum, and thst the ssturstion
limit in these minersls is seldom mesched. He further notes
that no tungsten minerels are known in the grasite pegmatites.
The biotites were separated and analyzed principslly to
deteraine 1f they could bo the source of the heavy metals
furnished %o the tin deposits, The biotite from the granites
containg (swvorage of 5 saples) 000 pereest Be, the sase sa
biotite separeted from granite ia osstern Transbelkalia, iuseia
{Seus, 1962, pe 27) that contelns considerably less beryllium
(40008 percent De)s The content of b and In is eomparable to
that in biotite from grauitde plutons in Nevads (Farry and
vakowskd, 1960, pe 17h), and the copper content of the biotite
Ls sueh lowere With respeet to copper, it has been shown that
copper does not occeur in the lattice of the main minerals of
igneous rocks, but prineipslly in the mineral ehaleopyrite
(vedepohl, 1963)s Parry and Nsckowski state that the high
copper values cutained from biotites in the Ssmin and Hange
provinee wes probably due to inclugion of chalocpyrite, and
the great incresse of copper in thw hoavy misersl fractions




of the granites from the Sewerd feninsula suggests that there
is "accessory” chaloopyrite. 4 saaple of bleschwd biotite from
the grenite bensath the Lost fAdver mine containg as muoh of the
rare slements as unblosched bLiotite fMrom the other granites,
indicating no grest loss of rare metals during the bleschings
It hes been shown by Sujor (1943) that biotite can be bleached
by meid fluids without great loss of olements, wheress biotite
aoted upon by alkaline fluld is dissolved, &s the granite st
lost dver was altered by the fluorine-bearing solution that
formed the topas greisens, & solution presumebly at least mildly
seid, the preservetion of rare olements in the vlesched biotite
nay be explained, Theobald and lavens (1960, pe 223) huve
shown that the base metal content in bdotite in sn altered sill
in Sumait County, Colorado, inoressed during slterstion from
blotits through ironepoor chlorite into muscovite, The litera=
ture sugoests that & mejor trensfer of heavy elements out of
blotite in a hydrotheraal enviromment would require sstual
dispolution of the blotide, and not merely bleashing or gredual
translation into other miesa. If so, alksline solutions
possibly would be required. The tin content of the biotites
from the Sewsrd Peninsula (awerage «026 percent) is about 10
times the content of the most tinerich blotites found by
rutnem and Surnham (1963, pe 87-135) in the several stocks




in Arimona sempled by thems ITn their study, they found that

biotite from the Payson granite contained an average of 0023
poreent tine 4s is true with beryllium, the ocourrence of tin
deposits near the greanites of the western Sewsrd Peninsula is
aorrelative with an unusually hizh tin content of the granites,
and espesially of biotite in the grenites.

It should be noted that the tin content of the biotites
from the granites is well below the tin eoatent of muscovite
sica from pegaatites, but wall above the content in biotites
fron pogaatites in those specimens analysed by Ahrens and
Lisbenberg (1550, pe 575), who found & maximum of U1 percest
Sl (sbout 010 percent 3n)e

The beryllium content of quarts separated from the une
sltersd grenites ranges fyon below deteobion limits (J00015
poreant) to 40005 peresnt, considersbly above that reported by
Seus (1962, ps 27) for quarts sepsraded from Husslan granite
{+00002 porcent), but still well below the average gontent of the
granites, The lerey pattorns of the two samples of quarts that
contain deteetable beryllium indicate that they eontain a swall
amount of plagiocclase whioh esuld not be separated, ami henoe
the larger values probably represent eontasination by plagloclase.
The tin content of the guarts is generally Lelow detection limits
(o001 perecent), but reaches o003 percent in ons sauple.

In the foldspsra, the distribution of beryllius between
the orthoclese and plagioclase (gamerally albite or olijeclase)
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() indicates & slight preforence of berylliua for orthoclsss, although
one reversal is noted (Hrooks Hountaln). wWerner, ot al (1950, pe
19) note the seme goneral relstlons in feldspars from other areas.
The slight enrichment of beryllium ia the [ eldapsrs over the
granite es & wwle offsets the Lmpovorishment in the quartz. «ith
respeot to corper, the data suggest & preference for orthoclase,
although copper is enrichsd most in the heavy aineral fractions,
with regpect to ' there is a distinet enrichment in plagioclsse,
ayproxinately sevenefold when svereged,

With respect Yo nlobium in all the smwples, & clear-cut
enrichment in blotite and in the heavy minerel fractions is indie
cated, whoress the content in plagicclsse, orthoclase and quarts

() is less than that in the granites

In dike rocks, the ‘racti onation smong dike types of the rare
olemonts listed follows rules which can now be eonsidered
commonplace, ®.gey the light elements are lecking in the disbsse
dikes, wheress eopper is higher then in the grecitess In the
lsmprophyre dikes, the beryllium content is explained by the
- xencorysts and xenoliths of jranive, end is higher than in the
disbesese The high beryllius content of DIOOX2S (4015 percent) is
owing to the locsbion of this dike in the midst of the younger _
berylliun deposits on fapid iiver, and this dike has probebly been F

| sltored by the ore-bearing solutions, In altered dikes thet lie
| near the tin deposits of the Lost Eiver mine, the eontent of tin
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increases a» expected, as does berylliwas, lMithium or boron. lest
of these dikes contain megasoople smouwnts of fluorite, white mice
or toursaline, end have been altered by the minerdising solutions
that formed the tin deposits,

The vesuvianite (ldoorase) and garnet sanples wers separated
mmwuuuumummammm
into these minerals from &n ares where beryllium was present in
high conceniration iu the granites, As noted by many workers (see
Warner, et al, 1959, pe 17«18 for swaary), idocrase in places
oontalng as mech as 3.9 percent HeO, The idocrase st Iren
Hountaln, Hew Mexico, whure there are berylliua deposits, contalns
1400 poreent BelUe Consequently, it was swprising to find ealy
«05 pareent and o005 pareent Be0 ia idocrase fyom Tin Creek snd
Brooks Hountain, respsctivelys. The Jersy patierns of these
semples indicstes sbsclute purity. The grossularite gernet from
Iren Wountain contalss Be0 in the range «06e.ly pereent, noticesbly
higher than the slagle garnet tested from Tin Creek (40003 percent
B00)e A8 numerous veins or velalets of fluorite<beryllium rock, as
well a8 helvite-bearing fluorits-segnetite “ribbon rook®, osour
arcund the granite of Tin Creek, one must sssume that during formation
af the ontact rocks et Tia Creek, beryllius was sot available in
ascunts &¢ large as ab lren Mountain, 7his also acccunts far the
srall smount of helvite in the skerns at Tin Creek, Host of'the
boryllium wes sdded during & lebe period of minerdl izaticn.

Of the ainerals separated from the beryllium ores, the
tourmaline, mica, sndi diaspore accepted largs amounts of verylliume
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Warner, ot ol (1959, pe 18}, and Beua (1962, ps 36) show that
toursaling may costain es wuoh as JOX percent SeU, Without
intensive litersture semrch, I have found no analyses of diaspore
showing the rare slumeat goatents 4s the dizspore and tLourmaline
digoussed hure grew in a solution presumably saturatod with beryllius,
they probsbly sccegted all the boryllius pessible, and hence their
contents of o7 percant and o3 perount e may be meximus values.
Hovever, even thoug: the opticsl and Xeray data indicste thet these
sinerals were pure, they were separated {rom an extresely fine
grained ore, and gome of the He may be sccounted for by discrete
beryllius minersls. The toursaline exhibits absclutely ne
shsorption or dichrolsm, with variable indices of refreection

B Lo62L + 405, ¥ » Le637 & 405,

The high beryllium content of the misa is interesting, but
again the separated miea could eontain a swll smount of bityite
to aceount for the high content of ReQs In pogmatites, micas hawe
baen found to contain up S0 JOX pareent Bel by Uoldsehmidt and
retors (1932, pe 366), snd Seus (1962, p. 36) states that
beryllivue minersls may contain wp 0 0126 percent beryllium,
eonsidersbly Lelow the widte micas (3 sanplss) separated from the
berylliom ores (minimum of 07 pereent GHe)s On the other hand,
Iitel, Hstoh and Mumphrey (1950) have synthesised fluorine-
phlogopite in which ne-quarter of the silicon is replaced by
beryllius by disdochie substitubion of be®"5id* far 417*41%" in
‘tetrahedral coordinations This gives a Bed content of about 3
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perosnt, well sbove the highest concentr:tion cbusrved in the white
mics separsted frum the Hapld River ores (1.9¢ percent iel). iHore
work will be done on the individusl minerals from the ores %o coafirm
the content of beryllium and obher elsments,

Swemary of Disteibution of the Hare {leoments

rom the above discussion, we may cunclude thet the genersl
mumam,amn;mmcm.m
the istresion of the granites, The lasprophyre dik:s soq.ired beryllium
of rare slesents generally parallsls the distribution cbserved
elsewhere., Sut even though the granites are abnormslly rieh in
beryllium, the carliest skarns and tactites that preswmbly formed ~
during the erystallisation of the granites contain leas beryllium
than observed at other places, ®ege, Iron Mountsin, lew fexico.

The mineralizing stage followed the intrusion of lamprophyre
dikes, low in silica and light elements, which were injected into
fraotures of a reglonal fault system which cut the ¢ xposed grasites.
4 significant time must have elapsed between the consolidastion of
the exposed granites and the entrance of mineraliging Solutions that
formed the tin and beryllium ores. During this time, rarve slements
and volstiles presumably eoncentrated in deeper parts of the granites,
and the faulting and entrancs of the lampropiyre diles fractured
the cooled shell of the granite, allowing escape of these volatiles
and rere elements into the overlying rocks, where significant ore
vodiss of tin, beryllium, and fleorite formed, The complete sbsence
of pegmatites in the western Seward Peninsuls indicstes thet little

e




of the residual vater and wvolatile-rich {luid thet concentrated
durinyg erystallization escaped to fora pegmatites, thus contributing
to a very volatileerich phase. PFollewing Shawe's suggestion (196,
pe 3100) thet inevessed baryllius content of silicie rocks css be
directly correlated with the deyth of orystallisation, it is gossible
that the Sewerd Peninsuls grenites were empleced well below the

During the veathering and deeay of the grauites, lodes end
contact rocks, eleareut geochemical ancselies were farmed in stresm
sedinents, soils end plants of the ares. In the initial stage of
this study, resonnaissance of the granites of the western Sevamd
Feninsula showed acomalous boryllius in stream sediments around
the granites, asd ue of this data contributed to the discovery of
large beryllium lodes (Sainsbury, 1563, pe 12e15). The various
dispersion halos which mey prove of value in explorstion here mnd
elsouhere are discussed as ceonoule gecchemistey, although the
information is of seientifie interest as well, In the following
discussion and tables, the trece metel content is expressed ss
parts per million (ppm) 20 conform with acoepted practice in
geochenlcsl prospecting.

g :
R e

In the revort referred %o above, msps ware progented showing
the beryllium content of stresm sediments from verious arees in
tho western Seward Peninsula (pe 12e16). Prom these snd other
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saples eollscted since 1960, 4t has been determined that the
beryllium content of total strean sediments less than LO mesh in
sige verics with the rock type within the dreinege basin of the
streamtes In areas of limestone; the background content of beryllium
probably does not exceed 1.5 ppm (parts per million) of beryllius,
and definitely is below 3 ppme “here granite unierlies a
eonsiderable part of the drainage basin, the beryllium content in
sediments may approximste thet of the granite (uwp to about 18 ppm).
Henoe & value that definitely is snomalous in one area is not so
in asother, and these differences should be kept in mind during
geoghemical prospecting. For a more deteiled discussion of the
variation in berylliua content of streas sediments that represent
diverse geologic terranecs in the Oslo reglon, Forway, ses Irinek
end ‘lofmann (196h), who show that there is substential variation
vetween sediments from different rock units.

In limestone areas & beryllium content in the range 3-5 ppa
might be termed the threshold value and beryllium in the range 510
pom definitely is anomulous. The meximus valuss to Le expected in
sediments will, of sowse, be & function of the sime of the drainage
basin, the smount and richness of ore bodies exposed at the gurface
within the bagin, and their nearncss to the stresss An upper value
to be expected in the Sewerd Feninsuls, and probebly elsewhece in
the Aretie and subeiretis, where mechanical disintegration
predominates over chamical decay, should approximate the velues
obtained in Camp Creck, where & long and continuous lode system
suterops in the smell drainage basin (ses figure 31), In this ssall
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stromm, beryllium in total strean sedlmnts reached s maximus of
150 ppm, and el sanples were sbove 100 ppa. large and small boulders
of fluorite-beryllium rock form a signifiecsnt proportion of the bed
load, and these contein berylliuwa in the rangs 21475 percent JeO.

In Tin Creek, & stress thet contains both gramite and berylliume
Tluorite lodes within its drainage basin, sediments ocontein beryllium
in the renge 10=30 ppmy the highest value being found in sedisents
downgtresnm from the area of marvls thet conteins numerous veinlets
of fluorite-berylliuws rock (sse figure LO).

In Repid River, vhare 8 minerslimed belt in limestons crosses
the stream, scdiments eontain as much as 16 ppm beryllius (ses
figure 37), and values fall off rapidly o less than 3 ppm withian a
=mile domstresm.

a the cther hand, strean sedimeats frum the east hesdwsters of
the Hint River, whish dreins the southwest margin of the gramite of
Grooks ountain, consistently contain more than 13 ppm beryllium,
lodess The spparent anomsly is explainsd by the high content of
gramite in the strean sedimen s, and by the rather large volume of
idoerese from the contect sone of the grenite. The granite containe
15 ppm beryllium, and the idoorase as much a8 50 ppm berylliume.

The form in which the beryllius is tremnsported in stross
sediments has not been determined., Hesr lodes, discrote fregments
of ore can be found, but owhng to the softaess and friability of
fluerite, the ore bresks up rapidly. On the other hand, diaspore
and ghrysoberyl are both hard sad chemigslly resistent, end discrete
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fragwnts of these materisls have bean found in sediments well
dowastresn from the lodes, If these frageeats persist for long
digtices, & technique suggested by Vance Xennedy (oral communication),
1964) might extend the distance over which berylliwa deposits eould
be found in Mmestons erease Vance suggested thit acld lesshing of
the esrvomate fruction of sediments would enrich the residue in
beryllius to such an extent that she field method (Fetten and ierd,
1562) eould detest beryllium well below 1 prme This suggestion has
merit, and will be investigatod.

o deternine the geochemicel asscoistion of rare elemeats in
sedinents, more thas 100 samples were analysed for berylliwm, bin,
nolybdenmus and tungsten, and 17 of these were analysed by semie
quantitative speotrographic antlyses for these and other elesentas.
only the resulte of the speetrogrephic analysis ere shewn in table
13, from which 4t e soen that the rare eloments that are sssociated
in the igneous rocks and in the tin and berylliws lodes are alse
agssociated in the stresm sediments, with the cxeeption thet sine ~
axd niobius ave quickly reduced below their detection limits, A
direet correlation exists hebween tin, tungsten, arsenic and loads
Although most samples high in tin and tungsten contein enomalous
contals less than the saximus tia, tungsten, lesd and avseaic, This
follows a8 & result of the masl distribution of tinebungstenebese
motal lodes, and the berylliws flucrite lodes which shed detritus
to different streass.
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felds

To determine the aprlicability of geochemical sempling of soils
to find and outline the berylliua lodes in limestons, soil sasples
were taken in Lost Aiver valley in two long Maoes thet oross the
mineralised sone along the Bapdd River fault (figwre 39). Control
samples were boken far from ainerslized aress to establish Lacke
ground values, In Lost ldver valley, bedroek along the traverse
lines is vensered thinly by frost-broken limestone bedrock, upon
whioh & thin residusl soil is developing. Tundra cluwps cover
possibly 30-50 percent of the ground surfsce. letween tundra olumps,
the soil has a thin vencer consisting of yellow to reddish clay and
lisestone peubles, deneath the olaye-pebble sone, yellowlsh oluyey
soil between 1 and 2 inches thick owerliss {roste-broken bedrocks
411 the soil samples came from the yellow clay sone without psbbles.
4 elusp of tundra was taken from the tundra mserest each soll
semple, generally within 2 feet., The location of soil semples, and
the contest in perts per miliion of beryllium, copper, lesd snd sine,

is shown on figure 37s The eontrol sawples are off this figure, and
were collected in the ares around the mouth of Hgch Creek (figue 2)
thal enters Lost diver fpos the west about 1 mile snorth of the erea
of figure 39 Table 1i (in pocket) gives the mumbers and setal
contest of all the sasples is tabuler form, and identifies the
mmmxmm.

Prom the table and figure 39, one sees that the background veluss
ammm,mmmumuv(mw&mx
sanples), in parte per million; De, 23 Ou, 2155 P, bhij Zn, 90.5.
The renges ave e, 23 Ou, 1727 M, 35-50) Zn, S0ell0s The velues
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gbtained fron soils near veined limestone along the Rapid River fault
contain nighly anomalous amounte of beryllium, eoppor, lead and
gine, Beryllium is enriched losally by a factor of 100, copper by
3k, leed by L9, and sine by 55, The heavy metsls most probably are
held by ocstion exchange in lattices of layersd silicates of the olay
minerals groups, a relstion thet hae proved camon (Beus, 1962, p.
Llj warner, et al, 1959, pe 28}, The heavy metal snomaly is brosd
along the east side of Lost River valley, where the Rapid idwer
fanlt curves north, and where small remnants of a lateral morsine
from the glacier that f1)led lLest River valley remsin lecallye
feryllivmerich meterial from Camp Creek and the area of the lost
fiver mine was incorcorated in this morsines On the west aide of
Lost River vallay, where the dapid River fault is st right angles
to the valley, the anomaly is narrower, and rere metal content
approaches baclkground values more closely. (lacial moraine on the
wast side of Lost River would have contained little berylliumerich
rotke

The above duta are sufficient to show that geochemical masplng

by use of soil saspling would be capeble of outlining mineralised
aress in limestone,.
Ilants

tous (1962, pe L2) notes the paueity of information on bewryllium
in plants, and suggests that more deta ave nceded., Additional data
is presented here.

The tundra clumpe that were gollected along the traverses in
Lost River valley wers washed repestedly, ashed by heating gradually
%o 5009, in poreslain crueibles, sad analyzed by seaiquantitative
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spectrogrepiie analysess In suwe cluwps the differest plants were
separated and snalysed individually to see Af sueh plants prefleren~
tially esariched certain elements, The plants were identified Ly Dr.
Hensford T. Shacklette, botenist, UsS. Usclogioal Surveye For the
most part, the tundra oluwmps in Loot Aiver valley consist of the plant
Arenaria sroties, with minor smounts of the other plants listed,

Owing to the high winds and heavy reins which constently coat
the tundrs plantes with soil, much soil is permanently fixed to the
growing plante idven alter repeated washings and messaging in dise
tilled wster, minute fregments of minerals eould be obtained from
many of the plants., Henge, it proved impossidle to determine the
quantitative onrichment of rare elemente in plsatls. lowswsr, in
tables 15 and 16 (in posket), the rare slement content of the ash
is shown as the change in parts per million of the rare metal
campared to the content of the soil on which it grew, Obviously,
if the content in the ash exceeds the content in the sail, the plant
has concentrated that eloment, even though the element is toxic to
the plant (Wallaos, 1961)s 48 an sdditional sheok, the ratio of
mummxmﬁuaummmmum Where
the retic exveeds 1, soil contasination csanot heve had & large
effect in eontributing rare olaments $o the ashe Purthermore,
aluminus 45 & cheracteristic slemsnt of most plants (Wallsce, 1961),
and hence the alumins in plant ash may not be a result of cone
tamination at alle

Inspeetion of the data presented in tables 15 end 16 demcnstrates
the following:




1. Several light and hwavy elements are consistently sariched
11 the ash of bulk tundra clumps and speeific plants, prineipally
copper, lsed and boron. These elements sre enriched in plante
growing on soil that guntained the elemente in amounts below their
deteotion limit, =

2 In most tundra cluaps end in speeific plants, silver wes
enrighed, and sisc was highly enriched in plant ashe

3o Arsenic, beryllius, tin, and niobius teaded to decrease in
congentration in plant ash relative to the concentration in solls,
although there are significant differences in behavior that are
explainable for tin and, less o, for beryliius. In plottiag the
date, 1% beoswe apparent that there was & polat at which there wes
a systenstic ehange for tin frem apparent gaia to appsrest loss
{negative value relative to the soll), Inspection of tables L and
1£ shows that as long as the concentration of tin in the soil is
below about 100 ppm, that the tundre ash onriches tin, but when the
eoneentrution in the soll exeseds 150 prm, the concentrstion level
in the plant ash is negative (minus sign in the tebles), The sase
relation is true to a lesser degree for berylliuws, for if the soil
content is st or below 20 ppm, the tundra eomtaing beryllium, even
though berylliva is toxie to the plant, If the soil conteins more
than sbout 50 ppm, ths plants emwnot absord more than the amount
that gives this content in tundrs ash (in fact, they say die and
veather away), and &3 the concentration in the soil inereases to
high values, the plents thevefore show a negstive value in ashe The
effect is that of two intersecting lines with different slopes, the
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steeper being Lhe conceatrabion in solls, and the poist of iatere
seetion being the point at which the plant cssact {urther lncrease
its content of rare element, or st which iis degree of concentra~
tion in esh falls below that in the svlls In the tables in this
recort, & rlus sign for the elements tin and beryllium and to s
loaser extent for niobium, signifies s point below the intere
seotion, and & negstive 8ign a point sbove the intersection,

Th 1962, Romasy, Childress and Alexander (1962, pe 786, 787)
denonstrsted that berylliun in nutrient solution inhibited the
growth of bush bean seedlings, csused sarly flowering, and lad to
enricheent in beryllium of parts of the plants, notebly roots while
produciag eertais toxio effectss The hizhest concentration of
beryllium in dry plast (roots) resched 1,076 pps dn plants growa ia
golutions with 5 ppm beryllium in soluble forme Other workers
{lalaghkova, Lisunov, and Sitaln, 1550}, have shoun thet both soils
and certain plants over beryl-bearing pegmatites cuntain anomalous
beryllium. In plants, the highest walue obbalned was 39 ppn
berylidusm in ssh from alder leaves, Oriffitts (orel commnicetion,
1965) has found that plents growing over beryllius depesits at Spor
Hountain, Utah, aud Asguachile, Mexico, contalin beryilium up to &
maximas of 150 ppm 4o ashe

The plasis investigated by Griffitts are Tetradymis glabrata
st ‘por Mewntain, snd Ephedra aspers, Mahonis trifolista, Poliera(?),
gress (Andropogon or aristids), Helsnlese, Bahia(?), ihus virins,
sesein(7), Uuphorbis antisyphilitics st Agusehile, noue of which are
present in twndre in Lost fiver, and hence direct comparisons are
not possible,




At Lost River, the content of beryllium in plant ash reaches
150 ppm in Saxifraga, a value comparable to the greatest content
found by Oriffitts, but it is considerably less then that in cultured
bush beans, Although identical species sre not available from
aammu,uumhMemummmm
of berylliv is the form in which the beryllium ocours around the
plant roots, and the texicity of beryllium to thet particular plant,
"reguwnably veryllium is not in soluble form in natural soil water at
lost River in smounts cowparable to the 5 ppm used by lomney,
Childress and Alexander, for if so tm soils probably would be
flushed clean of beryllium,

ke e single lehen investigated (a long, wormlike, Mght,
white lishen) rejected all metallic elements with the exesption of
silver, whieh it goncentrated.

The slements, boron, copper &sd zine, are well established as
essential trace elements in plants (for sumary, ses Wallsse, 1561,
e 121k}, and hence their ubiquitous presence is to be expected,
aven though they may be toxie in large conveatrations. It is
ontirely possible that many of the plasts reported hore %o ecatain
snomalous amounts of rare motels were sullering from toxie soncene
tretions of rare ¢lements, But these e ’ects were not looked for,
It 1s clso possible that meny plants had been killed by toxie
effects of reve elemeats, and had decsyod sway.

Summary

Host of the rare elements that are associated in the grasite
stocks and in the ore derosits of the distriet remain assceisted
throughout weathering and transvortetion of elements in supsrgene
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progessess The element zine may be an exception in that it cecurs
in relatively low levels in the strean sediments, although the
ninersl ferrcan sphalerite is s common minsral in the tin deposlits.
i possible explanation is that sine is highly concentrated in the
plants and residual clay soil, thus lessening its availability in
the stream sedimente that are within the sisze range generslly
sapled (40 wesh)e In spring and suwer, much of the residual
elay soll is lost duriag spring melting and in heavy rains, and
is flushed to the ocean in high waters, lesviang but a smsll
pereentage of the ainew-rich soll in the sirean sediments.

mmmm?pmmw,ea,mmm
trated in ash of all plents; those without established use patberas
(e, Hb, Sn) very somewhet erretically, with the soncentration
level generally being & function of the concentration L the soil,
and poasibly of a lovel at which toxic effects kill the plant.
Neter |
The eontent of beryilius in weters free of colloidal msterial
is very low (generally below 000001 percent), end well below the
linits of detection by ordinary spectrographic procedures, iowever,
as no analyses are reported from waters free of colleidal material
from distinetly berylliuwserich deposits, it was deemed worthwhile

to test the water from Camp Creek, whioch contains a large nusber of

boulders and eobbles of fluorite-beryllium rooke Using the morine
fluorescence method (Patten and Ward, 1962), several samples of
clear water from Camp Oreek were tested in the field., Aligquots of

f—
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. water to 10 times the recommended sawple weight were used without

detection of beryllium, from which it is inforred that the
berylliws in solution in the water wes less than o3 ppa (s00003
peroent ).
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lapid Adver deposit).
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1) Figures are in percent of the element listed,

. 2/ Determined fluorimetrically by Ardith Bartel.

e

i

Table 5ar--Quantitative spectrographic analyses of bulk samples of beryllium ores, Lost River area, Alasks
Analyst: Harry Eastrom, U.léf Geological Survey
Field No. Lab No. Cu Sn Fb IMn .'_Fe Cx v 1 Me Sy Ba B Be B
Rapid River 1 62M-64 0014 .012 .012 .22 1«50 .0018 .0024 ,029 .80 . 048 012 11,2 .24
.Rapid River 2 62M-65. .0011 .016  .048 ,25‘ 48 .0027 :.0020 «030Q: 5,90 . | ,050 .012 1.1 .24
Bessie-Mabel 62M-66 .0008 ,010 .023 .16 3.26 «0002 .0008 .010 .47 011 .0037 .016 14
East Lost River 1 6214-67 .0008 .014  .006 .14 “L;IB .0006 .0020. ,019 ,38 034 .0038 .,050 .25
East Lost River 2 62M-68 0022 .,033 .004 .12? i;ao .0018 .0024  ,060 .75 .026 .C060 o032 " .15
East Lost River 3 62M-69 .0012 .014  .007 .18 ‘.28 .0013  .0012 '@ .021 1.20 .026 .0035 P T &
Camp Creek 1 62M-70 }.0006 009  .007 .20»?‘.25 .0008 .0012. .022 .50 .028 .0055 42 25
Camp Creek 2 62M-71 :.0011 .010 .037 .1@ f.41 .0007 .0009 .016 .90 .023 ,0060 75 .11
Camp Creek 3A-1 62¥-72 .0010 .015 ~,008 .11 ‘ .37 0014  ,0024 .025 .55 .025 .0060 .16 .20
Camp Creek 34-2 éz2v-73 .0012 .014  .008 .2514_.38 .0010 .0023 024 .85 .038 . 0050 .16 24
Camp Creek 3B-2 62M-74 .0007 .012  .006 .18'i'.34 .0010  ,0019 .025 .41 .035 .0085. 34 .26
Camp Creek 3B-1 62M-75 1.6009 016  .006 .14 i .40 .0012 ,0021 ,029 .40 V .033 .0080 o .26
62-ASn-791 62M-76 ‘.0008 017 ,005 .szf,,hll <0010 ,0020 .019 .10 . 029 .0032 047 54
62-A8n-792 62M-77 .0011 -,016 .015 .32'?f.18 «0004  ,0014 .01&4 .49 .032 . 0055 090 .23
; y
Looked for but not found: rAg, An, Hg, Ru, Rh, Pd, Ir, Pt, Mo, Wé Re, GCe, as, Sb, Bi, Te, Zn, Cd, T1, In, Co, ﬂi, Ga, 8¢, ¥, ¥Yb,
la,¢e, Th, Nb, Ta, V, Lk, ? i v
The above results have an overall accuracy of + 15 percent excepﬁ'near limits of detection where only one digit is reported.




sedimentary Rocks

Lab. No.
D112973
DL129TT
D112979
D112981

Dll3006

D113008

D100123

D113002

Field No.
63-Asn-808
62-ASn-580
62-ASn-562

62-ASn-890

61-ASn-45A

61-ASn-1

3/

62-ASn-RR23~

62-ASn-629

¥etamorphic Rocks

0113978
D1129830

D113007

62-ASn-T3TA

62-ASn-591

61-ASn-120A

Teble 7 » Rare element content in welght percent of selected sedimentary and metamorphic rocks

[Knalysts: John C. Hamilton, Claude Huffwman, Jr., Ardith Bartell, U. 8. Géological Survq27

Rock type and location
Graywacke, Mint River
Slate, Broéks Mountain :
Phyllite, 2 miles north of Brooks Mountain

Argillaceous limestone, west headwaters,
Mint River

Silty limestone, Lost River valley

Argillaceous, carbonaceous limestone,
beach 1.5 miles west of Lost River

Argillaceous limestone, Rapid Rilver

Slate

Hornfels, Brooks Mountain

Biotite-andalusite hornfels, near granite,
top of Brooks Mountain

Recrystallized argillaceous limestone,
Lost River valley

..00015

<.0003

.001k

.0025

<.0003

B.D.L.—

B.D.L.

B.D.L.

B.D'L'

B.D.L.

B.D.L.

B.D.L.

B'D.L.

B.D.L.

BID.L'

L/

I B
0 .005
0 0
0 0
0 .003
0 0
0 0
0 0
.05 .007
0 .07
0 .003

l/ By ion exchange method, analysts Claude Huffman, Jr., éhd Ardith Bartel, U. S. Geological Survey.

3/_By semiquantitative spectrographic analyses by John C. Hamilton

For chemical analysis, see table 3 .
¥/ Below detection limit (.01 %)

Detection limits, in percent,as follow:

bﬂ 7 1 -
°*r71liun deposits, and found no detectable beryllium. Lee

also cautions that most of the allanites reported to contain

.0015

.0005

.0005

.0005

.0007

.0015

Be, .0001; Sm, .001; W, .0l; Li, .02; B, .0001; Pb, .001; Zn, .02; b, .001

.0015

.001

.005

.003




Main Minerals
Chalcegdonic silica, fluerite

Minor Minerzls or Blements
Beryllium to o00l percent

Main Minerals
Fluorite, diaspore, stibnite

Minor Minerals or Elements
None ¥Known. Possibly other
sulfo-saltsy, with silver

" Main Minerals
Fluorite, white mica, diaspore,
tourmaline, chrysoberyl

Minor Minerals or Elements
Hematite, todorokite, euclase,
bertrandite, other fluorides,
anemalous tin

Main Minerals
Fluorite, cassiterite, stannite,
arsenopyrite;sphalerite, chalco=-
pyrite, diaspore, chrysoberyl,
todorokite S
Minor Minerals or Zlements
Copper, silver, gold

Main Minerals
Magnetite, fluorite; helvite,
garnet,idocrasey scheclite jothers
__Numerous minor minerals
© 7 "FMain Minerals
Quartz, mica, topaz,cassiterite,
arsenopyrite, fluorite, pyrite,
| sphalerite,molybdenite, beryl
_. bismuthinite, euclase, others

Granjte, with
bery1lium end tin
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